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Abstract —  
This review paper based on the utility of metamaterials in the various electronics field. In this 
paper we described the brief historical background of metamaterials and their classification. 
Then further we discussed the different structure approaches of metamaterials and their 
advantages. After that we have given major achievements of metamaterials application and offer 
an analysis of the future outlook for this field. 
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1. INTRODUCTION 
Metamaterials were first known as LHM (left handed media).the concept of LHM was proposed 

by Veselago in 1968 [1]. The term of metamaterials come in the existence of year 2001 by R.M 

walser. He has proposed the definition of metamaterials following as-Metamaterials are defined 

as macroscopic composites having a man-made, three dimensional, periodic cellular architecture 

designed to produce an optimized combination, not available in nature, of two or more responses 

to a specific excitation [2].After the various definitions suggested and describe the term 

metamaterial. Some of them are giving below.Metamaterials are typically man-made and have 

properties that are not found in nature [3].Metamaterials are artificially engineered structures that 

have properties not attainable with naturally occurring materials [4].Metamaterials are artificial 

media structured on a size scale smaller than the wavelength of external stimuli [5]. All above 

definition realized that metamaterial is an artificial material with unusual electromagnetic 

properties which is not readily available in nature. The most unusual property achievable in 

MTMs is probably negative refraction which is achieved when both the permittivity and 

permeability of a medium are negative [1]. First revolution with LHM noticed in year 1996. 

When the arrays of thin parallel conducting wires whose permittivity was negative below the 

plasma frequency discovered by Pendry [6], [7]. In 1999 he discovered the array of metallic 

rings called split ring resonators whose permittivity was negative just above the resonant [8]. In 

the year of May 2000 physicist David smith proposed combine parallel thin wire and SRR 

composite material which simultaneously exhibit negative permittivity and permeability over a 

finite frequency band and created  the first LHM [9]. It is also known as backward-wave media 

[10]. In October 2000 Pendry invented the super lens for such lenses able to refocus wave far 

beyond the well known diffraction limit [11].The second revolution in metamaterials came in
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 2005 when the gradient refractive index medium was realized to bend electromagnetic waves 

which were discovered by smith [12]. In 2006 the optical transformation theory was proposed by 

Schurig et al., make visible cloak to control the propagation of electromagnetic waves using the 

metamaterials [13], [14]. In the year of 2007 the professor Engheta gave a new concept of future 

electronics which is based on nano scale also called metactronics [15].Today scientist and 

engineers all over the world are finding the new exciting features of metamaterials. In recent 

years we have witnessed number of design and application of various types of metamaterials. 

The modern trends in metamaterial applications are more focusing on the nano structure 

photonic circuitry (metactronics) and power harvesting. 

1. METAMATERIALS CLASSIFICATION AND THEIR DESIGN STRUCTURES 

Metamaterials are artificial materials characterized by constitutive parameter generally not found 

in nature. In the designing of  

 

 

Fig.1. Classification of metamaterials by the real parts of their constitutive parameters, i.e., their 

permittivity and permeability metamaterials most of material properties have to be realized 

together and these properties are defined by the constitutive parameters permittivity (ɛ) and 

permeability (µ) [16], [17], [18].So on the basis of ɛ and µ, material can be classified according 

to diagram shown in figure 1. 

a. Zero Index Material- 

When both permittivity and permeability are zero, which fall at the origin of Figure 1, have been 

termed zero-index materials [19]. 

DPS Material- 

The material in the first quadrant have positive real value of permittivity and permeability and 

they know as double positive (DPS). These materials allow right handed propagation so they also 

known as right handed media (RHM). All natural dielectric fall in this category. DPS or RHM 

also used in designing of metamaterials [16], [17], [18]. 

b. ɛ Negative (ENG) Material and its structure- 

The material in the second quadrant has negative permittivity and positive permeability such 

material known as ɛ negative (ENG). When this property realized in metamaterial design it is 

known as ENG metamaterial. It is the metal thin wire structure which shown in figure 2. This 

structure consists of thin parallel conducting wires. When excitation electric field E is parallel to 

the axis of the wires so as induce a current along them and generate equivalent electric dipole 

moments. 
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Fig.2. Thin-wire (TW) structure exhibiting negative ε/positive μ 

This MTM is exhibiting plasma like permittivity there by providing negative value below the 

plasma frequency. The thin wire behaves as an effective plasma medium described by the 

frequency dispersive Drude model [6], [7], [17], [18]. 
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Subscript r refers to relative values, where epf  is the electric plasma frequency and e the electric 

damping factor. Generalization of the wire medium obtained by loading the wires with lumped 

elements has also been investigated in [20] further detailed analysis revealed that the wire 

medium exhibits strong spatial dispersion [21]. 

