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cident electromagnetic waves and possess unique features that do not present in
naturally occurring materials. Metamaterials are challenging to fabricate due to
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1 Introduction

Microstrip patch antenna has played an essential role in booming technology over the last few
decades due to its small scale and low profile antenna [1]. A standard microstrip patch antenna
consists of a three-dimensional substrate with the radiating portion on one side and the ground on
the other [2]. Standard MPA has several drawbacks, including poor radiation efficiency, narrow
Bandwidth, and low Gain. Several techniques like Defect ground structure can overcome those
defects, Electronic band gap structure, Reconfigurable antenna, Fractal antennas, etc.[3-6], but in
all the earlier stated techniques, radiation efficiency cannot achieve maximum along with the wide
Bandwidth, high Gain and Size reduction [7-8].

Over the last few years, Left-handed materials have played a vital role due to several advantages like
good Radiation efficiency, High Bandwidth, Good polarization conversion ratio, etc., due to their
unique properties, which can't exist in the natural material [9].

(@ (b)

(@

Fig. 1. a, b shows the microstrip patch antenna with Right-hand material [3,7]
¢, d shows the patch antenna with the Left-handed material [64,35]

2 Materials and its Types

Generally, the material is a mixture of the substances which constitute the object. Several materials
are available for implementing the microstrip antennas with positive permittivity and permeability,
such as FR4, Rogers, Bakelite, etc. These materials can be termed as Right-handed material (RHM).

There are some materials with negative permittivity and permeability that are not available
naturally. These materials can be called Left-handed materials. They are mainly three types. 1.
Epsilon negative material (ENG). 2. Mu negative material (MNG), 3. Double negative material
(DNG).

(a) Left-handed materials

Metamaterial is a word count from the Seminar paper [9] by Pendry. The optical lens is the primary
tool from the past 19th century, and it can be used either by polishing the lens or changing the
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dielectric material. According to Pendry, the ideal lens can only be made possible by artificial
materials, which cannot be made from natural materials and have unique properties. Negative
permittivity and permeability are desirable [9]. Later, Vassalage and Smith, along with Pendry,
created these artificial mediums. Metamaterial was suggested as a title for these unique properties
at the international conference in 2004. Metamaterial can be derived from the Greek word Meta
which means beyond, and Material can be from the Latin word Meta. Metamaterial is a 3-
dimensional material with subwavelength inclusions and effective fundamental parameters not
occurring in the natural material [10]. A good radiation efficiency, Reduction in the size, wider
Bandwidth had been achieved by using the Metamaterials. The major limitation in this is that a
large-scale production cannot be possible, and losses would also occur during the large production
with these three-dimensional metamaterials [11].

Metasurface is a 2-dimensional material with unique properties like relative permittivity, and
relative permeability should be negative as Metamaterial [12]. Metasurface is a simple planar
structure with a two-dimensional material, while Metamaterial is a three-dimensional material.
Due to the simple design of the MTS, fabrication is also easy and cost-effective. Metasurface has
several applications as the Metamaterial like an invisible cloak, perfect lens, phase compensators,
high radiators [13].

When an electromagnetic wave hits a dielectric material, it causes electric and magnetic inclusions,
which result in dipole moments, which are influenced by relative permittivity and relative
permeability [14]. The p and ¢ can be classified in the form of the Cartesian coordinate system given
in fig.1
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Fig. 1. Classifications of the Relative Permittivity (¢) and relative permeability (i) [14]

Fig 1 shows the classifications of Relative Permittivity (¢) and relative permeability (u). The first
coordinate shows the Double positive material (¢ > 0,4>0), the second coordinate shows the
Epsilon negative material (¢ < 0, u>0), third coordinate gives the Left-handed Materials (¢ < 0, u<
0), whereas fourth coordinate shows the Mu negative material (¢ > 0, u< 0).

