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Abstract 

 

MODEL AND DESIGN OF SMALL COMPACT DIELECTRIC 
RESONATOR AND PRINTED ANTENNAS FOR WIRELESS 

COMMUNICATIONS APPLICATIONS 
 

Model and Simulation of Dielectric Resonator (DR) and Printed Antennas for wireless 
applications; Investigations of dual Band and wideband responses including Antenna 
Radiation Performance and Antenna Design Optimization using Parametric Studies 

 

Keywords 
Planer Printed Antenna, Dielectric Resonator Antenna (DRA), Antenna Bandwidth, Antenna 

Radiation, Planar monopole antenna, Ultra Wideband (UWB); defected ground plane, Aperture 
slot antenna; UMTS, WLAN, X-band 

 

Dielectric resonator antenna (DRA) technologies are applicable to a wide variety of 
mobile wireless communication systems. The principal energy loss mechanism for this 
type of antenna is the dielectric loss, and then using modern ceramic materials, this 
may be very low. These antennas are typically of small size, with a high radiation 
efficiency, often above 95%; they deliver wide bandwidths, and possess a high power 
handling capability. 
 
The principal objectives of this thesis are to investigate and design DRA for low profile 
personal and nomadic communications applications for a wide variety of spectrum 
requirements: including DCS, PCS, UMTS, WLAN, UWB applications. X-band and part 
of Ku band applications are also considered. General and specific techniques for 
bandwidth expansion, diversity performance and balanced operation have been 
investigated through detailed simulation models, and physical prototyping. 
 
The first major design to be realized is a new broadband DRA operating from 1.15GHz 
to 6GHz, which has the potential to cover most of the existing mobile service bands. 
This antenna design employs a printed crescent shaped monopole, and a defected 
cylindrical DRA. The broad impedance bandwidth of this antenna is achieved by 
loading the crescent shaped radiator of the monopole with a ceramic material with a 

permittivity of 81. The antenna volume is 57.0  37.5  5.8 mm3, which in conjunction 
with the general performance parameters makes this antenna a potential candidate for 
mobile handset applications. 
 
The next class of antenna to be discussed is a novel offset slot-fed broadband DRA 
assembly. The optimised structure consists of two asymmetrically located cylindrical 
DRA, with a rectangular slot feed mechanism. Initially, designed for the frequency 
range from 9GHz to 12GHz, it was found that further spectral improvements were 
possible, leading to coverage from 8.5GHz to 17GHz. 
 
Finally, a new low cost dual-segmented S-slot coupled dielectric resonator antenna 
design is proposed for wideband applications in the X-band region, covering 7.66GHz 

to 11.2GHz bandwidth. The effective antenna volume is 30.0  25.0  0.8 mm3. The DR 
segments may be located on the same side, or on opposite sides, of the substrate. The 
end of these configurations results in an improved diversity performance. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Overview 

Wireless communication systems have progressed significantly over the last 

three decades, with ever great numbers of applications and wider approval; 

their requirements keep presenting more challenges to the antenna and 

microwave communities in terms of special requirements for antenna design, 

fabrication and integration. These antennas are used as the front-end devices, 

and it is becoming more problematic to of satisfy the demanding requirements, 

such as miniaturised size, bandwidth, performance and improved radiation 

patterns. Conventionally, printed circuit (microstrip) or metallic rods (monopole) 

have been commonly used. Recently, many new wireless system antennas 

have been derived from dielectric materials especially dielectric resonator 

antennas (DRAs), which offer potential for enhanced performance. 

 

Dielectric resonators (DR) have primarily been used in microwave circuits for 

filters and oscillators. A while DRs were established to radiate many years ago, 

it is more recently that their use as an antenna radiator has developed. Such 

devices were identified as DRA and for several years, their particular 
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advantages for a number of applications have been identified, including low 

profile and negligible conductor loss. This category of element can be an 

efficient radiator as has been shown experimentally. With the use of a DR a 

small size and high radiation efficiency antenna can be obtained. Theoretical 

and experimental assessments of DRAs have been reported by many 

investigators. Several attempts have been made to reduce the size of DRAs, 

especially to enable their use in mobile handsets. These studies have covered 

wide frequency bands from high microwave frequencies to low GSM 900 and 

1800 mobile bands. This chapter starts with a review of research work on the 

use of DRAs and an evaluation of their important performance characteristics it 

then presents the target objectives of the current research and finally outs the 

details of the thesis contents. 

  

1.2  Background  

For the past decade, DRAs have been considered as an important antenna 

research area by most antenna designers and researchers as they may offer 

several advantages compared to many other antennas. Activity has been 

encouraged by the availability of ceramic materials with very high relative 

permittivity and very low loss. This section will review the work carried out by a 

number of people in this area of antenna design. 
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In 1939, R. D. Richtmyer [1] showed that non - metalized dielectric objects can 

function as electrical resonators which he called dielectric resonators. In 1965, a 

technical report by H.Y. Yee [2][2] discuss of and presented both theoretical and 

experimental work on dielectric resonators, including resonant frequencies and 

modes of the natural resonant frequency of a DR . Further experimental data on 

circuit implementations of DR was discussed by Karp[3]. The work carried out 

by Yee represents the basic foundation of the work established by other 

researchers in more recent times. 

 

Significant theoretical work on the modal and resonant behaviour of a low-loss, 

very high permittivity resonator was performed by Van BIadel [4, 5]. Further 

work on analytic models, based on variations of the dielectric waveguide mode1 

developed through the work of Okaya, Barash and Marcatili [6], yielded more 

accurate determinations of DR circuit properties [7-9]. With computers, the 

applications of numerical methods to electromagnetic problems in the 1980's 

led to the solution of the resonant frequency and Q-factor for many shapes of 

dielectric resonators, summarized in[10]. 

 

For the last 3 decades, DR|As have been one of the classes of novel antennas 

that have been investigated and extensively reported on .Since the1970s , DRs 

have been used to achieve the reduction of passive and active microwave 

components, such as oscillators and filters[10, 11]. The idea of using a DR as 
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an antenna had not been widely accepted until the original paper on the 

1cylindrical DRA [12] was published in 1983. Long and McAllister extended the 

dielectric resonator antenna investigation to rectangular [13] and hemispherical 

[14] DRAs. Other shapes were also studied, including the triangular [15], 

spherical-cap [16], and cylindrical-ring [17, 18] DRA. 

 

DRAs have a limited bandwidth of operation due to their resonant nature, but 

this can be improved by reducing the inherent Q-factor of the resonant antenna 

or by introducing additional resonances. Emphasis has been on compact 

designs for portable wireless applications, and on new DRA shapes or hybrid 

antennas for enhanced bandwidth performance to meet the requirements for 

emerging broadband or ultra-wideband systems. DRAs can achieve larger 

impedance bandwidths by adopting various enhancement techniques. 

During1990s , emphasis was placed on applying analytical or numerical 

techniques to determine the input impedance, the fields inside the resonator 

and the Q-factor [19]. DRs made of low permittivity materials (8 ≤ εr ≤ 20) and 

placed in open environments show small radiation Q-factors if excited in their 

lower-order modes as demonstrated in[12]. The effects of an air gap in a lower 

effective dielectric constant were reported in [20, 21], which entails both a 

decrease in shift of the resonance frequencies and the Q-factor results, was 

reported. A design for a millimetre-wave high Q-factor parallel feeding scheme 

for DRA arrays was modelled demonstrated in [22].  
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In 1989 Kishk et. al. [23] were the first to investigate stack in two different DRAs 

on top of one another. Since the two coupled DRAs exhibit two different 

resonant frequencies, even if they have the same resonant frequency in 

isolation, the configuration has a dual-resonance operation, thus broadening the 

antenna bandwidth. There are many models of developed bandwidths using 

multiple DRAs in multiple stacked, coplanar embedded used of an air gap, used 

of collinear parasitic elements, and used of a DR coating with impedance 

bandwidths ranging from 25% to nearly 80% [23-33]. Similar bandwidth results 

can be achieved by modifying the shape of the DRA or by adopting new feeding 

structures [30, 34-43]. 

 

[44] Discusses measuring radiation efficiency of a DRA. The efficiency was 

measured by directly placing the DR on a metal plane; the results report that the 

conductor loss was small compared to the radiated power. This measurement 

illustrates that dielectric resonators, fabricated with low loss dielectric materials, 

have high radiation efficiency. The measured efficiency was found to be 98% for 

a hybrid operating mode of the DR. 

 

 



 

6 

 

1.3 Motivation and Design Problems of the DRA 

Dielectric resonator antennas DRAs have been widely adopted. They can be 

integrated into wireless applications and offer several advantages compared 

with microstrip patch antennas. Such antennas with low conductor loss, small 

size, high radiation efficiency and low profile are of considerable interest for use 

in wireless applications. The DRA is also the one potential candidate that will 

fulfil the entire set of antenna design requirements; this has been mentioned by 

most of the relevant researchers in their publications such as [3], [19, 45-47]. 

The integration of the DRA into a wireless communication system; the operating 

bandwidth, volume and the size of the DRA need to be considered carefully.  

 

The resonant frequency of the DRA is closely related to the dielectric constant 

(휀r) of the resonator materials. This will be related to the DRA dimensions 

because they have to be of the order of the wavelength in the material. Thus, 

the dimensions of a DRA can be significantly reduced by choosing a high value 

of 휀r, example: 휀r ≈ (10 – 100). In general, the DRA presents a high Q-factor 

coefficient since it has a high dielectric constant. In spite of the dimension 

requirements, the DRA size can be reduced by using high–dielectric-constant 

materials, but this will result in a well-known drawback: the Q-factor will 

increase and consequently will reduce the operating bandwidth. A simple 

technique to reduce the volume of DRA is to place it on a large ground plane in 
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which it will act as though an image is present. This halves the linear dimension 

that is normal to the ground plane. Thus, the volume of the DRA can be 

reduced by a factor of two. This technique can only be applied when the ground 

plane does not violate the boundary conditions of certain resonant modes of the 

DR.  

 

1.4 Project Objectives 

The objective of this thesis is to develop design and characterization 

methodologies for the proposed compact DR antennas. Hence, it involves much 

design and simulation of DR antennas with specifications on bandwidth, 

radiation pattern and gain. Therefore, DRAs are designed and investigated, 

based on this concept. The following summarized the objectives of the technical 

procedures applied through this present work and demonstrate the design 

concepts of several new DR antennas:   

 

 The DRA geometry was optimised, subject to the DRA size, the height 

and the permittivity parameters and as a result, the resonant frequency 

and impedance bandwidth were significantly improved. Simulated 

radiation patterns for these antennas are observed to be smooth and 

symmetrical, suitable for usage in various wireless applications. 
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 A new low-profile compact-size multi-frequency band DRA antenna was 

developed on defected ground. The DR was excited by a stripline and 

implemented from a thin polymer cavity filled by ionized water. It 

indicates that the antenna can operate for most of the existing wireless 

standards, including DCS (1710-1880MHz), PCS (1850-1990MHz), 

UMTS (1920-2170MHz), and the Industrial, Scientific and Medical (ISM) 

band (2400-2485MHz), IEEE 802.11 a/b/g. 

 

 This DRA was designed to operate for most of the existing wireless 

standards, and provided sufficient frequency spectrum bandwidth/s, more 

than adequate for a wireless system examples 3G, WLAN, WiMAX, and 

X-band. Besides, some of the DRA bandwidth enhancement techniques 

have been applied to the proposed DRA in order to get good impedance 

matching. 

 

 A compact dielectric resonator antenna (DRA) with band-notched 

characteristics for ultra-wideband applications was designed, developed 

and tested at x-band spectrum bandwidth. The notch has been easily 

integrated into the feeding transmission lines.  

 

 A new low-cost dual-segmented dielectric resonator (DR) antenna design 

has been proposed for wideband applications in the X-band region. The 
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locations of the two DR segments including a new proposed feeding 

network through S-slot were investigated in supporting various DRs 

locations on the substrate.   

 

 Balanced dual segment cylindrical dielectric antennas (CDRA) with ultra 

wide-band operation are optimised, developed and tested. The feeding 

network was achieved through balanced striplines resulted from the 

excitation of slot with microstrip line. The antenna gain was improved by 

introducing passive element on the same antenna substrate.     

 

 

1.5 Organization of project 

This thesis is presented in a number of chapters. This chapter has summarized 

a short review of the importance of the DR antennas that particularly related to 

the wireless communications development; in addition the problem statement, 

project objective and the scope of the project have also been highlighted. The 

following are briefly described the contents of the upcoming chapters:  

 

Chapter 2 reviews the history of DRAs and their characteristics and geometries. 

This also includes the feeding methods and resonant modes of the antennas 

and their state of the art into the design procedure. It also contains a brief 
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overview of the Q-factor and bandwidth, on Dielectric Resonator Antennas 

contains a review of. 

 

Chapter 3 covers the low-profile multi-frequency band DRA antennas. I also 

provides an explanation on the design procedure and antenna design of a UWB 

printed monopole antenna. The return loss and radiation pattern are compared 

between the simulation and measurement results. This chapter presents a new 

proposed DRA of higher relative permittivity.    

 

Chapter 4 presents results and discussions of small dielectric resonator 

antenna design technique for UWB uses; by adopting a modified T-shaped 

feeding structure to excite the DR. The proposed antenna design, geometry 

structure and parameters specifications are presented. The simulation, 

fabrication process, and measurement stage are explained. The overall 

dimensions of this antenna, including the ground plane (i.e. equivalent terminal 

size) are found around 30.0 × 21.0 × 0.8 mm3 which is small enough to be 

adopted in many mobile/wireless enclosures. 

 

Chapter 5, a compact dielectric resonator antenna design for wideband 

applications was demonstrated. The feed microstrip line is placed symmetrically 

with respect to the coupling aperture. The asymmetric location of the DR pair, 

the dimensions and the shape of the aperture together constitute another 
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parameter for the designer to optimize the design. In this study, an impedance 

bandwidth of about 29%, covering the frequency range from 9.62 GHz to 12.9 

GHz, and a realized gain of 8 dBi are achieved.  

 

In Chapter 6, a new shape of aperture coupling to DRA was investigated for use 

in broadband spectrum application. The shape of the aperture in terms of 

zigzag geometry results in multi resonances when coupled to the DRAs that 

enhance wider bandwidth compared to the designed DRA presented in chapter 

5. The simulation and measurement results were confirmed of such significant 

improvement of the DRA operation. Parametric study of the antenna geometry 

was considered to aid the subsequent design process in terms the return loss, 

gain and radiation pattern.  

 

Chapter 7 presents the investigation of a new design of dual segment S-Shaped 

Aperture-Coupled Cylindrical Dielectric Resonator Antenna for X-Band 

Applications was investigated in Chapter 7.  The antenna is excited using an L-

shaped feed line, and internal antenna coupling is achieved using an S-shaped 

slot. The effective antenna volume is 30.0 × 25.0 × 0.8 mm3. The measured 

prototype performance shows an average gain of 6.0 dBi over the frequency 

range 7.66 GHz to 11.2 GHz, with stable radiation patterns. The DR posts may 

be arranged in two distinct configurations: (i) occupying space on one side of 

the substrate, and (ii) on opposing sides. The first configuration results in a 
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higher gain performance, whilst the second results in improved radiation 

uniformity. 

 

In chapter 8, a balanced dual segment CDR antenna fed with balanced 

striplines was considered. The feed lines are excited by T- Shaped slot as 

coupling mechanism for feeding power to dual segment DRAs through L-

shaped feeding line. Parametric studies have been carried out to optimize the 

antenna design. The resultant antenna offered good impedance bandwidth from 

6.4GHz to 11.734 GHz (58.7% for S11 ≤ -10 dB). It also provides a maximum 

gain of 2.66dBi at 7GHz. The gain of this antenna was enhanced by adding a C-

shaped strip that resulted in an increase of maximum gain of 2.24 dBi while 

maintaining nearly the same impedance bandwidth. The measurements of the 

proposed antenna showed good agreement between simulated and measured 

results.  

 

Finally chapter 9 indicates the summarized conclusions of the research work 

and some proposals for future work. In fact, a summary of conclusions points 

are addressed for each chapter and then recommendations for further work and 

related topics, subject to the great demands of using DRAs for future 

applications. 
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CHAPTER 2 

LITERATURE REVIEW  

 

2.1 History of Dielectric Resonator Antennas 

 

For many years, dielectric resonators (DRs) were widely used in microwave 

subsystems, such as filters and oscillators, for their low loss material 

characteristics (tan δ ≈ 10
-4

, or  less) and high relative permittivity (dielectric 

constants of 휀r 
 
≈ 20-100). The unloaded DR Q-factor is usually between 50 and 

500; but it can be as high as 10,000 [46]. Because of these traditional 

applications, the DR was operated as an energy storage device rather than as a 

radiator. However, the Q-factor of a DR in the lowest order mode can be 

reduced significantly, to 10-100, when the DR is placed in an open environment. 

