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Abstract 

 

 
In modern communication framework, everything is becoming wireless from wired 

connections. So, to build a smart, useful and cost effective communication in wireless 

technology, there are requirements of compact and methodical radiators. One of these smart 

radiators is a dielectric resonator antenna (DRA). DRAs have a very attractive and important 

feature which is radiated field will absorb almost  all the radiated power, because of this it has 

become popular in the wireless communications field at microwave frequencies. DRAs are very 

popular in the crucial sectors of a country like defense, military, radar and especially for 

millimeter wave applications. Due to this flexibility in DRAs, they can be modelled in various 

shapes as per coverage requirements based on the applications in the wireless communication 

system.  

 

The principal objective of this thesis is to investigate and design Cylindrical Dielectric 

Resonator Antenna and study all its parameters such as return loss, radiation patterns, gain, 

resonant frequency and input impedance. Here, the designed DRA is excited by using coaxial 

probe feed technique, having advantageous features like, ease of fabrication, low spurious 

radiation, low cost, etc. The performance characteristics of the proposed antenna are first 

simulated using Ansoft HFSS software and comparative studies of its various parameters are 

then discussed by changing the length and position of the probe, varying the dimensions of  the 

antenna i.e. radius and height and by introducing an airgap between DRA and the ground plane. 

Finally, fabrication of a probe-fed cylindrical DRA is performed with the probe located at the 

edge of the antenna. It is then evaluated and compared with the simulated results.  
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CHAPTER 1 

 
INTRODUCTION 

 
 

 
1.1 Preface 
 
One aspect of modern life is a growing dependency on wireless communication systems with a 

constant increase in demand for cheaper technology or more efficient technology together with 

more data transmission capability. Consequently this market place is expanding rapidly and will 

continue to do so for the foreseeable future. Existent wireless communication systems integrate 

multiple services with high speed transmission data. Nevertheless telecommunication companies 

must constantly wider the use of different frequency bands required to incorporate high speed 

transmission data processing. Enhancement in wireless communication systems technology 

requires novel and better elements able to support the different applications. One of the key 

elements is the antenna technology able to keep the systems on working accordingly with the 

oncoming new services and applications.  

 

            Over the past two decades, two classes of antennas, i.e. a microstrip patch antenna and a 

dielectric resonator antenna, have been investigated for modern wireless applications. For 

millimeter-wave applications, various solutions have been proposed for conventional low-gain 

antennas based on monopoles, dipoles, and connecting antennas. These antennas are small in size, 

light in weight and low in cost and can be easily integrated into the chip. However, until advanced 

design solutions are adopted, based on the integration of suitable dielectric superstrates or lens 

structures, these antennas tend to suffer from reduced radiation efficiency and narrow impedance 

bandwidth due to the influence of silicon substrate materials. Thus, dielectric resonator antennas 

(DRA) have appeared, since they are promising candidates for replacing traditional radiating 

elements at high frequencies, especially for applications on millimeter waves and beyond. This is 

mainly due to the fact that DRAs do not suffer from losses due to conduction and are characterized 

by high radiation efficiency with proper excitation. 
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Fig. 1.1: DRA as an alternative for traditional low gain antenna elements 

To date, there are more than 800 publications and more than two dozen issue patents,[1] 

entailing the dielectric resonator antenna (DRA) technology. In the past few years, the first two 

books on dielectric resonator antennas have also been released. These studies have shown that the 

antenna of the dielectric resonator is a versatile, efficient radiator, the design flexibility of which 

makes it an attractive alternative to traditional low-gain antennas (as shown in Fig. 1.1). 

 

Fig. 1.2: Geometry of Dielectric resonator antenna 
 
  

            DRA is a resonant antenna, made of a dielectric ceramic material with a high dielectric 

constant (from about 6 to 100) and with high Q factor (between 20 and 2000), mounted on a 

grounded surface and excited by a coaxial probe, slot coupling or microstrip line in the ground 

plane. Currently, DRAs are made of plastic (polyvinyl chloride (PVC)). Radio waves are 

introduced into the inside of the resonator material from the transmitter circuit and bounce back 

DRA ALTERNATIVE FOR

LOW GAIN 
ANTENNA 
ELEMENTS

MICROSTRIP 
PATCHES MONOPOLES DIPOLES
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and forth between the resonator walls, forming standing waves. The walls of the resonator are 

partially transparent to radio waves, allowing the radio power to radiate into space. 

