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Abstract – A small-sized reflectarray antenna array with
compact production specifications is designed and fabri-
cated for high-speed Ka-band communication systems.
In the design phase, firstly, the reflection character-
istics of unit cells used in the reflective surface are
obtained by the full wave computational analysis tool,
CST Microwave Studio. Secondly, an aperture efficiency
analysis is carried out to determine the physical size of
the reflectarray and the distances between the feeding
antenna and the individual unit cells. Then, the entire
reflectarray antenna is analyzed by array theory to obtain
geometrical dimensions to be used in the fabrication
phase. These results are verified by CST Microwave
Studio and similar fabrication guidelines are obtained
for both TE and TM polarizations. In the fabrication
phase, the carefully tailored design parameters of the unit
cells are used to build the antenna and measure impor-
tant parameters such as radiation patterns, gain, cross
polarization levels and S11 parameters, which agree with
the results obtained in the design phase. The proposed
reflectarray antenna makes it possible to support dual-
polarized multi-beams in the range 18-20 GHz with sta-
ble gain behavior, which makes it possible to use it in
high speed 5G satellite communication systems.

Index Terms – Antennas, reflectarrays, satellite commu-
nication.

I. INTRODUCTION
The popularity of reflectarray antennas have

increased in parallel with improvements in 5G/6G satel-
lite technologies which made it possible to obtain
faster communication standards with lower delays [1–
5]. Reflectarray antennas are also suitable to be used in

a wide range of frequency bands employed in different
types of satellites. For instance, a reflectarray antenna
was designed using the pattern synthesis method to ful-
fill the coverage requirements of Direct Broadcast Sys-
tems (DBS) in South America in the Ku-band and to
obtain the phase distribution at different frequencies in
the Transmit (Tx) and Receive (Rx) bands [6]. In another
study, a reflectarray antenna was used in a medium Earth
orbit remote sensing satellite system by using a Yagi-
Uda array as the feeding mechanism in the X-band [7].
Recently, reflectarray antennas have gained popularity
in satellite communication studies due to their features
such as low cost, ease of production and eliminating the
necessity of complex feeding circuits [8, 9]. These fea-
tures are realized in dual-polarized reflectarray anten-
nas that can be combined with other structures to be
used in applications such as transmit-receive reflectar-
rays, reflect-transmit arrays and plane wave generators
[6, 10, 11]. In addition, a linearly polarized reflectarray
and a circularly polarized transmit array are combined to
have the characteristics of both [6, 12–14]. As itemized
by the applications above, designing and manufacturing
reflectarray antennas are among the most popular recent
research subjects in aerospace communication systems.

When designing antenna systems for satellite com-
munications, performance, weight, volume, cost and
multifunctionality must be considered. Therefore, to use
reflectarray antennas in such systems, it is important that
the designs are dual polarized, support multi-beams, and
operate at different frequencies with low-cost and small-
sized production specifications. In dual-polarized reflec-
tarray antenna systems, symmetrical structures are gen-
erally favored. For such antennas, single-layer structures
are preferred for ease of fabrication and cost [10, 15, 16].
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Dual polarization studies are carried out not only in lin-
ear polarization but also in circular polarization [17, 18].
The reconfigurable dual-polarized reflectarray antenna is
constructed using a single-band, symmetrically rotated
subarray to keep the cross polarization levels low [19].
A dual-polarized reconfigurable reflectarray antenna has
been designed using independent phase control obtained
by adding p-i-n diodes as an active component to the
meta-surface elements [19]. While designing the unit cell
of the reflectarray in [20], the thickness of the liquid
crystal layer was reduced without loss of performance.
In another dual-polarized application, a tightly coupled
reflectarray antenna consisting of unit cells with x and y
polarizations is designed [21], where the reflecting sur-
face for each polarization consists of different number
of elements. In another study, an X-band dual-polarized
reflectarray antenna using shared aperture technology
that has only one substrate between the two metal lay-
ers is designed [10], where the number of substrates
is reduced when combining the advantages of the ele-
ments above and below the substrate. Another method
for designing a broadband dual-polarized and dual beam
reflectarray antenna is to use a 1-bit unit cell [15]. Gen-
erally, a rectangular horn antenna is used as the feed
antenna in reflectarray antenna applications, but other
antenna models can also be used [6, 14, 22]. In addi-
tion, reflectarray antennas can operate simultaneously
for one or more bands on two [17, 23–25] or more fre-
quencies [8].