In this condition, power is lost in the radiated fields. This suggests the idea of 

using a DR as an antenna element. 

 

DR is a ceramic puck characterised by a definite volume, shape, high dielectric 

constant and low loss. The concept of a DR first appeared in 1939, when 

Richtmeyer realized that it was possible to let open DRs radiate into free-space 

[1]. Gastine reported the Q-factor, including radiation, of a spherical dielectric 
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resonator, in 1967 [48]. Subsequently, Sager and Tisi started to consider the 

possibility of designing a very small antenna by using a dielectric resonator [49]. 

However, to create new devices more research was required that could classify 

more of their circuit properties like: resonant frequency, modes, coupling to 

other microwave circuits and Q-factors. Some significant papers were published 

by Yee [5]. 

 

 In 1975, Van Bladel [4] reported on detailed theory to evaluate the modes of a 

dielectric resonator (DR). In this study, he derived the general theory of the 

internal fields and radiation fields for the dielectric resonator of arbitrary shape 

in high dielectric constant materials (including resonant frequencies and 

radiation fields) [4, 5]. DRs of different shapes have various modes of 

oscillation. With the proper excitation of certain modes and with no shielding, 

these resonators can actually become efficient radiators instead of energy 

storage devices. This idea led to investigation of DRs as antennas.  

 

In 1983, the first original theoretical and experimental analysis paper on a 

possible antenna application was published by Long, McAllister and Shen [12], 

concerning the cylindrical dielectric resonator antenna (DRA). An increasing 

amount of literature has been produced on dielectric resonator antennas, which 

examined the characteristics of dielectric resonator antennas (DRAs) of 

hemispherical, cylindrical, and rectangular, shapes [12-14]. Other shapes were 
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also studied, including the triangular [15], spherical-cap [16], and cylindrical-ring 

[17, 18]. DRAs could be considered to be attractive alternatives to traditional 

low-gain antenna elements, such as microstrip patches, monopoles, and 

dipoles. 

 

In the early 1990s, several piece of research applied analytical and numerical 

techniques to dielectric resonator antennas, and analyzed the various modes of 

excitation of dielectric resonator antennas with simple shapes, also examining a 

variety of feed mechanisms [50, 51].  

 

Nevertheless, more literature on the DRA appeared in recent decades [19, 45, 

46, 52]. This literature showed many investigators were active, and the number 

of publications has significantly increased. These works have continued in the 

areas of compact designs, multi-band and wideband designs, miniaturization 

techniques, and low-profile designs. 

 

2.1.1 Compact DRAs 

 

Compact DRAs has always been a challenging issue among antenna design 

researchers. By using a small volume of DR, a high dielectric constant material 

can resonate at a lower resonant frequency. But the Q-factor and hence a lower 
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bandwidth with the resonant frequency becoming highly temperature dependent 

will increase [53].  

The existence of specific DR shapes which isolated one or more planes of 

symmetry has been noted. This plane of symmetry serves as an electric wall for 

certain modes; it works as a magnetic wall for the other modes. Half-split 

cylindrical DR was paced over a metallic ground plane, which was at the plane 

of symmetry (ɸ = 0ᵒ) were the motivation for the work in [8]. The particular 

antenna configuration was excited in TE01δ mode with a low Qr by this means 

facilitating more than 8% bandwidth. Numerical analysis of a half split cylindrical 

DRA on a ground plane excited in the low Q, modes TE01δ and HEM12δ using a 

method of moment approach for the coupling between a body of revolution 

(BOR) geometry and a non-BOR geometry is reported [54]. 

 

Half-volume design for the broadside modes of a cylindrical (HEM11δ) and 

rectangular (TE11δ) DRAs based on the aforesaid approach is presented in [55]. 

However, they used an additional metallic plate attached to the plane of 

symmetry of the DR which was oriented in the orthogonal plane to that in [8]. In 

the same paper, the authors put forward the concept for further size reduction of 

the DRA of using a metallic post in its place of the metallic plate. The above 

design was analysed by FDTD and additionally representative a higher 

directivity for the half-volume DRA was carried out by [56]. 
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revolutionizing low-volume design by using circular and annular sector DRAs 

was reported where a 75 % reduction in volume is established [57]. The design 

used different inner to outer radius ratios, sector angles and boundary 

conditions (metallic, open or mixed) for the sector DRA. The structure 

modification in [55] was used to create circular polarisation [58]. The bandwidth 

enhancement of split-cylinder DRAs numerically and experimentally 

exhaustively studied in [59].  Rectangular DRA has been use of partial vertical 

and horizontal metallization on proposed to reduce the overall dimensions of the 

DRA to be used at WLAN applications [60]A compact , stacked, rectangular 

dielectric resonator antenna was designed for UWB applications. Shorting plate 

is attached to one narrow wall of the DRA to reduce its size volume up to 67%, 

has been achieved [61]. A thorough rectangular DRA analysis of a reduced 

volume based on the above principle using FDTD and measurements has been 

presented in [31]. 

 

2.1.2 Multi-band DRAs 

 

A dual-band antenna can replace two single band antennas of suitable 

operating bands. The work in [23] on stacked wideband DRA shows the design 

of dual-band DRAs by choosing two DRAs of different dimensions, excited by a 

single feed. A wideband antenna unless it is operating over a useful application 

band, is useless. This paper [62] recommends the design of independent 
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application bands where the antenna radiates only over those bands introduced 

a slot excited double element rectangular DRA for dual or wideband application. 

Stacking of two cylindrical DRAs excited by an annular ring excited by a probe 

has shown three-band behaviour [63]. Dual frequency operation was achieved 

by incorporating additional DRA in a parent DRA, both cylindrical in shape, so 

that the volume of the structure remains unchanged is presented in [64]. A 

cylindrical ring DRA is fed with two orthogonal microstrip feeds for dual 

resonance is reported [65]. This also has the effect of producing orthogonally 

polarised bands but with similar broadside radiation patterns. Special eye-

shaped DRA is also shown to be effective in producing dual radiating modes 

[66]. Compact multiband antenna system using a dielectric resonator antenna 

(DRA) was presented in [67]. The antenna designed to cover three frequency 

bands operating for different wireless applications (DVB-H, WiFi and WiMAX). 

 

Dual-frequency operation can be achieved by adding an additional radiator to 

the DRA. This principle is implemented in [68] where a cylindrical DRA and a 

ring-slot are fed together by a circular slot thereby allowing radiation from the 

two at respective resonances. It will be advantageous in this context, if the feed 

to the DRA is also radiating at a particular frequency. The rectangular slot-feed 

to the DRA is made radiating by adjusting its dimensions where this technique 

is explained in [69]. Furthermore design introduced another by using a T-

shaped microstrip feed that radiates in addition to exciting the DRA [70]. A 



 

19 

 

ceramic loaded annular ring monopole antenna is found to resonate in the dual 

W/LAN bands [71]. 

 

2.1.3  Wideband DRAs 

 

In the early 90s, studies on stacked DRA designs were carried out both 

experimentally and numerically [72-74]. Two rectangular DRAs separated by a 

metallic plate yielded a much broader bandwidth of 76.8% [29]. Keeping the 

separate DR elements as a single entity in the above cases was tiresome and 

was avoided by fabricating single stacked DRA structures in the form of flipped 

staired pyramid [40], T and L shaped equilateral triangular [75, 76] which 

offered a maximum bandwidth in excess of 60%. Furthermore, an air gap 

between a cylindrical DRA and the ground plane, a kind of fabrication 

imperfection can cause increase of the resonant curve of the DRA [21, 77]. This 

was the effect of reduced unloaded or radiation Q-factor of the DRA due to an 

increased effective radiating area. Later, an aperture fed rectangular DRA was 

proposed, with its centre portion removed. This DRA and its image formed a 

rectangular ring DRA to obtain a 28 % bandwidth [30]. This was motivated by 

the work of [78] which reported that the Qr of certain modes of a cylindrical ring 

DR is lower than those of the corresponding cylindrical DR. 
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Special DRA shapes similar to conical [79] and split-cylinder [59] were also 

reported to have wide bandwidths. Such geometries however suffered from an 

increased antenna dimension, specifically the DRA height, compared to an 

individual element. Embedding one DRA within another, in the form of an 

annular ring solved the above problem where the antenna dimensions are the 

same as that of the parent DRA [25, 80].  A detailed comparative study of the 

stacked and embedded wideband DRAs with the homogeneous DRA was also 

carried out [37] [81]. Later, a stacked-embedded DRA design improved the 

bandwidth to 68 % [82]. Designs using a simple DRA is also presented for 

bandwidth enhancement [83, 84], where an aspect ratio greater that unity led to 

acceptable excitation and merging of dual modes of similar radiation properties. 

Feeding techniques like T shaped [85] and L shaped [86] microstrip also 

improved the impedance bandwidth. To be suitable with low-Qr, DRA shapes 

like cylindrical cup, novel feeds like L, hook and J shaped probes [87, 88] were 

also found suitable in addition to the probe or slot feed. Modification of the feed 

geometry proved to be a successful method for improving the impedance 

matching and bandwidth used a vertical metallic stub extended from a coaxial 

probe [89] or a microstrip line [90] enhanced the bandwidth to 43% and 19% 

respectively for cylindrical and rectangular DRAs. In addition, this was also 

shown to improve the impedance matching. A fork-like tuning stub [91] coupling 

energy from a microstrip through a circular aperture to the DRA also improved 

the bandwidth. An aperture feed which excites the DRA in addition to radiating 
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itself [92, 93] was capable of producing two merged resonances causing wide 

bandwidth operation. A hybrid dielectric resonator antenna for ultra wideband 

was presented in [94]. The dielectric structure enhanced the impedance 

bandwidth of the antenna to 148.4% with frequency range (6.2 - 42 GHz). As 

square  ring di-electric resonator (SRDR) was presented with ‘U’ shaped 

microstrip feed[95]. The proposed DRA achieves an impedance bandwidth of 

46.7% for 3.9 to 6.20 GHz. A simple dielectric resonator antenna with a notch 

band for ultra wideband was reported in[96]. The design gives band width from 

3.71 GHz to 13.01 GHz. a notch was created at 5.725 GHz which reduces the 

interference due to local Wi-MAX communication system. 

 

Nevertheless, more literature on the DRA has appeared in recent decades. This 

literature showed many investigators were active, and the number of 

publications has significantly increased. These works have continued in the 

areas of compact designs, multi-band and wideband designs, miniaturization 

techniques, and low-profile designs; in 1994, Mongia et al. demonstrated the 

radiation properties of a low-profile rectangular DRA with a very high permittivity 

(휀r =100) [97], and Esselle studied a low profile DRA of low-permittivity (휀r = 

10.8) [98]. For a long time, DRAs have concentrated on linear polarisation (LP), 

but systems using circular polarisation (CP) are sometimes preferred because 

they are insensitive to the transmitter and receiver orientations. In 1985, 
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Haneishi & Takazawa presented the first CP DRA [99]. Consequently, more 

effort has been devoted to the CP DRA in recent years.  

 

A large part of this research includes the revision of new dielectric resonator 

antenna shapes, including hexagonal, conical, elliptical, tetrahedral, and stair-

stepped shapes. Alternatives are hybrid antenna designs, using dielectric 

resonator antennas in combination with microstrip patches, slots, or monopoles. 

Many of the recent publications were concerned with designing dielectric 

resonator antennas for specific applications, including integration into mobile 

handsets for PCS, IMT-2000, and WLAN applications; use in UWB applications; 

radar applications; breast-cancer imaging; cellular base-station antennas; RFID; 

spatial power combining; direction finding; and all-dielectric wireless receivers. 

The literature has also investigated linear and planar array techniques for 

dielectric resonator antennas, and ways of improving their manufacture and 

integration in systems.  

 

2.2 Characteristics and Major Features of DRAs 

 

The DRA has some motivating characteristics, like the small size, ease of 

fabrication; high radiation efficiency, increased bandwidth and low production 
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cost, and DRA are very promising for application in wireless communications. 

The advantages of the DRA are briefly stated as: 

 A DRA can be designed in any 3D shape as shown in Figure 2.1; having 

more geometric parameters adds more degrees of freedom to the 

design. 

 A DRA is made up of high dielectric constant material with no conducting 

parts and has very small dissipation loss. Therefore, it can handle high 

power. The limitation might be caused by the excitation mechanisms. 

 Its physical size is small since the DRA is made of high dielectric 

constant material. Therefore, the DRA size decreases as the dielectric 

constant increases, in proportion to the wavelength in the dielectric which 

is (𝜆o /√휀𝑟) where 𝜆0 is the free space wavelength and 휀𝑟 is the dielectric 

constant of the resonator material. 

 DRA is not limited to linear polarization. The DRA can be designed for 

single, dual, or circular polarization. 

  DRAs allow several feeding mechanisms (probe, slot, microstrip line 

feeding, dielectric image guides, and coplanar waveguide lines) to 

efficiently excite DRAs, making them amenable to integration with 

various existing technologies. DRAs can support different far-field 

radiation patterns. 

  The DRAs impedance and bandwidth varies over a wide range with the 

resonator parameters like the geometries and resonant modes.  
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Figure 2.1: Various geometrical shapes of dielectric resonators (DRs). 

 

 

2.3 Geometries of DRA 

DRAs are simple to design in many shapes and sizes. The popular shapes are 

circular cylinder [12], rectangular cuboid [13], hemisphere [100], cylindrical ring 

[101] and triangular [15, 102] as shows in Figure 2.2. These categories of DR 

are popular for common designs since the mathematical formulations are very 

simple when used to predict the performance of the antenna.  
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Figure 2.2:  Geometries of DRA, (a) rectangular (b) cylindrical (c) hemisphere 

 

Most important for the design of the DRA is the degree of dimensional freedom. 

The geometries of circular cylinder, rectangular cubic and spherical shapes, and 

their dimensions can be tuneable. In addition to these three forms of DRA, 

cylindrical and rectangular shapes have more degrees of freedom compared 

with the spherical dimensions. Therefore cylindrical and rectangular forms are 

often used. 

 

The cylindrical DRA is defined by radius, a, and height, h. An analysis of the 

simple cylindrical DRA using the magnetic wall model was carried out in [12]. It 

offers greater design flexibility, where the ratio of radius/ height controls the 

resonant frequency and Q- factor, so that for a given dielectric constant and 

resonant frequency there is usually some scope for varying the aspect ratio, the 
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ratio of radius over height (a/h). The DRA will resonate at a specific frequency 

with a number of radius/height ratios. For different values of radius/height ratio, 

it may give different values of bandwidth, directivity and physical volume. The 

cylindrical DRA can be easily excited in different modes, which results in 

different radiation patterns. The three spatial coordinate for the cylindrical DRA 

are the radius, 𝜌, the azimuthal angle, 𝜙, and the axial length, z. The coordinate 

system is shown in Figure 2.2(b). 

 

The rectangular cuboid DRA offers greatest design flexibility of the three basic 

shapes, having two degrees of freedom (length/with and depth/width). The 

earliest rectangular DRA was investigated experimentally by McAllister et al. 

[13]. The parameters can be controlled by the three dimensions of the resonator 

to optimize for particular requirements. For fixed dielectric constant, several 

aspect ratios can be chosen to all resonate at a given frequency, while offering 

different radiation Q-factor. This allows the designer more options in tailoring 

the DRA for particular applications. The coordinate system is shown in 

Figure 2.2(a). 

 

The hemispherical DRA of limited practical value, however, due to the difficulty 

involved in fabrication and lack any degrees of freedom in choosing the design 

parameters. For a material of a given dielectric constant, the radius of the 

sphere will determine both the resonant frequency and the radiation Q-factor, 
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leaving the designer no control over the antenna size or its impedance 

bandwidth.  The coordinate system is shown Figure 2.2:  Geometries of DRA, 

(a) rectangular (b) cylindrical (c) hemisphere(c). 

