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ABSTRACT

In recent years, microstrip antennas become very popular because of their interesting advantages of low
cost, low profile, light weight, easy fabrication and ease of analysis. Electromagnetic Band Gap (EBG)
substrate is used as a part of antenna structure to improve the performance of the patch antenna. Usually,
the performance of a patch antenna depends on the parameters such as Return Loss (RL), Bandwidth
(BW), Gain, and Directivity. In this paper, we propose a rectangular microstrip patch antenna with EBG
substrates of different EBG patch width and analysis the performance of the proposed antenna compare
with a conventional patch antenna using the same physical dimension using HFSS simulator. Here we
show four analyses of our designed antenna and compare with the conventional microstip patch antenna.
Comparison results show that, the performances of our proposed schemes are better comparing the
conventional patch antenna.
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1. INTRODUCTION

With the drastic demand of wireless communication system and their miniaturization, antenna
design becomes more challenging. Recently patch antennas have been widely used. In spite of
its severa advantages, they suffer from drawbacks such as narrow bandwidth, low gain and
excitation of surface waves [1]. To overcome these limitations of microstrip patch antennas two
techniques have been used, namely micromachining and periodic structures caled the
electromagnetic band gap (EBG) structures [13]. However, in recent years there has been
considerable effort in the EBG structure for antenna application to suppress the surface wave
and overcome the limitations of the antenna. Many works have been done to enhence the
performance of the patch antennas [2-11]. The EBG structure utilizes the inherent properties of
dielectric materials to enhance the microstrip antenna performance. The characteristics of EBG
depend on the shape, size, symmetry and the material used in their construction. There are four
main parameters affecting the performance of mushroom like EBG structures such as EBG
patch width, gap width, substrates thickness and substrates permittivity [14].
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In this paper, we propose a rectangular patch antenna with EBG substrates of different EBG
patch width, w and investigate the performance of the proposed antenna. The remainder of the
paper is organized as follows: In section 2, a brief description of EBG structure. In section 3
present the conventional and proposed antenna design and configuration. In section 4 present
the simulation results and discussion. The conclusion of this paper is provided in section 5.

2. RELATED WORK

EBG structures are artificially engineered periodic structures with the capability of prohibiting
the propagation of electromagnetic waves in a specific frequency band regardless of incident
angles and polarization states. They are realized by periodicaly loading a substrate material
with metallic patches [17]. In [2] paper used the mushroom-like EBG structure which was
integrated with a patch antenna in various configurations to observe the improvement on the
properties of the antenna. Extensive simulation was carried out using CST Microwave Studio. It
was observed that with the integration of the EBG structure various improvements were noted in
terms of the return loss, directivity, gain and backlobe reduction. In [9] Parametric studies were
performed to determine the effect of each parameter on the patch performance, and optimising
them for the wide bandwidths and high gainsin [3], a parametric analysis of the mushroom--
type structure and the planar periodic one was presented. The effect of the patch size and the
unit cell size on the simultaneous AMC and EBG behavior was discussed, and the influence of
the substrate height and the permittivity was studied.

3. THEORY OF EBG

Recently there has been growing interest in utilizing electromagnetic band gap (EBG) structures
in the electromagnetic and antenna community [7]. 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 al incident angle and polarization
state. The main advantage of EBG structure is their ability to suppress the surface wave current
that reduce the antenna efficiency and radiation pattern. In mushroom like EBG structure, a
band gap is observed between the frequency 7 GHz and 11 GHz. On the other hand, for the
uniplanar EBG surfaces a band gap is observed the frequency from 13GHz to 14.6 GHz. In this
paper, mushroom like EBG surface is used in order to design patch antenna on EBG substrates
because it has a lower frequency band gap and a wider bandwidth than the uniplanar EBG
surface. A two dimensional mushroom like EBG structure is shown in Figure 3.1. Design of
patch antenna mushroom like EBG structures are preferable because light weight, low
fabrication cost. The parametric study of mushroom like EBG structure is presented in [12-13].
The affecting parameters for the performance of the proposed antenna are EBG patch width w,
gap width g, substrates thickness h and substrates permittivity ¢, that are directly depend on the
operating wavelength of the patch antenna [8,18].The parameters are varying with operating
wavelength as like this that the EBG patch width varies from 0.04A1; gnz t0 0.20A12 cHz, Q8P
width varies from 0.01A1, gn, t0 0.12A1, 1, and the substrate thickness varies from 0.01A, gy, tO
0.09A15 gHz. Here, A1, means the wavel ength between medium 1 and 2 i.e. the free space and the
guiding device and GHz means the wavelength respect to the GHz range frequency [14]. In this
paper, mushroom like EBG structure is integrated with the proposed antenna, the study is
focusing with different EBG patch width and the other parameters of the EBG structure is
consider constant and analysis the performance parameter of the proposed antenna at different
EBG patch width.
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Figure 3.1 Two dimensional mushrooms like EBG surfaces: (a) Top view (b) Cross view

