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Abstract: In this paper, we have discussed and summarized the 

techniques of radar cross section reduction (RCSR). RCSR has 

been prompted due to the evolution of military technology. The 

paper reviews the basic concepts and characteristics of 

metamaterials, as these are the most favorable development that 

impacts defense industry products and stealth technology. This 

paper emphasizes the role of airpower and the ever-increasing 

demand for stealth. Initially, the blending of the fundamental 

aspects of stealth technology through radar signatures and 

methods of signature reduction are discussed. Then, the 

description of metamaterials and detailed analysis of their 

properties is made. This paper review the fundamental properties 

of metamaterials. It also explores the recent research activities on 

metamaterials in various areas. Some existing researches 

techniques used for RCSR are examined. The metamaterials are 

engineered media whose electromagnetic responses are different 

from those of their constituent components. The general benefits 

of metamaterials are pointed out in the paper. Metamaterials are 

mostly used in antenna configuration for enhancing antenna 

performance such as realizing miniaturization, expanding the 

operating band, enhancing gain as well as reducing RCS. These 

characteristics of the metamaterials are basically the reason why 

metamaterials should be used in stealth technology. The various 

categories of metamaterials used for RCSR are studied in the 

paper. In this paper, we have also proposed a unit cell. The unit 

cell consists of a square loop and intersecting strips at the edges of 

add shaped structure. 

 

Index Terms: Electromagnetic bandgap, Metamaterials, 

Microstrip Antenna, RCS, RCSR. 

I. INTRODUCTION 

Significant research attentiveness in radar cross section 

reduction (RCSR) has been prompted due to the evolution of 

military electronic technology. In order to avoid detection by 

radars, radar cross section (RCS) of key military targets 

should be reduced [1]. Antenna makes a significant offering 

to overall RCS due to its key function which is to receive and 

radiate electromagnetic energy. Nuclear weapons are 

possessed by a large number of countries, but the number of 

countries that have the ability to make stealth military 

vehicles is quite low. The possibility of any country using a 

nuclear weapon is very less because of the extreme 

international pressure. Therefore in tactical warfare owning 

nuclear weapons is not of much significance. 

Stealth technology is a part of military tactics [2]-[4]. The 

main notion of stealth is to work/operate without giving 

 
Revised Manuscript Received on July 09, 2019.  

 Manbir Kaur, ECE, Thapar Institute of Engineering and Technology, 

Patiala, India. 

Rajesh Khanna, ECE, Thapar Institute of Engineering and Technology, 

Patiala, India. 

Atipriya Sharma, ECE, Thapar Institute of Engineering and 

Technology, Patiala, India. 

enemy forces any indications of its presence [3]. This 

technique was first explored by blending into the background 

visual clutter. It covers active and passive electronic 

countermeasures which include a range of techniques used 

with ships, aircraft, submarines, satellites to make them 

invisible to various detection devices like radar, infrared, 

sonar[6],[7]. For these parts of the electromagnetic spectrum, 

it corresponds to military camouflage. The extent of threat 

lead to selection of amount of stealth that has to be embedded 

in any particular design [8]. In most of the cases, especially in 

case of war devices, the key requirement is low RCS so that 

the device can be hidden from the rival’s radar [9]. RCS of 

any device be it airborne or naval ship depends on its shape 

and material. RCSR has been a matter of interest from the 

past numerous years. Microstrip antennas are quite favored in 

microwave dominion especially in aircraft systems. RCSR of 

microstrip antenna is an important research part of a stealth 

object [10].  

Microstrip antennas are widely used for military applications 

due to their properties like the lightweight, low profile and 

ease of fabrication [5],[11]. These antennas are most 

commonly used in array configurations. The microstrip patch 

antenna ground plane has higher radar cross section and until 

now many methods have been devised for reduction of RCS 

of microstrip patch antenna [10],[11]. High efficiency and 

composite absorbing structures allow a large portion of 

incidental energy to be scattered or attenuated in the 

insignificant direction in order to minimize monostatic 

scattering, but antenna due to its characteristics could not be 

coated with any broadband absorbing material while 

continuing to operate. Due to these reasons RCS reduction 

while maintaining electrical visibility is difficult. 