(b) Double positive material (DPS)

Most naturally occurring materials (Dielectric materials) fall under this category. According to the
Maxwell right-hand thumb rule, if the electric field (E) and magnetic field (H) are perpendicular to
each other, then the resultant wave is travelled towards the forward direction (K) when relative
permittivity and relative permeability should be positive. So when & > 0,u>0 then the refractive
index should be positive n=++/eu [14].
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(c) Epsilon negative material (ENG)

A medium with negative permittivity and positive permeability can fall under this category. Global
metals like gold, silver under infrared region and visible frequencies. D. R smith, in 2006 had
proposed the negative permittivity with the Parallel inductor-capacitor circuit (LC).[15] He had
successfully verified with the simulation and practical results in the 10GHZ — 20GHZ frequency
range, and it does not require the intercell for electrical connectivity. Fig 2 shows the proposed
Model for the negative Permittivity by D.R. Smith.
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Fig. 2. a) Fabricated sample b) Geometrical design c¢) multilayer proposed antenna d) Equivalent circuit of the
proposed antenna [15]

The fig 2a,fig 2b,fig 2c shows the proposed antenna by D. R. smith with the four balanced split-ring
resonators, and fig 2d indicates the equivalent electrical resonating LC circuit with resonance w =

2
LC

2
EW
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Fig. 3. a) shows the negative permittivity and b) shows the positive permeability [15]

Fig 3a blue line shows the negative permittivity, which falls under yellow color for the 10GHZ-
15GHZ region. From the fig 3b shows the positive permeability with green stripes.

(d) Mu Negative material (MNG)

A medium with positive relative permittivity and negative relative permeability (¢ < 0,u< 0).
Gyrotropic, gyromagnetic materials are the best examples of Mu negative materials. Pendry in the
year stated that "we can build the artificial magnetic permeability which does not occur with the
naturally occurring materials by using the non-magnetic materials loike complementary split-ring
resonators.[16] Fig 4 shows the CSRR structures with the simulation results.
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Planar split ring structure

inner radius = 2 Omm
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Fig. 4. a) Indicates the plain view of the split ring resonators [16]
b)Shows the plain view of the square array of split-ring resonators

Fig 4 shows the realization of relative permeability, which is less than Zero using CSRR structures
under Tara Hertz frequency Rang [16]. Pendry had calculated the permeability by considering the
infinite conducting cylinders.

The average B-field can be given by
Bavg = 1oH, ®

Let us consider the H-field overlying entirely outside of the cylinder

nr. nr? —Hy
Havg = Hy = —53= Ho = 727 s
1-——5[+i—%
a wréug
Hence we define
T[TZ . 20
Bavg I g nr? . 20
_ _ e wrpg _ 4 _ 77 4
Heff = totiavg 14122 =1-Z 1+lwruo (@)

avg Wrio

For an infinitely conducting cylinder, the above equation shows that the permeability would be
greater than zero and less than Zero. We could have replaced the metallic cylinders with prisms of a
square cross-section to maximize the volume enclosed within the prism. If the resistivity of the

sheets is high, then the additional contribution to y, is imaginary, but always less than unity
3
Hepr = 1+ 15 "220" wrig 3)

a?

(e) Double Negative Materials (DNG)

Pendry had stated that to make the perfect lens artificial materials and which should not be
occurred naturally. [9] Later Veselago found that the artificial materials are nothing but the
negative permittivity and permeability based on Maxwell relations from the equations 4 and 5 given
below [17].

VXE =-jo(—)H memmm) VX E =-jop(-H) - @)
VxH =jow(-0EVX(H) =jw@EE - 5)
The system is left-handed!
KL EL(H) ) (-K)L1 E-LH)

E,H and K form a “left handed” system
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From equations 4 and 5, Veselago founded that (-k) and E,H are perpendicular to each other, and
the resultant wave is propagating towards a backward direction and form Left-handed materials

[17].

In the case of plane wave propagation, the electric field and magnetic field can be expressed as

E = E, eGkrwd (6)
H = H, eGikr+iwt ()
The pointing vector can be expressed as S = 12 (E x H*) -----------=mmemm—- (8)
- .
RIAVAVAVAVY
[ u
_—
oS
’ w
L3 v o

Fig. 5. Propagating wave along the forward and backward direction [9]

A medium with Negative relative Permittivity and Negative relative permeability can be called
Double Negative materials. During the international conference 2004, a new name was introduced
for an artificial material is METAMATERIAL. Several names were checked to rename the artificial
name as Metamaterial, Double negative material, Left-handed media, Media with the negative
refractive index, or Backward media [18].

