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Abstract
The objective of this paper is to analyze the performance of electromagnetic band gap (EBG) antenna for base station
applications through simulation. The proposed analysisis carried out using the high frequency structure simulator (HFSS). In our
method, to overcome several intrinsic limitations of patch antennas such as constrict bandwidth, low gain, excitation of surface
waves, the EBG concept is applied. The patch antenna and patch antenna surrounded by the EBG cells are characterized in terms

of return loss and radiation pattern in an anechoic chamber.

Index Terms: Microstrip patch antenna, electromagnetic band gap structure, bandwidth, gain.
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1. INTRODUCTION

With the rapid development of wireless field, mitrgp
antennas became more appealing in antenna community
These antennas are low-profile, low price and digmo
However, Surface waves are a major drawback ferttipe

of antenna as they lower the antenna efficiencynafrow
impedance bandwidth is another limitation of patch
antennas. Two techniques have been applied to esgpr
surface wave propagation, namely micromachining JL-
and periodic structures called the electromagrsind gap
(EBG) structures [3-6]. In microstrip antennas, EBG
structures environing patch element to suppressacr
waves to attain better side lobe and back lobeldeard
enhanced radiation efficiency. It has been showartitle

[7] that, placing EBG cells ik-plane is enough for surface
wave reducing and it is not required to haiplane EBG
cells. This EBG structures is used in microstripagr
antennas between radiating array element&-plane to
come down mutual coupling between them by supprgssi
surface waves. However, the consequences of EBG
structures environing the antenna can be considesdwo
consequences, namely parasitic loading effect aatyc
effect. The parasitic loading effects enhance tedlvidth,
whereas the cavity effect diminishes the bandwidthe
EBG cells placed in nearness of the radiating edddke
antenna components provide the parasitic loading an
thereby bettered bandwidth [8]. On the other haimel EBG
structures also reflect back a part of the enengy ¢irculate
along the substrate of the antenna, thus actingféesting
walls across the antenna and thereby the cavigcefVith
elite rows of EBG structures, minus energy is téld back
and the parasitic effect becomes prevailing. Thistributes

to the significant enhancement in the bandwidths. tihe
number of rows is increased, more of the energgutdte
along the substrate is reflected back and the ycafiect
becomes prevailing. This in turn enhances the @facf
the cavity made by the EBG structures surroundimg t
antenna and come down the bandwidths of the antéhma

the other hand, front to back ratio (FBR) of thdeana
enhances with the number of EBG rows surroundirg th
antenna, as anticipated, due to the suppressicsurbdce
waves.

Since antenna radiation features, incubate resonant
frequency and radiation patterns are ascertainethéomost
part by its shapes and size, altering its geometry
mechanically allow for a non-rational method toafigure

its radiation attributes. MEMS techniques incorpera
electrical and mechanical operates in a single compt
using micro fabrication or micro aching technologgd can

be recognized with present semiconductor integreiedit
serving [5-7]. Hence, MEMS based reconfigurableraras
had been widely inquired [8-13]. By using printaccuait
board (PCB) techniques, planar wire antennas iricthre of
filamentary conductive traces can be constructech wit
inserted MEMS switches. A MEMS switch converts
dynamically the antenna length and enables dual or
multiband applications.

Antenna reconfiguration can also be projected elpits
switch such as PIN diodes, which are ordinarilyduge
modern communications and radar applications. Wthen
diode switch is DC forward biased, it is at an “atite and
is ideally a short circuit; while when the diodereverse
biased, it is at an “off” state and the diode igmircuited.
Placing a PIN diode in between two conducting tsace
could control electronically the efficient antenphysical
length. Planar microstrip antennas using PIN diode
switching for reconfiguration had also been inves#dd [4—
8].

Most reconfigurable antennas are groundad the
dynamic control of the antenna physical lengtlis fiossible
to design electronically tunable antennas by adgpthe
attributes of the material where an antenna ocsupierrite-
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Loaded microstrip antennas are examples [2], whikee
antenna features are aligned by the external miagielts
issued by a dc biased circuit.

