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Abstract—A multi-faceted reflectarray that follows a parabolic
cylinder structure is presented to improve the antenna bandwidth
compared to a conventional reflectarray. The antenna is suitable
to be used in SmallSats since it is low-profile and low-cost and can
be easily folded and deployed on this kind of platform. To evaluate
the characteristics of this solution as well as the ability to work in
different polarizations, two multi-faceted demonstrators have
been designed, manufactured, and tested. They generate a pencil
beam pattern in Ka-band and are compared to a single facet offset
reflectarray of equivalent aperture size. The multi-faceted
structure conveniently exploits both the unit cell properties as well
as the geometry to achieve a significant improvement in antenna
bandwidth compared to the single facet version, with a better
trade-off between antenna characteristics and performance
achieved.

Index Terms— reflectarray antennas, multi-faceted reflector,
Ka-band antennas, satellite antennas.

I. INTRODUCTION

EFLECTARRAYS have attracted the interest of the

scientific community in recent years. This type of antenna
is typically based on a planar surface composed of an array of
radiating elements [1]. This surface, which is spatially fed,
collimates the power reflected in a direction (pencil beam) or
defines a shaped beam. Due to their mechanical properties and
array nature, reflectarrays have been positioned as an antenna
candidate in many applications, such as cellular networks [2],
RFID [3], or measurement systems [4], among others.

In particular, the satellite communications sector has been one
of the main supporters of this type of antennas. The interest in
using printed reflectarrays in satellite communications comes
from their advantages over other traditional antennas, such as
arrays or bulky parabolic reflectors [5]. Reflectarrays can
generate beam-steering or multi-beam patterns  [6]-[8],
providing higher aperture efficiencies compared to arrays. In
addition, they can also achieve shaped-beam patterns required
in applications with very tight requirements, such as Direct
Broadcast Satellite mission (DBS) [10]-[12] or some mega-
constellation systems [13]. Apart from their electromagnetic
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capabilities, reflectarrays are an interesting alternative to
parabolic reflectors due to their low profile and better
integration onboard the satellite. Based on microstrip
technology, inflatable or deployable reflectarrays [14]-[19]
were proposed to achieve large apertures antennas which can be
easily stowed in a small volume during the launch. After the
deployment process, the surface extends outside the spacecraft
body while the feed is integrated into the satellite. The physical
characteristics of deployable reflectarrays are especially
interesting for some CubeSats missions, which require high
gain beam pattern antennas under severe physical and weight
constraints. The use of deployable reflectarrays has been
successfully implemented in some space missions. NASA’s
MarCO [16] and ISARA [17] missions employ folded panel
reflectarrays with a gain of about 30 dBi. Deployable
reflectarrays have also been proposed for SAR missions
[18],[19], where radiation patterns with narrow beam patterns
are also sought. However, in all these cases, the panels are
aligned in a single plane after the deployment. Therefore, the
antenna works as an equivalent single facet reflectarray.

In contrast, printed reflectarrays usually have an inherent
narrow bandwidth [20] mainly due to two factors: the
bandwidth of the radiant elements and the spatial phase delay
effect. Cell bandwidth is especially critical for moderate
electrical size reflectarrays and depends mainly on the behavior
of the phase element response when varying its physical
dimensions [1]. The other factor, the spatial phase delay, is
produced by the different path lengths between feed and
reflector. The radiating elements are designed to compensate
for the phase delay produced in each path at central frequency.
However, as the frequency varies, so does the phase delay on
each path. Usually, this phase change is not matched with the
phase provided by the radiating elements which produce phase
errors and, therefore, a degradation of the pattern in-band. The
differential spatial phase delay is the predominant effect on
pattern degradations in electrically large reflectarrays [21].

In the literature, there are several strategies focused on
mitigating these issues. At the element level, multi-resonant cell
topologies, consisting of single [22] or multiple stacked layers
[21], have shown a considerable improvement in the element
bandwidth. In addition, true time-delay cells with a large phase-
shift range are also proposed as an element solution to reduce
the spatial phase delay effect [23]. An improvement in the
antenna bandwidth can also be achieved through optimization
techniques that use the dimension of the elements as variables
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Fig. 1. Proposed integration of multi-faceted reflectarrays onboard a SmallSat. Deployment system in-orbit.
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Fig. 2. Optics of the multi-faceted structure. The reflectarray panels are in
chordal planes of an equivalent parabola (dotted black line), which are defined
in the general coordinate system (X, y, Z). Each panel is characterized from its
unit vectors (X, ¥, 2,) and the position of its center, expressed with the

vector d,.

