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Abstract – Metamaterial is human made structure to form 

for require characteristics of electromagnetic waves which are 

not available naturally.  The Split ring resonator (SRR) is a 

basic unit of a metamaterial.  SRR can be in different 

structured, basic SRR structure explained in this paper. 

Microstrip patch antenna (MPA) has low bandwidth and gain, 

focused on these drawbacks to improve gain, return loss, 

efficiency as well bandwidth of MPA used metamaterial in 

form of SRR.  
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I. INTRODUCTION 
 

 The electric and magnetic properties of materials are 

depend on material parameters dielectric permittivity (ε) 

and magnetic permeability (μ) [13].  For conventional 

materials both should be greater than zero (ε > 0, μ > 0). 

Propagation of wave is not possible for permittivity is less 

than zero & permeability is more than zero (ε < 0, μ>0), 

because n (n = ± √εμ) is imaginary in this condition [13]. If 

permittivity is more than zero & permeability is less than 

zero (ε > 0, μ < 0), then propagation of wave is not possible 

because n is imaginary. It can be implemented using Split 

Ring Resonators [13]. 

Microstrip patch antenna consists of a radiating patch on 

one side of dielectric substrate (Єr ≤ 10), which has a 

ground plane on other side [1]. Patch can be various shaps 

on the surface of PCB. It is lightweight, inexpensive, dual-

frequency operation, frequency agility, broad band-width, 

feed line flexibility and beam scanning omnidirectional 

patterning. Due to these advantages they are are useful in 

aircraft, satellite and missile application, where size, 

weight, cost, ease of installation and aerodynamic profile 

are strict constraint [5]. But microstrip patch antenna suffers 

from drawbacks like narrow bandwidth and low gain [2]. so 

many methods available to improve gain and bandwidth of 

MPA like two square shape defected ground structure [3], 

using partial substrate removal in multiple layer dielectric 

substrate [4], using different thickness of dielectric 

Substrate and so many. We focused one of them 

Metamaterial loaded microstrip patch antenna for enhanced 

bandwidth. Meta- materials can be defined as “Manmade 

materials made from naturally occurring substances which 

are artificially structured such that its properties are attained 

from the unit structure and not its individual constituent 

materials” [6].  

These materials are termed as “left handed materials 

(LHM)” due to the left-handedness of electric, magnetic 

field and wave vector [8]. Meta-materials owe their 

properties to sub- wavelength detail of the structure rather 

than to their chemical composition and can be designed to 

have properties which are difficult to find in nature. Thus, 

the structure of its each unit cell is responsible for its rare 

properties and not its composition. The interactions of 

electromagnetic wave with each unit cell are complicated, 

but when studied on a macroscopic level, the wave 

experiences a homogenous structure. Analogous to 

conventional materials, response of electromagnetic wave 

with meta-materials can be described in terms of Ɛ and μ 

[1]. 

Negative Permeability 
The Split ring resonator (SRR) is a nanostructure that 

forms the basic unit of a metamaterial. The dimensions of 

the SRRs are required to be smaller than the resonance 

wavelength. when response is required at the near infrared 

and optical wavelengths, it becomes critical [1]. The 

response of the ring structure is purely inductive. In order 

to bring about resonance behavior, capacitance had to be 

introduced. This was done by creating a gap by splitting the 

Split Ring Resonator (SRR) and preventing a complete 

circular current [1]. SRR may have different structures like 

simple splitted square ring, bunny ring and splitted 

concentric square rings which provide negative 

permeability. Sensitivity and more compact size of SRR can 

be achieved by nested SRR [11]. 

 

II. DESIGN METHODOLOGY 
 

Meta Structure Designing 
The property of metamaterials depends on the size and 

shape of Split Ring Resonator (SRR) which is the individual 

unit element of metamaterials. 
 

 
Fig. 1. The split ring resonator [12] 

 

  a) The complete equivalent circuit of the SRR [12] 

  b) The simplified approximate equivalent Circuit [12]. 

In fig 2a.symbols R' and L' stand for distributed 

resistance and inductance respectively, Cjt stands for 

capacitance of the slits and C' stands for distributed 

capacitance of the gap between rings. The sub-wavelength 

split ring resonator can be characterized by the inductance, 

L and the capacitance, C. 

The voltage induced in each loop can be   calculated from 

Faraday law: 
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V = -jώµ0AH  ……………………………..(1) 

Here, V stands for induced voltage, ώ stands for radial 

frequency, A and µo stand for the loop area and free-space 

field, which is assumed being perpendicular to the loop 

permeability, H stands for incident magnetic [12].  

Large values of capacitance are produced in the 

resonators due to the small gaps between the rings; the 

capacitance is inversely proportional to the resonant 

frequency of the ring.  

The resonant frequency is 

 

 
……………. (1) 

 

The inductance can be approximated by that of a closed 

ring [9]. The parameters of SRR: the inner radius of the 

ring, R the thickness, w, the height, h, and the gap width, g 

shown in fig 3. The geometric parameters of the ring 

resonator and the resonant frequency are dependent on each 

other and the structure has the capability of exhibiting 

resonance at frequencies much larger than its size [15]. 

 

 
Fig. 2. Geometries of the ring under analysis 

 

μ0 is the permeability of free space and Rm is the mean 

radius of the ring, Rm = R+w/2.  

In SRR two capacitances, the gap and the surface 

capacitances. Charges in the gap bring about the gap 

capacitance, the gap can be seen as a parallel plate 

capacitance [9]. 

 

 
The second term in equation (3) is a correction due to 

finite size [9].   

SRR structures can be single ring, bunny tooth ring, 

concentric loop [2], hexagonal [13], as well nested SRRs 

[11] the basic structure of SRR is shown in fig 1.  

 Resonant frequency of a metamaterial based hexagonal 

SRR measured by artificial neural network (ANN) method 

[13]. 

 

III. SRR APPLICATIONS 
 

A planar Yagi-Uda antenna arrays formed by SRRs [14], 

which maintain gain, directivity, front to back ratio and all 

radiation properties [14]. This is electrically small antenna. 

In Yagi-Uda antenna all elements replaced by SRRs and 

achieved a dual band design with opposite beam directons 

[14]. The SRR operating at the second resonance appear 

high radiation efficiency and an input resistance close to 

that of a half-wavelength dipole. At the second resonance, 

the SRR mainly reveals an electric dipole moment in the y-

direction since the currents in the internal and external rings 

flow in opposite directions. Such a current arrangement, 

also leads to a significant on Although the far-field 

contribution of the residual magnetic dipole moment 

generates a cross-polar component in most directions, that 

contribution becomes completely co-polar along the xz-

plane, where the fields radiated by both moments are 

parallel [14]. The polarization along the main beam of the 

proposed antenna (x-direction) is expected to be linear [14]. 

To use this concept and planer Yagi- uda antenna have been 

designed in [14]. 

SRR can be use for to measure dielectric constant of 

materials using resonant method [15]. Micro strip patch 

antenna (MPA) widely used in wireless communication 

because of their advantages like high reliability, light 

weight, easy to fabricate, low profile but it has low 

bandwidth as well gain. To overcome these drawbacks 

metamaterials inform of SRR used [2]. SRR help to 

improve circular polarized bandwidth as well miniaturizes 

the MPA [2]. 

 

IV. CONCLUSION 
 

SRR is one of the basic unit of metamaterial, which is 

nothing but human made material to appear negative 

permeability. It can be different shapes and size as per 

required applications. It can be use for improving 

bandwidth and gain of planer antennas in communications. 

Its properties get changed with change in structures, 

substrate and their dimensions. 
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