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Abstract—This paper presents a compact Cassegrain
reflector antenna in which a multi-faceted reflectarray plays the
role of main reflector. The reflectarray surface is composed by
three identical panels, arranged following a cylindrical-
parabolic structure. The designed antenna provides a dual
linear polarization (LP) and radiates a pencil around a center
frequency of 31 GHz. The performance of this antenna is
evaluated and compared with an equivalent single-facet
Cassegrain reflectarray. The sectorization in the multi-faceted
structure relaxes the phase requirements to be provided by the
unit-cell, which reduces the phase errors in simple cell
topologies. The multi-faceted structure achieves a better
performance in terms of gain bandwidth, showing an
improvement of at least 30% in the relative bandwidth and 50%
in the gain-bandwidth product regarding a conventional single-
facet reflectarray.

Index Terms— Compact reflector antennas; Cassegrain
system; reflectarrays; multi-faceted structures;

I.INTRODUCTION

Cassegrain reflectors [1] have been pervasively used in
space applications such as satellite communications, remote
sensing, and radio astronomy. Traditionally, they consist of a
feed, a main parabolic reflector, and a hyperboloid sub-
reflector, which is designed to optimize the illumination of the
paraboloid. The advantages of these structures lie in the
reduction of the antenna volume and height in comparison
with front-fed or single-offset reflector arrangements, as well
as an improvement of the antenna efficiency and side radiation
[2].

The use of printed reflectarrays [3] as main reflector
constitutes an interesting solution to further reduce the volume
and weight of Cassegrain reflectors. Owing to their similar
optics behavior, planar shape, and low-profile, these surfaces
can substitute the parabolic reflector in a Cassegrain antenna,
providing a lightweight approach. The use of reflectarrays in
Cassegrain configurations has been proposed in several
applications such as mm-wave terrestrial communications [4]-
[6] or satellite communications [7],[8].

Despite their attractive features, printed reflectarrays are
impaired by a somehow narrow bandwidth of gain [9]. Such
limitation is mainly due to two reasons: the bandwidth of the
radiating element and the spatial phase delay effect. Several
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Fig. 1. 3D view of the proposed dual reflector reflectarray.

works have proposed different strategies to mitigate these
issues. At the unit-cell level, multi-resonant or complex cell
topologies [10] - [12] achieve better in-band performance. The
use of true-time delay unit-cells [13] or optimizations on the
geometry of the cell [14],[15] can also improve the overall
antenna bandwidth. Alternatively, the use of structures with
higher f /D ratios can reduce the spatial phase delay effect [3],
at the expense of increasing the overall antenna volume.
Finally, multi-faceted [16],[17] or parabolic reflectarrays [18]
efficiently exploits their resemblance with a parabolic profile
to improve the bandwidth of the antenna.

This contribution presents a Cassegrain reflectarray where
the main reflector consists of a multi-faceted reflectarray. The
facets of the reflector follow a parabolic cylinder to mitigate
the differential spatial phase delay. The antenna radiates in
dual-linear polarization (X and Y polarizations) a broadside
pencil beam at Ka-band. The design and analysis of the
Cassegrain reflectarray has been carried out using a Method
of Moments based on Local Periodicity (MoM-LP) [19].
Besides, the effect of the sub-reflector is considered during the
calculation of the reflector illumination. A comparison
between the multi-faceted structure and single-facet
Cassegrain reflectarray of an equivalent aperture is also
reported.
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Fig. 2. Optics of the proposed Cassegrain reflectarrays in the XZ plane: Multi-
faceted (MFRA), blue solid line and single-facet (SFRA) red dashed line.

II.  MULTI-FACETED CASSEGRAIN REFLECTARRAY
DESIGN

A. Antenna Optics & Cassegrain Configuration.

Fig. 1 shows a perspective view of the proposed
Cassegrain multi-faceted reflectarray, whereas Fig. 2 depicts
a side view for both the Multi-Faceted (MFRA) and the
Single-Facet (SFRA) one. The antenna consists of three parts:
a dual-polarized feed, a sub-reflector, and the main reflector.
The latter is a multi-faceted reflectarray composed of three
identical panels; the lateral panels present mirror symmetry
along the YZ plane and are inclined an angle of 22.4°
considering the central one, according to a parabolic profile
(dashed black line in Fig. 2) in the XZ plane. The focus of this
parabola is F = 85 mm. Each panel is made of 936 unit-cells
distributed in a rectangular lattice of 18 x 52 elements. Thus,
the equivalent aperture of the reflectarray is 199.0 x 201.8
mm?. Following the same antenna optics, the equivalent
single-facet reflectarray consists of 2704 elements, distributed
also in a rectangular lattice of 52 x 52 elements.

