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ABSTRACT 

Direct broadcasting satellite has become a vital system in satellite 

communication globally especially for digital broadcasting purposes. Currently, a 

parabolic antenna is normally used for this application, however the advantages of 

reflectarray which is flat in shape and possibility for beam steering capability make 

the reflectarray antenna is one of the interesting topic to be studied. At the current 

time, many reflectarrays are based on microstrip technology. Nevertheless, at high 

frequency the conductor loss is high and the antenna efficiency will be reduced. An 

interesting solution is to use dielectric resonator antennas (DRAs) as the reflectarray 

elements. In facts, DRA can give low loss and high bandwidth. In this thesis, firstly 

four different slots with alphabets underneath the rectangular DRA have been 

investigated as unit-cell for reflectarray. A new structure of rectangular DRA with C-

shaped slot unit-cell has been proposed which can give high phase range (321.9
o
) 

and low loss (0.3685
o
). This structure is then being validated experimentally in Ku-

Band. Next, the mutual coupling effects between unit-cell in the reflectarray are 

studied and a simulation technique based on Finite Different Time Domain (FDTD) 

is proposed. By doing so, this simulation technique is most suitable to predict the 

actual reflectarray radiation pattern. Finally, the reflectarray antenna composed of 24 

x 24 unit-cells based on DRA with C-shaped slot is proposed at 12 GHz. 
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ABSTRAK 

Penyiaran satelit langsung telah menjadi satu sistem yang penting dalam 

komunikasi satelit global terutamanya untuk tujuan penyiaran digital. Pada masa ini, 

penggunaannya menggunakan antena parabola, namun kelebihan reflectarray dalam 

bentuk yang rata dan kemungkinan untuk keupayaan stereng rasuk membuat antena 

reflectarray adalah salah satu topik yang menarik untuk dikaji. Pada masa kini, 

banyak reflectarray adalah berdasarkan kepada teknologi mikrostrip. Walau 

bagaimanapun, pada frekuensi tinggi, kehilangan konduktor adalah tinggi dan 

kecekapan antena akan dikurangkan. Satu penyelesaian yang menarik adalah dengan 

menggunakan antena resonator dielektrik (DRA) sebagai elemen reflectarray. 

Malahan, DRA boleh memberi kerugian yang rendah dan jalur lebar yang tinggi. 

Dalam tesis ini, untuk langkah awal, empat lubang yang berbeza dengan bentuk 

huruf direka bentuk di bawah DRA segi empat tepat telah disiasat sebagai unit-sel 

untuk reflectarray. Satu struktur baru DRA segi empat tepat dengan berbentuk 

lubang-C unit-sel telah dicadangkan, di mana ia boleh memberi pelbagai fasa yang 

tinggi (321.9
o
) dan kerugian yang rendah (0.3685

o
). Struktur ini kemudiannya yang 

disahkan secara eksperimen di Ku-Band. Seterusnya, kesan gandingan bersama 

antara unit-sel dalam reflectarray dikaji dan teknik simulasi berdasarkan Finite 

Different Time Domain (FDTD) dicadangkan. Dengan berbuat demikian, teknik 

simulasi ini adalah yang paling sesuai digunakan untuk meramal corak sinaran 

reflectarray sebenar. Akhir sekali, antena reflectarray yang terdiri daripada 24 x 24 

unit-sel berdasarkan DRA dengan berbentuk lubang-C adalah dicadangkan pada 12 

GHz. 
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  CHAPTER 1

INTRODUCTION 

1.1 Introduction 

In the era of information technology, the utilization of satellite 

communication that is designed originally for sending telephone, radio, 

television and other signals across the country and around the world has 

become more popular recently. Nowadays, the major source of revenue for 

satellite communication industry is the television satellite broadcasting. 

Television satellite is able to deliver a few signals of large bandwidth to 

many receivers and becomes a more precise match for the capabilities of 

geosynchronous communication satellite. One of the technology that is used 

for Direct-To-Home satellite television service is Direct Broadcast Satellite 

(DBS).  

As the name implies, DBS is a system that distributes television 

signals by broadcasting directly from satellite to end-user. The ability of DBS 

is to deliver hundreds of television channels and confidential information to 

millions of people around the world without being connected to the wires. 