In this paper researches on RCSR using metamaterials are 

reviewed and summarized. This paper is organized as 

follows. In Section II, the literature review of RCSR using 

metamaterials is studied. In Section III, radar concepts and 

RCSR techniques are discussed. In Section IV, the various 

categories of metamaterials are reviewed. In Section V, a unit 

cell of metamaterial is proposed. In Section VI, the paper 

conclusion is presented. 
 

II. LITERATURE SURVEY 

A.  Literature Review of RCSR using Metamaterials 

Ying Liu et.al [12] proposed a novel method to minimize 

RCS along with preserving 

radiation characteristics of 

the antenna. This is achieved 

by using the principle of 
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passive cancellation along with Polarization conversion 

metamaterial (PCM). Results show in-band RCS is reduced 

16 dB in comparison to the reference antenna. In addition to 

this out -band RCS has been reduced by 14dB. 

Yuping Shang et.al [13] proposed a microstrip patch antenna 

with the reduced value of RCS. This reduction is achieved by 

switching the reference antenna ground plane with a complex 

ground plane consisting of band stop frequency selective 

surfaces (FSS) unit cells. 

Mohsen Zahir Joozdani et.al[14] investigated RCSR of 2x2 

patch antenna array using a miniaturized square loop, which 

was part of bandstop FSS. Stopband of FSS was identical 

with the resonant frequency band of the antenna which is 

from 3.3-3.4 GHz. Miniaturized FSS replace ground plane of 

reference antenna excluding the region below patch. FSS 

behaves as a ground plane for stop band other than this region 

it is transparent. The wideband RCSR is achieved in 4-9.5 

GHz range. 

Jeremiah P. Turpin et.al [15] proposed a technique of 

replacing ground plane of reference antenna with absorbing 

FSS with the intention of reducing RCS at higher frequencies. 

This approach is advantageous than many other techniques 

used for RCSR as these techniques degrade the antenna 

performance. 

Ying Liu et.al [16] investigated a low RCS microstrip 

antenna. The basis of design is microstrip resonator and 

implementation of FSS out of RCSR can be achieved by 

replacing metal ground with FSS ground. In-band RCSR can 

be achieved by loading of microstrip resonator. Majority of 

the RCSR is achieved in the frequency range of 3-10 GHz.  

Out of band and In band  RCSR achieved is around 17 and 13 

dB respectively. 

Hao Jiang et.al [17] proposed an antenna with partially 

reflecting surface (PRS) and high gain for out of the band and 

in band RCSR. In-band RCS is achieved by using a 

metamaterial ground plane. PRS is situated about one-half 

wavelength higher than metamaterial ground plane (MGP) in 

order to increase antenna directivity out of band reduction is 

attained by using absorbing material. A significant RCSR has 

been achieved in the frequency range 8-17 GHz. 

Ali Azarbar et.al [18] proposed a technique using composite 

artificial magnetic conductor (AMC) surface with a 

magnetodielectric substrate for broadband reduction of RCS. 

The advantage of using magneto-dielectric is that it increases 

in phase reflection bandwidth of AMC structure. The 

composite surface constitutes two types of AMC cell where 

each AMC cell operate at a different frequency. The phase 

differences are tuned to be closed such that reflections from 

cells cancel out each other. The results show that RCSR more 

than 13 dB was achieved with a 93% bandwidth. 

M. Mighani et.al [19] proposed a novel wideband chess 

board surface along with a double layer in order to reduce 

RCS. By using a novel structure of two AMC cells we can 

achieve -10 dB RCSR over 73% of frequency bandwidth. 