In this work, a reflectarray antenna is designed, fab-
ricated and measured to be used in downlink frequen-
cies of Ka-band Satellite Communication (SATCOM)
[26]. When designing the reflectarray antenna, a single-
layer dual-polarized unit cell layout, which was ana-
lyzed only numerically in [27], is used. Here, the geo-
metrical parameters of the unit cells are optimized to be
used in Ka-band 5G high speed satellites with low-cost
and small-sized fabrication specifications. For 18 GHz,
the proposed structure has a directivity of 21.72 dBi,
a gain of 20.99 dBi and a total efficiency of 84.58%.
Very similar results are obtained for TE and TM modes.
The antenna gain shows stable characteristics in the 18-
22 GHz frequency band. As seen in the results, the reflec-
tarray antenna designed in this paper is a strong candi-
date to be used in high speed 5G satellite communication
systems.

This paper is organized as follows. In section II, the
novel unit cell is introduced, and the phase variations
obtained by changing the dimensions of the elements in
the unit cell are given. In the third section, the character-
istics of the feed horn antenna are presented, and the opti-
mum dimensions of the reflective surface are determined
by using the aperture efficiencies. Based on these dimen-
sions, a novel reflective surface is designed. In section

IV, the designed reflectarray antenna is analyzed by CST
Microwave Studio [28] and the array theory method and
the results are compared. The parameter measurements
of the fabricated reflectarray antenna are shared in the
fifth section and the main contributions of this paper are
summarized in section VI.

II. UNIT CELL DESIGN
When designing a reflectarray antenna, the unit cells

should be accurately analyzed since the performance of
whole system depends directly on the unit cell perfor-
mance. A unit cell structure with symmetry in both prin-
cipal planes is used for the dual-polarized reflectarray
antenna with an off-axis feed. This structure was recently
analyzed, only numerically, in a different setting with an
on-axis feed [27]. The proposed unit cell geometry is
depicted in Fig. 1. As seen in the figure, each unit cell
is made up of a cross dipole and four L-shaped elements.
The proposed unit cell is printed on a Hs = 0.51 mm
thickness Arlon DiClad 880 substrate with the relative
electrical permittivity of 2.2. To achieve the desired
phase difference characteristics, a gap between the sub-
strate and the ground plane is left as free-space with
thickness Ha = 1 mm. A single-layer structure is pre-
ferred in the design of the unit cell due to simple and
low-cost fabrication. Design parameters of the element
are exhibited in the figure and the values of the parame-
ters are listed in Table 1 . Since the unit cell is rectangu-
lar and has identical profile along xz- and yz-planes, the
phase of the unit cell for the TE- and TM-polarization
is controlled by the lengths of the dipoles. Thus, corre-
sponding phase shift characteristic is obtained by varying
the La parameter. Analysis of the unit cell is carried out
in CST Microwave Studio.

(a) (b)

Fig. 1. Unit cell of the dual-polarized reflectarray
antenna: (a) top view and (b) perspective view.

