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Abstract—In this paper, two different configurations of dual
circularly polarized antenna elements in single layer gap
waveguide (GW) are presented for 77GHz automotive radar
systems. Both of the antenna configurations utilize slot element
to radiate and generate circular polarizations. The right-hand
circular polarization (RHCP) and the left-hand circular
polarization (LHCP) are generated at the same working
frequency with different input ports. The simulated results show
that both two antenna elements could cover the proposed
impedance bandwidth (75-80 GHz) with an axial ratio lower
than 2 dB.

Index Terms—slot antenna, dual circularly polarized
antenna, gap waveguide, millimeter wave.

l. INTRODUCTION

Recently, 77 GHz radars have been investigated and used
in automotive Advanced Driver Assistance Systems (ADAS)
for detecting and imaging of objects and targets [1,2]. These
radars need to be robust and compact in size, which are
essential for such applications. However, most of them lack
the ability to precisely perceive the complicated environment
on the road. One way to improve the detection capability of a
radar system is to use polarimetric technique. Polarimetric
radars always use dual linearly polarized (LP)/ circularly
polarized (CP) electromagnetic waves to classify targets near
the vehicles [3]. The motivation of using dual-polarization is
to capture extra features of the targets which have been missed
or neglected by a single polarized radar. For some specially-
shaped small targets, the cross-section may be so tiny that
single polarization (LP) systems have difficulties to detect
them. Dual-polarization can solve this problem to some extent
theoretically, by analyzing the correlations of the transmitted
signals and received signals with different polarizations from
the target [4,5]. Furthermore, automotive vehicles are
expected to run on the road regardless the weather and road
conditions. So, radars are expected to be able to detect water,
ice, oil or other different road surfaces in order to change the
driving strategy or route for the sake of safety. Circular
polarization has been widely used in remote and weather
satellites to discern rain, snow and melting layer for a long
time. Therefore, dual circular-polarization is a better choice to
perceive more information from surroundings for automotive
vehicles.

Several millimeter wave (mmWave) circularly polarized
antennas have been reported recently [6-8]. Most of them are
substrate-based arrays with a small aperture. Because of the
material property, substrates have always substantial
dielectric losses at high frequencies. To solve this problem,
many waveguide slot arrays has been designed [9-12].
However, due to the small wavelength at 77GHz, the size of
conventional all metal waveguide becomes so small that it is
hard to be manufactured precisely with a reasonable
manufacturing cost.

Gap waveguide (GW) technology has been proven to be a
good candidate to solve the dielectric loss and manufacturing
problem [13]. GW is a new waveguide structure based on soft
and hard surface theory. The working principle of GW is to
create a stop-band within a parallel waveguide made by a PEC
(metal) and PMC (plate with periodic pins). The whole
structure can be made of metal, eliminating dielectric loss. In
addition, GW is easier and cheaper to be manufactured by
using conventional low-cost manufacturing [14,15]. There
have been several designs of circularly polarized antenna
based on GW [16-19]. In [18], a low profile 4 x 4 single layer
array is designed. The antenna has a simple structure and is
fed by a combination of ridge gap waveguide (RGW) and
groove gap waveguide (GWG), showing the possibility of
large array design. In [19], a 3-layer high- gain RHCP antenna
is realized. The whole antenna array is excited by sequential-
phase feeding network and has 21.8% axial ratio (< 3dB)
bandwidth and 23.5 dBi gain. However, both of them are only
for single circular polarization and need complex geometries
for developing a dual CP array.

Low-manufacture-cost and simple structured dual
circularly polarized antenna with good performance are
demanded. Many advanced feeding strategies, such as two
orthogonal feedings, a sequential-phase feeding network, or a
hybrid coupler, are often employed to generate and improve
CP performance. However, these feeding strategies need
either complex feeding structure, often in a multilayer
structure, or complicated signal processing. As a result, the
whole structure of a dual circularly polarized antenna would
be more complex.

In this paper, two types of dual fed dual-CP-polarization
antenna elements, realized on a single layer GW, have been
investigated and designed. The structures of these antennas



are presented in Section Il and the simulation results are
presented in Section I1I.

II.  ANTENNA DESIGNS

The two antenna elements are designed to operate at the
frequency band of 75-80 GHz. Both of them have only one
waveguide layer, fed by RWG. The top plate of the RGW has
a slot for radiation and the bottom plate is implemented with
a ridge and periodic pins for feeding the slot. Periodic pins are
placed at both sides of the ridges, as a PMC boundary, to
generate stop-band and secure electromagnetic waves
propagating along the ridge.

A. Design of configuration A: U-shaped slot

The U-shaped slot configuration is shown in Fig. 1. The
square slot is cut in the center of the top metal plate and fed
by two ridges along y-axis. The slot and the feeding lines are
asymmetric in x-axis direction to generate circular
polarization. By tuning the K1, K2, and F2 parameters, the
axial ratio performance can be optimized. Here an equal value
of L and W is chosen to reduce the coupling between the two
ports. The ridge’s height has been changed with step to
improve the isolation between the two ports also.

