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General Introduction

General Introduction

The microstrip antenna (MSA), also called the pankenna, was a new design structure
patented in 1955. It did not find many applicatiamtghe first couple of decades; however, for
the last few years, these have been widely usedregless communication. In a microstrip
antenna, dielectric material called substrate isdaé&ched between two plates of the
conducting materials [1]. The lower conducting aae and the upper conducting plate are
called the ground plane and a patch, respectiTélg.patch and ground plane of the antenna
are linked to the supply byline called the micrpsteed line. Many types of feeding methods
are used to provide the supply to the antenna.nfibeostrip antennas are also known as the
printed antennas because of the similar fabricgbimtess of printed circuit board (PCB).
These are very small-sized planar antennas thatemyeuseful in wireless communication
[2]. Installation of these antennas is very easg thuthe fact that they are compact and
lightweight. The size and shape of the patch apomant aspects on which the performance
of the microstrip antenna depends. Various shap#dseatch are being used to design the
MSA [3].

Printed antennas are used in most classical mis®wapplications, including radars,
telecommunications, wireless communication, saslli communication, mobile
communications, aeronautical applications, the espadustry, Global Positioning System
(GPS), systems for detection and identificationd amedical applications. In commercial
sectors and industries, printed antenna uses iackuextiles, interactive point-of-sale
displays, electronic toll collection, smart car@sd product packaging and equipment
identification and tracking [4]. However, there axarious techniques and design
methodologies to make printed antennas behaverelily and work in broadband

applications.

High temperature superconducting (HTS) materialvehdeen widely used in the
manufacturing of diverse microwave devices for nelsatellite and space communication
[5]. The use of superconductive materials is exguet increase rapidly due to their low loss
property at temperatures below the critical temfoee(Tc). Also, they have the largest power
gap size arrangement which extends their resporsé iw the THz range [5]. The

superconducting antenna is one of the first mick@x@mponents presented as an application



General Introduction

of a high-temperature superconductive material [bhe main advantage of using

superconductive materials in antenna systems iseedoce the loss associated with the
adaptation lines of the transmission circuits dregower supply networks. in particular, at
the microwave and millimeter frequencies whereotm@ic losses begin to significantly affect
system performance [5]. Thereby, HTS materials @ften used in the manufacture of
antennas to increase radiation efficiency and daire to the low surface resistance in HTS
thin films compared to copper and gold. HoweverghkHiemperature superconducting
antennas like other conventional microstrip antensfer from narrow bandwidth, which

severely limits their application [5].

Several methods are proposed to analyze micraattgnnas and can be classified into two
groups: The first group gathers the methods sinmldgtive. The second group contains
rigorous analytical methods. The methods that weehast exposed are not the only
theoretical means to predict the characteristics rmoicrostrip antennas. Several
electromagnetic (EM) simulation software for designand simulating high-frequency
electronic products such as HFSS (High Frequenmctire Simulator). However, it is more
complex, allows less physical interpretation, aegluires considerable computation time and
memory space. Unlike low-frequency components, sitvery difficult to adjust the
characteristics of microstrip resonators once #reymade. Therefore, it is necessary to have
tools for the estimation of their characteristittse best tool is CAD (Computing Aided
Design). The real challenge in CAD lies in reliablanerical methods that offer both exact

characteristics and reduced computation time [6].

Moreover, a lot of materials in current use as sabss exhibit a dielectric anisotropy
(especially of the uniaxial type). Therefore, thisrdefinitely a need to rigorously investigate
the characteristics of microstrip antennas withsaimopic substrates. One of the well-
established tools for the analysis more thorouglilyesonant characteristics of microstrip

antennas on anisotropic substrates is the cavitieframalysis.

Our work has twofold essential goals, the first ameo present the principles of soft
computing techniques and their applications inrttealeling of microstrip antennas printed
on anisotropic substrates, and the second is {wogmnew design structures of HTS tapered
microstrip antennas printed on anisotropic subettafTo make the work clear and
comprehensible, our work is structured into fouapters covering different aspects of

microstrip antennas.
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The first chapter presents the microstrip anteramdiguration and discusses its advantages,
disadvantages, and applications. In addition, Graptbriefly describes various theoretical
methods for the analysis of microstrip antennas.

In chapter 2, an efficient approach based on tleeofishe cavity model in conjunction with
electromagnetic knowledge is provided. This apgnoacused to characterize the tapered

microstrip patch printed on anisotropic substrates.

Chapter 3 provides a survey on the theoretical \iehaf superconducting materials since

their discovery and their application in microwarggineering.

In the last chapter, we presented our numericalltiee®f rectangular microstrip antenna
printed on anisotropic substrates, as well asdbelts of the tapered substrates. The influence
of the physical and geometrical parameters of th& Entennas is presented.

Finally, we give a general conclusion of this wisking the different important phases of this
manuscript. We will also give an overview of perdpes that can be developed to better

understand this subject and also can be used ifuture research.

References

[1] T.Karim and S.M .seddik, "Modele de cavité amédial’'un résonateur microbande
réglable pour I'application dans un équipementgimé sans fil,” mémoire de master,
université de khenchela , 2021.

[2] P. K. Malik, S. Padmanaban, and J. B. Holm-NielS&hcrostrip Antenna Design for
Wireless Applicatioris CRC Press, 2021.

[3] A. Mahamdi, S. Benkouda, S. Aris, and T. A. DenjdiitResonant Frequency and
Bandwidth of Superconducting Microstrip Antenna Retbugh a Slot Cut into the
Ground Plane,Electronicsyol. 10, no. 2, p. 147, 2021.

[4] A. Pandey, Practical microstrip and printed antenna desigArtech House, 2019.

[5] S. Bedra, S. Benkouda, R. Bedra, and T. Fortakyéitted HTS rectangular patch
antennas: Theoretical investigatioRHysica C: Superconductivity and its Applications,
vol. 580, p. 1353802, 2021.

[6] S.Bedra, R. Bedra, S. Benkouda, and T. Fortakficient CAD Model to Analysis of
High Tc Superconducting Circular Microstrip Antenoa Anisotropic Substrates,"”
Advanced Electromagnetiogl. 6, no. 2, pp. 40-45, 2017.



Chapterl

Overview of Microstrip Antennas



Chapter | Overview of Microstrip Antennas

[.1. Introduction

The idea of microstrip patch antennas arose froifizing printed circuit technology not
only for the circuit components and transmissiolesi but also for the radiating elements of
an electronic system. It was first proposed by baswps the concept of the microstrip
antennas (MSASs) in 1953 [1]. However, practicakants were developed by Munson [2]-
[3] and Howell [4] in the 1970s.

The numerous advantages of microstrip antennas, asi¢heir low weight, small volume,
and ease of fabrication using printed-circuit testbgy, led to the design of several
configurations for various applications [5]- [9With increasing requirements for personal
and mobile communications, the demand for smaler law-profile antennas has brought
microstrip antennas to the forefront [10]. Thisfiichapter aims to present the main concepts
in this thesis, for this we have given an overvieinthe appearance and configuration of
microstrip antennas, their mechanism of radiataswell as the different feeding techniques
Thus we also present the different types of powpply for patch antennas. We exhibit also
the most common methods of analysis. Finally, weewid this chapter by presenting their

applications, as well as their advantages and disddges.

l.2. Microstrip Antenna Description

Microstrip antennas also called “patch antennasige @f the most useful antennas at

microwave frequencie$sX 1 GHz) [11].

An MSA is a type of printed antenna, in its simplésrm, consists of a radiating
element(Patch), where the radiating Patch is a uwdnod attached directly to a microstrip
feed line, usually made with copper on one sida dielectric substrate and a ground plane
on the other side, shown in Figure [.1.The radmatimm the MSA can occur from the
fringing fields between the periphery of the paacidl the ground plane [10].

The dielectric substrates generally have a low pewity ( & <3) for facilitating and

favoring the radiation, avoiding the confinementtbé fields in the cavity between the

radiating element and the ground plane.
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Radiating Patch

Ground Plane

DielectricS .

ubstrate —

Figure 1.1. Description of a microstrip antenna.

The patch may be in a variety shapes, such asqimres circular, triangular, rectangular,
and elliptical...etc, shown in Figure 1.2,Are alsedsbut rectangular and circular are the

most common [10].

Il e A

Rectangular Square Disk Elliptical Triangular
Square with

Rectangular ring Annular ring Elliptical ring

cut corners

Figure 1.2. Different shapes of microstrip patches.

The shapes of the radiating elements are showigurd-1.2; their dimensions are generally
of the order ofA/2/2 toA.

[.3. Material Consideration

The substrate material provides mechanical sudgpotthe radiating patch elements where
the metallic patch is normally made of thin coppeit. It also maintains the required
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spacing between the patch and its ground plane. slibstrate thickness for the basic

geometry is in the range of 0.01 to 0.05 free-speaeclength.
The dielectric constant ranges from 1 to 12 andbozageparated into three categories:

o Those having a relative dielectric constant (re@permittivity) in the range of 1.0
to 2.0. This type of material can be air, polysiyréoam, or dielectric honeycomb;

0 Those having a relative dielectric constant inrdnrgge of 2.0 to 4.0. This type of
material consists mostly of Fiber-glass reinfordedlon;

o Those with a relative dielectric constant betweéhafid 10.0. This type of material

can be ceramic, quartz, or alumina.

The most commonly used material is Teflon-basedh witrelative permittivity between 2
and 3. This material is also called PTFE (Poly &é&tiuor Ethylene). It has a structure very
similar to fiberglass material used for digitalatiit boards but has a much lower loss

tangent.

|.4. Basic Microstrip Antennas configurations

For the configuration of a microstrip patch anterme have to select the resonant frequency
and a dielectric medium for which the antenna id¢odesigned. The parameters to be

calculated are as under:

o Width (W): The width of the patch is calculated using thiéofving equation [12],
[13].

(1.1)

Where;
W : Width of the patch.

C,: Speed of light.

£, Relative permittivity (dielectric constant) ofetlsubstrate.



Chapter | Overview of Microstrip Antennas

o Effective refractive index: The effective refradiindex value of a patch is an

important parameter in the designing procedurerafaiostrip patch antenna.

The radiations traveling from the patch towards gheund pass through the air and some
through the substrate (called fringing). The vadfiehe effective dielectric constang,() is

calculated using the following equation [12], [13]:

1
+ —
£ = gfz 1+‘gf2 1[E1+12dﬂ ’ (1.2)

o Length: Due to fringing, electrically the size dfet antenna is increased by an
amount of AL ). Therefore, the actual increase in lengtth. || of the patch is to be

calculated using the following equation [12], [13]:

AL (., +03) [@VX + 0.264j
o= 041

o (1.3)
(6.0 - 058) [ﬁh + o.sj

Where;
h: height of the substrate.

o The length () of the patch is now to be calculated using thiwementioned
equation [12], [13]:

L=— S0 goaL (1.4)

“2n 0k

o Length (L,) and width ) of ground plane: Now the dimensions of a pateh ar

known. The length and width of a substrate is etm#hat of the ground plane. The
length of a ground planeL( ) and the width of a ground plang/() are calculated

using the following equations [14]:

L, =L +6h (1.5)

W, =W +6h (1.6)
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The Figure 1.3 below, shows the detailed configorabf the microstrip antenna.