[24]. According to the antenna optics, the increase of the f/D
ratio reduces the difference between paths, but this leads to
larger antenna dimensions and therefore bulkier structures.
Alternatively, parabolic [25], or multi-faceted reflectarrays
[26]-[28] can reduce considerably the errors associated with the
differential spatial phase delay because their structure better
resembles a parabola. Multi-faceted reflectarrays can improve
the antenna performance in-band without increasing
excessively the mechanical complexity of the structure. In fact,
the 1-D multi-faceted configurations [28] can be perfectly
adapted to the deployment systems used in satellites as [16] or
[17].

In this work, a multi-faceted reflectarray is proposed to
improve the in-band performance of a conventional reflectarray
for its use in Smallsat platforms. The antenna structure consists
of a single-offset configuration of panels that sectorize the
equivalent parabola along the offset axis. Each panel is
composed of simple topology cells used in other contributions
such as [4],[29],[30], and [31]. To assess the performance of

this antenna, two single-polarization multi-faceted prototypes
are designed, evaluated, and tested. Both reflectarray structures
can be used as a deployable antenna onboard a SmallSat (see
Fig. 1) with identical optics but working in two different
orthogonal polarizations. Besides, a single facet reflectarray is
designed, manufactured, and tested to be used as a reference.
According to the results achieved, the multi-faceted structures
generate a beam more stable in-band in comparison with the
single facet reflectarray. Some mismatches have been identified
between the simulation and measured results in the multi-
faceted prototypes. In this sense, an analysis of discrepancies is
carried out to identify the most critical points in the
manufacturing process. According to the results reported in this
work, the multi-faceted structures achieve a significant
bandwidth improvement compared to the one facet reflectarray,
exploiting efficiently both the cell properties and the geometry
of the antenna. Besides, the similar behavior observed in both
multi-faceted antennas demonstrates their ability to work in
dual-polarization.

II. ANALYSIS OF MULTI-FACETED REFLECTARRAYS

The proposed multi-faceted reflectarray structure onboard a
SmallSat is shown in Fig. 1. Antenna panels can be folded
according to the spacecraft body during the launch. Once the
satellite is in orbit, the lower panel is adjusted parallel to one of
the satellite sides while the rest are positioned accordingly to
conform a parabolic structure.

A. Optics Definition.

The side view of the deployed reflectarray is shown in Fig.
2. In general, it can be composed of N panels placed in chordal
planes of an equivalent parabolic model. The parabola is
defined on the offset plane XZ according to the antenna
coordinate system (X, ¥, Z). The main parameters of this model
are the focal distance (F) and the clearance (Cl).

Each panel is characterized by its local coordinate system
(%p, Vp» Zp) with Z, normal to the panel, and the position vector
defining the origin of this system 3,,. The coordinate system of
each panel is directly related to the general coordinate system
according to a 3x3 matrix composed of the unit vectors
(Zp, Y, Z) of the panel.
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Fig. 3. Reflectarray cell based on three parallel dipoles used in the reflectarray designs: Sketch of the topology (a), (d); Direct coefficient on each polarization as a
function of L (length of the central dipole) at different frequencies under normal incidence (b), (e); Direct coefficient on each polarization as a function of L under
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Fig. 4. Magnitude and phase response of the unit cells along the Ka-band for three different L (length of the central dipole) under normal incidence: (a) direct
coefficient pyy of the cell used in the SFRA and MFRAX; (b) direct coefficient pyy of the cell used in the MFRAY.

A primary feed is placed at the focal point F to illuminate the
reflectarray, which produces an incident field on its surface.
According to the single-offset configuration, the feed is tilted
with regard to the Z-axis of the general coordinate system.

