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Abstract
In this work, Authors designed a micro-strip patch antenna 
integrated with “INTERCONNECTED SHI” double negative left 
handed metamaterial at a height of 3.2mm from the ground plane. 
The speculation and invention of Left-Handed Meta Material (LH 
MTM) has sparked the interest of many researchers globally. 
This material is said to have simultaneous negative parameters 
or double negative parameters [1] (DNG Parameters) of the 
permittivity and permeability. Besides, it has the ability to improve 
the gain of antenna due to its focusing effect from its negative 
refractive index (NRI) characteristics.  In this work CST-MWS 
(COMPUTER SIMULATION TECHNOLOGY- MICROWAVE 
STUDIO) SIMULATION SOFTWARE is used to compare the 
return loss and bandwidth of the   micro-strip patch antenna at a 
frequency of 2GHz and height of 3.2 mm from the ground plane 
with the proposed meta material structure. Shaped double negative 
left-handed meta material. It has been observed that the return 
loss has improved by 17 dB and the bandwidth is improved by 
5MHz while the directivity remains constant.
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I. Introduction
Antennas [2-4] play a very important role in the field of wireless 
communications. Some of them are Parabolic Reflectors, Patch 
Antennas, Slot Antennas, and Folded Dipole Antennas. Each type 
of antenna is good in their own properties and usage. We can say 
antennas are the backbone and almost everything in the wireless 
communication without which the world could have not reached 
at this age of technology. To design a Micro strip patch antennas 
for a specific resonating frequency, accurate dimensions of patch 
is required. Therefore, it becomes necessary to use simulation 
programs to test the performance of the patch before fabrication. 
For the modeling and simulation of patch antennas, here we 
are using Computer Simulation Technology (CST) Microwave 
Studio. 
In year 1967, Victor Vesalago, a Russian Physicist made a theoretical 
speculation on the existence of substances with simultaneously 
negative ε and μ [5-6], which serves as the origin of all research 
on LH MTMs. However, there was not much progress until year 
1999 when Prof J.B Pendry proposed his design of Thin-Wire 
(TW) structure that exhibits the negative value of permittivity, ε 
and the Split Ring Resonator (SRR) with a negative permeability, 
μ value. Following this interesting discovery, Dr. Smith from 
Duke University combined the two structures and became the first 
to fabricate the LH Metamaterial in his lab. It is also desired to 
integrate this material into the current existing antennas developed 
by previous scholars to enhance the characteristics of the antenna 
– especially the Return Loss and also the Gain and Directivity

II. Analysis of Rectangular Microstrip Patch Antenna And 
“Interconnected Shi” Shaped Meta-Material
The parameters of rectangular microstrip patch antenna ground 
plane are W= 110 mm, L=90 mm,. The proposed design is based on 
“INTERCONNECTED SHI” Shaped metamaterial structure.

Table 1: Rectangular Microstrip Patch Antenna Specifications
Dimensions Unit

Dielectric Constant (єr) 4.3 -
Loss Tangent (tan ∂) 0.025 -
Thickness (h) 1.6 mm
Operating Frequency 2 GHz
Length (L) 35.4413 mm
Width (W) 45.6435 Mm
Cut Width 5 Mm
Cut Depth 10 Mm
Path Length 32.8215 Mm
Width Of Feed 3.009 Mm

The “INTERCONNECTED SHI” Shaped Metamaterial Structure 
[7-8] is placed above the rectangular patch antenna at a height 
of 3.2 mm from ground plane in order to study its influence, the 
dimension of the rectangular substrate is 90X110 mm and the 
results are compared with those of the Patch antenna alone. The 
required specifications of this design are shown in the fig. 4.

Fig. 1: Rectangular Patch Antenna at 2 GHz, (All Dimensions 
in mm)



IJECT Vol. 5, IssuE 4, oCT - DEC 2014  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 86   InternatIonal Journal of electronIcs & communIcatIon technology

Fig. 2: Return Loss S11 of Rectangular Microstrip Patch 
Antenna  

    
Fig. 3: Radiation Pattern of Rectangular Microstrip Patch 
Antenna

Fig. 4: Rectangular Microstrip Patch Antenna Integrated With 
“INTERCONNECTED SHI” Shaped Metamaterial Structure (All 
Dimensions in mm)

Fig. 5: Return Loss [9-10] of Rectangular Microstrip Patch 
Antenna With “INTERCONNECTED SHI” Shaped Metamaterial 
Structure

Fig. 6: Smith Chart of Rectangular Microstrip Patch Antenna 

Fig. 7: Smith Chart of Rectangular Microstrip Patch Antenna With 
“INTERCONNECTED SHI” Shaped Metamaterial Structure

Fig. 8: Radiation Pattern of Rectangular Microstrip Patch 
Antenna With “INTERCONNECTED SHI” Shaped Metamaterial 
Structure

III. Desired Parametric Analysis 
CALCULATION OF WIDTH (W) [2][3][11]

        (1)

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

Effective dielectric constant is calculated from:                

          (2)
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The actual length of the Patch (L) 
 L = Leff - 2ΔL                                                             (3)
 Where                                

                                                   (4)

Calculation of Length Extension

         (5)

IV. Outcomes and Discussions
The simulated results of rectangular microstrip patch antenna 
with “INTERCONNECTED SHI” shaped structure are shown 
in the figure 5. The CST-MWS (COMPUTER SIMULATION 
TECHNOLOGY- MICROWAVE STUDIO) simulation software 
was chosen to simulate the antenna. By integrating the proposed 
metamaterial structure with the rectangular microstrip antenna 
shows improvement of 18dB in return loss [11] & 5MHz 
improvement in bandwidth [12] while the directivity remains 
unaffected [13-14]. At 2 GHz frequency the simulated  rectangular 
microstrip patch antenna shows (fig. 2) return loss of -10.5dB  & 
bandwidth (fig. 2) of 15MHz  while the same when designed with 
“INTERCONNECTED SHI” shaped metamaterial structure at 3.2 
mm from the ground plane shows (fig. 5) return loss of -28.04 dB 
& 20MHz bandwidth (fig. 5). In fig. 6 and fig. 7, smith chart [12] 
of both the antennas shows the normalized impedance at different 
frequency range from 1GHz to 3 GHz.

IV. Conclusion
The proposed “INTERCONNECTED SHI” Shaped Metamaterial 
Stucture is electrically small and suitable to handle easily. From 
the results it is observed that the minimum return loss obtained 
at design frequency of the proposed antenna is -28.04 dB and the 
bandwidth is 20MHz. It is clearly observed in figure 3 & figure 
8 that the directivity remains constant by employing proposed 
“INTERCONNECTED SHI” shaped antenna. In case of single 
element it has been observed that the antenna gain and bandwidth 
is quite low, but while employing the metamaterial structure, both 
the parameters increases significantly. 
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