 

The hemispherical DRA has the simplest structure for the analytical analysis, it 

having only one tunable dimension. theoretical and experimentally analysis for 

the hemispherical DRA reported by Leung et al. [103]. Although this shape of 

DRA is easy to optimize during the design process, in certain materials the 

resonant frequency of hemisphere DRAs is determined by the radius and the 

other parameters like bandwidth are fixed. This will make hemisphere DRAs 

difficult to optimize for particular requirements. Therefore the hemisphere-shape 

DR is less frequently used as a DRA. The hemisphere offers an advantage over 

the rectangular and cylindrical shapes in that the interface between the 

dielectric and air is simpler; and thus, a closed form expression can be obtained 

for the Green’s function. 

 

2.4  Feeding structures method of DRA 

The feeding mechanisms considerably affect the resonant frequency and 

radiation Q-factor of a DRA. Many feeding techniques have been developed. 

One significant parameter in designing a feed to excite the DRA is the input 

impedance. The feed and location selection both show a significant part in 
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determining which feeding mode. This in turn will determine the input 

impedance and radiation characteristics of the DRA. Some of these methods 

are shown in Figure 2.3 and the equivalent circuits of some of the feeding 

techniques used for  

 
Figure 2.3 Three Dimension of Common DRA Feeding Schemes, (a) Micro-

slot (b) Coaxial Probe (c) Microstrip 
 
 
 
 
 

 

Figure 2.4: Equivalent circuits for some typical feeding techniques 



 

29 

 

 

DRAs shown in Figure 2.4. These include, for example, aperture coupling with a 

microstrip feedline [15, 16, 104], coaxial probe [12-14, 105, 106], aperture 

coupling with a coaxial feedline [107, 108], waveguide coupled aperture [109, 

110], direct microstrip feedline [111, 112], coplanar feed [113], soldered through 

probe [18], slot line[102], conformal strip[114] and direct image guide [115]. The 

following the reviews more common examples presented of feeding mechanism 

to highlight the practical design considerations. 

 

Aperture feeding methods are one common technique of feeding a DRA, where 

power passes through an aperture in the ground plane upon which the DRA is 

placed. The aperture can be of any shape, such as narrow slot, loop, cross, or 

C shape cut in the ground plane, and can be fed by a microstrip line or coaxial 

feedline beneath the ground plane; some of the shapes are shown in 

Figure 2.5. The advantage of this technique is that it has the feed located below 

the ground plane, isolating the radiating aperture from any unwanted coupling 

or spurious radiation from the feed. 
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Figure 2.5: Aperture feeding in various shapes 

 

Probe feeding methods are another common method of feeding a DRA. The 

probe can either be located adjacent to the DRA or can be embedded within the 

body. Figure 2.6 shows some of the probe shapes that have been used for 

feeding. The amount of coupling can be optimized by adjusting the probe height 

and the DRA location. In this technique, depending on the location of the probe, 

various modes can be excited. The advantage of this method is that the 

antenna system can be directly connected to a 50𝛺 circuit without the need for 

a matching network. Probes are useful at lower frequencies where aperture-

feeding may not be practical due to the large size of the slot required. 
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Figure 2.6: Probe feeding in various shapes 

 

The microstrip line feeding method is also another common method of feeding a 

DRA, and it is the simplest method to energize DRAs. Figure 2.7 shows some 

of the probe shapes that have been used for feeding. In this method, a 

microstrip line printed on the same substrate feeds a DR that could be placed 
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directly over the microstrip line or nearby over the dielectric substrate. The level 

of coupling can be adjusted by the side position of the DR with respect to the 

microstrip line and by using substrate with different permittivity. 

 

 

Figure 2.7: microstrip line feeding of various shapes 

 

Another common method for feeding to DRAs is with a coplanar conductor. 

Figure 2.8 shows some of the coplanar shapes that have been used for feeding. 

The feed lines of the DRs using the coplanar waveguide seem very promising 

because it enables easy feeding. In this case, the coupling level can be 

adjusted by positioning the DRA over the coplanar structure. Impedance tuning 

can be done by adding stubs, slots, or loops at the end of the coplanar line. 

Despite the fact that coaxial probes and coplanar loops work similarly, the latter 

has the advantage of unobtrusive and planar structure to benefit integration. By 
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moving the position of the DR over the loop, the operating mode can be 

selected. 

 
Figure 2.8: Coplanar feeding of various shapes 

 

 

2.5 Resonant Frequency  

For a DRA design of any geometry, different specifications must be satisfied 

such as the resonant frequency, the field distribution inside the resonator and 

the radiated fields. Based on that, it is possible to classify resonant modes into 

three types that can be excited in dielectric resonators: Transverse Electric 

(TE), Transverse Magnetic (TM) or hybrid electromagnetic (HEM) modes. The 

fields for TE and TM modes are axisymmetric, whereas hybrid modes are 

azimuthally dependent. 
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The TE, TM, and hybrid modes are classified as TEmnp+δ, TMmnp+δ and HEmnp+δ 

respectively. The first index denotes the number of full-period field variations in 

an azimuthal direction, the index n (n = 1, 2, 3…) denotes the order of variation 

of the field along the radial direction and the index p + δ (p = 0, 1, 2…) denotes 

the order of variation of the fields along the Z-direction. Here, the third index 

denotes the fact that the dielectric resonator is shorter than integer multiples of 

half the dielectric wavelength. The actual value of δ depends on the relative 

dielectric constant of the resonator and the substrate and on the proximity to the 

top and bottom conductor planes. An interesting feature of a DR is the variation 

in field distribution of different modes, because the modes behave like electric 

and magnetic multiples. 

 

2.5.1 Cylindrical DRA 

 

The resonant frequency equations for the TE01δ, TM01δ and HE11δ modes of a 

cylindrical DRA with radius a, dielectric constant εr, and height h kept above an 

infinite ground plane and fed by an electromagnetic signal of free space velocity 

areas shown.  

The resonant frequency for the mode governed by npm is given by 
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𝑓𝑛𝑝𝑚 =  
1

2πa√με
√(

Xnp
2

Xnp
′ 2

) + [
𝜋𝑎

2𝑑
(2𝑚 + 1)]

2

 

(2.1) 

 

Resonant frequency of isolated cylindrical DRAs: 

TE01δ  Mode 

 
(2.2) 

 

where the above formula is valid in the range 0:33≤  a/H ≥5. 

TM01δ Mode 

 

(2.3) 

where the above formula is valid in the range 0:33≤  a/H ≥5. 

 

HE11δ  Mode 

 
(2.4) 

 

 

where c is the velocity of light in free-space. Range of validity for the above 

equation is 0.4≤  a/H ≥6. 
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2.5.2 Rectangular DRA 

 

Fundamental electromagnetic fields theory suggests that the modes of a 

dielectric waveguide can be of the TE type, of the TM type or hybrid. Therefore, 

for the ongoing analysis of the RDRA modes, only the TEmnl modes will be 

discussed, with the indices m, n and l denoting the order of variation along the 

x, y and z directions of the Cartesian coordinate system, respectively. The 

normalized frequency is defined as: 

𝐹 =  
2𝜋𝜔𝑓0√휀𝑟

𝑐
 

(2.5) 

 

2.6 Q-factor and Bandwidth  

 

The choice of the mode to utilize for antenna applications depends on the Q 

factor and also on the radiation pattern. The Q factor or quality factor is a 

measure of the bandwidth of operation. It is used as a figure of merit for 

assessing the performance or quality of a resonator. The Q factor is defined by: 

𝑄 =  
𝜔0𝑈

𝑃
 

(2.6) 

 

where 𝜔0 is the resonant frequency, U is the stored energy, and P is the power 

dissipation. There are many different Q's that are defined. First there is the 



 

37 

 

unloaded Q which is the Q when the resonator is freely oscillating without being 

driven externally by an external source. When an external source is connected 

to the resonator and is continuously provided with energy, the appropriate Q 

would be the loaded Q. For antennas, the important Q-factor is Qrad, where the 

power dissipated term P in equ 2.6 is the radiated power. A number of 

assumptions are made to compute the Q-factor of a cylindrical DR. For a 

particular mode, the value of the radiation Q-factor depends on the aspect ratio 

and dielectric constant of the resonator. Van Bladel [4] has stated that the Qrad 

is proportional to r, for dielectric resonators and this relationship for high 휀r is 

given as: 

𝑄𝑟𝑎𝑑𝛼 𝜖𝑟
𝑃 (2.6) 

 

where 

P=1.5 for modes that radiate like a magnetic dipole 

P=2.5 for modes that radiate like an electric dipole 

P=2.5 for modes that radiate like a magnetic quadrupole 

 

The bandwidth is defined as the frequency bandwidth in which the input Voltage 

standing wave ratio (VSWR) of the antenna is less than a specified value S. 

The larger bandwidth the more coverage over frequency space that the antenna 

can be utilized. Using the expressions for the internal field structure of the DRA 
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an analytic expression for the bandwidth of the antenna is be developed, as 

presented by Mongia [46] .This relationship is given as: 

𝐵𝑊 =  
𝑆 − 1

𝑄𝑢√𝑆
     

(2.7) 

 

where Qu is the unloaded Q. Dielectric resonator antennas have negligible 

dielectric and conductor loss compared to their radiated power. Therefore the 

radiated Q, 

 

𝑄𝑢 ≅  𝑄𝑟𝑎𝑑 (2.8) 

 

The values of P are only valid for very high 휀r (> 100). For low 휀r , numerical 

results from published sources [46] have found that the relationship given by 

equation 2.6 is still valid, although the values of P have to be adjusted. Another 

important result is that the values of P are nearly independent of the aspect 

ratio of the resonator. The lower order modes typically have a lower Qrad making 

them more suitable for practical applications. The Qrad-factor is important 

because a low Qrad would indicate a large bandwidth but a high Qrad would 

indicate a small bandwidth of operation.  

 

2.6.1 Cylindrical DRAs  
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The equations for the resonant frequency and Q-factor of the lower order 

modes as published in[46, 116]. The formulas are valid between 0.5 < a/H < 5. 

TE01δ Mode: 

𝑄 = 0.078192휀𝑟
1.27  (1 + 17.31 (

ℎ

𝑎
) + 21.57 (

ℎ

𝑎
)

2

− 10.86 (
ℎ

𝑎
)

3

− 1.98 (
ℎ

𝑎
)

4

)   

(2.9) 

 

TM01δ Mode: 

 

𝑄 =   0.00872휀𝑟
0.888413 𝑒0.0397475𝜀𝑟 (1

− (0.3 − 0.2
𝑎

ℎ
) (

38 − 휀𝑟

28
)  10.86 (

ℎ

𝑎
)

3

)  𝑋  (9.498186
𝑎

ℎ

+ 2058.33 (
𝑎

ℎ
)

4.322261

𝑒−3.50099(
𝑎
ℎ)) 

 

(2.10) 

 

HE11δ Mode: 

 

𝑄 =   0.01007휀𝑟
1.3  

𝑎

ℎ
(1 + 100𝑒

−2.05(
𝑎

2ℎ−
1

80(
𝑎
ℎ)

2
)
)   

(2.11) 

 

The equations for the resonant frequency and Q-factor of the TE01δ, TM01δ, and 

HE11δ modes offer a good starting point for the design of cylindrical DRAs. 
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2.6.2 Rectangular DRAs. 

The DRA is determined the radiation Q-factor for rectangular using, its total 

stored energy W and radiated power Prad must be determined. The final 

expressions for the total stored energy W and the radiated power Prad are [50]: 

𝑄 =
2𝑤𝑊𝑒

𝑃𝑟𝑎𝑑
 

(2.12) 

 

where Prad and We are radiated power and the stored energy, respectively. 

These quantities are given by: 

𝑊𝑒 =
휀0휀𝑟𝑤𝑏𝑑𝐴2

32
(1 +

sin(𝑘𝑧𝑑)

𝑘𝑧𝑑
) (𝑘𝑥 + 𝑘𝑦) 

(2.13) 

 

𝑃𝑟𝑎𝑑 = 10𝑘0
4|𝑃𝑚|2 (2.14) 

 

where Pm is the magnetic dipole moment of the DRA: 

𝑃𝑚 =
−𝑗𝑤8휀0(휀𝑟 − 1)𝐴

𝑘𝑥𝑘𝑦𝑘𝑧
sin (

𝑘𝑥𝑑
2⁄ ) �̂� 

(2.15) 

 

                                  

The normalised Q-factor (Qe) defined as: 

𝑄𝑒 =
𝑄

휀𝑟
3/2

 
(2.16) 
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2.7  Conclusions 

 

Several DRAs have been presented in terms of their design configurations, 

resonance modes, and operational spectrum bandwidth and radiation 

efficiencies. It was concluded that the characteristics of the DRAs were well-

motivated to many mobile and wireless communications applications that 

covering a wide range of bandwidth/s with acceptable antenna performances. It 

was observed that certain designs of DRAs could be found as single element or 

array configuration including that they could provide suitable wave polarization, 

frequency and pattern reconfigurations with the edition of simple excitations and 

feeding network techniques. It was noticed that the printed excitation methods 

were interested compared to attached (i.e., probe feed) or embedded inside the 

DR. On top of that the simplicity of applying the resonance modes or well-

defined DRs Structures to adjust the required excitation. This is clearly 

explained on how one can apply such rules in estimating the hybrid modes for 

example to a wide DRA design principles.  

 

On the basis of the above it was confirmed the uniplanar printed feeding 

networks for one or multi DRs Structures were interested for so many 

applications; in addition to its integration simplicity to various DRs and many 

applications. It was also shown that quite possible to excite and control hybrid 
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modes for wide operational bandwidth. The following chapters were applied 

such principles design procedures with new added values in terms the size, DR 

structures, feeding network, and notch frequency bands. The new design 

antennas provide the state of the art of the main contribution of the present 

work in this thesis.   
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CHAPTER 3 

BROADBAND DIELECTRIC RESONATOR 

ANTENNA (DRA) DESIGN FOR MOBILE 

WIRELESS APPLICATIONS 

 

3.1 Introduction 

  

In the last decade, the rapid evolution of wireless communication systems has 

stimulated the development of the mobile handset in terms of hardware and 

software, which has led to a diversification of its applications. Hence, today, the 

mobile handset is not only a handheld transceiver, it is also a portable mini-

computer offering all the required applications.  

 

To keep abreast with this progression, the mobile manufacturers are seeking 

new antenna technologies to cater for this demand. In general, the next 

generation antennas are expected to provide effective broadband matching, an 

acceptable gain and consistent radiation patterns throughout the designated 

frequency bands and operate within a small enclosure. Therefore, bandwidth 
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enhancement and size miniaturisation are the challenging tasks for the modern 

antenna designer.  

 

Dielectric resonator antennas (DRAs) have gained immense attentions from the 

antenna designer due to the advantages of zero conductor loss, low profile, 

compactness, high radiation efficiency and not suffering from surface-wave 

losses [12, 117, 118].  However, conventional DRAs have inherently narrow 

bandwidth [19]. In order to enhance the impedance bandwidth of the antenna, 

several methods have been proposed in the published literature [23, 30, 87, 

119, 120], including implementing multilayers of different dielectric 

materials[23], and modifying the shapes of DR and introducing new feeding 

mechanisms [30, 87, 119-121]. These published results have demonstrated that 

the impedance bandwidth can be further enhanced to the range from 25% to 

70% for a return loss better than 10 dB.  

 

In this chapter, a crescent-shaped printed monopole antenna incorporating a 

high permittivity defected cylindrical dielectric resonator to form a DRA antenna, 

has been designed, analysed and characterised. By adopting the crescent-

shaped feeding structure to excite the DR, this antenna achieves a broadband 

impedance bandwidth covering the current frequency band allocations from 

1.15 GHz to 6 GHz. The overall dimensions of this antenna, including the 

ground size (i.e. equivalent terminal size) are 57 × 37.5 × 5.8 mm3. 
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3.2 Antenna Design Concept and Structure 

The antenna geometry is given in Figure 3.1. As can be seen, this antenna is 

formed by a printed monopole antenna and a defected cylindrical dielectric 

resonator. The top and bottom views of the printed monopole antenna are 

shown in Figure 3.1 (a) and (b). The monopole antenna is very similar to the  

previous work as in [122]. It consists of a crescent shaped radiator which is fed 

by a 18 x 1 mm2 50  microstrip line and a defected L-shaped ground plane.  

 

  
(a) (b) 

 
(b) 

Figure 3.1: Geometry of the proposed antenna. (a) Top view, (b) Bottom view, 
and (c) Dielectric resonator on the printed antenna. 
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The total size of this monopole antenna is about 57 x 37.5 mm2. FR4 epoxy is 

used as the substrate throughout this printed structure, with thickness of 

0.8mm, and the dielectric constant (r) is assumed to be uniformly 4.4, with a 

loss tangent of 0.017 over the target range.  Shows the proposed high 

permittivity (εr =81) cylindrical DR, which has radius a = 12mm a height h = 

5mm and a circular segment has been removed at w = 23.5mm, l = 3mm.This 

DR is placed on the top of the crescent shaped radiator of the monopole printed 

structure. By exciting the resonant modes of the DR, the wider impedance 

bandwidth can be attained. 