»~~  Probe feedng —

Patch - radiating

w -
Top m element
view < A V "

4
y 4
Ground Plane
h Er A
-
Substrate
Patch
/ ¢_I
S_Ide y 4 Substrat
view | < < '

‘«—— Ground Plane

“ Imlm

Coaxial transmission line

Figure 1.3. Microstrip antenna configuration.

[.5. Radiation Mechanism of MSAs

The geometry of the microstrip antenna allows usb@tter understand its radiation
mechanism. After the power supply line is excitgdaradiofrequency source (RF), an
electromagnetic wave propagates over the lattendet the radiating element, which is
generally wider than the line, in this case, weehavload distribution it will be created
above and below the radioactive component and legtvgeound level and the substrate.
Figure 1.4 illustrates this phenomenon. These ibistions together with the correlation of
the current densities generate a distribution @dteic fields represented in Figure I.5.

10
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Figure 1.4. Distribution charge and current density

Its distribution extends around and inside thecstme and is mainly dependent: the width

W metallization circuits, the characteristics of thgbstrate: constant dielectric and its

thicknessh[15], [16].
With; J, : Displacement current, andj: Surface current.

which will cause an inversion of the phases ofuwédical components of the electric field
along the length of the antenna and unlike theipusvradiation which is in phase in the
plane of the antenna is due to the componentsdraakfield lines surrounding the radiating

element[17].

Ih

...................................... Non radiating edge

Radiating edge

Figure 1.5. Distribution of the vertical electrield.

The lengthL of the rectangular patch for the fundamental*fMode excitation is slightly

smaller thanA /2, where A is the wavelength in the dielectric medium, whichterms of

11
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free-space wavelengtil, is given as/io/,lereﬁ , Where ¢ . is the effective dielectric

constant of a microstrip line of wid\/ .

To better understand the radiation mechanism ofasidp antennas, the scientific literature

is generally based on the theory of optics. Comgliecut given in Figure 1.6.

g AR \L//

Point source

Ground
Plan

Substrate

Figure 1.6. Radiation in a microstrip antenna.

At point (A) of the upper conductor, a point soursarface current density) has been
deposited, which radiates in all directions. Parthe transmitted signal is reflected by the
ground plane, then by the upper conductor and s&ome of these rays end on the edge of
the conductor, which diffracts them and conseqyetite field breaks up into two
components normal and tangential with respect ® dhound plane [18-20]. We can

therefore consider three regions:

o Directed waves in region A: In the substrate, #ngsrare the most focused. Where
the electromagnetic field accumulates in this negd space. This property is very
useful for spreading the signal along the micrpdine;

o Radiated waves in region B: above the substratgh@nair), the signal disperses
freely in space and contributes to the radiatiothefantenna. As the surface currents
circulate mainly on the underside of the upper cmhor (dielectric side),the
radiation seems especially to be emitted by theediate vicinity of the edges;

o Surface waves in region C: Some rays reach thera@pg surfaces witha grazing
incidence, and remain trapped inside the dieleciiigs is the mechanism of total

reflection, which optical fibers use. Where thefsce wave is guided by the edge of

12
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the dielectric, not contributing directly to thedration of the antenna. However,
when this wave reaches the edge of the substraiet(£), it is diffracted and

generates stray radiation.

|.6. Feeding Techniques

The feeding technique depends in part on the §ieaimetry and configuration desired from
the antenna. Another important aspect to consiéeading the antenna is the connection
problem. The adaptation is always necessary betwleemetwork power supply and the
antenna, as it ensures maximum power transfergdaéd (antenna). In other words, the
antenna input impedance should be as close asbfgs the commonly used line
impedance of 50 Ohms. Feeding technique influenties input impedance and

characteristics of the antenna, and is an impodesign parameter.
The MSA can be excited into two main ways:

o Directly either by a coaxial probe or by a micrgstine;
o Indirectly using electromagnetic coupling or apesticoupling and a coplanar
waveguide feed, in which case there is no diredialie contact between the feed

line and the patch.

[.6.1. The Direct Feed

.6.1.1. Coaxial Probe

The coaxial or probe feed arrangement is showrnigare 1.7. The central (inner) conductor
is soldered directly to the radiating element (patafter passing through the dielectric and
the ground plane, the outer conductor is conneditedtly to the latter. The main advantage
of this feed is that it can be placed at any dddioeation insidethe patch to match with its
input impedance. The disadvantages are thattheHasle¢o be drilled in the substrate and
that the connector protrudesoutside the bottomrgiqulane, so that it is not completely

planar. Also,this feeding arrangement makes théigumation asymmetrical [21].

13
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Probe feeding

RadiatingElement

Substrate
Center Conductor

Ground Plane

Outer Sheath / \

Sheath-ground plane
welding
Figure 1.7. Feeding by coaxial probe.
1.6.1.2. Microstrip-Line

In this feed, a microstrip line is connected dikedd the edge of the patch is shown in

Figure 1.8, This line is smaller regarding the Wwidbmpared to the patch [22].

RadiatingElement -
Patch

N

!

mmmmmmmmmmmmm Ground Plane

MSA-Line

Substrate

MSA
Connector —

<

Figure 1.8. Feeding by a microstrip line.
This technique feed can be supplied via:

o Direct connection with a microstrip line (usuall ®hms) whose point junction is
on the axis of symmetry of the radiating elememngFe 1.8);
0 Offset from this axis of symmetry (A);

14
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o Axial feed with a notch that allows for better ation of impedance (B).

A: Offset. B: Axiadd with a notch.

RadiatingElement -
Quarter-Wave Transformer Patch

MSA-Connector Substrate

Ground Plane

MSA- Line

C: Quarter wave line.

Figure 1.9. Different techniques of feeding by arostrip line.

o Power supply (axial or offset) adapted by quartevevline (C): At the edge of a
patch, the impedance is generally much higher 8&a®hms (e.g. 200 Ohms). To

avoid impedance mismatch, sections of quarter-veangth transformers can be used

to transform large input impedance to a 50 Ohnes lin

This feed arrangement has the advantage that ibeaiched on the same substrate, so the

total structure remains planar. The drawback igdldéation from the feed line, which leads

to an increase in the cross-polar level. Also,ha millimeter-wave range, the size of the

feed line is comparable to the patch size, leatbrigcreased undesired radiation [10].

15



Chapter | Overview of Microstrip Antennas

[.6.2. The Indirect Feed

Both the above methods of direct feeding the MS@eharoblems. In the case of a coaxial
feed, increased probe length makes the input immedanore inductive, leading to the
matching problem. For the microstrip feed, an iaseein the substrate thickness increases
its width, which in turn increases the undesiregdfeadiation. The indirect feed discussed

below, solves these problems.

1.6.2.1. Electromagnetically coupled

The electromagnetic coupling is also known as pnityi coupling, where the feed line is
placed between the patch and the ground plane,hwikicseparated by two dielectrics

substrates:

o Antenna Substrate, which features the patch abihe

o Feed Substrate, whose ground plane is engravee abttom.

The electromagnetic coupling is done independesmiy without contact of the line MSA

supply with the patch, which minimizes parasitidiagion [23].

Substratel
Substrate 2

A

A

MSALine | A

Figure 1.10. Proximity coupled microstrip feed.
1.6.2.2. Aperture coupling

In the aperture-coupled MSA configuration, thedié coupled from the microstrip line
feed to the radiating patch through an electricaltyall aperture or slot cut in the ground

plane, as shown in Figure 1.11. This aperture-dagptechnique can be used to avoid
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soldering connection as well as to avoid leakagkat@®n of the line to interfere with the
patch radiation. In addition, by using a thick dudite, this feed method allows the patch to
achieve a wider bandwidth (>10%) compared to tfexied probe feed [24].

A % Patch
Substrate 1 <
\ A
Slot on ground

/

plane

Substrate 2

MSA Line /

Figure 1.11. Aperture coupled feed.
1.6.2.3. Coplanar Waveguide (CPW)

In this method of feed, the coplanar line and treugd plane are located on the same face

shown in Figure 1.12.

Patch

Slot

CPW Line

Figure 1.12. The coplanar waveguide feed.

The line is excited by a coaxial feed and is teated by a slot, whose length is chosen to be
between 0.25 and 0.29 of the slot wavelength. Thm misadvantage of this method is the
high radiation from the rather longer slot, leadioghe poor front-to-back ratio. The front-
to-back ratio is improved by reducing the slot diasien and modifying its shape in the form

of a loop [25].
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An antenna fed by a coplanar waveguide CPW (Capl#vave Guide) is simpler than that

powered by slot coupling.
1.6.3. Comparison between different feeding methods

Table 1. Comparison between different feeding methods.

Characteristics  coaxial feed MSA Line Aperture Proximity
feed Coupled Feed Coupled feed

Radiation More More Less Minimum

parasite

Reliability Poor Better Good Good

Ease of Soldering and Easy Alignment Alignment

manufacture drilling required required required

Bandwidth 2a5% 2a5% 2a5% 15 %

1.7. Analysis Methods of MSAS

The MSA generally has a two-dimensional radiatiagch on a thin dielectric substrate and
therefore may be categorized as a two-dimensidaabp component for analysis purposes,
is a relatively complicated radiator. Over the wgeathere have been several
analytical/numerical methods proposed and usedhatyze this radiator [26], where these
methods can be grouped as either approximate tpobmior full-wave analyses. The
approximate techniques, the transmission line maddl the cavity model use simplifying
assumptions to reduce the complexity of the amalgéithe antenna.The analysis methods

for MSAs can be broadly divided into two groups:

In the first group, there are three popular anedytiechniques based on equivalent magnetic

current distribution around the patch edges (simdalot antennas):

[.7.1. Transmission line model

The earliest useful model introduced to provideragpimnate values of resistance at the edge
of a microstrip antenna is known as the transnmmsbiee model, introduced by Munson, is
the easiest way to study the microstrip antennahilymethod the transmission line model
represents the microstrip patch antenna by twaatiagj slots (apertures), each of width W

and height h and separated by a low-impedancentias®n line of length L. Results we get
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are not the best accurate compared with other rdsthat it is good enough to design the

antenna. To study the theory of microstrip transiois line we have two different cases:

o] Y <1 (narrow strip line) and this is not what we arerasting with;

0 %>>1and & >1(wider transmission line) this will help us to llila good

representation to study the antenna.

This model was originally developed for rectangutatches but has been extended for
generalized patch shapes, where many variatiotisioimethod have been used to analyze
the MSAs. Although the transmission line modelasyeto use, all types of configurations
cannot be analyzed using this model since it detgsake care of variation of field in the
orthogonal direction to the direction of propagafiy]-[29].

