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Abstract

Abstract

Among the most important metamaterial application in the antenna field we can cite the
antenna performances enhancement and size reduction .However, Antenna characteristics
wideband’s a major objective of metamaterial used in the antenna field. We are interested in
this work, with, a novel miniaturized metamaterial unit cell for 5G applications. The new
structure is composed of an SRR with four slots, this metamaterial a bandwidth of 52.32% A
set of unit cells are periodically associated on a substrate, above amicrostrip antenna with new
dual slots in the operating frequency band 27GHz-31GHz. The results show that this
metamaterial structure offers some interesting features performances, such as wide

bandwidth, which makes the design suitable for 5G systems.

Key words: Metamaterial, 5G, Microstrip bandwidth,.
Résumé

Parmi les applications les plus importantes des métamatériaux dans le domaine des
antennes, nous pouvons citer I'ameélioration des performances des antennes et la réduction de
leur taille. Cependant, les caractéristiques des antennes a large bande constituent un objectif
majeur de l'utilisation des métamatériaux dans le domaine des antennes. Nous intéressons a
ce travail, avec, une nouvelle cellule unitaire de métamatériau miniaturisée pour les
applications 5G. La nouvelle structure est composée d'un anneau extérieur a quatre fentes.
Cette unité atteint une bande passante de 52,32 %. Les résultats montrent que cette structure
de métamatériau offre des fonctionnalités intéressantes, telles qu'une large bande passante, ce

qui rend la conception adaptée aux systémes 5G.
Mots clés : métamatériau, 5G, bande passante Microstrip.
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Introduction

Introduction

5G is the latest mobile network that is currently being deployed around the world, stimulating
many interesting discussions about the technology and its use case, the field of
telecommunications has undergone a great evolution from the first generation 1G to the fourth
generation 4G. It is predicted that the fifth generation for future applications. The aim for 5G
networks is to be highly efficient and fast, as well as being able to support more users, more
devices, more services, and new use cases without a corresponding impact on cost or carbon
footprint [1] The advance of the wireless telecommunications networks ought to develop smart
antenna systems. For a best quality of service, it is necessary to enhance the antenna
performance and the bandwidth also control the radiation pattern of in the desired directions
[2]. Metamaterials are not new in telecommunication field, but recent years have seen a
particularly strong craze for these materials. Metamaterials are artificial electromagnetic
materials engineered to satisfy the prescribed requirements. superior properties as compared to

what can be found in nature are often underlying in the spelling of metamaterial [3]

In this project we propose antenna dual U slots with a novel miniaturized metamaterial unit cell

the new structure is composed of an outer ring with four slots for 5G application

Our work is divided into three chapters, of which we will give a brief description in the

following lines:

The first one presents a state of art of metamaterials, in which definitions, characteristics,
examples and applications are introduced. The second chapter is devoted to the effective
parameters extraction of homogenized metamaterials. It presents a brief overview of the
homogenization of composite materials, and we extract the constitutive parameters (dielectric
permittivity magnetic permeability, and refraction index) of the metamaterial unit cell by
Fresnel inversion method. We optimized the metamaterial unit cell geometrical in the operating
frequency band 26GHz-31GHz

Finally, the chapter 3 is centered on the designing of the dual slots microstrip antenna with
new metamaterial unit cell this later is composed of arrangement of unit cell constituted by a
single layer superstrate above the antenna to enhance the antenna performance such as main-

lobe beam width and enhance the antenna gain.



Chapterl : Generalities

1. Generalities

1.1. Introduction

5G is a new technology foundation developed to support growing customer demands in terms
of speed, diversity and ease. It is expected to increase network throughput and capacity thanks
to the massive MIMO system. In this first chapter, we will present a broad overview on the
recent developments of the 5th generation. We are then interested in antennas and their
characteristics in addition to meet materials and its characteristics. Metamaterial surfaces
play a vital role to achieve the surface waves suppression and in-phase reflection, in order to
improve the antenna performance specially in the fifth generation (5G) [4], Metamaterial
surface is utilized as a reflector due to its in-phase reflection characteristic and high-
impedance nature to improve the gain and the bandwidth In this chapter, we will clarify what
metamaterial is and report the recent progress on metamaterials. We also summarize the
potential applications in areas such as sub-wavelength imaging, antenna design, invisibility

cloak, and bio sensing.
1.2. 5G Spectrum Recommendations

The existing Forth generation (4G) communication system (LTE) uses worldwide frequency
bands from 2 GHz to 8 GHz with different center frequencies in different countries and the
bandwidth needed in 4th generation is around 5 MHz[5]. As per white paper published by
Ericsson published on April 2016 [5] and 5G Americas published on August 2015[6], the next
generation (5G) is recommended to use two broad classes of the frequency range. The first
class belongs to the category of the bands using in the existing 4G communication, there will
be a smooth transition from 4G to 5G below 6GHz. However ITU is expected to introduce
new bands above 6GHz to around 50 GHz [7].

1.3. Definition of metamaterials

Metamaterials are man-made materials, composed of artificially structured unit cells that
are designed of conventional materials and usually (but not necessarily) arranged in periodic
fashion [8] The matter is constituted of atoms and molecules see in figure I-1, and is seen by
the electromagnetic waves as electric and magnetic dipolar distributions, which are the
microscopic sources of the polarization and magnetization phenomenon. Generally, we can
cite three microscopic mechanisms of polarization. The first one is electronic polarization. It
is related to the modification of the internal charges repartition of each atom or ion. It is
constantly present whatever the state of the considered material. The second one is the atomic

2



Chapterl : Generalities

or ionic polarization. It concerns the displacements of atoms or ions compared to their
equilibrium positions in the crystalline edifice where they belong. The third one is the
orientation polarization. It arises when the atomic or molecular dipole moments are oriented
under an electric field action. The origin of the microscopic magnetization is the magnetic
moments of the microscopic electric currents resulting from the motion and spin of the

charged particles present in atoms.

. . Conventional material
Artificial material Composite material

Figure 1-1 : Unit cell types arranged in space compared to atomic scale in conventional materials.

1.4. Historical points for Metamaterials

The word ‘metamaterial’ first appeared in literature in 2000 when Smith et al. published
their seminal paper on a structured material with simultaneously negative permeability and
permittivity at microwave frequency. Other sources suggest that the term ‘metamaterial’ was

first coined by Rodger M. Walser, a physics professor at the University of Texas in 1999.

There are three fundamental papers that should be mentioned in metamaterial history.
The first one is Veselago’s paper on left handed materials [9] This paper studied the unusual
phenomena to be expected in a hypothetical left handed substance in which the field vectors
E, H and the wave vector k form a left handed system. The paper also explicitly presented
the required material parameters to achieve the material simultaneously negative values of
permittivity and permeability. The second one consists of the first experimental demonstration
of a Veselago medium by Smith et al. which represents a passage from a theoretical
prediction to an experimental validation [10]. The third paper is Pendry’s work on a perfect

3
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lens which represents the initial attempt to fill the gap between novel metamaterials and

exciting applications [10].
1.5. Metamaterial characteristics

The structural units of metamaterials can be tailored in shape, size, and the composition.
The inclusions composition and morphology can be designed and artificially tuned, and
placed in a predetermined manner to achieve prescribed functionalities.