The feed aperture is located above 44 mm the main
reflector surface. This source is modeled using an ideal cos? 6
function. At the design frequency (31 GHz), q is equal to 7.9
both the E- and the H-planes and varies linearly in-band. The
feed is a single linearly-polarized source, so to generate the
double polarization it is rotated regarding the z-axis of Fig. 1.
In this manner, the E-plane of the feed is aligned with the x-
axis and y-axis to generate the X and Y polarizations
respectively (see Fig. 1). The sub-reflector consists of a
metallic hyperbola with diameter 35.11 mm, which
corresponds to a 0.17D (being D the size of the aperture in the
XZ plane, as shown in Fig. 2) so the blockage produced by the
sub is expected to be small [2]. The vertex of the hyperbola is
72 mm above the main reflector and the focal points are
located at Fj, ; = 44 mm and F,, , = 85 mm as shown in Fig.
2. In this configuration, the subtended angle between the sub
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Fig. 3. Unit-cell geometry and phase response of the unit-cell as a function of
the patch size for different frequencies under normal incidence.
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Fig. 4. Phase response of the unit-cell as a function of the patch size for
different angles of incidence at 31.00 GHz.

and the main reflector (6,,) is 59.6° and the angle between the
feed and the hyperbola (6,.) is 29.8°.

Both reflectarrays have an f/D ratio of 0.43 and a
compactness (calculated as the ratio of the height of the sub-
reflector and the reflectarray aperture) of 0.36.

B. Unit cell characterization.

The radiating element (see Fig. 3) is a single-layer
variable-size rectangular patch backed by a ground plane. The
patch is printed on substrate duroid5880 (g, = 2.30;tan§ =
0.003) whose thickness is h = 0.762 mm. The inter-element
spacing is 3.88 mm in both axis, which corresponds to 0.44,
at the design frequency. This cell topology provides the phase
response shown in Fig. 3 and Fig. 4. Between 1.3 and 3.8 mm,
the phase curve introduced by the unit-cell has a maximum
range of 280°. This curve is robust under different angles of
incidence and in-band, at frequencies close to the designed
one. At frequencies further away (27 and 35 GHz), the
deviation of the curve regarding the behavior at 31 GHz starts
to be significant.

C. Layout Design &Analysis Procedure.

To collimate a beam in a given direction of space (6, @),
the phase-shift introduced by each unit-cell is given by,
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Fig. 5. Gain patterns of the reflectarray designs at the design frequency (31.0 GHz) over a 6 GHz bandwidth. E-plane (a) and H-plane (b) cuts of single-facet
reflectarray. E-plane (c) and H-plane (d) of the multi-faceted reflectarray. Dotted lines correspond to the field in Y polarization and solid ones to X polarization.

¢() = kold; — (x; sin 6, cos @, )
+ y; sin 0, sin @, + z; cos 6],

where 7 = (x;,¥;,2;) are the coordinates of the i-th
reflectarray element, k is the wavenumber in vacuum and d;
is the distance between the element and the focus of the
equivalent parabola. Considering the coordinate system
shown in Fig. 2, one may calculate the phase distribution
required in each panel of the designs to generate a broadside
beam (6, = 0.0°, ¢, = 0.0°). The design process is carried
out element by element, using the MoM-LP in [19] and
considering the real incidence angle on each cell. Here, the
dimensions a and b of the patch are adjusted to generate the
phase required on each polarization. Fig. 1 shows the resulted
layout for each panel of the MFRA. These layouts in the
sectorization plane XZ present a smooth variation in the patch
sizes. This reduces the number of phase wraps (or equivalently
of abrupt variation in the size of contiguous patches) which
has a negative impact in the radiation pattern of the antenna

in-band [20]. The smoother variation in the dimensions of the
unit-cell along the sectorization axis is a characteristic
behavior in multi-faceted reflectarrays which is due to the
phase distribution required in each panel [17]. In the non-
sectorized cut, the multi-faceted reflectarray has more patch
size variation in the same way as a conventional reflectarray.

III.  MULTI-FACETED REFLECTARRAY PERFORMANCE

To assess the performance of both Cassegrain reflectarrays
(i.e. the MFRA and the SFRA), the dual-reflector
configuration depicted in Fig. 2 is replaced by a single
reflector model, where the feed and sub-reflector are replaced
by an equivalent feed located at the focus of the parabola.
Because of the convex curvature of the sub-reflector, the
equivalent feed has a broader beamwidth than the original one.
According to [21], the ratio between the beamwidths of the
equivalent and original feed can be calculated with the ratio
between the angles 6,/0,.. Using this equivalent model, the
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Fig. 6. Gain from 27 to 35 GHz for multi-faceted (MFRA) and single-facet
(SFRA) Cassegrain configurations. Dotted lines correspond to the Y
polarization and solid ones to the X polarization.