B. Analysis of the reflectarray panel.

Each reflectarray panel is comprised of reflective elements
designed to modify the incident field on the flat surface to
obtain a given reflected field that generates the desired radiated
pattern. The relation between the reflected and incident fields
on the reflectarray panel can be expressed as:

i 4
B 8) = R ) = (25 ) B
Pyx  Pyy

M

where Ere r (Fpi) and E, inc (r_"pi) are the tangential components of
the reflected and incident field in the i-th unit cell of the panel;
?1; are the coordinates of the unit cell expressed in the panel
coordinate system; and R is the matrix of reflection coefficients
whose elements are classified into direct coefficients (py and
pby) and cross-coefficients (phy and piy). R' matrix
characterizes the behavior of the unit cell and is obtained using
a Method of Moments considering Local Periodicity (MoM-
LP) [31].

On the other hand, the farfield of the p-th panel Ep =
Egp 9p + E, @y is obtained according to the second principle
of equivalence [32],
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Fig. 5. Normalized incident field at 28 GHz on the surface of multi-faceted
reflectarrays (MFRAs) and single facet reflectarray (SFRA) designs. Solid
lines correspond with the main cut along the x-axis and dotted with the main
cut along the y-axis.
exp(—7kor,
M (P, cos g, + B, sing,) (2)

Eﬂ,p(?p) = Fkono o

o exp(—jkor
Ew,p(rp) = _fkono(sz)

—P,sing,)

cos 6, (Py COSs ¢, 3)

where Eg,,, E,,, are the spherical components of the farfield
radiated by the p-th panel, regarding its local coordinate
system; k, is the propagation constant in vacuum; 7, =
1207 Q is the vacuum impedance; (rp, Oy, (pp) are the spherical
coordinates expressed in the panel coordinate system for a
given direction; and Py, the spectrum functions calculated by
the integration of the reflected tangential electric field [32].

C. Farfield of the multi-faceted structure.

The total radiated farfield of the structure E = EgO + E,
is calculated as the sum of the contribution field of each panel,

N
E(?a) = Z Ep (Fa) 4
p=1

where 7, indicates the direction of space expressed in an
arbitrary coordinate system, and Ep(?a) is the radiated field
vector of each panel expressed in the same coordinate system.
In the antennas proposed in this paper, the general coordinate
system (see Fig. 2) is taken as a reference to apply the sum of
field contributions (7, = 7).

III. DESIGN OF MULTI-FACETED REFLECTARRAY

To evaluate the performance of the proposed structure, in
this paper two multi-faceted reflectarrays (MFRAs) working in
X-polarization (MFRAX) and Y-polarization (MFRAY)
respectively are designed in Ka-band at 28 GHz. The antennas
generate a pencil-beam pattern in the broadside direction
regarding the general coordinate system depicted in Fig. 2. A

single facet reflectarray (SFRA) working in X-polarization with
an equivalent aperture to the multi-faceted structures is
designed to take it as the reference during the evaluation of the
performance.

A. Cell Characterization.

Fig. 3(a) and (d) show the unit cells considered in this work.
The first is used in the SFRA and the MFRAX while the second
topology is used in the MFRAY. The radiating element in both
cells consists of a single layer rectangular cell composed of
three metallic dipoles, which have a width (W) of 0.5 mm and
have separated each other S = 1.43 mm. The ratio between the
length of the central dipole and the lateral ones is 0.7. The
dipoles are printed on the top layer of the substrate diClad 880
(&, = 2.26, tan § = 0.0025) of thickness h = 0.762 mm. The
dipoles are aligned with one axis of the reflectarray panel (x
axis in the first cell topology and y axis in the second). The
periodicity of the cell is 4.29 mm on both axes (P, = P,), which
corresponds with 0.41,.

Fig.3(b) and (e¢) show the behavior in-band of the direct
coefficient in each case when varying the length of the central
dipole L considering normal incidence. The cells provide a
quasi-linear phase-shift dependence with L in 2 GHz
bandwidth, and a phase range of about a full cycle (360°). The
losses introduced by the unit cells are lower than 0.4 dB, which
means that more than 90% of the incident energy is effectively
reflected. Besides, both cell topologies have good behavior at
higher frequencies of the Ka-band, reaching a phase range up
to 500° at the highest ones of the band (38 GHz). At this
frequency, the unit cells still show low losses. This behavior can
also be seen in Fig. 4, which shows the response of the cells in
the entire Ka-band, for three different L. As the frequency
increases, the phase difference between the minimum and
maximum L increases, while the losses remain below 0.6 dB.
Fig. 3(c), (f) shows the behavior of the cells under different
angles of incidence at 28 and 38 GHz. The radiant elements
demonstrate good angular stability in both magnitude and phase
at the design frequency and upper frequencies of the Ka-band.

