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This paper presents a single layer circularly polarized (CP) antenna array
based on gap waveguide (GW) technology for automotive radar
applications. The antenna element is a curved slot that is cut into the top
wall of a groove gap waveguide (GGW) structure. An 8x8 slot array
antenna is constructed by combining eight sub-arrays of linearly arranged
slots, using an 8-way power divider as the feeding network. The power
divider and the transition from WR12 to GGW are also designed based
on GW technology. The proposed antenna array operates in the
frequency band from 76 GHz to 81 GHz, covering the automotive radar
working bandwidth. The antenna has a maximum gain of 23.8 dBi and a
minimum axial ratio of 0.5 dB. The antenna performance is verified by
simulation using CST Microwave Studio.

1. Introduction

Automotive radar systems play an increasingly
important role in advanced driver assistance
systems (ADAS) and autonomous driving
applications [1, 2]. These systems require high-
performance antennas with varying antenna gain.
Short-range radars use low-gain antennas, while
long-range radars use high-gain antennas.
Circularly polarized (CP) antennas are particularly
desirable for automotive radar applications, as
they are less sensitive to polarization mismatch
and multipath interference and can provide more
accurate radar returns [3].

There are several types of antennas that are
commonly used for automotive radar applications
[4-13], including microstrip antennas, substrate
integrated waveguide (SIW) antennas, and hollow
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waveguide antennas. Each type of antenna has its
own advantages and disadvantages.

Microstrip antennas are relatively easy to
fabricate and have a low profile. However, they
suffer from the dielectric loss. They can have a
narrow bandwidth and can be susceptible to
interference from other electronic components in
the vehicle [6-8].

SIW antennas are less sensitive to interference
than microstrip antennas. However, they still have
dielectric loss and they are more complex to
fabricate [9-11].

Hollow waveguide antennas offer the best
performance in terms of loss. However, they are
the most complex and expensive type of antenna
to fabricate, especially at the millimeter-wave
(mmWave) frequency bands [12, 13].
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Figure 1: Simulated dispersion of the period pin
structure. The pin dimensions are: w = 0.6 mm,
h=1.15mm, ag =40 pum, d =1.36 mm.

Gap waveguide technology was proposed by
Per-Simon Kildal in 2009 as a solution to
overcome the limitations of the existing
technologies [14]. A gap waveguide structure is a
metallic  structure  that  confines  the
electromagnetic (EM) waves to a specific path by
using a parallel plate perfect electric conductor
(PEC) or perfect magnetic conductor (PMC)
structure [15].

Gap waveguide technology is a promising
approach for designing high performance CP
antenna arrays for automotive radar. Gap
waveguides are planar structures that can support
various types of antenna elements, such as slots,
dipoles, and horns, as well as microwave
components [16-21]. Gap waveguide antennas
have the advantages of easy fabrication and
integration into a single layer, which make them
suitable for automotive radar applications.

This paper presents a single layer CP antenna
array based on gap waveguide technology for
automotive radar. The proposed antenna array has
several advantages for automotive radar
applications. The single layer design makes the
antenna array easy to fabricate and integrate into
automotive radar systems. The CP design makes
the antenna array less sensitive to multipath
interference and can provide more accurate radar
returns. The antenna array has a wide bandwidth
and high gain, which are important for automotive
radar applications.

2. Antenna Element Geometry

The proposed antenna is based on gap
waveguide technology, and the first design step is
to design a periodic pin structure that generates a
band gap covering the desired frequency band. To
achieve this, the dimensions of the periodic pins
are optimized in CST Microwave Studio for the
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Figure 2: The geometry of the proposed slot sub-array
with (a) LHCP and (b) RHCP radiations and (c) the
linear array of the proposed antenna with LHCP
radiation.

automotive radar working bandwidth which is
from 76 GHz to 81 GHz [22]. The simulated
dispersion diagram of the periodic pin structure is
depicted in Fig. 1 whereas the optimized pin
dimensions are given in the figure caption. As can
be seen, the band gap covers from 40 GHz to 120
GHz which is excellent for the automotive radar
applications.

The sub-array antenna element is illustrated in
Fig. 2(a). The proposed antenna element is a
curved slot that are placed on the top wall of a
groove gap waveguide structure. By choosing the
appropriate values of the slot inner and outer
radiuses, two perpendicular electric field
components with a 90-degree phase difference
can be generated, resulting in CP radiation. The
slot shown in Fig. 2(a) generates a Left Handed
CP (LHCP) radiation and by mirroring the slot as
shown in Fig. 2(b), a Right Handed CP (RHCP)
can be achieved.