 

3.3 Parametric Design Study 

This parametric study is useful because it provides a comprehensive picture of 

the antenna’s characteristics and allows understanding of the influence of the 

DR geometry parameters on the return loss of the antenna. Two geometric 

parameters including the height and the permittivity of the DR were analysed in 

this study. The Finite element based simulator (Ansoft HFSS [123]) is used to 

carry out this analysis. In Figure 3.2, showing the simulated return loss for 

different antenna heights, a -10dB return loss bandwidth of the antenna is 

achieved from around 1.17 GHz to 6 GHz. 
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By gradually increasing the permittivity of the DR from 40 to 100 by increments 

of 20, it can be seen that when the permittivity of 80 is adopted, the best 

broadband impedance response can be achieved. However, when other values 

are used, the impedance bandwidth response deteriorates. It can be seen in 

Fig. 2(b) that the height of the DR is varied from 3mm to 9 mm with 2mm 

increments; these values were chosen arbitrarily to fit within the required 

envelope size; the optimal values for h1 and h2 were found to be 3 mm and 

5mm, respectively. Through this parametric study process, a set of optimal 

geometry parameters for the DR can be easily identified. 
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Figure 3.2: Simulated return loss corresponding to the variation parameters of: 

(a) permittivity of the DR and (b) height of the DR. 
 

 

3.4 Result and Discussion 

The simulated and measured return loss of the proposed antenna with and 

without the presence of the DR on the antenna structure is shown in Figure 3.3. 

As can be noticed, when the DR is not adopted in the antenna model, the 

impedance bandwidth only encompasses the 1.7 GHz to 3.1 GHz frequency 

spectrum, which corresponds to 58.3 % bandwidth at a centre frequency of 2.4 

GHz, for return loss better than 10 dB. However, when the DR is introduced to 

the antenna model, the impedance can be further extended from 1.15GHz to 

6GHz which is equivalent to an impedance bandwidth of 135.7 % at a centre 

frequency of 3.58 GHz. 
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Figure 3.3: Return loss of proposed antenna with and without DR. 

 

The prototype sample of dielectric resonator antenna (DRA) is shown in 

Figure 3.4 and Figure 3.5 shows the typical measured and computed antenna 

performance in terms of the impedance bandwidth. It may be clearly seen that 

the two adjacent resonant frequencies in the range of 1.15GHz and 6.0GHz at 

|S11| ≤ -10 dB. It is worth noting that this prototype’s impedance bandwidth is 

4.85GHz, or equivalently 135.7 % with respect to the centre frequency of 3.58 

GHz.  

 

This indicates that the antenna can operate for most of the existing wireless 

standards, including DCS (1710-1880MHz), PCS (1850-1990MHz), UMTS 

(1920-2170MHz), and the Industrial, Scientific and Medical (ISM) band (2400-

2485MHz), IEEE 802.11 a/b/g.  
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Figure 3.4: Prototype antenna  

 

 

Figure 3.5: Measured and simulated reflection coefficient |S11| 
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Both simulated and measured gains with and without the DR are depicted in 

Figure 3.6. The maximum simulated gains of proposed antenna without the DR 

were found to be between 0.7 and 3.1 dBi within the operating spectrum band, 

while the maximum simulated gains of the proposed antenna with DR were 

varied between 1.1 and 4.4 dBi within the broadband operating spectrum band. 

 

Figure 3.6: Simulated and measured gains of the proposed antenna with and 

without DR 

 

The simulated and measured far field radiation patterns of the proposed 

antenna are presented in Figure 3.7. Two pattern cuts (the xz and xy planes) 

were taken at three selected operating frequencies which cover the aggregate 

bandwidth. The radiation patterns were found to stable and consistent at all the 
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designated frequencies. Significantly, it also indicates that the maximum co-

polarized component appears at the direction of boresight (+z) for both the E 

and H planes.  

  
(a) 1.5 GHz 

  
(b) 3 GHz 

  
(c) 5 GHz 

Figure 3.7: Simulated and measured normalised radiation patterns of the 
proposed antenna for three planes ((a): x-z plane, (b): y-z plane, (c): x-y plane) 

at (i) 2100 MHz (ii) 2800 MHz xxxx’ simulated cross-polarization ‘oooo’ 
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simulated co-polarization  ‘----’ measured cross-polarization ‘—’ measured     
co-polarization 

3.5 Conclusions 

In this chapter, a low-profile multi-frequency band DRA antenna has been 

presented. The prototype antenna structure has shown a relative bandwidth of 

135.7% and an average gain of 2.2 dBi over the frequency interval from 1.15 

GHz to 6.0 GHz at return loss better than 10 dB. The radiation pattern is of a 

broad-beam type, of approximately dumbbell shape, that is appropriate for a 

mobile terminal application. The antenna size was optimized at 57 mm  37.5 

mm  5.8 mm3, which is suitable for integration with a variety of mobile 

terminals operating over DCS, PCS, UMTS, Bluetooth and IEEE 802.11a/b/g 

wireless standards. 

 

It follows from such DRA design the feeding networks could play the main role 

of the resonance modes of the DR, thus new design procedure was 

implemented to achieve wide spectrum bandwidth by reconfigure the feeding 

striplines to the DR.      
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CHAPTER 4 

DIELECTRIC RESONATOR ANTENNA 

DESIGN FOR UWB APPLICATIONS 

 

 

4.1 Introduction 

Dielectric resonator antennas (DRA) have been investigated over a significant 

period of time for a variety of wireless communications systems [117, 118, 124]. 

Typically DRAs are fabricated from low-loss dielectric material, for which the 

resonant frequency is predominantly a function of size, shape and permittivity. 

DRAs may offer the advantages of small size, low profile lightweight 

constructions, and high radiation efficiency, making them attractive candidates 

for a number of wireless applications [19, 23]. A recent trend for DRA design 

has been in meeting UWB specifications in high data rate wireless LANs, as 

well as the remarkable established applications in radar and imaging systems 

[30, 87, 119-123]. Various bandwidth enhancement techniques have been 

applied within the DRAs using different excitation mechanisms to excite several 

modes covering wide bandwidth. 

 

In this chapter, a small dielectric resonator antenna has been designed and 

characterized for UWB uses. By adopting a modified T-shaped feeding structure 
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to excite the DR, a wide broadband impedance bandwidth from 3100 MHz to 

5500 MHz can be obtained, covering the body area network (BAN) frequencies 

as well as the IEEE 802.11a WLAN frequencies. The overall dimensions of this 

antenna, including the ground plane (i.e. equivalent terminal size) are 30.0 × 

21.0 × 0.8 mm3 which is small enough to be adopted in many mobile/wireless 

enclosures. 

 

4.2 The Antenna Design Concept 

For this design, the target frequency band is the lower UWB band which is from 

3.1 to 4.9 GHz. In order to achieve this target, the dimensions of the ceramic 

block must cut for the dominant mode to be commensurate with this 

requirement. A dielectric constant of 9.4 was selected based on the available 

material in the research laboratory. The dimensions for the ceramic block were 

optimized and analyzed from simulation package. This will ensure the desired 

mode of the DR is excited. Three design goals including the impedance 

bandwidth, realized gain and radiation patterns were considered in the 

optimization process. However, by weighting these three objectives in the cost 

function of the optimization process, a tradeoff between the wide bandwidth and 

radiation performance has been compromised. 
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The proposed antenna geometry is shown in Figure 4.1. The radiator is a 

rectangular ceramic block with dimensions 6.00 mm × 9.00 mm × 6.00 mm. A  

0.8 mm thick FR4 substrate with relative permittivity of 4.5 is used in the 

construction. The total PCB size has being 30.0 mm × 21.0 mm. The antenna 

ground plane is partially printed on the FR4, and has optimized dimensions of 

18 mm × 21.0 mm, and a feed line of 18 mm × 1.5 mm track is printed on the 

substrate to realize a 50 Ω microstrip line. At the end of the 50 Ω, a T-shaped 

element is used to excite the DR. This element plays significant role in 

controlling the impedance matching and width bandwidth response. To 

understand the contribution of the DR, Figure 4.2 shows the |S11| of the 

proposed antenna with and without the DR; as can be clearly seen, without the 

DR the antenna only operating from 3.7 GHz to 5.8 GHz. When the DR is 

introduced to the antenna structure, this operating band is shifted to 3.1 to 5.5 

GHz. This enables the antenna to operate at the lowest UWB operating 

frequency (3.1 GHz) and providing a further 300 MHz bandwidth enhancement. 
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(a) Top view (b) Auxiliary view 

 
 

 

  
(c) Antenna prototype  

Figure 4.1: Basic antenna geometry model 
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Figure 4.2 Simulated |S11| of the proposed antenna with and without dielectric 

resonator (DR). 

 

4.3 Parameter Study 

A parameter study is needed to understand the antenna return loss as a 

function of the DRA geometry. Three sensitive parameters, i.e. DR_W, DR_L 

and T_L, were taken into account in this study, as shown in Figure 4.1. Initially, 

each simulation run was set up with one variable structure parameter and the 

default value of DR_W, DR_L and T_L are 6 mm, 9 mm and 11 mm 

respectively. In this analysis, the target operating frequency band and idea 

performance is 3.1 GHz to 4.9 GHz at a reflection coefficient |S11| better than -

10 dB. 

 

2 3 4 5 6 7
-35

-30

-25

-20

-15

-10

-5

0

Frequency in GHz

|S
11

| i
n 

dB

 

 

Without DR

With DR 



 

59 

 

Figure 4.3 illustrates the three analyzed geometry parameters. As can be 

observed, by changing of the length of the dielectric resonator (DR_L) from 4 

mm to 8 mm with increment of 2 mm, the operating frequency band gradually 

moves to the lower band and meeting the design goal. Further increasing DR_L 

to 10 mm will impair the impedance matching at the higher operating frequency 

band.  

 

 
Figure 4.3 Simulated |S11| corresponding to the variation parameters of Length 

of DR (DR_L). 
 

Interestingly, the variations of the |S11| show the similar changes, as gradually 

increasing DR_W from 2 to 8 mm, as depicted in Figure 4.4. For the best 

performance of the antenna, it is suggested that DR_L should be chosen 

between 8 to 10 mm, whereas DR_W should be selected between 6 to 8 mm. 
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Figure 4.4: Simulated |S11| corresponding to the variation parameters of Width 

of DR (DR_W). 

 

Figure 4.5 plots the influences of the T_L parameter on the |S11| of the 

proposed antenna. As can be noticed, T_L needs to be adjusted to an optimum 

value in order to achieve the desired operating performance. It is clear that 

extending the T_L value from 6 to 10 mm, the initial lower and upper cut off 

frequencies of the band are shifted to the lower band while maintaining a good 

impedance matching bandwidth. As further increasing this parameter to 12 mm, 

the impedance matching at the higher frequency band deteriorates  
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Figure 4.5 Simulated |S11| corresponding to the variation parameters of Length 

of T-strip (T_L). 
 

4.4 Results and Discussion 

In order to validate the measured and simulated results, two software packages, 

i.e. ansoft HFSS and CST, were used for comparison. The obtained reflection 

coefficient |S11| of the proposed antenna from these packages are shown in 

Fig.4. It should be noted that 9 mm, 6 mm, 11 mm for DR_L, DR_W and T_L, 

were selected in the design model. As can be seen, the antenna is operating 

from 3.1 to 5.5 GHz at the reflection coefficient |S11| better than -10 dB. This is 

equivalent to 55.8 % relative impedance bandwidth and corresponding to 2.4 

GHz. 
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(a) 

 

(b) 

Figure 4.6: Verification of the predicted |S11| by (a) using two software with 

without DR and by (b) using two software with measured. 
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The far-field radiation patterns measurements of the prototype antenna were 

carried out in an anechoic chamber using an elevation-over-azimuth positioner, 

with the elevation axis coincident with the polar axis (θ = 0ο) of the antenna’s 

coordinate system. The fixed transmitting antenna was a broadband horn 

(EMCO type 3115) positioned 4 m from the antenna being tested. The azimuth 

drive thus generates cuts at constant ϕ. The azimuth positioner was rotated 

from θ = -180 to 180 at increments of 5 for the selected measurement. Two 

patterns cuts, ϕ = 0ο and 90, were taken at two selected operating frequencies 

for which the matching was optimal. Figure 4.7 shows the simulated and 

measured normalized radiation patterns is also plotted at two planes, i.e. E-

plane (XZ- plane) and H-plane (XY-plane). Three operating frequencies, i.e. 3.1 

GHz, 4.5 GHz and 5.5 GHz, were chosen to cover the entire operating band. As 

can be clearly seen, the antenna exhibits consistent onmi-directional patterns 

across of the operating band.  It should be highlighted that the simulated gains 

and radiation efficiencies are (2.3 dBi, 2.9 dBi, 4.2 dBi) and (80%, 90%, 78 %) 

at these three given frequencies.  
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(a) 3.1 GHz 

  
(b) 4.5 GHz 

  
(c) 5.5 GHz 

Figure 4.7: Simulation and measurement of radiation patterns of the proposed 
antenna for two planes:  xz-plane (E-plane) and xy plane (H-plane). 
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4.5 Conclusions 

A small quasi-omni-directional dielectric resonator antenna has been proposed 

for the lower UWB band, which is suitable for a variety of body area network 

and IEEE802.11a/WiMAX applications. The antenna is constructed from a low 

permittivity ceramic as a rectangular block, with microstrip feed and broadband 

matching lines on FR4. The radiation patterns were quite stable with an average 

gain of around 3dBi covering the lower UWB spectrum bandwidth. The radiation 

efficiency was reasonable over the total bandwidth and do confirm the 

advantage of using such antenna structures.   

 

The idea learned for this chapter, that it could be possible to apply aperture 

feeding with different structure configuration to improve the bandwidth through 

exciting various modes of one or two DRs.     
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CHAPTER 5 

APERTURE-COUPLED ASYMMETRIC 

DIELECTRIC RESONATORS   ANTENNA 

FOR WIDEBAND AND BROADBAND 

APPLICATIONS 

 

 

5.1 Introduction 

 

Since the first proposal in 1983 [124], dielectric resonator antennas (DRAs) 

have received increasing interest due to their many attractive features, such as 

high radiation efficiency, smaller size, the freedom to design their shape 

(rectangular, cylindrical, spherical, etc.) and their ability to use different feeding 

structures, for example probe, microstrip line, slot or  coplanar line. However, 

one major drawback of the DRA is the limited bandwidth. For a single-mode 

excitation, the bandwidth is often below 10%, which is not sufficient for many 

wideband applications. To overcome this limitation, various bandwidth 

enhancement techniques have been developed, over the last few decades. One 

approach is to utilize different features of the dielectric resonators (DRs), such 

as structures of high aspect ratio [125], stacked multiple DR with different 



 

67 

 

materials to merge multi resonance operation [40, 81], and inserting an air gap 

in the DR to lower the Q-factor [76, 121].  In [126] a single cylindrical DR is 

excited by two crossed slots. The centres of the two slots are set at different 

positions and taking into consideration the partial independence of the slot 

modes from the DRA mode, wider band was attained. 

 

In this chapter, a novel wideband slot-fed asymmetric dielectric resonator 

antenna is presented. A pair of cylindrical DR’s is placed adjacently and 

asymmetrically with respect to the feeding rectangular aperture. A single slot 

here feeds the two DR’s in such a way where more design freedom can be 

obtained, as the two DRA's can resonate at slightly different frequency resulting 

in wider band. By optimizing the design parameters have been optimised in 

which an impedance bandwidth of about 29%, covering the frequency range 

from 9.62GHz to 12.9 GHz, and a gain of 8dBi are obtains. Design details of the 

proposed antenna and the results of both simulation and experiment are 

presented and discussed. 

 

5.2 Antenna Design Concepts and Structure 

The geometry of the proposed asymmetric wide band antenna is illustrated in 

Figure 5.1. The prototype antenna is fabricated on 30mm × 25mm FR4 

substrate with relative permittivity of Ԑrs= 4.5, a loss tangent of 0.017, and 
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thickness t = 0.8 mm. The feed microstrip line is placed symmetrically with 

respect to the coupling aperture.  

 

 

(a)                                                                (b) 

Figure 5.1: Aperture-coupled asymmetric dielectric resonator antenna (a) top view 
and (b) side view with design dimensions and parameters. 

