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ABSTRACT

Subsurface imaging applications and other apptioatiwhere the penetration
depth, resolution and suitability for multi antenam@angement are concerned, there is a
need for directive antennas operating at relati@ly frequencies, having smaller lateral
size and narrow radiation pattern. However thegeirements are constrained by inverse
relationship about the electrical size of the anéeand its operating frequency. The aim of
this thesis is to design, analysis, simulation mmplementation of small size, to be able to

operate at lower frequencies and narrow beam diesahtennas.

During the thesis term many antenna types are figated, however, microstrip
antenna is chosen as a template since it has gpbrbrmance in many applications due
to its lightweight, low profile with conformabilitgnd ease of integration in other systems.
The antennas are designed and implemented on ecttielsubstrate in two rectangular
and one circular spiral microstrip shape. An agrenis observed between the measured

and simulated results in terms of aimed output.

Keywords: Spiral Microstrip Antenna Design, Microstrip Antga Simulation, Narrow
Beam Small Microstrip Antennas, Low Frequency Mstrip Antennas.



ISIMA ARALI GI DAR, YONLU VE KUGUK BOYUTLU ANTENLER iN 0.5-3
GHZ BANDINDA TASARIMI, ANAL  iZi VE GERGEKLE STIRILMES|
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0z

Yeralt goruntuleme ve mikrodalga hipertermi gilifuz derinlgi ve ¢ozunurligin
onemli old@gu uygulamalarda c¢oklu dizi anten kullanilmasina idekdn s&lamak
amaciyla boyutlarn kiciuksima aralgl dar ve diik frekanslarda da calibilen antenlere
ihtiya¢c duyulmaktadir. Ancak antenin elektrikselunlgu ile frekansi arasinda bulunan
ters iliski bu antenlerin tasarimini kisitlamaktadir. Buineamaci boyutlari kiiciksima
aralgl dar, dguk frekanslarda da cahibilen farkli antenlerin tasarimi, analizi, benxeti

ve Uretiminin gercekigiriimesidir.

Tez siresi boyunca bircok antgekli incelenip benzetimleri yapiimasina ar
mikroserit antenler Uretiminin kolay ve ucuz ely uyumlul@gu, baka sistemlere
entegrasyonu kolay aju ve performansinin hedeflere uyguidunedeni ile tercih
edilmistir. Tasarlanan ve uretilen milgerit antenler dielektrik bir taban tGzerinde metalik
mikroseritler ile iki karesel ve bir dairesel spirgklindedir. Uretilen antenlerin 6lgiim ve

benzetim sonuclarinin hedeflenen ciktilar ile gittdli gozlenmgtir.

Anahtar Kelimeler: Spiral Mikrcserit Anten Tasarimi, Mikrgerit Anten Benzetimi, Dar

Isimal Kuguk Mikrgserit Antenler, Dguk Frekansh Mikrgerit Antenler.
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CHAPTER 1

INTRODUCTION

1.1BACKGROUND INFORMATION

The applications where the penetration depth, uséisol and suitability for multi
antenna arrangement are concerned, there is afoiedatective antennas operating at
relatively low frequencies, having smaller latesizle and narrow radiation pattern. One
of these applications is the microwave hyperthermeéthod in which cancerous cells
are exposed to electromagnetic radiation to iner¢las temperature locally in cancer
tissues. The method implies to increase temperatucancerous cells up to 45°C by
using of the electromagnetic absorption effecthe tancerous tissues. In medical
sense, to avoid the multiplication of cancer ctiks aim is to increase the temperature
in cancerous cells from 37°C-38°C range to 42°CCG4fange. Although within these
temperature ranges it is not possible to kill theaerous cells directly, however, the
intention is to cure it by damaging cancerous sgifotein build and changing cell

construction.

The accomplished investigations demonstrated figattemperature obstructs the
cancerous cells evolution and even kills them. Thacerous cells dispositions are
weaker than healthy ones; the healthy cells neacdmcerous cells are damaged lesser
[1-3]. To be able to apply this method, the antewas planned to integrate in the
applicator should satisfy some requirements. It teade suitable for multi source
antenna configuration; radiation pattern shouldnberow, lateral size small and be

capable to resonate at lower frequencies to emwegh penetration into the tissues.



A second application is the subsurface imaging whte Ground Penetrating Radar
(GPR) is used. The GPR has an antenna system whias electromagnetic wave(s) into the
ground and receives back the reflections from ftifferdnt layers of ground. Each reflection
indicates an inhomogeneity in the ground. At singdént sending and receiving of signals is
called a-scan, keeping the a-scan on a line witbrein displacement is called b-scan and to
make a grid with multiple b-scans is called c-scEmobtain 2D subsurface image b-scans are
performed and its reflection pattern is depictedinme domain. If an object is present in the
ground, it disrupts the homogeneity in the ground #at is why a curve in time domain
reflection diagram is observed. In a similar wascens are used to reconstruct 3D subsurface
image [4-7].

The efficiency of such an array system to obtaicrscan at once on a certain
region depends strongly on the characteristichefantennas to be used. To increase
the resolution the inter distance between the aaeshould be smaller, to have enough
penetration, it should be able to operate at loWwequencies and to increase the
resolution and decrease the cross coupling thenaaseshould have a narrow radiation

beam.

1.2PROBLEM STATEMENTS AND AIM OF THE THESIS

Unfortunately the requirements mentioned for sucteregnas are constrained by
inverse relationship about the electrical sizehef antenna and its operating frequency.
For these reasons the motivation was to investigitether is it possible to design an
antenna which is also capable to operate at relgtlower frequencies (1-3 GHz), have
narrower beam width (HPBW < 90°), have no side $ofzBrectivity about 6 dBi) and
have a lateral size smaller than 5 cm. The aimhd thesis is to design, analysis,

simulation and implementation of three antennasfgatg the requirements mentioned.

1.3WORK SCOPE

The first point to be investigated was which antenemplate to choose and
design the antennas. For that purpose many antgpea are investigated, designed
and simulated. However, in this thesis only theiltsof chosen best three antennas are
presented. After evaluation of the survey the nsitip patch antenna (MSAS) is
chosen as a template since they have significamhbeu of advantages over



conventional antennas such as low profile, lighghiti conformability, low production

cost and easy fabrication properties using modemteal-circuit technology [8, 9].

The microstrip patch antenna is usually reconfigucedesign new forms in order
to satisfy the requirements in different applicatio Reconfigurable MSA'’s received
great attention in wireless communication systemes td their selectivity for operating
frequency, pattern and polarization [10]. Reconfagion of antennas has a feature in
operating more than one frequency and narrow batittvalso observed in our results

which depends on the formation of a new shape teinaa.

In this thesis the microstrip antenna is reconkguto take a new microstrip spiral
patch form. The new pattern is combined betweershiage of Archimedean spiral and
microstrip antenna. They obey the characteristick advantages of both of them. The
main elements in the production and fabricatioM&A’s are a metallic patch and a
substrate where the patch is grounded on the sisirhe metallic patch can take and
reconfigure in many different forms such as rectdaagand circular to design new
reconfigured structures. The antennas consist mdethayers over each other, by
assuming the first layer is metallic, the secondubstrate with dielectric material and
the last layer will be the ground which is a métadind used as a reflector and director.
The differences of the structure of antennas arhensize and the substrate material,
where the vacuum is used in the larger antennd&Ragers RT 5880 (lossy) in others as
a substrate material. The MSA’s have narrow banttwiespecially for substrates
greater than 0.03 wherelq is the wavelength in the free space.

1.40UTLINE OF THESIS

Chapter 2 presents the basic theory of spiral amtfostrip patch antennas
including fundamental geometries, advantage andddentages. Chapter 3 provides
the literature review relating to the designed angs. In addition to the formulas used
to calculate the sizes of antennas and which methoel used to reduce the sizes. The
relationship is also reviewed between the spirall anicrostrip patch antennas.
Theoretical analysis between simulated results caiculated. Chapter 4 includes the

conclusion of the thesis and a summary of work.



CHAPTER 2

THEORY OF MICROSTRIP PATCH AND ARCHIMEDEAN
ANTENNAS

2.1INTRODUCTION

All antennas share the same property in transmittiand receiving
electromagnetic waves in free space at a wide rah@equencies. Typically consist
of a metallic conductor and dielectric layer. Thembining between the microstrip
patch and Archimedean spiral properties in the slwdghe designed antenna make us

to introduce both of them in this chapter.

2.2MICROSTRIP PATCH ANTENNA

It has been classified as a newer technology to thddwaf antenna and
propagation engineering. This stems from factggesformance in applications. Indeed,
the microstrip antenna is the one of many antetypgscan be reconfigured to generate
new forms. In addition, microstrip antennas alsdileix large electromagnetic
signatures at certain frequencies outside the tpgraand, are rather large physically
at VHF and possibly UHF frequencies, and in largayes there is a trade-off between

bandwidth and scan volume [11, 12].

The two types of the microstrip patch antenna tletonfigured, designed,

simulated, analyzed and fabricated are rectanguidrcircular.