Boards with higher thickness are required to increase 

bandwidth in case of chessboard structure. 

Yunqi Fu et.al [20] proposed the usage of composite AMC 

surface for wideband RCSR. The composite surface 

constitutes two AMC cells, with AMC cells having a different 

resonant frequency. The phase difference between AMC cells 

is required to be in a range close to 6π, due to this reflection 

from AMC cells cancel out each other. 

Yongtao Jia et.al [21] presented a broadband mushroom 

antenna with high gain to attain wideband RCSR. In-band 

RCS can be largely reduced as the mushroom structure 

resonates at antennas operating frequency. For out of band 

RCSR metal ground is being replaced by bandstop FSS. In 

order to add zero degree reflection phase square metallic 

patches are printed periodically below the cells of FSS. This 

aids the RCSR. 

III. RADAR CONCEPTS 

A. Radar Signatures 

Radio Detecting and Ranging is a device used to detect, 

locate, track, and identify objects at considerable distances. It 

operates by transmitting radio waves towards the objects and 

observing the echoes returned from them.  

The various categories of radars used and their operating 

range as met by an aircraft as it enters a hostile region [22] is 

depicted as 1. Lower frequency range (0.1-1.0 GHz) is used 

for surveillance and detection (VHF, UHF, S-Band) 

2.Medium frequency range is used for tracking the target, 

used mostly by SAM launchers (C, X) 3.Higher frequency 

range is used by radar onboard aircraft (Ku, K, Ka).  

 
Tab. I IEEE Radar letter-band nomenclature [23]. 

 

BAND 

DESIGNA

TION 

NOMINAL 

FREQUENCY(M

Hz) 

BAND 

DESIGNATI

ON 

NOMINAL 

FREQUEN

CY(GHz) 

HF 3 – 30 X 8 – 12 

VHF 30 – 300 Ku 12 – 18 

UHF 300 – 1000 K 18 – 27 

L 1000 – 2000 KA 27 – 40 

S 2000 – 4000 V 40 – 75 

C 4000 – 8000 Mm 100 – 300 

 

B. RCS of an Aircraft 

RCS is interpreted as the area of an imaginary perfect 

reflector that would reflect the same amount of energy back 

to the receiving radar antenna, as reflected by the actual 

target. According to the IEEE dictionary, RCS is represented 

as an estimate of the reflective strength of a target. It is 

represented as 4π times the ratio of the power per unit solid 

angle scattered in a specific direction, to the power per unit 

area of a plane wave incident on the scatterer from a specific 

direction, and is given as[24], 

RCS =    (1) 

r = radar range, = scattered power density (w/ ), = 

power density intercepted by target (w/ ). RCS is an 

approximation of observability of a target, which in turn is 

dependent on its EM properties and external features. The 

RCS emphasizes on the electromagnetic energy of the 

receiver that is reflected from the target to the incident 

electromagnetic energy. When electromagnetic waves are 

incident on a body, some part 

of the energy y is absorbed 

and the remaining energy is 
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reckoned by the phenomena of reflection and diffraction. The 

RCS of an object is an approximate dimension of the target as 

seen by the radar which in turn is used for detection of 

objects. RCS can be represented as a coherent summation of 

contributions from numerous scattering centers of the target 

which were once illuminated by the radar.  

Multiple or sequential reflections may be caused by some 

part of the reflected signal that may be in the direction of 

other conducting surfaces, the resultant RCS is computed as 

the vectorial sum of all these returns. The superposition of 

individual echoes in addition to the highly specular return 

from the various flat surfaces and retro-reflectors cause 

widely varying echo amplitude with a small change in the 

view angle (termed as scintillation). The RCS of an object is 

dependent on [25] 

1. Shape of target 

2.  Size of target 

3.  The ratio of the target dimension, to the wavelength 

of the impinging radar wave. 