 

The microstrip line dimensions were calculated using empirical formulas given 

in [126] resulting in length Lf = 22.5mm and width  Wf =1.5mm. A rectangular 

aperture (slot) of length Sl and width of Sw is etched on the ground plane. The 

dimensions of the aperture influence the resonant frequency of the structure 

and the amount of the undesired radiation in the back direction of the antenna. 

They also determine the coupling between the radiating DR’s and the microstrip 

line. At the end of feed line, there is a ‘stub’ of length Lstub as shown in Figure 

5.1. If the slot is modelled as shunt impedance connected to the feed line, then 
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the stub can be visualized as a reactance canceller. Practical experience 

[127]has shown that the stub length should be close to λg/4, and optimization 

started from this point. An alumina material of alumina-96pct, with Ԑrd = 9.4, 

diameter D= 6mm and a height h = 9 mm is used for the DR structure. The two 

DRs are offset-placed from the centre of the slot (yd≠yd1) as shown in 

Figure 5.1 (a).  

 

The resonant frequency of a single segment CDRA excited in HEM11δ mode can 

be as [51], 

2

2 1.71 2 0.1578
2 22

r

rdr

c a a
f

h ha 

    
      

     

 
(5.1) 

 

where a = D/2, D is the diameter of CDRA, c is the velocity of light, h is the 

height of the CDRA above ground plane, and  Ԑr  is the relative permittivity of 

CDR material. For the dimensions of the CDR described above of D = 6mm, h = 

9mm, Ԑr = 9.4, the calculated resonance frequency according to Eq. 5.1 was 

found to be 10.63GHz. The slot length and the permittivity's of the substrate 

including the DRA determine the frequency of the slot resonance. The DRA 

modes depend on the DR dimensions, permittivity, as well as the feeding 

mechanism. Since the two DRA's are asymmetrically located with respect to the 

slot, then two nearby resonance frequencies are excited leading to wide band 

operation. 
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5.3 Parametric Study 

The parametric study using Ansys HFSS allows the influences of various 

parameters on the response of DRA antenna to be investigated[123].  

Figure 5.2, shows the simulated reflection (s11) a coefficient as function of 

frequency for various slot lengths Sl. As the aperture length is reduced, the 

input resistance of the antenna decreases. 

 

 
 

Figure 5.2: Simulated reflection coefficient as a function of frequency 
for different slot lengths Sl with Sw=1.1mm, Lstub=4mm, yd=3.75mm, 

yd1=-2.1mm. 
 

 This might be thought of as decreasing the coupling factor between the feed 

line and the antenna. The slot length also affects the coupling to the DR, and 

this can be seen from the fact that best matching is obtained for slot length of Sl 



 

71 

 

= 6.6mm. This analysis shows that slot length mostly affects both the reflection 

coefficient and the resonant frequency, but it slightly affects the impedance 

bandwidth of antenna as well. 

Figure 5.3 shows the simulated reflection coefficient of the DRA with slot width 

Sw varied from 0.6mm to 1.4mm. It is clear that the optimum impedance 

bandwidth is achieved at slot width of Sw=1.2mm. 

 

 

Figure 5.3: Simulated reflection coefficient as a function of frequency for 
different slot widths Sw with Sl=6.6mm, Lstub=4mm, yd=3.75mm, yd1=-2.1mm. 
 

Figure 5.4 shows the effect of the stub length Lstub, where it is clear that tuning 

the stub length can affect the bandwidth and matching of the resonant modes. 

The design is optimized at Lstub = 4mm, a value close to the estimated one of 

λg/4 = 4.08 mm. 
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Figure 5.4: Simulated reflection coefficient as a function of frequency for various 

stub lengths lstub with sl=6.6mm, sw=1.2mm, yd=3.75mm, yd1=-2.1mm. 

 

The effects of asymmetric location of the two DR’s were investigated by moving 

one of the DR’s along the length of the slot. The results obtained by moving the 

upper DR are shown in Figure 5.5, where it can be seen that the position of the 

DR affects the bandwidth and matching. A good compromise has been obtained 

for the position yd = 3.75 mm. 
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Figure 5.5: Simulated reflection coefficient as a function of frequency for various 

stub lengths yd with sl=6.6mm, sw=1.2mm, lstub =4mm, yd1=-2.1mm. 

 

 

Figure 5.6 shows that moving the lower DR’s along the length of the slot affects  

the bandwidth and matching, and a good compromise has been obtained for the 

position yd1=-2.3 mm. Thus the off-set positioning has given one more degree 

of freedom for the design optimization. The two values (yd = 3.75mm and yd1 = 

-2.3mm) have been chosen as they give best response in bandwidth and 

matching as well as resulting in the same resonance frequency of 10.832GHz. 
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Figure 5.6: Simulated reflection coefficient as a function of frequency for varying 

position of lower DR yd1 with sl=6.6mm, sw=1.2mm, lstub=4mm, yd=3.75mm. 

 

5.4 The Optimized Antenna Design and Measurement 

Results 

 

Based on the detailed parametric studies, the optimum dimensions obtained for 

the antenna are listed in Table 5-1. These values are used in the fabrication of 

the antenna shown in Figure 5.7. The antenna performance was measured with 

HP8510C vector network analyzer. The measured and simulated reflection 
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coefficients of the proposed antenna are shown in Figure 5.8. The differences 

between the measured and simulated results, seen as a shift to higher 

frequency and general increase in S11, may be attributed to the effects of the 

use of glue used to fix the DRA and fabrication inaccuracies, as has been 

noticed previously [51]. The presented antenna here achieves an impedance 

matching (S11< -10dB band) from 9.62GHz to 12.9GHz, that is around 29% 

relative bandwidth. 

 

Table 5-1 Dimensions of the optimized antenna. 

parameter Lg Wg Lf Wf D h 

Optimum value (mm) 30 25 21 1.5 6 9 

parameter Sl Sw Lstub yd yd1 

Optimum value (mm) 6.6 1.2 4 3.75 -2.3 

 

 

     
(c) 

Figure 5.7: Photograph of the fabricated antenna (a) front view and (b) back view. 
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Figure 5.8: Simulated and measured reflection coefficients (S11) of the proposed 

DRA 

 

The simulated and measured antenna gain in the broadside direction of the 

proposed antenna is illustrated in  

Figure 5.9. It should be noted that the simulated gain curve assumes an ideal 

feeding network, whereas the measured results include the insertion loss of the 

feeding network used, hence there are local discrepancies. The figure shows 

that the calculated gain varies between 5.47dBi and 8dBi with a maximum of 

8dBi at 12.8GHz, while the measured gain varies between 6.34dBi and 7.72dBi 

across the pass band of 9.62-12.9GHz can be said that on average the 

measurements are comparable with the prediction.  
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Figure 5.9: Comparison of simulated and measured antenna gain of the 
proposed antenna 

 

 
 

Figure 5.10: Simulated and measured impedance of the proposed antenna 
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Figure 5.10 shows the simulated and measured impedance for the proposed 

antenna. The real parts are close to 50 Ω, while the imaginary parts fluctuate 

around zero. The slight differences between the simulated and measured 

impedances are due to the fabrication inaccuracies. 

 

Measurements of the far-field radiation patterns of the prototype antenna were 

carried out in an anechoic chamber using an elevation-over-azimuth positioner, 

with the elevation axis coincident with the polar axis (θ = 0ο) of the antenna’s 

coordinate system. The azimuth drive thus generates cuts at constant ϕ. The 

fixed transmitting antenna was a broadband horn (EMCO type 3115) positioned 

4 m from the antenna being tested. The azimuth positioner was rotated from θ = 

-180 to 180 at increments of 5 for the selected measurement. Two patterns 

cuts, ϕ = 0ο and 90, were taken at two selected operating frequencies for which 

the matching was optimal. Figure 5.11 shows the simulated and measured 

normalized radiation patterns at resonance frequencies of 10.8 and 12 GHz. 

This shows the antenna has a wide radiation field covering half of space. The 

field has a low cross-polarization component and is mainly linearly polarized. 

The back lobe in the radiation pattern is due to a small amount of radiation from 

the slot.  
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       10. 8GHz                                                                                                      
(a) (b) 

12.3GHz       
( c ) (d) 

Figure 5.11: Simulated and measured radiation pattern; (a) and (c) at xz plane, 
(b) and (d) at yz plane; simulated Eθ: dashed line, simulated Eϕ: dotted line, 
measured Eθ: 'o-o-o’, measured Eϕ: solid line. 
 

The magnitude of the electric and magnetic fields at 10.8 GHz and 12.3 GHz 

are shown in Figure 5.12. The electric and magnetic fields distributions are 

plotted on the xz and xy planes respectively.  
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Magnetic fields  

  
(a) 10.8GHz (b) 12.3GHz 

Figure 5.12: Magnitude of electric (top, xz plane) and magnetic (bottom, xy 
plane) fields distribution for (a) 10.8 GHz, (b) 12.3 GHz. 

 

It is observed that the magnetic field variations at 10.8 GHz and 12.3GHz along 

specific azimuth direction at the base of each DRA, look quite similar but the 

intensity increases at higher frequency. Hence, looking carefully at the 

variations of electric fields one can conclude that there is significant evidence of 

the appearance of a TM110/HEM11𝛿 mode of weakly uniform distribution at lower 

frequency 10.8 GHz and a TM111/HEM112 mode of cycling field distribution at the 
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higher frequency of 12.3 GHz. The asymmetry of such DRAs including the 

smallest ratio of radius-to-height ratio (D/2h=1/3) supports the existence of 

close modes to work over a wide bandwidth [128]. 

 

5.5 Conclusions  

A compact DRA for wideband applications has been developed. The 

asymmetric location of the pair of DR can add another parameter for the 

designer to optimize the antenna geometry to add another variable dimension of 

freedom to achieve best spectrum performance. In this study, an impedance 

bandwidth of about 29%, covering the frequency range from 9.62GHz to 12.9 

GHz, and realized gain of 8dBi are obtained. Design details of the proposed 

antenna and the results of both simulation and experiment were presented and 

discussed and show a reasonable agreement. It is believed that the compact 

design due to the asymmetrically located DRAs with respect to single 

rectangular coupling aperture could enhance closely resonant modes to achieve 

wider spectrum bandwidth. On the other hand it also confirms the possible 

operation of two DRs Elements within a small confined feeding network to 

operate into antenna array concept.  

Next chapter further bandwidth enhancement was achieved through 

optimization of the aperture structure in exciting more resonance modes to 

cover wider bandwidth. 
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CHAPTER 6 

OFFSET APERTURE-COUPLED TWO 

CYLINDRICAL DIELECTRIC RESONATORS 

ANTENNA FOR EXTENDED-WIDEBAND 

APPLICATIONS 

 

 

6.1 Introduction 

Frequency selective properties of defected ground structures (DGS) have been 

extensively utilised in printed circuits and antenna applications for more than a 

decade. DGS was first proposed for antenna applications in 2005 [129]. Among 

other benefits, the concept can be employed to reduce cross-polarization, which 

otherwise can be a major limitation for some wideband antennas. Defected 

ground structures have been used for the control of active microstrip antennas 

and bandwidth enhancement technique in patch antennas, and shaped defects, 

such as rectangular, square, or semi-circular arc with varying dimensions, can 

bring additional improvements [129, 130]. In [130], a DGS annular ring was 

examined. The application was extended to dielectric resonator antennas 

(DRAs): the stop-band property of this configuration is used to suppress mutual 
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coupling between two circular microstrip patches. Moreover, DRAs with various 

geometries such as conical [79], cylindrical [131] where it was first used as a 

radiating element[124], asymmetrical T-shaped [132], tetrahedral [35], ring 

shape [130], elliptical [133], and hybrid hemispherical-conical-shaped [134], 

were all proposed structures for bandwidth enhancement. 

 

Recently, the operating DRA bandwidth has been improved further for ultra 

wideband applications [134, 135]. In [126], a single cylindrical DR was excited 

by two crossed slots, where the centres of the slots were set at different 

positions and the slot modes were considered partially independent from the 

DRA mode, in which a wider band was attained. In [131], a novel wideband slot-

fed asymmetric DRA was proposed, with two adjacent cylindrical DRs placed 

asymmetrically with respect to the feeding rectangular aperture. The 

asymmetric location of the pair of DR constitutes an additional optimization 

parameter for the designer. The features of the proposed antenna are 

improved; an impedance bandwidth of about 29%, covering the frequency 

range from 9.62GHz to 12.9 GHz, and realized gain of 8 dBi are obtained [131]. 

In this work, for the same aperture concept this ratio is increased up to 100%. 

 

In this chapter, a novel compact Dielectric Resonator Antenna for ultra-

wideband applications is proposed, in which, two cylindrical dielectric 

resonators, asymmetrically located with respect to the centre of an offset 
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rectangular coupling aperture, are fed through this aperture. The design 

parameters, such as, impedance bandwidth covering the dual-band frequency 

range from 6.02 GHz to 7.32 GHz and from 8.72 GHz to 16.57 GHz, and an 

average gain of 8 dBi are fully optimised to achieve these specific results. The 

measured results of a prototype antenna sample are compared and discussed 

with simulation.   

 

6.2 Proposed Antenna Geometry 

The proposed asymmetric ultra-wide band antenna was designed and 

simulated using HFSS V. 14 [123] on an FR4 substrate of thickness 0.8 mm. 

The final configuration of the antenna is shown in Figure 6.1. 

 
(a)                                                (b)          

Figure 6.1: Aperture-coupled asymmetric DRA; (a) top view and (b) side 
view with design dimensions and parameters. 
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The prototype antenna is fabricated on an FR4 substrate with a relative 

permittivity of Ԑrs = 4.5, a loss tangent of 0.017 and a thickness t = 0.8 mm. The 

feed microstrip line is placed symmetrically with respect to the coupling 

aperture. The microstrip line dimensions were calculated using empirical 

formulas given in [126, 131] resulting in length lf = 20.5 mm and width wf = 1.5 

mm. Two rectangular apertures (slots) of length sl and width sw are etched on 

the ground plane, and are shifted from the center by a distance d. Practical 

experience has shown that the stub length should be close to λg/4 [8]. The 

values of all the parameters shown in Figure 6.1 and used in the final antenna 

configuration are in Table 6-1. 

 

Table 6-1: Dimensions of the optimized antenna 

parameter wg lg wf ws ls 

Optimum value(mm) 25 30 1.5 3.5 6.6 

parameter ds d Lstub1 Lstub2 lf 

Optimum value(mm) 3.1 0.2 7.9 4.5 20.5 

 

Based on the previous work in [131], the originality of this work resides in the 

creation of an offset rectangle slot to excite other modes, where “shifting the 

zigzag” gives design scope (we can consider this as double attached slots) as 

shown in Figure 6.2. This original antenna presents an enhancement of S11, as 

illustrated in Figure 6.3. An alumina material alumina-96pct, with Ԑrd = 9.4, 
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diameter D = 6 mm and a height h = 9 mm is used for the DR structure. The 

resonant frequency of a single segment CDRA exited in HEM11δ mode can be 

given by [123, 136] 

2

( ) 1.71 0.1578    
2

r

r

c a a
f GHz

h 2ha 

  
       

       (6.1) 

 

   
(a) (b) (c) 

Figure 6.2: Aperture-coupled asymmetric DRA top view with steps of the 
designed antenna. (a) Antenna proposed in [4], (b) a second proposed antenna 
and (c) our proposed antenna. 
 

 

where a=D/2 (in cm), c is the velocity of light, with the other values given above. 

For these dimensions, and with the given DRA properties, the calculated 

resonance frequency is 10.410 GHz [131]. The slot length and the permittivity of 

the substrate and DRA determine the resonance frequency of the slot. Since 

the DRAs are asymmetrically located with respect to the asymmetrical slots, we 
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have two stub lengths lstub1 and lstub2, where the DRA modes depend on the DR 

dimensions, the permittivity, as well on as the feeding mechanism. Thus several 

resonant frequencies are excited leading to a wideband operation. 
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Figure 6.3: Simulated return loss of the three different DRAs shown in Figure 6.2. 

 

6.3 Results and Discussion 

Based on the detailed parametric study in [131], the obtained optimum 

dimensions for the antenna given above are used in the fabrication of the 

antenna shown in Error! Reference source not found.. The antenna 

performance was measured with an HP8510C vector network analyzer, and the 

measured and simulated return losses of the proposed antenna are shown in 

Figure 6.4. The differences between the measured and simulated results, seen 

in a shift towards higher frequencies and a general increase in S11 may be 

attributed to the combined effects of the use of glue in fixing the DRA and 
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fabrication errors. The antenna realizes an impedance matching (S11 < -10 dB 

band) extending from 8.72 GHz to 16.57 GHz, i.e. 62%. 