Periodicity of the unit cell [D parameter in Fig. 1 (a)]
should be chosen by considering the required phase shift
at the operation band. Besides providing enough space
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Table 1: Parameters of the unit cell
Parameter Value (mm)

D 7.5
Wa 0.25
Wi 0.25
Li 1.4
Lk 1.86
Hs 0.51
Ha 1
Hg 0.035

to obtain the phase shift, its value should be chosen to
avoid grating lobes at the higher frequencies of the band.
The following equation may be used to determine the
periodicity of the unit cell [29]:

D≤ λ

1+sinθ
, (1)

where λ is the wavelength in free-space and θ is the
angle of beam radiation with respect to the normal direc-
tion of the reflectarray. According to the expression given
in equation (1), the horizontal and vertical dimensions of
the unit cell at 18 GHz must not exceed 11.1 mm for
θ = 30◦. By choosing D = 7.5mm in the proposed unit
cell, it is aimed to direct the main beam towards larger
reflection angles. The final values of the parameters are
determined after an optimization process.

To observe the effects of the unit cell parame-
ters, a comprehensive parametric analysis is carried out.
Although they are not reported here for the sake of
brevity, important conclusions of the parametric analy-
sis are given. The substrate material plays a critical role
in the phase characteristics of the unit cell. Phase vari-
ation of the unit cell for different air gap and substrate
thicknesses as the function of parameter La is given in
Fig. 2.

According to Fig. 2 (a), the maximum phase vari-
ation at 18 GHz is achieved when there is no air layer
between the Arlon substrate and the ground plane (Ha =
0). However, an abrupt decrease is observed in this case.
When elements with nonlinear S-shaped phase curves
are used in the reflectarray design, they cause narrow
operation bands and high variations at different frequen-
cies. Thus, air layer thickness is chosen as 1 mm by
virtue of the fact that the phase difference is more, and
the phase curve is closer to linear. The total phase vari-
ation of the structure for Ha = 1 mm is about 320◦.
Phase characteristics of the unit cell for different sub-
strate thickness values are exhibited in Fig. 2 (b). The
phase variations reveal that as the substrate thickness
increases, the amount of phase range decreases and the
phase curve gets closer to linear. Maximum phase change
is observed for Hs = 0.254 mm. Since this thickness is
very thin and may cause problems at the surface etch-
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Fig. 2. Phase characteristics of the unit cell as a function
of parameter La at 18 GHz for different (a) air gap values
(Ha) and (b) substrate thickness values (Hs).

ing stage of the reflectarray manufacturing process, this
thickness is not favored. Among the other thicknesses of
Arlon DiClad 880 substrate, Hs = 0.508 mm is chosen.

III. REFLECTARRAY DESIGN
A. Feed antenna: Double ridged horn antenna

As the feed antenna of the system, an OBH180400-
15 double ridged horn antenna operating at 18-40 GHz
frequency band is used. The broadband feed is lin-
ear polarized with high polarization purity. Right-angle
double ridge waveguide (WRD180) to coaxial adapter
(2.92 mm female) is used for the cable connection. Sim-
ulated reflection coefficient variation of the feed antenna
is given in Fig. 3.

S11 variation of the horn antenna shows that good
impedance matching is achieved above cutoff frequency
of the double ridged waveguide. The photograph of
the feed antenna is given as an inset in Fig. 3.
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Fig. 3. Reflection coefficient variation of the double
ridged horn antenna.

The three-dimensional radiation pattern of the feed
antenna at 18 GHz is shown in Fig. 4, where the beam
direction is also demonstrated.

Fig. 4. 3D far-field radiation pattern of the feed antenna
at 18 GHz.

The gain and phase center of the horn antenna are
13.1 dBi and 13.84 mm towards inside from the center
of the horn aperture along the z-axis. In the reflectar-
ray system, the phase center of the feed antenna should
coincide with the predetermined feed position by aper-
ture efficiency analysis. The gain and position of the
feed antenna are critical factors for maximizing aperture
efficiency.

