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ABSTRACT

Developments of frequency reconfigurable antennas in the wireless 
communication systems have attracted a lot of attention recently. Most reported 
antennas have narrowband to narrowband reconfiguration and multiband to multiband 
reconfigurations. In this research, a slot dipole antenna has been introduced with the 
ability to produce a multiband to narrowband reconfiguration. This type of antenna 
can suppress the problem of co-site interferences. Thus, two types of frequency 
reconfigurable antennas are studied and discussed which are switchable and tunable 
multiband antennas. The switchable multiband antenna is reconfigured by using 
Radio Frequency (RF) switches. The proposed antenna is capable to reconfigure from 
multiband to dual and/or single band. By having seven configurations of switches, 
this antenna can operate at 2.4 GHz, 3.5 GHz and/or 5.2 GHz. The antenna is able 
to have three states of single-band, three states of dual-band and one state of triple
band. Meanwhile, the tunable multiband antenna is reconfigured by using variable 
capacitors. The proposed antenna is capable to have a wide frequency tunability range 
for dual or single band operation (1.5 GHz - 4.5 GHz, ratio of 3:1). Each antenna has 
been successfully designed, fabricated and tested. The simulation and measurement 
results were analysed and presented in terms of reflection coefficient, radiation pattern 
and gain. The simulation and measurement results have been compared and a very 
good agreement was achieved. The reflection coefficient average accuracies of 98% 
has been achieved. These proposed antennas are suitable for future multi-mode 
applications such as cognitive radio systems.
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ABSTRAK

Perkembangan antena konfigurasi semula frekuensi dalam sistem komunikasi 
tanpa wayar telah menarik banyak perhatian baru-baru ini. Kebanyakan antena yang 
dilaporkan mempunyai konfigurasi semula jalur sempit ke jalur sempit dan konfigurasi 
semula berbilang jalur ke berbilang jalur. Dalam tesis ini, antena slot dwikutub 
telah diperkenalkan dengan mempunyai keupayaan untuk menghasilkan konfigurasi 
semula berbilang jalur ke jalur sempit. Jenis antena ini boleh mengurangkan masalah 
gangguan kawasan sekitar. Oleh itu, dua jenis antena konfigurasi semula frekuensi 
dikaji dan dibincangkan iaitu antena berbilang jalur boleh ubah dan boleh tala. 
Antena berbilang jalur boleh ubah dibina dengan menggunakan suis radio frekuensi 
(RF). Antena yang dicadangkan ini berupaya untuk dikonfigurasi semula daripada 
berbilang jalur ke jalur dual dan/atau tunggal. Dengan adanya tujuh suis konfigurasi, 
antena ini boleh beroperasi pada 2.4 GHz, 3.5 GHz dan/atau 5.2 GHz. Antena 
ini mampu memiliki tiga keadaan jalur tunggal, tiga keadaan jalur dual dan satu 
keadaan berbilang jalur. Manakala, antena berbilang jalur boleh tala dibina dengan 
menggunakan kapasitor boleh tala. Antena yang dicadangkan berupaya mempunyai 
kebolehan penalaan dalam julat frekuensi yang luas bagi operasi jalur berbilang atau 
tunggal (1.5 GHz - 4.5 GHz, dengan nisbah 3:1). Kesemua antena telah berjaya 
direka bentuk, difabrikasi dan diuji. Hasil keputusan simulasi dan pengukuran dari 
segi pemalar pantulan, polaradiasi dan gandaan dianalisa dan ditunjukkan. Hasil 
keputusan simulasi dan pengukuran akan dibandingkan dan satu persetujuan yang 
baik telah dapat dicapai. Pemalar pantulan telah mencapai purata ketepatan sebanyak 
98%. Antena yang dicadangkan sesuai untuk penggunaan berbilang-mod di masa akan 
datang seperti sistem kognitif radio.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Reconfigurable antenna has received much attention lately. According to [1], 
reconfigurable antenna has been used in many applications such as mobile and satellite 
communications, cellular radio system and radar application. This antenna has its 
own unique appearance due to the overall size, lower cost and ability to reduce 
the complexity of a system compared to multiple single-function antenna. There 
are many types of reconfigurable antennas depending on their properties such as 
frequency, radiation pattern, bandwidth and polarization. Tuning or switching the 
antennas operating frequency can filter out interfering signals. In addition, changing 
the antennas radiation pattern into the desired direction can result in less power 
consumption. Thus, based on the aforementioned criteria, reconfigurable antenna has 
the ability to serve in many applications due to its significant advantages [2].

This thesis presents a study on frequency reconfigurable antenna. Frequency 
reconfigurable antenna only change its operating band and generally will not affect 
the antenna's radiation pattern. Frequency reconfigurable antenna can be divided into 
two types which are continuous and discrete tuning. Continuous tuning has a smooth 
tuning between one to another operating frequency. Discrete tuning, on the other hand, 
switches its operating frequencies from one to another. Frequency reconfigurable 
antennas are known to provide transceiver flexibility by switching the operating 
frequency to different bands. This allows them to operate in multiple operations. It 
can be done by using some mechanisms that can provide the reconfigurability to the 
antenna, such as switching and variable reactive loading [2]. Switching can be done 
by using pin-diode or radio frequency micro-electromechanical system (RF-MEMS), 
while the variable reactive loading mechanism can be operated by using the varactor or 
capacitance. Generally, frequency reconfiguration can be obtained by switching in and
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out some parts of the antenna. Another way to achieve this is by means of changing 
the antenna structure mechanically or adjusting the antenna matching externally. In 
this study, frequency reconfigurable antennas were manipulated to reconfigure either 
by switching in and out some parts of the antenna or changing the antennas effective 
length to switch and tune the operating bands, respectively.

