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Unit-Cell for Reflectarrays Operating with
Independent Dual-Circular Polarizations

Simon Mener, Raphael Gillard, Ronan Sauleau, Senior Member, IEEE, Cecile Cheymol, Patrick Potier

Abstract— A unit-cell for dual-circularly polarized (CP)
reflectarrays illuminated by a dual CP primary feed is designed
and validated experimentally around 8.5 GHz. It is composed of
two layers reflecting independently and simultaneously the two
incident circular polarizations. The first layer is a circular
polarization selective surface (CPSS) based on an enhanced
version of the original Pierrot’s cell with multiple wires bent in a
crank-like shape. The second layer is made of dipoles printed on a
grounded substrate; it is used to reflect the incident RHCP wave
transmitted through the CPSS with a 2-bit phase resolution. The
paper demonstrates that the sole association of both layers is not
sufficient to reach the expected behavior. An additional
optimization step is required to cancel out uncontrolled reflections
and improve isolation between both polarizations. The simulated
and measured characteristics are in good agreement for the two
circular polarizations.

Index Terms— Dual-circular polarization, Circular polarization
selective surface, reflectarray, unit-cell.

I. INTRODUCTION

EFLECTARRAYS are very attractive for a number of
applications [1], including Earth observation or satellite
communications. In this context, circular polarization (CP) is
usually preferred to prevent from loss due to polarization
misalignment and increase the transmission data rate. Many
passive unit-cells have already been proposed for circularly-
polarized reflectarrays. They use either a linearly-polarized
incident wave [2]-[5] or a circularly-polarized one [6]-[9].
Excellent performance has been reported for single circular
polarization in X-band by using multiple-resonance broadband
elements (bandwidth of 14% in [10] and even up to 18% in
[11]).

However, dual circular polarization has only been
demonstrated by using a different frequency band for LHCP
and RHCP [12]-[15]. One idea consists in designing a unit-cell
with two different layers, each of them operating in one
frequency band. Obviously, in such configurations, the upper
layer should be transparent in the other frequency band. On the
other hand, a few reconfigurable configurations in CP have also
been reported by using a CP incident wave [15]-[18].
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Once again, the problem of dual circular polarization with
independent control at the same frequency has not been
addressed.

Therefore the main objective of this work is to propose a
dual-CP unit-cell able to produce two independent phase
responses in the same frequency band so as to control
separately the two incident circular polarizations. To our best
knowledge, it is the first time this is achieved.

The proposed unit-cell has been designed in the perspective
of providing reconfiguration capabilities in a future active
version. Consequently, although the demonstration is only
given with frozen states, the proposed layout includes the
parasitic elements that would be needed for a 2x2-bit active
cell (4 phase states per polarization).

Basically, the studied cell is an extension of the circular
polarization selective surface (CPSS) phase-shifting unit-cell
we studied in [19]. Here, it is combined with a quite classical
CP unit-cell to control the polarization traveling through the
CPSS. However, combining both layers is not as
straightforward as one could imagine, mainly due to idle
reflecting elements that are responsible for imperfectness in the
individual response of each layer.

This paper is organized as follows. The operating principle is
discussed in Section II. The design and the measured
performance of the second layer are described in Section III. A.
The experimental validation of the whole unit-cell is provided
in Section III.B. Finally, conclusions are drawn in Section I'V.

II. PRINCIPLE

A unit-cell based on a CPSS has been described in [19]-[21]
as an attractive building block for dual-CP reflectarrays (Fig.
la). The first layer (layer 1 in Fig. 1) is described in detail in
[19] and is a circular Left-Hand CPSS (LH-CPSS) reflecting
the incident LHCP with a controllable reflection phase. The
incident RHCP is transmitted to the second layer (layer 2 in
Fig. 1) that reflects it with an independent controllable
reflection phase shift. As layer 2 operates in single polarization,
it only requires standard CP unit-cells (e.g. [22]).

The LH-CPSS has been validated experimentally in [19] and
is derived from the Pierrot’s cell [23]. It consists of a 11-long
resonant wire, folded into 3 segments in a crank-like shape. The
transverse segments (along x and y-axes) are 34/8-long and are
connected by a 4/4 central vertical segment (along z-axis). As
described in [7], four different configurations of the horizontal
segments with appropriate rotation angles are needed to achieve
four phase states. In a future version of the active cell, switches
(e.g. MEMS [15] or p.i.n. diode [24]) will be used to connect or
disconnect the metallic segments forming the resonant crank.
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Fig. 1. Independent control of both incident circular polarizations. (a)
Schematic representation of the reflectarray (b) Proposed unit-cell.

This LH-CPSS provides a high isolation (20 dB at 8.5 GHz)
between the two incident circular polarizations and almost a 2-
bit phase resolution [19]-[21].

As done in [25], the complete unit-cell is embedded in a
square metallic waveguide to reduce mutual coupling between
neighboring unit-cells and because Pierrot’s cell is very
sensitive to incidence angle [26]. For the proposed cell,
simulations (not shown for brevity) have established that the
incidence angle should not exceed 20°. This limits the
applicability of this solution to reflectarrays using either a large
F/D ratio or a facetted configuration [27]. Note that possible
improvements have been reported recently to increase the
robustness of such a cell to incidence angle [28].

Here, we focus our attention on the whole unit-cell. In
particular we show that a convenient co-design of both layers
and an optimization of the distance d (Fig. 1a) separating them
is required to obtain simultaneously i) a good isolation between
both polarizations, and ii) a 2-bit phase resolution in LHCP and
RHCP.