 

        The antenna was first suggested by Robert Richtmyer in 1939. In 1982, Long et al. completed 

the first design and testing of antennas with a dielectric resonator taking into account the model 

with leakage from the waveguide, assuming the model of the magnetic conductor of the dielectric 

surface. 

Various DRA geometries are possible, such as rectangular, cylindrical, hemispherical, 

round, triangular, etc. The DRA resonant frequency is a function of the size, shape, and relative 

permittivity of the material. 

 

Fig 1.3: Different shapes of DRA 
 
 

1.2 Dielectric Resonator Antenna Characteristics 
 

DRA exhibits the following striking characteristics: 

 
a) A wide range of dielectric constants (εr = 2.1 – 100) are used in DRAs that allows the 

designer to have control over the physical size of the DRA and its bandwidth. 

 

b) The dimension of the DRA is of the order of  
஛೚

√ఌೝ
 with 𝜆0 = 𝑐/𝑓0 being the free-space 

wavelength at the resonant frequency 𝑓0 and where ε𝑟 denotes the relative permittivity of 

the resonator material. As compared to traditional metallic antennas whose size is 

proportional to 𝜆0, DRAs are characterized by a smaller form factor especially when a 

material with high dielectric constant (ε𝑟) is selected for the design. 
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c) Due to the absence of conducting material, there is no inherent conductor loss and hence, 

this leads to high radiation efficiency. This characteristic makes them very suitable for 

applications at very high frequencies, such as in the range from 30GHz to 300GHz. 

whereas at these frequencies, traditional metal fabricated antennas suffer from high 

conductor losses. 

 

d) DRAs can be excited using various feeding techniques which is useful in different 

applications and for array integration. 

 

e) DRAs can have large impedance bandwidth if the dimensions of the resonator and the 

material dielectric constant are chosen properly. 

 

f) DRAs offer simple coupling schemes to nearly all transmission lines used at microwave 

and mm-wave frequencies. This makes them suitable for integration into different planer 

technologies. The coupling between a DRA and the planer transmission line can easily be 

registered by changing the position of the DRA, so it can be easily optimized 

experimentally. 

 

g) DRAs can be excited by various modes, many of which emit a radiation pattern, similar 

to a short electric or magnetic dipole, creating a broadband or omnidirectional radiation 

pattern for different coverage requirements. 

 

1.3  Problems with Microstrip Patch Antenna (MPA) 
 
 

a) It has inherently narrow impedance bandwidth associated with tolerance problem 

b) Low radiation efficiency due to dielectric losses and conductor losses. 

c) Low gain (nearly 6dB), polarization purity is difficult to achieve. 

d) Spurious feed radiation exists (surface waves, strips, etc) 

e) Higher level of cross polarization radiation. 

f) Extraneous radiation from feeds and junctions. 

g) Microstrip Patch Antennas have low dielectric strength, hence have lower power handling 

capability. 
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1.4  Advantages of DRA over Microstrip Patch Antenna 
 
 

DRAs possess attractive features when compared to microstrip patch antennas. Main advantages 

of DRAs over Microstrip patch antennas are listed below: 

 

a) Much wider Impedance Bandwidth Moreover the operating bandwidth of a DRA can be 

varied by suitably choosing the permittivity (εr) of the resonator material and its 

dimensions. 

b) DRA has more radiation efficiency compared to microstrip patch antenna because DRA 

radiates through the whole antenna surface except the grounded part but microstrip patch 

antenna radiates only through two narrow radiation slots 

c) Absence of surface wave and metallic losses. 

d) DRAs have high dielectric strength which allows them to handle higher power in a much 

wider temperature rage. 

