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Abstract—This paper will show the review result of the Meta-

materials, which can be incorporated with antennas due to these 

unusual properties, Meta-material can change the electric and 

magnetic property of electromagnetic wave passing through it 

and because of these reasons when Meta-material is used for 

fabrication of microwave components and antennas the required 

properties can be enhanced also miniaturization in the size of the 

component is possible as the structural cell size of Meta-material 

is less than one-fourth of the guided wavelength. Using this Meta-

material antenna, the demerits of ordinary patch antenna like 

low gain and efficiency can be overcome and is useful in the field 

of wireless communication. The further of our research focuses 

on Fractal Antenna and simulating it over CST Microwave 

Studio Suite 2012 and HFSS. 
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I.  INTRODUCTION  

In wireless Communication the antenna plays an important 

role. For point to point wireless communication and Wi-Fi the 

antenna should be compact and efficient for convenience. 

Meta-material antennas are a class of antennas which use 

Meta-materials to increase performance like gain and 

efficiency of miniaturized (electrically small) antenna systems. 

Meta-material is the only material (artificial) in the world 

which exhibits simultaneously negative permittivity and 

permeability which leads to negative refractive index. Due to 

having the negative refractive index it supports backward 

waves (anti-parallel phase and group velocities) and does not 

obey some optical properties of nature. These special 

properties help Meta-material to change the electric and 

magnetic property of electromagnetic waves passing through it 

and this helps in getting enhanced properties when applied to 

antenna design. Again as the structural average cell size of 

Meta-material is less than one-fourth of the guided wavelength 

so it supports high degree of miniaturization. These Meta-

material antennas will be very suitable to use in WLAN (Both 

2.4 and 5 GHz) because of its high performance and small 

size. Meta-material was developed in 1967 by Russian theorist 

Victor Veselago. In his paper, Veselago stated that although 

LH materials do not exist in nature, they can be artificially 

constructed. Veselago concluded that the realization of a LH 

Meta-material will be possible with the discovery or 

construction of an isotropic negative  material. Explorations 

of artificial materials for manipulating electromagnetic waves 

began at the end of the 19
TH

 century.  

Some of the earliest structures that may be considered Meta-

materials were studied by Jagdish Chandra Bose, who in 1898 

researched substances with chiral properties. 

 

II. META-MATERIALS 

 
Meta-materials are recently developed artificial materials. It is 

the only material in the world having negative permittivity, 

negative permeability and negative refractive index 

simultaneously. Due to having these three negative properties 

it exhibits unusual properties compared to readily available 

materials. In Greek Meta means above/after/beyond/superior, 

Meta-materials are named so as these exhibit properties 

beyond the properties of naturally available materials. It was 

developed in 1967 by Russian theorist Victor Veselago. These 

are artificial metallic structures that have dimensions much 

smaller than the wavelength of incident radiation. It gains its 

properties from structure rather than composition. It is counted 

as one of the, ten interesting futuristic material of the world 

due to its superior properties.  

“Meta-material 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 and refractive index simultaneously, that 

metallic structure can be called as Meta-material.” 

Meta-materials have sub-wavelength dimensions. Thus it 

renders high degree of miniaturization. 

For Meta-materials, 

P < g / 4 

Where,  

 

P- Structural average cell size 

g -Guided wavelength. 

The paths of light and other electromagnetic waves can be 

controlled by materials. For example The lenses in eye glasses 

or microscopes, are nothing more than pieces of glass or 

plastic whose surfaces have been shaped in a particular way so 

as to achieve a desired optical function. Materials are used to 

form optical devices that operate across the electromagnetic 

spectrum, from radio waves to visible light.  

Nature has provided us a rich palette of material properties 

from which to engineer useful optical devices. Yet, that palette 

is limited to Chemical synthesis, the conventional approach to 
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material development, has so far not enabled us to access the 

entire range of material properties that should be theoretically 

possible. But chemistry is not the only process by which we 

can create materials. As an alternative approach, we can 

artificially structure a material by assembling a collection of 

objects together. These objects serve to replace the 6 atoms 

and molecules of a conventional material, the result being a 

composite structure that can have electromagnetic properties 

unlike any naturally occurring or chemically synthesized 

material. Such composites have been termed Meta-materials, 

because they have properties that extend beyond materials 

found naturally.  