B. Antenna Optics.

The MFRAs is made up of 3 panels identical in size. Each
one has 675 elements distributed in a rectangular grid of 15 x
45. Each panel is positioned according to the single-offset
configuration of Fig. 2, where a focal distance (F) of 190 mm
and a clearance (Cl) of 60 mm are considered. On the other
hand, the SFRA is formed by 2025 elements (45 x 45 on each
axis) with the same optics as shown in Fig. 2. The f/D ratio in
both cases is approximately 1.0.

A Narda 665-20 pyramidal horn antenna is used to illuminate
both reflectarrays. The horn is placed at the focus of the
parabola and tilted 36.36° regarding the z-axis of Fig. 2. During
the analysis and design processes, the pattern of the feed is
ideally modeled as a cos?6 with a different q for each main
cut, so the beamwidth in both planes is the same as the real horn
antenna. Fig. 5 shows the taper in main planes for MFRAX and
for the SFRA at 28 GHz, where the q factor is 21.0 and 19.7 in
each main plane of the feed. The illumination taper is lower than
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Fig. 6. Planar representation of the phesse) distribution in degrees [°] required in
each design: (a) SFRA; (b) MFRAs.

-15 dB at the edges of the antenna, which ensures low spillover
in both designs. The MFRAY has a similar taper to the MFRAX
case which anticipates similar gain and aperture efficiency in
both antennas. The SFRA has a slightly lower taper because of
the optics of the antenna.

C. Reflectarray layouts design procedure.

According to array theory, to collimate a pencil beam in a
certain direction (6y,¢,) each reflectarray element must
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Fig. 7. Reflectarray layouts achieved: (a) SFRA; (b) MFRAX. The x- and y-
axes are referred to the coordinate system of the central panel in each case.

introduce a phase-shift calculated as [1],
d(xi, yi,2i) = kold; — (x; sin 6 cos @, )
+ y; sin 6, sin @, + z; cos 6,)]

where (x;, v;, z;) are the coordinates of the i-th element of the
reflectarray panel in a given coordinate system; and d; is the
distance from the phase center of the feed to the i-th element.
This equation is independent of the used coordinate system,
provided that the definition of all parameters is consistent.
Considering the general coordinate system (see Fig. 2), the
phase distributions of all antennas are computed to produce a
pencil beam in the broadside direction (8 = @, = 0). The
phase distribution achieved in the SFRA and the MFRAs is
shown in Fig. 6. Along the sectorization x-axis, the MFRAs
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Fig. 8. Measurement setup for the experimental validation of the designed reflectarrays at the Universidad de Oviedo facilities: (a) SFRA setup; (b) MFRAX
setup. The measurement is achieved considering the coordinate system of the unique panel of the antenna (X, Js, Zs) in (a) and the coordinate system of the
central panel (%,, ¥, Z,) in (b).

TABLE 1. ANTENNA RF PERFORMANCE MEASURED. RANGE 25-31 GHz
Single Facet Reflectarray (SFRA) Multt-Facet(eﬂtj Iljleﬁi(c)tarray Pol X Multt-Facet(eAt; IISI(;{;eyc)tarray Pol Y
[Fé‘i‘;;‘fmy 250 270 280 290 310 | 250 270 280 200 310 | 250 270 280 290 310
st | Az ] -189 269 266 223 180 | -102 -182 209 -186 -13.1 | -105  -17.6 249 204  -147
[dB] El | -188 233 260 211 -19. | -197 -168 -194 229 -183 | -219 -180 -177 -I188 -21.6
XP [dB] 349 401 465 -484 391 | -333  -30.8 -300 -300 -314 | 410 359 335 325 331
Eff. Ap.[%] | 670 612 605 579 s34 | 698 644 638 612 568 | 693 639 633 607 563
Gain [dBi] 300 322 329 325 316 | 206 320 323 324 316 | 205 319 321 322 319

structure has a smoother variation of the phase-shift than the
SFRA configuration. Actually, the required phase-variation in
cuty = 0 is 80°, much lower than a full cycle (360°). The multi-
faceted optics in the sectorization axis compensates part of the
phase-shift required for the element because of its closer
similarity to a parabola. In the non-sectorized y-axis, similar
behavior is achieved in both designs.