 
 

1.5  Advantages and limitations of DRA 
 
 

a) DRA possesses lightweight, low volume, and low profile configuration. 

b) Depending on the resonator shape (rectangular, cylindrical, hemispherical, etc), various modes 

can be excited within the DRA. These modes can produce different radiation patterns for 

various coverage requirements. Also, the Q-factor of some of these modes will depend on the 

aspect ratio of the DRA, thus allowing one more degree of flexibility in the design. 

c) DRAs have been intended to operate over a wide frequency range (1 – 44 GHz) compared 

to other antennas found in the literature. 

d) Due to absence of inherent conductor loss, high radiation efficiency is possible in case of 

DR antennas.  

e) DRAs have high dielectric strength and hence higher power handling capacity. Moreover 

temperature-stable ceramics allow the antenna to operate over a wide temperature range. 

f) Low production cost 
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g) Many of the existing feeding mechanisms can be used (probes, slots, microstrip lines, 

dielectric image guides, coplanar waveguide lines, etc) to excite DRAs, making them easy 

to integrate with existing technologies. 

h) Unlike Microstrip antennas, since DRA radiates through the whole antenna surface except 

the grounded part, it has a much wider impendence bandwidth. 

i) Avoidance of surface waves 
 

 The problem with dielectric resonator antennas is typical for ceramic materials that are 

machined to shape from a large block. To excite the antenna with probes, it is necessary to drill the 

antenna, since it is bounded to the ground plane or substrate. The fabrication of DRA is more 

complicated and more expensive than printed circuit antennas, especially for array applications. 

DRA offers a solution for the applications where performance is more significant than cost. 

 

            In general, impedance bandwidth of DRA is usually less than 10%. Hence, for the past two 

decades, various methods have been adopted for improving the bandwidth of DRA. Since the DR 

element with a high dielectric constant is very sensitive to frequency, when DR is placed in the 

desired position, there is a high probability of changing the position in microns, which also 

significantly affects the antenna behaviour. Thus, an automated machine is usually required to 

place the dielectric resonator. Although there are many materials with different dielectric constants, 

it is difficult to obtain the required material in ideal shape for integration into the antenna. Another 

important disadvantage is the proximity of the resonant frequencies of different modes. Therefore, 

it is very important to know the resonant frequency and nature of the field pattern, not only for the 

desired mode of operation (usually) but also for other undesirable modes. 

 

1.6   Dielectric Resonator Antenna Performance 

The performance of an antenna is determined from the required specifications which are directly 

related to its application i.e. the frequency of operation, radiation pattern, gain and efficiency, 

beam-width (main lobe), minor lobes, radiation resistance and overall efficiency, input impedance, 

bandwidth and polarization (linearly, elliptically or circularly).[2]  
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            The DRA performance involves high efficiency, wide bandwidth, no excitation of surface 

waves, high radiation efficiency, low dissipation loss, zero inherent conduction loss and a 

consistent radiation pattern, high power capability and a high speed rate. 

 

1.6.1  Resonant Frequency 

The resonance frequency is the frequency for which the dielectric resonator antenna delivers the 

best performance i.e. the S11 reaches the lowers value within the frequency band. The resonance 

frequency is recognized as one of the main considerations in dielectric resonator antenna design. 

The resonant frequency effectively determines the DRA characteristics. The resonant frequency 

indicates the operational modes in a DRA and is used to calculate and design the required DRA 

piece. The resonant frequency of a DRA is a function its size, shape and dielectric constant 

parameters. [3] For example, resonant frequency of cylindrical DRA is 

𝑓ௗ௢௠ =
ଵ

ଶగ௔√ఓఢ
ට𝑋ଵଵ

ᇱଶ + ቀ
గ௔

ଶ௛
ቁ

ଶ
    ------ (1.1) 

where a is the radius, h is the height and ε is the dielectric constant. 

 

1.6.2  Input Impedance 

It is defined as the ratio of input voltage to input current. Mathematically,  

𝑍௔ = 𝑅௔ + 𝐽(𝑋௔ + 𝑋ி)    --------- (1.2) 

 where, 𝑍௔  = Antenna impedance , 𝑅௔  = radiation resistance, resistive part represents losses in the 

antenna, 𝑋௔ = reactive part results from fields surrounding the antenna and 𝑋ி = probe reactance 

 

1.6.3  Radiation Q factor 

All the matter has the tendency to resonate at a certain frequency. The operation of some electronic 

devices base their performance on the principle of resonance i.e. resonators, filters, dielectric 

resonator and dielectric resonator antennas [4]. Energy storage and energy release is the basis of 

the resonance principle. Resonance is observed when an object is vibrating / oscillating, when 

receiving energy from an external source. The type of energy that makes an object oscillates being 

a function of the nature of the object, which has the tendency to free the energy being received. 