c. µ Negative (MNG) Material and its structure- 

The material in the fourth quadrant has negative permeability and positive permittivity, known as 

µ negative (MNG) material. When this property is realized in metamaterial design it is known as 

µ negative metamaterial. It is the metal split ring resonator structure (SRR) shown in figure 3. It 

was first proposed in [8]. It is basically a sub wavelength magnetic resonator made of inductive 

metallic rings loaded with capacitive gaps if the excitation magnetic field H is perpendicular to 

the plane of the rings, so as to induce circulating current in the rings, which in turn give rise to a 

magnetic dipole moment.  

 

 

                                                   
 

Fig.3. Split-ring resonator (SRR) structure exhibiting positive ε/negative μ 

This MTM structure obey frequency dispersive Lorentz model with possible negative values just 

above the resonant frequency. 
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Subscript r refer to relative values, m  is the magnetic damping factor mof  is magnetic resonant frequency,

mpf is magnetic plasma frequency [17], [18]. 

Coupling effect between SRR in an array have been investigated [22] and magneto electric coupling 

occurring in these structure have been highlighted and described in [23], [24]. Spiral resonator has been 

proposed in [25] to lower the resonant frequency, thus decreasing the electrical size of the cells at 

resonance. ɛ negative and µ -negative materials may be collectively named single-negative (SNG) material 

[17].  

d. Double negative (DNG) material and its structures 

It is very famous class of metamaterials. This class of material lies in the third quadrant and has the 

negative permittivity and permeability so they known as double negative (DNG). These material allow 

backward wave propagation so they also know as left handed media (LHM) [1], backward-wave media 

(BW media) [10], and double-negative (DNG) materials. 

The first reported LHM obtain by combining the metal thin wire (ENG material) and spilt ring resonator 

(MNG material) [9]. This structure exhibits LH behaviour for one direction of propagation (1D LHM). An 

improved 2D version of LHM [26] shows in figure 4 which allowed the first experimental verification of 

negative refraction [27]. 

 

                                                                          
    

Fig. 4. 2D LHM [27] 

So many variants of LHM structure have been reported. Some of them are discussed below and 

their structures given in figure 5. Ω shaped metallic structure is new kind of LHM has been 

proposed in [28]. It is combined electric magnetic resonator. S shaped resonator has been proposed 

in [29]. This structure has no rods issue which is very significant advantage in waveguide 

measurement.

 

 
(i)                             (ii) 
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       (iii)                                      (IV) 

 

Fig.5. (i) unit cell on Ω pattern [28] (ii) unit cell on S pattern (iii) TL based unit cell of 1D LHM [37] (iv) 

mushroom based 2D LHM. 

Fishnet structure is a short wire pairs with continuous wires structure firstly reported in [30] . Its resulting 

structure and variation have been analysed in [31]. 

These all structures are based on metallic inclusion approach which has disadvantage of high losses as the 

frequency increases towards millimetre. To overcome of this problem a new LHM structure has been 

proposed which is based on dielectric inclusion. It is a combination of two lattices of high permittivity 

dielectric spherical particles [32]. It exhibit lower loss than metallic ones. 

After these structures TL (transmission line) based approach come in focus. TL based LHM do not rely on 

the resonance phenomenon so they exhibit low loss and wide band behavior compared to resonant 

counterpart [33]. TL based LHM structure has been proposed at the same time by three groups [34], [35], 

[36]. These structures were mainly concerned with planner 1D [37] or 2D [38] structure but recently some 

possible volumetric 3D LHM have been proposed and experimentally tested [39], [40], [41]. 

The design and optimization of the  LHM  have been an active area of research because the shape of rings 

,their effective radii, the radii of wire, the width of metallization govern their resonant and plasma 

frequencies which are directly related to the bandwidth where negative value occur. 

2. METAMATERIALS APPLICATION AND ACHIEVEMENTS 

Due to the exciting and unusual features, metamaterials have found and are finding a lot of application or 

potential application. Some of metamaterial achievements are giving below. 

A. Super lens- 

A super lens or perfect lens is an optical lens with resolution capabilities that go substantially beyond 

ordinary lens. In October 2000 Pendry invented the term perfect lens (LHM-lens) for such lenses are able 

to refocus wave for beyond the well Known diffraction limit [11] [42]. It is widely used in super resolution 

medical imaging, optical imaging, and non destructive detection. The first super lens in the microwave 

regime was realized in 2004 [43], which demonstrated resolution three times better than the diffraction 

limit. Later fang et al. proposed the first optical super lens using thin silver film [44] which break the 

diffraction limit and produce super resolution images [45]. In 2010 a nano wire array proto type described 

as a three dimensional metamaterial nano lens [46]. 

