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Abstract—In this paper, the authors propose a single element 
semi-hexagonal half mode substrate integrated waveguide 
(HMSIW) antenna split across the line joining the opposite edge 
center of a hexagonal cavity, such that the line of separation 
includes the radiating edge, while the other edges are lined with 
metallic vias. The antenna was designed and fabricated on Arlon 
AD270 and the substrate has a gain of 5.8 dB at 5.9 GHz. The 
proposed array element is then used to design a linear array 
(1×2) resonating at 5.95 GHz. Antennas are useful applications in 
vehicular communication systems, serving as internal parts of 
dedicated short range communication devices with frequency of 
operation laying in the IEEE 802.11p band. 

Keywords—semi-hexagonal array; short range; vehicular 
communication 

I. INTRODUCTION 

Dedicated short range communication (DSRC) is 
popularized worldwide as the wireless communication protocol 
for vehicles following Wi-Fi architecture [1] and it was initially 
focused on low overhead operations following IEEE 802.11a 
standards. However, with the advent of years and in 
compliance with development and modern needs to support 
high-speed moving vehicles and to further simplify the 
communication mechanisms, IEEE working group amended 
IEEE 802.11 standards to incorporate Wireless Access in 
Vehicular Environments (WAVE). WAVE formed the core of 
DSRC in supporting intelligent transportation systems’ (ITS) 
applications for short range communication. WAVE, following 
IEEE 802.11p standards, provides real-time traffic information, 
improves transportation safety, minimizes traffic congestion 
and helps maintaining transport sustainability. It helps 
establishing communication between vehicles (V2V) or 
between vehicles and roadside information (V2I) in the 5.9 
GHz band (5.85–5.925 GHz) [2-5]. With the involvement of 
several companies, car manufacturers and universities 
worldwide pursued extensive research to develop IEEE 
802.11p standard commercial products. Researchers extended 
their contribution in developing printed antennas and arrays to 
be used in conjunction with other devices for short range 
communication to support ITS applications [6-9]. 

Though hexagonal shaped substrate integrated waveguide 
(SIW) based components are widely popular [10-14], yet little 
has been reported about the unexplored domain of hexagonal 
SIW based antennas and arrays. As a result, in this paper, 
authors propose a novel semi-hexagonal HMSIW antenna 
operating at IEEE 802.11p frequency of 5.9 GHz and 
subsequently developed linear and planar arrays using the 
former as array elements. The 1×2 semi-hexagonal HMSIW 
array operates at a resonating frequency of 5.9 GHz with a gain 
of 8.2 dB. The antennas are designed and fabricated using 
Arlon AD270 substrate and the necessary full wave simulation 
are all carried out in ANSYS HFSS v15.0. The simulation 
obtained results are compared with experimentally obtained 
results. 

II. ANTENNA DESIGN 

The concept of hexagonal waveguide is further extended to 
a substrate integrated waveguide concept wherein the metallic 
walls lying along the direction of the propagation are replaced 
by metallic conducting vias and the whole waveguide is 
integrated into a dielectric filled PCB. Due to the resemblance 
of the hexagonal waveguide with the circular/cylindrical one, 
the former has been modeled in terms of its circular 
counterpart. The first twenty one normal modes and 
corresponding cut-off frequencies are all obtained for the E-
modes of waveguides with regular hexagonal cross-section. 
The cut-off frequency of the first mode for a hexagonal 
waveguide is given as the designing of antenna is achieved 
level by level in a appropriate way. The basic shape is shown in 
Figure 1[14-18].  ݂ܿ = ଶగ√ఌೝ ௦     (1) 

where c is the speed of light in vacuum (≈3×1010cm×s-1), kcmn, 
is the cut-off wave number and s is the side length of the 
regular hexagon. The fundamental TM01 mode is chosen as the 
mode of operation as it provides maximum directional radiation 
from the antenna. The cut-off wave number of the TM01 mode 
obtained after putting m=0, n=1 and kc01=2.69 is RE
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