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Abstract

A circular polarization selective structure (CPSS) reflects one handedness of circular po-
larization and transmits the other. We present a resonant CPSS structure consisting of closely
spaced Morin helices. Simulation results demonstrate that the design can operate over ±20◦ angle
of incidence variation and has a bandwidth of about 10% at normal incidence. A suggested design
case is presented, where the CPSS is implemented in a shared aperture circular polarization off-
set reflector antenna for satellite communication in the Ku-band uplink of Australia at 17.3 GHz
< f < 18.1 GHz.

1. Introduction

In satellite communication systems it is a desirable feature to separate signals of different polarization in
separate channels [1, p.282]. This is easily achieved for linear polarizations by utilizing a grid surface of parallel
metal vanes arranged closely together, referred to as a linear polarization selective surface (LPSS) [2]. A signal
polarized parallel to the vanes is reflected and a signal polarized orthogonal to the vanes is transmitted. This
type of surface can be implemented as a shared aperture reflector antenna by backing a curved LPSS with a solid
reflector, where the front surface reflects one polarization and the back surface reflects the orthogonal polariza-
tion [2], or as a flat polarization diplexing surface.

To design polarization selective structures for circular polarization is a current key challenge in satel-
lite communication applications [1, p.710]. Different CPSS concept designs have been presented through the last
40 years by Pierrot [3], Tilston [4] and Morin [5], based on resonant structures. Different implementations of
CPSSs are discussed in [6] where a CPSS based on the concept in [3] was manufactured. A weakness the designs
in [3–6] all have in common is instability of the circular polarization purity with respect to the angle of incidence.
In this paper, we present a CPSS design with improved stability with respect to the angle of incidence compared
to previous results. This type of robustness is of major importance when implementing a CPSS structure in
satellite communication systems, either as a curved surface in a circularly polarized shared aperture reflector
antenna, or as a flat circular polarization diplexer [6]. Our design is based on the concept by Morin in [5] with
crossed bent wires of infinite extent in two dimensions, kept in place by a foam material. A concept design case
of our structure is demonstrated in a shared aperture circular polarization reflector antenna operating in the
Ku-band uplink of Australia at 17.3 GHz < f < 18.1 GHz.

2. Design

The CPSS presented by Morin in [5] consists of bent wires in the shape of helices arranged in a periodic
array as in Figure 1. By arranging two of these helices close to each other in one unit cell, our CPSS design
presented in Figure 2 is achieved. The side length of the unit cell in Figure 2 is approximately λ0/4 and the
length of the wire component in the direction of propagation is around λ0/4, resulting in a total length of each
wire inside the unit cell of λ0/2. The fact that the side length of the unit cell is smaller than λ0/2 minimizes
the risk of grating lobes from the CPSS. The wires have a diameter of about 0.1 mm and are made of a metal
material such as copper. A low permittivity, low loss foam material, εr = 1.17, tan(δ) = 0.0017, suitable for space
applications is added as support to the structure. A simulation model implemented in CST Studio Suite for op-
timization is presented in Figure 3, where the optimization parameters of the model (a, d, lxy and lz) are depicted.

When an electromagnetic wave is impinging on the structure currents are first induced in the horizon-
tal components of the wires in Figure 2 (the part of the structure closest to the incoming wave). When the wave
is propagating through the structure currents are induced in the vertical components of the wires in Figure 2
(at the back of the structure). If the polarization of the propagating wave is left circular (LCP) the polarization
is rotating in a direction along the structure, which implies that the induced currents in the structure add up
and the wave is reflected. If the polarization of the wave is right circular (RCP) the polarization is rotating in
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a direction opposite to the structure, this implies that the induced currents cancel each other and the wave is
transmitted.

The physical explanation of why the CPSS concepts in [3–6] are relatively unstable with respect to varia-
tions of the angle of incidence is as follows. An incident signal induces currents in the wire components normal
to the structure, the radiation from this part of the CPSS carries a strong cross polarization component. This
results in degeneration of the cross polarization discrimination (XPD) of the circularly polarized signals. Our
concept in Figures 2-3 utilizes the fact that the two wires at the center of the unit cell run parallel to each other
in the direction of propagation. If these wires are close enough to each other they can be seen as a twin wire
transmission line and their radiation contributions cancel each other. This implies that even if the incident wave
is propagating at a slightly oblique angle of incidence towards the CPSS the circular polarization XPD is still
high.

Figure 1: CPSS concept design by Morin in [5]. Figure 2: Our CPSS concept design.
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Figure 3: CPSS design implemented in a commercial software. The side length of the unit cell is
around λ0/4. The total length of the wires in the unit cell is about λ0/2 and the wire diameter is
approximately 0.1 mm.