The dependence of metamaterial properties on the unit cell architecture provides great
flexibility to control metamaterials electromagnetic responses which are described by the
electric permittivity and the magnetic permeability. So, by varying the different unit cell
geometry parameters, we can create an agile metamaterial which electromagnetic response is
unavailable in nature and can be tailored in practice to a reach desired profile. Metamaterial

tailoring is one of the important advantages of metamaterials [11].
1.6. Metamaterial classes

Permittivity ¢ and permeability x are two parameters used to characterize the electric

and magnetic properties of materials interacting with electromagnetic fields.

The permittivity is a measure of how much a medium changes to absorb electrical energy

when it is subjected to an electric field [11-12] It is defined as the ratio of the electric

displacement D and the electric field E . The common term dielectric constant is the ratio of

permittivity of the material to that of free space ¢,. It is also termed as the relative

permittivity. The permeability is also defined as the ratio of the magnetic induction H and
magnetic field B. The free-space permeability u, is approximately 1.257x10°¢ H/m.

Recently, Ziolkowski [13-14] has categorized metamaterials by their constitutive parameters
as shown in figure 1-2 Most of the materials in nature have positive permittivity and
permeability, and hence, they are referred to as ‘double-positive’ (DPS’ medias or right-
handed materials (RHM). In contrast, if both of these quantities are negative, these medias are
called ‘double-negative’ (DNG) and are also referred to as left-handed materials (LHM).
Finally, materials with one negative parameter are named ‘single-negative’ (SNG) and are
further classified into two subcategories, namely, ‘epsilon-negative’ (ENG) an ‘mu-negative’
(MNG). Interestingly, natural materials such as cold plasma and silver exhibit negative
permittivities at microwave and optical frequencies, respectively, and ferromagnetic materials

exhibit a negative permeability behavior in the VHF and UHF regimes. However, to date, no

4
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materials that exhibit simultaneous negative permittivity and permeability have been found in

nature, and hence they must be produced artificially.

The first comprehensive review of the history of negative refraction and metamaterials

was given by Moroz [15] figure I-2. He indicated that some of metamaterial research started

long before Veselago’s work and went back to as far as 1905, [16] suggested the existence of

backward waves, which are associated with waves in which the phase propagates in a

direction opposite to that of the energy flow. Moroz’s on-line article first appeared in 2003,

tracing the roots of research on backward waves, negative refraction, and LHM. Only

recently, Veselago and Narimanov [16] , Shivola [15] , and Shamonina have linked LHMs,

and more generally metamaterials, to the earlier works.

[/
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Figure 1-2 : Metamaterial classes.

From figure 1-2 four possible quadrants can be taken:

» Quadrant 1: double-positive media or right-handed materials ¢ >0and x>0 .

This quadrant represents (RHM), which support the forward propagating waves. It is well

know that the constitutive parameters € and p are related to the refractive index n by:
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N=\/& 4, (1-1)

Wehave ¢ - 0= ec=|e| and u=0= u=| u|.

From (' 1-1) we obtain:

IENPEPACEN PR (1-2)

k=w\le, | 4 |=kn (1-3)

y=ik=jole lu Fa+ip (1-4)
y:ja)\/m|:a+jﬂ:a:0andﬂ:wm:y (1-5)

We have clearly propagating waves (propagating medium o =0). The expression of a

propagating plane wave in such media is written as:
E = E, exp(-72) = Eq exp(- jkz) = E, exp(- jk,n2) (1-6)

» Quadrant 2: epsilon-negative medium or electric plasmae <0, £ >0

In certain frequency regimes many plasmas exhibit this characteristic. For example, noble
metals (e.g., silver, gold) behave in this manner in the infrared (IR) and visible frequency

domains. This quadrant supports evanescent waves.
Wehave e<0=c=—|¢gland u>=0= u=| u|

From ( 1-1 ) we obtain:

n==Te 12 1= i T (17)

k= jole, [ 4 =k (1-8)

y=ik=ixjole llu Fatip (1-9)

y=ixjole Iy lFa+jf= p=0ada=-o¢ |4 |=<0 (1-10)

And then from ( 1-7 ) the expression of a propagating plane wave in such media is written as:
E = E, exp(-a2) (1-11)

Since «a is negative the term exp(—az) is divergente when z — 4o0o. The evanescent

waves are amplified in an ENG media.
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» Quadrant 3:double-negative media or left-handed materials £ <0, 2 <0

This third case was proposed by Veselago in 1968, supporting the backward propagating
waves. We have:

e<0=e=—|egland u<0= u=—| u|

From equation ( 1-1 ) we obtain:

n:\/_|grlx_|:ur |:\/|gr||:ur| (1_12)

k= a)\/gr/ur = a)\/l & ” Hy | ( 1-13 )

Comparing equations( 1-9 ) and ( 1-13 ) then we obtain

a=0and B=w\l& |y =y (1-14)

Then, the expression of the electric field corresponds to the propagating waves and can be
written as:

E = E, exp(~yz) = E, exp(~ jkz) = E, exp(~ jk,nz) (1-15)
» Quadrant 4: mu-negative medium or magnetic plasmae >0, 1 <0.

In certain frequency regimes some gyrotropic materials exhibit this characteristic. This

quadrant supports also evanescent waves.
e-0=e=eland u<0= u=—|u|

From equation ( 1-1)

n=y=le Nl = ile Il a ] (1-16)

k= joyle T | (1-17)

From equation ( 1-9 )and ( 1-17 ) , we find
p=0and a=-o\le llpn|=y (1-18)
From equation ( 1-6 ), the expression of the propagating plane wave in such medium is :
E = E, exp(-az2) (1-19)

Metamaterials have much broader scope than LHM, as shown in figure 1-2. In the ¢ — u

domain, there are several special lines and points indicating special material properties. For

7
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example, the point u = —puyand e = — g, represents an antiair in the LHM region, which
will produce a perfect lens; the point u = 0 and € = 0 represents a nihility, which can yield
a perfect tunneling effect; the line ¢ = — ¢ in both RHM and LHM regions represents
impedance-matching materials, which have perfect impedance matching with air, resulting no
reflections. Also, the vicinity of 4 = 0 is called as u near zero (MNZ) material, and the
vicinity of ¢ = 0 is called as e-near zero (ENZ) material, which has special properties

applied in in perfect lens [16].
1.7. Microscopic view of split ring resonator (SRR)

The SRR in figure 1-3-(b) exhibits a permeability frequency response of the form [18]:

U (@) =1-——= (1-20)

o T 4 Mresr

1
1
1
1
1
1
1
1
1
1
E B reffy =0
1
1
1
1
[
[
[
[
a

—_—
H l]ul'['a. =0
<0

o rerix

W pepp, >0
(a) (b) (c)

Figure 1-3 : (a).Array of SRR.(b).SRR of 1D and 2D unit cells (c).Re(prer)(S0lid blue), Im(per)
(dashed red) [14].