4. ANTENNA DESIGN AND CONFIGURATION

In order to identify and verify the enhancement of the performance of patch antenna on EBG
substrates, designed a conventional antenna and the proposed antennas. The width, W of the
rectangular patch antenna is usualy chosen to be larger than the length of the patch, L to get
higher bandwidth. The resonant frequency of the antenna is 10 GHz. In this paper, we use
Neltec dielectric material as patch substrates whose dielectric constant is 2.45 that is low
dielectric constant, in low didectric constant surface wave losses are more severe and dielectric
and conductor losses are less severe. By using EBG substrates, surface wave loss can be
reduced easily. The antenna is excited by a microstrip transmission line feed. The point of
excitation is adjustable to control the impedance match between feed and antenna, polarization,
mode of operation and excitation frequency [15-16]. Tablel shows the important parameters for
the geometrical configuration of the patch antenna.

Tablel Geometrical configuration of the patch antenna

Antenna Part Parameter Vaue

Length 8.8mm
Patch

Width 11.4mm
Patch Substrates Dielectric constant 245
(NeltecNx9245) Height 0.787mm
(IM)(tm) Dielectric loss tangent 0.01

EBG patch Width (0.08 to 0.20)A12 GH2
EBG Substrates Gap Width 0.02M15 gHz

Substrates thickness 0.04A 15 gH7
Operating Frequency 10GHz

In this paper, to analysis the performance parameter of the proposed antenna at different EBG
patch width w, we have designed five antennas integrated with different EBG patch width and
defined their name as Antenna-1, Antenna-2, Antenna-3, Antenna-4, Antenna-5 that are given
below
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Antenna-1.

In case of Antenna-l, EBG patch width, w = 0.082;; cy,, gap width, g = 0.0227 ¢y,
substrates thickness, h = 0.042,; gy,

Antenna-2:

In case of Antenna2, EBG patch width, w = 0.104,; gy,, gap width, g = 0.024; Gy,
substrates thickness, h = 0.042;; gy,

Antenna-3:

In case of Antenna-3, EBG patch width, w = 0.122,; ., gap width, g = 0.024;; Gy,
substrates thickness, h = 0.044,; gy

Antenna-4:

In case of Antenna-4, EBG patch width, w = 0.16,, ¢,, gap width, g = 0.022,5 guz ,
substrates thickness, h = 0.042;5 g

Antenna-5:

In case of Antenna5 EBG patch width, w = 0.204,; gy, , gap width, g = 0.024; ¢y,
substrates thickness, h = 0.044,; gy

5. SIMULATION RESULTSAND DISCUSSION

Now-a-days, it is a common practice to evaluate the system performances through computer
simulation before the real time implementation. A simulator “Ansoft HFSS” based on finite-
dement method (FEM) has been used to calculate return loss, impedance bandwidth, radiation
pattern and gains. This smulator also helps to reduce the fabrication cost because only the
antenna with the best performance would be fabricated.

51 RETURN LOSss

The simulated return losses that are obtained from conventional antenna and the antennas using
EBG substrates are given in Table 5.1. From the table, it is seen that the return loss of the
antenna with EBG structure is less compared to the conventional antenna. It is also seen that
when the EBG patch width increases than the return loss also increases. Therefore, the antenna
performance is better than the conventiona antenna because the return loss is reduced for the
EBG structure.

Table 2 Return loss of conventional antenna and the proposed antennas using EBG substrates

Antenna Name EBG Patch width Return Lossin dB
Conventional Antenna -14.5
Antenna-1 0.08\12 gHz -23
Antenna-2 0.10 A2 gz -22.8
Antenna-3 0.12 Ao ghz -21
Antenna-4 0.16 A2 gz -20
Antenna-5 0.20 A2 gz -19.3

The return loss versus EBG patch width of the proposed antennais shownin Figure 5.1
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Fig 5.1 Return loss versus EBG patch width of the proposed antenna

Figure 5.1 shows the simulated results of the return loss of a patch antenna on EBG structures
with different EBG patch width. Here the return loss is increasing when the EBG patch width is
increasing.

