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Frekuensi dan Corak Antena Resonator Dielektrik boleh Dikonfigurasi Semula 

ABSTRAK 

Dalam beberapa tahun kebelakangan ini, antena boleh dikonfigurasi semula telah 

digunakan secara meluas dalam pelbagai aplikasi tanpa wayar. Kegunaan antena boleh 

konfigurasi semula adalah berdasarkan keupayaan reka bentuk yang boleh 

dikonfigurasikan semula. Antena boleh dikonfigurasi semula frekuensi berguna dalam 

menukarkan jalur kendalian antena seperti dalam rangkaian radio kognitif. Antena corak 

radiasi boleh dikonfigurasi semula berguna dalam stereng alur untuk meningkatkan 

gandaan. Sebaliknya, antena boleh konfigurasi semula pengutuban digunakan secara 

meluas dalam pelbagai sistem antena untuk meningkatkan kapasiti saluran. Penggunaan 

kebolehkonfigurasian semula menggunakan antena resonator dielektrik (DRA) telah 

menunjukkan impak yang besar terhadap gandaan. Tesis ini membentangkan reka bentuk 

dan analisis bagi tatasusunan antena resonator dielektrik frekuensi dan corak yang boleh 

konfigurasi semula. DRA boleh konfigurasi semula yang telah ada hanya berupaya 

mengkonfigurasi dari segi frekuensi atau corak sahaja, tetapi tidak kedua-duanya secara 

serentak. Sekatan terhadap adaptabiliti dan fleksibiliti antena merujuk kepada cabaran 

dalam mencapai prestasi optimum di pelbagai senario komunikasi yang memerlukan 

pengoptimuman corak dan frekuensi. Maka, kecekapan spektrum dapat dipertingkatkan 

dengan reka bentuk antena boleh konfigurasi semula frekuensi dan corak radiasi dalam 

struktur antena yang sama.  Penyelidikan ini bertujuan untuk menggabungkan kedua-dua 

jenis konfigurasi iaitu, frekuensi dan corak teradiasi ke dalam satu reka bentuk antena. 

Dari segi konfigurasi semula frekuensi, ia mempunyai tiga frekuensi (4.1 GHz, 3.9 GHz 

& 3.5 GHz). Talian penghantaran (TL) yang paling panjang akan menghasilkan 3.5 GHz 

manakala yang terpendek akan menghasilkan 4.1 GHz. Untuk konfigurasi semula corak 

radiasi, stereng -30ᵒ dan +30ᵒ hanya berlaku dalam 3.5 GHz. Untuk mengemudi ia 

melibatkan pensuisan TL parasit. Apabila suis yang berkaitan dihidupkan, DRA parasitik 

kiri akan diaktifkan, maka corak radiasi akan terarah ke -30ᵒ. Mekanisma yang 

bertentangan berlaku apabila DRA parasitik kanan diaktifkan menggunakan suis pada 

talian penghantaran parasitic yang berkaitan. Selain daripada itu, frekuensi lain semuanya 

bukan stereng. Walaupun reka bentuk ini adalah gabungan dua konfigurasi, tetapi ia tetap 

tidak menjejaskan nilai S11, corak teradiasi, keterarahan, lebar jalur S11 dan gandaan. 

Antena ini menggunakan Rogers sebagai substrat dan kuprum sebagai permukaan bumi. 

Semua hasil reka bentuk dan simulasi dilakukan menggunakan perisian CST Studio Suite 

2019. Berdasarkan keputusan, antena ini menunjukkan bahawa penghasilan frekuensi 

dengan nilai balikan kehilangan berada di bawah -10 dB. Ia juga menghasilkangandaan 

yang sangat baik iaitu lebih daripada 5dBi untuk semua konfigurasi untuk antena jenis 

ini. 
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             Frequency and Pattern Reconfigurable Dielectric Resonator Antenna Array 

ABSTRACT 

In the past few years, reconfigurable antennas have been widely used in various wireless 

applications. The use of reconfigurable antennas is based on the reconfigurable capability 

of the design. Frequency-reconfigurable antenna is useful in changing the operating band 

of the antenna such in cognitive radio networks. Radiation pattern-reconfigurable 

antennas are useful in beam steering to improve the reception. On the other hand, 

polarization-reconfigurable antennas are widely used in multiple antenna systems to 

improve the channel capacity. The use of reconfigurability using dielectric resonator 

antenna (DRA) has shown great impact on antenna gain. This thesis presents the design 

and analysis of a frequency and pattern-reconfigurable dielectric resonator antenna array. 