The relationship which describes how the energy is release from the object is called the quality 

factor and is represented as Q. 
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            In a device specially designed to resonate or to oscillate is given certain value of Q factor. 

The Q factor describes how much external energy is stored in relation to how much of that energy 

is released. Devices with a high Q factor releases low levels of energy, while a lower Q factor 

releases more energy. As the Q factor is lowered the energy released increases. 

 

Q =
ඥ(୚ୗ୛ୖି )

୚ୗ୛ୖ(୆୛)
            ----------- (1.3) 

 
Equation 1.2 defines the Q factor in terms of the VSWRS (e.g. VSWR ≤ 2.00) and bandwidth 

(BW). In this relationship it is clear that as the BW increases the Q value decreases. 

 

1.6.4  Bandwidth 

The frequency range within which the performance characteristics of the antenna maintain certain 

level with respect to the specified performance characteristics, e.g., 90%, is referred to as antenna 

bandwidth. Thus antenna bandwidth is the range of frequencies where the antenna exhibits the 

optimum performance. The bandwidth is defined in terms of the limit frequencies i.e. the lower 

frequency and the higher frequency. The limit frequencies represent the boundaries of the BWs 

achieved for DRA design. The lower and higher frequencies are chosen in relation to the associated 

S11 (e.g. |S11| ≤ -10 dB). The bandwidth can be defined in terms of the lower/higher frequencies 

and central frequency i.e.  f1, f2 and fc respectively; refer to Equation 1.4 and 1.5. [4] 

 

BW = (୤మି୤భ)

୤ౙ
         --------- (1.4) 

 

fୡ =
୤మା୤భ

ଶ
         ----------- (1.5) 

 

 VSWR is chosen as the parameter for bandwidth considerations and this bandwidth is called 

the impedance bandwidth. The range of frequencies over which VSWR< 2 is chosen as the 

bandwidth of operation. 

Percentage Bandwidth = 
ଵ

√௏ௌௐோିଵ.ொ೅
=

ଵ

√ଶ.ொ೅
  ------- (1.6) 
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 The low frequency characteristic of a DRA design can be affected by the methods used in 

the assembly process, i.e. the use of adhesives, the environment, the measurement equipment and 

the fabrication process [5]. The adhesives have a dielectric constant that can influence the antenna 

in the electric field. If the adhesive layer has a different dielectric constant than the DRA, it can 

modify the operating frequency, up or down. Additionally the performance of the antenna could 

degrade by the influence of other radiations in the environment and the use of measuring equipment 

incorrectly calibrated [6]. It was proved that at the lower frequency degradation was due to a C-

slot radiation [7]. 

 

1.6.5  Antenna Efficiency 

The antenna efficiency, e, is the measure of an antenna’s capability to convert the input power to 

the radiated power. A highly efficient antenna emits most of the power present at the input of the 

antenna. A low efficient antenna has most of the power absorbed as losses inside the antenna, or is 

reflected from an impedance mismatch. The antenna efficiency 𝑒௢ is the result of many losses -- 

reflection mismatch, conduction or joule heating, dielectric losses etc. 

Generally, the overall antenna radiation efficiency can be stated as 

𝑒௢ = 𝑒௥ . 𝑒௖ . 𝑒ௗ--------- (1.7) 

                                                   where, 𝑒௢ = total efficiency 

        𝑒௥ = reflection efficiency 

         𝑒௖ = conduction efficiency 

                                                           𝑒ௗ = dielectric efficiency 

 

1.6.6  Directivity 

Antenna directivity is a parameter that measures the degree to which emitted radiation is 

concentrated in one direction. It measures the power density radiated by an antenna in the direction 

of its strongest emission, compared to the power density radiated by an ideal isotropic radiator 

(which radiates uniformly in all directions), radiating the same amount of power. 
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1.6.7  Gain 

This is another useful measure describing the performance of the antenna. Although antenna gain 

is closely related to directivity, it is a measure of the antenna efficiency as well as its directivity. 
 