The same design procedure is applied to the 3 different
layouts. The radiant elements are properly designed according
to the phase distribution in Fig. 6 and the cell behavior depicted
in Fig. 3 for each antenna. The design process is carried out
element by element, using the mentioned MoM-LP [31]
considering the real incidence angle of each cell. Therefore, the
layouts of the SFRA and MFRAX are shown in Fig. 7. Being
based on the same phase distribution, the unit cells in the
MFRAY layout have similar relative size to that shown in the
MFRAX case, but the dipoles are aligned with the y-axis of
each panel.

The performance of all reflectarrays is assessed according to
the analysis described above. The reflected field by each panel
is calculated from (1) assuming the incident field depicted in
Fig. 5. The R* matrix is obtained from the layouts of each design
applying MoM-LP. Once the reflected field is calculated, the
partial farfields of each panel and the total farfield of the
structure are computed using (2), (3), and (4) respectively. The
simulated results are shown in comparison with the measured
farfield patterns in section I'V.

IV. EXPERIMENTAL VALIDATION.

The 3 designed reflectarrays have been manufactured and
tested in the facilities of the University of Oviedo. The
measurement setups for the SFRA and MFRAs are shown in
Fig. 8. The MFRAX and MFRAY share the same supporting
structure with a 90° rotation of the feed for the proper
polarization in each case. For measurement purposes, the SFRA
orientation is referred to its single panel meanwhile the MFRAs
orientation is referred to their respective central panels. Since
the referred panels have different orientations, the general
coordinate system detailed in Fig. 2 is used to present the
results.

The antenna prototypes have been measured using a
spherical acquisition anechoic chamber. The antenna under test
is located at 5 m from the antenna probe, which was a Ka-band
standard gain horn. The proposed configuration implies that the
probe is in the near field region of the reflectarrays. Therefore,
an NF-FF transformation using the SNIFT software of TICRA
[33] is carried out to obtain the farfield patterns.

A. Multi-faceted vs. Single Facet Antennas Performance.

Fig. 9 shows the measured and simulated radiation pattern in
a 6 GHz bandwidth (25 — 31 GHz), considering the general
coordinate system. Besides, Table I lists the main parameters of
the farfield measured.

According to Fig. 9, a good agreement between simulations
and measurements is achieved for the SFRA prototype as well
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Fig. 9. Main cuts of the normalized radiation pattern in simulation and measurements for (a), (b) SFRA; (c), (d) MFRAX and (e), (f) MFRAY designs. Pattern
from 25 to 31 GHz. The diagram pattern is expressed in the general coordinate system in all cases.

as for the multi-faceted prototypes in its azimuth cut (elevation
= 0°). Regarding the elevation cut (Fig. 9(a),(c), and (e)), it is
achieved a good agreement in the three antennas around the
main beam, although the measured field values outside it are

higher than those predicted in the simulation.

Comparing the shape pattern of the prototypes the main beam
of the MFRASs in elevation remains stable along the analyzed
bandwidth while the SFRA suffers significant distortions,
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especially at frequencies below 28 GHz. In the azimuth cut, the
evolution in-band for multi-faceted and single facet designs is
different. According to this, both MFRAs have higher SLL than
the SFRA. Constructive interference between the radiated field
of each panel can generate these higher side lobe values since
in the design of the MFRASs only the direction of pointing is
considered. According to Table I, the SLL in the MFRAs is
higher than the SFRA at 28 GHz, although in-band these values
in all the designs are similar. The higher level of side lobes in
the MFRAS in this cut is explained in detail in section V.
Table I shows the cross-polar level (XP) in the direction of
maximum radiation, relative to the maximum copolar gain. All
designs show higher purity polarization, with values above 30
dB of cross-polar discrimination in the entire band analyzed.
The SFRA shows lower cross-polar values than the MFRAs
around the design frequency, but at extreme frequencies, XP
levels in the SFRA tend to be equal to or even higher than those
obtained in the MFRAs. The superposition of the radiated field
in each panel and the misalignments of the mechanical structure
are possible reasons for the lower cross-polar isolation in the
MFRAs around the design frequency. Comparing the two
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multi-faceted prototypes, the MFRAY has higher cross-polar
discrimination than MFRAX in the entire band, especially at
frequencies below 28 GHz. The aperture efficiency has also
been calculated for all designs, considering the spillover and the
illumination (taper) on the reflectarray surfaces [1]. The
MFRAs show an improvement in the aperture efficiency of
about 3% concerning the SFRA in the whole band. The small
differences in efficiency between the two multi-faceted
structures are produced by the different illumination of the feed
on each polarization. All reflectarrays achieve practically the
same gain value at the design frequency and in the band
analyzed.

