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Hello and welcome to the Rohde & Schwarz RF TEST webinar.  I’m Greg Bonaguide, 
an applications engineer specializing in RF and Microwave measurements, and I’ll be 
hosting today’s webinar focusing on Passive Device Measurements.  Let’s get started.
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In this webinar, we’ll be [1] focusing on several common and important passive device 
measurement applications, and discussing [2] measurement equipment requirements, 
[3] best practices, and [4] measurement caveats.  

We’ll be performing [5] live demonstrations and presenting results for four different 
applications.  For the first application, we’ll show how to use a VNA to [6] measure the 
phase of a cable and, by extension, show how to phase-match coaxial cables. Next, 
we’ll tackle [7] the challenge of optimizing filter measurements for speed and dynamic 
range.  We’ll then examine [8] how to measure power-splitters and determine both 
amplitude and phase balance, and finally we’ll look at [9] measuring the frequency-
domain performance of a RF switch as well as it’s time-domain transient response. 
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Our first measurement challenge is to [1] measure the electrical phase difference 
between two coaxial cables.  Once we have this information, we can adjust their 
lengths to obtain a desired phase relationship.  Often, we want them to have the same 
length as in the case of phase-matched cables. 

This application [2] requires a [3] 2-port VNA as a minimum.  Fortunately, no special 
options are needed, and an Economy VNA will suffice, provided it covers the desired 
frequency range.

As we will see, [4] connector savers may be a good investment, particularly if many 
cables are going to be measured.  This will save wear-and-tear on test equipment and 
costly VNA test cables.

We wll also need to perform s-parameter system error correction, so a [5] Cal kit is 
required.  A Manual cal kit is preferred, but [6] an autocal may also be used. Typically, 
a [7] reference cable is used to establish the desired or reference phase length.  
Then, various [8] unknown cables are measured against this reference cable, and 
trimmed as necessary to obtain the desired phase relationship.  
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Before going further,  it’s worth taking a few minutes to examine how a VNA can 
measure the phase of a coaxial cable in the first place.  Here, [1] one end of an 
unknown-length cable is connected to port 1 of the VNA and the other end is left 
unconnected.  An S11 measurement is configured, which [2] injects RF energy into 
the cable, and [3] samples the forward-going wave via the port 1 reference receiver.  
This energy travels to the end of the cable and [4] is completely reflected by the open-
circuit condition at the unterminated end.  The reflected power [5] returns to the VNA 
where it is detected by the measurement receiver.  The VNA [6] calculates S11 by 
comparing the amplitude and phase of the returning RF energy to the outgoing 
energy.  The length [7 ] of the cable is determined from the measured electrical phase.

This length measurement, based on the use of simple s-parameters, is one of those 
rare occasions in the test and measurement world where an easy approach also 
happens to be a very good approach.  



But there’s more to this cable-length measurement application.  We still need an easy 
way to calculate length differences.  For this application we’ll be using the electrical 
offset function.  This function is typically used with test fixtures, as illustrated here.  [1] 
First, a calibration is performed at the end of a VNA Test cable.  Then we [2] attach a 
test fixture, with the ultimate goal of measuring a component mounted on this test 
fixture.  But we don’t want to include the phase rotation effects of the line between the 
calibration plane and the DUT.  So we [3] use the Electrical Offset function to extend 
the calibration plane to the DUT pad, which effectively [4] eliminates the “phase 
rotation” errors.
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For phase matching cables, we use a variation of this procedure.  We first [1] calibrate 
right at the VNA ports, so when we attach a Reference cable and an [2] unknown 
cable, we measure their full electrical length, and then use Trace Math to view the 
electrical phase difference,  We then apply the [3] electrical offset function on the 
unknown cable to match its phase response to the reference cable.  Depending on 
the unknown cable’s length, this electrical offset can be either positive, indicating that 
it is longer than the reference cable, or negative, indicating that it is shorter.  
Ultimately, after equating the phase responses, we will be able to [4] directly read the 
difference in cable lengths. 
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So much for the theory.  In practice, we need to understand our measurement’s [1] 
frequency range, which may be influenced by [2] the cable quality, which in turn 
affects phase stability and loss characteristics, [3] connector type, or [4] even the 
cable length.  An associated consideration is [5] what kind of phase precision do I 
need?  [6] Do I need measurements in terms of Meters of accuracy?  Or do I need 
sub-millimeter precision for determining electrical length at microwave frequencies?  
Generally, [7] higher frequencies allow phase to be determined with higher precision.  
But there are limits.  For example, the [8] coaxial connectors or the cable dimensions 
may limit the maximum operating frequency.  And [9] cable loss increases with 
frequency, sometimes quite steeply.   
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Once we determine our frequency range, we can set up our VNA.  As mentioned a 
few slides ago, phase matching of Coaxial Cables is performed right at the VNA ports.  
This position provides the greatest phase stability (since no external VNA cables are 
involved during the calibration process) and it also promotes calibration stability, since 
the calibration will not be influenced by such external factors as subsequent VNA test 
cable movement or thermal effects.  However, connecting cables right to the VNA 
ports is not ideal for large-scale testing, because it will lead to accelerated wear on 
the VNA port connectors.  For this reason, [1] high-quality connector savers, such as 
the 3.5mm female to 3.5mm male adapter shown here, are recommended for 
installation on the VNA ports.  This way, only the adapters will wear out after hundreds 
or thousands of mate/de-mate cycles, and can be replaced easily.

