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Abstract— 1In this paper, a low profile patch antenna
switchable radiation pattern diversity with total thickness of
less than 2¢/14 has been established.. The novel antenna
structure is based on a conformal patch antenna operating in
TMO1 mode is integrated over an electromagnetic band gap
(EBG) surface to provide a beam scanning antenna. The
circular EBG elements are arranged in 6-sectors and the vias
on each sector of the EBG are switched in and out to steer the
beam into that sectors. The reflection coefficients for the
antenna when the vias are switched remain stable. The
simulation and experimentation results have shown that the
antenna power pattern directed toward the sector, without via
or the middle of sectors, without via. Overall a flexible low
profile beam steering antenna is demonstrated. The antenna is
designed for wireless network application especially to improve
the system performance in multipath propagation
environment. Furthermore, the low profile antenna makes it
suitable to be used in vehicular application.

Index Terms—EBG, pattern directive, low profile, beam
scanning, vehicular application.

1. INTRODUCTION

Human body monitoring system normally consists of
several sensors and gadget which connected to control
system either by wire or wireless. Wired communication
gives more efficiency and bandwidth but with some
limitation such as distance and comfortableness. Wireless
communication system is more comfortable and tidier but
might face limitation of signal fading or complete loss of
signal [1].

Mobile communication system in multipath propagation
environment has the fast fading problem which gives a
significant impact on the overall system performance. The
fading occurs when the signal arrive at receiver over
different path, hence different in amplitude and phase. The
total signal vector at the receiver is taken from the vector
simulation of all the received signals, which usually contains
significant signals, fade and pattern interference. The most
popular technique to combat the signal fading is known as
diversity [2, 3] . Multiple incoming signals are combined
properly in order to increase the probability and strength of
the received signal.

Electronic band gap (EBG) was used to alter the surface
characteristic for diversity antenna. Various surface wave

antennas have been developed using the advantages of EBG
structure. The EBG also contributed in reducing overall
antenna size and improved in overall performance [4, 5].

Further understanding of the diversity criteria will be very
useful for the research development. Various types of
diversity antenna such as pattern diversity, polarization
diversity, spatial diversity, transmit/receive diversity, time
diversity and frequency diversity are commonly used to
combat signal fading in wireless communication.

A. Electromagnetic Bang Gap

Electromagnetic band gap surface which known as high
impedance surface is among the popular study for band gap
application in wireless environment. The previous design of
EBG has found to be larger in size as the period was
designed at half wavelength which might be inconvenient to
accommodate with antenna and circuit especially on space
constraint environment.

The EBG has been found to be effective in improving the
antenna performance when placed on top of the structure.
The front-to-backward ratio of the antenna has been
enhanced by introducing EBG under or around the antenna
[6, 7]. The mutual coupling of the array antenna has been
found to be reduced by combining the EBG in the designed
[8-12].

The size of the EBG also reduced by introducing EBG
with mushroom type structure with connection via within
EBG and ground surface. In early finding, the EBG structure
period was reduced by 10% with respect to free space
phenomena [4]. In various designs, the surface wave
propagation can be simplified by laminated structure
dielectric which works as a dielectric waveguide.

For surface wave antenna technology, the EBG without
via which sometime known as artificial ground has been
widely used in antenna design and fabrication [13]. The
circuit to tune and limit the frequency as in [14] can be
utilised.

B. Band Gap Resonant Frequency and Bandwidth

The resonant frequency for the EBG structure is specified
by wused of the LC circuit network. The EBG
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electromagnetic properties were simplified onto series of
lumped circuit elements, which are capacitors and inductors.
The capacitance, C is normally due to the gap within the
element and the inductance, L has been produced due to
current flow through via to ground plane [9].

With the smaller size of period compared to the
wavelength, the wave impinging on the material has caused
the electric field to span over the narrow gap within the
patch, which introduced the sheet capacitance, C. The
current oscillated between neighbouring patches through via
which connected to ground has induced sheet inductance, L
in the circuit. These phenomena have formed the parallel
resonant  circuit ~ which  dictates the  material’s
electromagnetic behaviour. At any frequency, the surface
impedance has been defined as [4]

