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Presently, unlicensed frequencies have gained a wide popularity due to no
license payments need to be paid. These frequencies can be utilized to support
point-to-point (P2P) communication, such as Long Term Evolution -
Unlicensed (LTE-U). An antenna plays a crucial role in P2P communication
system which is used to transmit or receive electromagnetic wave. It is
available in many types and microstrip patch antenna is the most widely used
in P2P communication due to it has some advantages, such as light weight and
easy fabrication.

P2P communication system requires a high gain microstrip antenna with large
bandwidth in order to enable connectivity across a large area with high data
transmission. Numerous methods have been attempted by some researchers
to enhance the gain and bandwidth of the microstrip patch antenna, such as
employing Yagi antenna design in microstrip patch antenna. This technique is
also known as microstrip Yagi antenna which was first introduced by John
Huang in around 1989. This thesis proposes a new configuration of microstrip
Yagi antenna in order to upgrade the performance of previous works on
microstrip Yagi antenna in terms of gain and bandwidth without increasing
surface area size. There are two proposed antennas which were designed,
simulated, optimized and fabricated. A 1.575 mm thick Arlon CuClad 217
substrate with dielectric permittivity of around 2.2 is selected as substrate of the
proposed antennas.

The first proposed antenna is called Octagon Microstrip Yagi Antenna (OMYA).
Initially, the designed model of OMYA is a derivative of the microstrip Yagi
antenna which has been introduced by Gerald R. Dejean et al. It consists of 2
reflector elements, 1 driven element, two bottom director elements and 2 top
director elements. In addition, 4 director elements have been modified from
square patch geometry into octagonal-shaped in order to reduce surface-
waves at the edge of square patch. According to experimental results,
bandwidth and gain of the OMYA are 13.8% and 11.1 dB, respectively.



The second proposed antenna is the OMYA with two material substrates with
permittivity of 10.2 and thickness of around 2.5 mm. The two additional
substrates were placed above the OMYA. The primary aim of adding those
substrates is to enhance the gain of the OMYA. Upon varying the height of air
gaps, the maximum gain enhancement can be reached. The experimental
measurement shows that the OMYA is capable to generate 19.82% bandwidth
after adding the superstrates. In addition, this second proposed antenna yields
higher gain of around 13 dB.
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Pada masa kini frekuensi tidak berlesen amat popular ekoran dari
ketidakperluan membuat bayaran atas perkhidmatan yang diberikan.
Frekuensi-frekuensi ini boleh digunakan untuk menyokong komunikasi dari
satu tempat kepada satu tempat yang lain (P2P), seperti Worldwide
Interoperability for Microwave Access (WiMAX). Antena memainkan peranan
yang penting dalam komunikasi P2P dimana ia digunakan untuk menghantar
dan menerima gelombang elektromagnetik. la juga tersedia dalam berbagai
jenis dan jenis antena mikrostrip patch digunakan dengan meluas dalam
komunikasi P2P kerana beberapa kepentingan seperti ringan dan mudah untuk
difabrikasi.

Sistem komunikasi P2P memerlukan antena yang mempunyai gain yang tinggi
dan bandwidth yang besar untuk membolehkan sambungan untuk liputan
kawasan yang luas dengan data transmisi yang tinggi. Berbagai cara telah
digunakan oleh penyelidik-penyilidik untuk meninggikan gain dan melebarkan
bandwidth antena mikrostrip patch ini. Teknik ini juga dikenali sebagai antena
mikrostrip Yagi dimana pertama kali diperkenalkan oleh John Huang pada
tahun 1989. Tesis ini memperkenalkan konfigarasi baru antena mikrostrip Yagi
untuk menaik taraf prestasi gain dan bandwidth dari pada sebelumnya tanpa
meningkatkan ukuran kawasan muka antena. Dua jenis antena telah
diperkenalkan dengan melalui proses rekaan, simulasi, peningkatan prestasi
dan fabrikasi. Antena yang diperkenalkan menggunakan material Arlon CuClad
217 dengan ketebalan 1.575 mm dan dielectrik permittiviti 2.2.

Jenis antena pertama yang diperkenalkan adalah Octagon Microstrip Yagi
Antenna (OMYA). Permulaannya, model OMYA ini adalah terbitan daripada
antena mikrsotrip Yagi dimana telah diperkenalkan oleh Gerald R. Dejean et al.
Antena ini mempunyai 2 elemen reflector, 1 elemen driven, 2 elemen direktor
dibahagian bawah dan 2 elemen direktor dibahagian atas. Sebagai tambahan,
4 elemen director telah dimodifikasi daripada geometri patch segiempat



kepada bentuk patch segilapan bertujuan untuk mengurangkan gelombang
muka pada bucu patch segiempat. Mengikut kepada keputusan ekperimentasi,
bandwidth adalah 13.8% dan gain adalah 11.1 dB.