Gain = Antenna Efficiency (η) × Directivity (D) ------ (1.8) 
 

 An antenna gain (in a given direction) is defined as “the ratio of the intensity in a given 

direction to the intensity of the radiation, which would have been obtained if the power received 

by the antenna were radiated isotropically” [8]. The radiation intensity corresponding to the 

isotropically radiated power is equal to the power received by the antenna divided by 4ᴨ. In 

equation form this can be expressed as 

 

Gain= 4ᴨ 
ோ௔ௗ௜௔௧௘ௗ ூ௡௧௘௡௦௜௧௬

்௢௧௔௟ ௜௡௣௨௧(௔௖௖௘௣௧௘ௗ)௣௢௪௘௥
    ------- (1.9) 

 
Generally, we deal with the relative gain, which is defined as the ratio of the power gain in 

a given direction with the gain of the reference antenna in a reference direction.  

 

1.6.8  Radiation Pattern 

The radiation pattern is a graphical representation of the geometric distribution of the radiated 

power over the entire space. It is typically expressed in the spherical coordinates as a function of 

space coordinates and is independent of distance. Radiation properties include power flux density, 

radiation intensity, field strength, directivity, phase or polarization. A radiation pattern usually 

consists of a mainbeam, one or a few near sidelobes adjacent to the main beam and many far 

sidelobes further away from the mainbeam. 

 

            The DRAs are in the classification of low gain antennas, as they are characterized to have 

a natural broad radiation pattern without any performance enhancement being introduced [9]. The 

radiation pattern is the area of influence of the energy radiating from the antenna. It has two 

components the electric field components (E) and the magnetic field components (H). The 

orientation of the E field is in elevation and the H field has azimuth orientation [10][11]. It had 

been reported that a DRA has omnidirectional characteristics in the E field and quasi-

omnidirectional in the H field “with a half power beam width” [10]. 
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                                                     Fig. 1.4: Radiation Pattern 

 

 One factor that affects radiation pattern is the cross polarization. By reducing the cross 

polarization it is possible to get an improvement in the radiation pattern [12]. It was found that by 

using a strip as the feeding mechanism, the cross polarization level was reduced and the co-

polarization radiation pattern was improved [13]. 

 

            The radiation pattern can be changed using other shapes and exciting different resonant 

modes for that shape, in this way it is possible to obtain different “types of radiation pattern” as 

every mode creates a different kind of radiation pattern [14][15][16]. It was reported that a gap in 

the DRA design hardly affects the radiation patterns. The radiation patterns can be created by 

adding the effect of two different modes whilst they are excited in the DRA [15]. 

 

            In a study about the effect of the ground plane in the radiation pattern by using an antenna 

design composed by a slot and a DRA, it was shown that the region of the radiation pattern 

corresponding to the slot, were more dramatically affected by changes in the ground plane size, 

than in the part of radiation pattern relating to the DRA [17]. It was reported that the radiation 

pattern was modified by making changes in the slot, modifying the slot position and the slot shape 

[18]. It was reported a reduction of the back radiation pattern of a DRA by placing below the ground 

plane of the antenna a “radial quarter-wavelength metallic annular disc [19]. It was reported that 

the radiation pattern depend of the excited mode and the cross polarization level which increases 

at higher frequencies [20]. 
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By exciting the TM01δ mode inside the DRA it is possible to obtain an omni-directional radiation 

pattern [19]. It was found that the omni-directional radiation pattern is appropriate for the 

application in the WLAN mobile communications field [21]. 

 

1.6.9  Half power beam width 

The half power beamwidth (HPBW) or beamwidth, is the angle between the two directions of a 

two-dimensional radiation pattern at which the power gains are one-half of the peak gain. Its value 

depends on the shape of the reflector, the method of illumination, and other factors. With 

decreasing beam width, the sidelobe increases and vice versa. In addition, the antenna beamwidth 

is also used to describe the resolution of the antenna to distinguish between two adjacent radiating 

sources or radar targets. [8] 

 

Fig.1.5: Antenna beam and HPBW 

 

1.6.10 Polarization 

The antenna polarization refers to the polarization of the far-field EM wave generated by the 

antenna, while the polarization of EM wave refers to its orientation of the electric-field. 