Existing reconfigurable DRA either configure in terms of frequency or pattern but unable 

to control both properties using a single design. The restrictions of antenna's adaptability 

and flexibility in dynamically adjusting to different communication scenarios where both 

pattern and frequency optimization are required. Hence, the spectral efficiency could be 

improved with development of frequency and pattern reconfiguration in same antenna 

structure.  This research aims to combine both types of configurations namely, frequency 

and radiation pattern into a single antenna design. In terms of frequency reconfiguration, 

it has three frequencies (4.1 GHz, 3.9 GHz & 3.5 GHz). The highest effective length of 

transmission line (TL) will produce 3.5 GHz while shortest will produce 4.1 GHz. For 

pattern reconfiguration, steering of -30ᵒ and +30ᵒ only occur in 3.5 GHz. For steering, it 

involves parasitic TL switching. The left parasitic DRA will be activated once the related 

switch is turned ON, thus the beam pattern could be directed towards-30ᵒ. The opposite 

mechanism occurs when the right parasitic DRA is activated using the switch at the 

related parasitic transmission line. Apart from this, other frequencies are all non-steering. 

Although this design is a combination of two configurations but still it does not 

compromise the S11 value, radiation pattern, directivity, S11 bandwidth and the gain. This 

antenna uses Rogers as the substrate and copper as the ground plane. All the design and 

simulation results are conducted using CST Studio Suite 2019 software. Based on the 

result, it shows that the antenna produces frequencies of 3.5GHz, 3.9GHz and 4.1GHz 

with return loss value is under -10 dB. It also produces an excellent gain of more than 

5dBi for all the configurations for this type of antennas. 
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CHAPTER 1 : INTRODUCTION 

1.1 Introduction 

            A reconfigurable antenna is capable of changing the frequency, radiation or 

polarization in a controlled reversible manner. Reconfigurable antenna consists of three 

different types which are frequency reconfigurable antenna, polarization reconfigurable 

antenna and pattern reconfigurable antenna (Bernhard, 2007). The frequency 

reconfigurable antenna is designed simply to achieve the tuning of the antenna’s 

frequency from narrow band to narrow band or wide band to narrowband and vice versa. 

With frequency reconfigurable antennas, the antenna can change the operating frequency 

dynamically. In a situation where a number of communication systems require assembled 

antenna, a single reconfigurable antenna can replace them. On the other hand, radiation 

pattern reconfigurable (RPR) antennas can change the radiation pattern of the antenna in 

desired manner to achieve improved performance (Ahn et al., 2019a). 

            Specifically, pattern-reconfigurable antenna using dielectric resonator or known 

as dielectric resonator antenna (DRA) have gained interest due to its capability of steering 

the beam with improved gain (Shahadan et al., 2017). Most of the existing reconfigurable 

antenna designs using DRA either configure the antenna in terms of radiation pattern 

(Ahn et al., 2019a; Shahadan et al., 2017) or frequency (Thomas Apperley, 2014). 

Therefore, the approach to undertake both types of reconfigurations on single antenna is 

needed. In (Gulam Nabi Alsath et al., 2012), it is mentioned that two types of 

reconfigurations are possible with the proposed antenna. However, the results that shown 

in the work are not promising. The frequency of the antenna does not shift properly when 

the antenna is tuned and the gain is below 5dBi. Therefore, to implement DC biasing 
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circuitry by ensuring the reconfigurable DRA to tune both the radiation pattern and 

frequency might be challenging while maintaining the gain values. 

              To the best of our knowledge, none of the previous investigations are capable of 

achieving the following aspects in a single design. Firstly, to design and simulate the 

frequency and pattern reconfigurable dielectric resonator antenna with improved gain at 

all tuned frequencies and steered directions. Secondly, to synthesize the switching 

mechanism of the frequency tuning and beam steering using capacitive loaded switch and 

RF p-i-n diodes.    

             This project is proposed to design a combination of frequency reconfigurability 

pattern reconfigurability using DRA. Hence, this proposed antenna is capable of tuning 

the frequency and radiation pattern independently while creating minimal effect on the 

remaining property. The propose reconfigurable DRA can be reconfigured using the aid 

of RF switches.  

