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Abstract: This paper presents the design of Mushroom-like Electromagnetic Band Gap (EBG) structure with microstrip
patch antenna for the enhancement of Bandwidth and gain. The proposed antenna is designed by using Teflon material with
εr=2.55 & thickness h=1.6mm for a frequency of 8.1GHz. Due to the impact of the EBG structure in the dielectric subtracts,
the Electromagnetic Band Gap is created that reduces the surface waves considerably. As a result it exhibits enhancement of
Bandwidth and gain better as compared to conventional rectangular microstrip patch antenna.

Index terms: Rectangular Microstrip Patch Antenna (RMPA), Mushroom-like Electromagnetic Band Gap (EBG) structure,
Periodic structure, Photonic Band Gap (PBG).
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1. INTRODUCTION

Microstrip Patch Antennas are extensively used in satellite
communications, aerospace, radars, bio-medical
applications because of their easy of fabrication, light
weight, low profile, low cost, compatibility with integrated
circuits. However, these antennas inherently suffer from
draw back such as narrow bandwidth, gain and tolerance
problem and excitation of surface waves [1]. These
drawbacks prohibit their application in other fields. The
surface wave’s generation can be reduced; bandwidth
and gain can be increased by using Mushroom-like
Electromagnetic Band Gap (EBG) structure, with rectangular
microstrip patch antenna.

In recent trend there has been considerably effort in
the EBG structure for antenna applications to overcome the
limitations of the antenna. The EBG structure utilizes the
inherent properties of dielectric material to enhance the
rectangular microstrip patch antenna performance.

In general, EBG material is a periodic structure that
forbids the propagation of all electromagnetic surface waves
within and particular frequency band called the Bandgap. It
permits an additional control of the behavior of
electromagnetic waves other than conventional guiding and
/or filtering structure.

In this paper, we propose rectangular microstrip patch
antenna with Mushroom-like Electromagnetic Band Gap
structure. The characteristic of EBG depends on the shapes,
size, symmetry and the material implemented in their
construction. Our proposed antenna gives better Bandwidth
and gain enhancement compared to conventional antenna.

The design and simulation has been done by using Zeland
IE3D simulation software. The remainder of the paper is
organized as follows; in section II a brief description of
Electromagnetic Band Gap (EBG) structure is presented.
The section III Presents the conventional rectangular
microstrip patch antenna design configuration, section IV
Proposes rectangular microstrip patch with Mushroom-like
EBG structure antenna design and configuration. In V we
present simulation results and discussion. The conclusion
of this paper is provided in section VI.

2. ELECTROMAGNETIC BAND GAP (EBG)
STRUCTURE

In the recent research, Electromagnetic Band Gap (EBG)
structure materials have attracted much attention among
researchers in the microwave and antennas communities.
While generally known as Photonic Band Gap (PBG)
structures with origin in the area of optics [2] they are now
found to have a wide variety of applications in components
of the microwave and millimeter wave devices as well as in
antennas. In general Electromagnetic Band Gap (EBG)
structures can be defined as artificial periodic (or sometimes
non-periodic) objects that prevent or assist the propagation
of electromagnetic waves in a specified band of frequency
for all incident angle and polarization state. EBG has the
potential to provide a simple and effective solution to the
problems of surface and leaky waves. EBG structures are
usually realized by periodic arrangement of dielectric
materials and metallic conductors. In general they can be
categorized into three groups according to their
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configuration. They are (1) Three dimensional volumetric
structures, (2) Two dimensional planar surfaces, (3) One
dimensional transmission lines. The two dimensional planar
surfaces have the advantages of low profile, light weight,
low fabrication cost and are widely considered in antenna
engineering. The two dimensional EBG structure are shown
in figure1. This configuration is comparatively used as
compared to the remaining surfaces. The space between the
edge of the neighboring cells and between the slit give
capacitance and the via increase the inductance. The
equivalent LC circuit is resonated at particular frequencies
in the stop band [3]. The center frequency of this stop band
can be calculated from f=1/2π√LC.

A negative value of return loss shows that this antenna
had lot many losses while transmitting the signal. From the
same figure bandwidth is calculated by using formula. The
value of the f1 and f2 were taken at -10 dBi from the transmitted
power. The bandwidth obtained is 790 MHz (8.2%).

 And %age of Bandwidth is = (f 2-f 1) ×100 /f c

Figure 1: Two Dimensional EBG Structure

A two dimensional Mushroom-like EBG structure is
shown in Figure 1. Designs of rectangular microstrip patch
antenna with Mushroom-like EBG structure are preferable
because of light weight, low fabrication cost. There are four
main parameters affecting the performance of Mushroom-
like EBG structures like rectangle width W, length L, gap
width g, substrate thickness h and substrate εr, also the
vertical vias radius has a trival effect [4]. These are the
parameters that are affecting the performance of EBG
structure of the patch antenna [5].

3. CONVENTIONAL RECTANGULAR
MICROSTRIP PATCH ANTENNA DESIGN
CONFIGURATION

In this paper a rectangular Microstrip patch antenna is
designed by using dielectric constant εr = 2.55 and the
substrate thickness is 1.6mm, width of the patch W= 13.7mm
and the length of the patch L= 10.2mm is taken. The typical
rectangular microstrip patch consists of ground plane
dielectric substrate and rectangular patch. The antenna is
feed by co-axial probe feed and is located at the distance
(dy) of 2.0mm away from the center of the patch. The
antenna in this paper is simulated using Zeland IE3d
simulation software, the simulated result is shown. The
antenna resonated at frequency of 8.1GHz with return loss
of -21.00 dBi as shown in the Figure3.

