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Abstract—This paper describes an 8×8 fully-metallic high-
efficiency dual-polarized array antenna working at Ka-band,
based on Gap Waveguide concept. The radiating element is a cir-
cular aperture backed by two stacked cylindrical cavities, which
are fed orthogonally to achieve a dual-polarized performance.
Both feeding layers consist of a gap waveguide corporate network
to reach all the cavities backing each radiating element. Cavities
are naturally integrated within the bed of nails hosting grooves
and ridges for guiding EM field, leading to a low-profile dual-
polarized array in Ka-band. Experimental results present good
agreement with simulations. Measured radiation patterns agree
well with simulation and the antenna provides an average gain
over 27 dBi within its operating bandwidth (29.5 to 31 GHz).

Index Terms—Gap Waveguide, Ka-band, Groove Gap Waveg-
uide, Ridge Gap Waveguide, Dual-Polarization, Array, SATCOM

I. INTRODUCTION

Broadband multimedia satellite services were initially de-
ployed in the Ku-band using wide-beam antennas to cover
large territories [1]. Today, the continuous demand for higher
throughput in modern communication systems is pushing
the satellite communications (SATCOM) to higher operating
frequencies such as the recently developed Ka-band High
Throughput Satellites (Ka-HTS). More spectrum is available in
Ka-band compared to Ku-band, and additionally, Ka-satellites
mostly provide spot-beam coverage allowing frequency reuse
operation [2]. For above reasons, Ka-band is drawing more and
more attention, especially for on-the-move communications.

Recent years have seen an intensive research effort to
find compact, lightweight, and cost-effective antenna solutions
for Ka-band SATCOM on-the-move applications. However,
high-efficiency solutions enjoying dual-band operation, dually-
polarized, low profile and low cost features, appropriate for
Ka-band satellite communications, are still scarce. Among
those needs, a particularly appealing one is the dual-polarized
planar feature.

Utilizing two orthogonal polarizations is a widely used tech-
nique in SATCOM to provide additional spectrum in a given
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Fig. 1: Manufactured 8×8 Dual-Polarized Array Antenna
based on Gap Waveguide.

geographical region [3]. In that case, dual-polarized antennas
allow to save costs and space, compared to the scheme where
one dedicated antenna is used to each polarization.

Many dual-polarized antennas in the literature are based on
microstrip-patch technology [4]-[6], thanks to their desirable
features as low profile, lightweight and low cost. However,
there is a big obstacle for them to be used for mm-wave
band due to their huge losses for large arrays. Conversely,
notable efforts have been made in the past to achieve dual-
polarized antennas using other solutions, such as parabolic re-
flectors [7]-[8], reflectarrays [9]-[11], lenses [12]-[13], waveg-
uide arrays [14]-[15], planar structures [16] or leaky-wave
antennas [17]. These type of antennas are widely developed
and studied, and they can meet some of the SATCOM on-the-
move requirements.

In fact, the last two examples of waveguide arrays are
remarkable for several reasons. First of all, the dual-polarized
antenna in [14] is a fully metallic array providing high
efficiency. Its biggest drawback is probably the use of diffusion
bonding manufacturing technique, requiring great precision
and cost. On the other hand, the contribution in [15] presents
some similarities with the one presented here. The distribution
network used, however, is quite complex, since the out-of-
phase condition of E-plane splitters must be compensated. As
a consequence, radiating elements are forced to be spaced
1.25λ0. In this paper, a more compact and simple corporate-
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Fig. 2: Perspective exploded view of the stacked configuration
of the readiating element.

feed network is employed. The network allows to locate the
apertures noticeably closer to each other (λ0 at 30 GHz). In
addition, gap waveguide (GW) technology is adopted, whose
contactless capability ensures the confinement of the field even
if there is no perfect electrical contact between waveguide
blocks [18].