1.7.2. Cavity model

The cavity model originated in the late 1970s, mendependable than the transmission line
model, where in analyzing the microstrip antensasased on the assumption that the region
between the patch and the ground plane is treatedcavity that is surrounded by magnetic
walls around the periphery and by electric waltsrfrthe top (inz=h, the upper metallic

conductor), and bottom sides (n=0, ground plane). Since thin substrates are used, th
field inside the cavity is uniform along the thidgs of the substrate [10]. This method

makes it possible to determine in an approximatg tha resonant frequency ™" and the

effective permittivity in the case of a rectangulkadiating element of dimensiom. ( W).

The cavity model does handle non-contact feed patitiitions (such as an aperture coupled
patch) more accurately than it does for a direcitact (for example probe fed) fed patch.
This can be attributed to lack of a current distanty for non-contact fed patch antennas,

which the cavity model has difficulty is predictitige associated modes [26].

These techniques (Transmission Line and the Cawigels) can be relatively accurate.

When one such condition is that the substratelaively thin (less than 0.0%,). Another

condition is that the dielectric constant be rgklif low.
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A distinct advantage of the approximate technigaele speed in determining the predicted
performance and hence the use of these methodsbfaming overall trends. However, if
minimal iterations of a design are required and gheormance goals are difficult for a
conventional microstrip patch to meet, then theraxmate techniques should not be relied

upon.

In the second group, the methods are based oridbgi@ current distribution on the patch
conductor and the ground plane (similar to dipaieeanas, used in conjunction with full-
wave simulation/numerical analysis methods). Sofrieeonumerical methods for analyzing

MSAs are listed as follows:

1.7.3. The Method of Moments (MM)

In the 1980s, the method of moments (MM) becamditsienumerical analysis method that
was computationally efficient enough so that comgerary computers could provide enough
memory and CPU speed to practically analyze midgmpsantennas. In this technique
advanced by Newman, the method of moment is usedoimection with Richmond’s
reaction method to determine unknown surface ctsréawing on the walls forming the
microstrip patch, ground plane, and magnetic waltgl volume polarization currents in the
dielectric slab are used to model the fields indiedectric slab [30-31].

The integral equations are transformed into algebeguations that can be easily solved
using a computer. This method takes into accoumtfringing fields outside the physical
boundary of the two-dimensional patch, thus praxgda more exact solution.

1.7.4. The Finite-Element Method (FEM)

Improvements in computational power and memory Sifeersonal computers
during the 1990s made other numerical methods saglinite element method
(FEM), which require much more memory than MM soduts, workable for

everyday use by designers.

The FEM, unlike the MM, is suitable for volumetronfigurations. In this method, the

region of interest is divided into any number ofite surfaces or volume elements
depending upon the planar or volumetric structtioebe analyzed [32]. These discredited
units, generally referred to as finite elements) ba any well-defined geometrical shapes

such as triangular elements for planar configunatiand tetrahedral and prismatic elements
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for three-dimensional configurations, which aretahle even for curved geometry. It
involves the integration of certain basic functiaver the entire conducting patch, which is
divided into a number of subsections. The probleimsaving wave equations with
inhomogeneous boundary conditions is tackled byhposing it into two boundary value
problems, one with Laplace’s equation with an inbgeneous boundary and the other
corresponding to an inhomogeneous wave equatidnasitomogeneous boundary condition
[33].

1.7.5. The Finite-Difference Time-Domain (FDTD)

The Finite-Difference Time-Domain method (FDTD)tmlay's one of the most popular
technique for the solution of electromagnetic peofis. It has been successfully applied to
an extremely wide variety of problems, such astegag from metal objects and dielectrics,
antennas, microstrip circuits, and electromagregbgorption in the human body exposed to
radiation. The main reason of the success of th€DFhethod resides in the fact that the
method itself is extremely simple, even for progmang a three-dimensional code. The

technique was first proposed by K. Yee, and thegraved by others in the early 70s.

In this technique, spatial as well as time grid tbe electric and magnetic fields are
generated over which the solution is required. Hpatial discretization along three
Cartesian coordinates are taken to be same. Tiedl Edges are aligned with the boundary
of the configuration and H fields are assumed t@obated at the center of each E cell. Each
cell contains information about material charastars. The cells containing the sources are

excited with a suitable excitation function, whimtopagates along the structure [10].

1.7.6. The Spectral Domain Approach (SDA)

The method was originally developed by Itoh and ¥&mn the early 1980s (references are
given at the end). In the SDA, a two-dimensionalurigr transform along the two

orthogonal directions of the patch in the plane sobstrate is employed. Boundary
conditions are applied in Fourier transform plafee current distribution on the conducting
patch is expanded in terms of chosen basis furgtiand the resulting matrix equation is
solved to evaluate the electric current distribution the conducting patch and the
equivalent magnetic current distribution on ther@unding substrate surface. The various

parameters of the antennas are then evaluated [34].
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1.8. Applications of MSAs

The microstrip patch antennas are being usedange lvariety of applications, where a large
number of commercial needs are met by the use ofostrip and printed antennas; these
include the Global Positioning System (GPS), Zigbdduetooth, WiMax, WiFi
applications, and others.

o GPS applications: such as asset tracking of vehiatewell as marine uses, have
created a large demand for antennas. The majdritgese are rectangular patches
that have been modified to produce right-hand @rcpolarization (RHCP) and
operate at 1.575 GHz. Numerous vendors offer patdasigned using ceramics with
a high dielectric constani (= 6, 20, 36) to reduce the rectangular microsnfenna
to as small a footprint as possible for a givenliappon. Rectangular patch
antennas are also used for Bluetooth automotivicappns (2.4 GHz) [31];

o SDARS: In recent years Satellite Digital Audio Radbervices (SDARS) have
become a viable alternative to AM and FM commerbraladcasts in automobiles.
The system has strict radiation pattern requiremeritich have been met with a
combination of a printed monopole and a TM21 modeu&ar microstrip antenna
that has been altered with notches to producehbeftd circular polarization at 2.338
GHz;

o WLAN (Wireless local area networks) provide shamge, high-speed data
connections between mobile devices (such as agajmimputer) and wireless access
points. The range for wireless data links is tyjycaround 100 to 300 feet indoors
and 2000 feet outdoors;

o Multiband printed antennas that are integrated eding tiles use a microstrip
diplexer to combine the signal from Global Systemn Mobile communication
(GSM) cell phones (860 MHz band), personal commatioas services (PCS) cell
phones (1.92 GHz band), and 802.11a WLAN servicé GHz band) provided by
two integrated microstrip dipoles. Wireless locedaanetwork systems sometimes
require links between buildings that have wirelassess points. This is sometimes
accomplished using microstrip phased arrays at 3;GH

0o Omni-directional microstrip antennas are also oflityt for many WiMax
applications (2.3, 2.5, 3.5, and 5.8 GHz are som#® frequencies currently of

interest for WiMax applications) and for accessnpmi Microstrip fed printed slot
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antennas have proven useful to provide verticahnmation and integrate well into
laptop computers for WLAN [31];

o Communication systems: The advantages of usingnaase in communication
systems will continue to generate new applicatimhgch require their use, which
have the advantages of mobility without any reqlipdysical connection. The use
of a transmission line, such as a coaxial cablaweguide, may have an advantage
in transmission loss for short lengths, but asadist increases, the transmission loss
between antennas becomes less than any transmiisgpand in some applications
can outperform cables for shorter distances. Thedenaa costs for wired
infrastructure also encourage the use of antermasany modern communication
systems [31].

Another application receiving attention is the im#ition of patch antennas for biomedical
telemetry services. Once again because of the sizalland the ease of integration with
microwave components, the microstrip patch is avicals choice. Here because often the
communicating sensor may be located within the siithe user, the size of the antenna
must be minimized. Fortuitously, such applicatioeguire relatively narrow bandwidths,

compared to mobile communications systems [26].

1.9. Advantages and Disadvantages of Microstrip Argnna

The MSA has proved to be an excellent radiatonfany applications because of its several

advantages, but it also has some disadvantages.

1.9.1. Advantages

MSAs have several advantages compared to the cbomahmicrowave antennas. The

main advantages of MSAs are:

o Their ease of mass production using printed-cir¢aghnology leads to a low
fabrication cost (Low-cost fabrication);

Can easily conform to a curved surface of a vetacleroduct;

Resistant to shock and vibration (most failuresarhe feed probe solder joint);

Many designs readily produce linear or circulargpiaiation;

o O O o

Considerable range of gain and pattern optionst(21%.0 dB);
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o Other microwave devices realizable in microstripymide integrated with a
microstrip antenna with no extra fabrication stefgesg., branch line hybrid
to produce circular polarization or corporate femdtwork for an array of
microstrip antennas);

o They are lightweight and have a small volume andloa-profile planar
configuration, Antenna thickness (profile) is small

o0 They can be made compact for use in personal mobitenunication;

o They allow for dual- and triple-frequency operason
1.9.2. Disadvantages

MSAs suffer from some disadvantages as comparembri@entional microwave antennas.

They are:

o Narrow bandwidth (5% to 10% [2:1 voltage standingver ratio (VSWR)] is
typical without special techniques);

o Dielectric and conductor losses can be large fdn tpatches, resulting in
poor antenna efficiency;

0 Sensitivity to environmental factors such as terapge and humidity;

o Lower gain;

o Low power-handling capability.

MSAs have narrow (BW), typically 1-5%, which is timeajor limiting factor for the
widespread application of these antennas. Incrgabm BW of MSAs has been the major
thrust of research in this field, and broad BW ag®% has been achieved [10], [31].

[.10. Conclusion

In this chapter, we have presented the differesdifeg techniques of microstrip antennas as
well as the advantages and disadvantages of thygss tof antennas. In addition, we
presented the analytical methods used to deal thighkind of antenna, we basing on the
different electromagnetic models. Which should b®ugh to understand the general

operation of planar antennas used in wireless camuation systems.

The problem of bandwidth still remains a hindrancecommunication systems, it is,

therefore, necessary to modify the conventionaicstire of the microstrip antenna in order
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to meet the increasingly increased requirementlekystems of modern communications.
However, several techniques gain enhancements lheete implemented to overcome this

drawback, therefore will be our objective in thédwing chapters.
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[l. Introduction

The microstrip antennas have been widely used in recent years because of their good
characteristics, where they can be printed directly onto a circuit board, they are electrically
thin, lightweight and low cost, conformable and so on [1]. However, the electrical
performance of the basic microstrip antenna suffers from a number of serious drawbacks,
including very narrow bandwidth, high feed network losses, high cross polarization, and low
power handling capacity. With progress in both theory and technology, some of these

drawbacks have been overcome, or at |east alleviated to some extent [2].

One method commonly used to model microstrip antennas is the Magnetic Cavity Model.
The cavity model of the MSA assumes that the patch and the ground plane are electric walls,
and the periphery of the patch is a magnetic wall. The fields in the resulting cavity are
assumed to be the fields of the antenna and Huygens Principle is applied at the magnetic
wall to determine radiation. To determine the fields within the cavity, a solution of an
inhomogeneous wave equation is required. Therefore, the Magnetic Cavity Model is most
easily applied when the method of separation of variables is applicable. The rectangular and
circular patch MSAs are symmetric in two planes. Therefore, the cavity model is convenient
in both cases. For arbitrarily shaped patches, application of the Method of Moments to the
integral equation is necessary to avoid tedious calculations [3]. The magnetic cavity model
works best for a thin substrate. The cavity model is generally accurate in its impedance
prediction and is within 3% of measured resonant frequency for a substrate thickness of
0.02A0 or less. In this chapter, we modify the cavity method developed later to the analysis
of rectangular microstrip antennas, but the analytical study can also be for a tapered

microstrip patch antenna.

