
International Journal of Emerging trends in Engineering and Development                                                             

Issue 2, Vol.4 (May 2012)                                                                                                             ISSN 2249-6149 
 

 Page 201 
 

        A Novel Design of Fishnet 

Metamaterial  Structure         
                   Anand Kumar#,  Satyendra Kumar*, Sumit Dubey* ,Sunil Kumar Pandey*,Pallavie 

Tyagi* 

Electronics and Communication Department 

PDPM-IIITDM# Jabalpur and JIIT-Noida* 

                                 

__________________________________________________________________________________________ 

 

 Abstract— We implemented a novel fishnet metamaterial structure operating around 93 GHz. it is investigated 

by a tool CST microwave studio. Through the implication of Effective medium theory and standard parameter 

retrieval methods we designed a unique fishnet structure that consist of  the value of effective permittivity and 

effective permeability negative simultaneously over a frequency range 85 to 98 GHz. This causes the refractive 

index of the structure to be negative in that frequency range. This metamaterial structure shows the left-handed 
behaviour in microwave frequency range. 

 Index Terms —Metamaterial, Effective Refractive Index,  Effective Permeability, Effective Permittivity. 
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I. INTRODUCTION 

Metamaterials is a term consists of Meta + Material, which means a material having property beyond the 

property of naturally occurring materials.   Electromagnetic metamaterials are artificial materials that can be 

engineered to exhibit certain effective electromagn etic properties that cannot be found in nature. These unusual 

macroscopic material properties are achieved by microscopic and Normally periodic circuit loadings.  These 
materials are also called Double Negative Material (DNG) because they have the negative values for 

permeability and permittivity. These materials were first introduced by V.G.Veselago [1] in 1964. This field 

attracts the attention of many researchers who investigated the interesting properties of these materials. Pendry 

first investigated the propagation of light through this material and proposed the possibility that a DNG material 

have a negative index of refraction that may overcome the limitation of the conventional lenses and perfect 

lenses can be realized which could focus both the propagating as well as evanescent spectra [2].In recent years 

metamaterial has attracted the attention of many antenna engineers and it is widely used for the improvement of 

the characteristics of patch antenna [3], [4], [5], [6], [7]. Metamaterial have periodic structures like photonic 

band gap structures.  

                                                                                                                                                                            

II. METAMATERIAL STRUCTURE DESIGN 

It has already been shown that a structure consists of metal rods arranged in a fishnet type structure can exhibit 

the DNG behaviour at optical frequency range [8].We have investigated the fishnet structure at microwave 

frequency. To obtain this we used PEC rods in periodic manner both sides of a substrate in a fishnet like shape. 

This structure is quite different from the fishnet structure described in [8]. It contains two electric conductors in 
a single unit cell. For the polarization configuration shown in Fig.1 the structure can be thought of as consisting 

of double-plate as “magnetic atoms” and long wires as “electric conductor” [9], [10]. When the period of square 

lattice is less than the operating wavelength, this structure can be viewed as a metal thin wire array. The unit cell 

of this structure is given in Fig.1.  

 
This Metamaterial structure has characteristic response to electromagnetic wave due to plasma resonance of the 
electron gas. Many researchers have shown experimentally and theoretically that such a structure of continuous 

wire can be characterized by a resonance frequency. Approximate analytical theory and homogenization theory 

shows that the effective permittivity has a behaviour governed by the plasma frequency given as 

     

                              εeff = 1-ωp
2
/ω

2 
                           (1)                     
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Here ωp is the plasma frequency and ω is the frequency of electromagnetic wave. Now depending upon the 

frequency the permittivity can be positive or negative. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

                          

                           

Fig.1 -Fishnet unit cell 

 

The metamaterial unit cell given has a length and width of -2.61mm, a substrate with dielectric constant 

2.3 with S=0.22mm , width of electric conductor Wy =0.14 mm and magnetic conductor Wx =0.6214mm 

wide the thickness of these metal plates t = 0.02mm. The periodicity of electric field rods ax= 2.175mm  

and the periodicity of magnetic rods ay =1.205mm.  Our  metamaterial cover is composed of  7*7 unit of 

these unit cells. 

 

By considering effective medium theory and using standard parameter retrieval technique to retrieve the 

parameters from these S-parameters [11]. We found that over a range of microwave frequency the value of 

effective permittivity Re(εeff) and effective permeability  Re(µeff) is simultaneously less than zero .The negative 

permittivity in this structure is due to the periodic arrangement of thin wire  which acts like a continuous plasma 

[12],and the negative permeability is due to the Plasmon resonance between the two layers of metallic 

plates[13]. Richard Ziolkiowski and Heyman  have recently investigated the propagation of wave through the 

medium having negative permittivity and negative permeability and shows that such medium shows Left 

Handed behavior and have negative index of refraction Re(neff) [14]. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2(a) 
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Fig.2(b) 

 

 

 

                                      

 

                                                

                                                  

                                           

Fig.2(c) 

 

 

 

 

 

 

 

 

 

                                                 

Fig.2(d) 

Fig. 2 – Various parameters of fishnet structure alone (a) - S-parameters results from the simulation of 

metamaterial structure. (b)- Effective permittivity (εeff). (c)- Effective permeability (µeff).(d)-Effective 

Refractive Index. 

III. RESULTS 

When this metamaterial structure is simulated under open boundary condition and with a plane wave source, we 
obtained the transmission parameters as shown in fig.2(a). The transmission and reflection coefficient of the 
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metamaterial shows that this structure has maximum transmission at a frequency of about 94Ghz. Retrieved 

permittivity and permeability is shown in fig 2(b) and 2(c) respectively. Result shows that the real part of 

effective permittivity and permeability has negative value over a range of frequency and it shows that this 

structure has negative index of refraction and possesses left-handed behaviour around the frequency of 

operation. At this frequency the value of Re (εeff) and Re (µeff) is about -2.2 and -2 respectively. 

IV. CONCLUSION 

we have successfully designed a metamaterial structure using fishnet unit cell and extracted its parameters using 

standard parameter retrieval method. We retrieved real part of permittivity Re (εeff) = -2.2 and real part of 

permeability Re (µeff) = -2, this tends to the negative value of refractive index.  These parameters value of the 

Fishnet metamaterial structure verifies its left-handed behaviour , which shows that the real part of permittivity 

and permeability is simultaneously negative in a frequency band of 84 to 98 GHz range. This causes the 

refractive index of the structure to be negative in that frequency range. This type of structure is quite easy to 

fabricate and very light in weight which can be easily integrate for IC’s and antenna’s structure 
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