Shortly, the gap waveguide is built up of two unconnected
plates: a textured surface composed by a bed of nails and a
flat metal surface. The first one behaves as a high-impedance
surface, thus forbidding any wave propagation as long as
the distance to the opposite flat plate is less than a quarter-
wavelength. Only when a groove or a ridge is inserted among
the nails, wave propagation takes place [19].

Till now, several gap waveguide based low loss planar
high gain antennas have been designed at mm-wave frequency
range [20]-[21]. However, most of the antennas designed so
far based on gap waveguide technology are linear polarized.

Making use of the benefits of this technology, an 8×8
full-metal dual-polarized array antenna (Fig. 1), especially
appealing for SATCOM terminals, is presented next. It is
worth mentioning that a very preliminary approach of a 2×2
dual-polarized array antenna was proposed in [22]. This paper
describes a much more evolved version of that concept.

The paper is organized as follows. In Section II, the ge-
ometry and design of the radiating elements are presented.
The description of the full antenna, the simulated performance
as well as the design of the input ports are detailed in
Section III. Section IV presents the manufacturing process
and the experimental results of the fabricated array. Finally,
conclusions are drawn in section V.

II. RADIATING ELEMENT

The radiating elements consist of circular apertures of
diameter d, which are excited by side-fed stacked cylindrical
cavities. Fig. 2 shows the basic model of the radiating element.
It can be seen as an open circular waveguide fed at one of
its sides. Note that the cylinder could also be fed from the
back, but the employed lateral feeding is more convenient for
a stacked configuration.

The first approach to this type of cavities was presented
in [23] to implement a circularly-polarized array antenna. Now,
to conceive a dual-polarized antenna, an additional layer is

Fig. 3: (Left) E-field and (right) H-field across the radiating
circular aperture at 30 GHz.

Fig. 4: E-field component in YZ and XZ planes for the
radiating element based on a open cavity, when the bottom
port (left) or the top port (right) is excited at 30 GHz.

Fig. 5: 2×2 dual-polarized unit cell.

added. An orthogonal feeding scheme to the cylindrical cavity
enables radiate the corresponding orthogonal linear polarized
EM field to radiate. This orthogonal feeding is implemented
at different heights (see Fig. 2) to be able to accommodate an
independent corporate feeding network for each polarization.
The upper cavity excites the horizontal polarization on the
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(a)

(b)

(c)

Fig. 6: Layers of the dual-polarized unit cell from bottom to
top.

aperture (H-Pol) while the lower cavity allows to radiate with
the orthogonal one (V-Pol). A slot is added to the floor of the
upper cavity to improve the isolation between polarization.

Fig. 3 shows the electric and magnetic fields on the radiating
circular aperture when one port is excited. The well-known
fundamental mode of a circular waveguide is observed. In
Fig. 4 the amplitude of the E-field within the cavity is repre-
sented along two cuts corresponding to the YZ and XZ planes.
In this case, each subfigure corresponds to the excitation of
one different port. The colored graphs show how the electric
field is coupled from the input port to the radiating circular
aperture. As can be also seen, the coupling between the V-Pol
layer and the H-Pol layer is negligible and a good isolation
between both ports is expected.

A. 2×2 Dual-Polarized Unit Cell

The 2×2 dual-polarized unit cell is shown in Fig. 5, while
Fig. 6 shows the different layers of the subarray from a

29.6 29.8 30 30.2 30.4 30.6 30.8 31

−40

−20

0

Frequency (GHz)

R
efl

ec
ti

o
n

C
o
effi

ci
en

t
(d

B
)

V-Pol Port H-Pol Port

(a)

29.6 29.8 30 30.2 30.4 30.6 30.8 31
−70

−60

−50

−40

Frequency (GHz)

S
2
1
(d
B
)

(b)

Fig. 7: S-parameters of the 2×2 dual-polarized unit cell.

top view. Cavities on each layer are fed corporately with
orthogonal field components by Groove Gap Waveguides and
Ridge Gap Waveguides (RGW) combined in the same feeding
network. As demonstrated in [24], such network is an optimal
approach to feed arrays in a symmetric and compact way.

