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Abstract. It is evident that radar sensing is robust tec pared to camera or LiDAR

in the case of autonomous vehicles. Sinc
weather conditions like thick fog, glarin
range radar provides a global framew
reducing traffic accidents and thus impro

working even under harsh
7-81GHz frequency band for short
radar by preventing collisions,
. The proposed antenna resonates

achieved. Rectangular vias and ptary concentric square loops of the metamaterial
structure are introduced to supp : yaves and to achieve the desired frequency of
resonance. The feed line and t e

better impedance matching. VS
has a low profile. The totaladi

04 and the antenna is linearly polarized and
tenna is 1.96%2.26x0.127mm3. The antenna

1. Introduction

In conformity with the ITU
allocated for vehicular radars
systems (ADAS). In the spectrum o
radars and communications, s :
available bandwidth, vario
Such as introducing ar
superstrate layers, artificia
of radar system

ion (2017), the 79GHz band (77 to 81 GHz) is
beneficial for the advanced driver assistance
waves, 77 - 81 GHz is utilized for vehicular
bandwidth is available. To make efficient use of the
ave been made in the approaches of antenna designing.
ntegrated waveguides, use of metamaterial structures,
ctors (AMC), EBG structures, etc. In the perspective

0 detect information as well as danger swiftly. Achieving the
ency and reduced size of antenna are two-mile stones in antenna
itablegposition for the placement of the antenna in the vehicle is also

are proposing a substrate integrated waveguide cavity antenna operating at 79
esults of gain above 8dB, VSWR of 1.04 and of low-profile. A compact size
of length 1.96mm, ¥ 26mm and thickness 0.127mm is achieved. The sole target parameter of
this project is the frequency, gain and size. This is achieved by using the SIW concept of
bringing in the rectangular vias and the complementary concentric square loops on the patch, a

GHzwith desira
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type of metamaterial structure, which helps in shifting to the desired frequency of operation.

2. Design

antenna might

The structure of the antenna is shown in figurel. Seemingly, the structure
look like a typical microstrip patch antenna. The radiating sides of any
are either edges of the patch, which are perpendicular to the feed line!

the patch except for the edge that is connected to the feed line [1]. Rectang
the substrate, touching the ground plane and the patch. The substrat i
5880 whose relative permittivity (er) is 2.2, thickness, t is 0.12
Ro05880 is selected, as it is befitting for high- frequency
connecting the patch is slightly moved leftwards from the cen
impedance matching [3].

The effect of placement of the metamaterial structure major role in getting the desired
frequency of resonance [4]. The complementary square aded on the patch act
as a combination of inductors and capacitors; i.e., the self acts as an inductor
and the distance between the outer and inner loop act iter [5-10]. The concentric square
loop structure (see figure 2), is also shifted from he patch to get the desired
resonance at 79GHz. The square shape was selecte uency forward as well as to
obtain higher gain.

Ansys’s High-Frequency Structure Simulator ftware was used for design and

simulation.

Substrate

Patch

Vias
Ground

Figure 1. The proposed antenna
2.1. Dimensions of the antenna

The dimensions of the antenna are calculated from the equations below. The antenna’s size and
shape are the factors that are crucial in order to get the desired output. So, approaching the design
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in a proper way helps in getting the results required. The width and length of the patch is
calculated from equations
(1) and (2),

c 2
Wp = —\/—
2f sr+l

where, ¢ is the velocity of

light;f = 79GHz;

& = 2.20 (permittivity of the substrate, RT duroid 5880); a

The dimensions of the grou is calculated from the equations below,

®)
(4)

The calculated_di i th ove equations are, (refer Figure 2) patch’s width and
length; Wp, , ground and substrate’s width and length; Wg = 2.26mm,

or thickness) of the substrate.

e metamaterial structure

The feed line ightly moved left from the center of symmetry of the antenna, for efficient
impedance match ere, the three edges of the patch except for the one which is connected
to the feed line is shorted to the ground plane using rectangular vias. The dimension of the vias is
d1=d2= 0.05mm. The structures at the center of the patch are complementary concentric square
loops of the metamaterial structure, also slightly shifted from the center of the patch. And
R1=0.06mm, R2=0.13mm and width of the square loop, Rd = 0.0125mm. The dimension of the
patch and the square loops loaded on the patch is given in figure 2. The frequency of resonance
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was achieved by positioning the square loops slightly below from the center of the patch.

—b' |<—Wg

Figure 2. Top view of the antenna and the co tric square loops loaded on the

3. Results and Discussion

The simulation results are shown in théfi S he return loss (shown in figure 3) is
achieved at 79GHz as -36.37dB for dwidth of approximately 2.9GHz in the
band of 77.5 to 80.4GHz. The gain Hz is obtained as 8.1dB. The gain graph is shown and
the 3D view of the same is igure 4. Figure 5 shows the Voltage Standing Wave
Ratio and the E-plane beam
for frequency=79GHz and phi
obtained as 1.03 at 79GHz, whi
radiation patterns are shown ingfi

eamwidth of 73.21 is achieved. The VSWR is
ideal case (see figureb). The E plane and H plane

ms_ L=t |
___________ 2
-10.00
N
,/’
79,0000 -36 3789
m2 _|77.5674 -10.0000
80,4306 -10.0000
E
7800 79.00 8000 81.00)
Freq[GHz]

Figure 3. Return loss graph of the proposed antenna (Vertical: S11 (dB))
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Figure 6. E- plane(red) H-plane(purple) radiation pattern
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Polarization is one of the significant parameters when it comes to radars. In the near future
there will a number of autonomous cars operating simultaneously; so, there is a high chance of
interference among these cars. In that case, one of the suggestions is th ization of each radar
sensor could be configured differently. In the three types of polarization , Circular, and
Elliptical), elliptical polarization is known to provide greater security Figure 7
shows the axial ratio characteristics of the proposed antenna.
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Figure 7. Axial

The axial ratio is obtained as 28.1dB. And
linear.

zation of the proposed antenna is

4. Conclusion

A linear Polarized low-profi
Range Radar (SRR) applicati
with complementary concentric squar
compact size. A beamwidth g

enna has been proposed for automotive Short-
frequency of 79 GHz. The patch is provided
hieve a frequency of resonance and to maintain a
in of 8.1 dB is achieved at 79 GHz. This antenna
at three edges of the radiating patch. And, to achieve
line and the metamaterial structure are positioned
0 which has a low electrical loss and is well established
. This antenna could be used for automotive radar

efficient impedance ma
accordingly. The substra
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