B. Aperture efficiency
Aperture efficiency analysis is carried out to deter-

mine the physical size of the reflective surface and the
distance of the feed antenna’s phase center from the
reflective surface. The aperture efficiency of the reflec-
tarray, ηa, is calculated by the product of illumination
and spillover efficiencies [30]. Illumination efficiency,

ηi, measures how uniform the field amplitude is dis-
tributed on the antenna aperture, whereas the spillover
efficiency, ηs, is defined as the ratio between the total
radiated power and the incident power on the reflectarray
[31]. These two parameters are calculated as a function
of the shape of the reflectarray and the feeding source.

Radiation patterns of the feed antenna are given in
Fig. 5 in two principal planes. Since the aperture of the
horn feed antenna is rectangular, the patterns are differ-
ent in φ = 0◦ and φ = 90◦ planes. When determining
the q parameter of the cosq pattern, q is chosen by con-
sidering the H-plane pattern, which has a wider beam
compared to the E-plane. The 3 dB beamwidth of the
antenna are approximately 38◦ and 32◦ in H- and E-
planes, respectively. By using the cosq model for the H-
plane of the feed antenna pattern, q parameter of the feed
antenna is found to be 6.3.
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Fig. 5. Normalized power levels of the feed antenna. cosq

model with q = 6.3 is depicted by a solid blue line.

For the reflectarray system shown in Fig. 6, the
spillover efficiency (ηs) is calculated by the ratio of the
total power radiated by the feed antenna to the power
incident on the reflective surface as given below:

ηs =

∫∫
A
−→
P (−→r f ,mn).d−→s∫∫

sphere
−→
P (−→r f ,mn).d−→s

, (2)

where
−→
P (−→r f ,mn) is the Poynting vector. By using a

numerical approach, the following equation can be used
to solve for array apertures in the polar coordinate
plane [31]:

ηs =
2q+1

2π

∫ 2π

0

∫ D/2

0
(H/r3

f ,mn) (3)

(
r2

f + r2
f ,mn − rmn

2

2 r f r f ,mn
)

2q

ρdρdϕ,

where H is the perpendicular distance between the phase
center of the feed antenna and the reflective surface.
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Fig. 6. Reflectarray system configuration.

Illumination efficiency (ηi) is calculated as follows:

ηi =
1

Aa

|
∫∫

A I (A′)dA′|2∫∫
A |I (A′)|2dA′

, (4)

where I(A
′
) stands for the amplitude distribution over the

reflective surface, which depends on feed antenna pattern
and reflectarray element pattern. Alternatively, the fol-
lowing formula can be used to solve for the array aper-
tures in the polar coordinate plane numerically [31]:

ηi =
4

πD2

[∫ 2π

0
∫ D/2

0

(
1

r1+qe
f ,mn

)(
r2

f +r2
f ,mn−rmn

2

2r f r f ,mn

)q
ρdρdϕ

]2

∫ 2π

0
∫ D/2

0

(
1

r2+2qe
f ,mn

)(
r2

f +r2
f ,mn−rmn

2

2r f r f ,mn

)2q
ρdρdϕ

x

2

y′′,

(5)
where qe belongs to the element pattern and is usually
chosen as 1 for ease of operation. Formulations given
in equations (2-5) can be used in the case of on-axis
feeding for the circular aperture. Mostly, off-axis feeds
are preferred in reflectarray systems to avoid feed block-
age. However, in the case of offset feed, the beam would
cut the reflecting surface elliptically. Thus, the following
boundary condition should be applied [31]:

x2 +
(
ycosθ f

)2
=

(
ysinθ f +

H
cosθ f

)2

tan2
α x2y′′,

(6)
where α is the angle that represents half aperture angle
of the feed beam.

By using the novel dual-polarized unit cell intro-
duced in this paper, an off-axis fed reflectarray sys-
tem whose feed is located at θ = 15◦ (z-axis is along
the reflectarray surface normal) and beam is oriented
towards θ = −15◦ in φ = 0◦ plane is designed. The
spillover (ηs), illumination (ηi) and aperture (ηa =
ηi×ηs) efficiency values of the reflectarray system are
given in Fig. 7 as a function of the reflectarray diameter
D for the feed antenna elevation value from the reflective
surface of H = 260 mm.