            This project will focus on designing the frequency and pattern reconfigurable 

DRA array using suitable switching mechanism. The frequency reconfiguration is 

controlled using the switches located at the transmission line of the antenna while the 

radiation pattern is controlled using the parasitic DRAs. The operating frequency would 

be from 3.3 GHz to 4.3 GHz. In term of pattern reconfiguration, the maximum tilt angle 

should be greater than ±30ᵒ. The antenna design will use Rogers substrate since it offers 

low loss tangent.  
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1.2 Problem Statement 

In recent decades, demand for wireless communication has become more focused 

on defining suitable methods and schemes to resolve various issues of wireless 

transmission, such as interference, energy consumption, noisy atmosphere and 

shadowing. In such a situation, an antenna's ability to direct the signal to the desired 

direction and reconfigure its operating frequency can help improve the reception of the 

signal, save energy and lessen the effect of unwanted interference signals.  

Reconfigurable antenna using RPR antenna is an alternative way to reconfigure 

the beam towards a desired direction that offers simple method using RF switching 

mechanism. Specifically pattern reconfigurable antenna using dielectric resonator or 

known as dielectric resonator antenna (DRA) have gained interest due to its capability of 

steering the beam with improved gain (Shahadan et al., 2017). Most of the existing 

reconfigurable antenna designs using DRA either configure the antenna in terms of 

radiation pattern (Ahn et al., 2019a; Shahadan et al., 2017) or frequency (Thomas 

Apperley, 2014). Therefore, the approach to undertake both types of reconfigurations on 

single antenna is needed. In (Gulam Nabi Alsath et al., 2012), it is mentioned that two 

types of reconfiguration is possible with the proposed antenna. However, the results that 

have shown in the work are not promising. The frequency of the antenna does not shift 

properly when the antenna is tuned and the gain is below 5dBi. Limited dual 

reconfigurability could be seen in the existing reconfigurable DRA designs where they 

typically focus on either reconfiguring the radiation pattern or the operating frequency, 

but not both simultaneously within a single antenna design. This restricts the antenna's 

adaptability and flexibility in dynamically adjusting to different communication 

scenarios where both pattern and frequency optimization are required. Moreover, 
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previous attempts in dual-reconfigurable antennas using DRAs have shown performance 

issues. For instance, ineffective frequency shifting and inadequate gain values (below 5 

dBi) have been reported, indicating challenges in achieving reliable and consistent 

performance across all reconfiguration modes. Therefore, the challenges of implementing 

DC biasing circuitry while ensuring the reconfigurable DRA to tune the radiation pattern, 

frequency and while maintaining the gain values might be challenging. In summary, the 

research gap on the need for an innovative approach to reconfigurable antenna design 

using DRAs, specifically addressing the integration of dual reconfigurability (pattern and 

frequency) while ensuring reliable performance and overcoming technical challenges 

observed in previous studies. This research aims to solve the mentioned research gap and 

the related objectives are given in the following section. 

Summarization of problem statements and research gaps are as follows: 

i) Existing Reconfigurable antenna designs using DRA either configure the 

antenna in terms of radiation pattern (Ahn et al., 2019a) (Shahadan et al., 

2017) or frequency (Thomas Apperley, 2014). 

 

ii) In (Gulam Nabi Alsath et al., 2012), it is mentioned that two types of 

reconfigurations are possible with the proposed antenna. However, the results 

that have shown in the work are not promising. The frequency of the antenna 

does not shift properly when the antenna is tuned and the gain is below 5dBi. 
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1.3 Objectives 

There are three main objectives that need to be achieved in this project, as follows: 

1) To design and simulate the frequency and pattern reconfigurable dielectric 

resonator antenna (DRA) array with improved gain at all tuned frequencies and 

steered directions where the frequency reconfiguration is to be carried out 

between 3.3 GHz band to 4.3 GHz band while at least 30-degree steering angle 

to be achieved for pattern reconfiguration. 

2) To synthesize the switching mechanism of the frequency tuning and beam 

steering using capacitive loaded switch and RF p-i-n diodes to achieve at least 

three sets of frequencies and three sets of radiation patterns. 

3) To fabricate and validate the performance of the proposed antenna arrays in 

terms of frequency reconfigurability and pattern reconfigurability where at least 

three operating frequencies achieved with gain of 5 dBi and minimum tilt angle 

of 30 degrees. 

