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Abstract

This paper propose a new generation of antenna design that
applies Meta material properties at the height of 3.2mm above
from the ground Plane. Paper also analyzed the perfor mance of
Ractangular Micro strip Patch Antenna with and without using
the Meta material structure. All antenna parameters such as
Return Loss, Gain, Directivity and Band width were measur ed.
The main focus of this paper wasto improve Return loss so that
Patch antenna used for wide band applications. The additional
featureswereits compact size and used in multiband operation.

Keywords
RMPA (Rectangular Micro strip Patch Antenna), CST (Computer
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1. INTRODUCTION

A. Rectangular Microstrip Patch Antenna

Micro strip antennas are largely used in many wireless
communication systems because of their low profileand light
weight. The substrates of dielectric constant are usually inthe
range of 2.2 to0 12. Metamaterials (MTMs) denote artificially
constructed materials having electromagnetic properties not
generaly found in nature. Examples include photonic band
gap structures [2, 9] and double negative (DNG) media
[1[3][8], i.e, MTMs having negative permittivity and
negative permeability. In RMPA having a lot of advantages
(low profile, low cost and omnidirectional radiation patterns
etc.), it has some drawbacks like narrow bandwidth and low
gain [10]. Severa researches have been done to overcome
their drawbacks. In this context Victor Vesalago [11, 12]
introduced the theoretical concept of meta material in 1967.
According to the theory of Vesalago, these materials are
generaly artificial materials used to provide propertieswhich
are not found in readily available materialsin nature [13, 14].
Later on J.B. Pendry and his colleagues, [15] added more
information into the theory of meta material [16].

In this paper, Rectangular Microstrip patch antennawith Height
of 1.6mm & 4.3 dielectric constant. FR4 Substrate whose
dielectric constant is 4.3 are used for investigate the better
result. Thisdesign isoperated at 2.41GHz frequency. In RMPA
having a advantages (low profile, low cost and

omnidirectional radiation patterns etc.), it has some drawbacks
like narrow bandwidth and low gain. To overcome this problem
we use metamaterial with double negative property of veselago
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media at a height of 3.2mm with the ground plane.

2. FORMULA SECTION WITH DESIGN
METHODOLOGY & SIMULATED
RESULTS

Formula Used For Designing of RMPA [17, 18]
Calculation of Width (W)

W= g w2 &
2fr/Hogo A Ert 1 2fr ) ert 1

Where,
¢ = free space velocity of light
€ = Dielectric constant of substrate

The effective dielectric constant of the RMPA

Er+1 Er=1 i
Eeff _ 2 + 2 ( m (2)
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The actual length of the Patch (L)

L =Lesr- 2AL ©)
Where

_ C
Leff = - T 4)

Calculation of Length Extension

(cgrro3)(Broas)
(2eff-0.258)(3+0.8)

== 0412 (5)

Table |. shows the dimensions of the RMPA (rectangular
micro strip patch antenna), also the simulated results are
shown in fig2&fig3. After designing & simulating the
RMPA, the proposed Meta material Structure is taken into
analysis as shown in figb.

Tablel. RMPA Specifications
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PARAMETER DIMENSION UNIT
Dielectric Constant 4.3 -
Loss Tangent 0.02 -
Thickness 16 mm
Operating Frequency 241 GHz
Length (L) 28.56 mm
Width (W) 36.85 mm
Cut Width 5 mm
Cut Depth 10 mm
Path Length 28.4288 mm
Feed Width 3 mm

In this paper, a rectangular micro strip patch antenna are
designed. The width, length and height for ground plane are
36.85mm, 28.56mm and 1.6mm.The substrate height is
1.6mm with dielectric constant is 4.3 are taken to design the
antennas. The operating frequency is 2.41GHz. The more
parameters are define in above tablel.
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Fig 1: Rectangular micro strip patch antennaat 2.41 GHz (all dimensionsin
mm).
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Fig2: Simulated Result of Rectangular micro strip Patch antenna showing
Return Loss of -10.87 dB & bandwidth of 35.1 MHz.

