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Abstract -
The antenna along with the proposed Meta material structure
designed to Resonate at 8.0GHz frequency. But the proposed
Meta material cover significantly reduces the return loss and
increases the bandwidth, and gain of the antenna in comparison
to rectangular micro strip patch antenna. The Metamaterial
substrate has a potential to reduce the circuit size of the antenna
as well as maintain the amplitude of the return loss at the
specific resonant frequency. The most attractive feature of the
substrate is the ability of enhancing the bandwidth of a patch
antenna at 8.0GHz frequency. The system is firstly modelled by
Computer Simulation Technology Software (CST-2010). With
the help of CST-2010, The return loss, directivity, & radiation
pattern of compact rectangular Patch Antenna operating at
8 . 0 GHz frequency and rectangular Patch Antenna along with
designed Meta material shape have been evaluated in this
work.

Keywords- Rectangular Microstrip Patch Antenna, Left Handed
Metamaterial, Band width, Return loss.

1. INTRODUCTION

An antenna is defined as a part of a transmitting or receiving
system which is designed to radiate or to receive
electromagnetic waves [1]. Patch antennas have attractive
properties including the low profile, light weight, compact
and conformable in structure, and easy to be integrated with
solid-state devices [2]. The typical geometry of a Microstrip
Antenna [3] in its simplest form consists of a radiating patch
on one side of a dielectric substrate and a ground plane on the
other side of a substrate, having a fixed dielectric constant
and thickness. The metallic patch may take many geometrics
viz. rectangular, circular, triangular, elliptical, helical, ring
etc. The length of the patch is typically about one half of the
dielectric wavelength corresponding to the resonant
frequency. The substrate material has large influence in
determining the size and bandwidth of an antenna. Increasing
the dielectric constant decreases the size but lowers the
bandwidth and efficiency of the antenna while decreasing the
dielectric constant increases the bandwidth but with an
increase in size.  Microstrip based configurations is its low
profile, light weight nature, conformability to planar and non-
planar structures and ease of fabrication. But this type of
antenna having some disadvantages also such as its narrow
band width and low gain. To overcome these drawbacks we
used an artificial homogeneous material called Metamaterial.
According to V.G. Veselago Metamaterial [4] are artificial
homogeneous materials which are not available in nature
[5][6] but using

the properties of such a material, antenna parameters are
easily improve. This paper used Metamaterial properties at
ground plane to improve Band width, gain [7] and several
other parameters.
In this paper, The Rectangular Microstrip patch antenna [8]
consist at height of 1.6mm from the ground plane. FR4
Substrate whose dielectric constant is 4.3 are used for
investigate the better result. This design is operated at 8GHz
frequency.

2. DESIGN SPECIFICATION

The Rectangular micro strip patch antenna parameters are
calculated from the formulas given below.
Desired Parametric Analysis [9]:

Calculation of Width (W):= = (1)

Where,
c = free space velocity of light
εr = Dielectric constant of substrate

The effective dielectric constant of the RMPA

= + (2)

The actual length of the Patch (L)

L = Leff - 2ΔL (3)

WhereLeff = (4)

Calculation of Length Extension

∆ = 0.412 . .. . (5)

The Patch Antenna (in fig.1) is designed using the
calculated parameters shown below in Table1. Designed
RMPA was simulated in CST-MWS software at the
operating frequency (8.0GHz).
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Table 1: RMPA Specification

PARAMETERS DIMENSION UNITS
Dielectric Constant 4.3 -
Loss Tangent 0.02 -
Thickness 1.6 mm
Operating Frequency 8.0 GHz
Length 8.3708 mm
Width 11.5180 mm
Cut Width 5.0 mm
Cut Depth 4.0 mm
Path Length 14.759 mm

In fig.1, shows a rectangular micro strip patch antenna are
designed. The width and length are 11.5180mm and
8.3708mm at a height of 1.6mmn from the ground plane, with
dielectric constant is 4.3 are taken to design the antennas. The
operating frequency is 8.0GHz.

Fig.1: Rectangular Micro strip patch Antenna at 8.0GHz (all
dimension in mm)

3. SIMULATION RESULTS

Fig.2: After Simulation Result of Patch antenna showing
Return Loss of -29.04dB and bandwidth is 501.4MHz.

Fig.3: Radiation Pattern of Rectangular micro strip patch
antenna showing directivity of 6.822dBi.

Fig4: Radiation Pattern of Rectangular Micro strip Patch
Antenna showing Gain of 3.976dB.

After designing & simulating the lone RFPA, the suggested
material cover is placed on the RFPA at a height of 1.6 mm
from the designed patch antenna. The design of material
cover consists of Rectangular, Two Semicircle and cut in I
shaped. Dimensions of this Metamaterial Design are given
below in fig.5.

Fig 5: Dimensional view of the suggested cover (all
dimensions in mm).
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Fig.6: Simulated result of the RMPA along with proposed
Meta material cover showing Return Loss of -35.55dB &
Bandwidth is 636.8MHz.

The simulated results of the RFPA along with suggested
Metamaterial [10] cover are shown in figure 6&7. It has been
found that the performance of Microstrip Patch antenna is
increased by increasing efficiency, reducing return loss etc.,
in comparison to RFPA alone. The size of antenna also
reduces significantly. The return loss of RFPA along with
suggested material cover is reduced by 6.51dB, is shown in
fig.6. Fig.7 shows the radiation pattern of the RFPA along
with suggested cover. It has been observed that the total
efficiency [11] is increased from 70.27% to 73.03% and gain
is increased from 3.976 to 6.055dB in comparison with RFPA
alone.

Fig7: Radiation Pattern of the RMPA along with proposed
metamaterial cover showing directivity of 9.197dBi.

Fig8. Rectangular Microstrip patch antenna with proposed
Metamaterial structure.

Fig.9: Radiation Pattern of the RMPA along with proposed
Metamaterial [12] cover showing gain of 6.055dB.

Fig.10 shows the smith chart [13] of the RMPA along with
the suggested DNG cover. Smith chart shows the antenna
impedance variation with frequency.

Table2: Comparison Result

PARAMETERS RESULT
of PATCH

RESULT of
METAMATERIAL

Bandwidth 501.4MHz 638.6MHz
Return Loss -29.04dB -35.55dB
Directivity 6.822dBi 9.197dBi
Gain 3.976dB 6.055dB
Efficiency 70.27% 73.03%
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4. CONCLUSION

On the basis of the simulation results it is observed that the
minimum return loss obtained at the design frequency for the
RMPA with proposed Metamaterial structure is -6.55dB and
bandwidth is 137.2MHz this is remarkable improvement at
frequency 8.0GHz, when compared to the results of RMPA
alone. It is clearly observed that the return loss bandwidth and
directivity has improved significantly by incorporating the
proposed Metamaterial structure at 3.2 mm layer from the
ground plane of the antenna. Along with these improvements
this structure satisfies Double Negative property within the
simulated frequency range.
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