Polarization is important because the receiving antenna must have the same polarization as the 

transmitting antenna in order to maximize the received power. The EM wave can be linearly, 

circularly or elliptically polarized. For a linearly polarized EM wave, the direction of its electric 

field is constant with respect to the direction of the wave propagation. For an elliptically polarized 

EM wave, the direction of its electric field rotates with respect to the direction of the wave 
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propagation. Circular polarization is a special case of elliptical polarization where the major and 

minor axes of the rotation are the same. [22] 

 

1.7  Thesis Motivation 

 

The growing demand for wireless applications in the microwave range has motivated the research 

enthusiasts to study and research on high-performance antennas that exhibit high bandwidth, better 

radiation properties and low metal loss with small sizes. In this scenario, DRA is preferred over 

other traditional low gain antennas and microstrip antennas. DRA is a practical choice for the above 

applications due to many inherent features, such as small size, cost effectiveness and no metallic 

loss. In recent years, successive researches have resulted in DRAs which offers a much wider 

bandwidth to achieve wideband response which will achieve high data rates for aiding more 

information. The consolidation of the DRA into a wireless communication system; the operating 

bandwidth, volume and the size of the DRA need to be evaluated carefully.  Looking into the 

advantages of using Cylindrical Dielectric Resonator Antenna and its advancements in various 

applications, the present study attempts to explore the design and fabrication of a Cylindrical 

Dielectric Resonator Antenna and analyze its different characteristics through theoretical and 

experimental studies. 

  

1.8  Organization of the Thesis 

 

This thesis is composed of 5 chapters – 

 

Chapter 1: This chapter has summarized a short review of the importance of the Dielectric 

Resonator antennas and its performance. While the fundamental characteristics of the 

DRA are not fully researched, it is difficult to fully utilize their most important aspects 

to design efficient and high-performance antennas. Hence, this chapter also briefs the 

general characteristics of DRAs, problems with microstrip patch antennas and its 

advantages over it, advantages and limitations of DRAs and finally the basics of 

antenna parameters used in antenna measurements such as resonant frequency, Q 

factor, gain, directivity, radiation pattern, bandwidth, input impedance, antenna 
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efficiency etc. At the end, the motivation and the chapter wise arrangement of the 

thesis is comprised in summary. 

 

Chapter 2: This chapter describes the historical background of dielectric resonator antenna and 

also the developments that have taken place over the years. It also dedicates the 

advancements in the field of cylindrical dielectric resonator antennas until today. 

 

Chapter 3: This Chapter presents the theoretical details of the Cylindrical DRA including its 

radiating modes yielding typical resonant frequencies and radiation patterns. This 

chapter also depicts the basic theory behind the various feeding or excitation 

techniques for DRA. Their advantages and disadvantages are discussed in brief. 

Various bandwidth enhancement techniques are explained thereafter. Finally, it 

describes the various methods or analysis for analytical evaluation of DRAs and 

MATLAB simulated results of various parameters of cylindrical DRA. 

 

Chapter 4: This chapter introduces Ansoft HFSS software and describes each step in the process 

of setting up a general simulation in Ansoft HFSS. A detailed description of the 

simulation of the DRA structure, which includes drawing the geometry, assigning 

materials, setting up the boundaries and setting up the solution, is presented in this 

chapter. Then, various simulations are performed to examine different parameters of 

cylindrical dielectric resonator antenna and their effect on input impedance, resonant 

frequency, gain and radiation patterns. 

 

Chapter 5: This chapter presents a new antenna simulation introducing air-gap between the ground 

plane and DRA to increase DRA performance in bandwidth. Simulation results 

obtained using Ansoft HFSS, the simulation results (return loss, input impedance, 

resonant frequency, gain, radiation patterns, etc.) have been analysed. 

 

Chapter 6: This chapter presents design and fabrication of a probe-fed cylindrical DRA and its 

characteristics like return loss, input impedance and radiation patterns are measured 

and then compared with the simulated results.  

 
Chapter 7: This chapter concludes the work done in this thesis and provides a brief discussion on 

the future scope of the dielectric resonator antenna. 
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CHAPTER 2 
 

LITERATURE REVIEW 
 
 

2.1  Introduction 
 
In this chapter some important works on the field of dielectric resonator antenna are discussed. 

