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Abstract 

 

We construct and analyze a metamaterial that contains split ring resonator (SRR) and wire strip (WS). A metamaterial whose unit cell has 

split ring resonator and wire strip is studied in this work .In the analysis, S parameters, effective permittivity, permeability and refractive 

index are computed and presented. And we also illustrated the electric field distribution on the split rings and wire strip. S parameters and 

retrieved effective material parameters are computed to show the properties of the new metamaterial. The simulation result shown that 

metamaterial is well designed and it can be manufactured for several potential applications in the microwave frequency bands.  It is shown 

that the designed new metamaterial exhibits double negative properties in the frequency region of interest and it can be manufactured for 

the potential applications of metamaterials. 
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1. Introduction 

 

The initiative of metamaterial started with the Veselago’s proposal in 1967 [1]. Veselago proposed a new type of material which has 

simultaneously negative permittivity and permeability and he showed the general electromagnetic properties of such material. He 

theoretically formed a lossless metamaterial and presented the extraordinary properties of this material which is not found in nature. Then, 

Pendry and his co-workers illustrated their studies about the negative permittivity and the negative permeability as in [2] and [3]. They 

declared that an array of metallic wires can be constructed to obtain negative permittivity in 1996 [2] and a metallization of split rings can be 

manufactured for negative permeability in 1999 [3]. Later than, Smith and his colleagues demonstrated a new metamaterial that shows 

simultaneously negative permittivity and permeability and carried out microwave experiments to test its unusual properties in 2000 [4]. The 

first experiment showing negative refraction was performed using a metamaterial consisting of a two-dimensional array of repeated unit cells 

of copper strips and split ring resonators in 2001 by Shelby et. al. [5]. Several theoretical and experimental works have been studied by 

researchers on metamaterial and their potential applications [6−17]. The design of metamaterial based on shape and geometry is the most 

interesting work among the others [8−17]. Especially, the design of split rings is very important to construct a new type of metamaterials. 

Numerous types of different ring and ring-like structures such as circular, square, Ω-shaped, U-shaped and others are used to create new 

metamaterials [13]. Thus, we construct and analyze a metamaterial that contains split ring resonator (SRR) and wire strip (WS).In the 

analysis, S parameters, effective permittivity, permeability and refractive index are computed and presented. And we also illustrated the 

electric field distribution on the split rings and wire strip. The simulation results show that metamaterial is well designed and it can be 

manufactured for several potential applications in the microwave frequency bands. 

 

2. Design and Simulation 

 

The combination of SRR and WS structures are commonly used to construct artificial metamaterials showing unconventional properties not 

found in nature. There are several types of SRR are recommended for the construction purposes. Figure 1 shows the geometry of the unit 

cells made up of SRR and WS. An FR4 of 0.25 mm thickness with relative permittivity εr = 4.5 is used as a substrate. SRR and WS are made 

of copper with conductivity of 5.998x10^7 S/m. SRR is located on one face of FR4 and WS is etched on its opposite face. WS is continuous 

along the whole of FR4 substrate as shown in Figure 1. Metamaterial unit Cells are designed and simulated using the commercial software 

package, COMSOL Multiphysics 5.1.  based on finite-element method (FEM). Each configuration is placed in a two-port waveguide formed 

by a pair of both perfect electric conductor (PEC) and perfect magnetic conductor (PMC). FR4 substrates with SRR and WS are centered in 

the waveguide. 
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Figure 1: unit cell of the metamaterial 

To characterize the designed structure of metamaterial we have used the method of Nicolson-Ross-Weir (NRM), the effective metamaterial 

characteristics are extracted by the Nicolson-Ross-Weir (NRW) method. The NRW method is a simple and familiar method to characterize 

the unknown materials, which we used for characterizing metamaterials. The method uses the scattering parameters S11 and S21 of the 

metamaterial to extract it characteristics. 

The NRW method is mathematically represented by following equations [18]. : 

   

                                                     (1) 

 

    

 

 

                                                                  (2) 

    

 

                                                                  (3) 

 

Where: The effective permittivity, The effective permeability, t=0.25mm, The substrate thickness, and  refractive index,  

wave number. 

Then, the electric permittivity and magnetic permeability and refractive index can be computed from the equations (1), (2), and (3) 

respectively. The width and length of WS is 0.14 mm and 2.5mm. The base and the height of SRR are 2.2 mm and 2.2mm, respectively. The 

gap in each SRR is 0.3 mm and the separation between SRR is 0.075 mm. In Figure 2, we represent the electric field for the designed 

metamaterial.  

              

                                                   
 

Figure 2: electric field 
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The S parameters for the given metamaterial are computed and the effective material parameters are extracted by means of S parameters 

which are shown in Figure 3. In this figure, S parameters, permittivity, permeability and refractive index, are illustrated. S parameters are 

plotted in the range of 0−18 GHz. In the theory of metamaterials, the real parts of the permittivity and permeability must be negative. 

Negative real parts of the permittivity and permeability lies in the negative band (13.5and in 16.5 GHz). 

 

 

 

 

 
 

 

 

 
 

 

Figure 3:  s parameters, real parts of the permittivity, permeability and refractive 

index, for the designed metamaterial 
 
3. Results and discussion 

We have designed and simulated metamaterial using COMSOL Multiphysics 5.1. Thus, we constructed and analysed metamaterial that 

contains split ring resonator (SRR) and wire strip (WS). In the analysis, S parameters and effective permittivity, permeability, and refractive 

index are computed and presented. The simulation results shown that metamaterial is well designed and it can be manufactured for several 

potential applications in the microwave region especially the frequency lies in Ku-Band which is commonly used for satellite TV and also 

used for most VSAT systems on sailboats and ships today.  All these structures can be used to construct new functional devices such as 

electromagnetic filters, antennas, and etc. 

 

4. Conclusion 

 

We have studied the metamaterial consisting of FR4 substrate, SRR, and WS. A new geometry for the ring resonator, SRR, was introduced, 

designed and modeled. S parameters are computed for the designed metamaterial. Then, retrieved effective material parameters are 

computed using S parameters. The real part of the refractive index is negative at frequencies where both the real parts of the permittivity and 

permeability are negative. It can be concluded that the designed metamaterials exhibit double negative properties in the frequency band of 

interest. It means that the modeled structures are well designed and successfully work around the operation frequency. Furthermore, the 

electric field distribution on the SRR and WS are also presented. Our novel metamaterials can provide new ways to design, characterize, and 

new metamaterials in the microwave frequency regions This frequency range is used for most radar transmitters, microwave ovens, wireless 

LANs, cell phones, satellite communication, microwave radio relay links, and numerous short ranges terrestrial data links.The SRR and thin 

wire arrays on the resonance frequency, effective permeability and effective permittivity of the composite double negative metamaterial 

structure are investigated through simulations. Future work in this area may focus on the theoretical investigation of alternative metamaterial 

structure other than the well known SRRs with wire strip. 
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