5.2 BANDWIDTH (BW)

The ssmulated bandwidth that are obtained from the conventional antenna and the antennas
integrated with EBG structures are given in Table 3

Table 3 Bandwidth of conventional antenna and the antennas on EBG substrates

Antenna Name EBG patch width Bandwidth in MHz
Conventional Antenna 240
Antenna-1 0.08A12 gHz 330
Antenna-2 0.10 A2 ghz 330
Antenna-3 0.12 Mo gz 320
Antenna-4 0.16 Ao gz 300
Antenna-5 0.20 M2 gz 280

From the table 3, it is seen that the bandwidth of the antenna with EBG structure is higher than
the conventional antenna. Therefore, the performance of the antenna with EBG structure is
better than the conventional antenna because the bandwidth isincreased for the EBG structure.
The bandwidth versus EBG patch width of the antenna using EBG substrates is shown in the
Figure 5.2

From the Figure 5.2, it is seen that, firstly bandwidth is constant but when increase the EBG
patch width then decrease the bandwidth.
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Figure 5.2 Bandwidth versus EBG patch width of the antenna on EBG substrates

53 GAIN

The simulated gains that are obtained from conventional antenna and the antennas using EBG
substrates arein Table 4

Table 4 Gain of conventional antenna and the proposed antennas on EBG substrates

Antenna Name EBG patch width Gainin dBi
Conventional Antenna 223
Antenna-1 0.08\12 gHz 24.6
Antenna-2 0.10 A2 ghz 25.7
Antenna-3 0.12 M2 gz 257
Antenna-4 0.16 A2 ghz 24.4
Antenna-5 0.20 A2 gz 24.2

Table 4 shows the simulation results of the gain of conventional antenna and the antennas on
EBG substrates with different EBG patch width. The table shows that the gain of the proposed
antennais higher than the conventional antenna.
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Figure 5.3 Gain versus EBG patch width of the antennaon EBG substrates
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The gain versus EBG patch width of the proposed antenna is shown in the Figure 5.3. Here
shows the simulated results of the gain variation of a patch antenna on EBG structures with
different EBG patch width. The Figure shows that the gain is increasing with the EBG patch
width from 0.08 to 0.1 and then the middle part the gain is dmost constant. After that EBG
patch width from 0.12, the gain is decreasing in nature with the increasing EBG patch width.

54 DIRECTIVITY

The ssimulated directivity that are obtained from conventional antenna and the antennas on EBG
substrates are givenin Table 5

Table 5 below shows the simulation results of the directivity of the conventiona antenna and
the antenna on EBG substrates with different EBG patch width. From the table, it is seen that
the directivity of the antennawith EBG structure is higher than the conventional antenna.

Table 5 Directivity of conventiona antenna and the antennas on EBG substrates

Antenna Name EBG patch width Directivity in dB
Conventional Antenna 234
Antenna-1 0.08\15 ghHz 255
Antenna-2 0.10 A2 ghz 25.6
Antenna-3 0.12 Ao ghz 25.6
Antenna-4 0.16 A2 ghz 24.3
Antenna-5 0.20 A2 ghz 24.1

Figure 5.4 shows the ssimulated results of the directivity variations of a patch antenna on EBG
structures with different EBG patch width. The Figure shows that the directivity is increasing
with the EBG patch width from 0.08 to 0.1 and then the middle part the directivity is amost
constant. After that EBG patch width from 0.12, the directivity is decreasing in nature with the
increasing EBG patch width.
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Fig 5.4 Directivity versus EBG patch width of the antenna on EBG substrate
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6. CONCLUSION

The most common application of patch antenna is in mobile communication. The goals of this
paper is to design conventional patch antenna and the patch antenna integrated with EBG
substrates of different EBG patch width, with same physical dimensions, that can operate at
10GHz and study the performance parameter of patch antenna when EBG structure added on it.
From the simulated results, it is seen that the performance is better of a patch antenna that is
designed on EBG substrates than the conventional patch antenna. It is aso seen from the
graphical analysis of performance parameter of patch antenna with EBG substrates, the most
suitable performance is obtained at the range of EBG patch width is 0.08A12gHz t0 0.12 A gHz.
In future, our targets are to rea time implementation of the proposed antenna and also design
another patch antennawith EBG substrates that can operate at higher frequency.
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