 

 

 

   
(a) (b) ( c ) 

Figure 6.5: Photograph of the fabricated antenna (a) front view, (b) back view 
and (c) with DRs. 
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Figure 6.4: Simulated and measured return loss of the proposed DRA. 
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Figure 6.6 shows the simulated and measured impedance for the proposed 

antenna. The real parts are round 50 Ohms, while the imaginary parts fluctuate 

around zero.  
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Figure 6.6: Simulated and measured impedance of the proposed antenna 

 

The slight differences between the simulated and measured impedances are 

mainly due to the fabrication errors. Therefore, it note can be that several 

modes are excited and this is due to the shape of the slot. 

 

Figure 6.7 illustrates the simulated and measured antenna gains in the 

broadside direction of the proposed antenna. It is worth noting that the 

simulated gain assumes an ideal feeding network, whereas the measured result 

includes the insertion loss of the feeding network used, hence there are local 

discrepancies. The illustration shows that the calculated gain varies between 
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6.46 dBi and 12.95 dBi with a maximum of 12.95 dBi at 17.64 GHz, while the 

measured gain varies between 5.56 dBi and 12 dBi across the passband of 6-

17 GHz and it can be noted that on average the measurements are quite 

comparable with the predictions. 

 

 
Figure 6.7:  Simulated and measured antenna gain of the proposed antenna 

 

 

Figure 6.8 shows the normalized measured radiation patterns at frequencies of 

6, 10 and 15GHz. This shows that the antenna has a wide radiation range 

covering half space, and in some cases an almost omnidirectional radiation 

pattern is obtained. This is due to the shape and the dimensions of the slot 
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Figure 6.8: Measured radiation patterns (a) in xz-plane, (b) in yz-plane. 
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6.4 Conclusions 

A compact dielectric resonator antenna for ultra-wideband applications has 

been designed, manufactured and are used showing the use of two DRs can 

enhance the operational performances of the antenna. The asymmetric 

locations of the DR pair, the dimensions and the shape of the aperture where 

“shifting the zigzag” gives design scope together constitute another parameter 

for the designer to optimize the design process. In this study, an impedance 

bandwidth of over 62%, covering the dual-band frequency range from 6.02 GHz 

to 7.32 GHz and from 8.72 GHz to 16.57 GHz, and a gain of 8 dBi were 

achieved compared to the author previous work presented in [4]. The next 

chapter provides new aperture feeding network for new type of wireless 

communications applications.     
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CHAPTER 7 
DUAL SEGMENT S-SHAPED APERTURE-
COUPLED CYLINDRICAL DIELECTRIC 
RESONATOR ANTENNA FOR X-BAND 
APPLICATIONS 
 

 

7.1 Introduction  

A new dual-segmented dielectric resonator antenna with internal S-slot coupling 

is proposed for use in X-band communications. One of the fundamental 

differences between dielectric resonator antennas (DRA) and conventional 

radiators is that the main loss in the DRA is dielectric loss, and with modern 

ceramic materials this can be very low [128, 137]. It can also remain very low 

for high permittivity ceramics, so there is not the same penalty for 

miniaturization that one would expect with metal, or metalized, radiators. 

Nevertheless, DRA are still believed to be subject to the fundamental 

size/bandwidth trade-off [50, 131, 132, 138-146]. There is some potential for 

overlap between filter and antenna design, particularly in establishing multi-

mode solutions, although this approach is not adopted here. The design 

presented have semi-empirical, with the analysis being carried out using CST 

Microwave Studio and Ansys HFSS software[123]. The bandwidth is controlled 

through the selection of the dielectric constant, and geometry of the DRA layout 
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through manipulation of the structural parameters for the resonators, coupling 

path (slot) and feed line. The realization also exploits some well-known 

techniques developed for physically small, low profile, mobile handset and 

terminal antenna designs. 

 

In this chapter, a new low cost dual-segmented S-slot coupled dielectric 

resonator antenna design is proposed for wideband applications in the X-band 

region. The antenna performance characterized in terms of the reflection 

coefficient, gain and radiation pattern are investigated. Various placements of 

the two DR segments located on the same side, or on opposite sides, of the 

substrate are examined to improve radiation performance. Experimental testing 

of the antenna prototype was compared with the modelling results.  

 

7.2 Antenna Design Concepts and Structure 

The general layout of the DRA assembly is given in Figure 7.1, two identical 

dielectric resonators are mounted on a 30.0 mm × 25.0 mm substrate backed 

ground plane. The resonators are 6.0 mm (D) × 9.0 mm (h) cylindrical posts of 

Rogers thermoset TMM4 laminate (Ԑdr = 9.4), and the substrate is a Rogers 

thermoset TMM4 laminate (Ԑsubs = 4.5, tan δ = 0.017) of thickness 0.8 mm (t). 

The resonators are excited in the dual  



 

95 

 

 
                             (a)                                                          (b)  

Figure 7.1: Geometry of the proposed antennas. (a) top view and (b) side 
view with design dimensions and parameters 

 

 

HEM11δ mode, for which the structure parameters and target frequency are 

related through the curve-fitted equation, 

2 3 4

0.42
r

30
( ) (1.6  0.513 z  1.392 z  - 0.575 z   0.088 z )

2
f GHz

a 
       (7.1) 

 

where a = D/2 (cm) and  z = a /2h [1]. 

 

The antenna assembly is excited using an L-shaped strapline, with dimensions 

Lf = 19.5 mm, Lf1 = 4.2 mm, and Wf = 1.5 mm calculated using the standard 

formulae [16]. The internal coupling mechanism is provided by an S-shaped 

slot. This configuration acts to influence the resonant structure, and the amount 
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of undesired radiation in the backward direction. It also acts to control the 

coupling between the radiator and the feeding network. 

 

7.3 Parametric Design Studies and Optimized Design 

The following parametric study is useful because it provides a comprehensive 

picture of the antenna characteristics. A detailed model of the antenna 

performance is constructed using ANSYS HFSS software and systematic 

parameter sweeps are made on each of the principal structure parameters 

governing the S-shaped slot coupling in turn, while the others are held constant. 

The antenna performance is characterized in terms of the gain, reflection 

coefficient, and radiation pattern; these are summarized in Figures 7.2 to 7.5. 

Figure 7.2 shows the variation of reflection coefficient versus frequency (S11) 

with frequency for various vertical slot lengths (Sl) with Sl1=3.5mm, Sw=1.1mm 

and x=1.5mm. It can be seen that as the vertical slot length increases, the 

resonant frequency decreases, altering the bandwidth. The optimal value for the 

vertical slot lengths appears to be 3.75 mm, as can be seen from the wider 

impedance bandwidth, and minimum reflection coefficient (-10 dB) across the 

frequency range. 
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Figure 7.2: Simulated reflection coefficient versus frequency for different vertical 
slot lengths sl; sl=3.25mm (solid), sl=3.5mm (dashed), sl=3.75mm (dotted), 
sl=4mm (dash-dotted). 
 

 Figure 7.3 shows the variation of the reflection coefficient with frequency for 

different values of the horizontal slot length (Sl1) with Sl = 3.75 mm, Sw = 1.1 

mm, and x = 1.5 mm. It can be seen that the resonant frequency and 

impedance bandwidth reduce with decreasing values of Sl1; the optimal value 

for Sl1 is 4 mm. 

 
Figure 7.3: Simulated reflection coefficient versus frequency for various 

horizontal slot lengths of the two slot ends sl1; sl1=3.8mm (solid), sl1=3.9mm 
(dashed), sl1=4.0mm (dotted) and sl1=4.1mm (dash-dotted). 
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Figure 7.4 shows the variation of the reflection coefficient with slot width (Sw), 

with Sl = 3.75 mm, Sl1 = 4 mm, and x = 1.5 mm. The primary effect is with the 

reflection coefficient, and a slight change in the impedance bandwidth can be 

observed on the upper band-edge, the optimal slot width appears to be 1.2 mm. 

 
Figure 7.4: Simulated reflection coefficient verses frequency for various slot 

widths Sw;  Sw=1.1mm (solid), Sw =1.2mm (dashed) and Sw =1.3mm (dotted). 
Figure 7.5 monitors the effect of the relative positioning of the S-slot with 

respect  

 

to the feed line on the reflection coefficient, this is the x-parameter in Figure 1 

(in this case Sl = 3.75mm, Sl1 = 4mm and Sw = 1.2mm). The optimum position is 

given by x = 1.2 mm. This has some effect on tuning the impedance bandwidth. 
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Figure 7.5: Simulated reflection coefficient verses frequency with varying 

position of S-slot along feeding line x; x=0.6mm (solid), x=0.8mm (dashed), 
x=1.0mm (dotted), x=1.2mm (dash-dotted) and x=1.4mm (circles) 

 

 

7.4 Results and Discussion 

Based on the detailed parametric studies, the optimum dimensions were found, 

and listed in Table 7-1. The substrate dielectric characterized by relative 

permittivity εrs = 4.5 and tangent loss tan𝛿 = 0.017, whereas the relative 

dielectric of the DR is εrdr = 9.4. A prototype DRA assembly was constructed 

using the parameter values derived from parametric study. 
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Table 7-1: Optimum dimensions (in mm) for the prototype antenna assembly. 

 

parameter Wg Lg D h Lf Wf Lf1 X1 

Optimum 

value(mm) 

30 25 6 9 19.5 1.5 4.2 0.9 

parameter y Sl Sl1 Sl2 X y1 Sw  

Optimum 

value(mm) 

11.25 4 3.75 4.5 1.2 6.5 1.2  

 

The proposed antenna with those parameters was fabricated, and Figure 7.6 

shows a photograph for the fabricated antenna. The reflection coefficient was 

measured using a vector network analyser (HP8510C) and results for antenna 

assemblies with and without DR posts present are summarized in Figure 7.7, 

alongside the corresponding simulation data. When there are no resonant posts 

on the slot side, the measured impedance bandwidth, for S11 ≤ - 10 dB, is 

extended from 11.2 GHz to 12.6 GHz, i.e. the relative impedance bandwidth is 

11%. Introduction of two DR posts on the slot side produces a bandwidth from 

7.8 GHz to 11.85 GHz, a relative bandwidth of 41%. In simulation the 

corresponding values were found to be 9% and 37%. The addition of the DR 

posts act to improve the reflection coefficient and impedance bandwidth. The 

simulated and measured data show multiple resonances which account for this 

wide bandwidth performance. Some variations may be observed, this follows 

from the fact that the parametric analysis is not fully optimized, leading to some 
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uncertainties in the final cut values for some of the structural parameters used 

on the prototype. This may be iteratively improved.  

 

  
(a) (b) 

Figure 7.6: Fabricated antenna (a) front view (b) back view 
 

 

 
Figure 7.7: Simulated and measured reflection coefficient versus frequency 

for the proposed antenna. 
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Figure 7.8 (a) illustrates the simulated and measured antenna gain in the 

broadside direction of the proposed antenna for two cases with and without the 

two DR’s. It should be noted that the simulated gain curve assumes an ideal 

feeding network, whereas the measured results include the insertion loss of the 

feeding network used, hence there are local discrepancies.  It is clear  from the 

figure that the calculated max gain with no DR is 5.3dBi at 11.2GHz, and with 

two DR’s on the slot side it is 6.16dBi at 10.6GHz, while the measured max gain  

with no DR’s on slot side is 5dBi at 11GHz and 5.8dBi at 11.2GHz with two 

DR’s on the slot side. On average, it can be said that the results of 

measurements are comparable with the predicted one. Also, it is clear from 

figure that across most of the operation band there is about 4 dB improvement 

in gain. This can be attributed to the use of two DR's which are fed in balance. 

The difference between the simulated and measured gain values at some 

places is around 1dB which can be attributed to the alignment errors. The 

impedance response of the proposed is shown in Figure 7.8 (b).  It can be seen 

that in the desired frequency range real part of impedance is close to 50Ω while 

imaginary part is almost negligible. This shows that proper impedance matching 

is achieved between feeding slot and aperture slot because of proper selection 

of feeding slot length and aperture slot position provided while deciding the 

aperture slot location. 
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(a) 

 
(b) 

Figure 7.8:  (a) Comparison of simulated and measured antenna gain of the 
proposed antenna, (b) Impedance Vs. Frequency plot of the proposed 

antenna 
 

The Far-field radiation patterns of the prototype antenna were measured in a 

far-field anechoic chamber using an elevation-over-azimuth positioner, with the 

elevation axis coincident with the polar axis 𝛳 = 0ᵒ, of the antenna’s coordinate 
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system. The reference antenna was a broadband horn (EMCO type 3115) 

positioned at 3.5 m from the antenna under test. Two pattern cuts (i.e. the xz 

and yz planes) were taken at three selected operating frequencies (8.2 GHz, 9 

GHz and 10.45 GHz), covering the complete designated bandwidth. The 

simulated and measured radiation pattern data are shown in Figure 7.9. The 

results show that the radiation patterns are nearly omnidirectional with minimal 

distorted characteristics. The computed radiation patterns are in a reasonable 

agreement and consistent with measurements.   

 

7.4.1 Magnitudes of Electric and Magnetic Fields 

The magnitude variations in the electric and magnetic fields were calculated in 

simulation and plotted for the optimized antenna model at 7.92 GHz, 9.00 GHz 

and 10.49 GHz, these characteristics are summarized is Figure 7.10. When 

close to resonance at 10.49 GHz, the electric fields displays strongly transverse 

characteristics, and mixed axial and transverse characteristics at the other 

lower frequencies, where there are no resonances. The magnetic field lines are 

essentially transverse, parallel to the DR base. This is in line with the prediction 

of the base mode frequency (10.695 GHz) from equation (1). The dominant 

mode at this frequency is the HEM11δ. 



 

105 

 

  
7.92GHz 

  
9GHz 

  
10.49GHz 

(a) (b) 
Figure 7.9: Far-field radiation patterns at  (a) xz-plane and (b) yz-plane; Eθ 

Meas.(solid-circles), E Meas.(triangle), Eθ HFSS (solid) and E HFSS (solid-*). 
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7.92GHz 

  
9GHz 

 
 

 
 

10.49GHz 
(a) (b) 

Figure 7.10 : Magnitude of (a) Electric and (b) Magnetic fields distribution of the 
proposed dual segment S-shaped aperture coupled CDRA antenna at 7.92GHz, 

9GHz and 10.49GHz. 
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7.4.2 Positioning of the Dielectric Resonators 

The relative positioning of the DR posts needs to be considered in more detail. 

A refinement of the parametric study in Section7.3 was made by considering the 

following configurations (Figure 7.11): (i) both resonators on the slot side, (ii) 

upper resonator on the slot side and lower resonator on the feed side, and (iii) 

upper resonator on the feed side and lower resonator on the slot side. 

 

The performances of the three configurations are shown in Figure 12, for the 

simulated model and the prototype DRA. In Figure 7.13 (a), it can be see that 

case (i) delivers the largest impedance bandwidth with improved impedance 

matching. The actual working bandwidth of the DRA is found to extend from 

7.66GHz to 11.2GHz. In Figure 7.12 (b), the gain performance for case (iii) 

indicates the best response for the difference between the maximum and 

minimum gain states.  
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(a) Two DR’s on the slot side 
 

 

 

 
 

 

 

(b) Lower DR on the slot side and upper DR on feed side 
 

 
 

 

 

 

 

(c) Upper DR on the slot size and lower DR on feed side 
Figure 7.11: Investigated positions of DR’s  (a) Simulated with HFSS, (b) 

fabricated antenna with lower DR on the slot side and upper DR on feed side  
and (c) fabricated  antenna with upper DR on the slot size and lower DR on 

feed side. 
 



 

109 

 

 
(a) 

 
(b) 

Figure 7.12: Simulated and measured (a) Reflection coefficient magnitude 
(S11) and (b) Gain (dBi) vs. frequency plots with different DR’s positions. 
 