Jenis antena kedua yang diperkenalkan adalah OMYA dengan dua bahan
material yang memiliki dielectric permittivity 10.2 dan ketebalan 2.5 mm. Dua
penambahan bahan diletakkan diatas OMYA. Tujuan asal menambah dua
bahan ini adalah untuk meningkatkan gain OMYA. Semasa proses
pengubahan ketinggian ruang udara, gain yang tinggi akan diperolehi.
Pengukuran ekperimentasi menunjukkan OMYA berkebolehan untuk
menghasilkan 19.82% bandwidth setelah menambah dua superstrate ini.
Sebagai tambahan, antena kedua yang telah diperkenalkan memperolehi gain
sebanyak 13 dB.
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CHAPTER 1

INTRODUCTION

1.1 Background

Super High Frequency (SHF) is one of the radio frequencies that is widely used
nowadays. This frequency band operates in a range of 3 GHz to 30 GHz [1]
and available in licensed and unlicensed. Unlicensed frequency bands are
those that can be utilized without having to pay a license, and 5.8 GHz is one
of the radio bands that is allocated by the Federal Communications
Commission (FCC) for Industrial, Scientific and Medical (ISM) applications [2-
4]. These frequencies can be utilized in point-to-point (P2P) communication, for
instance, Long Term Evolution — Unlicensed (LTE-U) [3].

The number of applications and users of unlicensed frequency has grown
rapidly in recent years thanks to the absence of license payments. It leads to
an increase in demands for a huge amount of microwave devices. An antenna
is one of the microwave devices which is designed to transmit and receive
electromagnetic waves. It can be classified into two main categories: omni-
directional antennas and directional antennas.

A directional antenna has a radiation pattern that is more focused than an
omni-directional antenna. Thus, the gain of directional antennas is higher than
the gain of omni-directional antennas. The gain of an antenna is essentially a
specification that quantifies how strong the antenna is able to receive and
transmit the radiated Radio Frequency (RF) energy in a particularly radiation
[2]. High gain directional antennas direct their energy more narrowly and
precisely.

Bandwidth is another antenna parameter which plays a crucial role in P2P
communication. It indicates frequency range over the antenna can effectively
radiate and receive power. Broadband transmission is required in P2P
communication which refers to high transmission rate of data. High bandwidth
is capable to provide high volume transmission. Therefore, a wide-band
antenna is also needed in P2P communication due to it has capability to
accommodate broadband transmission. Hence, high gain and wide-band
antennas are required to support P2P communication.

Yagi-Uda antennas and Horn antennas are examples of high gain directional
and wide-band antennas. Microstrip antennas are the most popular types of
antennas which are fabricated on various material substrates such as Arlon
CuClad 217LX. Due to these antennas have several advantages, for instance,
light weight and low profile [4], it is widely used in P2P communication.
However, microstrip antennas have some disadvantages such as low gain and
narrow bandwidth due to they are printed on dielectric substrate.
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Some efforts are needed to increase the gain and bandwidth of a microstrip
antenna. Electro Magnetic Computer Aided (EM CAD) software is able to
design and simulate numerous new types of antennas. Thus, it is used to
support antenna designers to simplify the complicated construction, analyze
and evaluate the radiation performance, for instance, radiation pattern, gain
and return loss.

1.2 Problem Statement and Motivation

In 1985, unlicensed frequencies were allocated by Federal Communication
Commission (FCC) for Industrial, Scientific and Medical (ISM) applications.
According to Malaysian Communication and Multimedia Commission (MCMC),
operating frequency of 5.8 GHz is one of the unlicensed frequencies in
Malaysia [5].

Since no license payments need to be paid and its utilization in several P2P
radio communications, this frequency has gain more attention from many
industries and academics. An antenna with high gain and wide bandwidth is
one of the crucial parts in P2P radio communication system, thus the rate of
demand for this antenna has increased.

There are a number of types of antenna and microstrip antenna is the most
commonly used to support P2P communication due some advantages [4]. On
the other hands, this antenna has low gain and narrow bandwidth those
become its famous disadvantage. However, various methods associated with
microstrip antenna can be done to tackle these drawbacks, such as microstrip
Yagi antenna. This antenna is one of microstrip antennas which is adopted by
traditional Yagi-Uda antenna [6]. The gain of a microstrip Yagi antenna is
higher than a conventional microstrip patch antenna due to having parasitic
elements, namely reflector and some director elements.

