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Abstract
Metamaterial structures that provide electromagnetic 
properties not found in naturally occurring media; properties 
such as negative index of refraction, negative permeability 
or negative permittivity. In this paper various observations 
from simulation on electromagnetic simulation software are 
presented and compared for patch antenna alone and microstrip 
patch antenna with array of rectangular split ring resonator 
at 3.2mm. The array of rectangular  split ring resonator with 
microstrip patch antenna shows the metamaterial properties 
at the same resonant frequency in the form of improvement 
in antenna bandwidth, antenna gain or reduction in return 
loss. Both microstrip patch antenna and microstrip patch 
antenna with array of rectangular split resonator at 3.2mm 
are simulated using IE3d Electromagnetic simulator of Zeland 
software incorporation .

Keywords
left-handed Metamaterial Structure (LHM), Rectangular 
Microstrip Patch Antenna, Return Loss, VSWR.  

I. Introduction 
Left-handed metamaterial is a substances wtth simultaneously 
negative values of permittivity and permeability.In year 1968 
Victor Vesalgo [1] had given the concept of metamaterial. This 
artificial has several special properties that doesn’t find in the 
natural material, for example propagation of wave in opposite to 
that of the flow of energy and the focusing effect inside it slab.
Vesalago concluded that materials with negative refractive index 
might be synthesized by using the materials having positive 
refractive index and found in nature. But after a long time in 
1996 Pendry and his colleagues[2] add more information that 
array of metallic wire can be used to obtain negative permittivity 
and split ring resonator for negative permeability and in year 
2001 smith et al[3] fabricate a structure which is a composition 
of split ring resonator and thin wire. It is combined known as 
LHM [4].

In fact many researches were done to increase the response 
of microstrip antenna as this type of antenna is desired for its 
low cost properties but compromises in gain and directivity. 
In microstrip patch antenna, using split ring resonator and 
wired based structure we can improve its bandwidth and gain 
[5-7]. The planar metamaterial-based transmission line has 
attracted much attention [8] since it can be designed to have 
unusual characteristics (negative phase constant and so on) 
with abroad pass band and can also be easily constructed on 
PCBs.

In this paper array of rectangular  split ring geometry is used 
with patch antenna to discuss and analyzed the properties of 
LHM. Simulation of this LHM geometry is targeted to operate at 
1.5GHZ where it shows the negative permittivity and negative 
permeability.

1. Governing Equations For Designing Rmpa -
To design the patch antenna some parameters are necessary 
such as – resonant frequency , dielectric constant , substrate 
height. By using below mentioned formulas we are calculating 
the patch length , width , effective length , effective dielectric 
constant etc[9].

A. Width of metallic patch (W)

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

The effective dielectric constant of the microstrip antenna 
to account for fringing field Effective dielectric constant is 
calculated from:       

               
Length of metallic patch (L)
L = Leff - 2ΔL ,

 where          
         

B. Calculation Of Length Extension

II. Design and analysis of microstrip patch antenna & 
new array of rectangular  metamaterial structure
The parameters of rectangular microstrip patch antenna are 
calculated first mathematically then simulated in software 
laboratory. The physical parameters of rectangular microstrip 
patch antenna are W= 60.85mm, L=47.42mm, length of 
transmission line feed= 39.425mm, with width of the feed= 
3.009mm. The rectangular microtrip patch antenna designed 
on one side of glass/epoxy structure with εr = 4.4 and height 
from the ground plane d= 1.6mm

For designing the array of rectangular  split ring resonator 
following parameters have been taken larger square  of 40mm 
and inner square of 36mm  after that cut the split of 5mm in 
reactangular and then shifed on 45 angle and so on.
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A. Antenna Design

Fig. 1: Rectangular Microstrip Patch Antenna At 1.5 Ghz.

Fig. 2:  Simulation of Return loss of Rectangular Microstrip 
Patch Antenna at 1.5 GHz

Fig. 3:  VSWR of Rectangular Microstrip Patch Antenna        

B. Left Handed Metamaterial Structure:

Fig. 4: Rectangular Microstrip Patch Antenna With array of 
rectangular split ring resonator metamaterial structure .

Fig. 5: Simulation of Return loss of Rectangular Microstrip 
Patch Antenna With array of rectangular split ring resonator 
Metamaterial Structure.

Fig. 6: VSWR of Rectangular Microstrip Patch Antenna With 
ellipse split ring resonator Metamaterial Structure. 
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Fig. 7: Smith Chart of Rectangular Microstrip Patch Antenna 
With ellipse  split ring  resonator  Metamaterial Structure.

III. Result And Discussions
The split in the structure provides the much higher resonant 
frequency than closed geometry because of the concentric 
structure with split behave like capacitor.The current flow 
between two concentric circles due to higher order capacitance 
between them, inspite of split between the paths. On the 
basis of scattering parameter, we can show the fruitfulness 
of the structure. S parameter in the form of Matrix reveals the 
relation between incoming field amplitudes to the outgoing 
field amplitudes and provides the direct relation between 
experimentally determined quantities. Fig..5 shows the 
reflection coefficient (return loss S11) The simulated result 
shows the minimum reflection at 1.5 GHZ where return loss 
is -34.4 dB, whereas return loss for simple microstrip patch 
antenna is -22.12 dB shown in Fig.2.

IV. Applications
This antenna appear to be useful for wireless systems that 
continue to decrease in size, such as emergency communications 
devices, micro-sensors and portable ground-penetrating radars 
to search for tunnels, caverns and other geophysical features. 
Various metamaterial antenna systems can be employed to 
support surveillance sensors, communication links, navigation 
systems, command and control systems. 

V. Conclusion
The array of rectangular rsplit ring resonator  Left-handed 
Metamaterial structure with rectangular microstrip patch 
antenna has been proposed in this paper. The simulated results 
provide gain improvement i.e. reduction in return loss as well 
as improvement in bandwidth. That encourages fabricating the 
structure. On making some variations in antenna parameter 
gain can be improved up to desired limit but some practical 
limitation should be taken care while fabricating the structure 
on IE-3d education software. 
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