I1.2. Cavity Model Description

The cavity model, originated in the late 1970s by Lo et a, in the cavity model, the region
between the patch and the ground plane is treated as a cavity that is surrounded by magnetic
walls around the periphery and by eectric walls from the top and bottom sides. Since thin
substrates are used, the field inside the cavity is uniform aong the thickness of the substrate.

The fields underneath the patch for regular shapes such as rectangular, circular, triangular,
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and sectora shapes can be expressed as a summation of the various resonant modes of the
two-dimensional resonator. The fringing fields around the periphery are taken care of by
extending the patch boundary outward so that the effective dimensions are larger than the
physical dimensions of the patch. The effect of the radiation from the antenna and the
conductor loss are accounted for by adding these losses to the loss tangent of the dielectric
substrate. The far field and radiated power are computed from the equivalent magnetic

current around the periphery |4].

W . Electric murs

N

\ 4
<

Magnetic murs

Figurell.1. The cavity model.

Although the transmission line model is easy to use in practical approach but it has some
inherent disadvantages as well. Specifically, it is useful for rectangular design patches and it
ignores field variations along the radiating edges [5]. The cavity model is more accurate but
at the same time more complex. However, it gives good physical insight and is rather

difficult to model coupling.

11.2.1. Field Distribution in a cavity M odel

The cavity model of the Microstrip assumes that the patch and the ground plane are electric
walls, and the periphery of the patch is a magnetic wall [3]. When the microstrip patch is
provided power, a charge distribution is seen on the upper and lower surfaces of the patch

and at the bottom of the ground plane (Figure 11.2). This charge distribution is controlled by
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two mechanisms-an attractive mechanism and a repulsive mechanism as discussed by

Richards shown in chapter | (Figure I.4: Distribution of charge and current density).

0 The attractive mechanism is between the opposite charges on the bottom side of the
patch and the ground plane, which helps in keeping the charge concentration intact at
the bottom of the patch.

0 The repulsive mechanism is between the like charges on the bottom surface of the
patch, which causes pushing of some charges from the bottom, to the top of the
patch. As a result of this charge movement, currents flow at the top and bottom

surface of the patch.

«— | >
— —_— A
—_ o
— Patch —
— — W
—_— —
— —
—_ —_— v
«—>
AL
Radiatina slots
A:Top
/ Patch
1
Ground plane

B : Sideview

Figure I1.2. The normal components of the eectric field.

The cavity model assumes that the height to width ratio (i.e. height of substrate and width of
the patch) is very small and as aresult of this the attractive mechanism dominates and causes
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most of the charge concentration and the current to be below the patch surface. Much less
current would flow on the top surface of the patch and as the height to width ratio further
decreases, the current on the top surface of the patch would be amost equal to zero, which
would not allow the creation of any tangential magnetic field components to the patch edges.
Hence, the four sidewalls could be modeled as perfectly magnetic conducting surfaces. This
implies that the magnetic fields and the electric field distribution beneath the patch would
not be disturbed. However, in practice, a finite width to height ratio would be there and this
would not make the tangential magnetic fields to be completely zero, but they being very
small, the side walls could be approximated to be perfectly magnetic conducting [6].

[1.3. Mathematical formulation

This model basically treats the antenna as a cavity of thickness h and a conducting patch
having dimensions L and W with electric walls on the top and bottom and magnetic walls
around the perimeter of the patch. The radiation is assumed to occur from the slots formed

by the periphery of the patch and ground plane [7].
The theoretical model is based on the following assumptions:

0 The eectric field is Z directed only, and the magnetic field has only the transverse
components Hx and Hy in the region bounded by the patch metallization and the
ground plane [§];

o The tangential component of the magnetic field is negligible at the edge of the patch
[3];

0 Because h (height of the substrate) is very thin (h<<j), field in the interior region do
not vary with Z coordinates for all frequencies[9];

0 The eectric current in the microstrip patch has no component normal to the edge of
the patch at any point [9].

0 Electrical wallsinthe z=0 and z=h planes areideal [10];

0 Magnetic wallsinthey=0, y=W, x=0, x=L planes areideal [11];

0 Let A be the current density of the feed, assumed to be directed along Z;

0 Since h<<), we assume A to be independent of Z [11].

N
In a homogeneous source free medium, A, satisfies the wave equation:
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(11.2)

(11.2)

(11.3)

(11.4)

Z\z Is obtained by first solving the homogeneous equation subject to the boundary

conditions, the solution to the inhomogeneous equation is then obtained by superposition.

Homogeneous equation:
(VZ +b 2)/;2 =0

Where b =w,/me

0°A, 0°A, O0°A
+ +
ox> oy o7

Z+b?A,=0

Whose solution written general using the separation of variable:

With:
B°=b, +b, +b,’
The solutions of (I1.1; 11.2) are harmonic functions:

f(x)= A, cos(b x)+C,sin(b, x)

(11.5)

(11.6)

(11.7)

(11.8)

(11.9)
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g(x)= A, cos(b,y)+C,sin(b,y)

h(x)= A, cos(b,z)+C,sin(b,z)

M athematical For mulations

(11.10)

(11.12)

A, =[A, cos(12.x)+ C, sin(b,x)- A, cos(b, y)+ C,sin(b,y)- A, cos(b,z)+ C,sin(b,2)]  (11.12)

Where 4, and 4, and /4. are wave numbers along the x, y, z directions, respectively these will

be determined subject conditions the electric and magnetic field within the cavity are related

to the vector potentia A..

.1 0%A,
Ex:_J_
WNE 0OX0zZ
_ 1 OA,
Y wime oxoz
2
EZ——ji(a—+b2JAz
wmme | ox
sziaAz
m oy
Hy=laAZ
OX
H,=0

The primed coordinates x', y'. z' are used to represent the field within the cavity.

E =(zZ=0h)=0

0

H, =(y =ow)

H =[xy =0L)=0

(11.13)

(11.14)

(11.15)

(11.16)

(11.17)

(11.18)

(11.19)

(11.20)

(11.22)

Where Auwnp represents the amplitude coefficients of each m. n, p mode, the wave

numbers fix, iy, iz are equal to:
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Cs=0 (11.22)
[ p PP
“ h (11.23)
C,=0 (11.24)
Cobw
bW (11.25)
C,=0 (11.26)
b, Mo
. L (11.27)

The final from for the vector potential within the cavity is:
A, =Anp cos(bxx')-cos(byy')-cos(bzz') (11.28)

where m, n, p represent respectively the number of haf cycle variations along the x. v, z

direction since the wave numbers fix and gy and fz are subject to constraint equation.

2 2 2
b, 40,7+, =[] o[ ] 4] _wine g

L W h (11.29)

B =w,/me = 2of /me (11.30)
;__B

2p./me (11.31)

The resonant frequencies for the cavity are by:

1 mp) (mp) (ppY
sl
mﬁ\/ L w h (11.32)
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I1.4. Modified cavity model of rectangular M SA

An MSA in its simplest form consists of a radiating paich on one side of a didectric
substrate and a ground plane on the other side. The top and side views of arectangular MS A
(RMSA) are shown in Figure 1.3, thickness with dimensions (L, ¥/} along two axes (x. y)
respectively is printed on a grounded dielectric stab of thickness [ the substrate 1s
characterized by the free space permesability m,and permittivity e,, e, [10].

Effective resonator MSA resonator
Ly xWg LxW

4‘/ Dielectric

substrate

Ground Plane

Z

Figure 11.3. Rectangular microstrip patch geometry used for cavity model anaysis.

The resonant frequency of the rectangular microstrip patch antenna for mode is given

by:

O
™ 2p-Jme L W (11.33)

The fringing fields along the width can be modeled as radiating slots and electrically the
patch of the microstrip antenna looks greater than its physical dimensions. The dimensions
of the patch along its length have now been extended on each end by a distance AL, which is
given empirically by Hammerstad as [1]:

Ly =L+2AL (11.34)
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W, =W + 2AW (11.35)

W/ 1 0,264
— AL = 0412h 8 703 [ "

e, —0258| W/ 10813
A (11.36)

A similar expression with appropriate modifications can be used for effective width,
consequently, the resonant frequency of rectangular microstrip antenna can be calculated
with (11.33) by replacing equation (11.34), (11.36) to (11.33).

11.4.1. Analysis of the tapered M SA using the cavity model

The tapered MSA considered is shown in Figure I1.4.The rectangular patch has width W and
length L and s printed on an anisotropic substrate (region 1). The thickness of the
conducting patch is neglected. The substrate height varies linearly from hl to hy, where the
non radiating edge is on a plane that intersects the ground plane with an angle, y (Figure
[1.5). Region 2 is airfilled with parameterse,and m, denoting the free space values of

permittivity and permeability, respectively.

The electric permittivity tensor of the dielectric substrate is diagonal, with the optical axis
along they direction, and is given by [10].

e, 0 O
€=/0 e O
0 0 e,

(11.37)

Where the electric permittivity component along the optical axis ise, =e,,e,, and those on

the plane perpendicular to it are equal toe, =€, g,
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| n

h m &

Figure I1.4. Tapered microstrip patch antenna.

n

Figure I1.5. Side view of the considered structure.

The effective dielectric constant is obtained by cavity model method, and is given by:

1 bz=O i bz=L i
e*’?[( o J +( @ ”
(11.45)

Here, AL s calculated asfollows:

A|-1(z:o) + A|-2(z:|_)

AL =
’ (11.46)
Where:
ey +03 _
AL, =0,412h = ( eff, ) (W/ h + 0,264)
(6, ~0258) (W/h +0813) =12 (11.47)
With: h, =h +Lsny
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Where y is the angle between the ground plane and the plane containing the patch
(Figurell.5). In this approach, we calculate e, and AL for the narrow end (z=0) and for

thewideend z=L), respectively, to yield a more accurate design of the tapered microstrip

antenna

11.4.2. Resonant Frequency of HTS microstrip antenna

The resonant frequency of HTSMAs will vary with temperature due changes in the surface
reactance of the HTS thin films used to fabricate the microstrip patches. This change in
resonant frequency can be determined using a modified cavity model of the microstrip patch
antenna, by considering the effective dielectric constant [12].

€4 = € l:l-i— Ih—fcoth {LH (11.48)

eq | f

For an HTS film with thickness t and the permittivity equivalent e . For a homogeneous

superconductor, the temperature dependence of the magnetic penetration depthl ; , can be

modeled by the Gorter-Casimir two-fluid model as[12]

» _|0{1_(%5j41_ (11.49)

where T is the operating temperature and T.is the transition temperature of the
superconductor film. Although this expression is not empiricaly correct for HTS films
because of their inhomogeneity, it is still useful for modelling the temperature behavior of

| ; for HTS, especiadly at temperatures far below T, [13].