Electromagnetic Meta-materials are artificially structured 

materials and are designed to interact with and control 

electromagnetic waves. Electromagnetic waves might be any 

type of wave in the electromagnetic spectrum (shown here on 

the figure below). Most of us are familiar with light waves in 

the visible spectrum, which occupy a small portion of the 

electromagnetic spectrum. Visible light waves have 

wavelengths from 400 to 700 nanometers (a nanometer is one-

billionth of a meter), yet electromagnetic waves can have 

wavelengths of thousands of kilometers to trillionths of a 

meter.  
The Meta-materials concept allows us to avoid the techniques 

of chemical synthesis, and arrive at new electromagnetic 

materials by changing the geometry of other objects. We no 

longer need to think about reaction dynamics, but rather how 

to design the geometry of Meta-material elements so that a 

composite formed from these elements will have desired 

properties. 

III. HISTORY AND PROGRESS ON META-

MATERIALS 

In 1904 the possibility of negative phase 

velocity accompanied by an anti-parallel group velocity were 

noted by Horace Lamb [9] and Arthur Schuster. However both 

thought practical achievement of these phenomena were not 

possible. In 1945 Leonid Mandelstam (also "Mandel'shtam") 

studied the anti-parallel phase and group advance in more 

detail. He is also noted for examining the electromagnetic 

characteristics of materials demonstrating negative refraction, 

as well as the first left handed medium concept. These studies 

included negative group velocity. He reported that such 

phenomenon occurs in a crystal lattice. This may be 

considered significant because the Meta-material is a man 

made crystal lattice (structure).   

 

 
 

Fig.1: Electromagnetic Spectrum 

In 1905 H. C Pocklington also studied certain effects related to 

negative group velocity. V.E. Pafomov (1959), and several 

years later, the research team V.M. Agranovich and V.L. 

Ginzburg (1966) reported the repercussions of 

negative permittivity, negative permeability, and negative 

group velocity in their study of crystals and excitons.[1]  

A. PROGRESS ON META-MATERIALS 

 
1967 - Theoretically proposed by Vesalogo. 

1999 - First negative µ material by Pendry. 

2000 - First Meta-material by Smith. 

2003 - Transmission approach by Caloz, Oliner, Eleftheriades 

2005 - New structures. 

2009 - Miniaturized structures for optical frequencies. 

IV. CLASSIFICATION OF META-

MATERIALS 

The primary classification of Meta-materials is on the basis of 

the properties of the material used to devise it. This 

classification is as follows:  

  

 Chiral Meta-material  

 Negative Indexed Meta-material 

 Single Negative Meta-material 

 Bi-isotropic and Bi-anisotropic Meta-material. 

 Frequency Selective Surface Meta-materials  

(FSS based).   
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V. ELECTROMAGNETIC AND 

PLASMONIC META-MATERIAL 

This material affects electromagnetic waves that impinge on 

or interact with its structural features which are smaller than 

the wavelength. Some astounding applications of Meta-

materials include; negative index of refraction, 

"Perfect" lensing, and electromagnetic "invisibility" 

cloaks. Plasmonic Meta-materials utilize surface 

plasmons which are packets of electrical charge that 

collectively oscillates at the surface of the metals at 

optical frequencies. Surface Plasmons are those 

coherent delocalized electron oscillations that exist at 

the interface between any two materials where the 

interface real part of the dielectric function changes sign 

across the interface. [6] 

 
 

Fig.2: Surface Plasmon. 

 
Fig-2 is the Schematic representation of an electron density 

wave propagating along a metal – dielectric interface. The 

charge density oscillations and associated electromagnetic 

fields are called Surface Plasmon polariton waves. The 

exponential dependence of the electromagnetic field intensity 

on the distance away from the interface is shown on the right. 

These waves can be excited very efficiently with light in the 

visible range of the electromagnetic spectrum. 

Some of the Plasmonic materials are Graphene, Super-lattice, 

Gold and Silver. 

VI. NEGATIVE REFRACTIVE INDEX  

Negative refraction is an electromagnetic phenomenon 

where light rays are refracted at an interface in the reverse 

sense to that normally expected. Such an effect can be 

obtained using a Meta-material which has been designed to 

achieve a negative value for both (electric) permittivity ε and 

(magnetic) permeability , as in such cases the material can 

be assigned a negative refractive index. Gold and Silver has 

negative negative permittivity at shorter wavelengths and 

Surface Plasmon that has either but not both. Anisotropic 

materials with only negative permittivity can produce negative 

refraction due to chirality. [8] 

 
 

Fig.3: A comparison of refraction in a Left-Handed Meta-material to that in 

normal Meta-material. 