2.2.1 Rectangular Microstrip Patch Antenna

The rectangular patch is by far the most widelydusanfiguration. It is very easy
to analyze using both the transmission-line andtgawodels, which are most accurate
for thin substrates [13]. The rectangular micrgspatch antenna (RMPA) is the first

reconfigured antenna in the thesis.
2.2.2 Circular Microstrip Patch Antenna

The next most popular configuration is the circydatch. It also has received a lot
of attention not only as a single element [14], &80 in arrays [15].

As far as, the control into the rectangular patcbaing with widthw and length

L and the ratio between them, the circular has raafipatch as well.

2.3ARCHIMEDEAN SPIRAL ANTENNA

It has been ranked as an ideal antenna to usedoy mrommunication systems,
where many frequencies are monitored at ohtéact the spiral antenna has a feature
and a technique to generate new shapes. As wepies antennas belong to the class
of frequency independent antennas which operate awside range of frequencies.
Polarization, radiation pattern and impedance ehsantennas remain unchanged over

large bandwidth [16]. Spiral antennas are usefufifming microwave direction [17].

2.4BASIC CHARACTERISTICS

The basic geometry of the antennas is metallic dietectric substrate; the
metallic parts are feeding, strip and a ground. meallic patch is normally made of
thin copper foil or is copper-foil plated with aromsion resistive metal, such as gold,
tin, or nickel. Where the dielectric constantjsusually in the range of 22¢. < 12
and thickness is h, as shown in Figure 2.1. Thievahg explanation of antennas are

the most usable that | have used in my thesis.



2.4.1 Geometry of Microstrip Patch Antennas

They have most commonly shapes like rectangular andilai. These patches
have been usinfpr the simplest anthe most demandingpplicationsas illustrated in
Figure 2.1.There are othetypes ofradiating patch configurations such as sqt
dipole, elliptical, triangle shapes of English letter any other forn. According to the
freedom in thexy plane gives rise to the posdity of a multiplicity of a possible
shapes. Only a few have been seriously examinel asdhe rectangular square
patch and disc [18Microstrip antennas consist of a very thin patdntpd on the to|
of substrate, ground also printed on the dow! substrate. The most importe
dimensional parameters in microstrip circuit desaype the widthW and heighth

(equivalent to the thickness of the substre19].

Patc

a. Circular b. Rectangular

Figure 2.1 Representativtwo shapes of Microstrip patch elements

2.4.2 Geometry of Archimedear Spiral Antennas

Which consist of a tight coil that circles around in eitla clockwise or count-
clockwise directioron grounded dielectric substr and also have different number
arms usually twaor four to radiate in multiple modes or to suppress unwhntedes
Some typef Archimedean spiral antennas @mentioned here likcircular, square
and hybrid, in some cases the cavity plays an itaporoleto exhibit higher orde
resonances. Archimedn spiral antennas have rece andincreased interest due
their wide bandwidthZ(], high efficiency, low profe, stable impedance characteri:

and circular polarization over the | two decadesSince the structure is rotationa



symmetric, thepattern is also nearly rotationally symmetric. Tpaarization of the
radiated field is very close to circular in all ttion, with the sense determined by

sense of the spiral. | ia just defined two shapes of them ad~igure 2.2 that similar

with simulated antennas in this thu.

— Spira | /h

Hight

a. Circular Archimedea b. Rectangular Archimede

Figure 2.z Representativtwo shapes of Archimedean spiral elem

2.5FEEDING METHODS

2.5.1 Feeding of Mcrostrip Patch Antennas

Microstrip Patch Antennemay fed by one ofour configurations The four most
popular are the microstrip line, coaxial probe, rape coupling, and proximit
coupling [21, 22].To select a technique of feedings, it must be takém account :
number of factorsThe most important considdion is the efficient transfer of pow
between the radiating structure and feed structbes,is,impedance matching betwe
the twa Associated with impedance matching are steppqukdance transformet
bends, stubs, junction, transitions, and sc In this thesis only the practical types

feeding will be coveredhich interest to the designer.

The caxial line or probe that compos of two cylinders the inner is from th
perfect electric conduct PEC, the outer is connected to the ground ¢ It also has a

narrow bandwidth.



2.5.2 Feeding of $iral Antennas

In the spiral antenna, t feeding system also mmultiple, balun, infinite balur
beam formeland coaxial line feecBecausdahe designer has used the coaxial line
the simulated antennas, tkxplanation will be just about it. Whedksplayed in Figur:

2.3 a. and b. a set of equivalent electronic di

Spiral Shaped Microstrip Pal

Outer cylinder* [ B | Mcround Plane ?
a. Probe feec b. Probe electronic circt

Figure 2.2 Representative probe feed and equivalent electardait

2.5.3 Probe Electronic Circuit

The circuit consists of electronic ments, inductance, reactar resistance and
power supplyas shown irFigure 2.3.b. this circuit is fourahd connected the input
of the feeding systento supply electrical energy, in this process, tmpedance is
produced as an ohmic value. Many important factocste the impedance value
well. The input impedance for a probe excited microsdrifenna can be calculated ¢
defined by started by

Zin =V/I (2.0)

WhereV is theRF voltage across the probe ahdn the probe or source curre
I; can be chosen to be 1 There are also many formulas to locate the pladeeding
point and support the calculatioiin the formulas the widtkV, lengthL and heighh of
substrate must aken into accour

Typically the feed reactance is very small, comgdarethe resonant resistan
for very thin substrates. However, thick elements the reactance may be signifi

and needs to be taken into account in impedancehmagt and in determining tf



resonant frequency of a loaded element [23]. Intbesis the feeding is in the midpoint

of structured antenna as presented in the nextehap
The table below displays the advantages of cogxiabe of feeding system and
also the most convenient in our project of antendesign that the designer has

preferred.

Table 2.1Characteristics of the different feeding systemp[2

No Characteristic | Microstrip | Coaxial | Aperture Proximity
line feed coupled coupled feed
feeding feed
1. Spurious feed More Low Less Minimum
radiation
2. Reliability Better Poor due;, Good Good
to
soldering
3. Ease of Easy Soldering| Alignment Alignment
fabrication and required required
drilling
needed
4. Impedance Easy Easy Easy Easy
matching
5. Bandwidth 2-5% 2-5% 2-5% 13%

2.6 SUBSTRATE

The first step in the antenna design is to choasappropriate dielectric substrate
with a suitable thichneds and loss tangerd;. The value of dielectric constagt and
thickness play a role to influence to the resudisifovely or negatively. For example, a
low value of substrate constantwill increase the fringing field at the patch ahds
the radiated power. Therefore, the preferred valfisubstrate is, < 2.5 unless a

smaller size of patch was desired. In other wdnd, ifcreasing in substrate thickness
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value means the decreasing in the value of theectred constant,. If the loss of
tangentd; is high the dielectric will be increased therefoeedluce antenna efficiency.
Depending on that, a rectangular patch antennas stegonating for substrate
thicknesses greater than Ql1{e, = 2.55) due to inductive reactance of the probe feed
[25].Various substrates can be selected and used,there are most commonly
substrate materials with different dielectric vallide place of substrate is visible in
Figures 2.1, 2.2, and 2.3.

Archimedean spiral antenna subjects to the samditemms in the selection of

substrate materials.

Generally, substrate materials [26] can be sephrat® three categories in

accordance with their dielectric constant:

1. Having a relative dielectric constard.) in the range of 1.0-2.0. This
type of material can be air, polystyrene foam,iefettric honeycomb.

2. Having ¢, in the range of 2.0-4.0 with material consistingstty of
fiberglass reinforced Teflon.

3. With an ¢, between 4 and 10. The material can consist ofnuera

quartz, or alumina.

2.7GROUND PLANE

Ground plane sizes divided into two parts infingied finite. Here | will just
explain the finite size which is used in the sinetbantennas. For the use of microstrip
antenna as a reflector feed, the ground plane difoes should be limited, if the goal is
to reduce the antenna size and the ground plaeasah beyond the patch dimensions
to minimum. Finite ground plane gives rise to @ifftion of radiation from the edges of
the ground plane resulting in changes in radiapattern, radiation conductance, and
resonant frequency. Kuboyama et al. have reported results of experimental
investigations on the resonant frequency, radiagatiern, and gain of a rectangular
patch as a function of ground plane size [27].dsiound that for a patch antenna with

the ground plane size equal to the patch metabizatt has been also found a finite
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ground plane gives rise to scattered radiatiorhenldackward direction. The place of

ground plane is visible in Figures 2.1, 2.2, arl 2.

