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Abstract – This paper presents the biconical–shaped
defected ground structure (DGS). It is inserted into the
groundplane of single layer planar–array antenna. Biconical–
shaped DGS is designed to reduce the coupling between two
elements planar–array antenna. Each element of planar–array
antenna is excited by the same power input. Therefore, the
coupling between two elements planar–array antenna is
generated. Both simulation and measurement results verified
that the biconical–shaped DGS reduced the coupling at the
resonance frequency of 1.955 GHz. The simulated and
measured couplings can be reduced by the biconical–shaped
DGS upto 0.67 dB and 2.4 dB, respectively.
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I.

INTRODUCTION

Recently, the development of wireless communication
technology requires a thin and light–weight device by using
the planar structure, which is easy fabrication [1]. The
microstrip technology as a planar structure is frequently
implemented in wireless–communcations applications.
However, the surface wave is serious problem in the planar–
antenna design. The surface waves are undesired thing that
occurs when a patch of antenna radiates, and it can degrade
the antenna performance. The total available radiated power
of the antenna becomes trapped along the surface of
dielectric substrate. As a result, the radiation characteristics
of antenna such as efficiency, gain and bandwidth could be
reduced. For MIMO applications that use planar–array
antennas [2]–[3], the surface waves have a significant impact
on the coupling between adjacent elements on an array [4]–
[5].
Furthermore, another issue of the surface waves in the
near field generate the coupling between microstrip antennas
in array configuration [6]. The coupling that caused by near
field increases if the antenna is positioned each other in the
near-field zone. It evokes several degradation to the
radiation characteristics of antenna, similar as the effect of
surface waves. However, the effect of near-field coupling is
less dominant than the surface wave, especially when the
antennas are positioned close each other.
According to these issue, there are some methods can be
applied to suppress surface waves particularly on microstrip

antenna, such as by implementing artificial materials [7]–[8],
metamaterials [9]–[10], and defected ground structure
(DGS) [11]– [14]. The latest one is usually realized by
defecting the groundplane with a certain lattice shape, which
disturbs the shield current distribution of microstrip antenna
and control the coupling between antenna elements in array
antenna. Many shapes of DGS have been investigated
including circle-shaped, spiral-shaped, and elliptical-shaped;
and each shape is representable as an equivalent circuit that
consisting of the inductance and capacitance [15]–[17]. This
leads to a certain frequency bandgap, which can be
determined by the shape, dimension, and position of DGS.
Furthermore, DGS gives an extra degree of freedom in
microwave circuit design. It can be implemented for a wide
range of applications [18]–[21]. For antenna applications
including array antenna, DGS is mainly applied for feeding
technique.
Regarding to the ability of DGS in controlling the
coupling between antenna elements in an array
configuration, in this paper, the biconical-shaped DGS is
proposed to be implemented for reducing the coupling
between two elements of array antenna. Simulation and
measurement results are conducted to show that the DGS
can improve the antenna performance. The influence of
biconical–shaped DGS towards the improvement of
undesired coupling is analyzed. Therefeore, the
incorporation of biconical–shaped DGS will suppress
surface waves propagation in the dielectric layer that
indicated by reducing the coupling level.
II.

ARRAY ANTENNA WITH BICONICAL–SHAPED DGS

A. DGS as an overview
DGS is intentionally defects the groundplane on a planar
transmission line including microstrip line in order to
improve the electromagnetic device performance. It is
configured by incorporating cascaded periodic or nonperiodic structures into the groundplane, which disturbs the
shield current distribution in the groundplane [17]. Due to the
ability disturbs the shield current distribution, hence it can be
represented as an equivalent circuit that consisting of the
inductance and capacitance. Figure 1 shows some types of
DGS that frequently implemented for enhancing circuit

performance including rectangular slot, U-shaped slot,
square-slot dumbbell, spiral-head dumbbell, and interdigital.
Some of them have been more complex structure such as
spiral-head dumbbell DGS and interdigital DGS for more
unique characteristics contribution.

Fig. 1. Some types of DGS; (a) rectangular slot; (b) U-shaped
slot; (c) square-slot dumbbell; (d) spiral-head dumbbell; (e)
interdigital
B. Design of Array Antenna with Biconical–Shaped DGS
In this paper, the biconical–shaped DGS as new shape is
introduced to reduce the coupling between two element of the
planar–array antenna as shown in Fig. 2.

Fig. 2 Array Antenna with Biconical – Shape DGS: (a) Top
view; (b) Bottom view
The proposed array antenna with biconical–shaped DGS is
constructed on single layer of FR4 epoxy dielectric substrate
with the relative permittivity of 4–4.3 and the thickness of
1.6mm. Figure 2 illustrates the construction of array antenna
with biconical–shaped DGS, which is used for the
investigation of coupling reduction. The construction is taken
from the array antenna design in [12] except the number of
feeding ports and the shape of DGS. The array antenna that
constructed with overall size of 130 mm (length) × 105 mm
(width) has two antenna elements located on the top view.
Meanwhile, four units biconical–shaped DGS incorporated
into the groundplane placed at the bottom view.
Furthermore, each element port of the array antenna gets
the same power excitation. To demonstrate the feasibility of
biconical–shaped DGS in coupling reduction, an array
antenna without DGS is also investigated. The array antenna
without DGS is also implemented on the same dielectric
substrate with the geometry and design parameter are identic
to the array antenna with biconical–shaped DGS.
III.

