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Microwavefrequencies have a rangeof 300MHz to 300GHz, while according
toFederal Communications commission (FCC) and Industrial, Scintific, Medical
(ISM) band only some specific frequencies can be used for industrial applications;
for instance 0.915 GHz, 1.8 GHz and 2.45 GHz were selected. Based on these three
different frequencies, an antenna can be developed to resonate at these three
frequencies with high performances like high gain and being applicable for the
application related to this band (ISM).

In this thesis, a new fractal shape has been used by mixing the Koch fractal shape
and square loop to design more compact antenna resonating at three
differentfrequencies. Then, a new Photonic Band Gap structure is exploited to either
remove the undesired harmonic frequencies or pass the wanted harmonics. Besides,
to suppress the surface current and fringing fields which cause the gain decrement
some vias has been used. For integrating the amplifier as an active element to the
antenna a matching circuit is needed, thus a n-section transmission line transformer
(TLT) plays this role. After investigation of the four methods for finding the
optimized value for each part of the TLT, the Genetic Algorithm (GA) showed the
most advantageous result among the others.

The maximum gain is delivered to the load (antenna) when a good matching between
the amplifier and the antenna achieved. The antenna has the ability to resonate at
three frequencies 0.915, 1.8 and 2.45 GHz, which can cover the ISM bandand its
relating applications. Moreover, the antenna has a miniaturized size compared to the
previous works by almost55% and the gain of the antenna for every each resonant
frequency is 20.9, 19.85 and 20.88dBirespectively. Furthermore, there is a good
agreement between the simulated and measuredresults approximately.
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Frekuensi-frekuensigelombangmikromempunyaipelbagaivarianseperti 300 MHz ke
300 GHz, manakalamengikutSuruhanjayakomunikasi Persekutuan (FCC) dan ISM
(Industri,  Saintifik, Perubatan) hanyabeberapafrekuensitertentusahaja  yang
bolehdigunakan di dalambidangperindustrian; sebagaicontoh 0.915 GHz, 1.8 GHz
dan 2.45 GHz telahdipilih. Berdasarkanperbezaan di antaraketiga-tigafrekuensiini,
sebuahantenabolehdibangunkanuntukbergema /  berfungsibersamadenganketiga-
tigafrekuensidanmemberikeuntungan yang
tinggisertabolehdigunapakaidalamkaedahini.

Dalamtesisini, bentukFraktal yang barutelahdigunakandenganmencampurkan Koch
dalambentukFraktaldangelungpersegiuntukrekabentukantena yang
lebihkompaksupayaiadapatbergemapadatigafrekuensi ~ yang  berbeza.  Struktur
Photonic Band jurang yang barutelahdibangunkansamaadauntukmenolakfrekuensi-
frekuensiharmonik  yang tidakdiinginiataumenerimafrekuensi-frekuensiharmonik
yang dikehendaki. Selainitu, untukmenyekatpermukaansemasadanpinggiranmedan
yang menyebabkanpenguranganbeberapakeuntunganmelaluilubang-
lubangtelahdigunakan.
Bagimengintegrasikanpenguatsebagaielemenaktifkepadaantena, litar yang
sepadanadalahdiperlukan. Olehitu transformer talianpenghantaran n-Seksyen (TLT)
telahmemainkanperananini. Setelahkajianterhadapempatkaedahuntukmencarinilai
optimum bagisetiapbahagiandalam TLT, algoritmagenetik (GA)
telahmenunjukkanhasil / kaedahTempahanterbaikdanberfaedahantara yang lain.

Selepaskesepadanansempurna di antarapenguatdanantenadicapai,
keuntunganmaksimumakandihantarkepadabeban (antena).
Antenamempunyaikeupayaanbergema di kekerapantigafrekuensiiaitu 0.915, 1.8 dan
2.45 GHz, yang bolehmelindungijalur ISM terutamanya di dalamsektorpertanian
(pengawalanseranggaperosak). Selainitu, antenajugamempunyaisaiz yang
kompakberbandingdengan model sebelumnyaiaitukurangdaripadahampir  55%
dangandaankekerapanantenapadasetiap resonant adalah di antaradBi 20.9, 19.85 dan

Vv



20.88 masing-masing. Tambahan pula, terdapatsatuperjanjian yang baik di
antarakeputusansimulasidandiukur.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Communication can be broadly defined as the transfer of information from one point
to another. A communication system is usually required when the information is to
be conveyed over a distance. Over the years, sophisticated techniques have been
developed for this process using electromagnetic carrier waves operating at radio
frequencies as well as microwave and millimeter wave frequencies. In today’s
modern communication industry, antennas are the most important components
required to create a communication link. Through the years, microstrip antenna
structures are the most common option used to realize millimeter wave monolithic
integrated circuits for microwave, radar and communication purposes. Due to many
advantages over the conventional antenna, the microstrip antenna have achieved
importance and generated interest to antenna designers for many years.

The microstrip patch antenna is the best selection for the researcher because of many
advantages such as low cost material, lightweight and also easy to fabricate. Many
researchers had improved the parameter result with to give better performance and
efficiency of the patch antenna design. The parameters that can be considered to
improve are return loss, gain, directivity and bandwidth [1]. In the case of decreasing
the dimensions of antenna when the dimensions of antenna and the transmission lines
have been enhanced due to the lower operating frequencies, there are some
techniques to solve this problem and fractal shaped structure antenna is one of these
solutions.