Equation ( 1-20) is divided in real and imaginary parts and presented in figure 1--(c):

F(o’ -af,) : [0y
/,lreﬁ(a’)=l_ 2_ 2 ; R ST 5 2
(0" —p,) + ()" (0" — ) + ()

(1-21)

Lorentz parameters are calculated in detail manner in [18]

F = Jn( A% (1-22)
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3a

Won=C [~
° 7In2(2Wr/)

(1-23)

Where r,wand ¢ are the inner radius for the smaller ring, width of the ring and radial

spacing between the rings.

We have also:

2aR’
m= ( 1-24 )
iy

r

R'is the metal resistance per unit length.

Q,
We observe from ( 1-21) that 4, <0 for@,, < ® <= FE =,
1.8. Metamaterial applications
Due to the exciting and unusual features, metamaterials have found and are finding a lot
of applications. Metamaterials can impact on telecommunications, sensing and susceptibility

as shown in, across all wave types, but especially electromagnetic and acoustic.

Figure 1-4 : potential applications.
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1.10.1. Antenna with a Controllable Metamaterial for Telecommunications

The concept of Controllable photonic band gab (CPBG) or Metamaterial appears with the
comparison of the behavior of two complementary passive metallic bidimensional photonic
bandgap figure 1-5. The first one, which consists of a square lattice of continuous metallic
rods figure 1--(a), is well known for having a wide forbidden band from 0 Hz to its plasmon
frequency called plasmon-like band figure 1-(b) This last one depends on the geometrical
parameters of the structure. In this forbidden band, the effective permittivity is negative [19].
The second one is a square lattice of discontinuous metallic rods figure 1--(c). In this case,
Sievenpiper et al. showed that a valence (or transmission) band occurred instead of the

plasmon-like band at low frequency figure 1--(d) [20],The effective permittivity becomes
positive in this allowed band Some authors have studied this type of lattice.

0

P 2a '-': ‘.‘-
=[] - N -
Plasmon- :
like band i
=20 | ! J
g _30[ | !
e
E ':‘
— — -40
k H -
(C))

I'ransmission (dB)

-50

0 10 20 30 40 50
®) Frequency (GHz)
pc 2a
wp .| ‘ l
=2
e I ; )
g L2
172
z -3
=
() = | | i
_5 i
0 10 20 30 40 5
@ Frequency (GHz)

Figure 1-5: (a) and (b) Square lattice of two rows of copper rods and its transmission spectra.
Solid and dashed curves represent respectively the measured and calculated transmission. (c)
and (d) Square lattice of two rows of discontinuous copper rods and its transmission spectra.

Solid and dashed curves represent respectively the measured and calculated transmission.The
air gap e=1.5mm.

The combining antenna with a CPBG was to design a smart antenna for the GSM
(900MHz), DCS°(1800MHz), and UMTS (2 GHz) network base station, combine the antenna

10
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and the CPBG to allow the control of the antenna for the three bands, and also to keep a good

matching of the antenna with the material.
The CPBG material consists of a multilayer cylindrical array of metallic wires with PIN

diodes inserted along them, which surround a wide band antenna. With this kind of
configuration, the direction and the magnitude of the radiated power of the antenna can be
controlled by “opening” a sector of the lattice with playing with the status of the concerned
diodes ON or OFF, Actually, ON state diodes are equivalent to continuous wires while OFF
state diodes correspond to discontinuous wires figure 1- represent a first prototype was
realized with only one layer of wires and diodes, The discontinuous wires with six diodes are
placed on the exterior face of the cylinder and spaced by 15° The antenna is inside the
structure The upper plate represents the metallic plate with switches to choose which wires of
diodes will be ON or OFF. This first prototype validates the possibility to control the beam of
the omnidirectional antenna for the three frequency bands But, by using only one layer of

wires with diodes figure 1-6.

Metallic plate

Foam £=1.2

Antenna =

Ground plane

(@)

Figure 1-6 : a) Schematic representation of the first prototype. (b) Photo of the first prototype
composed by an antenna in a foam surrounded by wires with diodes.
1.10.2. Antennas

Metamaterial antennas are a class of antennas which use metamaterials to enhance or
increase the antenna performances. The metamaterial could enhance the radiated power of an
antenna. Materials with negative magnetic permeability could possibly allow for properties
such as an electrically small antenna size, high directivity, and tunable operational frequency.
Furthermore, metamaterial based antennas can demonstrate improved efficiency and high

bandwidth performance.

11
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(@) unlined Horn (b) metahorn

Figure 1-7 : rectangular horn antenna (a)-alone (b)-with metamaterial.

Metamaterials employed in the ground plane surrounding antennas offers improved
isolation between radio frequency or microwave channels of (multiple-input multiple-output)
(MIMO) antenna arrays. Metamaterial, high-impedance ground planes can also be used to
improve the radiation efficiency figure 1-7, and axial radio performance of low-profile

antennas located close to the ground plane surface.

Metamaterials have also been used to increase the beam scanning range by using both the
forward and backward waves in leaky wave antennas. VVarious metamaterial antenna systems
can be employed to support surveillance sensors, communication links, navigation systems,

command and control systems [21].

The gradient refractive index metamaterials are also utilized to produce beam-bending
lens and beam-focusing lenses. Based on such properties, high-gain and broadband gradient
planar lens antennas and Luneberg-like lens antennas have been proposed and realized [21].
The Industrial, Scientific and Medical (ISM) radio bands are portions of the radio spectrum
reserved internationally for the use of radio frequency (RF) energy for industrial, scientific

and medical purposes other than communications.
1.10.3. Microwave devices

The waveguided or planar metamaterials which are composed of complimentary
structures like CSRR have been used to design microwave components like filters, power
dividers, and phase shifters. Narrowband and broadband polarizers have been realized using
three-dimensional (3D) anisotropic metamaterial figure 1- [21].

12
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Figure 1-8 : planar waveguides with double SRR metamaterials.

Superconducting metamaterials have been achieved in addition to superconducting split
rings and wires. They have been utilized to realize a number of unique applications. The
combination of left-handed and right-handed propagation media creates opportunities for new
types of resonant structures. By laminating two materials with opposite sense of phase it is
possible to create a new class of resonant structures [21]. For example, two flat conducting
plates separated by a sandwich of left-handed and right handed metamaterials constitutes such
a new resonator. A wave propagating in the direction normal to the plates will suffer a
combination of forward and reverse phase windings before reaching the other reflecting
boundary. Under these conditions the wave could undergo a net phase shift of 0 radians and
still create a resonance condition. The net phase shift could also be a positive or negative
multiple of 27 radians as well, each creating a resonant condition. The result is an ultra-
compact resonator whose overall dimension is no longer constrained by the wavelength of the

resonant wave.