Z - jwf (1.1)

l-w’LC

At resonant frequency, the surface impedance will

become infinite and the resonant frequency of the EBG can
be represent as

1 or ,_ 1

_1 _ (1.2)
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where f; is the EBG resonant frequency, C is the sheet
capacitance due to gap within elements and L is the sheet
inductance due to current flow through via. The sheet
inductance also can be summarised as the product of
magnetic permittivity (i) and the thickness of the material (7)
[4]
L=t (1.3)
The surface has shown the artificial magnetic conductor
at LC resonant frequency, where the reflection phase was
zero degree [4]. The reflection was varied from +7/2 to —n/2,
which represents the antenna bandwidth and cross through
at zero for resonance centre frequency. For thin structure
with nonmagnetic material (=, ) the bandwidth of the

resonance has been limited by the thickness, # divided by
radiance length at resonance, ry which can be summarised as

(4]

B<t (1.4)
v

The resonant frequency and bandwidth of the texture can
be tuned by changing the inductance or capacitance or both
values [11, 15]. The sheet inductance value can be changed
by varying magnetic permittivity or the material thickness,
which is normally fixed and difficult to be tuned. The
capacitance however is easier to be varied by the metal
arrangement and geometry [16, 17] or by adding lumped
elements or tuneable varactor diodes onto the texture [7, 15,
18-20].

Mechanically, the frequency response with respect to
capacitance can be changed by moving the tuning surface
against stationary surface, whereas the phase gradient has
been produced by rotating it, which steered the reflected
beam [16, 17].

Electrically, the mechanical moving plate was replaced
with a voltage tuneable varactor diode. By adjusting the
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reverse-biased voltage supplied to the diodes, the
capacitance within each plate will be adjusted, which tunes
the antenna resonance frequency. In order to eliminate the
interference to magnetic field at the front surface the bias
lines were connected from behind of the surface. In some
researches, the change in varactor diode capacitance value,
has made steerable reflection beam possible [15, 18-20].

C. Surface Wave Antenna

Surface wave antenna (SWA), has been designed to make
use of the surface wave propagation. Various theories and
experimental results have been reported since the SWA
concept was introduced in the 1950°s [21-26]. Various
designs and shapes have been implemented on the metal in
order to enable surface wave propagation.

Meta-material and electromagnetic surface design and
development have contributed in the evolvement of surface
wave antenna. The SWA application has been conducted
where the low profile monopole like antenna as in [27-30]
has been conducted. The monopole-like dual-band SWA has
been realized in [31] with the advantage of a low profile
configuration.

The low profile surface wave antenna is suitable to be
applied for vehicular application, as the antenna design was
always dictated by the vehicle style, due to conformable
requirement according to the vehicle metallic body. The
distance from metallic body has been kept to maximum as
closer distance reduces efficiency and radiation pattern
shape as it effects the excitation on surface current. In [29,
32], the low profile antenna was developed based on high-
impedance surface, which shield the surface wave effect.

D. Diversity Antenna

In wireless communication transmission mainly, the
received signal sometimes is effected by channel
impairment problem which greatly due to multipath
propagation. The effect of multipath in the communication
system implies great variation in the RF system, with signal
fading and sometime complete loss of the signal. Diversity
antenna is strongly recommended in reducing the effect of
multipath and interference. The directional pattern can also
be made possible using diversity technique [32, 33]. In [34,
35], the diversity antenna with radiation pattern directivity
and low correlation coefficient has been designed. The
miniature PIFA antenna as in [36], has also given small
correlation coefficient.

The diversity antenna has been widely used for radiation
pattern diversity and MIMO application [37, 38]. The
parasitic diversity antenna as in [39, 40] has been used for
pattern diversity where the array of parasitic antenna has
been switched for power directive pattern.

In this paper, pattern diversity antenna using EBG
capability on electronically surface wave propagation has
been analysed and reported. The propagation characteristics
for EBG structure has been modified by inserting pin via for
the patches within the sector or multiple sectors and signal
pattern directivity was analysed. The power channelling
expected to be more efficient by propagating through EBG
surface.
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The assembly of antenna and virtually sectorized EBG
structure has been used to control the power pattern
directivity. This capability will enable the future
development of the pattern diversity antenna for wireless
and vehicular application [41, 42].

II. PATTERN DIRECTIVITY ANTENNA

Multiple monopoles parasitic antenna which placed
around antenna has been used for directing the radiation
direction or power direction finding [40, 43]. The direction
of pattern was found by alternately switching the parasitic
antenna to specific direction or direction with highest
radiation power. The designs required multiple antennas and
high in profile as monopole antenna was used.