Electromagnetic band gap (EBG) structures in pdinte
circuits are thin complex dielectric layers withripédic
metallic patterns (generally backed by a metal gdou
plane), and have one or multiple frequency bandsgap
which no substrate mode can exist. This unique osimg
has been utilized to design antenna systems wiitfipeove
gain and efficiency, lower side-lobes and back-ltéhels
amend isolations within array elements, by crusksindace
wave modes [2—-4]. The EBG substrate has beenadilia
alleviate some withdraws of conventional microstrip
antennas [5-7]. Recently, radiation features ofierastrip
patch over a mushroom-type electromagnetic band-gap
(EBG) substrate were inquired [9]. The EBG surfaces
found to have the impressions of diluting the pattonant
length and bandwidth as a result of stronger c#peci
coupling.

In this paper, the functioning of a rectangular nwstrip
patch antenna has been mended utilizing a newdrdil
electromagnetic band-gap (EBG) substrate. The patch
antenna is fed by a driven terminal and is integtatithin a
cylindrical electromagnetic band-gap substrateetham the
mushroom-like substrate, to raise the antenna gaid
bandwidth. The cylindrical electromagnetic band-gap
structure applied is a combination of two periostizictures
with dissimilar periods. The feature of the pataiteana
based on drilling air holes and embedding a metahHary

in the substrate were studied by [9]. The outcouggssted
that the surface waves which spread along the sidathe
substrate can be inhibited by the multiple photdr@nd-gap
structure because of its consequences of forbildad, that

it can diversify almost of electromagnetic waveséryy in
the substrate importantly, and that it has loweurreloss
(S11) compared to the conventional patch antenmas a
enhanced gain.

2. ELECTROMAGNETIC BAND-GAP
STRUCTURE

Periodic structures are ample in cosmos beguiléstaand
scientists alike. When an electromagnetic wavesgéziag
procedures amazing boa

P - panindioy
EBG F 2 i of e el
erl : poriodcity al wnit ool
2 : pariodcity af sutminte
Patch

Fig 1. Electromagnetic band-gap fundamental structure
showing radiusand periodicity of structure

In detail, boats frequency stop-bands, pass-bamsband
identified [1]. Brushing up the literature, on sele
nomenclatures have been applied looking of
applications. These applications are innovatioratiggs,
frequency exclusive surface photonic crystals [2d a
photonic band-gaps They can be assorted benealibé¢na!
Electromagnetic Band-gap (EBG) structures in Gdnera
speaking, electromagnetic banish are specified ragal
periodic (or formerly objects that forbid/aid theopagation

of waves in a assigned band of frequency for al alhd
polarization states (as shown in F structures arenconly
recognized by periodic dielectric materials and atfiet
conductors (as shown in fig. 1). In universal, tleayn be
categorized in allowing to their geometric configtion: (1)
dimensional volumetric structures, (2) two-dimensio
surfaces, and (3) one-dimensional.

the

3. ANALYSISAND DESIGN

In this division, a rectangular microstrip patchteanma and

its cylindrical EBG substrate are projected by g a
Finite Element method (HFSS-Ansoft). In the pregens
operation convergence and minimization of numermécedrs
were received by assuring that the mesh was serftigi
alright. In Subsection A, the patch antenna is pdghto
function at an arbitrary chosen frequency. Then, in
Subsection B, the EBG substrate is projected tawecd the
gain of the patch antenna at its functioning fremye

3.1 Rectangular microstrip patch antenna

This subsection identifies the patch-antenna cordign
that is chose to execute the comparison betweam usi
normal substrate and a cylindrical EBG substratee T
antenna is depicted in Fig. 2. The patch antenna is
rectangular with length of | = 15.8 mm and breathbi=
8mm printed on a substrate with a relative perwititiof or

= 2.2. The patch is fed by a probe and placed 6fram the
center of the patch. The feed location was opticthize
afford better impedance matching. The sizing of the
substrate is 180 mm x 180 mm. The antenna resomaates
10.667 GHz.

f
/

Ground -

Fig 2: Rectangular patch antenna with microstrip.

Volume: 02 Issue: 12 | Dec-2013, Available @ http://www.ijret.org

112



IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

The maximum gain of the patch antenna is about .6Td@
gain of this antenna is heightening using a cylscadrEBG
substrate, which is depicted in the next subsection

3.2 Patch antenna surrounded by a cylindrical
EBG substrate

While the previous subsection has defined the patbrna
configuration, the design of the EBG substrate isvno
presented. Figure 3 shows the schematic of theogemp
patch antenna surrounded by a cylindrical structure
composed of metal rings and grounding vias. Theeotmnic
rings of strips are etched on the same plane tharpatch
antenna, with the distance 5mm from one to anoffibe
first metal ring starts at the radius 2mm.