FABRICATION, RESULTS AND DISCUSSION

A. Hardware Fabrication
The array antennas with and without biconical–shaped
DGS are designed by using simulation software to obtain the
radiation characteristics of antenna. To verify the simulation
results, both designed array antennas with and without
biconical–shaped DGS are fabricated on single layer of FR4
epoxy dielectric substrate with thickness of 1.6 mm as
shown in Fig. 3.

(a)

Fig. 3 Realized array antenna; two antenna elements (top);
groundplane with biconical–shaped DGS (bottom–left);
groundplane without biconical–shaped DGS (bottom–right).
(b)

Figure 3 shows the pictures of fabricated array antenna
with and without biconical–shaped DGS that fabricated
through wet etching technique. Two SMA connector types
are soldered at the feeding ports of each fabricated array
antenna
for
experimental
characterization.
The

characterization is focused on how the incorporation of
biconical–shaped DGS into the groundplane of array antenna
can reduce the coupling level between two antenna elements.
B. Results and Discussion
The simulation and measurement results of 11 for array
antenna with and without biconical–shaped DGS are shown
in Fig. 4. The results show that the array antenna with and
without biconical–shaped DGS resonates at the frequency of
1.955 GHz. The value of 11 is up to –24 dB for the array
antenna with biconical–shaped DGS and –22 dB for the
antenna without biconical–shaped through simulation.
Meanwhile, the value of 11 is up to –17 dB for the array
antenna with biconical–shaped DGS and –16 dB for the
antenna without biconical–shaped through measurement. It
is indicated that the impedance–matching improvement of
array antenna with biconical–shaped DGS has been
accomplished. The impedance bandwidth for 11 ≤ 10dB of
the array antenna with and without biconical–shaped DGS
through simulation are 15 MHz (1.950–1.965 GHz) and 10
MHz (1.946–1.956 GHz), respectively. Meanwhile, the
impedance bandwidth for 11 ≤ 10dB of the array antenna
with and without biconical–shaped DGS through
measurement are 30 MHz (1.940–1.970 GHz) and 29 MHz
(1.938–1.967 GHz), respectively.
pengukuran s11 tanpa DGS
simulasi s11 tanpa DGS

pengukuran s11 DGS
simulasi s11 DGS
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The interesting point from the characterization of array
antenna with biconical–shaped DGS using different feeding
port for each antenna element is that the coupling between
two antenna elements is slightly greater compared to the
coupling achieved in [12]. This is due to the power
excitation, which is fed at the port of feeding line. When
each antenna element obtains full power excitation at each
port of the feeding line, it provides the impact of greater
generated coupling. While in [12] each antenna element
obtains half power excitation, which gives the impact of
smaller generated coupling.
IV.
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Furthermore, the measurement and simulation results of
21 that also known as coupling between two antenna
elements are shown in Fig. 5. It can be observed that the
coupling of array antenna with biconical–shaped DGS is
lower than the array antenna without biconical–shaped DGS.
The coupling of array antenna with and without biconical–
shaped DGS at the frequency of 1.955 GHz through
simulation are –25.42 dB and –24.75 dB, respectively. It
indicates that there is the coupling improvement of 0.67 dB.
Meanwhile, the coupling of array antenna with and without
biconical–shaped DGS at the frequency of 1.955 GHz
through measurement are –38 dB and 35.6 dB, respectively.
It also indicates that there is the coupling improvement of
2.4 dB. Therefore, both simulated and measured couplings
provide the improvement of 0.67 dB and 2.4 dB,
respectively.

-10
-15
-20
-25
1,9

1,91 1,92 1,93 1,94 1,95 1,96 1,97 1,98 1,99

2

Frequency (GHz)

Fig. 4. Measurement and simulation results of 11 for array
antenna with and without biconical–shaped DGS.

Measurement without DGS
Simulation with DGS

CONCLUSIONS

The coupling reduction between two antenna elements of
array antenna has been presented and implemented using
biconical–shaped DGS incorporated into the groundplane of
array antenna. The array antenna with biconical–shaped
DGS has been simulated and fabricated to demonstrate the
feasibility of biconical–shaped DGS in coupling reduction,
which was compared to the array antenna without DGS. It
has been shown that the biconical–shaped DGS could reduce
the coupling between two antenna elements. The
measurement and simulation results have shown the
achievement in coupling reduction up to 2.4 dB and 0.67 dB,
respectively, at the resonance frequency of 1.955 GHz.
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