III. DUAL-CIRCULARLY POLARIZED UNIT-CELL

A. Description of the second layer and experimental
characterization

As illustrated in Fig. 1b, this second layer (based on [22])
reflects the incident RHCP wave transmitted through the first
layer (LH-CPSS). The rotation principle [29] has been
implemented here around 8.5 GHz: 4 dipole configurations
with an appropriate rotation angle have been defined to reflect
the incident RHCP wave with a nearly 2-bit phase resolution.
Here the dipoles are printed on a thin RT/Duroid 6002
substrates (¢,=2.94, tané=0.0012) glued with a 3M bonding
film on a 6.5mm-thick low-permittivity foam layer (¢,=1.066,
tand=0.0015, Fig. 2a).

Four breadboards, one per phase state, have been
manufactured. Fig. 2 shows the fabricated prototype for State 2.
The reflected phase, measured in RHCP (I'rR), is plotted in
Fig. 3. These results demonstrate that four 90°-spaced phase
states are obtained with almost the same frequency dispersion.
Moreover, the RHCP incident wave is correctly reflected with
insertion loss lower than 1 dB between 8.2 GHz and 8.8 GHz
(not shown). Note that the measurement procedure to extract
the S-matrix of the cell is the same as for the LH-CPSS cell,
explained in [19].

Fig. 2. Fabricated prototype (State 2).
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Fig. 3. Measured phase of the reflection coefficients of the four states for a
RHCP incident wave.

B. Experimental validation of the dual circularly polarized
unit-cell

Layers 1 and 2 are now combined to form a complete unit-
cell for dual-CP reflectarray applications with independent
control of each polarization. The sixteen possible
configurations and the expected reflected phases in LHCP and
in RHCP are summarized in Table I.

TABLEI
CHARACTERISTICS OF THE 16 CONFIGURATIONS OF THE WHOLE UNIT-CELL
Layer | Layer 2 Expected Expected
. (LH-CPSS) | (dipole) LHCP RHCP
Configuration in state i in state j re}flected re;lected
(<i<h) | A9 | Dovnce | sesomance
1 State 1 State 1 0° 0°
2 State 1 State 2 0° 90°
3 State 1 State 3 0° 180°
4 State 1 State 4 0° 270°
5 State 2 State 1 90° 0°
6 State 2 State 2 90° 90°
7 State 2 State 3 90° 180°
8 State 2 State 4 90° 270°
9 State 3 State 1 180° 0°
10 State 3 State 2 180° 90°
11 State 3 State 3 180° 180°
12 State 3 State 4 180° 270°
13 State 4 State 1 270° 0°
14 State 4 State 2 270° 90°
15 State 4 State 3 270° 180°
16 State 4 State 4 270° 270°

From [19], it can be seen that polarization isolation of the
LH-CPSS cell, although very good, is not perfect:
approximately 10% of the power is not properly handled (the
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isolation coefficients /., /Lr, Tr.r and 71 g equal 20 dB at 8.5
GHz). As a result, parasitic uncontrolled waves with
inappropriate polarization may arise, thus disturbing the ideal
operation described in Fig. 1a. Fig. 4 represents the bandwidth
of the whole unit-cell for several values of d which is the more
prominent degree of freedom to minimize undesirable wave
recombination. The optimal distance d is 20mm. Fig. 5 shows a
3D view of the fabricated prototype in configuration 5 (Table
I). The amplitudes of the measured reflection coefficients for
the sixteen configurations are represented in LHCP and RHCP
in Figs. 6a and 6b, respectively. This figure demonstrates that
the complete unit-cell exhibits attractive performance, with a
3.8% fractional bandwidth (0.32-GHz from 8.22 to 8.54 GHz)
and insertion loss lower than 1dB in both polarizations. As
shown in Fig. 6a, the bandwidth is limited by resonances
appearing for a few configurations (typically at 8.21 GHz for
configuration 13 and at 8.58 GHz for configuration 12). These
resonances are due to out-of-phase recombination of controlled
and uncontrolled waves, as explained above.
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Fig. 4. Bandwidth of the whole unit-cell versus d.

Fig. 5. One of the sixteen configuration of the complete unit-cell (here
configuration 5).

The measured reflected phases of the unit-cell are plotted in
Fig. 7a (LHCP) and Fig. 7b (RHCP). Four 90°-spaced phase
responses are obtained in reflection with almost the same
frequency dispersion in LHCP and in RHCP, respectively for
the four states of the first and second layers. Moreover, the
phase states in one polarization do not depend on the phase
states of the other polarization, as desired.

The reflection coefficients in cross-polarization have been
measured and are given for the two most critical configurations
(configurations 12 and 13). They are represented in Fig. 8 as a
function of frequency. They are better than 15 dB between 8.24
and 8.53 GHz. For all other configurations, the polarization
isolation is better than 20 dB in the same frequency range.

The simulated and measured equivalent bit numbers are
better than 1.92 bits over the [8.2-8.55 GHz] range for both
incident polarizations.
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Fig. 6. Measured magnitude of the reflection coefficients for the 16
configurations of the complete unit-cell. (a) LHCP. (b) RHCP.
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Fig. 7. Measured phase of the reflection coefficients for the 16 configurations
of the complete unit-cell. (a) LHCP. (b) RHCP.
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Fig. 8. Measured reflection coefficients in cross-polarization for LHCP and
RHCP illumination (most critical cases).

IV. CONCLUSION

A unit-cell for dual-CP reflectarrays has been introduced
for the first time with the unique capability to reflect
independently and simultaneously the two incident circular
polarizations at the same frequency. The proposed design has
been optimized in X-band by a convenient co-design of both
layers (LH-CPSS and the dipoles) so as to obtain a high
isolation between both incident polarizations. The experimental
results demonstrate that this unit-cell exhibits a 3.8%
bandwidth for a phase resolution better than 1.92 bits in LHCP
and in RHCP.
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