C. Radar Detection Range 

The maximum range of the radar depends upon its operating 

frequency. Radar waves with lower frequency are less 

attenuated in propagation. The antenna size required can be 

impractical if the frequency is too low. For precisely tracking 

the targets, tracking radars require good accuracy and 

necessary. Because of these anti-aircraft gun systems and 

guided missiles operate at a high frequency. The range of the 

monostatic radar is given as [26],  

    (2) 

 

 For radar, the maximum detection range alters as a function 

of the fourth root of the target’s RCS.  So attaining reduction 

in the detection range of threat radar leads to a significant 

reduction in the aircraft RCS. For example, to reduce the 

detection range by half, RCS has to be decreased 16 times.  

D.  RCS Reduction Techniques 

An aircraft has to use several RCSR techniques 

simultaneously in order to reduce RCS by a significant 

amount. The number and type of RCSR techniques used 

depend on several factors like cost, mission effectiveness, 

mission profile, etc. The key difference between the active 

and passive techniques of RCSR is that active techniques 

work by destructive interference of the incoming wave with 

the scattered field within the array while in passive 

techniques, a difference of amplitude and phase of the 

scattered wave from one part of the target cancels the same 

from the other part. The platform is made ‘invisible’ to the 

probing radar sources by the active cancellation of the 

impinging waves. 

Nowadays, the tremendous knowledge of passive RCSR 

techniques can be used for controlling the EM scattering. 

These passive reduction techniques mostly use either shaping 

[29] or applying RAM [27],[28]. The efficiency of such 

methods is dependent on the angle of incidence, frequency as 

well as the polarisation of the incident wave. For an aerial 

vehicle (missile or aircraft), stealth may be achieved by 

considering angular region. The profile of the vehicle is 

designed so that only a small angular range is available to the 

radar. In addition to above-mentioned passive techniques, 

some other methods such as artificial magnetic conductors 

(AMC) [63], frequency selective surfaces (FSS)[53] and 

active RCSR [37],[38] have also been used for RCSR. The 

technique of RCSR using shaping is defined as follows 

E. RCSR by Shaping 

The overall size of ships, military vehicles or airplanes 

cannot be varied much, because of the confines of operational 

capabilities [29]. The geometric cross section of military 

vehicles cannot be easily reduced. The concept of shaping 

works by orienting the target edges and surfaces to achieve 

deflection of scattered energy in the direction away from the 

radar[30],[31]. Two approaches can be taken in the technique 

of shaping. The first approach is to replace flat surfaces with 

curved surfaces and this leads to the elimination of narrow 

but intense specular lobes. This increases the general echo 

levels at nearby aspect angles, although this reduces the 

magnitudes of specular echoes. The second approach is to 

extend flat and singly curved surfaces, even if this increases 

its intensity but it narrows the specular lobe. To confine 

specular flash to a narrow angular region it is preferred to 

maintain larger surfaces as smooth and flat as it is feasible. 

Larger is the area, higher will be maximum RCS, and faster it 

drops off.   

A spherical surface independent of its orientation will reflect 

from any point. When the specular reflections are suppressed 

or eliminated then reflections from other directions become 

significant. The structures are shaped so as to reduce the 

corners, edges and surface discontinuities. The key motive is 

a redirection of the reflected waves in nonspecular directions, 

thereby reducing the backscattering. The shaping technique 

must satisfy the aerodynamic requirements of the military 

vehicle (e.g. aircraft, missiles, ships, etc.). Another technique 

of RCSR is radar absorbing material. 

F. RCSR by Radar Absorbing Material (RAM) 

The second technique of RCSR is the usage of RAM. As the 

name suggests, the function of the radar absorber is to soak up 

incident energy, hence reducing the scattered energy or 

energy reflected back to the radar. At radar frequencies, two 

primary approaches exist to reduce reflections from a 

structure: absorption and cancellation. Absorption is the 

process in which energy from the wave is transferred to the 

material as it passes through it [32]. Radar energy can be 

enwrapped through one or more of the loss mechanisms, 

which might be involving magnetic or dielectric properties of 

the material. The cause of loss of radar energy is due to the 

transformation of radio energy into heat energy. Majority of 

the absorbers do not dissipate a sufficient amount of energy 

so as to become detectably warm when they are irradiated by 

incident wave. The wave should be able to travel many 

wavelengths before being significantly attenuated. 

