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Abstract:

The Internet of Vehicles (IoV) is a development in the transportation industry that makes the ITS
(Intelligence Transportation System). This system is based on two standards: Dedicated Short Range
Communication (DSRC) and Vehicle to Everything (V2X) in which IEEE 802.11bd 2022 is the latest
evolution of radio access technologies for V2X communications. Operating in two bands of 5.9 GHz
and 60 GHz, the advanced IoV antennae face the challenge of the large gap between two resonant
frequencies. In this study, a dual antenna is proposed with one being a circular patch to achieve a
resonance of 5.9 GHz and the other being a 1x2 array structure to make a 60 GHz band. Using a
composed structure of a shorting pin and DGS (Defected Ground Structure), the proposed antenna
gets not only a compact size but also wide bandwidths, good gains, and high radiation efficiencies
for both bands of IoV communication. All results are validated using CST simulation software.
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Tém tit:

Céc phuang tién giao thdng két néi internet 1a mét budc phét trién tién tién trong nén cong nghiép
giao thong, hinh thanh nén hé théng giao théng thong minh ITS (Intelligence Transportation
System). Hé th6ng nay dua trén hai tiéu chudn chinh: Truyén thdng tdm ngdn chuyén dung DSRC
(Dedicated Short Range Communication) va Phuong tién giao thong két n6i véi moi thir V2X (Vehicle
to Everything) trong d6 khuyé&n nghi IEEE 802.11bd 2022 1a chudn mdi nhat cho cdng nghé truy
nhap vo6 tuyén cho truyén thong V2X. Hoat dong tai hai bang tan 5,9 GHz va 60 GHz, anten IoV tién
tién phai doi mat vdi mot thach thirc vé khoang cach vo cung I6n gilra hai bang tan thiét k€. Trong
nghién ctru nay, chidng toi dé xuat mot cau trdc anten kép trén cing mot dé dién moi véi phan tr
birc xa hinh tron tao ra tan s6 cong hudng 5,9 GHz va cau tric mang 1x2 hinh thanh nén bang 60
GHz. Bén canh d6, ching tdi ciing két hgp ciu tric dudng ngan mach va mat phang dat khdng hoan
hao DGS (Defected Ground Structure) d€ dat dudgc kich thuc nhd, béng théng rong, hé s khuéch
dai tot va hiéu suat blrc xa cao, dap ng dudc yéu cau cho ca hai bang tan cla truyén théng IoV.
Tat cac két qua dugc phan tich va danh gia trén phan mém mé phéng da dugc thuang mai héa CST.

T khéa:
IoV, dudng ngan mach, anten mang, DGS, séng milimet.
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1. INTRODUCTION

In recent years, the Internet of Vehicles
(loV) is not only a tendency but also a
motivation in the development of the
transportation industry. loV is regarded as
an advanced version of the VANET
network, primarily designed to provide
safe driving capabilities [1]. With the
number of vehicles constantly increasing,
this tendency presents both opportunities
and challenges for the development of
loV systems, which operate based on
DSRC and C-V2X standards. V2X
operates on the IEEE 802.11p and
802.11bd standards while Dedicated Short
Range Communication (DSRC), and
Cellular-V2X (C-V2X) based on mobile
systems such as LTE, 5G, and IEEE
802.11 one [2].

As technology progresses, the V2X
standard is currently being developed
based on the 802.11bd standard which is
called as the next-generation V2X
communication which uses two bands of
5.9 GHz and 60 GHz [3]. However, with
a huge gap between these two frequency
bands, it is a significant challenge to
designing antennas to ensure stable
operation. There are several studies
solving this problem but their radiation
efficiency is not quite good, ranging from
62-80% [4], 85% [ 8], [9]. The narrow
bandwidth is only 1.27% [5], and the low
gain reaches -3.13dB [6].

In this paper, we proposed a dual antenna
operating at two frequencies of 5.9GHz
and 60 GHz which is designed in the same
substrate. Based on a complex structure of
the shorting pin, DGS, and circle patch,
the antenna not only gets a compact size
but also achieves high performance in
both frequency bands, making it suitable
for most modern loV systems.

2. ANTENNA DESIGN

The antenna consists of two parts: a
microstrip antenna operating at a
frequency of 5.9 GHz and an array
antenna operating at a frequency of
60 GHz. The two antennas are placed
together on RT5880 substrate with
dielectric constant er = 2.2, loss tangent
3 = 0.0009, height h = 0.252 mm. The
antenna uses the microstrip transmission
line feeding method with dimensions
calculated in case the transmission line
impedance is chosen to be 50 Q:

7 = 120m
* fem [% +1.393 + %ln (% +1.444)| 1)
h 1
_ & + 1 Er — 1 2 (2)
Seff - 2 + 2 [1 + 12 W]

where € is the effective dielectric

constant, W is the width of the microstrip
feeding.

The radiating element of the antenna
consists of 2 parts: a rectangular array and
a circular patch antenna that uses a
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shorting pin to reduce the size of the
antenna.

2.1. 5.9 GHz antenna

In TMynm mode, the antenna’s resonant
frequency is determined by the formula:
_ XumcC
2magE, (3)

To achieve the smallest size, the mode
n=1m=1is selected with X;; =
1.84118, c is the speed of light in free
space, €, is the dielectric constant of the
substrate, a, is the effective radius of the

fnm
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Extended length of patch:

(sey; + 0.3) (G +0.264)

ab = oz (se,, — 0.258) (52 + 0.8) ")

Actual length of each patch:

L, = 2f R 2AL (8)
Veers

The antenna structure and all its

dimensions are shown in Figure 1 and
Table 1.

