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Evaluating Polarizer Performance
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aveguide polarizers are often

used in radar and communi-

cation systems operating at

microwave and mmWave fre-
quencies. When a circular polarizer is paired
with a suitable antenna, such as a conical
horn or a feed horn, it enables the transmis-
sion and reception of circularly polarized
waveforms. System designers can benefit
from understanding how polarizers work
and how their performance is commonly de-
scribed and measured.

Circular waveguide polarizers are pas-
sive components that accept linearly po-
larized input signals. They produce output
waveforms with circular or near-circular po-
larization. The output polarization is gener-

ally not circular but slightly el-
liptical due to various design
compromises or manufactur-
ing limitations. Choosing the
best polarizer depends on
practical considerations such

= | as the importance of polariza-
&\'f‘ tion purity, operating band-
width, size and cost. Figure 1
shows an example of an Era-

A Fig. 1 Eravant circular polarizers
are commonly used in radar and
communication systems.
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vant V-Band linear-to-circular
polarizer operating from 50 to
75 GHz.

In many applications, a high degree
of polarization purity is essential. For ex-
ample, satellite communication networks
often use both right- and left-hand circu-
lar polarizations (RHCP and LHCP). Figure
2 shows a vector diagram for the electric
field of RHCP (Figure 2a) and LHCP (Figure
2b) waves. The individual electric field vec-
tors, as well as their combined vector, have
a constant magnitude, but the phase angle
changes with time. This changing phase an-
gle means the electric (and magnetic) field
vector rotates in a clockwise direction for
RHCP and a counter-clockwise direction for
LHCP when viewed along the direction of
propagation, the z-axis in Figure 2.

The phase difference of the components
of a circularly polarized electromagnetic
wave allows a single transmission chan-
nel to carry two signals simultaneously. In
some applications, good polarization purity
is desired for the transmitted signals and
the receiving antennas to control interfer-
ence between the channels. Additionally,
instruments like polarimetric radars and
radio telescopes often require high levels
of polarization purity. In contrast, some ap-
plications function well with only moder-
ate polarization purity. For example, many
communication systems transmit circular
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(a) on = Eoy = Eo, d=-m/2 (b) on = Eoy = Eo, d=n/2

A Fig. 2 RHCP (a) and LHCP (b) wave propagation of a
circularly polarized wave.1

polarization to reduce signal fading. Circularly polar-
ized signals can be received by linearly polarized an-
tennas having vertical, horizontal or diagonal orienta-
tions. Limited deviations from circular polarization do
not worsen signal fading appreciably.

POLARIZER OPERATION

Many polarizer designs have been realized with var-
ious advantages and disadvantages. Figure 3 shows a
septum polarizer. This type of polarizer has two rectan-
gular waveguide input ports and a square waveguide
output. A thin conducting wall separates the two rect-
angular waveguide inputs. The wall height decreases
over a short distance to increase coupling between

Antenna
LHCP

RHCP

® RHCP

Antenna

LHCP

A Fig. 3 Septum polarizer construction illustration.

the waveguide sections until the signal reaches a sin-
gle, square waveguide aperture at the output. Apply-
ing a signal to one of the inputs produces an RHCP
signal at the output. If the signal is applied to the other
input, the output is an LHCP signal. This architecture
enables septum polarizers to support two communica-
tion channels over a single wireless link while sharing a
common frequency band.

Circular polarization is generated using an ortho-
mode transducer (OMT). An OMT has two rectangular
waveguide ports coupled to a square or circular com-
mon port. The H port produces horizontal polarization
at the common port, while the V port generates verti-
cal polarization. To obtain circular polarization, signals
applied to the H and V ports must have equal ampli-
tude and a phase difference of £90 degrees when they
reach the common port. An example of an Eravant
OMT is shown in Figure 4.
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A Fig. 4 Orthomode transducers can
transmit and receive circular polarization.
A variety of single-input polariz-
ers are also available. A typical de-
sign approach uses a tapered tran-
sition that takes the signal from a
rectangular waveguide to a square
or circular profile. The polarizing
section contains structural features
that affect one-half of the applied
signal differently than the other
half. The two signal components
are nominally shifted in phase by
+90 degrees with respect to each
other, producing near-circular po-
larization at the output. Ideally, the
two signal components have pre-
cisely the same amplitude when
they are combined at the output

A Fig. 5 A dielectric vane is used to
generate circular polarization.

of the polarizer. In practice, imped-
ance mismatches and other limita-
tions cause amplitude and phase
imbalances that impact polariza-
tion purity.

A variety of phase-shifting struc-
tures can be employed to achieve
the desired polarization outcome.
A typical configuration of this archi-
tecture is shown in Figure 5. The
illustration of this approach has a
dielectric vane oriented at approxi-
mately 45 degrees with respect to
the input electric field. Dielectric
loading effects will cause one-half
of the applied signal to propagate
slower than the other half. The dif-
ference in signal delay will create a

Standard Gain Hom Antennas
Fixed/Variable Attenuators
Cables and Cable Assemblies

A Fig. 6 A corrugated waveguide
assembly can generate circular
polarization.