RAM operates by enwrapping the incident EM energy and 

transforming it into heat 

energy, hence reducing the 

scattered energy in the 

direction of radar [33]. 
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RAMs are quite efficient in controlling the backscattering 

than forwarding scattering. They have comparatively high 

values of the imaginary part of permeability and permittivity. 

Salisbury screen and Dallenbach layer are narrowband RAM 

coatings and have been used since the the 1950s [32]. 

Modern radar systems span over a wide range of frequencies. 

Hence a wideband RAM is needed. A typical RAM used in 

aircraft could be a composite or ferrite based paint [35],[36]. 

However, there are significant disadvantages to using RAM. 

Firstly, most of RAMs are toxic. Secondly, precise 

application techniques are required for RAM coatings, as it is 

necessary that the coating thickness and smoothness must be 

uniform across the platform. Both the passive approaches i.e. 

shaping and RAM are mostly considered simultaneously to 

obtain the acceptable low visibility over the operational 

frequency band. Two more RCSR techniques are active and 

passive cancellation. 

G. RCSR by Active Cancellation 

Active cancellation also known as active loading is more 

ambitious than passive loading. In this technique, the target 

emits the radiance in time coincidence with approaching 

pulse so that the amplitude and phase of emitted wave cancel 

those of the reflected wave. Inactive cancellation, the target 

emits a signal which copies the echo received by the radar 

provided that it is out of phase by one-half wavelength, so 

that as a result the radar receives no signal at all. The key 

benefit of this approach is that it uses quite a small amount of 

power and it provides no indication about the target's 

presence. The shortcoming of this approach is that it requires 

fast processing. A poorly executed process of active 

cancellation could make the target more visible to the radar. 

Active cancellation technique is most suitable for 

low-frequency RCSR. In this frequency range scattering 

patterns exhibit broader lobes and use of absorber and 

shaping become quite difficult. This technique of RCSR has 

been described to be used by the Rafale [37],[38] and has 

been implicitly rooted by Dassault [40], without providing 

any details [39].   

H. RCSR by Passive Cancellation 

 In passive cancellation, the basic approach is to bring out an 

echo source whose phase and amplitude is adjusted so that it 

can cancel wave from another echo source. The target which 

consists of the scattering element is called the loaded body, as 

opposed to this the bare target is called the unloaded body. 

This technique is termed as impedance loading. This method 

is usually limited to a small spatial sector and is efficient over 

only a narrow frequency band [41]. 

IV. METAMATERIALS 

In present years, metamaterials have drawn tremendous 

interest due to their unique electromagnetic properties. 

Metamaterials are mostly employed in antenna configuration 

for enhancing antenna performance such as realizing 

miniaturization, expanding the operating band, enhancing 

gain as well as attaining RCSR of antennas. 

Metamaterials are the artificial materials with characteristics 

which may not be generally available in nature [42]. These 

metamaterials do not attain their characteristics from 

composition but they are dependent on structure. These 

operate by using the involvement of small inhomogeneities to 

implement macroscopic behavior [43]-[45]. 

The metamaterials have become part of the mainstream of 

electromagnetics. The main characteristic of metamaterials is 

their desired and unusual qualities that exist due to their 

unique structure & design. In a composite media, the 

interaction of electromagnetic waves with the inclusions 

leads to the production of electric & magnetic moments. This 

will affect the macroscopic effective permeability and 

permittivity of the bulk composite medium. Metamaterials 

classification is as follows. Fig1 depicts the metamaterial 

classification. 

