More than Just a Phase:
Understanding Phase Stability in RF Test Cables

AN-46-004

|. Introduction

One important factor in ensuring accurate, repeatable
measurements in RF test applications is the stability of
performance of the test cable used. In most test
environments, cables undergo frequent bending during
normal use, which can result in changes in phase and
other performance parameters. Depending on the
cable, these changes can be significant enough to
degrade the accuracy and precision of your
measurements. Therefore, in choosing the right test
cable for your needs, it's important to consider how
bending affects cable phase performance and how a
cable is (or isn’t) qualified for stability of phase versus
flexure.

This article will review the basics of phase stability in
RF coaxial cables and identify the factors that affect
phase performance. Two methods of testing phase
change versus flexure will be explored, and the
preferred method used to qualify Mini-Circuits’ T40-
and T50-series phase-stable cables presented and
explained in detail.

Il. Why Phase Matters

Phase stability is desirable in test cables because it:

Ensures good phase tracking with changing
temperature, and lowers residual errors and
uncertainties

Improves antenna gain for better system performance
and accuracy

Provides better bit error rate (BER) which increases
effective range

Extends the length of time between calibrations and
minimizes drift between calibrations

lll. What Causes Phase Change?

In general, phase is affected by the physical length of
the cable assembly, the cable bend radius, and the
cable assembly technique. Recall that the electrical
length of an RF line in degrees is defined by:

Electrical Length [deg] = 360 ° *

>
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Where f is frequency in Hz, L is physical length in
meters, ¢, is the dielectric constant of the cable
material, ¢ is the speed of light in meters per second,

and A is the wavelength.

Cables are typically designed to operate over a wide
frequency range and minimize attenuation (loss). The
longer the electrical length, the greater the loss. Since
electrical length (and loss) is directly proportional to the
square root of &,., most RF cables are manufactured
from materials with a low dielectric constant, usually
PTFE (Teflon) and in some cases SiO2. PTFE is more
common because it's easy to bend without damaging,
while SiOzis brittle and only suitable for semi-rigid cable
assemblies. All Mini-Circuits’ cables use PTFE, as a
good degree of flexibility is needed in most applications.

One drawback of the flexible PTFE construction is, of
course, the potential for phase changes (and other
performance changes) due to bending. Bending the
cable changes the physical length at the point of bend.
It may also constrict and loosen the dielectric, shielding,
and braiding around the center conductor, which can
also affect the electrical length and result in phase
changes.

Depending on the design and construction, some
cables will exhibit greater sensitivity of phase with
bending than others. Mini-Circuits’ T40- and T50-series
cables are specifically designed and tested for stability
of phase versus flexure. What follows will explain the
methodology Mini-Circuits uses to qualify phase
stability in these models.

Figure 1: Mini-Circuits

test cable

T50-3F T-VFVM+ phase-stable
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IV. How Phase Change is Measured

Measuring phase change versus flexure involves
connecting the cable to a VNA and sweeping phase
across frequency with some setup to bend the cable
into specified radii to show corresponding changes in
phase. There are, of course, many setups we could
conceive to measure phase stability, and the reliability
of this parameter depends on the robustness of the
test method used. Mini-Circuits has explored multiple
test methods to determine the most reliable procedure
to characterize phase stability in our test cables.

Unexpected Result from the “Cross-Bow’

Two-Port Method

The cross-bow-like fixture shown in Figure 2 below
was built as one possible solution for measurement of
cable performance vs. flexure. The apparatus has two
adjustable arms to support the connector ends when
connected to VNA ports 1 and 2. The cable is
wrapped around a 4 inch mandrel which slides along
the scaled bar, creating the specified bend radius.
Figure 2 pictures the setup with measurements being
made on Mini-Circuits model T50-3FT-KMKM+ at 10,
3.25”, and 2.4” radii.

