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ABSTRACT

In this paper, a rectangular microstrip patch antenna for wifi applications, operating at 2.4 GHz is presented. The antenna is designed on FR-4 substrate with a
thickness of 1.6 mm and dielectric constant er=4.4.The patch antenna is designed and simulated using HFSS software. The return loss of the designed antenna is —
22.28 dB at 2.4 GHz. The bandwidths obtained for the antenna is 60 MHz. The antenna has a very good radiation pattern with a very low back radiation.
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INTRODUCTION

Microstrip patch antennas are low profile antennas. It consists of a metal patch on top of the dielectric substrate and a metallic ground below the substrate.
The patch is the radiating element which is connected to the feed line and are constructed by the photo-etching process on the dielectric material. The
patch can be square, circular or rectangular in shape for the ease of analysis and fabrication. The patch is generally made of conducting material such as
copper or gold. The relative permittivity of the dielectric substrate plays a very important role in the calculations of the antenna dimensions. A thick
dielectric substrate with a low dielectric constant is desirable for good antenna performance, since it provides better efficiency, larger bandwidth and
better radiation. Microstrip antenna produces maximum radiation in the broadside direction (6 = 0), with ideally no radiation along the substrate edges (0
=90°).

The following image shows a micro-strip or patch antenna.
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Fig 1. 3D view of Microstrip Patch Antenna
Muicrostrip patch antennas have the advantages of lighteweight, low cost and ease of installation.

Antenna Design: In this article two antennas for wifi application are proposed which are designed to resonate at frequencies 2.4GHz and 5.0 GHz. In the
designing of these anennas FR4 substrate material with relative permittivity e = 4.4 and thickness = 1.6 mm is used. The dimensions of the patch antennas
are calculated using the following formulas.

Width of the Patch: Cy 2
W=— [——
2f & +1

Where, W = Width of the patch

Co= Speed of light
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¢ = relative dielectric constant of the substrate

The value of the effective dielectric constant (e ) is calculated using the following equation:

1
&+1 & —1 hy /2
bropr = 5+ |1+ 1257 />0

Due to fringing effect, electrically the size of the antenna is increased by an amount of (AL). Therefore, the actual increase in length (AL) of the rectangular
patch is calculated using the following equation:

AL (refr +0.3) (- +0.264)
b (ererr —0258) (X +0.8)

Where ‘h’= height of the substrate

Now, the length (L) of the patch antenna is calculated using the following equation:

C
L=—2" __2AL

2f; JEress

The length and width of the substrate and the ground plane are equal. So, the length of the ground plane (Lg) and the width of the ground plane (Wg) are
calculated using the following equations:

Ly =6h+L
W, = 6h + W

ANTENNA DESIGN

Using the above mentioned equations, a rectangular microstrip patch antenna is designed at resonant frequency of 2.4 GHz. The length (L) and width
(W) and of the patch at a resonant frequency of 2.4 GHz is found to be 24.9 mm and 36 mm respectively, The height of the substrate is 1.6 mm. The
length (Lg) and width (Wg) of the ground plane is taken as 60 mm and 60 mm respectively. For feeding the microstrip patch antenna, inset feed technique
is used having an inset length of 30 mm and width 3mm. The simulations are carried out in High Frequency Structure Simulator (HFSS) Student Version
software.

Figure-2 and Figure-3 show the frequency vs gain pattern of the antenna in the farfield. The direction of the maximum gain of the antenna is vertically
above the patch (i-e, in the direction of theta), while minor lobes are on the opposite side.
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Fig 2. Antenna Geometry Fig 3. Geometry of Inset fed Rectangular Patch Antenna

3. FEEDING METHOD

There are differnt ways to feed microstrip patch antennas. These feeding methods can be put in the categories of contact feeding and non-contact feeding.
The feeding techniques have influences in the polarization mechanisms and the input impedance of the desired antenna. Three feeding techniques are
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most commonly used. They are (i) coaxial probe feed, (ii) microstrip line feed, and (iii) aperture coupled feed. Microstrip line feeds are more suitable for
the patch antennas as compared to other feeding techniques, because it has the advantages of easy fabrication and lower costs. In our antenna designs, we
have used microstrip line feeding (inset feed) technique to radiate the power.

4. RESULT AND DISCUSSION

Figure-4 and Figure-5 show the return loss and 3D view of radiation pattern of the antenna respectively. The maximum gain of the antenna with resonant
fequency 2.4 GHz is -22.28 dB. The proposed antenna has an excellent radiation pattern with negligible back radiation. It has a bandwidth of 60 MHz at

2.4 GHz.
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Fig 4. Frequency response of the Antenna at 2.4 GHz
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Figure 5. 3D Radiation Pattern of the proposed Antenna

5. CONCLUSION

A simple and compact inset fed microstrip antenna has been designed, simulated and studied in this paper. The main objective of this work is to design
microstrip patch antennas for wifi applications. The proposed antenna is showing good response with a bandwidth of 60MHz at the resonant frequency
of 2.4 GHz. The radiation pattern shows excellent response of the antenna with negligible back radiation. The designed antenna is very simple and
efficient. This antenna is very light weight and low cost antenna as FR4 is used as substrate. So, this antenna is very much useful for low cost wifi
applications.
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