The simulated far field radiation patterns at a distance of 1m, for the three 

different cases are presented in Figure 7.13, for two operating frequencies, 

9.5GHz and 10.5GHz. Case (iii) appears to give the best diversity pattern at 

these frequencies. 
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(a) 

  

(b) 

  

(c) 

 

Figure 7.13: 2D E-field radiation patterns at 9.5GHz and 10.5GHz (a) Two 

DR’s on the slot side, (b) lower DR on the slot side and upper DR on feed 

side, (c) upper DR on the slot size and lower DR on feed side. 
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7.5 Conclusions 

A new physically compact aperture-coupled dual-segment DRA has been 

proposed for use in X-band communications. Identical cylindrical DR posts of 

permittivity 9.4 are mounted on a substrate backed ground plane. The antenna 

was excited using an L-shaped feed line, and internal antenna coupling was 

achieved using an S-shaped slot. The effective antenna volume after 

optimisation process was found around 30.0 × 25.0 × 0.8 mm3. The measured 

prototype performance shows an average gain of 6.0 dBi over the frequency 

range 7.66 GHz to 11.2 GHz, with stable radiation patterns. The DR posts may 

be arranged in two distinct configurations: (i) occupying space on one side of 

the substrate, and (ii) on opposing sides. The first configuration results in a 

higher gain performance, whilst the second results in approximated uniform 

radiation pattern within 1m radial distance from the antenna.  
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CHAPTER 8 

BALANCED DUAL-SEGMENT CYLINDRICAL 

DIELECTRIC RESONATOR ANTENNA FOR 

ULTRA-WIDEBAND APPLICATIONS 

 

 

8.1 Introduction 

UWB antennas are one of the key devices in many UWB systems, such as 

broadband wireless communications, electronic warfare, medical imaging and 

radar systems, etc. UWB antennas offer many desirable features, and at the 

same time often with a simple RF front-end [147, 148].   Generally, an UWB 

antenna has a broad frequency range larger than (fh ⁄ fl) > 1.22 ( where fh is the 

upper frequency edge and fl is the lower frequency edge) in order to be ‘ultra 

wide’ but actually it depends on the system requirements and the centre 

frequency of the bandwidth [148]. There are mainly four types of UWB antennas 

having:  

   scaled structure (such as Bow-Tie dipoles, biconical dipoles and log-

periodic dipole arrays),  

    self-complementary structure (self-complementary spiral antennas), 

 traveling wave structure (Vivaldi antennas), and 
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 multiple reflection (or resonance) structure (dielectric resonator antenna) 

[149, 150]. 

Based on the feed configuration antennas can be categorized as balanced and 

unbalanced. In an unbalanced antenna, the ground plane is used as part of the 

radiator, with radiating currents induced on both of the ground plane and the 

radiating element. This situation degrades the antenna’s radiation 

characteristics and introduces losses and uncertainty in its matching. A 

balanced structure is a genuine alternative to avoid this degradation in 

performance. In a balanced structure, currents mutually cancel their effects, 

with net current flowing only on the antenna radiating element and not on the 

ground plane, so that the performance of the antenna is not affected [151]. 

 

Dielectric Resonator Antennas (DRAs) have been extensively studied owing to 

their numerous advantages such as high radiation efficiency, low weight, and 

small size due to the high permittivity of their constructing material. DRAs can 

be excited by various feeding methods, such as slot, coaxial feed, microstrip 

line and coplanar lines [87, 152]. 

 

The DR feedline geometry has been utilized for the extension of the antenna 

bandwidth [85].  Other techniques to achieve UWB operation employ monopole 

geometries, composite DRAs using composite shapes and/or composite 

materials, modified ground plane shapes and use of defected ground 



 

114 

 

plane[153]. Other techniques to achieve UWB operation employ monopole 

geometries, composite DRAs using composite shapes and/or composite 

materials, modified ground plane shapes and use of defected ground plane [52, 

153]. The use of dual segments of different dielectric constant fed by the same 

line showed improved bandwidth [125, 152]. Moreover, it has been shown 

recently that dual similar dielectric resonators (DRs) placed asymmetrically with 

respect to the feeding aperture can bring an increase in bandwidth as well as 

more design flexibility [131, 154]. 

In this chapter, a balanced dual segment cylindrical dielectric antenna (CDRA) 

with ultra wide-band operation is reported. A T-shaped slot and L-shaped 

microstrip feeding line are suggested to furnish a balanced coupling mechanism 

for feeding two DRAs. Performance of the proposed antenna was analyzed and 

optimized against the target frequency band. The proposed antenna was then 

modified by adding a C-shaped strip to increase the gain.  

 

The performances of the two balanced antennas were characterized and 

optimized in terms of antenna reflection coefficient, radiation pattern, and gain. 

The designed antennas covered the frequency range from 6.4 GHz to 11.736 

GHz that is 58.7% bandwidth. A maximum gain of 2.66 dB was achieved at 

frequency of 7 GHz, and a further 2.25 dB increase in the maximum gain was 

attained using the added C-shaped strip. For validation, prototypes of the two 

antennas were fabricated and tested. The characteristics of these balanced 
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antennas are analyzed and optimized using the CST microwave studio suite 

that is an electromagnetic simulator based on the finite integration technique 

[155]. 

 

8.2  Frist Design: Without a C-shape Strip   

8.2.1 Antenna Geometry 

 

The geometry of the proposed DRA antenna is shown in Figure 8.1(a). The 

ground plane, with an area of (2312) mm2, is etched on the substrate bottom 

to constitute a copper-coated baseboard. Two opposing L-shaped sections with 

a vertical L-section length f1 = 3.4 mm, vertical L-section width Wf2= 1.5 mm, 

horizontal L-section length Lf2 = 4.5 mm, and horizontal L-section width Wf1 = 

2.25 mm are added to the ground plane to form the balanced two-arm structure. 

Two cylindrical DRAs (CDRAs) of relative permittivity εrdr= 9.4, diameter D = 6.0 

mm and height h = 9.0 mm are symmetrically fixed on the two opposite L-

shaped sections of the ground plane. The substrate is Rogers TMM4tm with a 

thickness t = 0.8 mm, relative permittivity rs = 4.5, and loss tangent of 0.017, 

with dimensions (2323) mm2. As a feeding mechanism, a T-shaped slot with 

vertical length y = 3.5 mm, vertical width x = 1.25 mm, horizontal length sl = 4.0 

mm and horizontal width sw = 0.35 mm is etched on the ground plane. The 

dimensions of the aperture influence the resonant frequency of the structure 
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and the amount of undesired radiation in the back direction, and also determine 

the coupling between the radiating element and the microstrip line. The 

microstrip line dimensions can be calculated using empirical formulas given in 

[127]: accordingly, a 50 Ω L-shaped microstrip feed line with vertical length Lf = 

10.5 mm, horizontal length Lf3 = 6.5 mm and width Wf= 1.5 mm is used for 

impedance matching. At the tip of microstrip feed line, a 50 Ω coaxial SMA 

connector is connected for feeding microwave power.  

 

  

(a) (b) 

Figure 8.1: Balanced dual-segment cylindrical dielectric resonator antenna; (a) 

top view and (b) side view with design dimensions and parameters. 

 

Figure 8.1 shows that the two inverted L-sections work as a half wavelength 

dipole that is fed by the inverted T-shaped slot. The length of the dipole is given 

by: 

LD = 2 Lf2 + x (8.1) 
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This printed dipole is not adequately thin (LD/ Wf1 ≤10), and thus its resonance 

can be considered to occur at 0.45 effective wavelength. It can be shown that 

dipole resonates at frequency fr1 given by: 

fr1 = c/(2.22 LD√εre ) (8.2) 

εre =(rs +1)/2 (8.3) 

 

where εre is the effective relative permittivity of the substrate. 

The resonant frequency of an isolated DR cylinder is calculated by [51]: 

2

2 1.71 2 0.1578
2 22

r

rdr

c a a
f

h ha 

    
      

     

 
(8.4) 

 

Here a = D/2 (in cm), D and h are respectively the diameter and the height of 

each DR, the relative permittivity of the DR material, and c is the speed of light. 

For the DR used here, the resonance frequency according to Eq 8.4 is 

10.629GHz.  

 

Thus, the expected range of frequency can approximately found from Eq8.3 for 

the lower limit, and from Eq 8.4 for the upper limit. The two limits will obviously 

be influenced by the corresponding design parameters. The effects of various 

design parameters on the antenna performance are investigated in the following 

sections. 
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8.2.2 Parametric Study 

This section reports a parametric study to investigate the effects of various 

parameters on the response of the proposed antenna. The antenna structure 

was analyzed and optimized using Computer Simulation Technology (CST) 

Microwave Studio SuiteTM 2014[156]. The parametric analysis was carried out 

by varying one parameter while holding the remaining ones fixed. The optimized 

dimensions are presented in Table 8-1. The investigations start with the effect 

of the T-slot parameters then proceed to explore the effects of the dimensions 

of the two inverted L-sections. 

 

Table 8-1: Detailed parameters of the proposed antenna (all dimensions are in 

millimetres) 

D h Wg Lg Ws Ls lf Wf Lf3 x1 

6 9 12 23 23 23 10.5 1.5 6.5 7.5 

 

The influence of the horizontal slot length sl on the reflection coefficient is 

shown in Figure 8.2 With increasing the horizontal slot length, there is a slight 

increase in impedance bandwidth, a shift in the resonance frequency towards 

the right and a slight reduction in reflection coefficient. An optimum horizontal 

slot length of sl = 4 mm was chosen. 
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Figure 8.2 S Simulated effects on reflection coefficient of the horizontal slot 

length sl; sl =3.0(solid), sl =3.5(dashed), sl = 4.0 (dotted), sl =4.5(dash-dotted), sl 
=5.0 (circles). 

 

Figure 8.3 shows the simulated reflection coefficient of the DRA with variation of 

the vertical slot length (y) from 2.5 mm to 4 mm. The optimum impedance 

bandwidth is achieved at vertical slot length of 3.25 mm with minimum reflection 

coefficient across the spectrum bandwidth.    

 
Figure 8.3: Simulated reflection coefficient versus frequency for various vertical 

slot lengths y; y=2.5(solid), y=2.875(dashed), y=3.25(dotted),y=3.625(dash-
dotted) and y=4.0(circles). 
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Figure 8.4 shows simulated results of the reflection coefficient of the DRA 

obtained by varying the horizontal slot width (sw) of the DRA from 0.2 mm to 0.5 

mm. It is clear that a slot width of 0.35 mm gives an optimum (S11<-10 dB) 

impedance bandwidth. Figure 8.5 shows the simulated reflection coefficient of 

the DRA for varying vertical slot width (x) of the DRA from 0.5 mm to 1.5 mm. It 

is clear that the vertical slot width of 1.25 mm gives an optimum (S11<-10 dB) 

impedance bandwidth. 

 

Figure 8.4: Simulated reflection coefficient versus frequency for various 
horizontal slot width sw; sw=0.2 mm(solid), sw=0.275 mm(dashed), sw = 0.35 

mm(dotted), sw = 0.425 mm(dash-dotted) and sw = 0.5 mm(circles). 
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Figure 8.5: Simulated reflection coefficient versus frequency for different vertical 
slot width x; x = 0.5 mm (solid), x = 0.75 mm (dashed), x = 1.0 mm (dotted), x = 

1.25 mm (dash-dotted) and x = 1.5 mm (circles). 
 

Figure 8.6 shows the simulated reflection coefficient of the DRA for varying the 

length of the vertical L-section, f1, from 2.5 mm to 4.0 mm. The results show 

that a longer section leads to a lower value of the upper edge of the band. A 

vertical L-section length of 2.5 mm gives a maximum impedance bandwidth. 

 
Figure 8.6: Simulated reflection coefficient versus frequency for various vertical 
L-section lengths f1;f1 = 2.5 mm(solid), f1 = 3 mm(dashed), f1 = 3.5 mm(dotted) 

and f1 = 4 mm (dash-dotted). 
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Figure 8.7 shows the simulated reflection coefficient of the DRA when varying 

the vertical L-section width (Wf2) from 1 mm to 1.5 mm. The vertical L-section 

width has a slight effect on the reflection coefficient and an optimum (S11 < -10 

dB) impedance bandwidth is achieved with Wf2 = 1.25 mm.  

 

 

Figure 8.7: Simulated reflection coefficient versus frequency for different vertical 
L-section width Wf2; Wf2 = 0.5 mm (solid), Wf2 = 0.75 mm (dashed) and Wf2= 1.0 

mm (dotted) Wf2 = 1.25 mm (dash-dotted) and Wf2 = 1.5 mm (circles). 
 

Figure 8.8 shows the simulated reflection coefficient of the DRA for variable 

horizontal L-section length, Lf2, from 3 mm to 5 mm. The figure shows that 

increased length Lf2 shifts the lower edge of the band towards lower 

frequencies. The bandwidth is also affected by varying the parameter Lf2. This 

finding can be explained by noting that the two inverted-L sections work as a 

λg/2 dipole whose resonance frequency was given by Equ. 3. This frequency 



 

123 

 

influences the lower edge of the operation bandwidth. For the dimensions 

shown in Table 1, the parameters (x=1.25mm, Lf2=4.5), and using Equ. 3 the 

resonance frequency fr1 was found to be 8.023 GHz. A vertical L-section length 

of 4.5 mm was found to give a good compromization between band width and 

value of the reflection coefficient.  

 

.  

Figure 8.8: Simulated reflection coefficient versus frequency for various 
horizontal L-section lengths Lf2; Lf2 = 3 mm (solid), Lf2 = 3.5 mm (dashed), Lf2 = 

4.0 mm (dotted), Lf2 = 4. 5 mm (dash-dotted) and Lf2 = 5.0 mm (circles). 
 

Figure 8.9 displays the simulated reflection coefficient of the DRA against 

horizontal L-section width Wf1 from 1.5 mm to 3 mm. The figure shows that a 

vertical L-section width of 1.0 mm is the optimum width for a large impedance 

bandwidth 
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8.2.3 Experimental Results and Discussions 

To validate the proposed design, a prototype of the DRA antenna shown in 

Figure 8.1 with the optimized dimensions listed in Table 8-2 was fabricated and 

measured. The substrate parameters were εrs = 4.5 with loss tangent = 0.017, 

and for the DRA εrdr = 9.4. The fabricated antenna is shown in Figure 8.10. 

 

 

 

 

 

 
Figure 8.9: Simulated reflection coefficient versus frequency for various 

horizontal L-section width Wf1; Wf1 = 0.5 mm (solid), Wf1 = 1.0 mm (dashed) and 
Wf1 = 1.5 mm (dotted). 
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Table 8-2: Optimum parameters of the proposed antenna. (All dimensions 

are in millimetres). 

D h Wg Lg Ws Ls lf f1 lf2 lf3 

6 9 12 23 23 23 10.5 2.5 4.5 6.5 

Wf Wf1 Wf2 sw sl x x1 y   

1.5 1.0 1.25 0.35 4.0 1.25 7.5 3.25   

 

 

 

 
(a) (b) 

Figure 8.10: Photo of the proposed antenna; (a) front view and (b) rear view. 
 
 

The prototype was tested using an HP8510C vector network analyser, with the 

measured and simulated reflection coefficients shown in Figure 8.11. These 

results show that the simulated antenna here achieves an impedance matching 

(S11< -10 dB) from 6.4 GHz to 11.736 GHz, which represents a 58.7% 

bandwidth whereas the measured antenna achieves impedance matching from 
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7.15 GHz to 12.3 GHz, 52.9% bandwidth. The differences between the 

measured and simulated results, seen in a shift to higher frequency and the 

general increase in S11, may be attributed to the combined effects of the use of 

the glue to fix the DRA and fabrication errors. 

 

 
Figure 8.11: Simulated and measured reflection coefficients versus frequency 

for the proposed antenna. 
 

Figure 8.12 plots the measured and simulated peak gains of the proposed 

antenna, showing that the simulated antenna has a gain that varies between 

2.66dBi and 1.86dBi across the pass band (6.4 GHz to 11.736 GHz) and is a 

maximum at 7.0 GHz. The measured gain varies between 2.79dBi and 2.63dBi, 

and has a maximum at 7.89 GHz. The relatively small gain of the proposed 

antenna is attributed to its small dimensions of 23 × 23 mm2, which are only 

0.69 × 0.69 wavelengths at a centre frequency of 9 GHz. 
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Examination of the results shown in Figs. 2 to 9 and the experimental results of 

Figs. 11 and 12 were shows that the reflection coefficient has dips at 

frequencies ranging from 10 GHz to 11 GHz. These are in good agreement with 

the resonance frequency (10.629 GHz) of the isolated DR predicted by Equ. 4. 

The peak gain also shows a maximum at about this frequency. Although the DR 

is a resonating element, the wide band performance demonstrated in the Figs. 2 

to 9 and Figs. 11 and 12 can be attributed to the existence of two frequencies. 

The lower one is dedicated by the λg/2 dipole which can be found from Equs.1 

to 3. The upper frequency is controlled by resonance frequency of the DR which 

is given by Equ. 4. 