Superconductors are particularly attractive for use in ultra-compact resonators and
showed resonances with indices between +2 and -6, including zero, over the broad frequency
range from about 5 to 24 GHz [22] Quality factors of the negative order resonances were on

the order of 3000 at 30 K, while those for positive order resonances were below 400.
1.10.4. Cloaking

Cloaking devices still attract more and more attention, particularly in the military field.
The successful demonstrations of invisible cloaks experimentally in the microwave regime
open the possibility to realize cloaking devices [23]. Metamaterials are a basis for attempting
to build practical cloaking devices. The cloak deflects microwave rays, so they circumvent the
object inside with little distortion figure 1- making it appears almost as if nothing were there

13
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at all. Such a device typically involves surrounding the object to be cloaked with a shell which

affects the passage of light near it [23].

Light source

object

Metamaterial

Guiding of Electromagnetic waves

Figure 1-9 : Invisibility cloaks
1.10.5. Biosensing

Another potential application field of metamaterials is on biosensing. Conventional
biosensors (such as those based on electro-mechanical transduction, fluorescence,
nanomaterials, and surface plasmon resonance) often involve labor-intensive sample

preparation and very sophisticated equipment.
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Figure 1-10 : Schematic illustration of Vis-NIR SRR metamaterials as dual transducing mode
nanosensor for the detection and identification of biomolecules.

In recent years, researchers have proposed to use metamaterials as candidates for

detection of highly sensitive chemical, biochemical and biological analytes. For example, Lee
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et al [24] studied the possibility of using split-ring resonators (SRRs) for biosensors. The

basic principle is based on the fact that SRR can be considered to be a simple LC circuit with
a response frequency of f =1/2z+LC , which shows that the resonant frequency varies in

terms of the changes in the inductance L and/or capacitance C. Hence the resonant frequency
of the SRR shall be shifted before and after the introduction of biomaterials. Planar
metamaterials were proposed to serve as thin-film sensors recently by O’Hara et al [24]. They
found that a resonant frequency response can be tuned through metamaterial designs. Though
their metamaterial design can only detect thin films having a thickness less than 100 nm, their

work presents a promising utlook for THz sensing technology [24].
1.9. Frequency Selective Surface (FSS)

Frequency Selective Surfaces are planar periodic structures of identical patches or
apertures of conducting elements duplicate periodically in either a one or two-dimensional
array on a dielectric substrate as shown in figure 1-. Because of their frequency selective
properties, FSS are incorporated in a wide variety of applications such as the realization of
reflector antennas, radome design, making polarizers and beam splitters, and also as radar
absorbing structure [24] The frequency behavior of the FSS depends on the shape of the
elements (apertures/patches), their size, spacing, and thickness of the metal screen. Generally
FSS are employed in front of a grounded dielectric slab (substrate) to synthesize high-

impedance absorbing surfaces

0000
0000
0000
0000

Figure 1-11 : Plane FSS with different unit cells [53-54].
1.11.1. FSS Element Comparison

There are four different types of possible element-type FSS arrays: center connected,
loop, solid interior and combination. See figure 1- for some examples of each element type
[24].
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Group 1: Center connected or N-poles
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Group 2: Loop Type

Group 4: Combinations

Figure 1-12 : The four major groups of FSS elements [24]

The first group, the center connected elements, are a viable candidate for both radiating
and non-radiating arrays. Perhaps the most recognizable from the center connected group is
the dipole [24]. The loop elements are in general an excellent choice for non-radiating
element FSS arrays. These elements are typically smaller in the x and y directions than the
center connected elements with respect to a wavelength and thus can be spaced close to one
another. Plate elements in general do not have very desirable characteristics. First the element
have x and y dimensions around a half of a wavelength, which limits how closely these
elements can be placed next to one another. In addition plates are highly inductive elements
with small capacitances between them, leading to issues with regard to achieving resonance.
If the FSS never resonates, then it is impossible to achieve perfect reflection. This is due to
the fact that at resonance, the FSS becomes a short circuit (assuming the materials are
lossless) and thus acts as a perfect electric conductor (PEC) ground plane [24] Finally
combination elements are too diverse to generalize in any meaningful way. The possibilities
in this group are as boundless as the imagination of the designer. Some possible examples of

elements in this group have already been shown in figure 1-13 [24]...

The FSS arrays effectively create low pass, high pass, band stop, and band pass filters

respectively ( see figure 1-) to electromagnetic energy at their design frequency range. These
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types of filters are used in a wide variety of applications, including radomes, dichroic

surfaces, and circuit analog absorbers [24]..

.
-

Frequency Freqguency Frequency

(a) (b) (c)

Transmission .
P
Transmission
R
Transmisxion
d‘
Transmission

Figure 1-13 : Filter types based on FSS (a)-low pass filter (b)-high pass filter(c)-band stop filter
(d)-band pass filter [23].
1.11.2. FSS application

The FSS found their application in:

1- Selective shielding of the electromagnetic interference from high power microwave

heating machines adjacent to wireless communication base stations,

2- Selective shielding of frequencies of communication in sensitive areas (military

installations, airport, police.),

3- Protection from harmful electromagnetic radiation especially in the 2-3 GHz band in
domestic environment, schools, hospitals etc. arising externally (wireless communication base

stations) or internally (microwave ovens),
4- Control of radiation at unlicensed frequency bands (Bluetooth applications, 2.45 GHz),
1.10.Conclusion

Metamaterials have contributed a lot in various fields. the field of wireless
communication is also not untouched from these highly engineered materials. metamaterials

have the capability to control the electromagnetic property

This metamaterials are artificial materials, their electromagnetic responses, which are the
effective dielectric permittivity and effective magnetic permeability can be tailored and

designed in request. These characteristics allow metamaterials to be useful. Consequently,
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metamaterials including FSS have many applications in different frequency domain such as:

antennas, microwave devices
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2. Effective parameters extraction and optimization of homogenized
metamaterials

Introduction

The different applications and expected uses of metamaterials in electromagnetic engineering
require a precise knowledge of their electromagnetic properties. So the metamaterial
homogenization is an important step in the design process, because it is related to the

environmental scale and to the effective medium nature (isotropy, chirality ...)..

This chapter introduces the metamaterials homogenization and the brief view of the method
extraction of metamaterial and finally we characterized and optimized of metamaterial unit

cell this to design a metamaterial lens [27]
The effective media

Most electromagnetic phenomena are governed by Maxwell’s equations, which are a set
of equations describing the interaction between fields, sources, and material properties.
Impinging fields in a system can influence the organization of electric and magnetic dipoles in
a medium. Fields can induce polarization and magnetization to some degree, depending on
the particular material involved. The electromagnetic properties of a material are described by
two material parameters: the dielectric permittivity (1 and the magnetic permeability[1, which
characterize the coupling between the material and the electric and magnetic field
components, respectively. These two parameters, along with other values, which are the

refractive index n= ad@‘_;the impedance Z = u ¢, are gssentially macroscopic effective

parameters [28].