In this paper, the analysis for circular sectorized EBG
power pattern directivity has been published. The circular
EBG structure has been used for directing the antenna
around the antenna. For notification purposes, the circular
EBG structure has been virtually divided into six sections
for power pattern directional purposes as shown in Fig. 1.

The EBG with pin vias which inserted from the patches to
the ground plane have been designed to have a stop band at
2.2 GHz. An EBG structure with a diameter of 175.7mm has
been designed by simulation on FR4 printed circuit and
consists of 17.4mm diameter circular patches that have been
arranged along 6-sectors labelled as A to F. Each one of
these sectors has pin vias that can be switched on or off.
Fig.1 shows the arrangement of EBG with sector-A without
pin via.

The mutual coupling of the surface was simulated and
analysed. The combination of EBG and artificial ground
sectors on the circular structure was expected to be able to
reject or propagate the surface wave respectively.

The EBG sectors characteristic has been altered using pin
vias which capable to increase isolation within surface and
EBG without via has propagated the wave through the
surface. Analysis of the EBG surface characteristic has been
conducted using a transmission line method as in [5] The
transmission coefficient between the ports of the

Fig 1: Circular EBG in 6-sectors configuration
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Fig. 2: Transmission coefficient, S,; within circular EBG
with or without pin vias.

transmission line, which placed over the EBG surface, has
been used to measure the transmission characteristics of the
EBG surface. Fig. 2 illustrates the simulated transmission
results for the circular EBG. Simulations have been
conducted for the cases of the EBG with pin vias and when
all the pin vias are removed. These results illustrate a stop
band at 2.2 GHz when pin vias are inserted and a pass band
at the same frequency when the pin vias are removed. The
finding is essential to analyse the EBG surface characteristic
to steer the radiation pattern around the antenna.

A. Simulation Result for Pattern Directivity using
Sectorized EBG.

The arrangement of circular patch antenna above circular
EBG structure is shown in Fig. 3. The circular antenna has
been designed using an FR4 printed circuit board with a
diameter of 115.4mm and a 3.2mm thickness. The antenna
has been placed at 3mm above the EBG surface and a metal
pin, with a diameter of 1mm, has been used to connect the
antenna to the discrete port that is placed underneath the
substrate. The total thickness of the antenna is
approximately 9.4mm which is less than 7»2,2(,}{2/ 14.

For analysing the EBG capability to control the wave
propagation around the antenna, the pin via in each sector
has been alternately switched in and out. Fig. 4 presents the
return losses for patch antenna under four scenarios, which
corresponds to an antenna with all the pin vias in place
except for sector-A, sector-F, sectors- A&D and sectors-
A&F. It can be noticed from the results that the antenna
operating frequency is stable around 2.2 GHz for all
configurations. Another narrow band is noticed at 1.5 GHz
which attributed by the effect of integrating the antenna with
EBG which slightly increased the structure total cavity.
However the band has not been considered as the band is
very narrow and outside the antenna and EBG desired
operating range.
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Fig. 3: Simulated diagram for circular antenna 3mm above EBG
surface

To study the EBG capability to control the antenna power
pattern directivity, the pattern has been studied at 2.2GHz
with various arrangements of EBG’s sector/s pin vias
switching. The azimuth radiation has been observed. For the
pattern as described in Fig. 5, the relative azimuth patterns
been monitored at theta=30°, which represents the antenna
surface wave radiation.

The radiation patterns demonstrate that the power has
been directed towards the sector in which the pin vias are
removed. For example in Fig. 5(a), where the pin vias have
been removed from sector-A, the power is directed along
that direction of phi=0°, while removing the pin vias from
sector-F shifts the power in the direction of phi=60°. In both
cases the maximum gain increases by approximately 13dB.
The side lobes of the radiation patterns are also decreased by
approximately 10dB, which demonstrates that the surface
wave is well propagated towards the higher surface
transmission sectors and reflected by the EBG structure with
lower transmission coefficient. For the case of multiple
sectors, for example of A&D and A&F as shown in Fig. 5(c)
and (d) the pattern is directed toward the both sectors for the
case of A&D and to the middle of the combination sectors
for the case of A&F.

