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ABSTRACT as using the substrate with low dielectric constant, using H-

The aim of this research work is to enhance the bandwidth of
an octagonal shaped microstrip patch antenna. For this
purpose stacking concept has been used. Electromagnetic
coupling is provided between the top and bottom patch. The
dielectric substrate material of the antenna is glass epoxy FR4
having &,=4. 4 and loss tangent 0.025.The performance of the
final modified antenna is compared with that of a Rectangular
Shaped Microstrip Patch Antenna (RSMPA) and Rhombus
Shaped Microstrip Antenna (RSMA). The designed antenna
has two resonant frequencies 5.29 GHz and 5.49 GHz. So this
antenna is applicable for the WiMax application. This
electromagnetic coupled antenna offers much improved
impedance bandwidth 22.08%. This is approximately five
times higher than that in a RSMPA antenna
(Bandwidth = 4.43%) having the same dimensions.
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1. INTRODUCTION

The microstrip patch antenna has found extensive applications
in wireless communication systems owing to their advantages
such as low profile, conformability, low fabrication cost and
ease of integration with feed network [1]. Microstrip patch
antennas come with a drawback of narrow bandwidth, but
wireless communication applications require broad bandwidth
and relatively high gain. The shape of antenna varies
according to their use, gain and bandwidth they support [2].
The serious problem with patch antenna is their narrow
bandwidth due to surface wave losses and large size of the
patch. As a result, various techniques to enhance the
bandwidth are proposed. Several techniques have been used to
enhance the bandwidth by interpolating surface modification
in patch configuration [3-6]. In the method of air gap filled
substrates an air gap is added to the substrate to reduce the
dielectric constant of the feeding substrate. This consequently
increases the bandwidth [7]. Literature approves successful
implementation of different broad banding techniques such as
multilayer stacked patches. This consequently increases the
bandwidth [8]. There have been a lot of developments in the
field of antenna design in recent years. The researchers are
focusing on Increasing gain and impedance, bandwidth and
decreasing dimensions of microstrip antennas while keeping
the antenna at low cost and easy to fabricate. But as far as
bandwidth of these antennas is concerned, it is always a
challenge to the researchers to significantly increase the
bandwidth of Microstrip Patch Antenna. Different techniques
have already been used for the bandwidth improvement such

shaped patches, stacked patches or by increasing the height of
the substrate. [9]. One effective method to increase the
bandwidth is to add a second patch in front of the basic one
resulting in the so called dual patch microstrip antenna. The
concept of stacking patches is realized through
electromagnetic coupling form which gives bandwidth
enhancement [10].

2. ANTENNA GEOMETRY AND
DESIGN

In the designing process initially a single layer Rectangular
Shaped Microstrip Patch Antenna (RSMPA) has been
considered. Dimension for this antenna were taken as Length
L=24 mm and Width W= 30 mm. Design and simulation
process were carried out using IE3D simulation software 2007
version 12.30. The geometry of the RSMPA is depicted in
figure 1. The design parameters for all proposed microstrip
antenna is depicted in Table-1.

Table 1: Design parameters for all proposed microstrip
antenna

Sr.
no.

Parameters Design

consideration

1 Patch dimension 24 mm x 30 mm

2 Dielectric substrate (FR4) 4.4
3 Substrate height 1.6 mm
4 Coaxial probe radius 0.62 mm

—— 24 mm

30 mm

Figure 1: Geometry of Rectangular Shaped Microstrip
Patch Antenna
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3. SIMULATION AND RESULT
ANALYSIS

The conventional rectangular shaped microstrip patch antenna
is simulated first using IE3D software. This simulated
reflection coefficient curve shows that the antenna is
resonating at frequency 3.79 GHz as shown in figure 2.
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Figure 4 shows the variation of reflection coefficient with
frequency. It shows that the RSMA is resonating at 3.30 GHz
frequency. After modification of rectangular patch the
obtained bandwidth is 4.53 % as indicated in the figure 4.
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Figure 2: Variation of Reflection Coefficient v/s Resonant
Frequencies

The value of impedance bandwidth is 4.43 % as indicated in
the figure 2. The simulated input impedance of the antenna at
resonance frequency 3.79 GHz is (51.42 + j 2.80) ohm which
is close to 50 ohm impedance. Since the rectangular shaped
microstrip patch antenna has low bandwidth, so to improve
the performance of this antenna further modifications are
required.

So in order to increase the bandwidth Rhombus Shaped
Microstrip Antenna (RSMA) is designed by cutting four
triangles from the corner sides of the rectangular shaped
microstrip patch antenna. The structure of RSMA is shown in

figure 3.
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Figure 3: Structure of Rhombus Shaped Microstrip Patch
Antenna (RSMPA)
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Figure 4: Variation of Reflection Coefficient v/s
Resonance Frequency of RSMA

The simulated result shows that the input impedance at
resonant frequency 3.30 GHz is (48.65-j3.29) ohm. Still
precise bandwidth was not obtained. So in next step of
designing process, some modification is done in the structure
of RSMA to get wider bandwidth. Now Octagonal Shaped
Microstrip Antenna with Rectangular Slot (OSMARS) is
proposed. The dimension of rectangular slot is taken as
9 mm x1 mm. This type of antenna geometry is obtained by
cutting four triangles from the corner sides of RSMA and
introducing one rectangular slot in the geometry. The
structure of OSMARS is shown in figure 5.