A. Negative Index Metamaterial 

Negative-index metamaterials (NIM) have a negative index 

of refraction due to negative values of both permeability and 

permittivity[46],[47]. This material can be termed as 

DNG(double negative materials). Some other keywords used 

for these metamaterials are "media with a negative refractive 

index" as well as "backward-wave media"[43]. 

B. Single Index Metamaterial 

Metamaterials with chirality property are made of chiral 

materials which have non zero effective parameter k. The 

term left-handed refers to circularly polarized waves that 

constitute the propagating modes in case of chiral media. The 

term right-handed refers to the trio of the magnetic field, 

electric field and Poynting vector which exist in negative 

refractive index(NIM) media, which generally is not 

chiral[50],[51]. 

C. Bandgap  Metamaterial 

Electromagnetic band gap(EBG) metamaterial have the 

property of controlling light propagation. This property is 

implemented done with photonic crystals and left-handed 

materials. Photonic crystal has a property of prohibiting light 

propagation completely. Both categories can be designed 

with band gaps at desired frequencies and amount of light 

allowed to propagate in desired and specific 

directions[48],[49]. 

D. Chiral  Metamaterial 

Metamaterials with chirality property are made of chiral 

materials which have non zero effective parameter k. The 

team left-handed refers to circularly polarized waves that 

constitute the propagating modes in case of chiral media. The 

term right-handed refers to the trio of the magnetic field, 

electric field and Poynting vector which exist in negative 

refractive index(NIM) media, which generally is not 

chiral[50],[51]. 
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Fig. 1  Metamaterial Classification[52] 

 

E. Frequency Selective Surfaces (FSS) 

FSS are periodic surfaces with similar two-dimensional 

arrays of elements organized on a dielectric substrate [53]. 

Based on the characteristics of the 2-D array, the incident 

plane wave will be either transmitted (passband) or it will be 

reflected back (stopband) and this will be either completely 

or partially. These conditions occur when the resonant 

frequency of  FSS elements and frequency of electromagnetic 

(EM) wave are the same. So, an FSS hasthe capability of 

blocking or passing the electromagnetic waves of particular 

frequency ranges in the free space. 

FSS is best known as a spatial filter. The properties of FSS 

elements like their shape, size as well as their periodicity lead 

to the resonance. FSS has been widely studied over the past 

five-six decades and a variety of optical and microwave FSS 

have been invented. Earlier these were mostly used in 

reflector antennas [54], involving antenna radomes as well as 

resonant beam splitters [55],[56]. 

In present times, the most prominent application of FSS is for 

reducing or controlling RCS or as antennas radomes. The 

design complications of FSS limit their performance, 

including unresponsiveness to the angle of incidence, the 

polarization of electromagnetic wave and requirement of 

compact size. Traditional FSS did not provide sufficient 

spatial filtering results and they were narrow band. 

Comprehensive research is ongoing to improve the FSS, 

efforts are made to miniaturize the frequency selective 

structure and enhance the frequency response along with 

broader bandwidth (BW) at higher angles of incidence. 

Single layered FSS experience unstable performance due to 

variation of electromagnetic wave angle of incidence, hence 

they have been proved inefficient. To overcome this 

limitation multi-layered FSS have come into existence. These 

provide the flexibility of changing parameters to attain the 

required performance. Fig 2 and 3 depict taxonomy of FSS 

and functionality of FSS. Fig 4 presents the various shapes of 

FSS elements. 

 
Fig. 2 A taxonomy of FSS [57] 

 

Various types of FSS exist such as  

1. FSS on basis of Fractal elements  

2. Active and Three-dimensional structure for 

microwave technology 

3. Embedded structures consisting of inserted plates and 

metallic rods on the basis of the stepped-impedance 

resonator 

4. Integrated structures 

5. Electromagnetic bandgap structures  

6. Metamaterial structures 

 
Fig. 3 The functionality of an FSS [57] 

HIS are the high impedance surfaces [58]. These are 

two-dimensional arrays which are designed to reject bounded 

surface waves and to completely reflect in phase incident 

plane wave. They are used to nullify the propagation of 

surface modes. PBG and EBG (photonic bandgap structures) 

possess such characteristics and they explain forbidden and 

impulsive emission. 
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Fig.  4 Various shapes of FSS elements [53]. 