2.8 METHODS OF ANALYSIS

2.8.1 Description of the Transmission Line Model

The transmission line will be discussed only forctaagular and circular
microstrip antennas. The most popular models fatyais of microstrip patch antennas
are the transmission line model, cavity model, dall wave model [28]. The
transmission-line model is the easiest of all,ieg good physical insight, but is less
accurate and it is more difficult to model coupli@®]. In this chapter | will cover the
transmission line only. In designed and simulateadeh the microstrip antenna is
modeled as a length of transmission lines of chearstic impedanceZ. and
propagation constant = a + j§, where 8 is the phase of constant. The field vary
along the length of the patch, which usually a -afelength, and remain constant
across the width. Radiation occurs mainly fromftireging fields at the open ends. The
probe fed-patch radiator along with the transmissioe equivalent circuit is shown in
Figure 2.3 b. Input impedance of the patch antdrased on this equivalent circuit is
easily obtained a%;,, = jX; + Z; whereX; is the probe reactance ahid= 1/Y;.

2.8.2 Fringing Effects

In the finite edges of the patch dimension alorgglémgth and width, the field at
the edges of the patch undergoes fringing. Thigdaarly shown at the length L and
width W of the patch for two radiating edges as shownigurfe 2.4. For E plane (x-y
plane) fringing is a function of the ratio betweahbgr lengthL of the patch and the height
h of substratel(/h) and the dielectric constagit SincelL/h andW/h> 1, fringing is
reduced. The electric field lines concentrate nyostlthe substrate. Fringing in this
case makes the microstrip line look wider elecliyc@wompared to its physical
dimensions. Since some of the waves travel in tiestsate and air, an effective
dielectric constant,..¢ is introduced to account for fringing and the wavepagation

in the line [30]. For low frequencies the effectideslectric constant is essentially



12

constant. At intermediate frequencies its valuegiroégo monotonically increase and

eventually approach the values of the dielectritstant of the substrate [30].

Equivalent Slots

Figure 2.4 Microstrip patch radiation source representedaday equivalent slots

2.8.3 Radiation and Directivity

The radiation comes from the fringing fields at th open ends, as discussed
above, which is equivalent to two slot antennassgpd by a distande as shown in
Figure 2.4. The radiation patterns in the two ppatplanes are E-plang = 0° and
H-plane® = 90°.

A spiral radiates RHC (Right Hand side Circular)gpization on one side and

LHC (Left Hand side Circular) polarization on thther side.

The radiation patterns are not sensitive to tlsemant frequency or the size of
the patch, the results to be presented are obtéipeaite length.. as shown in Figure
2.4.

With the radiated field, the directivity able to bemputed using equation:

D, = — (2.1)

WhereP the total is radiated power W andU is the radiation intensity in W/unit solid
angle.
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Asymptotically, the directivity of the microstrimeenna can be expressed as:

6.6 = 8.2 dBi, W K 2

_)sw
D - W o (2.2)

The larger the width, the larger the directivitheEe are approximations as well;
the actual directivities are slightly lower thamesle values [31].

In the next chapter which relates to the desigihcuéation and simulation of
antennas, the equation (2.2) will be taken as ereate expression of the directivity

values.

2.9ADVANTAGE AND DISADVANTAGE

There are advantages as well as disadvantagesasdowsith the microstrip
patch antenna.

The advantages are:

Extremely low profile lightweight and low cost.
Simple in fabrication process.
Generally has a narrow bandwidth.

Easily integrated with microwave integrated cirsuit

a bk 0N

Capable of dual and triple frequency operations.

The disadvantages of the microstrip antennas aréotlowing:
1. Narrow bandwidth

Low efficiency

Low gain

Extraneous radiation from feeds and junctions

Low power handling capacity

o g bk~ w N

Surface wave excitation
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2.10 CONCLUSION

In this chapter, a general method has been pexbetitat includes the
classification and geometries of two types of nstrip patch and Archimedean spiral
antennas, the circular, rectangular and spiral vatuelied in some details such as
figures and descriptions. On the other hand, tkesl feoint location was shown to
influence resonant modes. In addition, it was shdwnselecting an appropriate

substrate and ground-plane size, nearly radiatdtems and directivity.



CHAPTER 3

DESIGN AND SIMULATION PROCEDURES OF SPIRAL SHAPED
MICROSTRIP PATCH ANTENNAS

3.1 INTRODUCTION

The objective in this chapter is to introduce acpss to design and simulate the
desired antennas by calculated characteristics.pftygosed design process is composed
of several steps, started by calculated dimengimagigh several different steps ended by
obtained results. As a typical antenna, | will dasianalyze and implement the three types
of microstrip patch antenna sequentially. The whgse been taken to combine and
reconfigure the patch and spiral antennas which Bagresented as well. The difference
and variance also between the designed and sirdubttennas will be discussed by
figures, mathematical formulations, utilized madtziand the dimensions. In addition to

theory of, try and error, to improve and accedhéobest results.

The types of discussed antennas are rectanguidr circular spiral shaped
microstrip antennas with the variety in sizes. éddlsigned antennas in this chapter are

single.

The coaxial feed position is determined at tbeter of the antennas and adjusted

to give optimal matching ~50 ohm (characteristip@dance) at the port.

15
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3.2THE FIRST ANTENNA : RECTANGULAR SPIRAL SHAPED MICRO STRIP
PATCH ANTENNA 10x10.5 CM

3.2.1 Substrate Selection

The first design step is to choose a suitable diete substrate of convienent
thichness h and loss tangent. The used substratgiats were vacuum witle, = 1 and

h=2. 69 cm. the frequency ranged from 500 MHz to-& &0 calculate center frequency,
fr =fife =V05%3 =1.225GH (3.0)

To meet the goal of a broadband anteiieeref, is the center frequency.

3.2.2Width and Length of RSMPA 10x10.5 cm

The following information was taken into accountailigh selecting the physical

dimension of antennas.

Patch width affects the input resistance and badhthwio a larger extent. It has a
minor effect on the resonant frequency and radigpiattern of the antenna. A larger patch
width increases the power radiated and thus gieesedsed resonant resistance, increased

bandwidth, and increased radiation efficiency.

In this design, a length often greater than the widilv without exciting undesired
modes, the procedure of design assumes that thafispeinformation includes the
dielectric constant of the substrate the resonant frequengy, and the height of the
substraté.

As it was mentioned previously, the aim of thisigesvas to have small size, low
frequency and narrow beam. Thus let me startindy va$ssuming and analyzing the

followings:
3.2.3First Case

In the first case the basic microstrip patcteana is represented with Widiti= 1

cm LengthL= 1.5 cm,and this is the first assuming to obtain low freey that is one
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aim of many in this thesis. The metallization paditmensions are smaller than substrate

dimension by 0.5 cm of each edge.

s
T* _T\%ubstrate

1.5 2.0

B };Rectangular Patch
\ \
=10+

Figure 3.1Experimental model of mid part oéctangular patch antenna.

By the following formula, the resonant frequencyyrba calculated.

C
fo = — (3.1)
2w & 5

Where thec is the free-space velocity of light=1 cm anc, = 1

30
fo=———— =15GHz (3.1a)

251 |11

After doing the calculation and simulation using #izes shown on the Figure 3.1
and resulted frequency in (3.1a), we have foundréogiired conditions have not been

achieved.

Accordingly, The value off,, is not low. Therefore, it is not acceptable. Afti®ing
some reconfigurations in many experimental modgladjusting sizes to get the desired. |
have reached to conclusion; the best way is topgwoximation for adding followed arms
to the rectangular patch to affect in reducing tregjuency value from higher value

o = 15 GHz to lower and to improve the far field pattern wdlrectivity and narrow

beam.

The simulated resonant frequencies are 1.5256 GH84 GHz, and 11.357 GHz
(See Appendix A).
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3.2.4Second Case

Thus, in the second case of experimental modesptheonfiguring the rectangular
patch by adding first turn of microstrip patch wiifi° to each coiled arm in the directions
(+,-) signs, the total angle of a coil is 360°,remsing 0.5 cm in every arm of the coil, to
become as shown in Figure 3.2, with a note thah#ighth, and the material of substrate

are constant.

Y

[T, Substrate

—_4“5\>Recta ngular Patch

with One Coil

3,0

Figure 3.z Experimental model of rectangular patch antenrita ame angular coil

As shown in the Figure 3.2 the widtk=3cm, with the observation, the free space
between the mid microstrip patch and the first dbit is not considered into the
calculations bellow.

30
fo = ————=5GHz (3.1b)

203 L

Let us analyze the result ¢f, = 5 GHz in equation (3.1b) with making a compatiso
with the value of the frequency in the first cadée will find that, whenever the width of
antenna increases the resonant frequency decrdadesth cases, the simulation of the
antenna’s radiation pattern in the far field regwas worse, and the resonant frequency

was multiple.

According to the shape above, we can clearly seethie form has started to take
spiral shape bit by bit.

The simulated resonant frequencies are 0.576 GHB851GHz, 7.672 GHz, and
11.364 GHz (See Appendix A).
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3.2.5Third Case

The calculated and simulated results in the secasd prompted me to reconfigure
the patch by adding second angular coil under seomglitions explained previously.
Width W= 5cm, LengthL=5.5cm.