In order to receive DBS, subscriber antennas should possess high gain 

characteristic [1]. Conventionally, in order to have high gain characteristic 

antennas, most of the antennas often used parabolic reflector, which is 

generally bulky in size and large in mass. As a solution, reflectarray antenna 

has been developed extensively to accomplish the requirement of the mission 

of DBS. This new type of antenna was presented in the early 1960s [2]. 

Reflectarray antenna is the suitable choice for space applications such as 
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earth remote sensing and space exploration [3]. It is because this type of 

antenna is able to reradiate and scatter the incident field with electrical phases 

that is required to form a planar phase front in the far-field distance [4]. In 

addition, reflectarray antenna can be designed to fulfill all the typical 

requirements of a transmitted and received DBS antenna that provides the 

electrical requirements [5]. The reflectarray antenna design for DBS has been 

presented in literature [5, 6].  

There are a lot of advantages using reflectarray antenna. One of the 

advantages is the ability to achieve very good efficiency for a large aperture. 

However, the use of metal waveguides in the reflectarray antenna leads to a 

large and bulky structure, and the antenna is mostly languished in the 

literature for many years [7]. 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Photo of parabolic reflect array for space applications [4]. 

 

Basically, reflectarray antenna is a combination of the features of 

phased array antenna and reflector antenna. Then in the early 1960s, the first 

concept of reflectarray antenna was introduced in the waveguide reflectarray. 

The capability of achieving co-phasal reradiated far-field beams has been 

demonstrated. However, the antenna is still bulky and heavy because it 

operates at relatively low microwave frequencies.  

As time goes on, in the late 1980s and early 1990s, printed 

(microstrip) antenna was developed [8]. With advantages such easy 

deployment in space, reducing cost production, low weight, flatness and 

flexible electrical performance in terms of feeding, polarization control, beam 
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steering, amplification and multiple beam capability, a lot of researchers have 

contributed to this field. Nevertheless, for microstrip reflectarray at 

millimeter-waves, the efficiency of the antenna may be reduced significantly 

and the conductor loss becomes severe. Based on all these facts, the author 

has been motivated to propose a new design of reflectarray antenna. 

The new reflectarray antenna design consists of dielectric resonator 

antenna (DRA) unit-cell loaded with alphabet shape slot. Due to the 

interesting features of DRA such as low loss, broad bandwidth small mutual 

coupling effect and higher radiation efficiency, thus DRA has become the 

main subject of the study. Meanwhile, in order to excites the magnetic fields 

in the DRA [9], alphabet shape slot is loaded as the main frequency tunable 

for the DRA. Alphabet shape slot is chosen due to the various geometries. 

1.2 Problem Statement  

Most long distance wireless communication such as DBS requires 

high gain antenna operation. Conventionally, it has to rely on the parabolic 

reflector antenna. However, most of the structure of parabolic reflectors 

caused the antenna difficult to be implemented, especially at higher 

microwave. This is due to the specific parabolic curve [4]. Designing the 

reflector antenna in a specific parabolic antenna has led to the antenna being 

slow and has narrow angle beam scanning. Furthermore, the large number of 

amplifiers and complicated beamformer are needed in the feed network, 

which makes the phased array antenna becomes very expensive. As an 

alternative, reflectarray antenna has been proposed in this thesis, which is 

much simpler and has reliable folding mechanism due to the flat structure [4]. 

The features of reflectarray antenna have shown that the viability of 

this technology are able to transmit and received space antenna for 

telecommunications and broadcasting [5]. Recently, many investigation of 

reflectarray antenna are based on microstrip design [8, 10, 11]. The unit-cell 

of microstrip reflectarray will be controlled to provide higher efficiency for 

very large aperture. It can also has its main beam designed to tilt at a large 
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angle from its broadside direction. Nevertheless, at high frequencies, the 

conductor loss of microstrip reflectarray becomes severe [12].  In addition, 

the mutual coupling effect of microstrip element that printed on the substrate 

becomes noteworthy [13]. Due to this drawback, this thesis proposes a new 

reflectarray antenna based on DRA. DRA is an interesting element that can 

provide low loss and high bandwidth compared to microstrip antenna.  

In order to design the overall antenna, the reflectarray environment 

from the non-identical unit-cells is considered. This is due to the different 

phase shift at each unit-cell. Unfortunately, most of the approach in the unit-

cell analysis has been carried out for the single unit-cell [11, 14] which 

assumes that all unit-cell in the array is identical which is not true in reality. 

