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Abstract—This paper presents a hexagonal shape defected ground
structure (DGS) implemented on two element triangular patch
microstrip antenna array. The radiation performance of the antenna is
characterized by varying the geometry and dimension of the DGS and
also by locating the DGS at specific position which were simulated.
Simulation and measurement results have verified that the antenna
with DGS had improved the antenna without DGS. Measurement
results of the hexagonal DGS have axial ratio bandwidth enhancement
of 10 MHz, return loss improvement of 35%, mutual coupling reduction
of 3dB and gain enhancement of 1dB.

1. INTRODUCTION

Microstrip antennas are widely used in various applications because of
low profile, low cost, lightweight and conveniently to be integrated with
RF devices. However, microstrip antennas have also disadvantages.
One disadvantage is the excitation of surface waves that occurs in
the substrate layer. Surface waves are undesired because when a
patch antenna radiates, a portion of total available radiated power
becomes trapped along the surface of the substrate. It can extract
total available power for radiation to space wave. Therefore, surface
wave can reduce the antenna efficiency, gain and bandwidth. For
arrays, surface waves have a significant impact on the mutual coupling
between array elements [1]. One solution to reduce surface waves is
using electromagnetic bandgap (EBG) or photonic bandgap structure
(PBG).
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Recently introduction of EBG and DGS made a significant break-
through in the improvement of microstrip antennas characteristics.
EBG are a new type of engineered materials with periodic structures
that can control the propagation of electromagnetic waves to an extent
that was previously not possible. However, in implementing EBG, a
large area is needed to implement the periodic patterns and it is also
difficult to define the unit element of EBG. Whereas DGS has similar
microwave circuit properties as EBG, it can also modify guided wave
properties to provide a bandpass or bandstop like filter and can easily
define the unit element. DGS is realized by etching the ground plane
of microstrip antenna, this disturbs the shield current distribution in
the ground plane which influences the input impedance and current
flow of the antenna. The geometry of DGS can be one or few etched
structure which is simpler and does not need a large area to implement
it.

Many shapes of DGS slot have been studied for single element
microstrip antenna such as circle [2], dumbbells [3] and spiral [4],
however not many have realized it in antenna arrays. In [5], they
proposed using a dumbbell EBG structure and in [6] using a fork-
like EBG structure. Both references implemented EBG between two
element arrays, these antenna designs are complex structure. The
author found papers by Salehi et al. [7] and by Zainud-Deen et al. [§]
which used dumbbell shape DGS for antenna array, however the results
were simulation one and not realized through experimental results.

In an antenna array, the mutual coupling effect will deteriorate
the radiation properties of the array. Therefore in this study, the
reduction of the mutual coupling effect was investigated by proposing
a new hexagonal shape DGS to be implemented between the two
elements triangular patch microstrip antenna array. Simulation and
measurement results have been done and showed that the antenna with
DGS can improve the antenna performance of the antenna without
DGS.

This paper discusses the influence of hexagonal shape DGS
towards the improvement of the radiation properties. By adding the
DGS, therefore, will suppress surface wave propagation in the dielectric
layer.

2. ANTENNA DESIGN

A configuration of double hexagonal DGS implemented to the antenna
is shown in Fig. 1. The antenna without DGS, as in [9], is designed on
a single layer dielectric substrate with e, = 2.2, thickness of 1.57 mm
and tangential loss of 0.0009. The antenna is designed to have circular
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polarized bandwidth of minimum 50 MHz and resonant frequency at
2.61 GHz. Two element triangular microstrip antenna arrays with a
distance between each element of 77mm are fed asymmetrically to
achieve tilted angle radiation pattern towards 30°. The stub is given for
matching in the antenna without DGS and the Y slot in the triangular
patch is inserted to excite circular polarization.

The DGS is then inserted into the ground plane of the antenna
with position between the two element triangular patch. In Fig. 1, the
DGS is drawn with dash lines to indicate that the DGS is located on
the bottom of the substrate. The patch and the feeding system with
stub from the antenna are not changed; only hexagonal shape slot is
inserted to the ground plane of the antenna.
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Figure 1. Configuration of double hexagonal DGS antenna design.

The proposed hexagonal DGS design in this paper was simulated
by varying the dimension and locating the position of the DGS on
the antenna without DGS. The first simulation used one hexagonal
DGS implemented to the antenna and showed no significant result.
However, the best result shown for a single hexagonal is when the area
of the hexagonal equals to 259 mm? with the side length of 14 mm.
Therefore, based on the previous simulation, the next one is expanded
to two hexagonal DGS with the total area of the DGS maintained
at 259 mm?. The separation of one hexagonal to two hexagonal was
carried out because it is assumed that the surface wave which has
a zigzag path can be trapped by the two hexagonal instead of one.
Therefore the hexagonal design was separated into two hexagonal.