TABLE 1. MULTI-FACETED VS. SINGLE-FACET GAIN
BANDWIDTH
SFRA MFRA
Design
Pol. X Pol.Y Pol. X Pol.Y
Grmax 354dBi | 354dBi| 36.0dBi | 35.0dBi
2.2 GHz 2.2 GHz 2.9 GHz 3.6 GHz
BWiag

(7.10%) (7.10%) (9.37 %) (11.61%)
GBP (1 dB) 24618 24618 37303 36714

4.0 GHz 4.0 GHz 5.3 GHz 5.7 GHz
(12.90%) (12.90%) (17.10%) (18.40%)
GBP (3 dB) 44729 44729 68076 58186

BWs3ap

performance of both designs has been evaluated using the
MoM-LP [19] and the methodology explained in [17].

Fig. 5 presents the gain patterns for each polarization of
the Cassegrain reflectarrays. At the central frequency of 31
GHz, both designs achieve a broadside beam with at least 35
dBi gain. The side lobe levels are also similar in both
reflectarrays, being at least 20 dB below the maximum. In-
band, some differences appear between reflectarray designs.
In the non-sectorized plane (YZ plane), both antennas show a
significant degradation in the main beam shape due to the
errors introduced by the phase wraps. Conversely, the multi-
faceted configuration yields a more stable beam in the
sectorization plane (XZ plane) compared to the single-facet
version. The gain levels in both designs are reduced as one
moves away from the central frequency, although the MFRA
achieve higher gain levels in comparison to the SFRA.

Fig. 6 and Table I show the maximum gain of the
reflectarrays evaluated at 31 GHz (G4, ) and in a wider range
of frequencies (27 — 35 GHz). The trend in gain mentioned
above is also observed in this band. In both polarizations, the
multi-faceted design achieves more stable gain levels
compared to the equivalent single-facet one. The response of

both polarizations in the SFRA is almost the same but, in the
multi-faceted case, some differences between polarizations
are shown. The X polarization achieves a higher level of gain
at design frequency, while the Y polarization has a flatter in-
band response.This behaviour is due to the illumination of
each one of the reflectarray panels, which is different for each
polarization.

To quantify the improvement in the antenna performance,
Table I shows the calculated bandwidth for each design and
polarization, according to the 1 dB and 3 dB gain drop.
Regarding the bandwidth achieved in the single-facet, the
multi-facet reflectarray achieves a bandwidth improvement of
32% in the X polarization and 64% in the Y polarization. In
addition, Table I shows the Gain-Bandwidth Product (GBP).
This is calculated as,

GBP(x dB) = BW,45(%) - 106max/10 )

where x is the gain drop considered (1 or 3); BW,45(%) is the
bandwidth of the antenna relative to the design frequency and
Gayx the peak gain at this frequency. In both polarizations
and for both drop gain, the MFRA achieves a GBP 50% higher
than that obtained in the SFRA.

IV. CONCLUSIONS

A compact multi-faceted reflectarray structure based-on a
Cassegrain feeding has been designed and evaluated. The
structure consists of three panels which follows a parabola on
one axis to mitigate the spatial phase delay and therefore
improve the bandwidth of a conventional reflectarray. The
multi-faceted reflectarray is illuminated by a Cassegrain
configuration of feed plus sub-reflector, resulting in a compact
solution. The antenna has been designed to radiate a pencil
beam in dual-linear polarization at 31 GHz. The performance
of the multi-faceted antenna is compared with an equivalent
single-facet reflectarray.

The multi-faceted structure yields a smooth variation in
the size of the radiating elements along the axis where
sectorization is applied. The effect is due to the reduction in
the phase range required on each panel to collimate the beam.
Since the unit cell used has a phase range lower than a full
cycle (360°), the error between the ideal phase needed on the
reflectarray surface and those provided by the unit-cell is
reduced.

Regarding the shape of the radiation pattern, although a
similar behavior has been observed in the non-sectorized axis,
the multi-faceted antenna presents an in-band stability better
than the single-facet version. Besides, the multi-faceted
reflectarray maintains higher in-band gain levels than the
single-facet case for both polarizations. This means an
increase in antenna bandwidth, thus resulting in a significant
improvement in the gain-bandwidth ratio.

This work demonstrates that multi-faceted reflectarrays,
when they are used in a Cassegrain configuration, improve the
gain bandwidth ratio regarding a conventional reflectarrays



without impacting the compactness of the structure.
Therefore, the multi-faceted structure presented is amenable
for deployment and constitute an interesting solution for small
platforms in space applications.
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