In modern wireless communication systems and increasing of other wireless

applications, wider bandwidth, multiband and low profile antennas are in great



demand for both commercial and military applications. This has initiated antenna
research in various directions; one of them is using fractal shaped antenna elements.
Fractal shape antennas have already been proved to have some unique characteristics
that are linked to the geometry properties of fractal. Fractals were first defined by
Benoit Mandelbrot [2,3] in 1975. Plus, fractal geometry has unique geometrical
features occurring in nature. Fractals have some benefits such as fine structure with
details on arbitrarily small scales, too irregular to be described by traditional
geometry, having some form of self similarity, can be described in a simple way.

Nowadays, active microstrip antenna arrays and active apertures are increasingly
present in phased array radar applications. In addition, these devices also serve as
potentially efficient power combiners. Hence, active microstrip antennas arrays are
often used in spatial or “quasi-optical” combining schemes for creating high-power
and high-frequency components. Furthermore, microstrip antennas are often used in
military aircraft, missiles, rockets and satellites [5]. Active antennas have received
great attention because they offer many advantages such as low level of noise, low
cost, and compactness. In active integrated antenna (AIlA) approach, circuit and
antenna units are combined into a single unit [6]. In transmitting AlAs, antenna is
placed at the output port of the active unit. The impedance matching of the amplifier
is done with respect to the antenna unit [7]. The active device loading technique can
be applied for the gain enhancement and bandwidth improvement of the circular

polarized antenna design [8].

1.2 Problem Statement and Motivation
According to Federal Communications Commission (FCC) and ISM (Industrial,
Scientific and Medical) band, there are three frequency bands that can be applied

tothe application related to ISM and they are 915 MHz, 1.8 GHz and 2.45 GHz.



Based on the operating frequency (0.915 GHz), the size of the antenna will be
determined. But the size is large and it can resonate at one frequency only.Another
problem that should be encountered with is the low gain of the microstrip
antennas.To integrate an active element to the passive antenna in the case of gain
enhancement, mismatching between the active element and the load (antenna) which
decrease the gain and the radiation properties of the antenna should be kept in mind

as well.

1.3 Research Objectives

The main aim of this thesis is to design a high gain active antenna resonating at three
frequencies as follows 915 MHz, 1.8 GHz and 2.45 GHz ISM applications. The
specific objectives of the current research are:

1. To develop a novel fractal shape antenna by compounding the modified
second iteration of Koch fractal and square loop with the Photonic Band Gap
(PBG) as an aperture part. Then, introduce anew approach of coupled
feeding to easily integrate the antenna to the active element.

2. To design and analyzea transmission line transformer (TLT) using the
Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Analytical
method as well as aChebyshev filter method in order to achieve a perfect
matching between the active element and the antenna.

3. To develop a high gain active antenna operating at three different frequencies
and investigate its capability to be utilized as an insect repellent at compact

size and low cost.



1.4 Research Questions

In order to carry out the mentioned objectives above, the following questions come

to mind:
1. Which type of fractal is better to make a multiband antenna?
2. What kind of feeding is more matched with active antenna and can be

integrated with them?
3. Which shape is better as an aperture?
4. Which type of optimizing technique is better for TLT matching circuit?

5. Which type of the amplifier can be applied to be integrated with the antenna?

1.5  Thesis Scope

The scope of the thesis is on development and improvement of the patch antenna
array both linear and circular polarization, investigation of the patch antenna array
parameters such as bandwidth, feeding and gain. Moreover, studyhow these
parameters effect on antenna design and optimizing process to obtain the requiremnts
for the target applications. The active antennas, Active Integrated Antenna (AlA),
multiband antennas using CST 2013 softwarecan be involved in this area. This
software has been used in abundant cases such as what presented in [9]. As a
limitation, the hardware of this project must be done by using chemical and etching
process which can effect on the measuring result. The frequency band which the
antenna works in it can coverthe ISM band and its applications, and operates in the
range of 0 to 5 GHz. While the measurement processwas conducted in a normal

room environment.
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Figure 1-1 Thesis scope chart

Thesis Contributions

In this thesis a novel fractal shape by mixing the 2™ iteration of the Koch
fractal and the square loop shape has been presented to first decrease the
dimensions size of the antenna and second help the antenna to resonate at
three resonant frequency. Then the new shape of the PBG structure applied as
an aperture that antenna could be fed through it.

Furthermore, a new optimized matching technique asa transmission line

transformer (TLT) have been designed and analyzed by exploiting the

5



analytical method, Chebyshev filter, PSO and GA which among all these
techniques the Genetic Argorithm has the best and collaborated result for
matching the amplifier to the antenna.

3. A high gain active antenna with compact size and low cost which has the
capability of resonating at three frequencies with good performances in ISM

has been designed and then presented here.

1.7 Thesis Outline

Chapter 1 begins with a review about the applicable frequency band for these
problems and which type of antenna is better to solve this problem have been
presented. Both the significance applications of the active microstrip antennas are
given. Moreover, the objectives of this thesis are also listed. And finally, the scope
and the limitations of the study have been shown. Chapter2 has been started with an
overview aboutsome types of microstrip antennas, their characteristics and necessary
parameters should be considered in designing, feeding techniques, Active Integrated
Antennas, matching circuit process, Optimization methods and so on. The
methodology of the thesis has been illustrated in chapter 3. Besides, chapter 4
demonstrates the results and discussion and finally the conclusion of this work and

future work can be seen in chapter 5.
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