Negative Refractive Index

Veselago stated that the Negative refractive index should be possible only when both permittivity
and permeability should be negative [17].

n= —/eu (10)

Wounjhang Park states that many advances had been made based on the NIM, which results at the
beginning of the New optical material properties[19].

t=t,> 14 e
=t

Fig. 6. Gaussian wave propagating in NIM as time passing from to through ts, t=[19]

Pendry stated that the Limitations of the General lens could be explained by considering the below
equation. The following equation will give the electric component of the field

E(1,1) = Yo kyky Eo(kxo ky) X exp(ik,z + ikyox + ik, y — iwt)

Here they choose the axis is Z-axis and from the Maxwell equations k, has condition as
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k,= +i /a)zc*2 —kZ—kiw*c 2> kZ+ k;

These evanescent waves can be decaying w.r.t distance, and no phase correction can be restored
with the proper amplitude because these propagation waves are limited to

ki+ ki <w?c™?
In order to avoid these limitations, Pendry had placed the parallel slab with the negative refractive

index followed by the positive refractive index, which is shown in figure 2.

The reflection coefficient wave is given by
. . t¢1p1exp(2ikid)
= t—=
;42—1311 Ry M,Ll—rflf 1-r12exp(2ikid) 0

Similarly,a mathematical equation for the P-polarized evanescent waves can be given by

1 i1l
lim Tp= lim zgkzl 2ky < englkzd) = exp(-ik,d)
ue-—1 we—>—1&kz+kz ekz+kz ky—ekz i
—% exp(2ik;d)
kz+ekz

Pendry stated that the "from the above mathematical equations medium does not amplify the
evanescent waves and also with a new lens both propagating and evanescent waves can contribute
to the resolution of the image" [17].

3 Metamaterials

Over the past few years, the demand for Metamaterial had increased in the scientific communities
due to the 5G technology. However, the Metamaterial can also be left-hand, negative refractive
index, or backward wave material. A rapid development had been done on the MTM, and the
detailed report had been present on the literature review, advantages, and applications of the MTM
in this section.

Several advances have been made on the Metamaterials for the antenna's size reduction to increase
the radiation efficiency, enhancement in the Bandwidth, and improvement in the Gain [7]. In this
section, a literature survey has been discussed. SAMIR SALEM AL-BAWR had proposed a single
layer MIMO antenna with the square and Hexagonal shape unit cell at the resonance frequency
28GHZ [20]. He had successfully designed a 3x3 array antenna with negative permittivity and
permeability at the given frequency ranges 27 GHz -30GHZ.
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Fig. 7. a and b indicates the designed antenna with MIMO, c and d shows the Fabricated antenna, e and f
shows the measurements of the proposed antenna

PENG LIU had achieved the good polarization bandwidth by H-shape slot with the characteristic
mode analysis and Metamaterials. He had verified the permittivity and permeability of the left-
handed materials [21]. In this paper, he had demonstrated the CSRR shaped antenna with the LHM
properties by using the FEM method (HFSS) and Matlab [22], another author had designed aerial
by using the 7x7 unit square cell, and he achieved the 6.5dB of the Gain with the low Bandwidth
[23]. Most research has been going on on the Metamaterials antenna. Metamaterials are in three-
dimensional structure so that the fabrication in the bulk quantities may take high lass and complex.

(a) Advantages of Metamaterials

In this section, applications of Metamaterials and advantages havebeen discussed. A metamaterial
had been widely used due to its small size with the high radiation efficiency of about 99.9%, high
Gain, and polarization Bandwidth.

Pendry stated that the left-handed materials could make the perfect lens, and it can be shown in the
fig 8a [1], cloaking and invisibility are also one of the main applications of the MTM, and it can be
shown in the fig 8b.[24]. By using the MTM, the aerial can be reduced. [25-28] One of the
interesting abilities by the MTM is the phase compensation in the Left-handed media [29,30], if d;
is the thickness and n,is the refractive index of the RHM and d, is the thickness, and n. is the
refractive index of the LHM then it proved that the Zero phase compensation iffyd,/d. =|n2|/|n1|
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Fig. 8. a) perfect lens by the MTM
b)Clocking and invisibility
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(b) Applications of the Metamaterial

The MTM can be used in a variety of devices and hypotheses due to its unique properties. MTM wit
h filter, absorbersand 5G communications are the core three applications of the MTM.

From the last few years,Metamaterial with a 5G antenna has been one of the promising areas, and

table 1 shows the different literature reviews of the 5G antenna using MTM.