 

 

F. Electromagnetic Bandgap Structure (EBG) 

The EBG operates by inhibiting propagation of the 

electromagnetic wave in particular band of frequencies 

termed as bandgap, which in turn depend upon its material 

parameters as well as its geometrical parameters, in contrary 

to this metamaterial show left-handed behavior opposing 

well-known phenomena of optics such as Doppler effects, 

etc. 

The reflection phase characteristics are used to estimate the 

electromagnetic nature of any surface. The  reflection 

phase refers to a PMC and a  reflection phase denote a 

PEC surface. When a plane wave is an incident normally on a 

PEC surface, the total tangential E field should be zero to 

satisfy boundary conditions. The incident electric field and 

the reflected electric field must have the opposite signs, 

which lead to the value of reflection coefficient to be −1. The 

reflection phase in case of the perfect electric conductor is 

. Similarly, for a perfect magnetic conductor, the 

reflected electric field and the incident electric field should 

have the same sign but the reflected magnetic field and the 

incident magnetic field should have the opposite sign. For 

this case the reflection phase is  and corresponding 

reflection coefficient value is equal to +1 [59]. In reality, the 

PMC surface do not actually exist in nature. EBG reflection 

phase range from +  to -  with an increase in 

frequency. The frequency range of +  and −  mostly 

coexist with a bandgap of the EBG structures. In-band RCS 

reduction is achieved by using EBG structure loaded with 

lumped resistances [60] and for out of band RCS reduction 

mushroom-like EBG structures are used [61],[62]. 

G. Artificial Magnetic Conductor (AMC) 

Among all the metamaterial, AMC structures [63]-[72] are 

specifically used in designing of low-profile as well as highly 

efficient antennas [73]-[79]. AMC have inherited the 

in-phase reflection properties which in turn reduce the 

radiations meted out to the body [80] in wearable 

applications [80]-[82]. PMC does not actually exist in nature. 

AMC is synthesized PMC. From viewpoint of 

electromagnetics, AMC is dual to a PEC. AMC exhibit a 

phase value of 0◦ and a reflection coefficient value of 1 in the 

ideal lossless case. AMC show characteristics of PMC over a 

particular frequency band. AMC operation bandwidth varies 

from + ◦ to − . For this range, the destructive 

interference between reflected and direct waves will not be 

caused by phase values. The main drawback in unilayer case 

is the narrow AMC operational bandwidth. By using a low 

relative dielectric permittivity substrate and optimizing the 

design of unit cell additional reduction in cost is attained  

In AMC structure every unit cell is represented as a 

distributed parallel LC network having one or more than one 

resonant frequencies. The resonant frequency is the 

frequency where AMC conditions exist and at this frequency 

impedance is high. For the parallel LC circuit, in-phase 

reflection bandwidth is proportional to √L/C and the resonant 

frequency is equal to 1/(2π√LC).In order to design an AMC 

structure with the required bandwidth and at a certain 

frequency, we have to change the unit cell’s geometry along 

with other changes like changing substrate’s relative 

dielectric permittivity a well as thickness.  

Higher is the value of relative permittivity of dielectric 

substrate, lower will be the AMC bandwidth [68]. The 

change of unit cell geometry leads to modification in 

equivalent LC resonant circuit. In order to attain broader 

AMC operational bandwidth, the value of L is to be increased 

and that of C is to be reduced. To increase the value of L thick 

dielectric substrate can be used. Other means to increase L 

are by including long and narrow strips in geometry. Value of 

C can be increased by enhancing the gap between the unit cell 

metallization edges. Another method is by a reduction in the 

relative dielectric permittivity of the substrate. A trade-off 

solution involving  and substrate thickness has to be 

adopted, so as to attain both compact size as well as broad 

AMC operation bandwidth. 