90-degree phase shift between the
two signals when they reach the
output of the polarizer.

A square waveguide with corru-
gated surfaces on opposing walls
can also generate circular polariza-
tion. The corrugated walls will pro-
vide different propagation char-
acteristics than the smooth walls
and the output signal will depend
on the orientation of the applied
signal. When the electric field of
the input waveform is oriented at
a 45-degree angle with respect to
the waveguide walls, half of the
applied signal travels at a slower
speed than the other half, which
will affect the polarization. An il-
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A Fig. 7 Adjustable polarizers provide
RHCP, LHCP and linear polarization.

lustration of this type of waveguide
structure is shown in Figure 6.
Adjustable polarizers enable the
user to rotate the polarizing struc-
ture. Using this approach, the re-
sulting polarization can be continu-
ously varied among RHCP, LHCP
and linear polarization. These
types of adjustable polarizers are
often utilized in antenna test rang-
es to match the polarization of the
transmitted signal to that of the re-
ceiving antenna. Figure 7 shows an
example of an adjustable polarizer.

CHARACTERIZING POLARIZER
PERFORMANCE

A polarization ellipse is com-
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A Fig. 8 An OMT is an effective
polarization filter for measuring the axial
ratio.

monly used to indicate the po-
larization state of an electromag-
netic waveform. It is also used to
describe the measured perfor-
mance of a circular polarizer. As
the phase angle of an RF signal
advances with time, the polariza-
tion ellipse traces the magnitude
and direction of the E-field vector
in an x-y plane. The ellipse has an
axial ratio (AR) and a tilt angle (1),
referenced to the x-axis. The di-
rection of rotation is either right-
or left-handed.

The AR is equal to or greater
than 1. Perfect circular polarization,
for which AR = 1, occurs when the
magnitude of the E-field vector re-

mains constant over time. Because
of its impact on the performance
of many radar and communication
systems, the AR is an important fig-
ure of merit for polarizers and circu-
larly polarized antennas.

Directly measuring the AR usu-
ally involves probing the electric
field produced by an antenna or
a polarizer. The test measures sig-
nal strength versus the tilt angle.
In many antenna test ranges, AR
and T are measured by rotating a
linearly polarized probe antenna
while recording the received signal
strength. AR is calculated as the ra-
tio of the maximum and minimum
E-field measurements.

Another standard test obtains
the amplitude and phase of the
electric fields measured in two or-
thogonal directions, typically hori-
zontally and vertically. The mea-
surements produce the complex
quantities E; and E¢ in spherical
coordinates or Ey and Ey in rect-
angular coordinates. The method
is described in IEEE Standard 149-
2021, Recommended Practice for
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Antenna Measurements.?

An effective measurement technique for waveguide
polarizers uses an OMT as a linear polarization filter.
An example of the setup for this technique is shown
in Figure 8. The V port is terminated with a matched
load to absorb the signal component entering the
OMT's common port. During measurements of both
Ex and Ey or, equivalently, S,qx and S,4y, the H port
remains connected to Port 2 of a vector network ana-
lyzer (VNA). The input of the polarizer is connected
to Port 1 of the VNA through a rectangular-to-circular
waveguide transition. Between measurements of S,qx
and S,qy, the OMT is disconnected from the polarizer,
rotated 90 degrees and reconnected. The procedure
ensures phase and amplitude coherence between S,y
and S,y measurements.

For many polarizer designs, the measured AR can
be impacted by impedance mismatches. Septum and
OMT polarizers are generally less sensitive to load
mismatches when compared to those using dielectric
vanes or corrugated waveguides. To minimize the ef-
fects of source and load mismatches, the rectangular-
to-circular waveguide transition connected to the po-
larizer input should have an internal mode suppressor.
The suppressor is usually a thin horizontal vane that
absorbs cross-polarized signals reflected by the polar-
izer or the load, thereby reducing measurement errors
caused by standing waves.
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CONCLUSION

With radar and communication systems increasing-
ly moving into microwave and mmWave frequencies,
waveguide polarizers are seeing more use. Implement-
ed correctly, the phase difference of the components
of a circularly polarized electromagnetic wave allows
a single transmission channel to carry two signals si-
multaneously. This improves the spectral efficiency of
a wireless signal, enabling higher channel data rates.
This article has described the theory and implemen-
tation of circular polarization. It has also discussed
some of the important parameters that determine the
performance of polarizers. In particular, the AR of a
waveguide polarizer can significantly impact the per-
formance of radar and communication systems. The
article has given insight into understanding what AR
represents and how it can be measured accurately to
help system designers select the best polarizer for a
given application.
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