Figure 2: Conventional Rectangular Microstrip Patch
Antenna

Figure 3: Return loss v/s Frequency of Conventional
Rectangular Microstrip Patch Antenna

Since a conventional Microstrip patch antenna radiated
normally with its rectangular surface. The radiation patterns
for Eθ=0º and Eϕ=90º are shown in Figure 4(a) below. It is
seen that the maximum radiation occurs with gain = 6dBi.
The radiation efficiency and antenna efficiency is shown in
Figure 4(b) and it is around 70 to 75%.

Figure 4(a): Radiation Pattern of the Conventional of
Conventional Rectangular Microstrip Patch Antenna
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4. RECTANGULAR MICROSTRIP PATCH
ANTENNA WITH MUSHROOM-LIKE EBG

The design of the patch antenna with EBG structure has
been shown in the Figure 5. The patch antenna is placed in
the same plane as the EBG structure and it is placed at the
centre of the 5×5 EBG lattice. The distance of patch edge
from EBG design; x=2.65mm, Y=4.4mm. The patch antenna
is fed width coaxial probe feed at a distance fp=2.00mm
from the origin as in the conventional rectangular microstrip
patch antenna. Other dimensions of the EBG structure are
as shown in the table1.The performance of the antenna is
studied with EBG structure with via 2r=0.4mm and via
2r=0.8mm. In this paper, design of rectangular microstrip
patch antenna with low dielectric constant is used because
in case of lower dielectric constant of the substrate, surface
wave loses are more severe and dielectric conductivity loses
are less server. By using EBG structure surface wave losses
can be reduced easily. Below Table 1 shows the important
parameter for the geometrical configuration of the antenna.

Table 1
Geometrical Configuration of the Antennas

Antenna configuration Parameters Values

Rectangular patch Length L=10.2 mm
width W=13.7 mm

Patch substrate Dielectric constant εr= 2.55
Height h=1.6 mm
Dielectric loss tangent δ=0.001

Mushroom-like EBG length L=5 mm
EBG structure EBG width W=5 mm

Gap width g=1.00 mm
Via.1 2r=0.4 mm
Via.2 2r=0.8 mm

Probe feed location fp 2.00 mm

5. SIMULATION RESULTS AND DISCUSSIONS

The simulation results of the rectangular patch antenna with
and without EBG in terms of Bandwidth, Gain are shown
in Table below.

Table 2
Simulation Results of Conventional Antenna and

Antenna with EBG

Sl.No. Antenna Bandwidth in % Gain (dBi)

1. Conventional Patch 8.2 (7.83 to 8.5) 6
2. EBG patch (2r=0.2mm) 9.7 (7.83 to 8.63) 6
3. EBG patch (2r=0.4mm) 14.9 (7.88 to 9.15) 6.8

It is seen from the Figure 6(a) the return loss
characteristics of the antenna with EBG via 2r=0.4mm is
-19dBi at 8.23GHz. The antenna is working from 7.83 to
8.63GHz, the impedance bandwidth measured at -10dBI
return loss is 9.7% (790MHz). Similarly FIgure 6(b) shows
the return loss characteristics of the antenna with EBG
having via 2r=0.8mm is -23.5dBi at 8.515GHz. The antenna
is working from 7.68 to 9.15 GHz, the impedance bandwidth
measured at -10dBi return loss is 14.9% (1.27GHz). From
this it is clear that the impedance bandwidth of rectangular
microstrip patch antenna with EBG of via 2r = 0.4 is
increased to 1.5% and via 2r = 0.8 is 6.7% more compared
to conventional rectangular Microstrip patch antenna.

Figure 4(b): Radiation Efficiency and Antenna Efficiency
Rectangular Microstrip Patch Antenna

Figure 5: Rectangular Microstrip Patch Antenna with
Mushroom-like EBG Figure 6a
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 The radiation pattern of the rectangular microstrip
patch antenna with Mushroom-like EBG of 2r=0.4 and
0.8mm has been studied and it shown in Figure 7(a) & 7(b).

It is in seen from the Figure 7(a) & 7(b) that the gain of
the rectangular microstrip patch antenna with EBG is 6dBi
and 6.8dBi where as the gain of the conventional antenna is
6dBi. This shows the gain of the antenna has been increased
with EBG structure.

Figure 6b

Figure 6(a) & 6(b): Bandwidth of the Rectangular
Microstrip Patch Antenna with Mushroom-like EBG via

0.4mm and 0.8mm

 Figure 7(a) & 7(b): Radiation Pattern of the Rectangular
Microstrip Patch Antenna with Mushroom-like EBG via

0.4mm and 0.8mm

Figure 7b

Figure 7a

Figure 8a

Also the antenna efficiency, radiation efficiency
of the antenna with EBG is studied and it shown in the
Figure 8(a) & 8(b). From the figure it is clear that for the
conventional antenna has the efficiency are near to 75%,
but the EBG structure (2r=0.4mm ) is above 75% and with
EBG structure (2r=0.8mm) is above 90%. This shows there
is improvement in antenna efficiency and radiation
efficiency with EBG.

6. CONCLUSION

In this paper the rectangular microstrip patch antenna with
and without EBG operating at 8.1GHz has been designed

 Figure 8(a) & 8(b): Radiation Efficiency and Antenna
Efficiency of the Rectangular Microstrip Patch Antenna

with Mushroom-like EBG via 0.4mm and 0.8mm
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and studied. From the simulated results it is seen that the
performance of the patch antenna designed with EBG
structure is better compared to conventional patch antenna
without EBG. These antennas may find applications in
communication and radar system.
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