  

1.4 Research Scope  

 This project will focus on the designing the Frequency and Pattern Reconfigurable 

Dielectric Resonator Antenna Array using switching mechanism. The operating 

frequency would be from 3.3 GHz to 4.3 GHz because it covers 5G band. In term of 

pattern reconfiguration, the maximum tilt angle should be greater than ±30ᵒ. The antenna 
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design will use Rogers RO4003 C (Lossy) substrate since it offers low loss tangent. In 

addition, this project is based on hardware and software. CST software will be used to 

design and simulate for this project. After the fabrication process is complete, the 

measurement will be done in Anechoic Chamber. The measurement setup inside 

Anechoic Chamber will have commercialized double-ridge horn antenna as the 

transmitter while Antenna Under Test (AUT) as the receiver. The distance between both 

transmitter and receiver is 1m. It is 1m to avoid near-field effects and follow 

standardization procedure and guidelines such as those from IEEE or American National 

Standards Institute (ANSI) that recommend specific distances for antenna testing to 

ensure consistency and comparability of results across different tests and laboratories. 

One such standard distance is often 1 meter. 

1.5 Thesis layout 

             The thesis is split into five chapters. The current chapter outlines the overall 

contribution, problems and the objectives of designing Frequency and Pattern 

Reconfigurable Dielectric Resonator Antenna Array. Chapter 2 describes mainly on types 

of reconfigurable antenna and DRA. Reason regarding previous researches from journals 

and websites is enclosed. Chapter 3 explains methodology of the design like flowchart, 

antenna specifications, antenna simulation procedures and many more.  Chapter 4 is 

mainly on results of the project. The simulated and measured results are compared, 

discussed and verified with project’s objective. Chapter 5 indicates project’s 

summarization and recommendation for future works. The design described in the thesis 

makes several significant contributions and offers novel aspects in the field of 

reconfigurable dielectric resonator antennas (DRA). Dual Reconfigurability, one of the 

primary contributions is combining frequency and radiation pattern reconfigurability into 

@
This

 ite
m is

 pr
ote

cte
d b

y o
rig

ina
l c

op
yri

gh
t



23 

a single antenna design. Traditionally, reconfigurable antennas often focus on either 

frequency or pattern reconfiguration separately. By integrating both capabilities, this 

design offers enhanced versatility and adaptability in wireless communication systems. 

In Frequency Reconfiguration, the antenna achieves frequency reconfigurability across 

three distinct frequencies: 4.1 GHz, 3.9 GHz, and 3.5 GHz. This capability is achieved 

by varying the effective length of the transmission line feeding the DRA. Such frequency 

agility is particularly beneficial in applications like cognitive radio networks where 

dynamic spectrum access is essential. Pattern Reconfiguration, the design also 

incorporates radiation pattern reconfigurability, specifically beam steering, at the 3.5 

GHz frequency. Beam steering of -30ᵒ and +30ᵒ is achieved using parasitic transmission 

line switching, enabling the antenna to adapt its coverage area dynamically. This feature 

is crucial for improving reception in mobile and satellite communication systems. In 

summary, the novelty and contribution of this design lies in its integration of frequency 

and pattern reconfigurability within a single dielectric resonator antenna array. This 

innovation expands the capabilities of reconfigurable antennas, offering enhanced 

flexibility, performance optimization, and adaptability to varying operational 

requirements in modern wireless communication systems. 
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CHAPTER 2 : LITERATURE REVIEW 

2.1 Introduction 

            This project proposes to design a multi-mode reconfigurable dielectric resonator 

antenna which adopts both frequency reconfigurable DRA and pattern reconfigurable 

DRA. In what follows, the theoretical background of DRA and reconfigurable antenna 

presented. Next, a critical review is conducted using the existing works to derive the 

research gap. 

2.2 Overview of DRA  

             DRA is a radio antenna that consists of a block of ceramic material of different 

shapes. A dielectric resonator can be mounted on a metal surface and ground plane, often 

used at microwave frequencies. Inside the transmitter circuit, radio waves are introduced 

into the resonator material and bounce back and forth between the resonator walls, 

producing standing waves. For radio waves, the walls of the resonator are partly 

transparent, enabling the radio power to radiate into space (Kao-Cheng Huang, 2008). In 

several small handheld wireless systems and military millimeter-wave radar equipment, 

dielectric waveguide antennas are used. The most famous reconfigurable DRA shapes 

will be cylindrical and rectangular. Compared with a cylindrical DRA, a rectangular DRA 

provides an additional degree of freedom for antenna design (Tawk-Christodoulou-

Husseini,2019). Both shapes are shown in Figure 2.1 and Figure 2.2, respectively. 
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