As seen in Fig. 7, ηa has its highest value at D =
300 mm. In this case, the reflective surface consists of
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Fig. 7. Efficiency as a function of the reflectarray diame-
ter D for the off-axis fed reflectarray.

40×40 cells. Since the RAM and processor capacity of
the workstation (HP Z820 Intel(R) Xeon(R) worksta-
tion with 2.4 GHz processor and 64 GB RAM) used
for the simulations cannot handle this processing load,
the reflective surface has been reduced to 25×25 cells
by sacrificing efficiency. This compromise results in
reduced aperture efficiency of 0.65.

C. Reflective surface design
Each unit cell is used as an individual reflector

when designing the reflective surface of the reflectar-
ray antenna. The finely tuned geometrical features of the
unit cells are used to atone for the phase delay generated
due to the path differences between the feed antenna and
individual unit cells. To design a reflective surface with
maximum directivity with off-axis operation, the follow-
ing equations are used to calculate the required phase
shift for each unit cell:

ψmn = k0
(
r f ,mn −−→r mn.r̂0

)
+ ψo, (7)

r f ,mn =
√

(xmn − r fx)
2 +(ymn − r fy)

2 +(zmn − r fz)
2,

(8)
where ψmn is the reflection phase and r f ,mn is the dis-
tance between the feed antenna and the mnth element.
When calculating the relations given above, −→r mn defines
the position vector of the mnth element, and the unit vec-
tor r̂0 represents the direction of the main beam [32]
as shown in Fig. 6. Since a relative reflection phase is
needed, ψo is added in (7), where k0 is the wavenumber
of free-space. The unit cell mn and the feed antenna are
located at (xmn,ymn,zmn) and (r fx ,r fy ,r fz), respectively.

The necessary phase distribution for steering the
beam towards a predefined direction is obtained by
using the equations above. The phase values are quan-
tized when designing the reflective surface and smaller
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quantization steps are used in the fast-decaying regions.
To achieve optimum directivity, a phase range of 360
degrees is required. With the dual-polarized novel unit
cell, a phase range of 360 degrees is obtained with 1 mm
≤ La ≤ 9 mm. The unit cell phase distribution of the
reflective surface consisting of 25×25 cells is shown in
Fig. 8 (a). The reflectarray with the corresponding unit
cells geometry that gives the calculated phase value is
given in Fig. 8 (b).

(a) (b)

Fig. 8. Reflective surface of the reflectarray: (a) phase
distribution and (b) reflectarray with corresponding unit
cells geometry.

IV. ANALYSIS RESULTS
A reflectarray with 25×25 dual-polarized unit cells

was analyzed with a full-wave electromagnetic wave
analysis tool based on finite-integration technique [28].
The problem space consists of about 134 million
unknowns. Array theory, which is a robust analysis tech-
nique for electrically large antennas, gives very fast
results compared to other analysis methods. 3D simula-
tion programs especially take a while, whereas array the-
ory calculates the far-field radiation pattern of the reflec-
tarray antenna in seconds. The far-field radiation pattern
of a reflectarray antenna consisting of M×N elements is
calculated by [32]:

E (r̂) =
M

∑
m=1

N

∑
n=1

−→
A mn (r̂) .

