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Abstract—A wideband coffee-bean shaped radiating element
for circularly-polarized waveguide slot arrays is presented. The
proposed solution is based on a very simple polarizer aimed
to be integrated into flat panel antennas in the millimeter-wave
band. For validation purposes, a slot array fed by a groove gap
waveguide network at 30 GHz is taken as a feeder. Simulated
results using periodic boundary conditions in a 2x2 unit cell are
presented in this work. Preliminary results show a frequency
bandwidth of 4 GHz with input reflection coefficient better
than —10 dB. It is worth stressing the good polarization purity
achieved, being below 1.5 dB from 29 GHz to 31 GHz and below
3 dB in the whole band of interest (28 to 32 GHz).

Index Terms—Circular polarization, Coffee-Bean Polarizer,
Gap waveguide technology, Ka-Band, Slotted-waveguide antenna

I. INTRODUCTION

Circularly polarized (CP) antennas in the millimeter-wave
band have recently caught the spotlight of industry because of
their appealing features, such as increased usable bandwidth,
high load capacity and the ability to support instantaneous
transmission of massive data [1]. Moreover, 5G mm-wave
systems are today a hot-topic and they are eager of low-profile,
easy fabrication, directional radiation, and high gain solutions.

Facing this context and as stated in [2]: there exist three
well-known strategies for forming a planar broadband CP
antenna array suitable for the mm-wave band: sequential
rotation schemes [3], broadband CP radiating elements fed
by full-corporate networks [4], [5] or linearly polarized (LP)
radiating elements along with an LP-to-CP converter. This
paper focuses on a strategy following this latter option.

LP-to-CP converter method becomes attractive for flat panel
array antennas (FPA). In this way, it is easy to place the polar-
izer directly on the FPA and transform the linear polarization
into CP. Essentially, the polarizer decomposes the LP incident
plane wave into two orthogonal components of nearly equal
amplitude with a phase difference of 90° to generate a CP
transmitted plane wave.

A very simple and low-profile polarizer that can be easily
integrated into a FPA is here presented. Basically, the polarizer
consists of a circular patch, split into two equal parts slightly
shifted, which achieves a very interesting modal characteristic.
The novelty of this polarizer lies in its simplicity, low cost and
ease of manufacture and integration into FPAs, with possible
applications for Ka-band satellite communications.
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Fig. 1: Perspective view of the radiating element.
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Fig. 2: Top view of the coffee-bean shaped polarizer where
the relevant dimensions of the structure are indicated.

II. UNIT CELL WORKING PRINCIPLE

The basic cell consists of a structure with dimensions
0.9x0.9 Ag. The free-space wavelength (\g) corresponds to
the central working frequency, in this case 10 mm.

The layers of the polarizer, which are shown in Fig. 1, are
stacked as follows. A rectangular slot acts as a feeder. On top
rests a foam layer with a permittivity of 1.08 and a thickness
of 1.22 mm and a Neltec dielectric sheet with a dielectric
constant €, of 2.2 and 128 ym thickness. On top of this latter
layer, the metallic coffee-bean shape with a thickness of 20 ym
is printed. The resulting shape of this coffee-bean polarizer is
composed of a metal circle in which a rectangular metal area is
removed, leading to two disjointed metal segments facing each
other. These two disjointed metal pieces allow an additional
degree of freedom in the design since the centers of the two
semicircles can be different. All the geometric details of the
polarizer are shown in Fig. 2.
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Fig. 3: Current distribution for different positions of the coffee
pods.

A. Study of the fields in the unit cell

It can be shown that the described metallic shape supports
two dominant modes, one for each polarization of the field.

Fig. 3a shows the current distribution when the illuminating
electric field is parallel to the central slot. It can be seen that
the intensity is mainly concentrated around the central gap.
Fig. 3b shows the current distribution when the illuminating
field is perpendicular to the central slot. In this second case it
can be seen that the radiating currents are concentrated along
the outer contour of both metal segments. Finally, Fig. 3c
shows how the central slot is rotated 45° with respect to the
illuminating field. This rotation achieves an overlap of the
modes shown in Fig. 3a and Fig. 3b.

Note that Fig. 3a and Fig. 3b show the specific direction of
the field as the polarisation of the currents remains constant
for any given time instant. This is not the case in Fig. 3c
where the current changes with time. Fig. 4 shows the temporal
variation of the tangential component of the electric field
on the surface of the polarizer. Specifically, 6 different time

Fig. 4: Temporal variation of the E-field tangential component
on the surface of the polarizer.
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Fig. 5: 2x2 array structure.

instants are shown, from 30° to 180° in 30° steps.

IIT. ARRAY SIMULATED PERFORMANCE

To validate the performance of the polarizer, the unit cell
shown in Fig. 5 is then used as a feeder. In the left side
of the figure, a top view of the corporate-feed distribution
network using horizontally-polarized Groove Gap Waveguide
(GGW) [6] is shown. This compact chandelier-shape distri-
bution network could also be scaled to feed a larger array.
Septums on the power-dividers to maximize signal matching
are used. Moreover, the GGW crosses diagonally from the
input port to the first power-divider to feed all the elements in
phase and also squeezing the limited space available. On the
right side of Fig. 5, an exploded view of all the layers that
make up the basic cell is shown: GGW feed network, slots
and polarizer.

Now, some preliminary results are shown. Fig. 6 exhibits
the radiation patterns in XZ and YZ-planes. Radiation patterns
correspond to an 8x8 array. Periodic boundary conditions
around the 2x2 unit cell (Fig. 5) have been used in the
simulation. A great stability of the radiation patterns and
perfect agreement with a uniform illumination is observed in
both cuts. Naturally, as the frequency increases grating lobes
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Fig. 6: Simulated RHCP radiation patterns: (a) ¢=0° plane;
(b) »=90° plane.
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Fig. 7: Simulated axial ratio.

appear in the $p=90° plane (YZ-plane), however this could be
mitigated using strategies similar to those used in [4], [7]. In
addition, it should be noted that the 4 GHz bandwidth shown,
corresponds to a 13.3% of relative bandwidth.

Fig. 7 shows the axial ratio (AR) of the simulated array.
It stands out the circular polarization purity at 30 GHz. In
addition, two areas are shaded in the figure. The center area
limits the frequency range with an axial ratio lower than
1.5 dB. The edge shaded areas indicate that an AR lower than
3 dB is obtained for the whole operating frequency range (28
to 32 GHz). Finally, the reflection coefficient is presented in
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—40 - B :
28 285 29

295 30 305 31 315 32

Frequency (GHz)

Fig. 8: Simulated reflection coefficient.

Fig. 8. In this case the area where the Si; is below —15 dB
is shaded from 28.5 GHz to 31.5 GHz, being lower than —10
dB in the entire working band.

IV. CONCLUSION

A coffee-bean shaped printed element, aimed to transform
the linearly-polarized radiated field of a slot array into a
circularly-polarized one, is designed in Ka-band. The behavior
of the currents on the polarizer is explained, in order to de-
scribe its good performance with a 3-dB axial-ratio bandwidth
of more than 13%. In addition, a unit cell implemented in Gap
Waveguide technology is used to feed the conceived polarizer.
The GGW chandelier-type network employed can be extended
to feed larger arrays. The polarizer can be a good solution for
low-cost and easy integration into FPAs with height and weight
restrictions.
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