3. Results

The design was implemented at a Ku-band uplink scenario, 17.3 GHz < f < 18.1 GHz, with the perfor-
mance requirements defined in [7] and used in [6]:

• Insertion loss and return loss better than 0.5 dB,

• Axial ratio of reflected and transmitted signals better than 0.75 dB

In the optimization of the structure the parameters presented in Figure 3 were varied using the built-in opti-
mization tools in CST Studio Suite to minimize the optimization integral

1

f1 − f2

∫ f2

f1

(ARrefl + ARtrans + RL + IL) df (1)

where f is the frequency, ARrefl is the axial ratio of the reflected signal for incident LCP, ARtrans is the axial
ratio of the transmitted signal for incident RCP, RL is the return loss for LCP and IL is the insertion loss for
RCP. The simulation results are presented in Figure 4 where the requirements in [7] are fulfilled up to 20◦ angle



of incidence. If the requirements are relaxed to axial ratio XPD > 20 dB (axial ratio < 1.7 dB) the structure can
operate at up to 30◦ angle of incidence. The high degree of symmetry of the unit cell structure implies that the
response of the structure at oblique angles of incidence is independent of the sign of θ. If the structure is designed
to operate at normal incidence this implies an angular stability of 40◦ at the incidence plane of φ = 135◦. The
diameter of the wires (a) is 0.06 mm, the side length of the unit cell (lxy) is 4.54 mm, the length of the wires in the
direction of propagation (lz) is 3.86 mm and the drilled hole in the foam (d) is 0.60 mm in diameter. The design is
scalable with respect to the center frequency of operation in the same manner as previous designs in [3–6]. If the
relative permittivity of the foam is introduced as a variable in the optimization process (εfoam

r ∈ [1.04, 1.25]) the
performance of the structure can be maximized at an oblique angle of incidence. This is an interesting feature,
although materials with the optimized relative permittivity might be inappropriate for space applications.
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Figure 4: Simulation results of our CPSS at different angles of incidence, in the plane φ = 135◦.
Upper left is the LCP return loss, and lower left is the corresponding axial ratio. Upper right
is the RCP insertion loss, and lower right is the corresponding axial ratio. The black solid lines
represent the design requirements defined in [7], the black dashed lines represent the relaxed
requirements of axial ratio XPD > 20 dB, corresponding to AR < 1.7 dB.

4. Manufacturing and Application

When designing for space applications the materials used have to be able to withstand vibrations at take-off,
impacts of micrometeoroids and debris, vacuum, thermal cycling and radiation [1]. This puts heavy constraints
on the materials of having a low thermal expansion coefficient, a high Young’s modulus and low weight. From an
electromagnetic perspective the most important material properties are the dielectric loss, typically a loss tangent
around 0.001 is desirable, and the conductive loss in the metal components of the structure, which should be
minimized. Our simulated CPSS design in Figure 3 could be manufactured by using a low permittivity foam as a
stabilizing background material. By drilling holes in the foam with a diameter given by the simulation parameter
d thin copper or aluminum wires could be threaded through the holes to create the full periodic structure. A
concept design case is presented in the Ku-band uplink of Australia at 17.3 GHz < f < 18.1 GHz. Our CPSS
can be implemented in a shared aperture CP offset reflector antenna as in Figure 5, where the front reflector
is a left hand circular polarization selective structure (LHCPSS) and the back reflector is a right hand circular
polarization selective structure (RHCPSS). In another possible design case the CPSS is implemented as a flat
circular polarization diplexer with a solid reflector antenna operating in the Ku- or Ka-band, as is presented in
Figure 5. Experimental verification of the presented structure and selection of manufacturing procedures and
materials will be studied further within an ESA funded project, Circular Polarization Dual-Optics Proof-of-
Concept, which is a continuation of the work on CPSS for space applications presented in [7].
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Figure 5: Concepts of satellite communication applications of CPSSs in the Ku- and Ka-bands. To
the left the CPSS is implemented as curved surfaces in a shared aperture reflector antenna and
to the right as a flat polarization diplexer.

5. Conclusions

A CPSS concept design based on closely spaced Morin helices has been presented. The design was optimized
using full wave simulations in a commercial software. Simulation results demonstrate improved stability to
variations of the incidence angle and comparable bandwidth to previous resonant CPSS designs in [3–6]. The
design is scalable with respect to the frequency of operation and can be tuned to have maximum performance
at an oblique angle of incidence. A design case was demonstrated where the CPSS was implemented in a shared
aperture reflector antenna system in the Ku-band. The choice of materials and physical limitations of the design
parameters will be studied further. Our concept design has potential to contribute in the development of circular
polarization diplexers and dual aperture CP reflectors for narrow band applications.
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