Similarly, the scale of in homogeneities in a metamaterial is much smaller than the
wavelength of interest. The inhomogeneity scale corresponds to the lattice constant of the

artificial structure for the case of periodic metamaterial as shown in figure 2-1.
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(@) (b)
Figure 2-1 Composite material with (a) periodic (b) non-periodic structure
In figure 2-1, the largest heterogeneity length scale | should be small enough compared to
the smallest length scale A that is of physical importance. For a periodic medium (in the left of
the figure) | is the unit cell size while in a random medium (in the right of the figure) it should
be the smallest size of a sphere which at any position is a statistical representative of the

entire body.

Then the key of homogenization is when the size of the unit cell is much smaller than the
operating wave length [29-30] This property is called the homogenization criterion. Since the

metamaterial can be seen as an homogeneous medium.

Effective parameters extraction

If the size of the metamaterial unit cell is much smaller than the operating wave length, so
we can consider that the metamaterial is homogenous and it responds to electromagnetic
waves in a similar way [31]. It is possible to describe the metamaterials as continuous
materials. In these conditions, they can be characterized by effective parameters without
considering the local field distribution. This part of the chapter treats classical and numerical
homogenization approaches, which are the S parameters extraction method (Fresnel inversion

method) and the field summation method which is an averaging approach
The metamaterial effective parameters extraction requires two steps [32-33]

1- Computation of the homogenized metamaterial forward and backward wave
impedance (z*, z) and complex refractive index (n) which are expressed in terms of reflection

and transmission coefficients (Sj).

2- Retrieval of the electromagnetic constitutive parameters (permittivity, permeability)
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from the Sjj parameters.
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Design of the homogenization metamaterial

In this section, we design a planar metamaterial unit cell shown in figure 2-3 consists of
an outer ring with four capacitive slots with width wg, the gap wg can be optimized to obtain
the metamaterial is a periodic arrangement has two equal periods a in the x and y directions
as shown in figures 2-3 The unit cell is made of dielectric substrate type of Rogers
RT/Duroid 5880 with a relative permittivity of 9.2 and dielectric loss tangent of 0.002.

And a thickness d and metallization thickness t which has a length L such as L < a, a

width w

e —————

C)
Figure 2-2 metamaterial unit cell (a) wg =0 mm ,(b) O<wg<w and (c) wg=w mm

The effect of the gap wgcan be designed three stricture when wg=0, we obtain the square
metamaterial unit cell without gab figure 2-4 (a) , and for O<wg<w we obtain strectur (b)

and finaly for the wg=w we obtain another stricture metamaterial unit cell figure 2-4 (c)

»

Figure 2-3 Homogenization of metamaterial real grid.
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Effect of unit cell geometrical parameter wg on the metamaterial
electromagnetic behavior

In this section we examine the influence of the gap wgof the metamaterial unit cell

On the electromagnetic behavior of the metamaterial represented by the constitutive
parameters (gefr, Letf) and refraction index n. The unit cell geometrical parameters are: the

metallization thickness t, the conductor width w, the gap wgand the substrate thickness d.
The dimensions of the metamaterial unit cell are represented in table 2-2.

Table 2-1 metamaterial dimensions

parametres | Dimension (mm) | parametres Dimension (mm)
d 12 a 15
W 0.2 Ls 12
t 0.035 Ws 12
L 1.2 wg opt

The simulation results of the electromagnetic parameters (Mett and eers ) of the metamaterial
unit cell for different values of the gap Wg using Fresnel inversion method [33] are shown in
figure2-4 and 2-5
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Figure 2-4: Effective permittivity of the metamaterial unit cell for different values Of
wg. (a) Real part; (b) Imaginary part
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Figure2-5:Effective permeability of the metamaterial unit cell for different values
Of wg. (a) Real part; (b) Imaginary part
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Figure2-6: refraction index of the metamaterial unit cell for different values

Of wg. (a) Real part; (b) Imaginary part

from figure 2-4 it can be seen that the imaginary of the permittivity near to zero for the wg<w

correspond the two structure (a ) and (b) and for the structure (c) the imaginary part near to

0.4mm and the real part between 0.8 and 1.8, and the imaginary part of the permeability is

lower than 0.4 and the real part between 0.5 and 0.68

And from figure 2-6 it can be seen the real and imaginary part of the refractive index of the

metamaterial unit cell are near to zero for the values 0.1<wg <0.19

Figures 2-7 and 2-8 illustrate the effect of the gap wg on the absorbed Pa, reflected Pr, and

transmitted Pt powers in the conductor based on the metamaterial unit cell
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Figure 2-7 (b) shows that the absorbed and reflected powers in the metamaterial
corresponding to wave propagation in the forward directions; are slightly different and
decrease when we increase wg. This difference comes from the reflection asymmetry (Si1 #
S22). For example,. Indeed, for the metamaterial unit cell, the path of the reflected waves (the
waves are almost reflected by the conductor strip).

And observe that the maximum absorbed power in the forward direction, corresponding to the
structure 3 with wg= 0.2mm and for the wg<0.2 the absorbed power near is to zero and for
the reflected power it can be seen that the maximum refracted power for wg<02 mm

And for wg=0.2mm the reflected power near to zero
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Figure 2-7: reflected powers Pr,and absorbed power pafor different values of wg.
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Figure 2-8: transmitted power for different values of wg.
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Through the simulation results, we notice that the optimum value when the gap Wg is
(0.001mm) corresponding to the absorbed power near to zero and the reflected power about
(0.25%) and the transmitted power about 70%

Now we will fixed all the parameters of the metamaterial unit cell and, we can study the
effect the gap Lg to see it’s effect in the electromagnetic parameters and the powers of the

metamaterial

The gap Lg is shown in figure 2- 9,

Figure 2-9: Metamaterial unit cell with the gap Lg

Effect of unit cell geometrical parameter Lg on the metamaterial

electromagnetic behavior

In this section we study the influence of the gape Lg on the electromagnetic properties of the
metamaterial. First, we have fixed the substrate thickness at hs = 0.058 mm and conductor
width w = 0.2 mm Secondly, we chose for the gap Lg values available in the data sheet: 0

mm, 0.5 mm and with the step 0.1 mm
We use the Fresnel inversion method to obtain the constitutive parameters (ref and Lrefr)
and the refraction index of the metamaterial.