Different aspects and applications of cylindrical dielectric resonator antenna and the advancements 

happening in it are referenced. 

 

2.2  Historical Development of Dielectric Resonator Antenna 
 
In middle era of 1900s, R.D. Richmyer disclosed that non metallized dielectric objects are able to 

perform like metallic cavities which is named as dielectric resonators (DRs). Until 1960s, no 

practical applications were found as the appropriate dielectric compounds were not much available. 

Formerly, the dielectric resonators were widely used in microwave circuits, such as filter and 

oscillators due to its high Q-factor, usually between 50 and 500, but can also be as high as 10,000. 

Extraordinary progress and efforts have been experienced in DR filter technology from the end of 

1960’s. In 1980, amplification of the radiation resistance using high permittivity of DRs of   short 

electric probes and loops was first suggested by Sager and Tisi. Even though it was brought to light 

many years ago that open DRs radiate [2-4], DRs as an antenna were not popularly used until the 

native article about cylindrical dielectric resonator antenna (CDRA) [5] was published in 1983. 

After the discovery, it was noticed that the interest in frequency domain was gradually reaching to 

the millimeter and nearly millimeter bands (100-300 GHz) for many systems. At these frequency 

bands, the conductor loss of metallic antenna becomes notable, and the antenna efficiency is 

significantly minimized. On the other hand, the only loss for a DRA arises due to the imperfection 

in dielectric material, reasonably, which may be very small. After considering the cylindrical DRA 

[5], Long et al. eventually inspected rectangular [6] and hemispherical [7] DRA which paved the 

base for further research on DRA. From then, theoretical and experimental research have been 

attested by many researcher enthusiasts on DRAs of different shapes like triangular [8], spherical-
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cap [9] and cylindrical-ring [10-11] etc. Their explorations revealed that DRA may be considered 

as promising substitutes to traditional low-gain antennas. 

 

            Since the invention of DRA till mid-1990s, huge amount of research work was emphasized 

on analyzing various excitation modes of simple-form dielectric resonators, studying various feed 

mechanisms and determining the input impedance, quality factor and directivity pattern 

analytically as well as numerically. Three research groups executed much of this work: one headed 

by Kishk, Glisson and Juncker, another by Luke and Lueng, and the remaining one by Mongia. 

Much of this early work on the characteristics of DRA with simple forms was summarized in a 

widely cited article published by Mongia and Bhartier in 1994 where it was suggested to 

standardize the nomenclature of modes used to describe DRA. They also presented some simple 

equations to predict the resonance frequency and quality factor for numerous modes of different 

DRA shapes. 

 

            In 1990s, emphasis was given in tuning linear and planar arrays of DRA. Simple two-

element arrays to complex planar phased arrays of over 300 elements with electronic phase-steering 

capabilities were reported in a number of publications. Research was continued in the fields of 

compact designs, miniaturization techniques, low-profile designs, circular polarization and 

multiband-wideband designs and antennas with hybrid designs. Newer research fields comprises 

of enhanced gain techniques, tunable DRAs, finite-ground-plane effects, patterns which 

reconfigurable, designing in ultra-wideband, polarization agility and dual-function designs (used 

both as a resonator and as an antenna). 

            The use of magneto dielectrics, electromagnetic bandgap (EBG) structures and liquids is 

also being explored to increase DRA performance. A substantial amount of the recent publications 

includes designing DRA for specific applications, such as integration into mobile handsets for 

IMT- 2000 and WLAN applications; use in cellular base-station antennas; UWB applications ; 

radar applications; breast-cancer imaging; RFID; spatial power combining; direction finding; and 

all-dielectric wireless receivers.  

            Many techniques were suggested to increase the bandwidth of dielectric resonator antennas, 

such as stacking multiple DRs, using coplanar parasitic strips, annular DRAs, multiple resonance 

techniques. A novel wide band structure of antenna consists of a rectangular dielectric resonator 
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with coplanar waveguide, fed by inductive slot was also discovered. Various fedd mechanisms o 

DRAs were also investigated, such as coaxial feed, microstripline feed, aperture coupling, 

conformal-strip, dielectric image guide feed etc. Recently, a dual function DRA filter (DRAF) that 

combines the DRA and DRF were reported in 2008 and sot fed wideband dielectric resonator for 

wireless application has been proposed in 2010 that enables the DRA for practical use. 