Table 1 shows the comparison of the designed antennas from the different research papers. Tayyab
Shabbir had designed a fractal shape antenna with the 300MHZ Bandwidth [31] Arshad K. Vhad
proposed the MIMO antenna with the 1GHZ of Bandwidth under sub 6GHZ band [32], it observe
the good Gain with 7.4dbi[33].

Table 1: Comparison of the different research papers on 5G antenna using MTM

Ref The shape of No of Dielectric Size of Bandwidth Freque Gain Refrac

No | the patch Ports Material antenna ney Flve
Range index
31 Fractal slotted @ 16 FR4 (4.4) 22mmX20 300MHZ 3.65- 6.5dbi = Near
rectangular mmx1.5m 3.35GH Zero
s e " Z o
of each
patch
32 2Xx2 MIMO 4 FR4 (4.4) 7ommx73. 1GHZ 3-4GHZ | - -
antenna with 7mmx1.6
the inverted s mm
shape patch
33 Stair case 1 RT(2.2) 30mmx30 - 24.25 - | 7.4dbi -
rectangular .5Mmx1.31 27.5
patch antenna mm (No lower GHZ
. bands and
with dual
upper band
substrate
at 27.5ghz)
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34 L-shape patch 1 RT(2.2) 12mmx16 = 700MHZ 28- 1.7db | Positive
antenna zlr;nri(lo.% (approximat 29GHz & And
ely) 1.5db  negative
(Reconfig
urable
antenna)
35 1x2 Array 1 FR4 (4.4) 8mmx8m  1600MHZ 25- 4.01d -
rectang\{lar mx1.6 mm 60OMHZ 26.6GH b
patch with the Z
SRR 3.33d
33- b
33.6GH
Z
36 cylinder 1 RT(2.2) 3mmx44 41GHZ 3- - -
shaped CSRR mmo.43m 44GHZ
m
37 Rectangular 1 FR4 (4.4) 136mmx6 = 200MHZ 4.55- - -
patch antenna Smmx1im 4.75GH
with the dual m A
substrate
38 Multiple slots Flaqu = RogeressT @ - 14.75GHZ 22- - Negativ
and dual | et MM 34GHZ e
substrate with = port
the Flaquet ©2)
mode analysis
Table 2: Comparison of the different research papers on filters using MTM
Ref Shape Of No Of | Dielectric Size of | Bandw | Freque | Gain | Filter Any
no Patch Ports Material antenna idth ncy other
Range results
39 Square shape 2 RT(2.2) 83x120x1. | SOMHZ | 80MHZ - Chebysh -
patch and t- 575mm ev filter
shape shape (3 poles)
slots with dual
feeding Quasi
technique elliptical
(4 pole)
40 square shape 5X5 - - - 500THZ - - Electric
patch with the field
multilayer 1.06e+07
antenna
41 CSRR with the 2 RT(2.2) 26x30x1.5 | 50MHZ - - Bandpas | Q-factor
Dual feeding 75mm S at
structure filter 1.55ghz
and
2.70ghz
and
3.65GHz
is
14.09,30,
36
42 circular slots 1 - - - - - - Band
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with the E- structure
shaped patch of SV
antenna modes
43 Rectangular 1 n-type - - 0.1-2THZ LPF Cut off
patch with the silicon frequenci
silicon (11.58) es varies
substrate from
0.58 to
1.74THZ
44 square shape 2 Rogers 7x18x1.52 - 0-8GHZ LPF Cut of
patch antenna 3003(3) mm frequenc
with the yat
inverted s- 8GHZ
shape slots
45 Inverted s- 2 FR4(4.4) 20.9x15.3 | Maximu | 2GHZ.4. Bandpas Group
shape slots X1.6mm m 25GHZ s delay
with the dual 100MH | 5.26GHZ Filter
feeding Z
46 Rectangular 2 Rogers 45x15%0.7 | 8.5GHz | 2-10GHZ Notch -
patch with the 5870(2.2) 87mm band
dual feeding Filter
(4.5GH
7-
6GHZ)
47 Rectangular 2 Rogers 16x16X1.2 2.18- 140MHZ Bandpas | Plotted
slots patch 6010(10.2) 7mm 2.32GH s the phase
antenna with Z filter with a
the Dual frequenc
feeding y graph

Bashar A designed an antenna with the I-shape antenna, and also they had successfully verified the
MTM properties [34]. Later several researchers had worked for the MTM under 5G applications,
and the maximum they had been attained was 14.5GHZ of Bandwidth, but none of them had
verified the Negative Permittivity and negative permeability with the refractive index values [35-
38].By designing the filter with the normal microstrip patch antenna has been facing more
difficulty like narrow Bandwidth and less efficiency and size of the antenna is also more. Table 2
shows the comparison of the different research work from the last decade.

