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Abstract— Metamaterials are artificial metallic structures 

having simultaneously negative permittivity (ɛ) and 

permeability (μ), which leads to negative refractive index. 

Metamaterial doesn’t obey Snell’s law. No other material in 

the world shows the above properties like Metamaterial. 

Due to these unusual properties Metamaterial can change 

the electric and magnetic property of electromagnetic wave 

passing through it and because of these reasons when 

Metamaterial is used in the fabrication of microwave 

components and antennas the required properties can be 

enhanced. Using this metamaterial antenna the demerits of 

ordinary patch antenna like low gain and efficiency can be 

overcome and is useful in the field of wireless 

communication. 
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I. INTRODUCTION 

Metamaterial antennas are a class of antennas which uses 

Metamaterial structures to increase performance like gain 

and efficiency of miniaturized antenna. Metamaterial is the 

only material in the world which exhibits simultaneously 

negative permittivity and permeability which leads to 

negative refractive index. 

Metamaterial structures are artificial metallic 

structures that have dimensions much smaller than the 

wavelength of incident radiation. It gains its properties from 

structure rather than composition. Metamaterial is not a 

special type of material, if an array of structures of any 

metal will be able to change the electric and magnetic 

property of the wave passing through it and leads to 

negative permittivity, permeability and refractive index 

simultaneously, that metallic structure can be called as 

metamaterial. 

II. METAMATERIAL 

Metamaterials are homogenous artificial structures 

engineered to provide electromagnetic properties not readily 

observable in nature. First let’s define what we mean by 

electromagnetic properties
 [2]

. Electromagnetic properties are 

the effect a material has on the electric and magnetic field of 

a wave, which is determined by the material’s permittivity 

and permeability respectively. The four possible 

combinations of permittivity and permeability are shown in 

figure 1. As shown in the figure, when the wave incident 

from air to plasmas and ferrites it gets reflected so the wave 

attenuates. But in case of conventional materials and 

Metamaterials positive and negative refraction takes place 

respectively and wave propagates
 [2]

. Materials that reside in 

quadrant I, II and III are known to exist in nature, however 

naturally occurring materials with negative permittivity and 

negative permeability have not yet discovered. In 1967 

Victor Veselago speculated about the existence of such 

double negative materials in his paper entitled “The 

electrodynamics of substances with simultaneously negative 

permittivity and negative permeability”. Veselago discussed 

the unique phenomena occurring for an electromagnetic 

wave in a double negative material. These are (1) Electric 

field, Magnetic field and Wave vector form a left-handed. 

(LH) triad (2) Negative refractive-index leads to reversal of 

Snell’s law and (3) Frequency dispersion 
[2]

. 

 
Fig. 1: Classification of Materials 

III. DESIGN AND SIMULATION RESULTS 

A.  Metamaterial unit cell & high gain antenna 

configuration: 

The proposed antenna is shown in Figure 4. The basic 

building block of the metamaterial superstrate is the ZIM 

unit-cell as displayed in Figure 26 with geometrical 

parameters a = 9.5, b = 4.0, c=4.5, d = 0.5, g =0.5, h2= 0.8 

[Units = mm].The configuration of the zero-index 

metamaterial unit cell is displayed in Figure 2. 

The unit-cells are arranged as shown in Figure 3 

with periodicity of 8x8.In this design, a coaxial fed 

microstrip patch antenna (MPA) with dimensions W x L = 

12.84 mm x 16.74 mm is constructed. Superstrate realized 

on FR4 laminate with dielectric constant 4.3 and thickness 

h2 = 0.8 mm. At the optimized design, the unit cells were 

arranged with a periodicity 8x8 and inter-unit-cell spacing 

of s = 2 mm. The superstrate loaded antenna configuration is 

shown in Figure 4. The superstrate layers and the antenna 

have dimensions of L x L = 100 x 100    and are aligned 

at the center. 

 
Fig. 2: Proposed Unit Cell Geometry[1] 
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Fig. 3: Superstrate Layer 

 
Fig. 4: Microstrip Antenna with Superstrate Layer 

B. Open boundary condition result 

To simulate Unit cell for open boundary condition in CST 

MW     =Open,     ,     =electric 

(    ,      ,     =magnetic (      are specified. 

 
Fig. 5: Unit Cell Configuration for Open Boundary 

Condition 

 

 
Fig. 5: S-Parameters of the metamaterial Unit Cell 

[Magnitude in dB] 

 
Fig. 6: S-Parameters of the metamaterial Unit Cell [Phase in 

Degrees] 

C. Simulation Results with & without Metamaterial 

Structure: 

1) S-paramater: 

The scattering parameter are calculated over the band 4-6 

GHz and are shown in Figure 33.Scattering parameter’s 

result shows that at resonant frequency metamaterial 

antenna attains (S11<-10dB) better figures compared to 

conventional antenna’s response. 

 
Fig. 7: S parameter with & without Metamaterial structure 

2) Gain 

The Gain result shows that at resonant frequency 

metamaterial antenna has approx 10.9 dB gain whereas the 

conventional antenna attains gain of only 2.8 dB. Thus the 

proposed design exhibits a gain enhancement of 8.1 dB with 

a single superstrate layer. 

 

 

 
Fig. 8: Gain with Metamaterial structure 

 

 
Fig. 9: Gain without Metamaterial structure 

3) Directivity: 

The polar plot shows that metamaterial antenna has higher 

directivity 12.6 dBi compare to conventional antenna has 

only 4.7dBi. 
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Fig. 10: Far-field Directivity with Metamaterial structure 

 
Fig. 11: Far-field Directivity without Metamaterial structure 

Efficiency of MPA with Metamaterial:-  
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Efficiency of MPA without Metamaterial:-  
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IV.  CONCLUSION 

We have proposed a high gain antenna based on zero index 

metamaterial structure for WLAN applications. The gain 

enhancement is achieved by loading a microstrip antenna 

operating at 5.288 GHz WLAN band with single layer 

superstrate metamaterial structure. Compared to existing 

designs, the proposed antenna configuration provides 

reasonably good gain enhancement of 8.1 dB. 
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