6.0

5.0

Figure 3.3Experimental model of rectangular patch antennh tib angular coils

30
fo=———— =3GHz (3.1¢)

2s5 L1

From the calculated results, it seems that we agbrao obtain good results (low
frequency with small sizes, as it was needed). tBatsimulation outputs appeared vice
that the s-parameters were good, but the far fielitern has worse consequences. So |

have to add an angular coil more to be the thigukar coil.

The simulated resonant frequencies are 0.2611 GH59 GHz, 6.418 GHz, and
12.057 GHz (See Appendix A).

3.2.6 Fourth Case

After adding the third angular coil through incregsthe widthW=7 cm, length
L=7.5 cm and the evaluated resonant frequency from theteup (3.1d) is 2.1 GHz. From
the summery Table 4.3 it could be seen obvioustydifference between the evaluated
value in equation (3.1d) and the resulted valug¢kerdesign software.
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8.0

1
05
T

7.0

Figure 3.4.1 Experimental model of rectangular patch antenrih three angular coils

30
fo=———=21GHz (3.1d)

The simulation of Figure 3.4.1 has outputted twsorant frequencies, the first at
0.96 GHz and the other is at 1.16 GHz. Wifjat 0.96 GHz has a worse value of the far
field and directivity, butf, at 1.16 GHz has a good value for the far field dimdctivity.

As summarized in the Table 3.1.

Table 3.1Summary of simulated results in fourth case of R&Mvithout reflector

No | fo (GHz) | S-Parameters Directivity VSWR | HPBW | Side lobe
(dBi) level (dB)

1. 0.9582 -8.565 worse 1.278  worse no
2. | 1.1626 -18.261 7.519 2.18 37.3° -7.3

Where phi @) =90°, there is a main lobe direction value o&fl°f,=1.1626 GHz.

According to the equation 2.2 and its conditiom iahapter 2, all visible results of
directivities “D” in the summery Table 3.1 are adtualues.
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S-Parameter Magnitude in dB

[151,1 : -18.349257

0 0.5 1 ]1.1643 1.5 2 2.5 3
Freaquency / GHz

Figure 3.4.2 S11Parameter for rectangular spiral shaped microatrtpnna withou

reflector

Directivicy Abs (Phi=90)

phi=090 30 30 phi=270

180

Theta / Degree
Figure 3.4.2 Two dimensional far field pattern (in linear scalejrafjuency 1.1626 Gt

From sequence of cases above, the ovement of results has been noted clearl
in the next casahe added arm wilbe the reason of investigation of improvements
desired and focused ongbifting of resonant frequeiesto be lower thaiwas found in the

Table 3.4 and fourth case.

3.2.7 Fifth Case

This is the finalcase oishape which has verified in the form and dimensgimsyn
in Figure 3.5.1. Aseparatecand closed rectangular coil willebadded to the shape
antennaln other words, the formatted shape is a rectangpliaal shapemicrostrip patch
antenna (RSMSAyvith a reflector The reflector has same dimensionthe height 0.269
cm and a distance away 0.5 cm evenly from all ed§spiral shaped patch ante which
is exciting in the middleThe total length of the turned mistrip is 65 cm, besides tl

reflector dimensior,,. * W, as 9.5 x 9 cm.
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10.0

N Substrate

\\_bRectanguIar Patch with
ws  Three Angular Coils

N Rectangular Coil

5.0

Figure 3.£.1 Experimental model of rectangular spiral patcteana with three angular

coils and reflector

This is the final required designed and simulated amtenna shape with the

dimensions shown on the design above.

30
fo=———— =1.6GHz (3.1e)

2x9 |[1E1

The calculated resonant frequency in the above dt@ni3.1e) with the value of
width W shown on Figure 3.5.1 is larger than simulatedjtds at the range that is needed

and aimed.

So, from the calculated values in the follogvequations, the shown outputs will
be approximated to have the optimum. Based on ithplified formulation that will be
described, a design procedure outlines and leadwdctical designs of dimension of
rectangular microstrip patch antenna with taken ¢hanging and reconfiguring in the

shape of antenna into account, and also the emgdy detween arms.



23

1. At f, =0.884 GHz, W=9 cm =0.2652 4, h=2.69 cm= 0.079 4, andg, = 1.

To determine the effective dielectric constant:

&e+1 & -1 ~1/2
Ereff = 72 + Tz [1+12W] (3.2)

Under the conditioWy/h > 1,¢,.¢r may be calculated by:

1+1 1-1 2.691"
Eropy = ——+—5— |1+ 1275~ =1 (3.2a)

To find L, firstly AL should be calculated using:

(eresy +0.3) (% + 0.264)

AL=0412*h (3.3)
(eresy — 0258) (4 +0.8)
With substituted the values @, h ande,.ff, the obtained is:
(1+03)(269+0264)
AL = 0.412 x 2.69 5 = 1.691 (3.3a)
(1-0.258) (3¢5 + 0.8)
The actual length of the patch is found using:
A
L==—-2AL (3.4)

2

Where+/u-¢- yielded to 1, thé will take several values at each resonant frequehasL
IS:
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30
L=—————-2%1691 = 13.586 cm 3.4a
2+ 0.884+/1 (3.42)
Finally the effectivéengthL, is:
L, =L+ 2AL (3.5)

By substituting (3.3a) and (3.4a) in (3.5) the hestiL,, is:
L, =16.968 cm (3.5a)

2. At f, = 0.954 GHz, W=9 cm =0.2862 A, h=2.69 cm, and;, = 1.

With the notation, the values ef.;; andAL will be as computed in (3.2a) and (3.3a)

respectively. Thus from (3.4) we find

30

L=——  —2%1.691 = 12341 cm 3.4b
2 % 0.954/1 (3-4b)

From the (3.5), the effe@ngthL, is:

L, = 15.723 cm (3.5b)

3. At f. = 1.154 GHz, W=9 cm =0.3462 1, h=2.69 cmg, = 1.

With the notation, the values ef.;; andAL will be as computed in (3.2a) and (3.3a)

respectively. Thus from (3.4) we find:

30

L=——  —2%1.691=9.616cm 3.4c
2 % 1.154v/1 (34¢)

From the (3.5), the effe@ngthL, is:
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L, =12.998 cm (3.5¢0)

According to W=9cm, f,, changeableh=2.69 cm, andes, = 1. L has normally
different values as shown in the equations (3.4a) bnd (3.5a, b, c), which dependants on

the changing in resonant frequency makes changittgi dimension of the patch.

When the design has been simulated by the obtaiakeks, the results were not
acceptable. So the optimum case is in approximatmselectingvV=9cm, and_=9.5 cm,

as shown on the Figure 3.5.1.

Through the analytical cases above, we found tieaihtenna collected in the shape
bit by bit between the spiral and microstrip patetth taking the characteristics of each of

them.

The above formulations were theoretically from gach mathematical equations,
the following formulations will be also theoretibal but from spiral mathematical

equations, with reference to the spiral shapedpatthe Figure 3.5.2 as a reference:

Firstly, two circles should be drawn as shown ia Eigure 3.5.2, to achieve that, |
have fixed the center of circles onto the centefeeiding which is over the center of

microstrip.

Secondly, the small circle must be touched the updges of microstrip with radius

0.7 cm, the lager circle also touched the inneesdyg a reflector with radius 5.7 cm.

Finally, it is not important if the diameters ofdes differ a little bit in the value,
because the process depends on the approximatsmiaating the diameters of inner and

outer circles.
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105

=L

Figure 3.5.2Experimental model of rectangular spiral patcteana with three angular

coils and reflector

The low frequency operating point of the spiratietermined theoretically by the

outer radius and given by
C

fiow = 2mr, (3.6)
Where inner radiug, = 0.7 cm, outer radius, = 5.7 cm andc the speed of light.
Thus,
fiow = T s57 = 0.837 GHz (3.6a)
The high frequency operating point is based orirther radius and given by
= (3.7)
fhigh = 21, .

Thus,
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30
fhigh = 07 = 6.82 GHz (3.7a)

The result of low frequency is very close to theulte obtained through simulation as

shown into summery Table 2.3.
3.2.8 Characteristic Impedance

Under the conditioniy/,/ h < 1, wheré/, = 0.5 cm is the width of the microstrip

line and &,..cf = 1, Z, may be calculated by:

60 8h W,
Zy = In|— + — (3.8)

A/ Ereff WO 4h

This Z, formula can effectively match characteristic imgeck of the patch antenna.

, 60 8x260 05 1_ ie
o= 05 Taxzeol T (3.82)

As obtained by equation (3.84) is strongly dependent upon the substrate height,
width, ands,.rr. But there is a different between the result inapn (3.8a) and
simulated value of, by CST MICROWAVE software, wherg, = 50.96 Q which was
evaluated by adjusting the radius of inner androcyénders of the probe in the feeding
system, as shown and explained in chapter 2.

The simulation of the model in Figure 3.5.1 hagatted the good result compared
with the model in the previous cases. In additmadhieve the desired aims of the design,

low frequency, small size and narrow beam.

As mentioned earlier, the design and simulatiorc@se was to design and simulate a

single reconfigured microstrip patch antenna téolbmed as a spiral shape.

