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░ ABSTRACT: This manuscript is the outcome of detailed research. A novel metamaterial structure is proposed in this
paper to improve the directivity of the antenna. In this research paper a method of implementing metamaterial over the patch is
used to enhance the directivity of rectangular microstrip patch antenna. From the results proposed expectation has been achieved,
it is noted that in the presence of the LHM, the antenna is more directive and has a higher gain. This proposed patch is designed at
the frequency of 2.75 GHz. The proposed structure is a combination of circular rings by virtue of its backward wave propagation
property and negative reflection it improve the parameters of antenna.
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░ 1. INTRODUCTION
Nowadays, the term metamaterials can be found frequently in
the literature. The prefix “meta” in Greek means “beyond”.
According to a general definition, metamaterials are usually
used to refer the artificial material which has some
electromagnetic properties which are not common in the
nature [6]. In nature the permittivity and the permeability of
most materials are positive. The material with positive
permittivity and permeability are referred as right-handed
material (RHM). The medium with simultaneously negative
values of permittivity ε and permeability μ was initially
proposed by Veselago [2]. G. V. Eleftheriades [12] presented
clear experimental evidence confirming negative refraction
and went even further to demonstrate for the first time
focusing of electromagnetic waves from a left-handed lens.
The structure used was a 2D periodically L-C loaded TL
network (dual TL medium). Claudio G. Parazzoli [13] at
Boeing Phantom Works at Seattle carried out an experiment
similar to that made by Smith in [5]. Using a free-space
measurement setup, they detected negatively refracted waves
at a remarkably long distance from the LHM sample, thereby
dispelling any doubt concerning the far field nature of these
waves. These results, which fully supported the theoretical
results of [16, 17], clearly confirmed the existence of negative
refraction. G. V. Eleftheriades [15] presented simulation
results showing sub wavelength focusing capability of a LHM
lens. They used a 2D dual TL medium sandwiched between
two 2D conventional TL media (right-handed media).
Evidence of growing evanescent waves within the dual TL
medium was shown for both infinite and finite length
structures. In December 2003, they published further
Website: www.ijeer.forexjournal.co.in

analytical and simulation results on sub wavelength focusing.
In particular, they discussed the required criteria for perfect
focusing, as well as the restrictions imposed on the resolution
by the periodicity of the LHM used.

░ 2. Calculation
CST-MSW was used for designing and simulation of the
proposed microstrip antenna alone and with metamaterial
cover. Dimension of patch antenna was calculated for the
operating frequency of 2.75 GHz. Substrate used was FR4
lossy which has dielectric constant of 4.3 and height 1.6 mm.
After calculation of dimensions using formulas stated in [1],
Length and width of the proposed RMPA were calculated by
using formulas in [1], and the designed RMPA is shown in
figure 1. The simulated results of the proposed RMPA are
shown in subsequent figures from 2 to 4.

Figure 1: RMPA at 2.75 GHz.
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Figure 2: Simulated result of RMPA shown in Fig. 1

Figure 5: Proposed LH material design at the height of 3.276mm
from base.

Figure 3: Simulation result shows directivity, efficiency and
radiation pattern.
Figure 6: This is the simulated result of design in figure 4, dip at
2.37GHz. The value of return loss and bandwidth was introduced
before.

After introduction of metamaterial the parameters of patch
modifies drastically, return loss has been increased from 10.5dB to -29dB and bandwidth also increased from 44GHz to
77GHz. Radiation pattern result are listed follows.

Figure 4: Smith Chart of the proposed patch without metamaterial
introduction.

After simulation it appeared that the proposed antenna
parameters are not fulfilling the requirement so a metamaterial
structure is incorporated over this proposed patch. This
metamaterial implementation modifies the antenna parameters
to a great extent. e. g. return loss [6], bandwidth after
implementation of metamaterial also increased than the
bandwidth of RMPA alone. All the results after
implementation of metamaterial are shown in fig. 6 to 8. And
metamaterial structure shown in fig. 5.
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Figure 7: This is the simulated result of design in figure 4, showing
radiation pattern with efficiency and directivity.
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░ 4. CONCLUSION AND FUTURE
SCOPE

.

Figure 8: Smith Chart of the proposed patch after metamaterial
introduction.

The designed antenna could be used in wireless
communication for S band. Antenna will be able to propagate
at frequency of 2.45 by applying a resonant frequency of 2.75
GHz. Return losses of the propagating frequencies increased
from -10.5 dB to -29 dB as well as Bandwidth of the antenna
have drastically improved from 44 MHz to 77 MHz after
introduction of metamaterial cover. This proposed design by
authors can reduce the size of antenna required because
frequency has been shifted from 2.75 to 2.45 GHz, this theory
was proposed in [8]. This proposed design could be useful
when more directive antenna is required.
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