The proposed antenna radiates an RHCP wave when port
lisexcited. If the input is at port 2, an LHCP wave is radiated.
The whole structure is realized by metal. The optimized values
of the parameters of configuration A are shown in Table 1.

Fig. 1. Structure of configuration A

B. Design of configuration B: X-shaped slot

Fig. 2 shows the structure of configuration B. It is designed
based on an X-shaped slot. The slot is placed on the top metal
plate and fed by a ridge gap waveguide section. Instead of
placing in the center of the top plate, there is an offset for the
slot from the ridge center. This asymmetry is critical to have
a good CP performance. Along the x-axis direction, the
distance between the two sides of the ridge is set at one
wavelength. The dual CP is realized by feeding different sides
of the ridge. When port 1 is excited, an RHCP wave is
radiated. When port 2 is excited, an LHCP is radiated. The
parameters values of antenna B are shown in Table 2.

TABLE I. PARAMETERS OF ANTENNA A

Par. s1 | s2 | K1 | K2 L W | F1 | F2
Val(mm) | 03 | 08 | 03 | 056 | 22 | 22 | 15 | 05

Par. FW a p dp drl | dr2 g
Val(mm) | 1 05| 05| 09 | 065 | 095 | 0.12
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Fig. 2. Structure of configuration B

TABLE II. PARAMETERS OF ANTENNA B
Par. SL SwW RW e b
Val(mm) 2.02 0.3 0.75 05 0.4
Par. q hr hp gap a
Val(mm) 0.45 0.6 0.75 0.1 90°

1. SIMULATION RESULTS

The proposed two antenna configurations are simulated by
CST Microwave Studio 2019. The thickness of top metal plate
is 0.2 mm.



A. Results of configuration A

The simulated S-parameters of configuration A are shown
in Fig. 3. Within the bandwidth of 75-80 GHz, the S, , is lower
than -15.6 dB. The port coupling is below -15.9 dB in the
operating bandwidth. The S;, has same value as S,, because
the structure has a symmetry plane in x-z plane. Similarly, S,,
and S, share the same value.

Fig. 4 illustrates the radiation pattern of the proposed
configuration at ¢=0 degree plane and ¢ =90 degree plane,
when port 1 is excited (RHCP is realized). In z-axis direction,
the difference between LHCP and RHCP is 27.6 dB. The
directivity of the configuration A is 6.63 dBi.

The axial ratio is presented in Fig. 5, which is below 0.88
dB within the impendence bandwidth.

B. Results of configuration B

As shown in Fig.6, the reflection coefficient is below -21.8
dB, and the port coupling is lower than -3.4 dB within
proposed working band (75-80 GHz). Similar to configuration
A, S,; and S;,, S;; and S,, have the same value.

The radiation pattern of proposed configuration at the
plane of ¢ =0 degree and ¢ =90 degree is illustrated in Fig.7.
When port 1 is excited, a RHCP is realized by the X-shaped
slot. In z-axis direction, the difference between LHCP and
RHCP is about 22.4 dB. The directivity of the antenna
configuration B is 5.2 dBi.

As shown in Fig. 5, the axial ratio of configuration B is
below 2.1 dB within 75-80 GHz.
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Fig. 3. The S-parameters of configuration A
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Fig. 4. Radiation pattern of configuration A at 77 GHz
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Fig. 5. Axial ratio of configuration A and configuration B
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Fig. 7. Radiation pattern of configuration B at 77 GHz

The comparation of two configurations is shown in Table
I11. Impendence band width is not discussed here since the
proposed working band (75-80 GHz) is not so wide and both
the proposed antenna configuration cover this frequency band.

TABLE III. COMPARISON BETWEEN TWO CONFIGURATIONS
S,1 (dB) AR (dB)
configuration A <-15.9 <0.88
configuration B <-34 <21

For S,,, configuration B is lower than configuration A.
The result is reasonable because B is supposed to work in a
travelling wave array, where S,; just presents the percent of
microwave energy transmitted to the next element. In other
words, more energy would be radiated and S,; would be
improved by adding more elements in the array. For Axial



ratio, configuration A has better circularly polarization purity
at the proposed working band. On the other hand,
Configuration B has a more compact structure than
configuration A and shows promising features for realizing a
planar array.

IV. CONCLUSIONS

In this paper, two configurations of dual circularly
polarized antenna element are designed and simulated based
on GW technology. Both of them realize a reflection
coefficient lower than -15 dB and an axial ratio lower than 2
dB in the proposed frequency range (75-80 GHz). These
configurations have compact structure, ease of integration and
low cost in manufacturing. The two configurations are
promising candidates for future automotive radar modules.
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