00000000

[

B B ]
Patch

Fig 3: Patch incorporated with the cylindrical EBG
substrate.

The vias have the radius a, and they are dispostdtie
same transversal period Pt and the same radiabderi
Pr2.The following parameters are fixed: 2a = g = 2rmhe
remaining parameters Prl and Pr2 were optimizede€elh
concentric rings and three circularly periodic stanes of
vias are considered. According to numerical res(tist
shown here), the gain is not sufficiently increaséén only
one or two layers are used.

4. SIMULATION RESULT

The proposed EBG-based antenna structure has been
simulated using cell size 129 x 131 x 34. HereetstepAt

= 2.0747 ns. Results have been analyzed for vamiadif
bandwidth, active z parameter, vswr, gain and cdtie loss
because EBG structures are expected to increaskvisih

and gain by suppression of surface waves. fig.5vstaxctive

z parameter got from the designed EBG structuig4 fi
shows bandwidth obtained for the proposed structure
rectangular patch. The vswr of the proposed ddsighown

in Fig.6.
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Fig 4: Z Parameter vs. frequency (in GHz) for the proposed

structure.
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Fig 6: VSWR (in dB) vs. frequency (in GHz) for the proposed

structure.
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5. OBSERVATIONS

Observations concerning the bandwidth, active z
parameters, active vswr, and gain and reflecti@s lasing
the proposed antenna structure have been talked abd
amended in this section.

5.1 BANDWIDTH

This design achieved an impedance bandwidth of420.1
(2.34-2.59 GHz) at -10 dB return loss. Simulatediation
pattern is almost omnidirectional. The simulatedutes
prove the compatibility of the EBG antenna with thd6
GHz ISM band applications. Further enhancementhef t
antenna performance with improved design is under
consideration.

1
6.2 Gain i

Gain has been accounted from the radiation patters  [2]
and H-plane for the patch antenna. Gain receiven fro
proposed antenna structure (EBG substrate) is faoriue
7.7324 dB at 10.667 GHz (from Fig. 5-6). Gain rgedrom
patch without any EBG structures show a value dB6at
an operating frequency of 10.667 GHz. Gain obtaumsdg
proposed structure is importantly more than thathovit
EBG.

[3]

[4]

6.3 Reflection loss

5
Reflection loss for aimed EBG-substrate patch isébto Bl
attain a lowest value of -33 dB. It is evident fraime
reflection loss curves of the antenna structurésguEBG
and that without EBG that reflection loss has reduc [g)
drastically for patch with EBG. This has ensued an
noteworthy improvement in gain. The bandwidth bé t
constitute EBG-based patch is bumped to be 112.2.MH

6. DISCUSSION [7]
It is known that the bandwidth of the antenna can b
enhanced by contracting any loss of the antennactBm

of an effective quality (low-loss) substrate witirgract the
dielectric and conductor losses. However, surfaaees go
inside the substrate and reduce the bandwidth. eBoce
this surface wave loss, wave propagation has tstdygped
inside or reflected outside the substrate to ertathe
bandwidth in forward direction. The waves are dagsor
retarded by obstructing their path with a high aggtion-
impedance - air ¢f =1). The impedance offered by a
dielectric is given asw/4E,. This implies that the
impedance offered, is maximum for smallest valuer ¢the
smallest value ofer being 1 for air). In the proposed
antenna, the surface waves are reduced by dritloigs in
periodic fashion in the dielectric substrate. Thenarkable
improvement in gain can be attributed to the peciedfect

of embedding air voids (holes) in the substrate.

(8]

[9]

7. CONCLUSION

In this paper, a novel proficiency for the bandWidt
sweetening of micro-strip patch antennas usingliadrjcal
EBG structure has been aimed and established. Bt E
structure is based on the mushroom-like structuith &
circular proportion. It is framed of a periodic wtture of
metallic rings and of a periodic structure of viaghe
periods of time of these structures have been dgtin
applying a full-wave method to maximize the bandtvid
The new substrate comes down the surface wavethbut
bandwidth enhancement is primarily due to the dogpl
between the patch and the EBG structure.
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