[1.5. Conclusion

The present work deals with the analysis and design of tapered microstrip patch antenna
printed on anisotropic dielectric substrate. The cavity model combined with London’s
equations and the Gorter-Casimir two-fluid model has been improved to investigate the
resonant characteristics of high Tc superconducting tapered microstrip patch in the case
where the patch is printed on uniaxial anisotropic substrate materials. In this chapter, we

exploit the cavity model to design and analyze a rectangular microstrip antenna; the antenna
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is accommodated for a resonant cavity having two perfect electric walls, corresponding to

perfectly conductive surfaces, and four magnetic sidewalls. The inclusion of the edge fields

in the mathematical formulation makes it possible to obtain a reliable model for thin
substrates as well as for thick substrates. This alows us to study in this chapter the ana ytical

study for a tapered microstrip patch antenna. We will discuss the results with Matlab in the

next chapter.
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[11.1. Introduction

Nowadays, the need for higher data transmissiom (@b/s) of wireless communication

systems motivates the usage of millimeter waveukegy bands (e.g., 57— 64 GHz in USA,
59-66 GHz in Japan). Microstrip antennas of varisliapes have recently received much
attention and have been widely used in the rangeniiimeter-wave frequencies. The

discovery of new superconducting materials fad¢ésgathe development of microwave and
millimeter-wave devices with better performancentltanventional devices, where have a
great effect on the performance of microstrip anéen due to the much lower surface
resistance compared with normal conductor and tragyisition temperature over the boiling

point of liquid nitrogen. High Tc (High critical teperature) superconducting microstrip
patch antennas have higher gain than their norimahterparts, but they suffer from the

extremely narrow bandwidth, which severely limhsgit application [1].

Superconductivity is a very curious phenomenon attarized by a phase transition at a
critical temperature Tc) in which the conducting phase is in equilibriumth the
superconducting phase. The most important progediethe superconducting phase are:
zero resistance, ideal diamagnetism (Meissner t¢ffesagnetic flux quantization and
persistent current in superconducting rings, cymdor coils. On the other hand, many
effects are found in superconducting constrictiasswell as in junctions between two
superconductors or in junctions between a supersradand a conductor. These effects are
known as “Josephson effects”: It is possible tauo¢anneling of Cooper pairs across a thin
insulator between two superconductors and thus @ersanducting current may be

maintained across the junction [2].

Due to all the effects mentioned above, supercamyicevices may be projected for an
enormous number of practical applications. Supetagoting wires can be used for power
transmission and in other applications when zeststance is required. Persistent currents
can be used in superconducting magnets and in S{dig&rconducting magnetic energy
storage). Devices based on the Josephson effextactually been used in very sensitive.
Superconducting magnets has been used in particiemators. However, the actual use of
these superconducting devices is limited by the fhat they must be cooled to low

temperatures to become superconducting [2].
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The advantages of using the superconducting mistexiehigh frequencies are: very small
losses which mean low attenuation and low noisallemdevices due to the lower losses,
which leads to larger integration density, and phepagation time can be greatly reduced

because of the smaller size and the shorter inteswis [3].

[11.2. History of the Discovery

Superconductors, materials that have no resistantiee flow of electricity, are one of the
last great frontiers of scientific discovery. Natlyp have the limits of superconductivity not
yet been reached, but the theories that explairersapductor behavior seem to be

constantly under review, where:

In 1911, superconductivity was first observed inrecuey by Dutch physicist Heike
Kamerlingh Onnes of Leiden University. When he edolt to the temperature of liquid
helium, 4.2 degrees Kelvin (-452F, -269°C), itsisesce suddenly disappeared at low
temperature, (Figure Ill.1). The temperature belshich this effect occurs is called the
temperature of the transition (transformation) itit@ superconducting statécj or the
critical or transition temperature. The Kelvin scalepresents an "absolute” scale of
temperature. Thus, it was necessary for Ones toecaithin 4 degrees of the coldest

temperature that is theoretically attainable thess the phenomenon of superconductivity

[4]-[5].

Electrical resistance

Tc Temperature

Figure 11.1. Dependence of the electrical resistaon the measuring temperature (schematic):

normal metal (1); superconductor (2).
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In 1933, the next great milestone in understandiog matter behaves at extreme cold
temperatures occurred. When German researchersiéaleissner and Robert Ochsenfeld
discovered that a superconducting material wiletgpmagnetic field. A magnet moving by

a conductor induces currents in the conductor. Thithe principle on which the electric

generator operates. But, in a superconductor teced currents exactly mirror the field

that would have otherwise penetrated the superatimgumaterial - causing the magnet to
be repulsed (any external magnetic field is congpfaetinable to penetrate into the inside of
the superconductor, and if the transition into superconducting state takes place in a
magnetic field, then the field is expelled from thgperconductor). This phenomenon is
known as strong diamagnetism and is today oftesrmed to as the "Meissner effect". The
Meissner effect is so strong that a magnet canaligtbe levitated over a superconductive

material [5].

In 1957, the first widely-accepted theoretical ustending of superconductivity was
advanced by American physicists John Bardeen, &ooper, and John Schrieffer. Their
Theories of Superconductivity became known as 68 Bheory derived from the first letter
of each man's last name - and won them a Nobet Rriz972. The mathematically complex
BCS theory explained superconductivity at tempeegtelose to absolute zero for elements
and simple alloys. However, at higher temperataed with different superconductor
systems, the BCS theory has subsequently beconwednate to fully explain how

superconductivity is occurring [6].

In 1964 Bill Little of Stanford University had sugsted the possibility of organic (carbon-
based) superconductors. The first of these theatesuperconductors was successfully
synthesized in 1980 by Danish researcher Klaus @il of the University of Copenhagen

and three French team members [6].

In 1986, the discovery of Bednorz and Miller of @ide superconductor with critical
temperature (Tc) approximately equal to 35 K, haerga novel impetus to this fascinating
subject. Since this discovery, there are a greatbeu of laboratories all over the world
involved in research of superconductors with high Values, the so-called “high-Tc
superconductors”. The discovery of a room tempeseatwperconductor has been a long

standing dream of many scientists.
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Until 2011, one hundred years after the first Kdmgh Onnes' discovery, the highest Tc
value is approximately equal to 135 K at 1 atm. Kmowledge of the microscopic
mechanisms of high-Tc superconductors should beearétical guide in the researches of

room temperature superconductivity [7].

Twenty-seven metals are superconductors; superctwitiy also exists in more than a
thousand compounds and alloys, where temperattdireansition into the superconducting

state range from 0.01 to 21° K.

[11.3. Properties of superconducting materials

[11.3.1. Zero resistance

After H. KamerlinghOnnes had managed to liquefyitia| it became possible to reach
temperatures low enoughto achieve superconduciivisome chemical elements. In 1911,
he found that the static (dc) resistivity ofmercuapruptly fell to zero at a critical
temperature Tc of about 4.2 K (Figure II.2). Thenperature at which a superconductor
loses resistance is called its superconductingsitian temperature or critical temperature
Tc, this temperature is different for each metdieve separates the behavior of the normal

state of the material from that of its superconihgcstate.

0.1t

Mercury superconducting

transition
0,1C —

R[Q] A zero resistance state Il
0,0t —
R<107°0 TC=4,2K
0 l |
4.1 4.2 4.2 4.4

TIK]

Figure ll.2. The resistance of mercury measure®hbyes.
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For a perfectly pure metal, where the electron omotis impeded only by the thermal
vibrations of the lattice, the resistivity shouldpaoach zero as the temperature is reduced
towards OK. Any real specimen of metal cannot bdepdy pure and will contain some

impurities. The transition is very sharp in puretenals (as narrow ad0” K), broader

when impurities are present [8].

[11.3.2. Meissner effect

Because the zero resistance features of supercmmslugas discovered first, it is widely
believed that this is the most fundamental propertysuperconductors. Actually, the
Meissner effect is of equal or greater significarened plays a central role in the magnetic

phenomena associated with superconductivity.

Ideal conductor T>Te

AAAAAAAA AA AAAAAA

T<Tc
AAAAAAAA A A

Superconductor

Figure Il1.3. The Meissner effect.

In 1933, Walter Meissner and Robert Ochsenfeldadised a magnetic phenomenon that
showed that superconductors are not just perfeatwxiors. Figure II1.3 illustrates a thought
experiment that highlights this difference. Whete found that the superconductor expels
the magnetic field from inside it, while the ideainductor maintains its interior field. Note

that energy is needed by the superconductor tol éixpenagnetic field. This energy comes
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from the exothermic superconducting transition. t8wing off the field induces currents in
the ideal conductor that prevent changes in thenetagfield inside it — by Lenz's law.
However, the superconductor returns to its inigtdte, i.e. no magnetic field inside or
outside it [9].

Meissner will explain this property of the superdoator by the appearance of super
currents on the surface of the material (Lenz'9 ler@ating a magnetic flux which opposes
exactly the external magnetic field:

B:,UOHa+ Bs:,uo(Ha"'Han (”ll)

111.3.3. Magnetic Levitation

The magnetic levitation forceF) of a superconductor is dependent on its manufactu
process. The F of the MG-processed supercondustuesy large. For example, the F of the
single-grain bulk superconductors measured at 75 &§ large as 50-150 N, depending on
the dimension of a permanent magnet. It indicates the weight of several tons can be
levitated using the superconductors and magneissi&perconductors is given by equation:

F:m(cé_H) m=M,, M =AJ! (1n.2)
X

Where m is the magnetic moment of a supercondualef/dx is a field gradient
produced by a magnet, M is the magnetization pet wwlume, v is the volume, A
is the constant related to the sample geomelkryjs the critical current density of a
superconductor and r is the radius of the shieldiogrent loop (grain size of the
superconductor). In addition tdc and r, other experimental parameters such as
the size of the superconductor, the magnetic dinermf the magnet used for the

measurement and the cooling method for supercooduatfect- [10].

l11.4. Types of superconductors

Prior to about 1960, superconductors were interggtom the point of view of physics, but

had no practical applications because they coulthrity any significant amount of current.

46



Chapter 11 Superconducting Materials

Only when a new class of superconductors was deseowdid practical applications become
possible. All homogeneous superconductors separnatiedwo groups: superconductors of
the first group, which include all pure metals exceniobium and vanadium,

superconductors of the second group, which incloddium, vanadium, and all other

superconducting alloys and compounds.

The two groups are distinguished as type | and tygaperconductors, also known as soft
and hard superconductors, because of the dramt#&ocedce in their magnetic and current-

carrying properties. There are such enormous éifiegs betweel. in the two types that an

entire industry is based on type Il superconductetsle type | superconductors have only
very limited applications [11].

[11.4.1. Type | superconductors

The type | "soft" superconductors acts as a pedechagnetic material and obeys Meissner
effect and are well described by the BCS theoryhwéad bismuth alloys starting in
1930.BCS theory suggests that electrons team Ugaoper pairs” in order to help each
other overcome molecular obstacles. For a typg@émonductor, critical current is simply a

consequence of the critical magnetic field.