The simulation results of the electromagnetic parameters (letr and eerr ) of the metamaterial

unit cell for different values of the gap Lg are shown in figures 2-10 and 2-11

From figure (2-10) it can be seen that imaginary part of the permittivity near zero for
Lg=0mm correspondent to the structure A, and for Lg>0mm the imaginary part between 0.5

and 0.68 , and the real part near to the unity for Lg>0 and near to 1.8 for Lg=0mm.
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And from figure (2-10) the real part of the permeability is lower than 0.7 for Lg> 0 and near
to 0.5 for Lg=0mm, the imaginary part between 0.25and 0.40

And from figure (2-12) it can be seen the real and imaginary part of the refractive index of the
metamaterial unit cell; the imaginary part near to zero for the Lg = Omm between 0.25 and
The real part near to the unity
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Figure2-10:Effective permittivity of the metamaterial unit cell for different values

Of (Lg) (a) Real part; (b) Imaginary part

0.70 : : ; T
s = 0351
0,65 e whome AP RS A SR NOUS S SN S |
Lg=Omm—=— | 0,30 1- ¥ ¥
Lg=0,1mm i i
Lg=0,2mm—&—} = | 4 L. | | 7
2O Lg=03mm v | Foas | Ittt R
T Lg=0,4mm | f = | | DR D P
12 3 Lg=0,5mm < | ‘ . 1 3 ey
0,55 e cdemn chomen e e e 0201 [Llg=0mm ] ‘ ‘ F
‘ | - ‘ | | Lg=01mm—e— | . e
- “~ |Lg=0.2mm " | ‘
0,50 -~~~ ! -1_'_‘"—l—:._‘ """ R 0,15 4----- Lg=0,3mm v .-
| 3 - |Lg=0,4mm
| | [ Lg=0,5mm—« !
0,45 ; t t t t +— 0.10 T T T T T T
25 2 27 28 29 30 31 32 25 26 27 28 29 30 3 a2
Frequency(GHZ) Frequency(GHZ)
(@) (b)

Figure 2-11: Effective permeability of the metamaterial unit cell for different values

Of Lg. (a) Real part; (b) Imaginary part
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Figure 2-12: refraction index of the material unit cell for different values of Lg
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Figures 2-13 illustrate the effect of the gap Lg on the Absorbed Pa, reflected Pr, and
transmitted Pt powers in the gap Lg of the metamaterial, we observe that the maximum
absorbed power in the forward direction, when Lg> 0.3mm and for the Lg <0.3mm the
absorbed power near to zero and the maximum refracted power reflected power found for

Lg=0mm, and for Lg>0mm the reflected power near to zero
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Figure 2-13: powers Pr, and absorbed power pafor different values of Lg.
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Figure2-14: transmitted power for different values of Lg

Through the simulation results, we notice that the optimum value of Lg is (0.1mm) because

the reflect power low about (0.30) and the absorbed power near to zero and the transmitted

power is 98%

Now all the parameters of the metamaterial unit cell are know, we can also study the effect
of the width of the conductor w to see it’s effect in the electromagnetic parameters and the

powers of the metamaterials unit cell with the optimal value of Lg = 0.1 mm.

Effect of the metamaterial unit cell width W on the metamaterial
electromagnetic behavior

In this section we fixed the value of gap Lg =0.1mm, and we investigate the influence of

the conducting width (w)in the electromagnetic properties of the met material. We vary the

conducting width w from 0.05(mm) to 0.3 (mm).

The simulation results of the electromagnetic parameters (Ueff and eeff ) of the metamaterial
unit cell for different values of the gap Lg are shown in figures 2-15 and 2-17

1,081 I (b)
078 Y T
1,06 L Co ;
i T} ]
1,04 4 ; [ I -
: ; 4 I S L= . I S S A v
i P B G : 21 : : | w=0,05mm—e—"""""" 1
e T O e RV e SR L Ww=0,10mm—e— |
€1 00 Y g 5 E el w=015mm—e— o
¥ 1 v=0,20mm—y— 088 1 Fw=0,20mm—w— =t
: -w=0,25mm s : H - :
=0,30mm—a4—, | T w=0,25mm S
e e L] L T ~{ W=0,30mm—<— I
| 080 F el oo T
0,94 - - S I i ! e SR
[0)5: 7% NS N SR AN SR NN S NN S S N R e : H : e
| | i i s s e e M
e e Ml ot L e e
r T T T T T T
25 26 2 28 30 31 32 25 26 31 32
7Frequencyz(aGHZ)

2|7 2IE! 2I9 3IO
Frequency(GHZ)
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Of w. (a) Real part; (b) Imaginary part
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Figure 2-17: refraction index of the metamaterial unit cell for different values

Of w. (a) Real part; (b) Imaginary part

From the figure (2-15) it can be seen that imaginary part permittivity between 0.55 and

0.77 and the real part between 0.85and 1.06 and figure (2-13) shown the imaginary part of

the permeability between 0.28.and 0.42; and the real part between 0.65 and 0.71

And figure 2-15 shown the real and imaginary part of the refractive index of the met material

unit cell , the real part near to the unity and the imaginary part between 0.40and 0.58 for the

values 0.05<w<0.30 .
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Figures 2-18 and 2-19 illustrate the effect of the width w on the absorbed Pa, reflected Pr,
and transmitted Pt powers in the conductor based metamaterial we observe that the
maximum absorbed power in the forward direction, with w<0.05mm and for the w<0.05mm
the absorbed power near to zero and for the reflected power figure 2-15 it can be seen that the

maximum refracted power for w=0.04mm and for w=0.05mm the reflected power near to
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Figure 2-18: powers Py, and absorbed power pafor different values of w.
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Figure 2-19: transmitted power for different values of w

Through the simulation results, we notice that the optimum value of w is (0.1mm) because the
reflect and the absorbed power near to zero in the operating frequency band 25GHz -31GHz

and the transmitted power is 98%

The substrate thickness hs is another parameters cans be optimized to and see its effect on

the electromagnetic parameters of the metamaterial unit cell
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Figure 2-20 : Metamaterial unit cell with hs
Effect of the substrate thickness hs

In this section we fixed the all the values (w, t, Lg, a, L) and we investigate the influence of
the substrate thickness hs in the electromagnetic, the simulation results of the electromagnetic
parameters (Uett and eefr ) and the refraction index of the metamaterial unit cell for different

values of thickness hs are shown in figures 2-21 to 2-23.
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Figure 2-21: Effective permittivity of the metamaterial unit cell for different
Of hs (a) Real part; (b) Imaginary part
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Figure 2-22:Effective permeability of the metamaterial unit cell for different values

of hs. (a) Real part; (b) Imaginary part
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Figure 2-23 : refraction index of the metamaterial unit cell for different values
Of hs. (a) Real part; (b) Imaginary part

From figure 2-17 it can be seen that the imaginary of the permittivity near to zero for the
hs > 0.0508mm and for hs =0.0508 the imaginary part near to 0.4 ,and the real part between
1.1 and 1.7 for hs>0.381 and near to zero for the hs=0.0508mm and 0.381mm
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From figure 2-18 the imaginary part of the permeability near to zero for the
hs<0.0508mm and the real part between 0.7and 1.7

And from figure 2-19 it can be seen the real and imaginary part of the refractive index of
the metamaterial unit cell, the real part near to the unity and the imaginary part near to zero
for the values 0.381<hs <1.270

Figures 2-24-2-25 illustrate the effect of the hs on the Absorbed Pa, reflected Pr, and
transmitted Pt powers in the conductor based metamaterial

We observe that the maximum absorbed power in the forward direction, with
hs=1.270mm and for the hs<1.270mm the absorbed power near to zero and the maximum

refracted power for hs=0.0508mm and for hs>0.0508mm the reflected power near to zero
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Figure2-25: transmitted power for different values of hs.