In Isaias, Zagoya-Mellado had designed an antenna with the square patch for quasi elliptical filter
[39]. In this paper, the author had designed an antenna for the Bandpass filter and achieved a good
Q-factor under 1.5 to 14.09 MHZ [41]. Inverted s-shape with dual feeding and rectangular patch
with the dual feeding had been designed for the Bandpass filter applications [45,47]. A notch filter
had designed with 2-10GHZ of the frequency range [46].

It was founded that a tremendous development in the field of absorbers using the Metamaterial,
i.e., absorption radiation efficiency is 98%. Table 3 shows the comparison table of the different
research papers on Metamaterial using absorbers.
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Table 3: Comparison of the MTM with absorber for the different research papers

Ref | The shape | No of | Size of | MTM No of | Bandwi | Other
no of the patch | ports the Absorptio | absorpt | dth results
antenna | n ion
Frequency | peaks
Range
48 Star-shaped Floquet 13x13x0.2 | 20-60GHZ 3 - Absorption
patch port 17mm rate 99.89%
49 Rectangular Floquet - 1-3THZ 1 - -
shape patch | port
antenna
50 circular shape | Floquet | 7mm  of | 0-18GHZ - 8GHZ -
SRR with plus | port radius
shape slot
51 Circular and | Floquet | 0.0925\0 0-12GHZ 1 - Absorption
square shape | port x rate 97.5%
patch antenna 0.0925M0
with three at  10.28
layers GHz.
52 Circular split | Floquet | - 7.25-12GHZ | 1 4GHZ -
ring port
resonators
53 Double layer | 4 port 72.136x34. | 2.6-4GHZ 3 - -
DCRR  type 036Xx0.762
absorber mm
54 Ring-type Floquet - 4.5-7.0GHZ | 3 800MHZ | -
metamaterial | port
absorber
55 Bidirectional Floquet - 4-5.5GHZ - - -
metamaterial | port
absorber
56 Rectangular Floquet - 2-11GHZ 3 - -
slots with the | port
double
substrate
57 Wheel shaped | Floquet 20x20x18 | 1-4GHZ - 2GHZ -
circular patch | port mm
antenna
58 AD-CRR type | Floquet 72.136x34. | 2.5-2.9GHZ 1 100MHZ | -
metamaterial port 03x1.5mm
absorber
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59 T-shape slots | Floquet - 6.6-8.9THZ | 1 2.3GHZ -
with port
multilayer

patch antenna

60 MDCRR unit | Floquet
cell port

4-11GHZ 3 50MHZ -

It is very difficult to design an aerial for the perfect absorber with the normal patch antenna.
Minyeong Yoo, Hyung Ki Kim,Sungjoon Lim had designed an antenna and achieved a 97.3%
absorption rate [51]. Evren Ekmekei, Esra Demir had achieved the three absorption peaks with
Double-layer substrate [53]. Huiqing Zhai, a Member, had designed an aerial with the double layer
RT Duriod substrate material and achieved three absorptions peaks [56].

(¢) Limitations of the MTM

Due to certain advantages with the MTM, which are stated in the previous section, there are certain
disadvantageswith MTM like they are 3D in nature a bulk production may not be possible, the
shape of the antenna may be changed during their operation [61].

4  Metasurface

Metasurface is two-dimensional with a planar structure. Due to their planar structures, it is easy to
fabricate, and losses are also very less when compare to the MTM.[62]. It is one of the promising
technology in electromagnetic and optics, as shown in fig 9 [63].