18 mm

F 6.4 mm

22 MM ————ed

= 7.4 mm —

Figure 5: Structure of Octagon Shaped Microstrip
Antenna with Rectangular Slot (OSMARS)
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In order to improve the bandwidth stacking principle has been
used in which an additional Octal Shaped Microstrip Antenna
(OSMA) with the same dimension as OSMARS is placed
above the Octagon Shaped Microstrip Antenna with
Rectangular Slot (OSMARS). The air gap between OSMA
and OSMARS is 0.6 mm. In this stacking configuration,
OSMARS is worked as a bottom patch and OSMA is worked
as a top patch. Both antennas are electromagnetically coupled.
The proposed antenna is identified as Stacked
Electromagnetic Coupled Octal Shaped Microstrip Antenna
(SECOSMA). The 3D view of the proposed stack
configuration of the antennas is shown in the figure 6.
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Figure 6: 3-D view of SECOSMA

The figure 7 shows the variation of reflection coefficient with
frequency.
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Figure 7: Variation of Reflection Coefficient v/s
Resonance Frequency
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It shows that the SECOSMA is resonating at resonant
frequencies 5.29GHz and 5.49GHz. The smith chart plot for
the proposed antenna is depicted in figure 8.
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Figure 8: Smith chart plot

The input impedances are (49.91-j3.60) ohm and (49.55+j.73)
ohm at two resonant frequencies 5.29 GHz and 5.49 GHz
respectively. The value of obtained bandwidth for this
antenna is 22.10 %. So the performance of SECOSMA is
found better than the RSMPA and RSMA since obtained
bandwidth is approximately five times higher in comparison
with RSMPA and RSMA.

Figure 9 shows the gain curve for the proposed antenna. The
simulated gain at frequencies 5.29 GHz and 5.49 GHz are
3.67 dBi and 1.31 dBi respectively.
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Figure 9: Variation of gain v/s resonance frequencies

The curve between directivity and resonant frequencies is
shown in fig. 10.
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Figure 10: curve between directivity and resonant
frequencies

The directivity of this antenna is 7.85 dBi and 7.15 dBi for the
resonant frequencies 5.29 GHz and 5.49 GHz respectively.
The curve between

radiation efficiency and
frequencies is shown in figure 11.

The direction of maximum radiation is uniform in all direction
and normal to the patch as represented in the following
figures.
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Figure 11: curve between radiation efficiency and
resonant frequencies

The radiation efficiency of the antenna is 38.49 % at 5.29
GHz and 26.05 % at 5.49 GHz. The variation of VSWR with
the resonance frequencies is shown in figure 12. The values of
VSWR at resonance frequencies 5.29 GHz and 5.49 GHz are
1.09 and 1.02 respectively.
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Figure 14: 2D polar Radiation pattern at 5.49 GHz
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Figure 12: curve between VSWR and resonant frequencies

The radiation patterns at resonant frequencies 5.29 GHz and
5.49 GHz are shown in figure 13 and figure 14 respectively.



Bandwidth is one of the important antenna performance
parameter. From the analysis it is realized that impedance
bandwidth for SECOSMA is around five times higher in
comparison with RSMPA and RSMA. Comparative results
are more clearly shown in figure 13.

Bandwidth (%)

B ERSMPA
22.10 W RSMA

SECOSMA

Figure 13: Bandwidth comparison between RSMPA,
RSMA and SECOSMA

The graph shown in fig. 14 clearly indicates the comparative
results of all three geometries on basis of return loss. It
indicates that all geometries have very low return loss as
required.

Return Loss

M Return Loss

Figure 14: Return loss comparison between RSMPA,
RSMA and SECOSMA

4, CONCLUSION

The proposed Stacked Electromagnetic Coupled Octagon
Shaped Microstrip Antenna (SECOSMA) resonates at two
frequencies 5.29 GHz and 5.49 GHz. By using this antenna
much improved bandwidth of 22.10 % is obtained which is
approximately five times higher in comparison with RSMPA
and RSMA. The direction of maximum radiation is uniform in
all direction and normal to the patch .The gain provided by the
proposed antenna is 3.67dBi which is quite encouraging. The
designed antenna exhibits a good impedance matching of
about 50 ohm. From the analysis of simulated results it can be
verified that the proposed antenna is best suitable for WiMax
applications. For further improvement in impedance
bandwidth, the technique that can be employed is reduction of
total area of the radiating patch. The area of the proposed
antennas is reduced by making slots on the patch. It can be
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further reduced by making some fine adjustments in the shape
and size of the patch. Therefore, future work on the simulated
antennas can be done by doing stacking and making slots on
the patch of the antennas which increases the impedance
bandwidth of the antennas.
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