Through the simulation results, we notice that the optimum value of hs is (0.381mm) because
they reflect power near to zero and the absorbed power equal to (0.008) and the transmitted

power is 99%
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Now all the parameters of the metamaterial unit cell are known, with the optimal
thickness hs and the gap Lgand w, the structure metamaterial unit cell

In the next chapter we will use these optimal values of the metamaterial unit cell to
design metamaterial real grid above a Microstrip patch antenna to enhance its performances
such as gain bandwidth and the half power beam width HPBW...ete

2.9 Conclusion:

Homogenization theories are typically valid when the unit-cell size is much small
compared to the wavelength. To extract the electromagnetic properties of metamaterials one
method have been applied. The first one based on S-parameter which is suitable to be applied
for both numerical simulation and experimental measurements in this chapter, we study a
metamaterial and extract theirs electromagnetic parameters, this metamaterial can be used

above a Microstrip patch antenna to enhance its performance.
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3. Microstrip Antenna gain enhancement and widebandusing metamaterial
for 5G application

3.1 Introduction

The metamaterials are considered the most important application in the field of antenna,
which can improve its performance and reduce its size. The aim of this chapter is to enhance
the antenna performance such as gain , bandwidth and half power beam width HPBWusing
metamaterial lens, which is presented in chapter 2,

The metamaterial lens is placed on the top of a microstrip antenna at a distance h from the
patch this distance can be optimized to obtain better antenna realized gain and wind
bandwidth.

3.2 The proposed antenna design

In antenna engineering domain, researchers around the world have to resolve many
fundamental challenges [36].Antennas have to conjugate at the same time a high gain, a wide
bandwidth, a diversity of polarization and a reconfigurable , radiation pattern, while
remaining the most compact possible. These characteristics are often conflicting, and the
structured artificial materials bi- and three-dimensional such as metamaterials and/or
electromagnetic/ photonic bandgap materials (E/PBG) can offer interesting solutions in this
domain [36-37].

The design process of an antenna begins with understanding the application to be
achieved and parameter requirements. Frequency is an important factor aids to determine the
substrate to be used. After deciding the required data, the physical dimensions of the antenna
are calculated. In this work using [38], we use Ansys High-Frequency Structure Simulator
[HFSS v 13.0] to design and simulate two type of patch antenna at the operating frequency
28GHz for 5G application . The first antenna without slots is designed with the dimensions of
Ls x Ws with a thickness d at the substrate. The substrate type of Rogers RT/Duroid 5880
with a relative permittivity of 2.2 and dielectric loss tangent of 0.0009. Further, the patch
with dimensions Lp X Wp is mounted on the substrate, The probe feed consists of

thedimensions Lf x Wf is represented in figure 3-1.
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(a) (b)

Figure 3-1: Patch antenna details :(a) patch without slots and (b) patch with slots.

The dimension of the patch antenna are show in table 3-1 ,The slots geometric parameters
are adjusted to observe the variations concerning the gain, bandwidth, and resonant frequency

of the proposed antenna.

Table3-1 Parametric dimensions of the designed antenna

parametres | Dimension (mm) | parametres Dimension (mm)
Ls 12 L2 3.8
WS 12 L22 1.9375
d 0.508 wf 0.77
L11 3.2875 Lf 4
w1 0.15 Lp 3.1125
W2 0.15 wp 4
L1 5.4

We compared the obtain results of a simple antenna (antenna without slots) to those of an
antenna with slots, the antennas radiation patterns in E and H planes and the refraction
coefficients are illustrated in figure 3-2 and 3-3. It is clear from the plot that loading a
microstrip antenna with the slots enhances the antenna gain and the bandwidth at the

operating frequency band 26-31 GHz.
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Figure 3-2: Radiation pattern of the patch antenna with and without slots : (a) - E plane, (b) - H
plane.

It is observed from figure 3-3 that the resonance of the proposed antenna is slightly shifted
to lower frequency region, with good matching and wideband in the operating frequency band
[27.4-30.7GHz].
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Figure 3-3: Reflection coefficient of the microstrip patch antenna with and without slots.

The antenna realized gain versus of the frequency is shown in figure 3-4 it can be seen
that the antenna with slots provide gain enhancement in the operating frequency band
27.5Ghz -32GHz
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Figure 3-4: Realized gain of the microstrip patch antenna with and
without slots:

The surface current distribution of the antenna with and without slots are presented in
Figure 3-5 at the operating frequency 28 GHz. Larger amount of current flows below and
above the U-slot in the microstrip patch, the antenna with slots provide good currents
distribution.
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Figure3-5 : Simulated current distribution of antenna with and without slots
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From Figure 3-6, shows the stable 3D far-field radiation pattern performance at three far

frequencies in the operating band namely, at 26 GHz,28.5Ghz and 29.5 GHz, respectively
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Figure3-6 :3D Radiation gain patterns calculated at ; (a) 26 GHz , (b) 28 GHz and (c) 29 GHz
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The antenna realized gain of the proposed antenna is about 8.7dB if compared of the
antenna without slots which is about 7.6dB, the proposed antenna enhance the antenna gain
by about 1dB

In the next section we will use a metamaterial to enhance the antenna performance of this

antenna.
We sommrized the obtaind results of the patch antenna with and wothout slots in table 2

Table 3-2 Half power beam width 8_5,5(deg) and realized gain,bandwidth,s11 of the patch antenna
with and without slots

gR;?,I(ICZjeBO)I 0-38 ¢-3dB Bandwidth (%) S11(dB)

Antenna
without slots 8.3 89.2 54.86 i -9.14
Amesr:g?swnh 8.8 74.68 66.68 3.47 -17.58

3.3 Proposed antenna with metamaterial

The use of the metamaterial structures for enhancing antenna performances has been
investigated by the number of authors [4, 5]. Among various unusual material properties, at
microwave and  millimeter-wave  frequencies  provided by  metamaterials,

permittivity/permeability and the refraction index.

The metamaterial as single layer superstreet suspended above a microstrip patch antenna
(MPA), operating at 28 GHZ, for the gain enhancement and the bandwidth. The
metamaterialsuperstrate layer is composed of a periodic arrangement of square SRR unit-
cells, and behaves as an homogeneous medium . This metamaterial gathering radiatedwaves
from the antenna and collimates them towards the superstreet normal direction. The proposed

design improves the antenna gain by 4dB.