The shaping technique used for RCSR is based on changing 

the surface or shape of the device under test (DUT) so as to 

redirect all the scattered energy away from the source. One 

technique of obtaining this scattering is by the usage of planar 

configuration. The planar structure that has shown the 

prospect of narrowband RCSR is based on using a 

combination of AMC and PEC in a chessboard-like 

configuration[34],[84],[85]. The principle of operation of the 

chessboard configuration consisting of AMC and PEC is 

based on the destructive interference between the waves 

reflected by these cells. At its working frequency, AMC cells 

lead to  phase change of reflected wave whereas in case of 

PEC cells phase change of  exist. Summing these two 

effects a net phase difference of  is achieved between the 

radiations from the PEC and AMC cells which lead to 

destructive interference and hence attaining a null in the 

specific direction [83]. 

The major drawback of AMC and PEC chessboard 

configuration is its narrowband operation bandwidth 

structure. Outside the range of operation bandwidth, AMC 

act as PEC and destructive interference property does not 

hold. This shortcoming can be removed by replacing PEC 

cells in chessboard configuration by another AMC cell which 

operate at the different 

resonant frequency. This 

replacement allows the 
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condition of destructive interference to hold at least the 

resonant frequency of both AMC. As a result, a dual-band 

design may be constructed to overcome this gap. 

 

V. DESIGN AND SIMULATED RESULTS OF UNIT 

CELL 

In this paper, we demonstrated a unit cell of the metamaterial 

to achieve a reduction in RCS of an antenna. The front view 

of the unit cell is depicted in figure 5. Unit cell consists of a 

square loop and intersecting strips at the edges of add shaped 

structure. The unit cell of metamaterial is deposited on FR-4 

substrate with 4.4 permittivities and loss tangent of 0.025, 

whereas the thickness of the substrate used is 2 mm. The 

copper employed for metamaterial structure has an electrical 

conductivity of 5.7 x  S/m and thickness of copper is 

0.035mm. The design variables for adopted metamaterial 

geometries with corresponding symbols are shown in Table 

II. The structure is designed, simulated and optimized using 

CST Microwave Studio software using floquet boundary 

conditions. To simulate the structure the unit cell boundaries 

in –x and in –y directions and open add space boundary in the 

z-direction has been chosen. 

 

 
5(a) 

  
5(b) 

Fig. 5 Proposed Unit cell (a) front view (b) side view 

 
Tab. II Parameters of proposed unit cell 

 

The simulated reflection and transmission characteristics of 

the unit cell under the normal incidence in the frequency 

range from 2-8 GHz are shown in figure 6. It is seen that the 

designed unit cell exhibits a bandstop performance at the 

center frequency of 5 GHz. The peak reflection characteristic 

value of the unit cell is -20.24dB at 5.0 GHz.  The bandwidth 

corresponding to -10 dB reflection characteristics for the unit 

cell is 2.2 GHz from 3.9 GHz to 6.1 GHz.  

 

 
Fig. 6 Magnitude of S-parameters of the Unit cell under normal incidence 

VI. CONCLUSION 

In this paper, various types of metamaterials and their 

features have been discussed. Stealth technology is the key to 

achieve air superiority in present-day warfare. The most 

important requirement of defense industry worldwide in this 

century is to hide military units during war or when we 

manage an unexpected blow to the opponent. Metamaterials 

are the pillar of this conceal unit task. Paper presents a review 

of RCSR using metamaterial. The overview of various 

techniques and metamaterials used for RCSR is provided. 

Finally, a novel metamaterial structure is designed and 

simulated using CST Microwave Studio software, which can 

further be used for RCSR. 
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