V. ANALYSIS OF DISCREPANCIES.

Some differences are observed between the measured and
simulated radiation patterns in the multi-faceted reflectarrays.
These mismatches appear especially in the elevation cut (see
Fig. 10(a), (c)) where the measured radiation pattern shows a
higher field level outside beam than predicted in simulation. In
this sense, a study is carried out to evaluate the discrepancies
between the prototypes measured and the reflectarray model
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Fig. 11. Incident field in the MFRAX surface considering the feed as a horn antenna model using GRASP [34] software: (a) Normalized incident field [dB]; (b)
Difference [dB] with regard to the incident field considering the cos-q model, evaluated as Egrasp — Ecosq-

simulated. During the process, two main sources of error are
identified: the effect of using a real horn and the misalignments
in the reflectarray structure.

A. Feed effect.

The horn antenna generates two effects on the reflectarray
radiation pattern that affects both the multi-faceted reflectarrays
and SFRA. The cos? 8 model considered in the design does not
fit perfectly with the real radiation pattern of the feed. This
mismatch has an impact on the incident field considered during
the analysis process. Fig. 11(a) shows the incident field on the
MFRAX at 28 GHz considering a more realistic model of the
horn antenna, using the GRASP software [34]. Fig. 11 (b)
shows the difference between this incident field and what was
used during the design process. It can be seen that the error
between both models is small in most of the reflectarray
surface.

Conversely, the measured field corresponds to the sum of the
field radiated by the reflectarray structure and the radiation
pattern of the feed. The contribution of the feed in the antenna
margin of view corresponds to the back radiation of the horn
antenna. Therefore, field values are much lower than those
produced by the reflective structure (at least 35 dB below the
field generated by the reflectarray). However, this back
radiation produces interference patterns, which increases the
field level outside the main beam, especially in elevation angles
above 20°. This effect can be seen in Fig. 9 (a), (c) and (d) for
each design respectively. The MFRAY is less sensitive to these
effects due to the orientation of the feed with regard to the
reflectarray structure.

Fig. 10 shows the simulated farfield of the multi-faceted
structures considering the mentioned feed effects. A better
agreement between simulation and measurements is achieved
in the elevation cut, in comparison with the ideal simulation.

B. Impact of panel misalignment

Another source that generates discrepancies is the optics of
the multi-faceted structure. Small errors in the relative
positioning and orientation between panels are produced in the
assembly of the antenna and they can generate slight antenna
defocusing.

In the multi-faceted reflectarrays setup of Fig. 8, a gap
between panels of 1 mm has been identified and the side panels
have a deviation error of up to 1.5° in the tilt angle regarding
the central one.

These geometrical errors are considered in the simulation
along with the effects from the feed as can be seen in Fig. 10.
Errors in the antenna optics increase the level of the side lobes,
although they do not affect the width of the main lobe. After
adding these error sources, a better agreement between
measured and simulated results is achieved in the elevation cut
in both multi-faceted results. In the azimuth cut, no significant
improvement in simulation results is obtained because of the
panel alignment uncertainties, since the division in panels is
carried out just in the offset plane. Misalignment errors have an
impact on the radiation pattern, especially in the SLL. However,
it should be noted that errors in the optics of antennas onboard
a satellite are expected to be smaller since they are an important
concern for such applications [16],[17].

VI. BROADBAND PERFORMANCE.

Fig. 12 shows the gain of the prototypes measured over the
entire Ka-band (26.5 — 40 GHz). The gain study is limited to
this band because it is the frequency range where the probe is
calibrated. Regarding the comparison between SFRA and
MFRAS, the gain levels in the SFRA decrease rapidly when the
frequency increases, while both multi-faceted structures remain
the gain above 29 dBi in the entire band.

The band improvement of the multi-faceted structures is
also evident in other parameters of the antenna . Table II shows
some parameters of the radiation pattern in the SFRA and
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Fig. 12. Copolar gain measured in the Ka-band (26.5 — 40 GHz) for multi-
faceted (MFRAX, MFRAY) and single facet (SFRA) designs.