We would expect the relationship between bend radius
and phase change to be linear. However, the data
collected on the cable using this method exhibited a
parabolic-shaped phase vs. flexure curve. This result
is likely due to the multiple radial bends in the cable in
this configuration: two in one direction, and one in the
opposite direction. The data from this test is unusable
because it gives the appearance of the cable being
more resistant to phase change in tighter bends, which
deviates from the expected performance.

Preferred Procedure: The One-Port Method
for Testing

In the setup pictured in Figure 4, one-port calibration
was performed on the VNA. The DUT (cable T50-3FT-
KMKM+) was connected to the VNA and terminated at
the end with a short. The VNA was then normalized in
the straight position. The cable was then wrapped one
full turn (360°) around a mandrel of specified radius in
one direction, and measurement was taken by
sweeping phase across frequency. The cable was
straightened, and the VNA normalized again. A second
measurement was taken with the cable wrapped one
full turn in the opposite direction, around a second
mandrel on the opposite side. This procedure was
repeated for radii of 2" and 3”.

The data collected on the cable using this method
exhibited the expected linear relationship between
phase change and flexure (Figure 5). This method
avoids any effects of additional bends in the cable and
other factors that may distort the measurement, and the
data is usable.

V. Conclusion

The measurement of phase versus flexure varies from
company to company in the RF cable industry, and it's
important to understand how manufacturers specify
phase stability when selecting a cable for an application
in which this is a desired feature. Mini-Circuits uses the
one-port method explained above to test phase stability
in all of our T40- and T50-series phase-stable RF test
cables. Data from this test is presented on the
datasheet for all models in these families.
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and 2.4” bend radii.
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Figure 1: “Cross Bow” apparatus for measuring cable performance versus bend at 10°, 3.25

2
=
£
=
®
-9

Figure 2: T50-3F T-KMKM+ using the ‘cross-bow” two port method, exhibiting a parabolic relationship
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Figure 3: Simple visualization of the one-port method for testing phase stability vs. flexure.
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Figure 4. T50-3FT-KMKM+ using the one-port method, exhibiting the expected relationship between phase change
and flexure. *S11 halved to obtain phase change.
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IMPORTANT NOTICE

© 2017 Mini-Circuits

This document is provided as an accommodation to Mini-Circuits customers in connection with Mini-Circuits parts only. In that regard, this document is for
informational and guideline purposes only. Mini-Circuits assumes no responsibility for errors or omissions in this document or for any information contained
herein.

Mini-Circuits may change this document or the Mini-Circuits parts referenced herein (collectively, the “Materials”) from time to time, without notice. Mini-Circuits
makes no commitment to update or correct any of the Materials, and Mini-Circuits shall have no responsibility whatsoever on account of any updates or
corrections to the Materials or Mini-Circuits’ failure to do so.

Mini-Circuits customers are solely responsible for the products, systems, and applications in which Mini-Circuits parts are incorporated or used. In that regard,
customers are responsible for consulting with their own engineers and other appropriate professionals who are familiar with the specific products and systems
into which Mini-Circuits’ parts are to be incorporated or used so that the proper selection, installation/integration, use and safeguards are made. Accordingly,
Mini-Circuits assumes no liability therefore.

In addition, your use of this document and the information contained herein is subject to Mini-Circuits’ standard terms of use, which are available at Mini-Circuits’
website at www.minicircuits.com/homepage/terms_of_use.html.

Mini-Circuits and the Mini-Circuits logo are registered trademarks of Scientific Components Corporation d/b/a Mini-Circuits. All other third-party trademarks are
the property of their respective owners. A reference to any third-party trademark does not constitute or imply any endorsement, affiliation, sponsorship, or
recommendation: (i) by Mini-Circuits of such third-party’s products, services, processes, or other information; or (i) by any such third-party of Mini-Circuits or its
products, services, processes, or other information.

AN-746-004 Rev: OR M169764 (8/28/18) File: AN46004.doc Page 50f5
This document and its contents are the property of Mini-Circuits

[ JMini-Circuits’


http://www.minicircuits.com/homepage/terms_of_use.html