After the rectangular antenna model simulated usiregfinal shape shown Figure
3.5.1. The following item displays the results amalysis of the design.
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3.2.9Results

The magnitude of;, versus frequency (also referred to as return liesshown, as

verification of the designin Figure 3.6. It shows theectangular spiral shaped microst

patchantenna is as good as resorg at multiple frequencie8.884, 0.954 and 1.15¢
GHz with also multiple return loss -12.731 dB, -14.774 dB and7.316 dE and their -10
dB bandwidths are 0.0144 GHz, 0.03317 GHand 0.051714 GHz, respective

_10 4

_15 4

_20 4

_25 4
=30 +

-35

S-Parameter Magnitude in dB

|51,1 : —10.586389|

-10 dB BW ; ; -10 dB : :
0.014465 GHz |--+-------------] 0.03317 GHz |- ... PR, J 0.051714 GHz | ... | A

0.8 0.9 1 1.1 1.2 1.]1.3266 1.4 1.5

Freauencv / GH7

Figure 3.6 SParameters for resonng frequencies for 10x10.5 cm REMPA

To havestable and stricter values VSWR, the recommended bandwidth of |

antenna should be less tr-10 dB not larger, Figure 3.7.

15

14

12 4

10 1

Voltage Standing Wave Ratio (VSWR)

VSWR2 : 1.44 VSWR3 : 1.08 ; :
fri0.954 ooy preseanass fri1.1642 | --eeeeeeee ememn e frememnonom oo

0.8 1 1.1 1.2 1.3 1.4 15

Frequency / GHz

Figure 3.7VSWR for resonatingrequencies for 10x10.5 cm BSMPA
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The fa field is another important parameter in antenmsigh; it can also k
visualized at resonating frequencies in the pasite-direction. In addition to th

directivities can be shown over (@ and thetad angle.

Generally, the plot type of the faeld will be a polar at phid =0° and 90° in linea
scaling mode.

Where@ = 0°,

Directivity Abs (Phi=0) Directivity Abs (Phi=0) Directivity Abs (Phi=0)

0

phi= 0 30 30 phi=180

60 60

) f:v\;"'\‘\

90 = : 20
2525375 5

180

Theta / Degree Theta / Degree Theta / Degree

a. f, = 0.884 GHz b. f, = 0.954 GHz Cc. fo =1.1542GHz

Figure 3.8.aTwo dimensional normalized far field patterns imelar caling for 10x10.5
cm of RSMPA atp = 0°

and at @ = 90°,

Directivity Abs (Phi=90) Directivity Abs (Phi=90) Directivity Abs (Phi=90)
0 0 0
Phi= 90 30 30 phi=270 Phi=90 30 _ 30 phi=270 Phi= 90 30 30 Phi=270
60 /N . N\60 60 ! 60 60 {d”) 60
| P 4A
90 190 90 90 AN _
8 0 S 0

a”
5 Sy

120

120 120 120 120 120
150 o 150 150 "o 150 150 =150
Theta / Degree Theta / Degree Theta / Degree
a. f, = 0.884 GHz b. f, = 0.954 GHz c. fy =1.1542GHz

Figure 3.8.bTwo dimensional normalized far field patterns near scaling for 10x10.
cm of RSMPA at@ = 90°
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All three patterns yield the different angular s@fion between two identical poin

on opposite side to defifalf power beamwidth HPB\

The following screenshots shcthe three dimensional radiation patterns determ
in the far field region and represented -direction, the directivitiesre over the angles
thetad and phi@, they also have a good values at resonated freqggeshown in th
Table 3.2.

The location and physical dimensions of the probthe rectangulaspiral shaped
microstrip patch antenn@RSMPA) had been taken into account to optimizeut

resistance of 50.98.

a. f, = 0.884 GHz b. f, = 0.954 GHz Cc. fy =1.1542GHz

Figure 3.9Three dimensional far field patte for 10x10.5 cnof RSMPA

Table 3.2Summary of simulated resuin fifth case of RSMPAwith reflecto

No fo S-Parameters | Directivity | VSWR HPBW Side lobe
(GHz) (dB) (dBi) level
p=0"[p=90°| (dB)
1. | 0.884 12.73: 8.582 1.6 34.7° 36.05 -10.4
2. | 0.954 14.77¢ 6.955 1.44 | 43.39 38.2° -5.6
3. | 1.1542 27.31¢ 6.978 1.08 | 42.29 39.95 -6.2

According to the equatn 2.2 and its condition into chapter 2, all resuttc

directivities “D’ in the summerTable 3.2 are actual values.
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The results obtained at the fifth case have gdttiter than cases that preceded it.
There are many experiments could have done toeyetrasults, but | stopped at the fifth

case which achieved the aim of the antenna design.
3.2.10 Analysis of Theoretical Results of RSMPA for 10x16.cm

When some analysis and comparisons between #éwops cases done. We will
clearly see and notice the increasing regularlg e number of angular coils which
dependent on rectangular patch, will be the reagaeducing frequency, narrow beam,
and the size is acceptable as a small size. Asasdilhe directivities, HPBW and VSWR
have good results. With notation in all cases apthe conditions of substrate height with

its dielectric constant value and feeding probeaweentical and similar.

Even with, the different in the formulation’s resylthe output of formulation (3.1e)
and (3.6a) are the nearest values to the investigapparameter curve as shown in Figure
3.6. But in the fifth case the side lobes take ss@@ssessment.

Ideally, the chart bellow illustrates the resondfiedjuencies in all cases and could
notice that the fifth case was the accepted anerbetse, which their resonant frequencies
between 0.884 GHz and 1.15 GHz. The lower colurepsesented the fifth case, which is

the optimum case.

mfl

GHz

mf2

f3

PRRPRPRPRPRERRP PR
ORNWRARUONOMOORNWRUON®WWO

1.st Case 2.nd Case 3.d Case 4.th Case 5.th Case

Figure 3.10Chart of resonated frequencies in all cases
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For the similarities in the numeric values in tloairth and fifth cases, makes them
appearing in the same level as shown on the Figu@, but the fifth case has the good

and required results.

3.3THE SECOND ANTENNA: RECTANGULAR SPIRAL SHAPED
MICROSTRIP PATCH 3.5x3.7 CM

3.3.1 Substrate Selection

In the second type of patch antenna, the selectbstrate material is Rogers RT
5880 (lossy) with dielectric constagit = 2.2 , heighth = 0.1588 cm, and the tangent loss
6 is 0.0009. The width of substrai€, = 3.5 cm and the lengtlh; = 3.7 cm.

3.3.2 Width and Length of RSMPA 3.5x3.7 cm

In this design the widthV will be reduces to 3 cm and the lengtlalso reduced to
3.2 cm from the previous larger antenna simulativith the notation, the selected width

W had selected carefully to keep the input resigtam¢he range of 48 to 6Q.

As aforementioned in the previous larger antennsigde10x10.5cm, the same
procedure has been used in the second antennandesily taken into account the new

smallest dimensions.

| do not have to do the same formulation analysas was done previously, so here |
will report the all cases without formulation desigrocedure. However, the design,
simulation, analysis and comparison shall be dmdailhe input impedance will only be

calculated and compared as shown in the final lbakav.
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3.3.3First Case

0.3

0.5

A
v

0.5

Figure 3.11Experimental model of mid part of rectangular padotenna

Simulated Figure 3.11 outputted resonant frequenate2.5287 GHz, and 13.927
GHz, which the desired other results were worsés Teh me to improve the performance

of the antenna as will be done in the cases bgl8ee Appendix A).

3.3.4Second Case

Figure 3.12Experimental model of rectangular patch antenria ame angular coil



Table 3.3Summary of simulated results in second case oflenRSMPA

No | fo (GHz) S-Parameters | Directivity (dBi) | VSWR | HPBW
1. 2.767 -(1d6E.3£)352 worse 1.59 worse
2. 4.853 -17.111 7.094 1.324 43.65
3. 6.715 -12.843 6.957 1.112 39.35

34

The summary Table 3.3 shows the simulated resuitssanated frequencies, where
phi (@) =90°, there is a main lobe direction value 0B2f;,=6.715 GHz.

According to the equation (2.2) and its conditintoichapter 2, all shown results of

directivities “D’ in the summery Table 3.3 are actual values (SqeAgix A).

3.3.5Third Case

3.0

m——

Figure 3.1! Experimental model of rectangular patch antenrh twio angular coils

In this case, the resonated frequencies have wadkults when
fo =2.1213 and 2.892 GHz , but atfo- = 1.265 GHz has a worse result (See Appendix A).
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Table 3.4Summary of simulated results in third case of #En&SMPA

No | fo (GHz) S-Parameters Directivity VSWR HPBW
(dB) (dBi)

@ =90°
1.| 1.2658 -7.887 worse Worse worse
2. 2.1213 -17.111 5.477 1.324 63.1°
3. 2.8927 -25.451 7.026 1.112 44.1°

According to the equation 2.2 and itedition into chapter 2, all shown results of

directivities “D” in the summery Table 3.4 are adtualues.