Normal state

\ H c(T) ‘A

Meissner state perfect

diamagnetism

v
—

Te

Figure Ill.4. Variation of the critical field asfanction of temperature for a type | superconductor
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Since is low in type | superconductors, their caticurrent densities are likewise low, then
there is only one critical magnetic field Hcl, asal only two states: superconducting or
normal (Figure 111.4), where the magnetic field ety penetrates the material along, called
the London length, where supercurrents develops Ehivhy type | superconductors have
not been of interest to the electric utilities cagnet builders [5] [11]. The critical magnetic

field at any temperature below the critical tempaeis given by the relationship:

H.(T)= H?[l-[Tlcﬂ (11.3)

With: H2 The field at zero temperature

I11.4.2. Type Il superconductors

Superconductors of the second group were firsbeeed in 1930, as in the case of those of
the first group, they are characterized by the ®napre of the transition into the

superconducting state (Tc).

l Upper critical

field
Hc2 Normal state

Mixed state

Hcl i Low critical field

Meissner state

> T

Tc

Figure Il1.5. Variation of the critical field asfanction of temperature for a type 1l superconducto

48



Chapter 11 Superconducting Materials

The special feature of superconductors of this grasi compared with the former is the
existence of two critical fields (Figure II1.5): ie@er Hcl and uppeHc2. Before reaching
Hcl, these superconductors behave in the same whgsesof the first group [12].

The presence of two critical fields makes thinggemmmplicated. They are three zones to

consider:

0 Zone 1 H <Hc1): The behavior is analogous to that of type | sopeductors.
0 Zone 2 Hc1 <H <Hc): The state mixed is characterized by partial patien of the
field magnetic in the form of a vortex, and therefa partial diamagnetism.

0 Zone 3 H >Hc): The material returns to state normal.

[11.5. Theory of Superconductivity

[11.5.1. London theory

In 1935, F. and H. London proposed a phenomendbgeory for the electrodynamics
properties of superconductors. It is based on affwvd picture: For unspecified reasons, the
electrons from a normal fluid of concentration and a super-fluid of concentration ns,
wherenn+ ns =n = N/V. Such a picture seemed quite plausible baseHinstein’s theory of
Bose-Einstein condensation (1925), although nobodgerstood how the fermionic
electrons could form a superfluid. The normal fliagostulated to behave normally, i.e., to

carry an Ohmic current [13].
J,=0.F (I11.4)

Governed by the Drude conductivity

2
an=er?“r (111.5)

The London’s have assumed that and ns are both uniform (constant in space) and
stationary (constant in time). These are seriosgiotions of London theory, which will be

overcome by Ginzburg-Landau theory. With the supeent

j.=—env, (111.6)
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and Newton’s equation of motion

dtVs m m (111.7)

we then obtain

E (111.8)

The same follows from the Boltzmann equation indheence of scattering. This is the First

London Equation:

2
e N, 0B
_D X 5 OxE =
j e (111.9)
This equation can be integrated in time to give:
en
[0 x JS:——SB+C(r) (111.10)

mc

Where the last term represents a constant of @tiegr at each point r inside the
superconductor and C(r) should be determined floamrtitial conditions. If we start from a
superconducting body in zero applied magnetic field havels= 0 andB = 0 initially so
that C(r) = 0.

To account for the flux expulsion, the London’s foteted thatC = O regardless of the

history of the system. This leads to

2

en,
mc

[ x js=— B, (111.11)

This is the Second London Equation, Taking the cuAmpere’s law
an .
DXB——J +—J (n.12)

(There is no displacement current in the statioséae) we get.
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A 4 4@ 4 0B
ENg ¥ 5 oxg=-"ENg 27 . B (11.13)

mc Cc mc Cc "ot

UxUOxB=-

We drop the last term since we are interestedarstationary state and use an identity from
vector calculus (BAC-CAB rule), which gives
4men,

-0(0.B)+[°B= = B. (I11.14)
mc

With the London penetration depth

| m&
AL—,/Mezns (11.15)

111.5.2. Ginzburg—Landau theory

It is convenient in developing an understandingsaperconductivity to introduce the
‘condensate wave function’ or Ginsburg—Landau wéwection. This can be formally
defined in terms of the correlation function to athive have already referred, but in essence
it is a complex functiony , the phase of which is the phase of the wave fomaif the
condensed pairs and the amplitude of which is ptapwl to the local concentration of
condensed pairs. The functipmobeys the Ginsburg-Landau equations when the
temperature is near Tc, at lower temperatures thgsations cease to be strictly correct, but
they still provide a correct qualitative descriptioOne of the GL equations gives the

supercurrent density [14].

ieh (. N 2@
()= o (l// Uy -¢y )—?el//l// Alr) (11.16)

~2m

Since the modulus af is a measure of the density of condensed elecit@hso a measure
of the extent of the superconducting ordering. éudé&sinsburg and Landau originally
introducedy as a (complex) ‘order parameter,” and it is fredlyereferred to in this way.
Often it is referred to in other ways: ‘the gap graeter,” since it is proportional to the
energy gap in a spatially homogeneous situatiothefpair potential,” since it appears as a

self-consistent potential in some formulationshaf theory of superconductivity.
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111.5.3. BCS theory

BCS stands for Bardeen, Cooper and Schrieffer. BR&S theory explains the super
conductivity of only TYPE | superconductors and DE®ENOT explain TYPE |l
superconductors. The aim of BCS theory is to pmwdsatisfactory explanation to the

superconductivity of TYPE | superconductors.

[11.5.3.1. Cooper Pairs

The basic idea that even a weak attraction can fpand of electrons into a bound state was
presented by cooper in 1956.

ml
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Figure II1.6. Classical description of the couplimiga Cooper pair.

The central feature of the BCS theory is that tfazteons in the superconductor are able to
form a bound pair called a Cooper pair if they sbave experience an attractive interaction
between them. This notion at first sight seems tntuitive since electrons normally

repel one another because of their like charges. mhy sound very strange, but it has been

verified experimentally. Cooper pairs are formee ¢l interaction between electrons and a
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phonon. A phonon is quanta of vibration energy. mlty, electrons will have too much
energy to stay in a Cooper pair (Figure 111.6), lewer as the temperature is lowered
sufficiently, electrons may be able to form Coopairs, as thermal vibrations will freeze

and resistance will go to zero [15].

[11.6. Superconductors Applications

[11.6.1. Superconducting Magnets

Type Il superconductors such as niobium-tin andbinim-titanium are used to make the coil
windings for superconducting magnets. These twenas$ can be fabricated into wires and
can withstand high magnetic fields. Typical conginn of the coils is to embed a large
number of fine filaments (20 micrometers diameterp copper matrix. The solid copper
gives mechanical stability and provides a path foe large currents in case the
superconducting state is lost. These superconduatiagnets must be cooled with liquid

helium.

Superconducting magnets can use solenoid geomagtride ordinary electromagnets. Most
high energy accelerators now use superconductignets. The proton accelerator at Fermi
lab uses 774 superconducting magnets in a ringrairaference 6.2 kilometers. They have
also found wide application in the construction méagnetic resonance imaging (MRI)

apparatus for medical imaging.
111.6.2. Superconducting Transmission Lines

Since 10% to 15% of generated electricity is dest®g in resistive losses in transmission
lines, the prospect of zero loss superconductiagstnission lines is appealing. In prototype
superconducting transmission lines at BrookhavetioNal Laboratory, 1000 MW of power
can be transported within an enclosure of diam#&@ecm. This amounts to transporting the
entire output of a large power plant on one encddsensmission line. This could be a fairly
low voltage DC transmission compared to large fanser banks and multiple high voltage
AC transmission lines on towers in the conventiagyatems. The superconductor used in
these prototype applications is usually niobiunanitm, and liquid helium cooling is
required. Current experiments with power applicaiof high temperature superconductors

focus on uses of BSCCO in tape forms and YBCO in ttm forms. Current densities
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above 10,000 amperes per square centimeter arédemats necessary for practical power

applications, and this threshold has been exceedssl/eral configurations.
111.6.3. Superconducting Maglev Trains

While it is not practical to lay down supercondaogtirails, it is possible to construct a
superconducting system onboard a train to repelational rails below it. The train would

have to be moving to create the repulsion, but enoging would be supported with very

little friction. There would be resistive loss afiexgy in the currents in the rails. Ohanian
reports an engineering assessment that such suapetog trains would be much safer
than conventional rail systems at 200 km/h. A Japammagnetically levitated train set a
speed record of 321 mi/h in 1979 using supercomuyichagnets on board the train. The
magnets induce currents in the rails below therasiog a repulsion which suspends the

train above the track.
[11.6.4. Fault-Current Limiters

High fault-currents caused by lightning strikes areoublesome and expensive nuisance in
electric power grids. One of the near-term applicet for high temperature superconductors
may be the construction of fault-current limitersieh operate at 77K. The need is to reduce
the fault current to a fraction of its peak valumeless than a cycle (1/60 sec). A recently
tested fault-current limiter can operate at 2.4a4M carry a current of 2200 amperes. It was

constructed from BSCCO material.
111.6.5. Superconductors in NMR Imaging

Superconducting magnets find application in magnetsonance imaging (MRI) of the

human body. Besides requiring strong magnetic dield the order of a Tesla, magnetic
resonance imaging requires extremely uniform figld®ss the subject and extreme stability
over time. Maintaining the magnet coils in the sgpaducting state helps to achieve parts-
per-million special uniformity over a space largeoegh to hold a person, and ppm/hour

stability with time.
111.6.6. Superconducting Motors

Superconducting motors and generators could be make weight of about one tenth that

of conventional devices for the same output. Thithe appeal of making such devices for
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specialized applications. Motors and generatorabeady very efficient, so there is not the
power savings associated with superconducting magitemay be possible to build very
large capacity generators for power plants whengcttral strength considerations place
limits on conventional generators. In 1995 the Nl&®®@search Laboratory demonstrated a
167 hp motor with high-Temperature superconductiogs made from Bi-2223. It was
tested at 4.2K and at liquid neon temperature, 288K 112 hp produced at the higher
temperature [5].