Fig. 7 shows the S-parameters of the 2×2 array unit cell.
The reflection coefficients (Fig. 7a) are not identical for
both ports since conditions are not the same at both levels.
Nonetheless, both return losses remains better than 10 dB
within the targeted band, from 29.5 GHz to 31 GHz. Very
good isolation between V-Pol and H-Pol layers is observed
in Fig. 7b, partially thanks to the coupling slot between both
cavities. Hence, S21-parameter remains below −40 dB within
the whole band.

It is worth mentioning that even though this type of
feeding network has typically been used to feed uniform
arrays, [23], [25], it could also be adjusted to feed tapered
array distributions. A simple and useful strategy for that goal
would be to modify the width and height in each RGW branch,
RGWA and RGWB in Fig. 8a, which in turn will lead
to unbalanced outputs. Additionally, the imbalance may be
complemented by GGWs with different depth, i.e., different
impedance. Fig. 8b, shows a comparison between the aperture
field in the unit cell with and without uniform illumination.
It should be stressed that, despite these modifications, the
matching bandwidth remains similar to that of the uniform
power distribution, as shown in Fig. 8c. The antenna presented
here, though, is a proof of concept, not requiring any specific
sidelobe level, thus a uniform array has been adopted for
simplicity.

Regarding the radiating layer, a waffle grid is incorporated
into the lid to increase the effective aperture area of the unit
cell. As described in [23], an appropriate design of such grid
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Fig. 8: (a) Cavities fed by an unbalanced power divider; (b)
Field in the apertures using a balanced feeding (left) and an
unbalanced one (right). (c) Reflection coefficient of the unit
cell with the unbalanced feeding network.

TABLE I: Dimensions of the GGW in the corporate-feed
network.

Width (mm) Height (mm)
GGW 1 1.75 2.61
GGW 2 1 2.57
GGW 3 1 2.57
GGW 4 1 2.67

alleviates the grating lobes issue when employing moderate
spacings in arrays of apertures.

III. 8×8 DUAL-POLARIZED ARRAY ANTENNA

Once the geometry has been surveyed, the radiating element
designed and the performance of the 2×2 dual-polarized unit
cell demonstrated, the structure is extended to a larger array.

Fig. 9: Corporate feeding network for the 8×8 array. The full
network is composed of 4 GGW and 3 RGW of different
dimensions. By symmetry, the network is identical in each
quadrant and at both levels.

Fig. 10: Combined RGW-GGW divider. The fundamental
parameters of each waveguide are indicated.

TABLE II: Dimensions of the RGW in the corporate-feed
network.

Width (mm) Height (mm) Protrusion (mm)
RGW 1 1 2.3 0.37
RGW 2 0.78 1.5 0.36
RGW 3 0.69 1.6 0.4

Fig. 9 shows one of the two feeding layers comprising the
8×8 array antenna. Nail height and width as well as periodicity
are exactly the same for both layers. The diameter of the
cavities and the dimensions of the corporate-feed distribution
network are similar too. Fig. 9 illustrates that the full antenna
consists of four identical quadrants (red square). The arrows
indicate that three different RGW and four GGW sets can
be found in the whole 1-to-64 corporate network. Waveguide
dimensions are indicated in Tables I and II. Fig. 10 shows one
of the RGW-GGW dividers of the network with the legend
providing the most relevant parameters.

The input ports of both polarizations are located at the
back side of the antenna, as shown in Figs. 11 and 12. Two
transitions have been designed following the same strategy.
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(a)

(b)

Fig. 11: Perspective and side view of the antenna showing the
V-Pol transition.

(a)

(b)

Fig. 12: Perspective and side view of the antenna showing the
H-Pol transition.