3.3.6 Fourth Case

N
%
U1
1

- 2 [ ————————=

Figure 3.1< Experimental model of rectangular patch antenrih thiree angular coils
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The simulation of the model in Figure 3.14 is timalf of rectangular spiral shaped
microstrip patch antenna (RSMPA), the results hawviputted the good result compared
with the model in the previous cases. In additmachieve the desired aims of the design,
low frequency, small sizé/~= 3.5 cm and. = 3.7 cm, and narrow beam.

With substituting the values of inner and outerugds {i,ner = 0.2 CM, Tyyter =
1.9 cm) into the equation (3.6) and (3.7) respectivehe butput off;,,, = 2.5 GHz and
frign = 23.87 GHz. From these results we find just tifg, is very close to obtained

resonant frequency in the simulation.

3.3.7 Characteristic Impedance

Under the conditionly,/ h<1,Z, may be calculated by:

Firstly, &..¢¢ from equation (3.2)

22+1 22-1 0.15881 /2
+ 1+12

Secondly, substitute (3.2b) and both of width ofmostrip linelW,= 0.15 cm and height of
substrate h = 0.1588 cm of values into equatio) (3.

60 8x0.1588 0.15

Lo = l +
0= o6 'l 015 " 2x0.1588

= 90.46 Q (3.8b)

This Z, formula can effectively match characteristic imgece of the patch antenna
as shown in (3.8b), however the simulated valugofields to 52.90 approximately. It
was being by adjusting the outer and inner cylindeliuses of feeding probe, to be the
radius of inner cylinder is 0.08 cm and the radifisouter cylinder is 0.265 cm. The

obtained value in (3.8b) is very high compared withulated.

After the rectangular antenna (RSMPA) model sinmglatising the final shape

shown Figure 3.14. The following item displays thsults and analysis of the design.
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3.3.8 Results

It shows fromFigure 3.15 the resonating frequencies are multig.6188 GHZ,
2.043 GHz, and 2.454 GHz dependent on return lc-11.161 dB,-16.652 dB, and -
28.377 dBrespectively and also it-10 dB bandwidths are 0.05675 GHz, 0.10533 C
and 0.14513 GHz.

S-Parameter Magnitude in dB

0
T
51,1 : -23.018967
_5_ _________________________________________________________________________________________________________________________________
0 S S L . - e
-10 dB BW ! :
e 0.05675 GHz | ---------- R S -10 dB BW
; : :[0.14513 GHz
: : : -10 dB BW ;
L 0.10533 GHz [----------} boeeeeomeee +-
L B = ool e
-30 i i i i i
0 0.5 1 1.5 2 2.5 2.9275

Frequency / GHz

Figure 3.1t SParameters for resonating frequendor 3.5x3.7 cm of RSMP.

The used bandwidth -10 dB and/or less, to be the reason of improviegiBWR
values as shown inigure 3.1t

Voltage Standing Wave Ratio (VSWR)

91 i : VSWRL : 1.7650128 - ; JSUN Y S I

ClyewR2 1 a6 [
- fr 0 2.0437 GHz [------ oo f e

6 4 SNSRI I SR S VEWR: 1.079 |
: : : : ir:2.4548 GHz |

0.51 ; : ; ; ‘
0 0.5 1 1.51.6188 2 2.5 3

Frequency / GHz

Figure 3.16VSWR for resonating frequencies 3.5x3.7 cm oRSMPA

The far field amplitude patterns directed irsitive z and visualized over p@ and
theta @ angles as can be shown in the followiFigure 3.17. While the plot istwo

dimensional in linear scaling at (@ =0° and 90.



Where ¢ = 0°,

Directiviry Abs (Phi=0)

0
Phi= 0 30 30 phi=180

60 <Y 2 60

Theta / Degree

a. f, = 1.6188 GHz

Figure 3.17.¢ Two dimensionanormalized far field patterns

of RSMPA atp =0°

and at @ = 90°,

Directivity Abs (Phi=90)

0
phi=00 30 30 phi=270

60

Theta / Degree

a. fo=1.6188GHz

Directivity Abs (Phi=0)

0
Phi= 0 30 30 phi=180

60 /NI | N80

180

Theta / Degree

b. f, = 2.0437 GHz

Directivity Abs (Phi=90)

Phi=90 30 30 phi=270

90

120

Theta / Degree

b. f, = 2.0437 GHz

phi=90 30
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Directivity Abs (Phi=0)

0
Phi= 0 30 30 Pphi=180

N A I TP AN

180

Theta / Degree

C. fy = 2.4548 GHz

imkear scaling for 3.5x3.7 ¢

Directivity Abs (Phi=90)

30 phi=270

Theta / Degree

o

fo = 2.4548 GHz

Figure 3.17.bTwo dimensional normalized far field patterns melar scaling for 3.5x7 cm

of RSMPA atp =90°

From Figure3.17 is clearly half power beamwidth HPBW showrt thlhangles ar

smaller and acceptable.
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a. f,=1.6188GHz b. f, = 2.0437 GHz C. fo,=2.4548 GHz

Figure 3.18Three dimensional far field patte for 3.5x3.7 cm oRSMPA

No worse results observed in the simulation of fihal case as shown in tl
summarized Table 3.5.

Table 3.5Summary of simulated rest in fourth case of smaller RSMF

No | fo (GHz) S-Parameters Directivity VSWR HPBW
1.| 1.6188 -11.161 2.758 1.765| 48° 52.5°
2. 2.043 -16.652 7.012 1.346| 42.9° | 43.6°
3. 2.454 -28.377 7.381 1.079| 45.1° | 39.5°

Based on the reference value of equation (2.2)dhapter 2, the gotten outputs
directivities “D” in summeryTable 3.5 are actual values. That means the condi
dependent ot were truly investigatec

3.3.9 Analysis of Theoretical Results of RSMPA for 3.5x3.7 cm

From the showresults offollow up cases, the of final cass the optimum ir
obtained outputs which demorate, the aim of design antenm#jich can be summarize

in small size, narrow bean, and low freque

In the thirdcase some good and accepted results were as shown irTable 3.4.
However,the results entirely acceptable were in the fimalecthe maintains the objectiv
of the antenna design.
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In view of the evaluating both ¢f,,, and fy,;4, by the equations (3.6) and (3.7) the

gotten result off;,,, = 2.5 GHz is very close to simulated and shown in the last n
Table 3.5.

While the distance between angular coils increasorgstantly, the size of the shape
of RSMPA also increases the widtthand the lengtlh that affected the results positively.

The chart bellow illustrates the change of resorfieedquencies, it also indicates,
whenever moving from a case to the next the valuesmnant frequency improves.

e
N W

[
o K

mfl

GHz

mf2
3

O B N W b U1 O N 0 VO

1.st Case 2.nd Case 3.d Case 4.th Case

Figure 3.19Chart of resonated frequenc@ssmaller RSMPA

3.4 THE THIRD ANTENNA : CIRCULAR SPIRAL SHAPED MICROSTRIP
ANTENNA (CSMPA) 2.8x2.8 CM

3.4.1 Sustrate Selection

In the third and final type of patch antennas, ghbstrate form will be rectangular,
the selected material is Rogers RT 5880 (lossy) diglectric constard, = 2.2 , heighth
= 0.1588 cm, and the tangent Idsss 0.0009. The properties of substrate in thaltbase
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same with the second case. However, the diffeent the sizes of widthiW; = 2.8 cm

and length.; = 2.8 cm of substrate.
3.4.2 Radius of Patch

In this design the radiuwsof patch located in the center, has 0.15 cm raasushown
in the first case of design Figure 3.20, with addeds in every case, it consists of many
radiuses for each case or adding coil as showrnigarés 20, 21,and 22, in reference to
previous, in adding each circular coil the new wadwill be consisted of and the general
size of the metallization will grow spaced with egpreas between circular coils.

As aforementioned in the previous larger antenrsggds (RSMPA) 10x10.5cm and
3.5x3.7cm, the same procedure has been used fm#heantenna design, with taken into
account the new smallest dimensions and differenides formulations will be applied to
see the different between the chosen and gotten cfizadius. The optimum size of

substrate and radiuses will be utilized.

3.4.3First Case

In the first case the basic circular microstripchbaintenna is represented with radius
a=0.15 cm, and this is the first assuming to obtagaim of the thesis in the second type
of antennas.

0.7
<—>7

R0.15

Figure 3.2C Experimental model of circular patch antenna

By the following formula, the resonant frequencyyrba calculated
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_ 1.8412¢ 20
fO - Zﬂa\/f_r ( . )
Where c is the speed of light in free-space, argithe radius of patch.
_ 18412530 o -
fo= a5y~ 39-°1GHz (3.92)

Indeed, the obtained result in equation (3.9a) wash larger than required. So the

sequence in cases will continue (See Appendix A).