[117. Conclusion

In this chapter, a comprehensive study of supemncctimy materials has been studied since
their discovery, as well as some of their properaed Classification according to certain
bases; in addition we presented the theories, #sasémportant applications in daily life.
What Superconductivity does is directing electyiciwithout losing energy by unusual
physical phenomenon, the formation of so-called g@oqairs. In this state the electrons
flow through the material without encountering alo$s. In many applications, engineers
have taken advantage of this effect. Unfortunatalyperconductivity occurs only at
extremely low temperatures. To use the materibkxefore, extensive cooling systems are
necessary. All the more astonished were scientisen they came across high-temperature
superconductors a few years ago: with these sutesathe effect already occurs at higher
temperatures. Even if cooling is still necessatymay be lower than with conventional

conductors.
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[V.1. Introduction

Microstrip antennas have found pronounced acceptance in the electromagnetic and
microwave theory practitioners due to their numerous advantages [1]. The interest in
designing such microstrip antennas has increased because of light weight, smooth
production, conformability, flexibility in shapes and integration with solid-state devices
[2] .Regarding the inherent narrow bandwidth of this type of antenna around their operating
resonant frequencies, it is important to develop accurate algorithms for the computation of
those resonant frequencies [3].To defeat this problem, several research has been performed
so far and numerous techniques have been suggested to progress the antenna bandwidth such
as increasing patch height, reducing substrate permittivity, using multiple resonators, etc.
[4].During recent years, great interests have been shown in using microstrip antenna
deposited on anisotropic substrate since the substrate anisotropy could have important
applications on the operation of microstrip antennas [4].With the increasing complexity of
geometry and materia property, designing these antennas requires more and more dedicated
and sophisticated computer aided-design (CAD)tools to predict the characteristics. The
numerical methods such as Finite Element Method (FEM), Method of Moment (MoM),
Finite Difference Time Domain (FDTD) method, etc. have been proven to be one of the
most powerful CAD tools for solving this class of problems [5]. These techniques require
high computational resources and aso take lots of computation time. The computer-aided
design (CAD) oriented cavity model is ideal for design purpose because it involves less
mathematical steps and less computational time. It is aso easy to implement, provide closed

form expressions [ 3].

Since the discovery of the high-temperature superconducting materials which have critical
temperatures above the boiling point of liquid nitrogen, the development of microwave
application of high Tc superconductors has been extremely rapid and numbers of highly
sophisticated subsystem level modules have been generated [6]. High Tc superconducting
microstrip patch antennas have higher gain than their normal counterparts [3], due to the
advantages of superconductors [6]. Benefits of using high Tc superconducting materials at
high frequencies include [6]: 1) very small losses, which means low attenuation and low
noise level; 2) very low dispersion up to frequencies of severa tens of GHz; 3)smaller

devices due to minor losses, which leads to greater combination density; and 4) the
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transmission phase can be significantly reduced because of the smaller size and shorter
interconnects [3], but they suffer from extremely narrow bandwidth, which severely limits
their application [3].

Severa researchers have studied the resonant characteristics of high-Tc superconducting
microstrip patch antenna [6-8]. To the best of our knowledge, neither any design guideline
nor any experimental or theoretical results are available in the open literature to predict the
resonant characteristics of high-Tc superconducting tapered-rectangular microstrip patch
realized on anisotropic substances, only results of tapered microstrip antennas printed on
unaxial anisotropic substrates have been presented using spectral domain approach [9]. In
this chapter, we adjust the cavity method for the analysis of tapered microstri pantenna, in
such a way that the method can treat the case of high Tc superconducting tapered microstrip
patch as well as the anisotropic substances. The most important benefit of this approach lies
in its mathematical simplicity and low computation time which is more rapidly than the

numerical methods and commercially available software.

IV.2. Numerical Results and Discussions

In order to validate the theory presented in the previous chapter, our numerical results are

compared with experimental and calculated data previously published [10].

Table 1V.1. Comparison of measured and cal culated resonant frequency of rectangular microstrip
patch for different antennas parameter’s, h =2.54mir, e, =2.33 .

Resonant frequencies (GHz)

w L Measured S”:I‘j';‘;ed Cloulted
(mm) (mm) [10] results
[10] [10]
44 2.242 2223 2.208 2.228
40 2.47 2475 2424 2.446
36 2702 2655 2686 2711
30 33 2.956 2.985 2.923 2.952
30 3.184 3.259 3.206 3.239
24 3.95 4,000 3.978 4,023
20 4795 4712 4738 4.796
30 1.598 1.572 1.603 1.566
30 24 1.981 1.956 1.987 1.937
20 2.3 2.324 2.365 2.299
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In Table 1, the resonant frequencies obtained by using the present approach are compared
with the measured and calculated resonant frequency of perfectly conductor rectangular
patch for different antennas parameter’s. The comparison shows that the resonant
frequencies computed by the present method are in very good agreement with the measured
data for arectangular patch printed on single substrate.

Table 1V.2. Comparison of calculated resonant frequencies with those proposed by Silva et al. [12]
and Bedraet a. [6]; L=935mm, W =1630mm, t=350nm , h=254mm, T =50 K, Tc=89K,

| , =140nm.
Dielectric permittivity (€, ) Resonant frequencies (GHz)
Full waveanalysis[6] SDA approach [12] Our results
11 41.041 41.585 42573
16 34.856 34.816 35.300
23.81 28.671 28.764 28.937
55 T T T T T T
—--=--- Calculated [9]
50 G- —e— Our results
§ .
) 4.5 -
Py
e 4.0 T
o
g
IS
3
@

Figure IV.1. Resonant frequency of the dominant mode (TM®) against theinclination angley for
several isotropic/ anisotropic substrates materials, W =17.8mm; L = 26.7mm; h, = 2.54mm.

Table V. 2 summarizes the cal culated resonance frequencies of superconducting rectangular
patch and those obtained through the spectral domain approach formulation, for three

different dielectric permittivity of the isotropic substrate. Excellent agreement between our
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results and those calculated by Full-wave analysis and those obtained by spectral domain
approach formulation [6], [12].

Figure IV.1 depicts the variation of the dominant mode of the resonant frequency with the
change of the inclination angle. The perfect conductor microstrip patch (W =17.8mm,
L=26.7mm) is printed on severa isotropic/anisotropic substrates (e, =e, =1;
e, =e,=22; e, =512 e,=22) with height variation, which means a Y variation

(Figure 2).

Note that for Y =0°the results are valid for the conventional microstrip antenna. The results
of this comparison indicate that the present model shows excellent agreements with those
calculated by Silvaet al. [12] for all theinclination angle. The computed resonant frequency
for various anisotropic substrates is also shown to agree very well with the values computed

using SDA approach [6].

The effects of the substrate anisotropy on the resonant frequencies and bandwidths of
tapered rectangular patch are shown in Figure IV.3(a) and (b). In these figures, two cases are

considered. One is for the case where the substrate is isotropic (e, =e, =2.2). The other is

for the case of asubstrate is anisotropy (e, =5.12, e, =2.2).

Figure IV. 2(a) shows the behavior of the resonant frequency as a function of the thicknesses
higher of the perfect conductor tapered antenna. As it is shown in this figure, the resonant
frequencies decrease when the thickness h,, is increased. Also, it can be seen that for a
given value of the of the inclination angley , the resonant frequency decreases and yields to
lower values for the antenna supported by an anisotropic substrate. In Figure 1V. 3(b),
numerical results are presented for the bandwidth of tapered rectangular patch printed on
anisotropic substrate as function of the thickness of the substrate for two different inclination
angley values. Inthisfigure, it is observed that the bandwidth increases with theincrease in
the thickness substrate, this increase is very clear for higher values of inclination angle y

Also, the use of anisotropic dielectric materials, as antenna substrate, yields to enhancing
the bandwidth of the tapered antenna. From all the above observations, it is clear that the
material anisotropy has significant effects on the resonant frequency and bandwidth of

perfect conductor tapered microstrip antennas.
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Figure IV.2. Resonant frequency (@) and bandwidth (b) of tapered microstrip antenna as a function of
the thickness of substrates; W =17.8mm; L =26.7mm; h, =2.54mm .
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In the next step, the influence of the anisotropy on the resonant characteristics of tapered
patch antenna is shown in Figure 1V.3. The results of the proposed model shown in Figure
IV.3 is analyzed using cavity model in conjunction with electromagnetic knowledge
approach.

The resonant frequency and bandwidth of the patch antenna against the substrate thickness
are shown in Figures 1V.3 (a) and (b), where isotropic (e, =€, =5.12), positive uniaxial
anisotropic (e, =5.12,e, =6.8) and negative uniaxial anisotropic (e, =5.12,e, =3.4)
substrates are considered. In Figure IV.3 (a), the anisotropy is obtained by changing e,

while keeping e, constant.

In Figure 1V.3 (a), the anisotropy is obtained by changing e, while keeping e, constant. The
effect of the permittivity along the optical axis persists for low as well as for high substrate
thicknesses for all values of angle inclination. As for the bandwidth (Figure IV. 3(b)), it is
increased due to the negative uniaxial anisotropy and decreased due to the positive uniaxial
anisotropy. The resonant frequency and bandwidth of the patch antenna against the substrate
thickness are shown in Figures IV.4 (a) and (b), where isotropic (e, =e, =3.4), positive
uniaxial anisotropic (e, =1.7,e,=34) and negative uniaxia anisotropic (
e, =6.8,e,=3.4) substrates are considered. The influence of the resonant freguency
decreases with reductions in substrate thickness as shown in Figure 1V.4 (a). This influence

tends to be neglected for lower substrate thickness. These behaviors agree very well with

those reported for a various shapes patch antenna, by [13-15].

Figure 1V.4 (b) shows the results for the bandwidth of the patch antenna. The positive
uniaxial anisotropy slightly increases the bandwidth, while the negative uniaxial anisotropy
dlightly decreases the bandwidth. The variations of bandwidth due to the uniaxial anisotropy
are also seen to increase when the substrate thickness is increased. We can conclude that the

permittivity e,along the optica axis is the significant and most important factor in

determination of the resonant frequency.
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Figure 1V.3. Resonant frequency (&), bandwidth (b) of tapered microstrip antenna versus normalized
substrate thicknesses for different permittivity pairs (€,,€,);W =17.8mm, L = 26.7 mm,

h, = 2.54mm.
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Figure 1V .4. Resonant frequency (@), bandwidth (b) of tapered microstrip antenna versus substrate
thicknesses for different permittivity pairs (€,,€,);W =17.8mm,L = 26.7mm, h, = 2.54mm.
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Figure IV.5. Resonant frequency for a tapered microstrip superconducting patch antenna as a
function of the operating temperature; L = 935mm, W =1630mm, t = 350 nm , h = 254 mm,

e, =23.81, Tc=89K, | ,=140nm.

To check the present theory for a superconducting rectangular microstrip patch, shown in
Figure 1V.9, we compared our results with the experimental results of Richard et a. [11].

The rectangular patch of dimension (L = 935mm, W =1630 mm ), fabricated using a YBCO
(YBa2Cu307) superconducting thin film of thickness t = 350 nmwith a zero-temperature
penetration depth | ,=140nmand with a critical temperature Tc=89K .The

superconducting patch printed on a lanthanum aluminate substrate (LaAlO3) of thickness
h = 254 nm, with permittivity e, = 23.81.

The analysisis carried over the temperature range 20 K to 0.95 Tc, where Tc is the transition
temperature (Tc=89 K) of the HTS film. Note that, the variation of the permittivity of the
lanthanum aluminate substrate with the change of the temperature, as indicated by the
experiment of Richard et a. [11], is taken into account in the present subsection. Results of
our modified cavity model show better agreement with the experimental data (see figure
IV.5), the error in the resonant frequency (less than 2.5%) is well within the tolerances of the

substrate’'s material parameters.
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Figure IV.7. Resonant frequency of the superconducting tapered microstrip patcha gainst operating
temperature. The superconducting patch is printed on two different anisotropic substrate materials:

L=935mm, W =1630mm, t =280 nm , h=200mm,Tc =89 K, | , =200nm.
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The resonant frequencies of superconducting tapered microstrip antenna as a function of
operating temperature for severa anisotropic substrates is shown in Figure IV.6. The tapered

superconducting film of dimenson (L=935mm, W =1630mm) is of YBCO
(YBa2Cu307) material characterized by:t = 280 nm , h=200mm,Tc =89 K, | , =200nm,
printed on Epsilam-10 (e, =13, e, =10.2) anisotropic substrates. From the results of figure

IV.6 (a), it can be observed that increasing the temperature will decrease the resonant
frequency.