The unit-cells are arranged in an array with periodicity of 8 x 8, to design a layer of the
metamaterial superstrate, as shown in figure 3-7 . The metamaterial superstrate covers the
patch antenna and it functions like a lens being able indeed to improve the antenna

performances such as gain, directivity, band width,...etc

The perspective view of the proposed antenna with metamaterial superstrate is shown in

figure 3-8. The spacing from the radiator to the bottom of the metamaterialsuperstrate is h The
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antenna ground plane and the metamaterialsuperstrate have dimensions of (Ls x Ws = (12 x
12) mm

Figure3-8: The proposed antenna with metamaterials

The simulation results of the spacing parameter optimization h, for antenna metamaterial
is presented in figure 3-9. From this figure, we observe that the spacing between the patch
antenna and the superstrate layer is a key parameter in the antenna gain improvement. It can
be optimized to obtain better antenna realized gain enhancement. A parametric study shows

that the optimal value for the spacing is h = 7.2 mm as also shown in figure 3-9.
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Figure 3-9 Realized gain of the proposed antenna with metamaterial for different spacingh.

And the spacing S between the metamaterial unit cell shown in figure 3-10 a key
parameters that can be optimized to obtained better gain

Figure 3-10 the spacingS between the elements metamaterial

It can be seen that from figure 3-11 the maximum realized gain of the optimal value of the

spacing parameters S between the element is S=0.3mm correspondent a gain about 12.18 dB.
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The spacing $ (mm)

Figure 3-11 Realized gain of the proposed antenna with metamaterial for different spacing S.
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A comparison between the antenna alone and the antenna with the metamaterial lenses

can be seen in figures 3-12 to 3-15. The radiation pattern, in the E and H plane, of the
proposed antenna with and without metamaterial are shown in figures 3-11 and 3-12 .It is
clear from the plots that the antenna is more directional with a metamaterial. The maximum
realized gain obtained is 12.18 dB.The half-power beam width of the antennas, at the
operating frequency, in E and H-plane respectively, are observed to be 74.68° and 66.68°, for
the antenna alone, 35.21° and 36.24 ° for the antenna with metamaterial superstrate which
means a half-power beam width reduction of about 50%, in both E and H compared to the

antenna alone
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Figure: 3-12; Radiation pattern in E plane of the antenna with and without metamaterial.
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Figure: 3-13: Radiation pattern in H plane of the antenna with and without metamaterial.

The presence of the metamaterial, increases the antenna gain from 8.7 dB to 12.19 dB

which corresponds to an enhancement the bandwidth from 3.2GHz to 5.2GHz 2.2GHz

Figures 3-13and 3-14 exhibits very promising results for an antenna with and without
metamaterial at millimeter-wave frequencies. The return loss stays below -10dB from 27 GHz
to 30.5 GHz for the antenna alone and from 25.2 GHz to 30.1 GHz for the antenna with

metamaterial
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The antenna realized gain versus frequency is shown in figure 3-14 it can be seen that
the gain values ranges between 7.8dB and 7.5dB within the frequency band 27 GHz to 30.5
GHz for the antenna alone. The maximum gain of 8.7dB occurs close to 28.5GHz and the
lowest S11 value of about -17.6 dB and the gain values ranges between 10.1dB and 10.05 dB
within the frequency band 25.2 GHz to 30.1 GHz for the antenna metamaterial . The

maximum gain of 12.19dB occurs close to 26 GHz and the lowest S11 value of about -17.6dB

0

g

bod i i V] |antennaalone—=—
| ’ | antenna withe meta—e—

20 22 24 26 28 30 32
Frequency(GHZ)

Figure 3-14 Return loss (S11), for the patch antenna and the metamaterial patch antenna.
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Figures 3-15 Calculated realized gain versus frequency

on the other hand, figurs 3-16 shows the stable far-field radiation pattern performance at three
far frequencies in the operating band namely, at 26 GHz ,28 GHz and 29GHz, respectively.

This further confirm the potential advantage of the proposed antenna with metamaterial .
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Figure3-16 :3D Radiation gain patterns calculated at ; (a) 26.5 GHz, (b) 28.5 GHz and (c) 29 GHz

We summarized the previous results in table 3-3 , from this table the metamaterial
provide a gain enhancement and wideband at the operating frequency band 25.2GHz to 31

GHZ which corresponding of 5G application

Table 3-3 Half power beam width 8_5,5 (deg) and realized gain,bandwidth,s11 of the patch antenna
with and without metamaterial

5;":‘]'('3;‘; Oace . Bandwidth(%) S11(dB)
Wiﬁgﬁtn :Ié(l)ts 8.3 89.2 54.86 - 9.14
Anternawith | g g 24,68 66.68 3.47 1758
Antenna with 12.19 35.21 36.24 5.21 2124

3.4 Conclusion

In this chapter we have proposed a micro strip antenna wideband and high gain for 5G

application and we used the metamaterial to enhance the antenna performance:

i) The proposed antenna with slots, provided antenna realized gain about 8.7 dB and
bandwidth about 3.2 Ghz

ii) The proposed antenna based of metamaterial provided gain about 12.19 and bandwidth
about 5.2GHZ

Furthermore this structure enhances the antennas performances such as the gain and the

bandwidth which makes is suitable for 5G systems

44




Chapter 3: Microstrip Antenna gain enhancement and wideband using metamaterial for 5G application

45



Conclusion

Conclusion

Our goal in thiswork isconsistto exploiting the potential offered by the metamaterials to
design wideband antenna for 5G application. First we proposed antenna with dual U slots and
we us the metamaterial to enhance the antenna performance, these metamaterials are
artificial periodic structures which it is possible to tailor their constitutive parameters with
any giving request. This metamaterial unit cell is used to design ametamaterial grid.This last

are composed of an square ships with four slots,

Secondly,this metamaterial lens is obtained by a periodic structure based on metamaterial

unit cell.

We characterized and optimized the elementary unit cell of the metamaterial unit cell by

varying the dielectric thickness d, the width w, and the gap wg and Lg

The metamaterial was simulated with HFSS 3D simulator, and a first optimization was

performed to obtain optimal reflection and transmission powers values

The optimized unit cell has a=1.51mm, d =0.381mm, w = 0.1 mm, er=9.4 and Lg =

0.1mm,wg=0 mm,t=0.035 mm

Once the metamaterials characterized and sized we have passed to the third stage of our work
which are design and characterize the metamaterial lens (shape) Three types of metamaterial
lens have beendesigned. Metamaterial layer superstrate placed above of the patch antenna.

Finally we started with the design of our patch antenna with dual U slots by HFSS
software, and we used the metamaterial above the patch antenna to enhance the antenna
performance wehave demonstrated the possibility of enhance the antenna gain and the
bandwidth of the antenna.The antennarealized gain has enhancedwhere we obtained 12.19 dB
with single metamaterial superstrate, and the bandwidth enhance by about 5.2GHz if

compared with microstrip antenna which is 3.2 GHz

The half power beam width is reduced to 36° and 37° respectively in E and H plane for the

antenna with metamaterial
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