For our application, [2] 1-port OSM calibrations will be performed right at the VNA 
ports using a [3] Manual cal kit such as the one shown here.  Why?  Primarily 
because the cal kit standards are small and light weight and can easily be attached 
directly at the VNA ports.  In this short video we show the process for setting up the 
manual calibration, with one-port OSM calibrations performed at each port.  We start 
from a PRESET, and then set our stop frequency to 26.5 GHz, because the cables 
we’re going to be testing are high-quality cables with 3.5mm connectors.  We set our 
step size to 10 MHz.  All other default settings are used.  Then, in the cal menu, I click 
on the “Start Cal” tab, and then “Configure/Start Calibration….”  This dialog allows me 
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to select the ports I want to calibrate (in this case ports 1 and 2), and also 
choose my calibration method, which is “reflect OSM”.  I then follow the 
prompts to attach each cal standard, the OPEN, SHORT and MATCH.  At the 
conclusion of the calibration, I click Apply and am ready to make 
measurements.
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Sometimes, the only calibration kit available is [1] an autocal unit, such as the ZN-Z54 
shown here.  The autocal is much larger and heavier than the individual calibration 
standards available from a manual cal kit, so greater precaution is needed to account 
for this extra bulk when connecting directly to a VNA port.  The other challenge with 
an Autocal unit is that these are primarily designed to simplify two-port calibrations.  
As a result, when you press “go” it assumes it’s attached to two test cables and will try 
to calibrate both ports.  Since we can only attach one port at a time, we have to 
modify the operation of the autocal unit accordingly. 

Here, we again start from a PRESET condition, set our stop frequency to 26.5 GHz, 
and set our step size to 10 MHz.  When we connect an autocal unit via a USB 
connector, the Rohde & Schwarz ZNA recognizes it after a few seconds and transfers 
the appropriate calibration information automatically.  We press the CAL button and 
Configure/Start calibration…  We then select the OSM method, and add a second 
calibration step that also uses the OSM method.  We direct the instrument to calibrate 
port 1 in the first calibration step, and port 2 in the second step.  In-between these 
steps, the cal routine stops, allowing me to physically move the cal unit from port 1 to 
port 2.  Notice that this calibration is performed using port 1 of the cal unit at both VNA 
ports.  I can select ‘Detect Port Assignment” to verify I’ve got the correct autocal port 
connected to the correct VNA port.  At the conclusion of these calibrations, I select Cal 
> Use Cal > Cal Manager… and transfer the current cal to the calibration pool, giving 
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it the name “OSM Autocal”.
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We're now ready to perform cable measurements.  The first step is to [1] Attach our 
reference cable to VNA port 1 and configure the trace for a S11 phase measurement.

Next, we [2] attach the unknown cable to VNA port 2.  We add a second trace to the 
VNA display and set it to measure S22 phase.

We then [3] add a third trace in a new diagram area.  We let this trace be S11, but it 
doesn't matter, because we'll use this trace to display the results of our trace math 
formula. In the next step, we [4] configure the trace math formula and apply it to the 
3rd trace.  We also set the measurement format to phase, to allow phase difference to 
be displayed directly in degrees.

The final step is to [5] use the Offset/Embed function to display the phase difference in 
terms of physical or electrical length. 
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Our second measurement application focuses on RF filters.  The electrical 
parameters of filters are typically determined through the use of s-parameters, so a 
two-port VNA is perfect for this task.  [1] S11 and S22 provide the input and output 
match by measuring VSWR or return loss.  [2] S21 and S12 provide the filter loss in 
the passband, the filter rejection or attenuation in the stopband, and the steepness of 
the transition between these ranges.  But filter measurements require [3] special care 
to ensure [4] sufficient frequency resolution in these different regions to satisfy 
requirements.  Additionally, high-performance filters can be challenging because they 
can have [5] stopband rejection greater than 120 dB, which is a difficult dynamic 
range to realize with default instrument settings, and may be impossible or impractical 
to achieve with an economy VNA.  

The [6] equipment required for filter measurements includes:

[7] a 2-port VNA with sufficient dynamic range for the measurement.  We'll talk about 
this in greater detail.

We'll also need [8] two high-quality VNA test cables, and

[9] a Calibration Kit.  Either a manual cal kit or autocal may be used.  It is important 
that both the test cables and the cal kit have connectors that mate with the filter 
connectors.  Between-series adapters should be avoided whenever possible, because 
they introduce additional reflections, loss, and measurement uncertainty.  Beyond this, 
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