A standard WR-28 input waveguide - whose dimensions are
7.112 mm×3.556 mm - must be adapted with a series of steps
to the width of the first GGW shown in Table I. It should be
noted that this groove is 75% wider than the rest of them,
precisely to facilitate the matching from the back input port.
At the beginning of the GGW 1 at each level, capacitive slits
are located. They can be clearly seen in Figs. 11b and 12b.
Both GGWs 1 in H-Pol and V-Pol layers include these slits
to improve the impedance matching. Scattering parameters of
the two input transitions were optimized separately and are
shown in Fig. 13. The results demonstrate that the matching
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Fig. 13: Scattering parameters of the two input transitions.

performance for V-Pol transition is slightly better since it
is structurally simpler. Note that H-Pol transition must pass
through the V-Pol layer to access the GGW 1 at H-Pol layer.

Simulated results for the complete antenna are shown next.
Fig. 14a exhibits that both S11-parameters are below the target
of −10 dB from 29.5 GHz to 31 GHz, which is a usual
band for transmit in Ka-band SOTM applications. Fig. 14b
demonstrates the isolation between ports. A decoupling level
of more than 60 dB can be seen for the entire band of
interest. Also, the simulated realized gain and ohmic losses
within the bandwidth are included in Fig. 14c. Regarding
the radiation patterns shown in Fig. 15, the XZ-plane cut for
the V-Pol is almost equal to the YZ-plane cut for H-Pol and
analogously for the other cuts. Good pattern shape and stability
versus frequency can be noticed. In addition, the crosspolar
components are shown too, being less than −50 dB in the
whole band.

For the sake of completeness, let us mention that it would
be possible to include a 90-degree hybrid coupler connected
to both input ports so as to provide dual circular polarization.
Just for illustration purposes, the H-pol port has been weighted
with the same amplitude and a phase difference of 54◦

with respect to the V-Pol port. Notice that both transitions
have different path lengths in such a way that, at the end,
both layers will end up excited with the required 90◦ phase
difference. Fig. 16 shows good polarization purity throughout
the frequency range, obtaining an axial ratio below 0.6 dB.
Besides, Fig. 17 shows the simulated normalized circularly-
polarized radiation patterns.

IV. EXPERIMENTAL RESULTS

The antenna described here has been fully manufactured
in-house using a Datron M-25 CNC Milling Machine. Fig. 18
shows the three metallic pieces making up the whole antenna.

The manufacturing precision of the aluminum pieces was
subjected to a metrology study. Fig. 19 illustrates a sample of
some critical parts which are key for good antenna functioning.
Circular ripples left by the milling cutter are visible (see purple
circle in Fig. 19c). Such ripples, however, are merely one
micron thick and their effect is negligible. In addition, a radius
of curvature of 0.2 mm can be observed in the inner corners
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Fig. 14: Simulated S-parameters of the 8×8 Dual-Polarized
Array Antenna: (a) S11 and S22; (b) S21; (c) Simulated realized
gain and ohmic losses.

(see blue circles in Figs. 19a, 19b and 19d). This fact had
already been taken into account in the simulated model.

The experimental validation of the manufactured prototype
is observed in the following figures. Fig. 20a and Fig. 20b
corresponds to V-Pol and H-Pol reflection coefficient, re-
spectively. In these figures a comparison is made between
simulation and measurement. Although the agreement is not
perfect, curves show a similar behavior with a slight frequency
shift, probably due to fabrication inaccuracies.

For V-Pol port, the reflection coefficient remains close to
the goal of covering a 1.5-GHz bandwidth, though the curve
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Fig. 15: Simulated normalized co-polar and cross-polar radia-
tion patterns: (a) XZ-plane (V-Pol); (b) YZ-plane (V-Pol); (c)
XZ-plane (H-Pol); (d) YZ-plane (H-Pol).

is slightly above −10 dB around 30.5 GHz. Something similar
occurs for H-Pol port, which holds a S11-parameter below
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Fig. 16: Simulated axial ratio obtained using the proper phase
excitation for the ports.
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Fig. 17: Simulated normalized RHCP and LHCP radiation
patterns obtained exciting ports with the proper phase for with
circular polarization: (a) φ=0◦ and (b) φ=90◦.

−10 dB from 29.8 GHz to 31.2 GHz. Also, a high level of
isolation between ports is measured, being the S21-parameter
around −50 dB in the whole band (Fig. 20c).

