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Abstract—This communication presents preliminary results on
the design of a patch antenna array fed by transverse slots in
the broad wall of a groove gap waveguide. First, we propose an
innovative approach to widening the band of the structure by
the use of reflection-canceling posts (RCPs) integrated within a
groove of the waveguide. Then, an analysis of the Radar Cross
Section (RCS) is conducted for the proposed antenna and a
metasurface is designed to be integrated with the antenna to
reduce the RCS for radar applications.

I. INTRODUCTION

Radar technology has played a pivotal role in various fields,
spanning from aerospace and defense sectors to everyday life
applications. This has motivated extensive research regarding
the interaction between electromagnetic waves with different
materials [1]. In particular, the study of the cancellation of
back-scattered electromagnetic waves is of key relevance for
the defense industry.

The radar cross section (RCS) is a parameter that measures
the electromagnetic reflectivity of an object and depends on
several parameters such as the polarization of the impinging
wave, the angle of incidence of the wave, the frequency, and
the electrical properties of the object to name a few. Numerous
strategies to alleviate this reflection have been documented
in the literature [2]. In recent years, the use of metasurfaces
(MTS) for these purposes has gained huge notability due to
the possibility of obtaining extreme wave phenomena, low
profile, and ease of integration. Most common techniques to
reduce the RCS are based on the cancellation of the reflection
or/and absorption of the impinging wave, both achievable with
the use of metasurfaces.

Here we present preliminary results on reducing the RCS
using an antenna array, wherein each radiating element com-
prises a 2 x 2 patch-subarray excited by a transverse slot on the
broad wall of a rectangular groove gap waveguide (GGWG)
[3], [4]. This antenna is of particular interest to radar and
communication systems due to its good directivity and low
losses. However, its main drawback lies in its narrowband
performance which can also affect its RCS.

The proposed approach comprises two stages. First, the
enhancement of the impedance-matching bandwidth of the
proposed antenna as a method to reduce the RCS in a wider
frequency range, and second, the design and implementation
of a metasurface to reduce the RCS in a relatively large band.

II. TRANSVERSE SLOT ARRAY AND BANDWIDTH
ENHANCEMENT

The initial step of the proposed design involves design-
ing a transverse slot array antenna, utilizing gap waveguide
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Fig. 1. Transverse Slot Array with and without reflecting canceling posts.
(a) Schematic model (b) S11 as a function of the frequency. (c) Radiation
pattern in E-plane (yz) at 28 GHz.
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Fig. 2. Transverse Slot Array with reflecting canceling posts with sub-arrays
of 2x2 patches. (a) Schematic model (b) S11 as a function of the frequency.
(c) Radiation pattern in E-plane (yz) at 28 GHz.
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technology for its cost-effectiveness, low loss, and contactless
attributes. The target frequency is 28 GHz. The design is
performed by first designing the EBG surface consisting of
the well-known bed of nails (BoN) metasurface [5]. The
EBG pins are designed to provide a stop-band in between
12 GHz and 34 GHz, effectively emulating an equivalent
solid wall within this frequency range. The dimensions of the
pins have a height close to that of the rectangular waveguide
(WR-34) with a small gap of 0.05 mm, with a thickness
of 1.5 mm and periodicity of 2.5 mm. The structure will
be used to feed a broadside array and, consequently, each
slot is strategically positioned at intervals of )\, from one
another, ensuring in-phase excitation of the array [6]. The
cross-sectional dimensions of the waveguide measure ay g X
bwea (8.64 x 4.32 mm?), conforming to the standard WR-
34 waveguide specifications. The radiating slots dimensions
are xg = 8 mm in length and ys; = 2 mm in width, with
a thickness of tyy¢ = 1 mm. The schematic diagram is

illustrated in Fig. la.

The simulated antenna results using CST Studio are shown
in Fig. 1. The antenna achieves an impedance-matching band-
width of 3.0%. The antenna exhibits two primary expected
drawbacks: Firstly, the separation of radiating elements re-
quired to achieve a broadside beam results in the presence
of grating lobes (Ao < Ag). Secondly, it faces limitations in
narrow-band impedance matching performance.

To overcome this limitation and achieve enhanced
impedance matching bandwidth (BW), the strategic deploy-
ment of reflection canceling posts (RCPs) [7] is explored.
Each slot is outfitted with an RCP, positioned at distances
Ym and z,, from the center of the slot. The designed RCPs
have a thickness trcp = 0.5 mm, while their height is
determined to be hrcp = 4.1 mm. Additionally, the slot’s
dimensions, denoted by x, and ys, are set to 5.45 mm and
2.6 mm, respectively. Positioning the RCPs at z,,, = 2.5 mm
and y,, = 1.95 mm gives a BW of 29% still radiating at
broadside. In this sense, the inclusion of the posts does not
degrade significantly the radiation performance of the slot
array antenna that anyway will be used as a feed system for
the printed antenna. The slot’s dimensions are set to x; = 4.3
mm and y; = 2.5 mm. The RCPs are now positioned at
Ty = 2.9 mm and y,,, = 1.90 mm.

III. MICROSTRIP PATCH SUB-ARRAY

The grating lobes of the transverse slot array must be
suppressed by the use of a directive radiating element (pattern
multiplication) as previously made in [6] with low profile
horns. In this example, we consider the use of a printed
antenna sub-array consisting of 4 microstrip patches because
this will help in the final purpose of integrating a metasurface
to reduce the antenna RCS. These patches have low-profile
characteristics and are strategically situated within each slot.