3.4.4Second Case

In the second case, the first experiment will bealiging circular coil which starts
from radiusr;; = 0.15 cm and ends at, = 0.4 cm with rotation of 360, as it is shown
in Figure 3.21 the first circular coil does notrstiom the center, but 0.15 cm distance
away, and unites with the circular patch locatethatcenter, with notation that the coil is
not a closed circle, it circles identically and stidy from point to end at another.

*71‘44—-—

0.4

1.4

./ —

Figure 3.z21 Experimental model of circular patch antenna witle aircular coil
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The Figure 3.21 has combined between the patch spmcl; therefore, the

evaluated frequencies will be dependent upon Aredean spiral formulations.

The low frequency operating point of the spiratietermined theoretically by the

outer radiusr, and is given by

c

fiow = (3.6)

21Ty
Where c is the speed of light.

Wa
r, =T12 + 7 (310)

Where W, = 0.075 cm is considered the width of the arm, ant$ the radius from

the center to the end edge of first e@)l = 0.4 cm plus the width#/, divided to two.

0.075
, =04+ — = 0.4375 cm (3.10a)

By substituting the values depicted above into 8qng3.6)

_30+10° o ocH (3.6b)
fiow = 304375 — 10-9 GHz '

Similarly the high frequency operating point is &@h®n the inner radius giving

c

frigh = _an1 (3.7)
rn =1 + % (311)

Wherer,is the radius from the center to the first pointfieft coil plus the widthi//,

divided to two.

0.075
r, = 0.15 + — = 0.1875 cm (3.11a)

By substituting the values depicted above into 8qndg3.7)

30 = 10°

frigh = 701875 25.5 GHz (3.7b)
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The spotted values in the second case, additiotaliye value off, obtained in the
first case; the frequencies are too higher thamired. The simulation also exhibits the
resonant frequencies in multi points and at higlues which make us think and report
that the differences in values shown from combirting parameters of two antennas to
each other (See Appendix A).

3.4.5Third Case

Thus, from calculated and simulated results insyeond case that prompted me to

reconfigure the patch by adding second circulat aoder same conditions explained

previously.

}4

Figure 3.22 Experimental model of circular patch antenna with tircular coils

The low frequency operating point of the spiratietermined theoretically by the
outer radiusr; and is given by

fiow = (3.6)

21T

r3 =T13 + — (312)
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Where W, = 0.075 cm is considered the width of the arm, agi$ the radius from

the center to the end edge of secondgei= 0.8 cm plus the width#/, divided to two.

0.075
3 = 0.8 + — = 0.8375 cm (3.12a)

By substituting the values depicted above (3.12&) equation (3.6)

30

Jiow = 708375 5.7 GHz (3.6¢)

In view of the results above, thfg,, value is reduced approximately 50 % for the
second case. The reason is in increasing the matadh part of patch by adding the

second circular coil onto the patch. Buft,,, always has a constant value in all case.

The simulation is resulted approximate resonatedjuency af, = 4.951 GHz,
while the calculated,,, = 5.7 GHz, the simulation has values of 2.2483 GHz, 3.664
GHz, and 4.951 GHz (See Appendix A).

Table 3.6 Summary of simulated results in second case of E&M

No | fo (GH2) S-Parameters Directivity VSWR HPBW
(dB) (dBi)
@ =90°
1. 2.2483 -10.941 worse 1.792 worse
2. 3.664 -27.845 7.012 1.0844 47.8°
3. 4,951 -15.905 7.381 1.3815 40.95°

3.4.6 Fourth Case

This is the final case which formed as a new sl@dpequired, by adding the third

circular coil as shown in the Figure 3.23.
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-

~———e28—

Figure 3.23 Experimental model of circular patch antenna whiteé circular coils

The low frequency operating point of the spiradetermined theoretically by the

outer radiusr, and is given by
Cc

fiow = 2nt, (3.6)
W,
T'4 = T‘14 + Ta (313)

Where W, = 0.075 cm is considered the width of the arm, agt the radius from
the center to the end edge of secondgi= 1.3 cm plus the width#/, divided to two.

0.075
=13+ — = 1.3375 cm (3.13a)

By substituting the values depicted above (3.12&@) equation (3.6)

30

= — =3, H .
fiow = 5— 3375 = 3:569 GHz (3.6d)
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As shown in equation (6d) f;,» = 3.569 GHz, is a result that located betwe
simulated results which the simulation resonated frequencies 264<3 GHz, 3.3076
GHz, 3.9808 GHz, and 4.7431 Gt

This is the optimum form and values which achietheglaim of the thesis as sho

by figures, summarized table, and analysis in ¢éselt pari

3.4.7 Characteristic Impedance

The obtained characteristic impede of simulation (CSMPA) is 50.3Q2. The same
ways have been used here to got a good \of Z,, that represented by controlling t
radius of inner cylinder which consists of PEC ander cylinder which consists
substrate’s materialf Rogers RT588:

3.4.8 Results

From Figure 3.24he resonating frequencies are multiple 2.634z, 3.3076 GHz,
3.9808 GHz, and 4.7433Hz dependent on return loss-13.89 dB, 23.206 dB, -24.493
dB, and -16.181 dBespectively, and also i-10 dB bandwidths are (98022 GHz,
0.13495 GHz0.15751 GHzand 0.13827 GHz.

S-Parameter Magnitude in dB

51,1:-8.1745805

________________________________________

K] PSR F S “J10dBBW [ R SRR
i [0.13827 GHz :

-10 dB BW

20_ .............. “10dBBW  [{{-------------- --| 15751 GHz |....... ........................ _ ......................
: 0.13495 GHz : :
-25 . . : : :
1 2 3 4 5 6 6.2198 7

Frequency / GHz

Figure 3.24 SParameters for resonating frequendor 2.8x2.8 cm of CSMP
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The shown values of VSWR are in the range from 2 thatmeansgood results of
VSWR were investigated by the simulati

Voltage Standing Wave Ratio (VSWR)

|\.-’SWR1 : 1.5797204 ; j : :
45411 : et EETIA e o R R N Y

4 : : VSWR2 1 1.148 VSWRA : 1.367
j : fr: 3.3076 GHz fr: 4.743 GHz

3.5 4 : ' ................ e

3] | O A . T . YSWR3:1.126
: ; fr: 3.9808 GHz

____________________________________________________________________________________________

__________________________________________

2.5 1

1.57

0.5

Frequency / GHz

Figure 3.25 VSWR for resonatin frequencies for 2.8x2.8 cm GiSMPA

We now present a few results for the radiapatterns; thear field is visualized &
resonating frequencies in the positiv-direction. In addition to the directivities can
shown over ph® and thetad angle.



Generally, the plot type of the far field will bepalar at phi@ =0° anc 90° in linear

scaling mode.

Where® =0°,
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Figure 3.26.¢ Two dimensional nrmalized far field patterns inflear scaling for 2.8x2.
cm of RSMPA at =0°



and atp =90°,
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Directivity Abs (Phi=90)
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Figure 3.26.k Two dimensional normalized far field perns in linear scaling fc

2.8x2.8 cm ASMPA at® =90°
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a. f, = 2.6443 GHz b. f, = 3.3076 GHz

c. f, = 3.9808 GHz d. f, = 4.7431GHz

Figure 3.27 Three dimensional far field patterns 2.8x2.8 cm ofCSMPA

Table 3.7Summary of simulatecesults in fourth case of CSMPA

No fo (GH2) S-Parameters | Directivity | VSWR HPBW
(dB) (dBi) @=0° | ¢=90°
1. 2.6443 -13.890 8.885 1.506| 47.25' | 46.65°
2. 3.3076 -23.206 7.373 1.148| 45.8° | 40.15°
3. 3.9803 -24.493 7.231 1.126| 39.1°¢ 45.3°
4. 4.7431 -16.181 7.063 1.367| 44.3° | 42.25°

According to the equation 2.2 and its conditiom ichapter 2, all shown results
directivities “D * inthe summerTable 3.7 are actual values.
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3.4.9 Analysis of Theoretical Results of CSMPA for 2.8x8.cm

From tracking cases of design circular spiral nmstiip patch antenna (CSMPA), the
final case was the better than previous. With traiain the third type of antennas the
spiral formulations was applied to discover thegerof frequency was highest then
decreased steeply as shown in the final case. mpadson with patch frequency

evaluation equations the results were convergent.

In the first case, the applied formula was a cacylatch formula which depends on
a radius of circle,in addition to frequency is negt@d at one point 4.04 GHz, but in the
next cases, the used formulas were spiral formwlaish f,,, has approximately same

value of simulated and the frequency was resorsdtetlltiple points.

The following chart presents the value of resonditequency in the first case was
one, and in the progress of cases became multiple.