−→
I (−→r mn), (9)

r̂ = x̂ sinθ cosϕ + ŷ sinθ sinϕ + ẑ cosθ , (10)

where
−→
A mn and

−→
I are the vector functions defined for

the unit cell patterns and the unit cell excitations and the
remaining vectors and angles in the equations are defined
in Fig. 6. The scalar element pattern function is given
with cosqe model as follows:

Amn(θ ,ϕ)≜ cosqe e jk(−→r mn.r̂). (11)
The incident field and the element property are used

to define element excitation function, I (rm,n) defined by:

I (rm,n) =
cosqθ f (m,n)∣∣−→r mn −−→r f

∣∣ .e− jk(|−→r mn−−→r f |). |Γmn|e jφmn ,

(12)

where |Γmn| isn directly obtained from the unit cell anal-
ysis. Finally, the radiation pattern of the reflectarray is
obtained as:

E (θ ,ϕ) =
M

∑
m=1

N

∑
n=1

cosqe cosqθ f (m,n)∣∣∣⇀r mn −
⇀
r f

∣∣∣ (13)

e− jk
(∣∣∣⇀r mn−

⇀
r f

∣∣∣−⇀
r mn.r̂

)
cosqe

θe(m,n)e jφmn .

General pattern shape indicators, especially the
main beamwidth and the beam direction, are obtained
successfully by the array theory. However, the cross
polarization characteristics of the antenna are not calcu-
lated by array theory since the feed polarizations are not
included and a simplified cosq model is used. To get the
radiation pattern data in different polarizations, full wave
simulations are performed using CST Microwave Stu-
dio. Normalized radiation patterns of the dual-polarized
reflectarray antenna designed for high-speed Ka-band
satellite communications are given in Fig. 9 for TE and
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Fig. 9. Normalized radiation patterns at 18 GHz: (a) TE
and (b) TM polarization.
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TM polarizations. The feed phase center is located at
(69.67 mm, 0, 260 mm) with respect to the center of the
reflectarray. Gain of 21 and 21.6 dBi is observed in TE
and TM modes, respectively.

It is observed that array theory and simulation
results are almost overlapping for both modes and in both
cases the main beam is directed to θ =−150. Moreover,
TE and TM mode patterns are almost identical with main
beams directed towards θ = −150. This proves that the
reflectarray works in dual mode successfully. The effect
of the holder is investigated by full wave analysis of the
whole structure. Figure 10 shows the 3D radiation pat-
tern in TE mode. The gain pattern, which is obtained by
including the holder in the simulations, has a maximum
value of 20.5 dBi. Inclusion of the holder to the simula-
tions has lowered the gain about 0.5 dB and increased the
side lobe level of the pattern. Since the unit cell structure
used in this design is symmetrical in the x and y direc-
tions, TE and TM modes are identical.

Fig. 10. Three-dimensional radiation pattern of reflec-
tarray antenna in TE mode. The pattern is obtained by
including the holder with PLA (polylactic acid) material.

V. EXPERIMENTAL VERIFICATION
A. Fabrication

The reflectarray prototype consisting of 25×25
dual-polarized unit cells is fabricated by a chemical etch-
ing technique. Arlon DiClad 880 with 0.51 mm dielec-
tric thickness and 35 µm copper thickness is used as the
printed circuit board. The reflectarray prototype which
has 187.5 mm × 187.5 mm physical area is shown in
Fig. 11 (a) with an expanded view of a unit cell. The
ground plane of the reflectarray is generated by covering
the top surface of the flat holder plate by conductive tape.
An air layer with 1 mm thickness is ensured between
the substrate and the ground plane by using 0.5 mm
nuts. A double ridged horn antenna (OBH180400-15

from Ocean Microwave) operating in the 18−40 GHz
frequency band is used as the feed antenna. The phase
center of the horn antenna at 18 GHz is located to
(69.67 mm, 0, 260 mm) coordinates with respect to the
center of the reflectarray. A holder that is designed to
keep the feed antenna and reflectarray stationary in their
designated positions is printed with a PLA filament by
using an additive manufacturing technique. Four holes
are drilled in the corners of the reflectarray and 5M
screws are used to fix the reflectarray to the holder mech-
anism as shown in Fig. 11 (b). The arm of the holder
grips the horn antenna with a clamp that orients the main
beam of the feed antenna towards the center of the reflec-
tarray with θ = 15◦.