The patches are fed by the use of a 1-to-4 microstrip
power divider consisting of two T-junctions as proposed in
[8]. Quarter wave transformers are considered to match the
patches to the slot. The dimensions as described in Fig. 2
(in mm) are wy; = wy = 0.37,l, = 2.0,w, = 0.45. The
arrangement of the patches is optimized to ensure a broadside
beam, aligning with the output phases of the feeding power
divider. The optimized dimensions of the patch antenna (in
mm) are Wyater = 3.5, Lpaien = 2.5. The substrate utilized
is Rogers RT5880, characterized by a relative permittivity of
e, = 2.2 and a loss tangent of tan(§) = 9 x 107> with a
1.575 mm thickness.

This configuration, in conjunction with the incorporation
of RCPs, effectively ensures the preservation of a substantial
bandwidth.

Simulated results are depicted in Fig. 2. The antenna
exhibits an impedance-matching bandwidth of 10.3%. Ad-
ditionally, at the resonance frequency, the gain reaches a
maximum of 17.1 dBi. In Fig. 3, we observe the radiation
pattern across a range of frequencies close to 28 GHz, the
designated frequency of operation.

IV. RADAR CROSS SECTION

The Radar Cross Section (RCS) of the designed antenna as
a function of the frequency is represented in Fig. 4.b for the
broadside direction. The RCS is represented separately for the
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Fig. 3. Simulated radiation pattern in the E-plane (yz) at different frequencies
for the proposed transverse slot array with sub-arrays of 2x2 patches.

two polarizations (copolar and crosspolar) and for a reference
piece of metal with the same dimensions as the antenna
(named as PEC in the figure). The RCS reduction at the
designed frequency for the wave with the same polarization
as the antenna is noticeable, contrasting with the elevated
levels observed for the cross-polarization case. Ideally, in the
frequency range where the antenna is well-matched, and for
the same polarization as the one the antenna radiates, the RCS
should be close to zero.

The 3D representation of the RCS for the central frequency
is also included in Fig 4.a.

The next step in this work is to find a strategy to reduce
the RCS also for cross-polarization. The proposed solution is
to use a metasurface integrated with the antenna.

The basis of operation of the metasurface is known as phase
cancelation [2], i.e., the metasurface will be a combination of
two different meta-elements that will produce reflections out
of phase to cancel the global reflected wave. The proposed
geometry for the unit cells of this metasurface is a square
ring and a conventional ring, both of them work the same for
the two different polarizations. They are represented in Fig.
5 and the dimensions according to the geometry described in
the figure are (in mm) [;,. = 1.62, ¢;. = 0.1, [, = 1.35 and
tsr = 0.26 with a periodicity p. of 2.678 mm.

With these dimensions, the phase difference between the
reflection of these two unit cells is close to 180 degrees [9]
for a frequency range going from 22 to 32 GHz as seen in
Fig. 5.

V. METASURFACE TO REDUCE RCS

Once the unit cell of the metasurface is designed, the
elements are arranged in a classical 2x2 checkerboard. Each
element of this checkerboard is composed of 4x4 unit-cells
as seen in Fig. 6. In the same figure, the 3D RCS of the
designed checkerboard compared with a PEC structure with
the same dimensions is shown for a frequency of 28 GHz. This
metasurface reduces the RCS level considerably and works the
same for both polarization.

After designing and analyzing the metasurface that reduces
the RCS, it is integrated on the sides of the antenna surface,
surrounding the radiating patches. This can be visualized in
Fig. 7 together with the RCS at 28 GHz for both polarizations
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Fig. 4. Simulated RCS. (a) 3D at 28 GHz in y-wave propagation. (b) 3D
at 28 GHz in x-wave propagation. (c¢) 3D in PEC. (d) Broadside at multiple
frequencies
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Fig. 6. Simulated 3D RCS. (a) PEC surface (b) Checkerboard Metasurface.

and for the reference PEC. It is observed that the RCS level
has been effectively reduced at the designed frequency for
both polarizations.

Finally, the simulated reflection coefficients of the antenna
with and without the metasurface as well as the normalized
gain radiation pattern at 28 GHz are shown in Fig. 8.
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Fig. 7. Simulated 3D RCS at 28 GHz for the designed antenna with integrated
metasurface. (a) PEC (b) y-polarization (c) x-polarization.
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Fig. 8. Simulated comparison between antenna with and without metasurface.
(a) S11 as a function of the frequency. (b) Radiation pattern in E-plane (yz)
at 28 GHz.

VI. CONCLUSIONS

This work presents the design of an antenna that combines
a feed network made in gap waveguide technology to reduce
the losses, with a radiating element in printed technology to
allow the integration of an MTS to reduce the RCS.

Initially, the matching bandwidth of the antenna was in-

creased by using reflecting canceling posts as an attempt to
reduce the RCS of the antenna in the band of operation of
the antenna and for the same polarization as the one radiated
by the antenna. Afterward, an MTS was integrated with the
radiating layer to reduce the antenna RCS also for the cross-
polarization.

The preliminary results presented here are part of ongoing
research. As a next step in the work, we will explore the use of
unit cells with higher symmetries and multilayered structures
to obtain broader bandwidth capabilities to reduce the RCS
together with a study of the angular stability.

Further analysis in this respect will be presented at the
conference.
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