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Abstract—A ±45◦±45◦±45◦ dual-polarized antenna is designed based on
the gap waveguide technology which offers a low loss and easy-to-
manufacture solution at the mmWave frequencies. Dual-polarized
antennas help to increase the capacity and coverage of a wireless
system and also decrease the overall cost. Two parallel arrays of
888 slots each are employed to create the orthogonal polarizations.
The antenna operates in the 24.25− 27.2524.25− 27.2524.25− 27.25 GHz frequency band.
The simulated average gain of each polarization is 14.514.514.5 dBi while
achieving a cross-polarization isolation of at least 151515 dB.

I. INTRODUCTION

The rising demand for higher data rates is pushing commu-
nication systems to employ the millimeter-wave (mmWave)
frequency bands due to the availability of larger spectrum
chunks. Large bandwidth in mmWaves has been used in
radar and automotive applications, added to 5th generation
of communication systems (5G) [1], [2]. Using orthogonally
polarized antennas is a well-known technique to increase
the capacity and the reliability of a wireless system and
combat multipath fading as compared to single-polarized an-
tenna systems [3]. In addition, lower fabrication costs may
be achieved by making the antennas more compact. Many
dual-polarized antennas based on planar technologies such as
substrate integrated waveguide (SIW) have been proposed so
far for mmWaves applications [4], [5]. However, they suffer
from high losses and consequently low total efficiency due to
presence of substrate.

As well known, traditional technologies, such as planar
transmission lines and hollow waveguides, lose their advan-
tages at the mmWaves by incurring high losses and a complex
manufacturing process, respectively [6]–[8]. Currently, re-
search efforts have intensified to produce antenna technologies
allowing for easy manufacturing, low loss and high antenna
efficiency. The gap waveguide technology has emerged as
a candidate for providing a fair trade-off between cost and
manufacturing flexibility of electromagnetic components [9].
So far, manufactured and reported antennas based on the
gap waveguide technology have mainly focused on linear
polarization. The only dual-polarized antenna based on this
technology is reported in [10]. It uses a circular aperture
as the radiation element which are fed orthogonally by two
cylindrical cavities. Given the resonant nature of the antenna
this leads to a limited bandwidth within 29.5− 31 GHz (5%).

Slant polarized antennas, i.e., producing ±45◦ linear po-
larization, offer lower side lobe levels compared to those
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Fig. 1: Exploded view of the antenna.

with horizontal and/or vertical polarization [8]. 45◦ linear
polarized antennas are good candidates for collision avoidance
automotive radar systems, due to minimum interference from
the radars with orthogonal polarization mounted in the cars
coming from opposite direction [11], [12]. In this paper, an
antenna based on the gap waveguide technology is designed
providing two orthogonal linear polarizations with similar
radiation patterns for both polarizations over a wide frequency
band. The frequency band of the antenna is 24.25−27.25 GHz,
which complies with the 5G mmWave frequency bands in EU
[13].

II. ANTENNA DESIGN

The antenna consists of three layers, the distribution layer
containing the ridge gap waveguide (RGW) transmission lines,
the cavity layer, and the radiating layer shown in Fig. 1. The
distribution layer is fed from the middle (in y-axis direction)
with two double ridge waveguides that each feed two RGWs in
the opposite direction. Three columns of pins are used to stop
any leakage from the RGWs. The pins are designed so that
their stop-band covers the operational frequency bandwidth of
the antenna. The fields from the RGWs are coupled through 16
vertical slots to the cavity layer. The cavity layers slots are in
two columns and they are separated with λg/2 vertical distance



TABLE I: Co-polarization and cross-polarization unit vectors
for the waves generated by each port.

Port Co-polarization Cross-polarization

P1 1√
2
(x̂+ ŷ) 1√

2
(x̂− ŷ)

P2 1√
2
(x̂− ŷ) 1√

2
(x̂+ ŷ)

(y-axis direction). The slots in each column have electric fields
with same phase, magnitude and direction (x-axis direction).
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Fig. 2: Magnitude of scattering parameters of the antenna.
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Fig. 3: Radiation (erad,P1,erad,P2) and total (etot,P1,etot,P2)
efficiencies of the antenna.

Each column of cavities rotates electric fields in the vertical
slots to create two orthogonal polarizations. There are two pins
in each cavity to transform the field direction. The transformed
fields excite the slots in the radiating layer. The fields in
the radiating layer for each column of slots also have the
same phase, magnitude and direction and finally, they create
two waves with orthogonal polarizations. The co-polarization
and cross-polarization unit vectors of each port are shown in
Table I.

III. RESULTS

The designed antenna is simulated and optimized using the
CST MWS softwave. Fig. 2 shows each ports return losses and
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Fig. 4: Co-polar and cross-polar radiation patterns of the
antenna in the xz-plane for different frequencies: (a) 24.25
GHz, (b) 25.75 GHz and (c) 27.25 GHz. G0 and θ stand for
antenna gain and polar angle, respectively ( co-polar - P1,

cross-polar - P1, co-polar - P2 and cross-polar
- P2).

their mutual coupling. The results show that the antenna covers
the frequency band 24.25−27.25 GHz (BW= 11.6%). In this
band, reflection coefficient for both ports and their mutual
coupling are less than −10 dB and −19 dB, respectively.
Total efficiency of the antenna is more than −0.5 dB for
each polarization, which is depicted in Fig. 3. Co-polarization
and cross-polarization radiation patterns of the antenna in
horizontal plane (xz-plane) are shown in Fig. 4, for three



different frequencies. In the broadside direction (θ = 0), each
polarization has a 14.5 dBi gain with maximum −15 dB cross-
polarization level in the frequency band of interest.

IV. CONCLUSION

A slant dual-polarized antenna design based on the gap
waveguide technology is presented in this paper. The two
orthogonal polarizations are produced by two arrays consisting
of 8 radiating slots with slant polarizations. The antenna covers
the frequency band 24.25 to 27.25 GHz, which makes it
suitable for 5G applications in mmWave frequencies. Each
polarization have 14.5 dBi gain on average with maximum
−15 dB lower cross-polarization level in the operational
frequency band of the antenna.
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