A linear array antenna of the proposed sub-
array is designed and depicted in Fig. 2(c). The
slots are cut into the top wall of the GGW and
spaced by half a wavelength, resulting in a phase
difference of 180 degrees between adjacent slots.
By alternating the slots up and down, the phase
difference is compensated and a broadside
radiation pattern is achieved. The end of the GGW
is shorted using periodic pins to suppress the
unwanted radiation from the GGW end.

By tuning the distance between adjacent slots
(d1) and their offset distance (d.), the impedance
matching of the linear array antenna is obtained.
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Figure 3: Simulation results of the linear array
antenna. (a) the reflection coefficient, (b) the antenna
gain and (c) the antenna axial ratio versus frequency.

The optimized parameters are: R; = 0.57 mm, R, =
1.25 mm, di = 2.3 mm, d, = 0.85 mm. The
simulated reflection coefficient of the antenna
array is depicted in Fig. 3(a). As can be seen, the
antenna Si: is below -12 dB from 76 GHz to 81
GHz, that shows an acceptable performance of the
antenna.
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The simulated gain of the linear array antenna
and its axial ratio (AR) versus frequency are given
in the Fig. 3(b) and (c), respectively. According to
the results, the minimum AR of the antenna is
about 2 dB that shows acceptable CP radiation
while its maximum gain is about 12.8 dBi.

3. The Design of the Feeding Network

In order to construct a big array antenna, 8
linear antenna arrays will be combined to form an
8x8 slot array antenna. To do that, an 8-way
power divider should be designed as the feeding
network.

Figure 4 illustrates the geometry of the 8-way
power divider. As shown, the proposed power
divider comprises seven cascaded T-junctions
based on GGW. The impedance matching of each
T-junction is achieved by introducing two
matching components in the structure which are a
metallic window and the splitting pin. By
optimizing the width of the matching window and
the position of the splitting pin, the impedance
matching is obtained. In addition, the proposed
power divider includes some GGW bends. The
position of the corner pin in the GGW bend is an
important design parameter that affects the
impedance matching of the bend. By choosing the
corner pin position appropriately, an optimal bend
can be designed.

The whole structure is optimized inside CST
Microwave Studio in order to obtain power
divider input matching. The optimized parameters
of the feeding network are given in Table I. The
simulated S-parameters of the feeding network are
plotted in Fig. 5. According to the results, the Si1
of the power divider is almost below -15 dB
which is excellent while its transmission
coefficients are around -9 dB that shows good
performance of the power divider.

Automotive Science and Engineering (ASE) 4220
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Figure 4: The geometry of the proposed 8-way GGW
power divider.

Table I: The optimized design parameters of the
feeding network

Parameter detail Value (mm)
WR12 length 31
WR12 width 1.55
Ridge width 1.27
Ridge height 0.39
Ridge length 1.8

Window width 0.52
Splitting pin position 0.97
Corner pin position 0.74
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Figure 5: Simulated S-parameters of the 8-way GGW
power divider.
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Figure 6: The geometry of the WR12 to the GGW
transition. (a) top and (b) perspective views.
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Figure 7: Simulated S-parameters of the WR12 to
GGW transition.

In order to excite the proposed power divider
with a standard flange waveguide, a transition
from WR12 to the GGW is designed that is
depicted in Fig. 6. A ridge section is employed to
couple the electromagnetic (EM) waves between
the WR12 and the GGW. The dimensions of the
ridge block are optimized to achieve a good
impedance matching of the transition.
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Figure 8: The geometry of the proposed slot array
antenna. (a) feeding network and (b) the radiating
slots.
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The optimized parameters are given in the
caption of Fig. 6. The simulated S-parameters of
the transition are presented in Fig. 7, which
demonstrate a low Si; below -15 dB over the
entire bandwidth.

4. 8x8 Slot Array Antenna

The complete slot array antenna is formed by
arranging of eight linear array antenna and
utilizing the proposed power divider to excite
them in the same amplitude and phase. Figure 8
demonstrates the complete single layer array
antenna. The feeding network is shown in Fig.
8(a) which includes the transition of WR12 to the
GGW and the 8-way GGW power divider. Each
outputs of the power divider are connected to a
linear array antenna.

The array antenna was simulated using CST
Microwave Studio and the electric field
distribution in the feeding layer is shown in Fig. 9.
The figure reveals the effective operation of the
feeding network and the equal amplitude and
phase power splitting.

g8
L

Figure 9: Simulated distribution of the E-field inside
the feeding network.
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Figure 10: Simulation results of the linear array
antenna. (a) the reflection coefficient, (b) the antenna
gain and (c) the antenna axial ratio versus frequency.