The measured normalized co-polar and cross-polar radiation
patterns are presented at several frequencies for both ports in
Figs. 21 and 22. The results are highly satisfactory. Radiation
patterns look fairly stable with frequency, very similar to
those obtained in simulation. The mean measured realized gain

(a) (b)

(c) (d)

(e) (f)

Fig. 18: The three manufactured aluminum pieces: (a) Front
view and (b) back view of the radiating layer; (c) Front view
and (d) back view of the V-Pol layer; (e) Front view and (f)
back view of the H-Pol layer.

(a) (b)

(c) (d)

Fig. 19: Pictures of the metrology study to validate the manu-
facturing accuracy. (a) RGW to GGW divider. (b) GGW to
RGW divider. (c) Bed of Nails. (d) H-Pol Port input transition.

within the bandwidth is over 27 dBi and the difference between
gain and directivity is around 1 dB, revealing an antenna
efficiency close to 80% over the entire bandwidth (Fig. 23).

The electric field on the aperture has been reconstructed
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Fig. 20: Measured S-parameters of the dual-polarized array
antenna. (a) Reflection coefficient of the V-Pol port. (b)
Reflection coefficient of the H-Pol Port. (c) S21.

from the far-field measurement at 30 GHz in Fig. 24. Good
field uniformity throughout the array aperture is observed for
both polarization. Finally, Fig. 25 shows a photograph of the
antenna measurement set-up in the iTEAM-UPV facilities.

V. CONCLUSIONS

An 8×8 Ka-band dual linearly polarized array antenna using
Gap Waveguide technology is presented. Circular apertures,
backed by stacked cylindrical cavities, perform as radiat-
ing elements. Two feeding layers provide the desired dual-
polarized performance, i.e. radiation of two orthogonal linear
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Fig. 21: Measured normalized co-polar radiation patterns: (a)
XZ-plane (V-Pol); (b) YZ-plane (V-Pol); (c) XZ-plane (H-Pol);
(d) YZ-plane (H-Pol).

polarization when exciting two independent input ports.
The manufacturing process as well as the experimental

validation has been detailed. Measurements present good
agreement with simulation, revealing stable radiation patterns
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Fig. 22: Measured normalized cross-polar radiation patterns:
(a) XZ-plane (V-Pol); (b) YZ-plane (V-Pol); (c) XZ-plane (H-
Pol); (d) YZ-plane (H-Pol).

for both polarization and high antenna efficiency, close to 80%.
The concept can be seamlessly extended to larger arrays

without resorting to additional layers. Besides that, the ex-
tension to dual circular polarization, demanded for Ka-band
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Fig. 23: Measured realized gain and antenna efficiency for
both polarization.

(a) (b)

Fig. 24: Aperture electric field, reconstructed from far field
measurement at 30 GHz: (a) V-Pol; (b) H-Pol.

Fig. 25: Photograph of the antenna in the anechoic chamber.
The 3D radiation pattern is superimposed.

SATCOM applications, can be easily achieved by the use of
a 90-degree hybrid coupler, integrated into the lower part of
the antenna.

To the best of the authors’ knowledge, the presented
work is the first dual-polarized antenna implemented in Gap
Waveguide technology. Thanks to its efficiency, size, low
profile and working band, this antenna can be an appealing
solution for mechanical tracking systems in Satcom on-the-
move applications.
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ciones, Universitat Politècnica de Valencia, where
he is currently an Associate Professor. During 1999,
he was on leave at the ElectroScience Laboratory,

The Ohio State University, Columbus, OH, USA, where he was involved
in fast solution methods in electromagnetics and conformal antenna arrays.
His research interests include computational electromagnetics, waveguide slot
arrays, gap waveguides, the theory of characteristic modes, and automated
antenna design procedures.

Bernardo Bernardo-Clemente was born in Valen-
cia, Spain, on May 8, 1972. He received the degree
in telecommunication engineering from Univeritat
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