(a)

(b)

Fig. 11. Fabricated reflectarray system: (a) reflectarray
prototype and (b) reflectarray system.

B. Measurement results
Co- and X-polarized radiation patterns, antenna gain

and reflection coefficients of the reflectarray system are
measured in a full anechoic chamber in the 17-23 GHz
frequency band. An NSI-RF-SG42 horn antenna is used
as the reference antenna in the measurements. The
measurements are performed with 1◦ resolution within
−90◦ ≤ θ ≤ 90◦ angular range at the steering plane of
the reflectarray. The measurement setup in the anechoic
chamber is shown in Fig. 12.
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Reflection coefficient variation of the reflectarray
system is given in Fig. 13. The reflectarray has good
impedance matching characteristics with S11 lower than
−10 dB above 18.5 GHz except for a slight increase in
the 19.7−20.05 GHz band. At 18 GHz, about −7 dB
reflection coefficient level is observed at the measure-

Fig. 12. Measurement setup of the dual-polarized Ka-
band reflectarray system. Beam steering is observed on
the φ = 90◦ plane.
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F13 Fig. 13. Measured S11 parameter variation of the reflec-
tarray system as a function of frequency.

ment, which wasn’t the case in the simulations. This
deviation from simulated response is attributed to the
introduction of the connector. Co- and X-polarized radi-
ation patterns are demonstrated in Fig. 14 at 18.5 and 19
GHz. It is clearly observed that the main beam of the
measured patterns is towards θ = 15◦ in the φ = 90◦

plane. The observed sidelobe levels are higher com-
pared to the simulation results. In the measurement pro-
cess, the absorbers around the reflectarray were removed
to fit the reflectarray system. The higher sidelobes that
were not observed in the simulations are attributed to
the conductor region where the bottom of the reflectar-
ray was implanted. Measured gain and cross polarization
levels are given in Fig. 15. Although the antenna was
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Fig. 14. Measured normalized patterns of the reflectarray
system on the φ = 90◦ plane. Solid lines (—) and dash-
dot lines (– -) belong to Co-polarized and X-polarized
patterns, respectively.
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F15 Fig. 15. Measured gain and cross polarization level vari-
ations.
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optimized to operate at 18 GHz, the antenna gain shows
stable characteristics in the whole frequency range. Mea-
sured cross polarization patterns are at low levels. Mostly
it is above 20 dB in the 18−22 GHz range. The radi-
ation performance of the reflectarray may be enhanced
in terms of sidelobe and efficiency by enlarging the
physical reflectarray size since larger dimensions reduce
effects such as edge diffraction, specular reflection and
feed blockage.

VI. CONCLUSION
In the transition of 5G to 6G networks, satel-

lites having faster communication standards with lower
delays will play a critical role in providing coverage and
resilience. Reflectarray antennas are suitable to be used
in a wide range of frequency bands employed in different
types of satellites. In this work, a novel single-layer dual-
polarized unit cell is proposed for a dual-polarized reflec-
tarray antenna operating at SATCOM Ka-Band downlink
frequencies to be used in 5G/6G antennas. The unit cell
is constructed as the combination of a cross dipole and
four L-shaped elements. At 18 GHz, the designed struc-
ture has a simulated directivity of 21.72 dBi, a gain of
20.99 dBi and total efficiency of 84.58%. Very similar
results are obtained for TE and TM modes. A prototype
consisting of 25×25 dual-polarized unit cells was fabri-
cated using Arlon DiClad 880 PCB with 0.51 mm dielec-
tric thickness and 35 µm copper thickness and the reflec-
tarray system was measured in a full anechoic chamber.
The antenna gain showed stable characteristics in the 18-
22 GHz frequency band. It was observed in the simula-
tion and measurement results that the reflectarray con-
sisting of the proposed unit cells produces pencil beams
with θ = 15◦ orientation. The results show that the pro-
posed reflectarray system can be used in high speed 5G
satellite communication systems.
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