The simulated results of the antenna are plotted
in Fig. 10. The reflection coefficient of the
antenna is below -10 dB almost in the whole
bandwidth. Fig. 10(b) shows the peak gain of the
antenna versus frequency. The antenna has a
maximum gain of 23.8 dBi at 77 GHz and the
gain drop of the antenna in the entire bandwidth is
less than 3 dBi. The antenna axial ratio is given in
Fig. 10(c) which is about 0.5 dB at 78 GHz. The
antenna 3 dB axial ratio bandwidth is from 76.5
GHz to 80.5 GHz which is acceptable for the
automotive radar applications.

Figure 11 depicts the simulated radiation pattern
of the antenna at the center frequency of 78.5
GHz in two basic planes ¢ = 0° and ¢ = 90°. The
radiation pattern in ¢-90° plane is smooth that
indicates the excellent performance of the power
divider. In ¢-0° plane, the radiation pattern has
some grating lobes which are due to the nature of
the travelling wave antennas. However, the
grating lobe level in this plane is better than 10.5
dB which is acceptable.
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Figure 11: Simulated radiation patterns of the 8x8 slot
array antenna in two basic planes.

5. Conclusions

In this paper, a single layer CP antenna array
based on GW technology for automotive radar
applications has been designed and simulated. The
antenna element is a curved slot that is placed on
the top wall of a GGW structure. The slot
dimensions are optimized to achieve CP radiation
with low axial ratio. An 8x8 slot array antenna is
formed by arranging eight linear sub-arrays and
feeding them with an 8-way power divider based
on GW technology. The power divider and the
transition from WR12 to GGW are also designed
and optimized to achieve good impedance
matching and low insertion loss. The proposed
antenna array covers the frequency band from 76
GHz to 81 GHz with a high gain. The antenna
performance is verified by simulation using CST
Microwave Studio. The proposed antenna array
has the advantages of simple structure, easy
fabrication, and low cost, making it suitable for
automotive radar applications.

References

[1] Mondal, Tapas, Priyanka Shishodiya, Rowdra
Ghatak, and Sekhar Ranjan Bhadra Chaudhuri.
"Vehicular radio scanner using phased array
antenna for dedicated short range communication
service.", Journal of Electromagnetic Analysis and
Applications, vol. 4, no. 9, (2012).

[2] Shin, Dong-Hun, Ki-Beom Kim, Jong-Guk
Kim, and Seong-Ook Park. "Design of null-filling
antenna for automotive radar using the genetic
algorithm.” IEEE Antennas and Wireless
Propagation Letters 13 (2014): 738-741.

[3] P. Wang et al., "Single-layer circularly
polarized antenna array based on gap waveguide
technology for automotive radar applications,"

4223 Automotive Science and Engineering (ASE)

IEEE Transactions on Antennas and Propagation,
vol. 70, no. 12, (2022), pp. 9123-9132.

[4] MM. Taskhiri, “77 GHz Fan Beam Radiation
Lens Antenna For Automotive Long-range
Applications”,  Automotive  Science  and
Engineering 2023; 13 (3) :4151-4156.

[5] A. Azarbar, M. Dahmardeh, MM. Taskhiri,
“Phased array antenna using MEMS phase
shifter”, Automotive Science and Engineering,
2018; 8 (2) :2730-2738.

[6] B. Jian, J. Yuan and Q. Liu, "Procedure to
Design a Series-fed Microstrip Patch Antenna
Array for 77 GHz Automotive Radar,” 2019
Cross Strait Quad-Regional Radio Science and
Wireless Technology Conference (CSQRWC),
Taiyuan, China, (2019), pp. 1-2.

[71J. -H. Lee, J. M. Lee and K. C. Hwang, "Series
feeding rectangular microstrip patch array antenna
for 77 GHz automotive radar," 2017 International
Symposium on Antennas and Propagation (ISAP),
Phuket, Thailand, (2017), pp. 1-2.

[8] E. Arnieri, F. Greco, L. Boccia and G.
Amendola, "A Reduced Size Planar Grid Array
Antenna for Automotive Radar Sensors," in IEEE
Antennas and Wireless Propagation Letters, vol.
17, no. 12, (2018), pp. 2389-2393.

[9] Y. Yu, W. Hong, H. Zhang, J. Xu and Z. H.
Jiang, "Optimization and Implementation of SIW
Slot Array for Both Medium- and Long-Range 77
GHz Automotive Radar Application,”" in IEEE
Transactions on Antennas and Propagation, vol.
66, no. 7, (2018), pp. 3769-3774.