Fig. 9. Metasurface [62]

Md Rezwanul Ahsan had proposed a multilayer radiating circular patch for the enhancement of the
Bandwidth and Gain as shown in fig 10 [64]; another author had fabricated octal shaped EBG
antenna with the Bandwidth of the 200MHZ of dimensions 150mmx150mmx1.6mm as shown in fig
10 [65]. Sarawuth CHAIMOOL had successfully simulated a 4x4 split ring resonator with the 9.2dBi
and 340MHZ of Bandwidth; Yijun Feng had proposed an aerial for the phase compensation using
coaxial cable as shown in fig 10 [66], Metasurfacehas a good phase compensation even the patch
length varies [67].
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Fig.1 (a) Configuration of a microstrip patch antenna with reflective
Fig. 6 The photograph mages of: (s) antenna with EBG, (b) superstrate metasurface (RMS) s 8 supersirate(b) & unit cell of double spli-ing res-
and (¢) side view onator (DS} and (<) a unit cell of double closcd-ring resonator (DCR).
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FIG. 6. (a) Fabricated patch antenna with mounted metasurface. (b) The measured S of two well matched antennas with
and without metasurface.

(b) Arrangement method of double layered
d e

Fig. 10. Designs from the various literatures reviews[64,65,66,67]

(a) Advantages of Metasurface

As the Metasurface is a two-dimensional antenna, it is very easy to fabricate and low cost. It has a
special property that it can control the pattern and has a unique polarization. Due to its simple
structure, it has low losses, and it can achieve 99% of the Radiation efficiency and high Gain and
Bandwidth [68].

(b) Applications of the Metasurface

Due to the 2D in structure, the MTS has a lot of advantages over the Metamaterial; it is one of the
booming technologies for the 5G and for several applications. Metasurface has a lot of applications
such as Millimeter-wave applications, 5G, wireless power transmissions, and Wireless energy
harvesting systems.

Table 4: Comparison table for the Metasurface using 5G antennas on different research papers

Ref | The shape of the No of Size of antenna Bandwidth | Frequency | Gain
No | patch Ports Range
69 Hexagonal shaped 4x4 array | 1.1Ao X 1.1\o X 0.093Mo. 10GHZ 24- 11dbic
antenna on one 34.1GHZ
substrate and square
type slots on the
lower substrate with
coaxial feeding
70 4x4 MIMO antenna | 2x2 array 1.58N0 x 1.580 x 1.44GHZ 4.41-5.85 8.4dbi
with the square slots 0.068Mo. GHz
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on both the
substrates with the
coaxial feeding

71

3x3 MIMO antenna
with the square slots
and by using dual
substrates

3x3 array

95mMmx95mmx2.66mm

1GHz

4.4-5.4GHZ

12.8dbi

72

cylindrical shaped
patch antenna with
the hallow type of
structure of the
antenna by using
six-port coaxial
feeding

60x60x7.92mm

3.1GHZ
1.6GHZ

3.1-6.2GHZ
7.1-8.7GHZ

7.4+1.5dbi

73

Square slots with the
dual substrate
structure

8x8

10A0 X 10A0 X 5Ao

800MHZ

5-6GHZ

3.3db

74

square shape patch
antenna with the
circular slots

17.5mmx8mmx0.8mm

200MHZ

28GHZ

75

Multiple (six) layer
antenna with bow
shape patch

8ommx8omm

2.02GHZ

1.69-
3.60GHZ

5.14+1.24
dbi

76

Hexagonal shape
patch with the
square slots by using
coaxial feeding
structure

1.0Ao X 1.0Ao X 0.04Ao

4.6GHZ

25-
29.6GHZ

11dbic

Niamat Hussain had designed an antenna with the 10GHZ with the low Gain of 11dbic [69].
Another author MIMO aerial had been designed and achieved 1.44GHZ of Bandwidth [70]. Later
very few researchers had worked on the MTS with the 5G aerial and attain 4.6GHZ of bandwidth
Maximum [71-76]

Table 5: Comparison table for the Metasurface with filter in different research papers

Ref Shape of patch No of Size of Bandwi | Frequenc Gain Filter
no ports antenna dth y Range
77 2x2 MIMO antenna 2x2 33x33x1.77 2GHZ 6.4-8.4GHZ 8dbi BPF
with the square 8Smm (6.4-8.4)
shape patch antenna GHZ
78 square slot with the 1 78x78x3.81 | 1.8GHZ 4.2-6GHZ 8dbi BPF
line feeding 3mm (4.2-6)
technique GHZ
79 Color filtering Flaque | 4oumx4op - 450 nm to - Colour
restoring using Si:H t mx8onm 1650 nm filtering
Metasurface port
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8o