5
4
mfl
T 3 mf2
(G)
mf3
2 mf4
1
0

1.st Case 2.nd Case 3.d Case 4.th Case

Figure 3.28Chart of resonated frequencies in all cases of E&M
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3.5 CONCLUSION

The results illustrative in this chapter are eucal, experimental cases of basic
characteristic of the rectangular and circularapmhaped microstrip antennas (RSMSA),
(CSMPA). The antennas were studied and analyzdedtails to show the effect of various
shapes, cases and dimensional parameters on éseits; such as 2D and 3D radiation
patterns, s-parameters, directivities, gain, badttwiand characteristic impedances. For
instance, the results showed that in every simdlated calculated case different resonant
frequencies had been gotten and some outputs veee gthers were worse. It also the
analysis is done in each case, but the full rega#t found in the optimum case which was
the final case in each simulated antenna. Findiky,chart shows the resonant frequencies

in each case.



CHAPTER 4

FABRICAION AND MEASUREMENTS

4.1 INTRODUCTION

For the thesis, | have only constructed two smatgennas and tested them into
micro wave laboratory. The third one | have no fthd material of substrate into the

local market.

The fabricated and measured antennas were:
1. Rectangular spiral shaped microstrip patch antéR&MPA) 3.5x3.7 cm.
2. Circular spiral shaped microstrip patch antenna8) 2.8x2.8 cm.

Resonating at multi frequencies, as narrow bearaxafained analytically and
numerically into theoretical previous chapters amahis chapter of fabrication. In

addition, experimental results are often neededliodate theoretical data.

4.2 SIGNIFICANCE OF NARROW BEAM, LOW FREQUENCY AND SMAL L
SIZES

Since the studies have been started onto researtties Hyperthermia and GPR,
the requests of the parameters of antennas becamambeam, low frequency and
small sizes. The reasons of these demands areafiective, easier to use, could be an
array without mentioned damage. It was gotten dedrly shown in the following

figures and analysis.

54
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4.3FABRICATION OF RECTANGULAR SPIRAL SHAPED MICROSTRIP
PATCH ANTENNA (RSMPA) 3.5x3.7 CM

4.3.1 Construction of RSMPA 3.5x3.7 cm

1. Front section that metalliztion (PEC) has coilectaagularly on substrate and
shaped spirally.

2. Back section that metallization (PEC) has covdudly the substrate, named
ground, drilled in the mid point of radius 0.2 cs &n outer cylinder, but the
inner cylinder is about 0.0585 cm to allow accddseding.

3. Middle section that has a dielectric constant 2&led substrate with material
of Rogers RT 5880.

4. Female connector that connected between both diefding system as a first

edge and the port as a second edge.

Figure 4.1 Frontsection of fabricated model of RSMPA 3.5x3.7 cm
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4.3.2 Construction of CSMPA 2.8x2.8 cm

As were represented in previous item 1.3.1, the EAMas a same form of

construction, however the difference is in the sizd the shape.

Figure 4.z Frontsection of fabricated model of CSMPA 2.8x2.8 cm

4.3.3 Fabrication Steps and Notes

Both antenna designs were fabricated to enablemneasurements. Geometry of
models had been converted to layout masks andiéradsto transparent film, film was
used to expose the microstrip lines clearly duthregprocess of photo resistive etching.
The challenges we had faced while the exposurestuidng are the proper alignments
of the turns of the antennas which have multi-tuwith specific dimensions of
microstrip lines and free area between the turie dlignment of the multi turns of
antennas depend gravely on the convenient placeradtit also has to be adjusted

and done with caution.

There was a legitimate danger of damaging or nailigstt cut of the turns of
spiral shaped microstrip lines. After the models raveetched and cleaned,

manufacturing defect was clearly evident whichueficed in the results.

As the last step, SMA connector has been mountetthancenter-back of the

construction of antenna. That touched and sold&vetthe microstrip. The important
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note here is in SMA connector that being insteadoaixial probe, which has difference
features. An SMA connector is used in conjunctiathwable television, satellite TV,
and any type of internet from cable, to DLS andnefiieer optics. But it had to use it so
as to be available in the local market.

4.4 INSTRUMENTATION

The instrumentation required to accomplish a meaguask depends largely on the
functional requirements of the design.
1. Source antennas (designed and implemented antennas)
2. Positioning system that investigates the far frelgion without hindrance may
weak the transmitted waves or reflect them by umkmangles away.
3. Network analyzer that has mixers, RF source limk¢he source antenna, and
may connect to the computer.
4. Data processing that achieved by the software hade the analyzer.

The stability and control of frequency, spectralifyy power level and modulation will
be presented by transmitting RF source.

Figure 4.3 Instrumentation for measuring RSMPA 3.5x3.7 cm
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Figure 4.4 Instrumentation for measuring CSMPA 2.8x2.8 cm

As shown from the figures above, the positioningtaym does not available, the
antenna was fixed manually. Therefore, it is the of many problems faced us in

measurement process.

45 S-PARAMETER MEASUREMENTS

Measurements were performed by the Rhode&SchwaB2BWector Network
Analyzer and calibrated to the input of the anteina GHz — 4 GHz frequency band.
Each antenna was measured in the first port seigyrd-4.4. Original measurement
values that outputted shown into Figure 4.5 fortenegular spiral shaped microstrip
patch antenna, and Figure 4.6 for circular spitepgd microstrip patch antenna
respectively. With overlapping the simulated resuilh the previous chapter on
measured in this chapter.

So the reflections from the antennas at resonatguéncy were obtained and
plotted in Figure 4.5 and Figure 4.6.
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Figure 4.5S-Parameters for simulated and measured of RSM®83. cm

The dotted graphic is the measured, and the naedigraphic is the simulated,
from the reflections above, we can see the difiggan shifting the measured in range

of 200 MHz to 250 MHz, which the measured is lodatethe non-fade period of the

simulated.

And also the difference is in the return loss valsiace the simulated (Non-
dotted) is deepest than the measured (dotteddditian to dotted graphic is narrower

than the non-dotted.
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Figure 4.6 S-Parameters for simulated and measured of CSM&R A cm

The same note above applies in the second ant€2®®&IFA), but the dotted
graphic started in deep -10 dB and decreased lB-proximately in each resonated

frequency point.

The affected reasons of the obtained results atesthfting and narrower band in

the measured, they may be:

The fabrication was not exactly as designed andilsited. The importance other
one also is the SMA connector that has not exampesties with coaxial probe. The
position of simulated antenna under far region asralition, but the measured was in
the microwave laboratory which includes many etmutr instruments and furniture.
The final think is that the analyzer may has aedéht excitation signal, in case the used

signal in the simulation was Gaussian signal.



CHAPTER 5

5.1CONCLUSION

In this study, the various models discussed soctar be grouped into two
categories: rectangular and circular models. Thegoaies have separated to three
types of reconfigured microstrip patch antennasciwvhivere designed, simulated,
analyzed and manufactured. The reconfigured pattgmaa combined with a spiral to
consist of a new form, called spiral shaped micijpgtatch antenna (SMPA), which
has divided into two parts, the first is a rectdagwspiral shaped microstrip patch
antenna (RSMPA) includes two forms larger with sifg10cm and smaller with size
3.5x3.7 cm, the second is a circular spiral shapedtostrip patch antenna (CSMPA)
2.8x2.8 cm. To be reached to the final and optinoase of modeled antennas, it was
used the adding method of new angular or circubéls ¢n each case, which leads the
results to improvement case. The design and simoolasoftware was CST
MICROWAVE STUDIO; the observed results from simidat mathematical equations
and measurements were analyzed, compared, andf@@se figures and charts. With
a note, that the indicated formulas were the mtapgpatch’s and spiral’s. The feeding

systems were coaxial probe in all type of antennas.

From the design, simulation, and measurementsegdts were convenient to the
aim of thesis which focused on small sizes, lovwgdencies and narrow beam; these
properties make the antenna applied especiallyth@dGPR Ground Penetrating Radar

and Hyperthermia.

The illustrated results in the final cases of saiohs were D directivity, HPBW,
Farfield, VSWR, and S-parameters. While the reswikse computed for rectangular

and circular microstrip patch antenna, it also speal’s formulation had been taken

61
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into account. As well as, the results were valitiydar single and isolated microstrip

antennas.

5.2FUTURE PROSPECTS

The microstrip patch antenna has a huge phenomevemthe past and present
years. And although much research on designindpdes appeared, only it shows there
is no located applicable formulation in a new rdiguration antenna. As a matter of
fact, the different between calculated and simdlaiaetputs and the use formulations
depends on the approximation; this is a situatiat tloes not give strict and/or net

values of results.

Therefore, the future plane will be to derivateplagable formulation for the
antennas that have been discussed in this thé&sistosachieve conventional theoretical

study.

The keyword may be by the combining between forsiutd microstrip and

spiral. As combined in the models.
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APPENDIX A

S-PARAMETERS OF RSMPA 10X10.5 CM

First Case

S-Parameter Magnitude in dB

Freauency / GHz
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S-PARAMETERS OF RSMPA 3.5X3.7 CM.

First Case

S-Parameter Magnitude in dB

Freauency / GHz

S-Parameter Magnitude in dB
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S-PARAMETERS OF CSMPA 2.8X2.8 CM.

First Case

S-Parameter Magnitude in dB
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