[10] H. -N. Wang, H. -W. Hu and S. -J. Chung,
"High  gain  slot-pair  substrate-integrated-
waveguide antenna for 77 GHz vehicle collision
warning radar,” 2014 11th European Radar
Conference, Rome, Italy, (2014), pp. 569-572.

[11] J. Xie, Q. Wu, C. Yu, H. Wang and W.
Hong, "Wideband SIW Cavity-Backed Slot Array
Antenna with Flat Gain Characteristics for 79
GHz Automotive Radar,” 2019 13th European
Conference on Antennas and Propagation
(EuCAP), Krakow, Poland, (2019), pp. 1-4.

[12] Y. Kimura, J. Hirokawa and M. Ando, "Low
sidelobe single-layer slotted waveguide arrays at
76 GHz band," IEEE Antennas and Propagation
Society International Symposium. Transmitting


http://dx.doi.org/10.22068/ase.2023.651
https://ase.iust.ac.ir/article-1-651-en.html

[ Downloaded from ase.iust.ac.ir on 2026-05-28 ]

[ DOI: 10.22068/ase.2023.651 ]

Waves of Progress to the Next Millennium. 2000
Digest. Held in conjunction with: USNC/URSI
National Radio Science Meeting, Salt Lake City,
UT, USA, (2000), pp. 86-89.

[13] C. G. Salzburg, J. Hofinger, T. Bertuch, S.
Lee, F. Schussler and A. Kwon, "Metal-Coated
3D-Printed Waveguide Antenna for 77 GHz
Automotive Radar Applications,"” 2023 17th
European  Conference on Antennas and
Propagation (EuCAP), Florence, Italy, (2023), pp.
1-4.

[14] P.-S. Kildal, E. Alfonso, A. Valero-Nogueira,
and E. Rajo-Iglesias, “Local metamaterial-based
waveguides in gaps between parallel metal
plates,” IEEE Antennas Wireless Propag. Lett.,
vol. 8, no. 4, (2009), pp. 84-87.

[15] A. U. Zaman and P.-S. Kildal, “GAP
Waveguides,” Handbook of Antenna
Technologies, Z. N. Chen et al., Eds., Springer,
(2016).

[16] A. Farahbakhsh, D. Zarifi and A. U. Zaman,
"60-GHz Groove Gap Waveguide Based
Wideband H -Plane Power Dividers and
Transitions: For Use in High-Gain Slot Array
Antenna,” in IEEE Transactions on Microwave
Theory and Techniques, vol. 65, no. 11, (2017),
pp. 4111-4121.

[17] A. Vosoogh, M. S. Sorkherizi, A. U. Zaman,
J. Yang and A. A. Kishk, "An Integrated Ka-Band
Diplexer-Antenna Array Module Based on Gap
Waveguide Technology With Simple Mechanical
Assembly and No  Electrical  Contact
Requirements,” in IEEE Transactions on
Microwave Theory and Techniques, vol. 66, no. 2,
(2018), pp. 962-972.

[18] M. Rezaee, and A. Uz Zaman, “Groove Gap
Waveguide Filter Based on Horizontally Polarized
Resonators for V-Band Applications”, IEEE
Transactions on Microwave Theory and
Techniques, vol. 68, no. 7, (2020), pp. 2601-2609.

[19] A. Farahbakhsh, "Wideband Rotary Joint
Based on Gap Waveguide Technology," in IEEE
Transactions on Microwave Theory and
Techniques, vol. 69, no. 10, (2021), pp. 4385-
4391.

[20] A. Farahbakhsh, "Ka-Band Coplanar Magic-
T Based on Gap Waveguide Technology," in

Ali Farahbakhsh

IEEE Microwave and Wireless Components
Letters, vol. 30, no. 9, (2020), pp. 853-856.

[21] E. Rajo-lglesias, M. Ebrahimpouri and O.
Quevedo-Teruel, "Wideband Phase Shifter in
Groove Gap Waveguide Technology
Implemented With  Glide-Symmetric  Holey
EBG,” in IEEE Microwave and Wireless
Components Letters, vol. 28, no. 6, (2018), pp.
476-478.

[22] Cui, Chenglin, Seong-Kyun Kim, Reem
Song, Jae-Hoon Song, Sangwook Nam, and
Byung-Sung Kim. "A 77-GHz FMCW radar
system using on-chip waveguide feeders in 65-nm
CMOS." IEEE Transactions on Microwave
Theory and Techniques, vol. 63, no. 11 (2015):
3736-3746.

Automotive Science and Engineering (ASE) 4224


http://dx.doi.org/10.22068/ase.2023.651
https://ase.iust.ac.ir/article-1-651-en.html
http://www.tcpdf.org