Therefore, the mutual coupling effects between the unit-cell in the 

reflectarray antenna are studied. 

1.3 Objectives of the Research 

The objectives of this research are: 

1) To design, fabricate and test a new unit-cell based on DRA that can give 

high phase range approximate to 360˚ or more. 

2) To design a reflectarray antenna that is based on DRA. 

3) To investigate a new simulation technique based on Finite Different 

Time Domain (FDTD) that can analyse mutual coupling effect and 

predict the overall radiation pattern of reflectarray. 

1.4 Scopes of the Research 

In order to fulfill the objectives of the study, this project involves with 

designing a new unit-cell based on a rectangular DRA as the reflectarray 

element. A slot has been loaded underneath the unit-cell that acts as the 

tuning parameter to control the phase of the reflection coefficient. Four 

different alphabet shape slots have been investigated in order to have a large 
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phase range. The large achievable phase range and low loss (insertion loss 

less than 1 dB) will be the main goal to design a better performance of the 

reflectarray element. The unit-cell will be designed at 12 GHz for DBS. The 

design is simulated using commercial CST software. Meanwhile, the 

fabrication and measurement have been carried out using WR 90 waveguide.  

This thesis also studies the disturbance phenomena inside the 

structure, which is called mutual coupling effect. The simulation technique to 

analyse the mutual coupling effect in reflectarray environment is based on 

FDTD, which includes the coupling effect from the actual neighbouring unit-

cell. A new method based on FDTD is introduced to predict the radiation 

pattern of the overall DRA reflectarray. 

Finally, the whole reflectarray antenna with 24 x 24 elements is 

designed and simulated. This DRA reflectarray is designed at broadside 

radiation. 

1.5  Organization of the Thesis 

Basically, in this thesis, the flow of the whole project is present in 

Figure 1.2 below: 
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Figure 1.2: Flow chart of whole project 

This thesis is organized into four main chapters and one final chapter 

for the conclusion. The flow of each chapter is briefly described in the 

following paragraphs. 

Chapter 1 presents the general introduction of this research. This 

includes the background study of the reflectarray antenna and the problem 

occurs in the development of reflectarray element that gives the motivation 

for further study this research. In addition, the objectives need to be achieved 

and the scopes of the research have been determined in order to design the 

new unit-cell of the reflectarray antenna. 

Chapter 2 presents a basic literature review that is related to the 

design. This gives an overview about the history of the development of the 

reflectarray antenna since its invention. The development has shown that the 

reflectarray antenna becomes popular in the current research field. This 

includes the usage of printed microstrip reflectarray antenna that has been 

produced in various forms to achieve the best performance in designing 

reflectarray antenna. This chapter also explains the concept, most significant 

features, advantages and disadvantages of the reflectarray element followed 

by the DRA that will be used to design as a new unit-cell reflectarray 

antenna.  

The third chapter focuses on designing the new unit-cell in the 

simulation and fabrication process. The steps taken have been discussed, 

END 

Design an element of dielectric 

resonator antenna reflectarray 

loaded with alphabet shape slot 

Study mutual coupling effect 

Design and simulate DRA 

reflectarray antenna 
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including the determination of size of DRA, the waveguide port setting, 

defining the boundary condition and the inter-element spacing. In order to 

have a better performance in designing the reflectarray antenna, four different 

alphabet shape slots have been investigated and discussed in this chapter. In 

the end, the best unit-cell is selected as the reflectarray element. In addition, a 

„full substrate‟ has been introduced to investigate the operating principle of 

the proposed unit-cell.  

The fourth chapter discusses about the mutual coupling effects in the 

reflectarray environment. It is found that the nearest neighbouring unit-cell in 

E-plane has a large mutual coupling effect compared to the neighbouring 

unit-cell located at H-plane. A simulation technique based on FDTD has been 

proposed to predict the overall radiation pattern of the reflectarray. A 

reflectarray prototype that operates at 30 GHz [15] has been chosen as the 

benchmark. A good agreement between simulation and measurement results 

has been discussed in this chapter.  

The fifth chapter discusses the overall design of DRA reflectarray 

antenna. This also includes the horn antenna design and the procedure to 

define the dimensions of each unit-cell of the DRA reflectarray. The overall 

conclusion is given in the last section of the thesis. 
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