 

 
 

Figure 8.12: Measured and simulated peak gains of the proposed DRA. 
 

The proposed DR antenna was also measured in the far-field using an anechoic 

chamber with an elevation-over-azimuth positioner, with the elevation axis 
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coincident with the polar axis (θ = 0o) of the antenna’s co-ordinate system. The 

azimuth drive thus generated cuts at constant.  

  
6.8GHz 

  
11GHz 

(a) (b) 
Figure 8.13: Simulated and measured radiation patterns; (a) at xz plane, (b) at 

yz plane; simulated Eθ: dashed line, simulated E: dotted line, measured Eθ: 

'o-o-o’, measured E: solid line. 
 

The fixed antenna (transmitting antenna) was a broadband horn (EMCO type 

3115), positioned 4 m from the antenna being tested. The azimuth positioner 

was rotated from θ = -180o to 180o at increments of 5o for the selected 
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measurement. Two pattern cuts (i.e.  = 0 and 90o) were taken at two selected 

operating frequencies for which the matching was best. 

 

  
Electric field 

  

Magnetic field  
(a) (b) 

Figure 8.14: Magnitude of electric and magnetic field distributions of the 
proposed T-slot fed balanced dual segment CDRA at (a) 6.8 GHz, (b) 11 GHz. 
 

Figure 8.13 depicts the simulated and measured radiation patterns at the two 

frequencies (6.8 GHz and 11 GHz) for which the matching was best. It is clear 
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that the pattern has quasi-omnidirectional shape, and maximum antenna 

radiation is in the positive y-direction. 

 

The distributions of the electric and magnetic fields for the optimized antenna at 

two frequencies of 6.8 GHz and 11 GHz were calculated using CST software 

and the results are shown in Figure 8.14. It is observed that the magnetic and 

electric field lines are parallel to the DR base, i.e. they are transverse to DR 

axis. This result justifies the use of Equ.4 for predicting the resonance 

frequency of the DRs. The variations of the electric field indicate that at 11GHz 

the electric field is higher at the surface of the cylinder. This finding is supported 

by the fact that at a frequency of 6.8 GHz there is no resonance in the DR since 

the lowest mode has a frequency of 10.629GHz as predicted by Equ.1. 

However, at 11GHz, the DRs are very near to resonance in the dominant mode 

HEM11δ. 

 

The current distribution on the ground plane was studied in the simulation 

model, using the two specified frequencies, 6.8 GHz and 9.0 GHz. The results 

are shown in Figure 8.15, where most of the induced current on the ground can 

be seen to be concentrated in the region of beneath radiator feeding network 

and negligible induced surface currents were shown to exist on the rest of the 

ground. As a results this balanced antenna design will be insensitive to the 
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loading and coupling effects on possible circuits mounted on or near the ground 

surface. 

  
(a) (b) 

6.8 GHz (a) Ground and (b) feed 

  
(a) (b) 

9 GHz (a) Ground and (b) feed 
Figure 8.15: current distribution on the ground plane 
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8.3 Second Design: Adding a C-shape Strip 

The proposed antenna of Figure 8.1, was modified to increase its gain by 

adding a parasitic flipped C-shaped strip on the same side of the DRA with 

radius rc and width Wc. The width of the substrate Ws was also increased as 

shown in Figure 8.16. The added strip can be considered to work as a guide to 

the transmitted wave leading to increased gain. The strip length is given by: 

 

strip)  theof radius (average 2
360

n
  length strip 




  

(8.5) 

 

where n is the sector angle of the strip. 

 

The dimensions and position of this strip were optimized using parametric 

analysis. It was found that Ws = 35 mm, rc = 7 mm, Wc = 1 mm, and a 

separation of yc = 13.5 mm between the ground plane and the centre of the 

parasitic C- shaped strip gave the best results. The improvement in gain of the 

proposed antenna can be controlled by properly adjusting the parameters of the 

parasitic strip. 
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Figure 8.16: Geometry of the modified antenna with a C-shaped strip. 

 

8.3.1 Antenna Performance 

The performance of the modified antenna was analyzed and optimized using 

the full-wave electromagnetic simulator CST Microwave Studio suit 2011. 

Figure 8.17 shows the variation of realized gain of the modified antenna with 

frequency for strip widths Wc from 0.5 mm to 1.5 mm. It is clear that increasing 

the width of the strip caused a slight increase in the realized gain in the lower 

edge of the frequency band and shifted the lower edge to the right. 
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Figure 8.17: Simulated realized gain verses frequency for various widths Wc of 
the C-shaped strip; Wc = 0.5 mm (solid), Wc = 1.0 mm (dashed) , Wc = 1.5 mm 

(dotted). 
 

Figure 8.18 shows the variation of realized gain of the modified antenna with 

frequency for different values of the vertical separation between ground plane 

and center of the C-shaped strip yc. There is a slight reduction in realized gain 

and a shift towards the left near the lower end of the frequency band with 

increasing separation between the ground plane and the center of the strip. 

However, no change towards the upper end of the frequency band was noticed 
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Figure 8.18: Simulated realized gain verses frequency for various vertical 
separation between ground plane and center of C-shaped strip yc; yc = 13 

mm (solid), yc = 13.5 mm (dashed), yc = 14.0 mm (dotted). 
    

 Figure 8.19 shows the variation of realized gain with frequency of the modified 

antenna for different values of horizontal separation between the edge of the 

substrate and center of the C-shaped strip xc. The horizontal separation has a 

slight effect on the realized gain, thus the center of parasitic strip is put at the 

center of the horizontal axis of the substrate so that xc = 11.5 mm. 

 

Based on the detailed parametric studies of the flipped C-shaped strip 

parameters, the optimum geometry for the modified antenna was simulated, 

and then fabricated, and Figure 8.20 shows a photograph of the implemented 

antenna. The antenna performance was measured using an HP8510C vector 

network analyzer. The measured and simulated reflection coefficients of the 
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proposed antenna with and without the added strip are shown in Figure 8.20(a). 

The matching properties of the antenna were only slightly affected by the 

addition of the strip as this is relatively far from the DRs. 

 
Figure 8.19: Simulated realized gain versus frequency for various horizontal separations 

between the center of the C-shaped strip and the edge of the substrate xc;   xc = 10.5 mm 

(solid), xc = 11.5 mm (dashed), xc = 12.5 mm (dotted), xc = 14.5 mm (dash-dotted), xc = 

16.5 mm (solid-circle). 

 

Based on the detailed parametric studies for the flipped C-shaped strip 

parameters, the optimum geometry for the modified antenna was simulated. 

The modified antenna was fabricated with the optimum dimensions of the 

flipped C-shaped strip and the photograph of the implemented antenna with the 

parasitic strip is shown in Figure 8.19. The antenna performance was measured 

using HP8510C vector network analyzer. The measured and simulated 

reflection coefficients of the proposed antenna without strip and with the 

addition of strip are shown in Figure 8.20 (a). The measured and simulated gain 

for the two considered cases is shown in Figure 8.20(b). 
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(a) (b) 

 

Figure 8.20: Fabricated antenna (a) front view and (b) rear view 

 

 

The measured and simulated gains, for the two designs with and without the C-

shaped strip, are shown in Figure 8.21(b). It can be seen that the addition of the 

strip has increased the antenna gain by about 2.25 dB at the lower half of the 

operation band, while there is marginal improvement in the upper half of the 

band. The C-shaped strip with a radius of 7 mm, width of 1 mm and a strip 

angle of 140 has an average physical length of 18.326 mm. This strip length 

can resonate at half wavelength as well as unity wavelength. For the used 

substrate, the two resonating modes have frequency of 4.94 GHz and 9.87 

GHz.  However, the gain of the antenna will be affected by the two L-section 

dipole and well as the C-shaped strip. 
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(a) 

 
(b) 

 
Figure 8.21: Simulated and measured (a) reflection coefficient and (b) gain 

versus frequency for the proposed antenna with strip and without strip. 
 

The previous results of Figure 8.12 show that the dipole has a peak gain at 

about 7GHz and 8GHz for the simulation and measured results. The C-shaped 

strip has resonance at predicted frequency of 9.87. It should be noted here that 

the obtained gain is a result of the combined effects of many factors: the added 
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strip, the two DRs, and the two arms of the inverted L-shaped lines that feed the 

two DRs. The combined effect on the antenna has resulted in maximum gains 

which show peaking at lower frequencies, around 6.5 to 7 GHz for the CST 

results and 7.5 to 8 GHz for the measured results. 

 

8.4 Conclusions 

A DRA antenna consisting of a balanced dual segment CDR antenna excited by 

T- Shaped slot as coupling mechanism for feeding power to dual segment 

DRAs through L-shaped feeding line is proposed.  Parametric studies have 

been carried out to optimize the antenna design. The designed antenna offered 

good impedance bandwidth from 6.4GHz to 11.734 GHz (58.7% for S11≤ -10 

dB). It also provides a maximum gain of 2.66dBi at 7GHz. The modified design, 

by adding a C-shaped strip and increasing the width of the substrate, resulted in 

a 2.24 dB increase in the maximum gain while maintaining nearly the same 

impedance bandwidth. The measurements showed good agreement between 

simulated and measured results. The measured radiation patterns, and peak 

gains of the proposed antennas validate using of the proposed antenna for 

UWB applications. 
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CHAPTER 9 

CONCLUSIONS AND RECOMMENDATIONS 

FOR FUTURE WORK  

 

9.1 Conclusions 

Research in the area of DRA is still required to design and develop antennas 

capable of operating in all the major wireless services and standard; and thus 

the proposed work in this thesis has been carried out. The aim of this research 

was to introduce new concepts in the design process of a printed monopole 

dielectric loaded antenna and Dielectric Resonator Antennas (DRAs) in which a 

sufficient operating bandwidth can be achieved for wireless communication 

applications. Several new compact designs have been presented and 

investigated.  

 

Research should add to the fundamental knowledge of the field, generate useful 

analytic and design techniques, and provide practical experience to the 

researcher. These criteria were successfully achieved. Practical experience was 

gained through extensive testing of the antennas on a vector network analyser, 

and in an anechoic chamber. Several experimentally reported design 

techniques were verified as results of these tests; and independent verifications 

of various design studies have been added new values to the general 
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knowledge base of this exciting research field. Hence the conclusions of this 

research work can be summarized as follows: 

 

Chapter 2: the research background and overview of Dielectric Resonator 

Antennas (DRA) were introduced in this chapter. The history of DRA and 

practical applications of the DRAs are introduced including brief comments 

about Compact DRA design, Multiband DRA and Wideband DRA. The 

advantages of the DRA features and different geometries were also discussed. 

Several popular feeding methods (ex. coaxial feed, slot aperture, microstrip line 

feed, proximity coupled microstrip line feed, co-planar feed and dielectric image 

guide) for DRAs were also described. Some equivalent circuits of feed line and 

transmission line modelling for microstrip feed design were reviewed. Finally, Q-

factor and bandwidth predictors were developed for all the modified DRA 

structures.  

 

Chapter 3: a low-profile multi-frequency band DRA antenna was presented. The 

realized antenna structure has shown a relative bandwidth of 135.7% and an 

average gain of 2.2 dBi over the frequency interval from 1.15 GHz to 6.0 GHz at 

return loss better than 10 dB. The radiation pattern was a broad-beam type, of 

approximately dumbbell shape, that is appropriate for a mobile terminal 

application. The antenna size was optimized at 57 mm × 37.5 mm × 5.8 mm3, 
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which is suitable for integration with a variety of mobile terminals operating over 

DCS, PCS, UMTS, Bluetooth and IEEE 802.11a/b/g wireless standards. 

 

Chapter 4: a small quasi-omni-directional DRA has been proposed for the lower 

UWB band that is suitable for a variety of body area network and 

IEEE802.11a/WiMAX applications. The antenna was constructed from a low 

permittivity ceramic as a rectangular block, with microstrip feed and broadband 

matching lines on FR4. The radiation patterns were quite stable with an average 

gain of around 3dBi covering the lower ultra-wideband (UWB) spectrum 

bandwidth. The radiation efficiency was reasonable over the total bandwidth 

and do confirm the advantage of using such antenna structures.    

 

Chapter 5: a compact DRA for wideband applications was demonstrated. The 

use of multiple DRs was able to enhance the performance of the antenna 

radiation performance. The asymmetric location of the pair of DRs was also 

added another parameter for the designer to optimize the antenna geometry to 

add another variable dimension of freedom to achieve best spectrum 

performance. In this study, an impedance bandwidth of about 29%, covering the 

frequency range from 9.62GHz to 12.9 GHz, and realized gain of 8dBi were 

obtained. Design details of the proposed antenna and the results of both 

simulation and experiment were presented and discussed and show a 

reasonable agreement. It is believed that the compact design due to the 
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asymmetrically located DRAs with respect to single rectangular coupling 

aperture could enhance closely resonant modes to achieve wider spectrum 

bandwidth. On the other hand it also confirms the possible operation of two DRs 

elements within a small confined feeding network to operate within antenna 

array concept.  

 

Chapter 6: a compact DRA for UWB applications has been demonstrated. The 

use of two DRs can enhance the operational performances of the antenna. The 

asymmetric locations of the DR pair, the dimensions and the shape of the 

aperture where “shifting the zigzag” gives design scope together constitute 

another parameter for the designer to optimize the design process. In this study, 

an impedance bandwidth of over 62%, covering the dual-band frequency range 

from 6.02 GHz to 7.32 GHz and from 8.72 GHz to 16.57 GHz, and a gain of 8 

dBi were achieved compared to the author work discussed in Chapter 5.    

 

Chapter 7: a new physically compact aperture-coupled dual-segment DRA has 

been proposed for use in X-band communications. Identical cylindrical DR posts 

of permittivity 9.4 are mounted on a substrate backed ground plane. The 

antenna was excited using an L-shaped feed line, and internal antenna coupling 

was achieved using an S-shaped slot. The effective antenna volume after 

optimisation process was found around 30.0 × 25.0 × 0.8 mm3. The measured 

prototype performance shows an average gain of 6.0 dBi over the frequency 
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range 7.66 GHz to 11.2 GHz, with stable radiation patterns. It was proposed 

that the DR posts may be arranged in two distinct configurations: (i) occupying 

space on one side of the substrate, and (ii) on opposing sides. The first 

configuration results in a higher gain performance, whilst the second results in 

approximated uniform radiation pattern within 1m radial distance from the 

antenna.  

 

Chapter 8: a DRA consisting of a balanced dual segment CDR antenna excited 

by T-shaped slot as coupling mechanism for feeding power to dual segment 

DRAs through L-shaped feeding line was proposed.   Parametric studies have 

been carried out to optimize the antenna design. The designed antenna offered 

good impedance bandwidth from 6.4GHz to 11.734 GHz (58.7% for S11≤ -10 

dB). It also provides a maximum gain of 2.66dBi at 7GHz. The modified design, 

by adding a C-shaped strip and increasing the width of the substrate, resulted in 

a 2.24 dB increase in the maximum gain while maintaining nearly the same 

impedance bandwidth. The measurements showed good agreement between 

simulated and measured results. The measured radiation patterns, and peak 

gains of the proposed antennas were validated using of the proposed antenna 

for UWB applications. 
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9.2 Future Work 

The future work plan could be constructed to extend the trends established in 

this report, resulting in detailed design strategies for the antennas and their 

response to the target operational environment. The following points have been 

selected as being the most likely threads for future development:   

 

1. Further development of the design process in Chapter 3 is required. In 

particular the trade-off between antenna volume and target bandwidth 

needs to be fully characterised. This could be achieved by reducing the 

size of both the radiating patch and ground plane to accommodate a 

small volume antenna that is more suitable for developing mobile 

handset applications. 

 

2. Investigation of low – profile and compact DRA antenna. It would be 

envisaged that can be achieved more bandwidth suitable for developing 

wireless applications. 

 

3. Investigation of application of DRA antennas to MIMO systems. It would 

be envisaged that suitable control mechanisms will be embedded into the 

antenna structure [157, 158]. 
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4. Design and measurement of better matched antenna to provide an 

optimum design for LP and CP polarized DRA antenna [159-162].  

 

5. One further possible study that might be considered relates to the DRA 

antennas in chapter 6, 7 and 8. These antennas could be operated on 

single and multi-band facilities on different frequencies which are not 

necessarily harmonically related [163-166]. 

6. The possible use of EBG material and meta-material with DRA that could 

add considerable value in studies to improve antenna performance such 

as that in MIMO systems or antenna arrays [167-170]. 
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