TABLE II. ANTENNA RF PERFORMANCE. RANGE 37 - 39 GHZ

SFRA MFRAX
Frequency [GHz] | 28.0 | 380 | 39.0 | 28.0 | 380 | 39.0
Az | 39 | 74 | 67 | 48 | 48 | 46
HPBWTT Mo a1 7.1 68 | 40 | 28 | 30

Az | 266 | <100 | 7.5 | 209 | -143 | -10.6

SLLIB] M6 260 | <130 | 98 | 190 | -142 | 173

XP [dB] 465 | -40.0 | 39.0 | -30.0 | -35.0 | -32.0

MFRAX at 28 GHz and at upper frequencies of the Ka-band
(38 and 39 GHz). At high frequencies, SFRA shows a Half
Power Beam Width (HPBW) broader than that obtained at 28
GHz, which means a significant loss in antenna gain. In
contrast, the MFRAX maintains HPBW values similar to those
obtained at design frequency in azimuth, and slightly lower in
elevation. In both prototypes, SLL values increase at upper
frequencies regarding the SLL achieved at 28 GHz. However,
this behavior is more relevant in the SFRA case, which reaches
values higher than -10 dB. The crosspolar levels in the direction
of maximum radiation remain below -30 dB in both prototypes.

To quantify the band improvement achieved in the MFRAs,
the bandwidth as a function of the 1-dB drops of the gain
measured at 28 GHz in the single facet is 3.5 GHz (27.0-30.5
GHz), which corresponds to 12.5% of f,. Under the same
conditions, the bandwidth in the MFRAX is 4.5 GHz (27.0 —
31.5), which corresponds to 16.1% of f;, and the bandwidth in
the MFRAY is 6.0 GHz (26.5 — 32.5 GHz), which corresponds
to 21.4% of f,,. Both multi-faceted structures achieve at least a
bandwidth enhancement of 30% with regard to the bandwidth
achieved in the SFRA.

VII. CONCLUSIONS

A multi-faceted reflectarray panelized in 1-D is presented to
overcome partially the spatial phase delay effect that limits the
bandwidth in conventional printed reflectarrays. The antenna
structure is a single-offset configuration composed of several
panels, with different angular orientations, to conform a
cylindrical parabolic reflector. In a SmallSat context, the multi-
faceted structure can be stowed in the spacecraft body and
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easily deployed once the satellite is in orbit. To evaluate the
performance, two multi-faceted reflectarrays are designed,
manufactured, and tested at 28 GHz in linear polarization to
collimate a high-gain pencil beam. The multi-faceted designs
are compared with a single facet reflectarray of equivalent
aperture.

The multi-faceted demonstrators achieve a better behavior
in-band in the sectorization axis compared to a single facet
design, with better stability of the main beam around 6 GHz of
the working frequency. This enhancement in the radiation
pattern is also in agreement with other parameters of the
antenna such as more stability of the cross-polar and higher
aperture efficiency. Moreover, the behaviour of the cell at upper
frequencies of the Ka-band and the reduction of the spatial
phase delay makes the multi-faceted structures achieve good
performance in the entire Ka-band, with gain levels of about 30
dB or more and a ripple of about 3 dB. This means a significant
bandwidth improvement with regard to the single facet version.
The antenna performance in both multi-faceted prototypes is
similar, which demonstrates the ability of these antennas to
work in dual-polarization, either linear or circular depending on
the unit cell that composed the panels.

Good agreement between measu rements and simulations is
achieved in all designs but some discrepancies are shown in the
multi-faceted patterns. In this sense, an analysis of
discrepancies was carried out, where it has been identified two
main sources of error that degrade the diagram pattern
achieved: the effects of the feed and the errors in the optics of
the setup. The errors identified in the supporting structure,
degrade the radiation pattern of the multifaceted antennas.
Although the alignment is an important concern in the
implementation, the errors in the antenna optics onboard a
satellite are expected to be smaller.

This work demonstrates the good performance of multi-
faceted reflectarray structures. The use of different angular
orientations in each panel, makes them exploit the unit cell and
the optics of the antenna efficiently, improving the bandwidth
of conventional printed reflectarrays while maintaining the low-
profile, low-loss, low-cost, and polarization capabilities of
these antennas.
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