There are three main classes of techniques for frequency reconfiguration: 1) 
switching between narrowband, 2) switching between wideband to narrowband, and 
3) switching between multiband. An antenna that can be reconfigured from one 
narrowband to another narrowband is only capable of supporting one radio standard at 
a time, whereas an antenna that can be reconfigured from wideband to narrowband can 
support multiple radio standards at a time. However, the wideband operation inherently 
provides less interference rejection compared to narrowband operation. This limitation 
can be overcome by employing an antenna that can be reconfigured from one multi
band to multi-band, as proposed in this thesis.

1.2 Problem Statement

Reconfigurable antenna can provide multi-function antenna which can serve in 
many wireless systems applications such as cognitive radio system. Unlike multiple 
antennas which can increase the cost and size of the system, reconfigurable antenna is 
believed as a new approach or technique that can eliminate the problem towards the 
system. Reconfigurable antenna can operate in different frequencies, radiation pattern, 
polarization and others at a time. It can be classified depending on their functions 
which are frequency reconfigurable antenna, radiation pattern reconfigurable antenna, 
polarization reconfigurable antenna and bandwidth reconfigurable antenna.

Most studies on frequency reconfigurable antennas implemented frequency 
switching between one narrowband to another narrowband configuration. In addition, 
multiband to another multiband configuration has also been demonstrated. The former 
configuration can only support one service at a time, while the latter can support 
multiple services simultaneously. In recent trends, the multiband operation is more 
favorable and applicable. However, by having multiple operating bands, the system 
itself will be exposed to more co-site interferences. In order to reduce this, the antenna 
should have some degree of electrical flexibility which able the antenna to operate 
either in single, dual or multi-band modes when required. This flexibility can also
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overcome the problem of serving only one frequency band at a time, as implemented 
by conventional reconfigurable antennas. Therefore, the presented antenna which can 
reconfigure from one narrowband to another multi narrowband is a potentially suitable 
antenna in cognitive radio applications.

1.3 Research Objectives

The objectives of this thesis are :-

i To design switchable multiband antenna that has the capability to switch its 
operating bands from triple to dual or single-band, and vice versa by means 
of pin-diode switches.

ii To design tunable multiband antenna that has the capability to tune its multiband 
operating frequency to other set of bands by means of varactor diodes.

1.4 Scope of Research

In this research, a triple band antenna was designed. The antenna in [3] 
was chosen as a basis structure. Two designs were developed, namely a switchable 
multiband antenna and a tunable multiband antenna. In the former design, pin-diode 
switches were used, while for the latter, varactor diodes were be employed.

As a first approximation, a prototype with ideal switches (copper strips) and a 
prototype with fixed capacitors were developed and tested. Later, the ideal switches 
and fixed capacitors in the prototypes were replaced with pin-diode switches and 
varactor diodes, respectively. The effect of switches toward the antenna performances 
was then investigated and compared in terms of reflection coefficient, gain and 
radiation pattern of the prototypes with ideal and real switches. Lastly, all data were 
compiled for thesis documentation.
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1.5 Thesis Outline

This thesis is divided into seven chapters. The first chapter consists of 
a brief introduction to the reconfigurable antenna, which focuses on frequency 
reconfigurability, problem statement, research objective and scope of the research.

In the second chapter, literature review on frequency reconfigurable antenna is 
discussed. Previous works on frequency reconfigurable antenna regarding continuous 
and discrete tuning are also presented. This chapter includes discussion on two 
types of antennas, which are narrowband to narrowband and multiband to multiband 
reconfigurations.

The third chapter presents the methodology applied in this research project. 
The content of this chapter consists of the flow chart of the research, overall process 
of designing the switchable and tunable multiband antenna, including the simulation, 
fabrication and measured process.

The fourth chapter discusses about fixed non-reconfigurable multiband 
antenna, as well as parametric studies to investigate the parameters that could affect the 
performance of the antenna. The final design of the fixed non-reconfigurable multiband 
antenna is presented here.

Chapter five presents the switchable multiband antenna. This chapter also 
discusses the procedure to validate the concept of reconfigurability, where ideal 
switches (i.e. copper strips) are used in the antenna design. This chapter also 
presents an attempt of applying several numbers of pin-diodes to replace the ideal 
switches. The proposed antenna in this research is designed capable to operate in 
seven different modes, which are three single-band, three dual-band and/or one triple
band of operations. It can operate at three main frequencies, 2.4 GHz, 3.5 GHz and 5.2 
GHz. The effect of the pin-diode is also discussed through gain analysis.

In chapter six, tunable multiband antenna is presented. It has the capability to 
tune the operating frequency by means of variable capacitor. The antennas are able to 
tune into triple-band, dual-band and single-band operating frequency. This chapter 
start with the design of an antenna with fixed capacitor to validate the concept of 
tunability. Also included is the design of the antenna with several numbers of varactor 
diode. The gain analysis in this chapter discusses the effect of using varactor diode.
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Finally, the last chapter concludes the overall research work and discusses some 
future works.
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