This reduction is significant for temperatures near the transition temperature Tc. The effects
of operating temperature, on the resonant frequency of a high-temperature superconducting

tapered patch printed on a Sapphire substrate (e, = 9.4, e, =11.6), excited in the dominant

mode, is shown in Figures 1V.6(b). The variations of the resonant frequency are due to the
uniaxial anisotropy substrate decrease gradually with the increase in the temperature. It also
observed that the resonant frequencies obtained when the inclination angle= 0° are higher than those

obtained when the inclination angle =5° and the inclination angle=10°.

This reduction becomes more significant for the values of temperature close to the critical
temperature (Tc). These behaviors agree very well with those reported elsewhere in [15].
Note that the abrupt change in the resonant frequency at temperatures near Tc can be
attributed to a modification of the magnetic penetration depth of the YBCO [11]. It dso
observed that the resonant frequencies obtained when the superconducting patch is printed
on Epsilam-10 (e, =13, e, =10.2) are higher than those obtained when the

superconducting patch is printed on the Sapphire substrate (e, = 9.4, e, =11.6) because the

effective relative permittivity of the Epsilam-10 is lower than the one of the Sapphire
material.

Figures 1V.7 illustrate the variation of the resonant frequency of the superconducting tapered
microstrip patch against thickness of superconducting patch. The superconducting patch is
printed on two different anisotropic substrate materials using the same anisotropic substrates
using in figure IV.6. It can be seen that as the thickness of superconductor patch grows, the
resonant frequency increases quickly until the thickness (t) reaches | , = 200nm(penetration
depth). After this value, increasing the superconducting thickness will increase slowly the

resonance frequency.
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Figure 1V.7. Resonant frequency of the superconducting tapered microstrip patch against thickness
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substrate materials: L =935 mm, W =1630mm, h=200m,T = 75K ,Tc =89 K,

|, =200nm.
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Figure IV.8. Normalized radiation pattern of the of perfect conductor tapered patch printed on
isotropic substrate, (a) E-plane, (b) H-plane; W =17.8mm; L =26.7mm; h=254mm, e, = 2.2
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FigurelV.8 illustrate the variation of the Normalized radiation pattern of the of perfect
conductor tapered patch printed on isotropic substrate, with the change of the inclination
angle, for the two principal plans, (a) E-plane, (b) H-plane. It observed that the antenna
directivity obtained when the inclination angle= 10° are higher than those obtained when the
inclination angle=5°and the inclination angle=0°. The result shows that directivity of the

antennaincreases with decreasing in the inclination angle.

Figure 1V.9 shows the normalized radiation patterns of tapered HTS structure printed on two
different anisotropic substrates: Epsilam-10 (e, =13,e, =10.2) and Sapphire (e, =9.4,

e, =11.6), with the antenna parameters are : L =1100 mm, W =1700 mm, h=200nm,

T=77K,Tc=86K ,|,=180nm, t =350 nm.

In Figure 1V.9 (@), we plot the variation on the normalized radiation pattern in the E-plane,
for two anisotropic materials, while in Figure IV.9 (b), we plot the variation on the
normalized radiation patterns in H-plane. The two cases of the substrates are illustrated.
From these results, it is seen that the E-plane radiation is sensitive to the variation of the
substrate materials. Note that the directivity of the antenna with Sapphire (e, =9.4,

e, =11.6) islower than the one with Epsilam-10 (e, =13,e, =10.2).

The results show that the directivity patterns of superconducting microstrip antenna
increases as the effective permittivity of the substrate decreases. This result agrees with that
discovered theoretically for superconducting rectangular microstrip patches [6].

The coefficient reflection (S') of tapered microstrip antenna was simulated at frequencies
over 1.5-3.0 GHz range using HFSS ™ simulator. Figure 1V.11 shows the (S'%) curve of
tapered microstrip antenna for several inclination angle y . The antenna parameters are:
W =17.8mm; L=26.7mm; h=254mm. We observed that the resonant frequencies are
shifted to 2.45 and 2.31 GHz, respectively. From this figure, it can be observed that the
tapered microstrip antenna with inclination angle at 0.14 GHz lower frequency than the

tapered microstrip antenna without inclination angle.
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Figure 1V.9. Normalized radiation pattern of the of superconducting tapered patch printed on
isotropic substrate, (a) E-plane, (b) H-plane; L =1100 mm, W =1700 mm, h=200mm,T =77K

,Tc=86K , | , =180nm, t = 350 nm.
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Figure1V. 10. Return loss S;; curve of the antenna as function of operating frequencies, for severa
inclination angle, (b) H-plane; W =17.8mm, L =26.7mm, h=254mm, e, =e, =e, =3.4.
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Figure IV. 11. Return loss Si1 curve of the antenna as function of operating frequencies, for severa
inclination angle considering and neglecting anisotropic substrate; W =17.8mm, L = 26.7mm,

h=2.54mm, isotropic case (e, =e, =e, =3.4), anisotropic case (e, = 3.4, e, =5.12).
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Figure 1V.11 present the variation of the return loss S'! as function of the operating
frequency of tapered microstrip antenna printed on isotropic / anisotropic substrates.

The ssimulated relative -10dB impedance bandwidth of the tapered antenna for the isotropic

case is 2.89% without inclination angley =0°, and 3.73 % when inclination angle is
considered y =5°. Note that the for the case of anisotropic substrate, the smulated relative
-10dB impedance bandwidth of the tapered microstrip antenna rich than 6.51 % without
inclination angley =0° , and 7.14 % when inclination angle is considered y =5°.
Hence, the bandwidth improvement using the anisotropic substrate has been well
demonstrated.

[VV.3. Conclusion

In this chapter, an efficient approach based on cavity mode in conjunction with
electromagnetic knowledge has been described for computation of resonant frequencies and
bandwidths of an HTS tapered microstrip patch antenna printed on isotropic / anisotropic
substrates. The resonant frequencies and bandwidths calculated by using the present
technique have been compared with those previously measured and calculated results
availablein the various literatures, and excellent consistency has been found. It is shown that
the effect of high Tc superconducting film becomes more significant for the values of
temperature close to the critical temperature. Also, it is shown that uniaxially anisotropic
substrate affects the resonant characteristics of the superconducting microstrip antenna and
consequently they must be taken into account in the design stage. Our proposed model can
be extended to a tapered microstrip patch in an anisotropic ferrite multilayer environment.
This model, however, gives a quite good approximation of the superconducting antenna’s

behavior and leads to a very short calculation time for the analysis.
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General conclusion

Nowadays, patch antenna has known as one of thé impsrtant elements in wireless
communication system. It is use as radiating arckiveng element in wide range of
microwaves system such as radar, remote sensingnaaication and radio frequency. By

the early 21st century, the evolution of antenrexsaime rapid [1].

In this work, we started with a brief presentatadrsome general information on microstrip
antennas. Thereafter we detailed the principlgefation, the advantages, and the limitations
of the various techniques used to feed these am$enthe presentation of the different
applications of these types of antennas is alsmdged. We have demonstrated the possibility
of adopting analytical modeling for rectangular gamgered patch antennas. For this, we based
ourselves on the modified cavity model. This apphogakes into account the physical
properties of the geometric parameters of the &ppatch antenna. We have tried to enrich
the CAD heritage of plated microstrip resonator®ulgh the application of the modified
cavity method to new structures and to give mofeveant explanations of the physical
phenomena governing the behavior of these resanator results have been compared and

are considered very satisfactory [2].

The results obtained show that: The increase ipéeature causes a decrease in the resonant
frequency. This decrease is significant for temjugeavalues close to the critical temperature.
The resonant frequency is related to the physiaedmeters of the antenna (thickness of the
substrate, length of the patch, dielectric con3tafnbe results concerning the resonant
frequency as a function of the thickness of theestgnducting patch show that the resonant

frequency increases with the increase in the tlas&rof the patch.

We also noticed that the effect of supercondugtithiickness on resonance frequency and
bandwidth is more pronounced for values less thalh the value of zero-temperature
penetration depth. Also, the dielectric anisotragythe substrate can introduce severe
degradation of the scanning characteristics ifthisotropic effects are neglected. Therefore,
a considerable improvement of the superconductimgn@ma bandwidth is obtained by a

choice choose of the anisotropic substrate.
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The work presented in this work has shown thatuthe of a superconducting patch offers
additional degrees of freedom in the design ofdlegennas, so, we can to continue research
in this area, but using structures more complexliring several patches and anisotropic

substrates of electric and magnetic type [3].
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Résumeé

L'objectif principal de ce travail est d'étudiersleantennes microruban
rectangulaires en utilisant le modele de cavité jootement avec les
connaissances électromagnétiques. Nous étendomalyise théorique
présentée afin qu'elle soit valable pour I'étudepdéchs supraconducteurs
effilés rectangulaires imprimés sur des matériaidedtriques isotropes
et/ou anisotropes. Nous avons choisi cette métladecontrairement aux
méthodes rigoureuses, elle fournit une compréhansjgalitative et ne
nécessite pas de complexités mathématiques, efiquea des étapes
mathématiques, moins de temps de calcul et estfgdile a analyser. Une
étude approfondie a été menée pour détermineret'afes parametres
électriques et physiques sur les performancesadéehne, en tenant compte
de la variance des propriétés diélectriques. Lesultdts numériques de
'antenne effilée HTS sont comparés aux donnéegritiues et
expérimentales rapportées dans la littérature. €etinception théorique est
treés utile pour la mise en ceuvre pratique des am@smmicroruban dans les

équipements sans fil portables.

Mots Clés Antennes Microbandes Effilées ; Modélisation & Geptmon ;

Fréquence de résonance ; Substrats Anisotropesipamications sans fil.
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Abstract

Abstract

The main objective of this work is to study rectdagmicrostrip antennas
using the cavity model in combination with electagmetic knowledge. We
extend the presented theoretical analysis so thas wvalid for studying
rectangular tapered superconducting patches prindedisotropic and/or
anisotropic dielectric materials. We chose this et because, unlike
rigorous methods, it provides qualitative undersliaig and does not require
mathematical complexities, because it involves ama#tical steps, less
computational time, and is easier to analyze. A m@mensive study was
conducted to determine the effect of electrical phygsical parameters on
antenna performance, taking into account the vareanof dielectric
properties. The numerical results of the HTS tagenmetenna are compared
with the theoretical and experimental data reportedhe literature. This
theoretical design is very useful for the practidahplementation of

microstrip antennas in portable wireless equipment.

Keywords— Tapered Microstrip Antennas; Modeling & Design; Beant
frequency; Anisotropic substrates; wireless commatons.
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