B. Metamaterial cloaking- 

The successful demonstration of invisible cloaks has been done experimentally in microwave regime [14] 

[47]. Transformation optics is a novel method for the design of invisibility cloak-a material that can be used 

to hide the object from detection [13], [14]. This approach gives the opportunities for the control of 

electromagnetic waves. In 2009 a group of researchers announced cloaking at optical frequencies. In this 

case the cloaking frequency was centered at 1500 nm (in infrared range) [48], [49]. The metamaterial 

acoustic cloak is designed to hide objects submerged in water. The acoustic cloak demonstrated 
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effectiveness for the sound wavelength of 40 kHz to 80 kHz in 2011[50], [51], [52]. The main application 

of cloaking device is in stealth technology. 

C. Metamaterial antennas- 

Metamaterial antennas are a class of antennas that use metamaterial to manipulate the size, efficiency, 

bandwidth and directivity of antenna. Metamaterial permits smaller antenna element that cover wide range 

of frequency . Antenna based on metamaterial coating to enhance the radiation and matching properties of 

electrically small electric and magnetic dipole antenna[53], [54]. The power radiated by a small antenna 

can be increased through the application of DNG metamaterial [55].metamaterial antenna are commercially 

used in cell phones [56]. In 2005 a patch antenna with metamaterial cover was proposed that 

enhanced directivity. According to the numerical results, the antenna showed significant improvement in 

directivity, compared to conventional patch antennae. This was cited in 2007 for an efficient design of 

directive patch antennas in mobile communications using metamaterials. Wireless Communication, satellite 

communication, air planes are some other applications of metamaterial antennas. Metamaterials and their 

antenna application is very interesting and developing research area in upcoming years [57], [58]. 

3.  FUTURE OUTLOOK OF METAMATERIAL 

A. Seismic metamaterial- 

Seismic metamaterial are metamaterials which are designed to counteract the adverse effects of seismic 

waves on artificial structure which exist on or near the surface of the earth. As 2009 seismic metamaterial 

were still in the development stage. Seismic metamaterial have the ability to manipulate seismic waves 

which are created by earthquake. The idea is proposed that if the metamaterial used as ring around  a 

building foundation then there have possibility that it diverts the most destructive seismic waves around the 

entire building [59], [60]. 

B. Tunable metamaterial- 

Regular metamaterial only respond to one frequency or frequency band but tannable metamaterial has the 

ability to arbitrary adjust frequency change in the refractive index. Electromagnetic band gap (EBG), also 

known as photonic band gap (PBG), and negative refractive index material (NIM) are the ongoing research 

area of this domain. Researchers are developing a new metamaterial design which allows certain properties 

to be tuned with external light source and will provide the switching property. The device can switch from 

a normal flat mirror to a focusing/defocusing mirror without changing its shape [61], [62]. 

C. Metactronics (metamaterial inspired nanoelctronics)- 

Metactronics is metamaterial based approach to designing future electronics on a nano scale. This concept 

has given by the professor Nader Engheta in 2007. In this concept Engheta is exploiting the optical 

properties of metamaterial for designing electronics circuit. Nano particles will play the role of lumped 

nanocircuit elements such as nanocapacitors, nanoresisters and nanoinductors. These optical nano 

electronics will work with light instead of electron transport [15]. 

D. Power harvesting metamaterial- 

Metamaterials are well-suited for electromagnetic power harvesting. Power harvesting devices convert one 

type of energy to another. Researchers say the power-harvesting metamaterial could potentially be built 

into a cell phone, allowing the phone to recharge wirelessly while not in use. This feature could, in 

principle, allow people living in locations without ready access to a conventional power outlet to harvest 

energy from a nearby cell phone tower instead. Improve the energy efficiency of appliances by wirelessly 

recovering power that is now lost during use [63], [64]. 
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4. Conclusion 

All experimental and theoretical demonstration of metamaterials shows that Metamaterials have become an 

extremely fertile research area. In the last 12 years we have seen many revolution and achievements in this 

discipline such as negative refraction, super lens and invisible cloak. Now super resolution imaging, the 

nanostructure metamaterials or metactronics, light harvesting for improved solar cell technology and power 

harvesting are the modern trend of metamaterial applications. We expect that many other fascinating 

discoveries and application will be found in future and explore the hidden world of metamaterials 
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