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Abstract—This paper presents a substrate integrated waveg-
uide (SIW) cavity slot antenna for the dedicated short-range
communication (DSRC) band. The DSRC band (5.9 GHz)
covers the vehicle-to-vehicle communication frequency range.
Conductor-backed coplanar waveguide is used to feed the
antenna. To ensure the improvement in the bandwidth, the out-
of-band harmonics are suppressed by employing two quarter
wave resonators and a shorting pin in the feed of the antenna.
The antenna radiation characteristics are also improved by good
impedance matching that is achieved by placing two between the
radiating patches. The SIW concept implemented in the antenna
is reducing the cross-polarization level and lateral leakage. The
antenna is designed, fabricated, and measured to validate the
design approach. The antenna achieves fractional bandwidth of
8.8%, with the gain of 7.45 dBi. Furthermore, the measurement
also indicated the radiation efficiency of 88.68% and cross-
polarization level below -33 dB.

Index Terms—DSRC, impedance matching, substrate inte-
grated waveguide (SIW), radiation efficiency, vehicle-to-vehicle
communication.

I. INTRODUCTION

The vehicle wireless communication protocol began with
low overhead operations under IEEE 802.11a standards, as
reported in [1]. However, as time passed, the IEEE working
group amended the IEEE 802.11a standards to include wire-
less access in vehicular environments (WAVE), which has
formed the foundation of dedicated short-range communica-
tion (DSRC) in supporting intelligent transportation systems
(ITS) applications. The WAVE facilitates communication
between vehicle to vehicle (V2V) and vehicle to roadside
information (V2I) within the 5.9 GHz frequency band (5.85
- 5.925 GHz) [2]. The vehicle-to-everything (V2X) commu-
nication is used to collect, analyze, and share information
from various infrastructures [3]. Antennas having an omnidi-
rectional radiation pattern and high gain are greatly desired
in these kinds of communication systems to effectively gather
environmental data. It also requires low profile, low loss, and
low cross-polarization level for V2X, as reported in [4], [5].

Substrate Integrated Waveguide (SIW) technology is essen-
tial in developing planar antenna due to its ability to handle

Fig. 1. Application scenarios of proposed antenna.

high power with a high-quality factor at higher frequencies
and integrate active elements, passive elements, and antennas
on the same substrate [6]–[8].

In this work, an effort has been made to design a SIW
cavity slot antenna for DSRC band application. This is done
using two quarter-wavelength resonators along with a shorting
pin in the feed line. The shorting pin plays a significant
role in tuning the input impedance for matching between the
feed line and the patch. The gap between the feed line and
patch generates the electric coupling, which helps to achieve
the desired resonant frequency and improve the impedance
bandwidth. Two L-shaped stubs are placed between two
radiating patches, which results in an enhancement of radi-
ation characteristics. The use of SIW-based planar antennas
is justified here due to the reason that it helps to achieve
less cross-polarization levels than in their other realizations
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Fig. 2. Top and enlarged views of the proposed antenna.

[9]. Additionally, this antenna can find uses on vehicular
platform, as shown in Fig. 1. The proposed antenna can
enable different vehicle communications, including vehicle-
to-pedestrian [10], vehicle-to-vehicle [11], vehicle-to-network
[12] and vehicle-to-infrastructure [13] cases. The proposed
antenna can have a wide application in future intelligent
vehicles as the characteristics of this antenna fulfill the re-
quirements for aerodynamic wireless devices used in modern
vehicles for blind spot detection.

II. DESIGN AND ANALYSIS OF PROPOSED ANTENNA
STRUCTURE

The geometry of the proposed antenna structure with
the concept based on analysis of the resonance behavior is
illustrated in Fig. 2. The top view of the proposed antenna
is shown in Fig. 2 (left), and its enlarged feed and coupling
sections are shown in Fig. 2 (right). Similarly, the bottom
view and the various stages of the antenna design are illus-
trated in Fig. 3. The dielectric substrate used for the proposed
antenna is Rogers RO4232(TM) 4232 (ϵr = 3.2, tan, δ =
0.0018, according to data sheet) of 1.524 mm thickness. All
simulations were carried out using full-wave Ansys HFSS
ver. 2020R2. The fabricated antenna sample was also verified
experimentally..

The antenna is in the form of one planar side structure with
a conductor-backed CPW (CB-CPW) feed. Two radiating
patches and the gaps are cascaded in series. The first gap
located between the patches includes two L-shape stubs, and
the second, located between the patch and feed with two
quarter-wave resonators, includes a narrow open stub ((see
Fig. 2, top right)). These gaps play a crucial role in creating
the electric coupling and are influencing the antenna resonant
frequency. The feed section (Fig. 3, top right corner) includes
a pair of quarter-wave resonators, which helps to get a better

Fig. 3. Ground view and different design stages of the proposed antenna.