The first microstrip Yagi antenna was pioneered by John Huang in 1989 [6].
Afterwards, numerous researchers have modified the conventional microstrip
Yagi antenna in order to increase the gain and bandwidth [7-12].
Another method that can be applied to increase the gain of microtrip antenna is
superstrate layer method [13]. This method can be utilized to enhance gain by
adding some high dielectric constant (&) materials above the microstrip
antenna.

It is interesting beforehand that the gain and bandwidth are generally key
parameters in designing an antenna. Therefore, a high gain and wideband
microstrip Yagi antenna design has become one of top trending topics
worldwide today. This thesis is a study on the design of a new structure of
microstrip Yagi antenna using modified Yagi-Uda method and adding Arlon
AD1000 as superstrate in order to increase the gain of the proposed microstrip
Yagi antenna at 5.8 GHz without increasing surface area size of the antenna
too much. As a result, the present study here focuses on gain and bandwidth
enhancement of the conventional microstrip patch antenna.



There are two different types of the proposed antennas, namely octagon
microstrip Yagi antenna (OMYA) and the OMYA using double superstrates
which demonstrate higher gain and bandwidth with smaller surface size
compared to other microstrip Yagi antennas. The validity of the proposed
design methodology and parametric analysis are verified using EM CAD
software, namely Computer Simulation Technology (CST) simulator [15].

1.3 Research Objectives

The main aim of this thesis is to develop a microstrip Yagi antenna with high
gain and large bandwidth at unlicensed frequency of 5.8 GHz. The objectives
of this research are:

e To design a microstrip Yagi antenna with high gain using modified
Yagi-Uda method and superstrate configuration;

e To obtain high bandwidth for the proposed antennas;

e To fabricate the proposed antennas using standard low cost
photolithography fabrication process and measure the
performance of the fabricated antennas in terms of gain and return
loss.

1.4 Research Scope

Directional Antennas

|
l . Liiiij

Printed Circuit Board Parabolic Reflector Horn
(PCB) Antenna Antenna Antenna
rl ””””””””” A 1
Microstrip Yagi Vivaldi Bowtie
Antenna Antenna Antenna

|
v \:

Gain Enhancement Bandwidth Enhancement
Techniques Techniques
S— — |
Array Structure Superstrate Octagon-Shaped Fractal-Shaped
Multilayer Using DPS
Material

Figure 1.1 Scope of the research

Figure 1.1 depicts the scope of this research where the green boxes represent
the configuration that is chosen to obtain the objectives. There are a number of
directional antennas, for instance, Parabolic Reflector antennas and Horn
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antennas [16]. Those antennas have good radiation performances but bulky
designs. Meanwhile, Vivaldi antennas, Bowtie Antennas and microstrip Yagi
antennas are more compact.

Microstrip patch antenna was chosen as the basic structure of the proposed
antenna. As previously mentioned, this antenna has low gain as its drawback
and microstrip Yagi antenna is able to address low bandwidth and gain of the
conventional microstrip patch antenna by adding some parasitic elements.
However, the conventional microstrip Yagi antenna still bulky and gain is still
low which may not be suitable for many applications. Many gain and bandwidth
enhancement techniques have been reported by some researchers [7-12]. A
combination between octagon-shaped patch and superstrate method has been
applied on the proposed antennas to enhance the performance of current
microstrip Yagi antennas in terms of gain and bandwidth without increasing the
surface area size. The OMYA has been designed and fabricated on Arlon
CuClad 217LX and covered by two materials of Arlon AD1000 as superstrate
multilayer.

1.5 Thesis Outline

This section introduces each chapter in this thesis, which is divided into five
chapters. Chapter 1 provides a glimpse introduction to the background,
problem statement and motivation, research objectives, research scope and
thesis outline. Meanwhile, Chapter 2 mainly consists of literature review. This
chapter starts with the review of the microstrip patch antenna, microstrip Yagi-
Uda antenna and superstrate method. It also explains a number of previous
work papers on high gain antenna.

A design methodology and parametric study of the two proposed high gain
directional antennas are presented in Chapters 3. It also covers the selection of
the substrate and superstrate layer and the calculation of dimensional
parameters. In addition, the antenna fabrication and measurement set up are
also provided in this chapter. Chapter 4 focuses on analysis of simulation and
measurement results of the two proposed antennas. Lastly, a summary of the
conclusions drawn from the research towards this thesis work and some
suggestions for future work are presented in Chapter 5.

1.6 Structure of The Thesis

Figure 1.2 shows illustrating the approach of research and the flow of
information in this thesis.
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Figure 1.2 The structure of the research in thesis
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