Finally, the double hexagonal shape DGS is designed between the
two elements, in which the distance between the two elements as well
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as the location is varied. A good result was achieved for hexagonal
with the side length of 10 mm and with the displacement between the
two hexagonal of 26 mm.

3. RESULTS AND DISCUSSION

3.1. Simulations

The simulation was carried out by using method of moment. Figure 2
exhibits the simulation result of the return loss of the antenna
with and without DGS. The antenna with and without DGS has
return loss of —43.22dB and —33.3dB at the resonant frequency of
2.61 GHz, respectively. The simulation result of DGS shows return
loss improvement of 29.8% compared to the antenna without DGS.
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Figure 2. Comparison of simulated Return Loss between antenna
with and without DGS antenna.

The triangular patch microstrip antenna array was designed to
have circular polarization. The simulation result of the antenna with
and without DGS for circular polarization shows a 3dB axial ratio
bandwidth of 2.6% and 1.9% respectively. This result shows that the
antenna with DGS could increase the circular polarization bandwidth
of the antenna without DGS to 10 MHz.

Another antenna parameter was also simulated, namely the
mutual coupling. The simulation showed that the antenna without
DGS has a mutual coupling of —39.68dB and with DGS shows a
reduction of mutual coupling to —41.84 dB which is 2.16 dB lower than
the antenna without DGS. The simulation results showed that the
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antenna parameters of the antenna without DGS were improved by
the DGS.

3.2. Measurements

The antenna with hexagonal DGS was fabricated and measured.
The DGS antenna showed characteristic improvement compared to
the antenna without DGS. The measurement results demonstrated
that the hexagonal DGS antenna improved the impedance matching
of the antenna without DGS from minimum return loss —30.18dB
to —40.89dB. This means there is an improvement to 35% of the
minimum return loss which can increase the efficiency of the antenna.
This improvement is displayed in Fig. 3. Fig. 3 shows the measured
resonant frequency of the antenna with and without DGS is at
2.66 GHz.
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Figure 3. Measurement result of return loss.

There is a slight shift of resonant frequency from simulation
compared to measurement results. However the measured result of the
antenna with and without DGS shows the same resonant frequency,
therefore this measured result can be compared.

For the circular polarization of the antenna, axial ratio bandwidth
was measured. The result showed an increase of 3dB axial ratio
bandwidth of 10 MHz for the DGS antenna. The antenna without
DGS has axial ratio bandwidth from 2.63 GHz to 2.67 GHz and the
antenna with DGS from 2.63 GHz to 2.68 GHz.

Furthermore, the antenna gain was measured from 2.6 GHz to
2.7GHz and the results are shown in Fig. 4. It is shown that there
is gain improvement of about 1dB from the DGS antenna. This gain
enhancement justifies the impedance matching result of the return loss,
which proves that the efficiency of the antenna is also improved.
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Figure 4. Comparison of measured gain between antenna with and
without DGS.
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Figure 5. Comparison of measured mutual coupling between antenna
with and without DGS.

Figure 5 shows the comparison of measured mutual coupling
between the antenna without and with DGS. The measured mutual
coupling results showed that the antenna with DGS has a mutual
coupling of —38dB at the resonant frequency of 2.66 GHz, while the
antenna without DGS has a mutual coupling of —35dB. It is obvious
from the result that there is a substantial mutual coupling reduction.

Moreover, the measured radiation patterns of the antenna in the
E- and H-plane for both with and without DGS are shown in Fig. 6 and
Fig. 7, respectively. The antenna radiation patterns were measured at
frequency 2.66 GHz. It is shown from Fig. 6 that both antennas have
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Figure 6. Measured F-plane radiation pattern of antenna with and
without DGS.
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Figure 7. Measured H-plane radiation pattern of antenna with and
without DGS.
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similarity in the E-plane pattern with maximum beam tilted towards
10°-30°. This result agrees well with the intended design. While in
Fig. 7, the antenna with DGS has a slightly higher backlobe level in
the H-plane due to the presence of the hexagonal defected structure
acting as a slot antenna which causes leakage field distributions.

4. CONCLUSIONS

A new DGS geometry, the double hexagonal shape have been used
for two element triangular microstrip antenna array. The results
demonstrated that the radiation properties of the antenna with DGS
have better performance than the antenna without DGS. It is also
shown that the geometry of the DGS has an influence towards the
performance of the antenna characteristics.
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