Table 1. Dimensions of the antenna

Value | Parameter | Value
circular patch is determined according to: Parameters | - m) s (mm)
1
2h 3 w1 20 L1 20
e = a{l + (lnE + 1.7726)}2 4
mag, N 2h w2 0.78 L2 3.1
where a is the circular patch radius. This w3 0.78 L3 0.84
formula gives relatively accurate results wa 282 L4 0.45
with an error probability of less than 2.5% W5 023 L5 Y
when = > 1. The middle part of the patch
h _ o w6 1.98 L6 1.52
uses a copper shorting pin with outer
radius a3 = 0.5 mm and inner radius wr ! L >
a, = 0.47 mm to reduce the size of the dl 1 L8 2
patch. d2 3.9 L9 3..63
2.2. 60 GHz antenna ,;3,
v 13§ [ }
In TM,,,,, mode, the resonant frequency of “Lz ws Wsm s
the antenna is determined by the formula: R
Wé W6
c mm\2 /nm\?2 L1
= —) +(—= 5
fnm 27'[\/5\/( L1 ) <W1) ( )
d1 dz2
where W is the width and L; is the length
of each patch.
L2 | |+ W2
c 2
W1 - — (6) w1
2f & +1 (a) Top view
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' lL, antenna  are analyzed on CST

MICROWAVE STUDIO software that
including scattering parameters, radiation
efficiency, and gain in both frequency

L1

. ranges which are from 1 to 10 GHz and

" from 50 to 70 GHz.

L7 W7 —»| |«
i * 11010 GHz:

ILs ) )
| From Figure 2(a), it can be seen that the
w1 antenna operates at 5.9 GHz with a wide

(b) Bottom view

bandwidth of 590 MHz (from 5.64 to 6.23
GHz). The mutual coupling from the 60
3. SIMULATION RESULTS GHz array antenna is so low that is under
In this section, simulation results of the -30 dB.

Figure 1. Structure of the proposed antenna
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Figure 2. S parameters of the dual antenna
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farfield (f=5.9) [2]

Type Farfield
Approximation enabled (kR >> 1)
Abs

Gain

5.9 GHz

09523

09511

1422

Component
Qutput
Frequency
Rad. Effic.
Tot. Effic.
Gain

Figure 3. 3D radiation pattern

The 3D and 2D radiation patterns of the
5.9 GHz antenna are shown in Figures 3
and 4. It is obvious that the antenna gets a
good g@ain with an omi-directional
radiation pattern.

Based on the RT5880 substrate, the
proposed antenna achieves a high
efficiency whose total efficiency is
95.11%, and radiation efficiency is

95.23%.

Farfied Gain Abs (PHi=90) ~ ———— =TI

30 Phi=270

120

Frequency = 5.9 GHz
Main lobe magnitude =  1.42
Main lobe direction = 23.0 deg.

Theta / Degree

Figure 4. 2D radiation pattern

= 50to 70 GHz:

From Figure 2(b), it can be seen that the
antenna operates at 60 GHz with a wide
bandwidth of 3.32 GHz (from 58.41 to
61.73 GHz). The mutual coupling from
the 5.9 GHz antenna is also so low that is
under -30 dB.
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farfield (f=60) [1] Thats

Type Farfield

Approximation enabled (kR >> 1)

Componrent Abs

Output Gain pul
Frequency B0 GHz

Rad, Effic, 09731

Tot. Effic, 0.9696

Gain 10.19

Figure 5. 3D radiation pattern of 60 GHz antenna

The 3D and 2D radiation patterns of the
60 GHz array are shown in Figures 5 and
6. It is obvious that the array achieves a
good gain of over 10 dB with a directional
radiation pattern. Based on the RT5880

substrate, the proposed array also
achieves a high efficiency whose total
efficiency is 96.96%, and radiation

efficiency is 97.31%.

The comparison of our study with other
5.9/60 GHz antennae is presented in
Table 2. It can be seen that the proposed
dual antenna can operate at two well-
known bands of 5.9 GHz and 60 GHz for
802.11bd with a wideband, good gain,
and high radiation efficiency. It is able to
provide flexibility for oV applications.

Farfield Gain Abs (Phi=90) [ farfiekl (f=60) [1]

Phi=270

120
Frequency = 60 GHz
Man lobe magnitude =  10.2
Mann lobe drection = 0.0 deg.
Angular width (3 dB) = 47.1 deg.
Side lobe level = -15.5 dB

Theta / Degree

Figure 6. 2D radiation pattern of 60 GHz antenna
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Table 2. Comparison of the proposed antenna and recent publish works

Ref Sub f GHz B (%) Gain (dBi) N (%)
[4] FR4 5.9 13.56 55 62-80
[5] AD270 5.9 1.27 5.2 -
[6] Arlon/ Diclad 880 5.9 10.67 -3.13 -
[7] Isola tachyon 60 7.02 10.47 90
[8] Rogers 60 6 18.5 85
[9] LTCC 60 15 6.3 85
This work | RT5880 >9 10 142 99.23
60 5.53 10.19 97.31

4. CONCLUSION

20x20x0.252 mm® which makes

it

In this paper, we proposed a dual antenna
that can operate at both bands of 5.9 GHz
and 60 GHz of 802.11bd standard. Using
a short pin and asymmetrical DGS, the
proposed antenna gets a compact size of

suitable for loV applications with limited
space. With a good gain and high
radiation efficiency, the antenna is
expected to provide reliable and high-
performance connectivity in modern
diverse traffic environments.
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