Metasurface
structure capable of
filtering light of a
specific wavelength
range

Flaque
t
port

- Colour
filtering

81

Reflection and
transmission mode
dielectric color filters
design

Flaque
t
port

- Colour
filtering

82

Schematic drawing
of the proposed band
stop filter

Flaque
t
port

240Xx160X0.
omm

1290GHZ

371-
500GHZ

Bandstop
filter

83

Rectangular shaped
absorber

20.4cmx20.
4cmx0.49m
m

1.8-6

- Bandpass
filter

82

Multilayered
aluminum-based
Metasurface

85

Schematic of
Ultrathin filter

6.4 THZ

2-8THZ

- Band Stop
filter

86

Single-layer
Metasurface

500nm

400-
8oonm

87

A Metasurface made
of chains of I-CSRRs

- Bandpass
filter

88

Configuration of the
double layer filtering
cloak coating
surrounding a
monopole.

50MHZ

It was observed that the lowerBandwidth for the Metamaterial using filters with the Lower cut-off
frequency and also designing of the antenna is quite complex. Table 5 shows the comparison table
for Metasurface with filters over the different research papers. Table 6 shows the comparison of the
literature review of the different research papers in the Metasurface with absorbers.

Table 6: Comparison table literature review of Metasurface with absorbers

Ref The shape | Size of the | MTM No of | Bandwi | Fabricate | Other
no of the patch | antenna Absorption | absorpti | dth d Model results
Frequency on

Range peaks
89 Square patch | - 4-20GHZ - - - -
antenna  for
perfect
absorber
90 Rectangular - - 1 - - -
shape
antenna
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91 Reactive - 1-3GHZ - 50MHZ | -
impendence

92 MTS absorber | 3smmxi15mm | 5-8GHZ - 50MHZ | - -
with slow- | x2mm
wave effect

93 Periodic cell | Height of | 8.2-12.4GHZ | 1 3GHZ YES 90%
with the | substrate absorpti
metamaterial | 3mm on
absorber efficienc

y

94 Reflection of | - 3(0.641- - - 98%
the Si 0.6-2.2 ym 0.665 absorpti
resonators um) on
array on the efficienc
quartz y

95 Si-based Height of the | 0.6-1.0 um 3(0.655,0 | - - 99%
metasurface substrate = 677 absorpti
absorber 300nm um,0.823 on

um) efficienc
y

96 Plus shaped | - 9-14 um 3(8-13 - - -
met surface um)
absorber

It was observed that the Metasurface with filter had been designed with the maximum Bandwidth
of 1.8 GHZ and Gain is 8.2dBi.For the Metasurface with the 5g antenna, most of the researchers
had designed under Microwave frequencies with the maximum frequency is 10GHZ. For the
Metasurface absorbers, it was observed that the maximum three absorption peaks under the
Wavelength range of 0.6-2.2 uym. From all the above earlier researchers, it was founded that very
few of them had verified the MTM property and their fabricated Model.

5 Conclusion

The purpose of this review paper is to discuss the basics of the left-handed material, limitations and
silent features of the Metamaterial, and finally, recent advancements made in the field of the
Metasurface.Pendry stated that the perfect lens could be made by using artificial materials.
Veselago found that the artificial materials have nothing but the negative of relative permittivity
and permeability, and the resultant propagated wave is travel along the backward direction. A high
bandwidth, gain, and good radiation efficiency can be achieved with the LHM. Metamaterials are
three dimensional in nature so, it is complex in a structure whereas Metasurface is two dimensional
it is simplex in structure and easy to fabricate. MTS can be used in cloaking and invisibility devices
to make a perfect lens. It has the special properties of phase compensation. A lot of inventions
would be taken place in the future communications and imaging devices.Despite the fact that much
successful work on metasurfaces has been done in the microwave regime, the use of metasurfaces in
the Design of future communication and imaging devices is still an area with a lot of room for
research and development.
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Future work

Due to Metamaterial in 3D in nature, it is challenging in bulk quantity. By using Metamaterial,
there is a possibility to reduce the backward radiation, and the antenna's Gain can be increased
with the Metasurface antenna.
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