 

VII. BANDWIDTH OF MICROSTRIP 

ANTENNA 

The VSWR or impedance BW of the Micro-Strip Antenna is 

defined as the frequency range over which it is matched with 

that of the feed line within specified limits. The BW of the 

Micro-Strip Antenna is inversely proportional to its quality 

factor Q and is given by  

 

BW =    (1.1) 

 

where VSWR is defined in terms of the input reflection 

coefficient  as:  

 

VSWR =                  (1.2) 

The  is a measure of reflected signal at the feed-point of the 

antenna. It is defined in terms of input impedance Zin of the 

antenna and the characteristic impedance Z0 of the feed line as 

given below: 

 Г =     (1.3) 

 

The BW is usually specified as frequency range over which 

VSWR is less than 2 (which corresponds to a return loss of 9.5 

dB or 11% reflected power). Sometimes for stringent 

applications, the VSWR requirement is specified to be less 

than 1.5 (which corresponds to a return loss of 14 dB or 4% 

reflected power). Conversion of BW from one VSWR level to 

another can be accomplished by 

 

 =  (1.4) 

 

 

where BW1 and BW2 correspond to VSWR1 and VSWR2, 

respectively. The variation of percentage BW for VSWR ≤ 2 
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and efficiency h of a square MSA with normalized substrate 

thickness h0/  for two different values of εr (2.2 and 10) are 

given in Fig.4(a). Also, the variation of percentage BW with 

frequency for three commonly used values of h and εr = 2.32 

is given in Fig.4(b)[2]. The BW of a single-patch antenna 

increases with an increase in the substrate thickness and a 

decrease in the εr of the substrate [9, 33, 34]. The BW is 

approximately 15% for εr = 2.2 and h = 0.1l 0. The εr can be 

chosen close to 1 to obtain a broader BW. The larger thickness 

of the substrate gives rise to an increase in probe reactance. [2] 

 

 
Fig.4 

With an increase in W, BW increases. However, W should be 

taken less than l to avoid excitation of higher order modes. 

Another simplified relation for quick calculation of BW (in 

megahertz) for VSWR = 2 of the Micro-Strip Antenna 

operating at frequency f in gigahertz, with h expressed in 

centimeters, is given by 

 

BW  50hf
2    

(1.5) 
 

 

The Bandwidth (BW) can be defined in terms of the antenna’s 

radiation parameters. It is defined as the frequency range over 

which radiation parameters such as the gain, half-power beam-

width (HPBW), and side-lobe levels are within the specified 

minimum and maximum limits. [2]  

 

VIII. COMPARISION BETWEEN THE 

ANTENNA GAIN AND ANTENNA 

EFFICIENCY OF NORMAL ANTENNA AND 

META-MATERIAL ANTENNA 

We explored about the already observed values of the Antenna 

Gain, and Efficiency and got some statistics. [1] 

 
Table-1.1: Comparison table between Normal Antenna and Meta-material 

Antenna [1] 

Antenna Gain (in dB) 
Efficiency 

(in %) 
VSWR 

Normal Material 

Single Unit Cell 

5GHz 

3.786 53.76 1.6 

Meta-material 

Three Unit Cell 5GHz 
5.197 92.5 1.6 

Meta-material antenna gives better gain and efficiency 

compared to an ordinary patch antenna which is very useful 

for point to point wireless propagation. This is possible only 

because of the unusual properties of Meta-materials. Also due 

to the miniaturization it is very convenient to use in wireless 

networks. This is possible only because of the unusual 

properties of Meta-materials.[10] 

IX. CONCLUSION 

We studied about the Meta-material, history and Progress of 

Meta-material, emphasized over the properties of the Meta-

materials which can be used to enhance the Antenna 

parameters such as Bandwidth, gain, directivity, design 

specifications, antenna height and radiation pattern. We also 

explored about the Negative Refractive Index and trends in 

fields of Meta-materials and also its classification. And finally 

we reviewed the Bandwidth of the Micro-Strip Antenna and 

compared the observed values of Antenna Gain, Antenna 

Efficiency and VSWR or Bandwidth for Normal Antenna and 

Meta-material Antenna. By these results we can conclude that 

Meta-material antenna gives better gain and efficiency 

compared to an ordinary patch antenna. 
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