Fig. 4. Simulated reflection coefficient vs frequency plot at various stages.

impedance match. A shorting pin located between the quarter-
wave resonators is also used for matching improvement. In
addition, the combination of shorting pin and two quarter-
wave resonators falls in the category of proximity feed with
the main objective to suppress the unwanted harmonics as
reported in [14]–[16]. The dimensions of a narrow open stub
are W3 × 2L2. The L-shape stubs are defined by gx, tx, Lx

and Wx. The gaps between the two patches are marked as
1 and 2 (see Fig. 2). We stress once more that these

stubs are improving the impedance matching and radiation
characteristics. The most important parameters are the gap
tx between these pair of stubs, and gy ; they define electric
coupling between patches. The truncated corner is used to
achieve the strong surface current. The structure dimensions
are Wg = 5.95, Lg = 36.75, L3 = 11.5, L4 = 12, L2 = 6.8,
Py = 2, dy = 1 dp = 1, g1 = 1.75, t2 = 0.5, t1 = 0.4,
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Fig. 5. Effect of shorting pin on reflection coefficient.

L1 = 8, W2 = 2, W1 = 2.5, W3 = 1, Lx = 10, Lf = 7.5,
gx = 0.3, tx = 0.4, wx = 0.7, Wy = 1, gy = 0.43,
Ly = 2 × L2, L = 29.5, W = 41.25, We = 26.93,
WS = 27.5, h = 1.524; unit: millimeters (see Fig. 1 and
2). The SIW parameters such as Py , dy , Ws, and Wehave
been calculated following the methodic described in [17].

Four stage design process is used in the proposed antenna,
as shown in Fig. 3 (see right side). The impact of each
stages reflection coefficient is plotted in Fig. 4. In stage 4, the
reflection coefficient is found to be better than at the other
stages (stage 1, 2, and 3). To fix the diameter of shorting
pin dx, the parametric analysis is utilized in this work, as
depicted in Fig. 5. When dx is varied from 0.8 to 1.2 mm with
a step size of 0.1 mm, the resonant frequencies are shifted
from higher to the lower values. The reflection coefficient is
the best at dx=1 mm. In the end, the dx is fixed at 1 mm.
When the diameter dx is 1 mm, then the real part of the
input impedance at the desired frequency is around 50Ω and,
simultaneously, the imaginary part is approximately zero, as
plotted in Fig. 6. The electric field distribution is plotted (both
vector and magnitude) at 5.9 GHz, as shown in Fig. 7 (a). The
surface current distribution is uniform, as shown in Fig. 7 (b),
and hence, leads to an omnidirectional radiation pattern.

III. VALIDATION AND DISCUSSIONS

The fabricated antenna prototype is tested experimentally
using in a vector network analyzer (VNA) to measure the
reflection coefficient, as shown in Fig. 8. The simulated and
measured results are almost identical, as illustrated in Fig.
9. The measured resonant frequency (5.92 GHz) is slightly
shifted (approximately 20 MHz) toward the higher values as
compared to the simulated (5.9 GHz). The measured and
simulated reflection coefficient is higher than 10 dB from
5.76 to 6.28 GHz and 5.74 to 6.0 GHz, respectively. The
measured 10 dB reflection coefficient of fractional impedance
bandwidth is 8.81%, whereas the simulated value is 4.24%.

Fig. 6. Simulated input impedance vs frequency plot.

(a)

(b)

Fig. 7. Field distribution at 5.9 GHz: (a) Electric field and (b) Surface
current.

It can be noticed that in the measured frequency shift and the
measured fractional bandwidth the most important cause of
difference between the simulated and measured results is the
manual fill of metallic paste into the vias, and SMA connector
and conductor losses.

The experimental and simulated values of the peak realized
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(a) (b)

Fig. 8. Fabricated prototype of proposed antenna: (a) Top view and (b)
bottom view.

Fig. 9. Simulated and measured reflection coefficient.

Fig. 10. Simulated and measured peak realized gain vs frequency.

gain are plotted in Fig. 10. The measured value of peak
realized gain of 7.45 dBi (simulated: 7.62 dBi) is obtained at

Fig. 11. Simulated and measured radiation efficiency vs frequency.

(a) (b)

Fig. 12. Simulated and experimental normalized radiation pattern at 5.9 GHz:
(a) E-plane, (b) H-plane.

resonant frequency. Similarly, the radiation efficiency is also
measured using of Wheeler cap method [18], and the result
is depicted in Fig. 11. The measured efficiency is 88.68%
(simulated: 95%). The measured efficiency is lower than the
simulation, which may be attributed to losses not considered
in the experimental environment.

The measured normalized radiation patterns of E-plane and
H-plane at 5.92 GHz are plotted, as shown in Fig. 12. The
radiation pattern is omnidirectional on both planes. It can
be observed that the simulated and experimental values of
the front-to-back ratio is more than 25 dB. In contrast, the
measured cross-polarization level in E-and H-planes are at -
33 dB (simulated: -30 dB). The measured results are in good
agreement with simulation results and the same has been
verified all the above results.

IV. CONCLUSION

This paper describes the designed, fabricated, and mea-
sured the substrate integrated waveguide (SIW) cavity slot
antenna for vehicles-to-vehicles communication applications
operating in the DSRCS band (5.9 GHz). A commendable
absolute impedance bandwidth of 520 MHz, with a peak-
realized gain of 7.45 dBi, has been achieved. In addition,
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the efficiency of 88.68%, and the cross-polarization below
-33 dB have been achieved at 5.92 GHz in measurement. The
experimental performance of the antenna ensures that it can
be used as example, for aerodynamic wireless devices in
intelligent vehicle for blind spot detection.
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