The sectorized power distribution also occurs for all the
other sectors. In addition, if pin vias from two sectors of the
EBG are removed the pattern again points in the direction
away from those sectors, which allows a very flexible beam
steering options. The shape of the patterns for the sector-D
almost duplicating the pattern for sector-A, whereas for the
case of sector-E, C or B, the pattern almost similar to pattern
for sector-F but directing to the specific sector. The pin
switching can be done either using individual switch of
diode or MEMs switches or group switching using switch
board as introduced in [44].
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B. Fabrication and Measurement

For the measurement purposes, the circular patch antenna
has been fabricated by using a single sided FR4 printed

circuit board with a diameter of 115.4mm as shown in Fig. 6.

The EBG substrate has been fabricated using a double sided
FR4, which has been cut into a circular shape with a
diameter of 175.7 mm. The EBG pattern with a circular
patch diameter of 17.4 mm has been etched onto the top side
of the PCB, whereas the conducting ground plane has been
positioned at the bottom side of the substrate. The circular
patch antenna and EBG has been fabricated and assembled
with about 3mm gap between the antenna PCB and the EBG
surface as shown on Fig. 3. The gap has been achieved using

a Rohacell substrate with & =1.06 and a 3mm thickness has
been used to keep the constant gap within the elements.

The antenna was placed at the middle of EBG structure as
shown in Fig 6. A 1mm radius hole has been drilled through
the EBG substrate for inserting the 1mm radius connection
pin which connecting the antenna patch to the excitation
port. The port with input impedance of 50Q has been
connected at underneath the EBG structure. The antenna
total thickness is only approximately 9.4mm, which
determines the low profile characteristic of the antenna.

The return loss, S;; for the antenna has been measured
using an 8720D Hewlett Packard network analyser, which
can be used over a frequency range of 50MHz to 20GHz.
Measurements of the antenna farfield pattern have been
carried out in an anechoic chamber. The measurements for
the antenna’s reflection coefficient and power pattern have
been done for the various sectors arrangement and results
are shown on Fig. 7 and 8 respectively.

The comparisons of the simulated and measured return
loss are as shown in Fig. 7 for pin vias switching in sectors
A, F, A&D, and A&F. The experimental results have been
obtained with a frequency shift of 200 MHz compared to
simulation, but the main operating band near 2.2 GHz is
well defined. The narrow band near 1.5 GHz in the
simulation was not observed in the measurements. The
discrepancy between simulation and measurements can be
attributed to the measurement tolerances as well as
fabrication, equipment and antenna set up errors.

Fig.6: Antenna and EBG Assembly
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Fig. 7: Measured and simulated return loss of the antenna
with pin via switched out at the sector/s

The antenna surface radiation pattern has been measured
with various switching configuration for the pin vias in the
EBG sectors has been measured inside anechoic chamber.
The measured and simulated antenna normalised radiation
pattern are shown in Fig.8.

The radiation patterns as shown in Fig. 8 for the cases of
pin via switched out from sectors A, F, A&D and A&F
respectively have directed towards the sector/s or direction
within sectors for case of A&F sectors. For the case of all
sectors without pin vias, the radiation pattern is circular
around the antenna which shows the effectiveness of the
sectors to propagate the power. Good agreement has been
achieved between the simulated and measured results with
the increased power and direction of the patterns being
confirmed.

Therefore, it can be concluded that, the sectors with via
can be used to direct the power patterns accordingly. This
configuration might be used in conjunction with power
pattern diversity antenna. Various and flexible switching of
the sectors can be simplified by group switching using
switch board [44]. Again results for various combinations of
sectors confirm the overall flexibility of the beam scanning
by the EBG sector.

II1. CONCLUSION

A conformal patch antenna, which has been placed over a
circular EBG that consists of 6-sectors, with total thickness
of less than Ay oGHs/14 has demonstrated a flexible and
controllable beam steering. Pin vias, which are placed at the
middle of each circular patch element of the EBGs, have
been used to switch the bandgap surface characteristics.
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Switching pin vias in and out at each sector has established
the EBG capability to control the antenna beam direction
with increasing the gain by about 13dB. The antenna
reflection coefficients remain fairly stable as the pin vias in
EBG’s sector switched in and out. The beam has been
scanned around the antenna by alternately switching the
sectors which demonstrates the antenna flexibility. The
experimental results for the circular EBG integrated with a
patch antenna have confirmed the findings of the
simulations. This novel development would be very useful
for wireless application especially when pattern diversity
antenna is required. The low profile antenna in other hand
can be useful for the antenna to be utilised in vehicular
application to suit the conformable requirement.
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