International Journal of Electrical & Electronics Research (IJEER)
Volume 2, Issue 3, Pages 21-24, September 2014, |SSN: 2347-470X

Type FarField
Approximation enabled (KA 7 1)
Honitar FarField {(f=2.41) [1]
Component fibs

Dutput Lain

Frequency 2.4

Rad. effic.  -1.794 db

Tot. effic.  -2.182 B

Gain 3.973 0B

Fig3: Radiation Pattern of Rectangular micro strip patch antenna showing
Gain of 3.473 dB.

Ty_pe-- FarField
np_hrnx'i_mht'im_'_r enabled (kR >> 1)
tond tar fFarfield (F=2.41) [1]
Component fibs

Jutput birectivity
Frequency .M

Rad. effic. -1.794 dB

Tot. effic. -2.182 dn

Dir. 5.266 dBi

Fig4: Radiation Pattern of Rectangular micro strip patch antenna showing
Directivity of 5.266 dBi.
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Fig5: Rectangular micro strip patch antenna loaded with “Slotted Circular
Ring with Rectangular” Meta material Structure (All dimensions in mm).

Then, the “Slotted Circular Ring with Rectangular” meta
material structure is placed above the patch antenna at a
height of 3.2 mm from ground plane in order to study its
influence, and the results are compared with those of the
Patch antenna alone.

3. RESULT

A Research on [19, 20] meta material was carried out to
understand the fundamentals of the newly discovered
substance. The simulated result of rectangular micro strip
patch antenna with “Slotted Circular Ring with Rectangular”
Theresultsof structureisshown infigure 2&7. At 2.41GHz
frequency the simulated rectangular micro strip patch antenna
results in Return Loss of -10.87dB & 35.1MHz Bandwidth
while when it is designed with “Slotted Circular Ring with
Rectangular” meta material structure at 3.2mm from the
ground plane, it shows Return Loss of -37.02dB& 53.0MHz
Bandwidth which shows improvement of bandwidth and
significant reduction in return loss.




Fig6: Rectangular micro strip patch antenna with proposed meta material
structure.
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Fig7: Simulated Return Loss of Rectangular micro strip patch antenna
loaded With “Slotted Circular Ring with Rectangular” meta material
Structure.

Farfield
fipproxination enabled (kR 23 1)
Honitor Farfield (F=2.48) [1]
Lonponent fibs

Dutput Iirectivity
Frequency 2.4

Rad. effic.  -2.218 (B

Int. effic.  -2.49 B

Dir. 6.155 dBi

Typs

Fig8: Radiation Pattern of the RMPA aong with proposed meta material
cover showing Directivity of 6.155dBi.

Type Farfield
fpproximation enabled (kR > 1)
Honitor Farfield (f=2.48) [1]
Conponent fibs

Dutput Gain

Frequency 2.4

Rad. eFfic.  -2.248 OB

Tot. eFfic.  -2.49¢ OB

Gain 3.937 o8

Fig9: Radiation Pattern of the RMPA along with proposed meta materia
cover showing gain of 3.937dB.
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Fig10: Smith chart of the RMPA along with proposed metamaterial cover at
2.41GHz.

Fig9 shows the smith chart [21] of the RMPA aong with
proposed metamaterial cover, it is clear from the figure that
the impedance of the antenna is matched with the coaxial
cable i.e., 50Q.

4. CONCLUSION

The “Slotted Circular Ring with Rectangular” meta material
structure with RMPA antenna has been proposed in this
paper. This antenna gives high gain due to huge reduction in
return-loss. By using CST simulation software we can easily
analyze that there is an amendment in to the bandwidth (34
MHZz), gain and return loss is improved upto 0.464dB & -
26.15 dB. The Compare result of patch antenna & meta
material at 2.41GHz operating frequency in given below
Tablell.

Table Il. Comparison Result of Designed Antenna

Parameters Patch result Metamaterial result
Return loss -10.87dB -37.02dB

Bandwidth 35.1MHz 53.0MHz

Gain 3.473dB 3.937dB

Directivity 5.266dBi 6.1550Bi

Impedance 41.50hms 49.7o0hm
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