            Lim and Leung were the firt ones to discover transparent glass type DRA of 3D and 2D 

type. [12] Borosilicate Crown Glass transparent hemispherical DRAs was proposed in the field of  

optics. In [13], the researchers proposed a dual function glass DRA with omnidirectional hollow 

rectangular glass as a light cover. Glass Swan Antenna, made of crystal and glasswares (K-9 glass), 

is a type of DRA was fabricated by K. W. Leung [14]. This kind of  DRA is used wireless 

applications, sensor designs and medical applications. 

            Succeeding wireless communication systems require reconfigurablantenna systems for 

improving multifunctionality, signal quality, diversity gain and possible integration of various 

systems [15]. Recently, there exists some research articles mentioning frequency reconfigurable 

DRAs, using different frequency methods like controlling the dimension of parasitic strips and 

slots, altering the height of colloidal dispersion and varying the differential feed by varactors [16-

21]. But, there exist very few mechanism of polarization or pattern reconfiguration of DRA. 

 

2.3  Advancements of Cylindrical Dielectric Resonator Antenna 
 

The DRA, introduced by Long, has many useful features, such as light weight, small size with high 

gain and adaptability in desired forms and feeding mechanism. Many existing wireless applications 

and others that have emerged require such qualities which are fulfilled by DRA characteristics. So 

DRA is well convenient for WLAN/Wi-MAX application systems. Among all the elementary 

shapes of DRA, cylindrical shape is well recognize one due to its constricted surface area, 

omnidirectional far-field pattern and easy availability in market. 
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Fig. 2.1: A four-element Cylindrical DRA for wideband monopole like radiation 

 

    
 A 3D polar plot which gives the measure of relative field’s strength emitted by antenna at 

different angles is called a radiation pattern. The radiation pattern can be improved when excited 

in TM11 mode, by decreasing the dimensions of the ground plane as well as back lobe level by 

fixing the antenna in topless cylindrical cavity [22]. Additionally, encapsulating the cylinder by a 

quarter-wavelength choke and by using circular conducting ring residing on top of dielectric 

material can facilitate improvements [23-24]. The impact of air gap between the perfect conductor 

ground plane and dielectric resonator antenna is very crucial. It can severely affect the input 

impedance and resonance frequency of antenna. To show severity, comparison of 2 cylindrical 

dielectric resonator antenna designs were made with same air gap of 0.05mm and hg value of 0.0 

but different dielectric constants of 22 and 8.9, the frequency at which the input reactance passes 

through zero was shifted from 4.4 GHz for an εr = 8.9 antenna to 4.75 GHz for an εr = 22 [25]. 

  

                 The antenna bandwidth predicts the frequency range where antenna efficiency and 

performance does not retards as a result of impedance mismatch. Therefore it is very crucial to 

have a wide bandwidth, though resonant antenna exhibits pure resistive feed-point impedance at a 

particular frequency, numerous applications require antennas operating at broad frequency range. 

Studies show that cylindrical DRA operating in HEM mode gives very efficient suitable parameters 

like high bandwidth and better wideband performance. Hence it was very useful to numerally 

model the HEM modes. The numerical modelling of more enhanced flushed-mounted cylindrical 

dielectric resonator antenna was proposed using cylindrical conducting cavity. Moment method 
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can be used to couple the integral equations and complex resonant frequencies for numerical 

modelling of HEM modes with low resonance frequencies [26]. In [27], bandwidth enhancement 

of split cylindrical DRA is performed. “An antenna having radius = 2.25cm, height = 3.9cm, probe 

radius = 0.0118cm, zf  = 15.8mm, r  = 12, and with different wire lengths.” Variation the wire 

length changes the return loss and indicates that an optimized probe length of 18mm delivers a 

bandwidth of about 22%, operating in either HEM11 or HEM12 modes. Analyzing the results at 

different values of specific resonator and excitation probe parameters, the broadband performance 

has been optimized and increased to 35%. 

 

            Also, the coaxial probe fed cylindrical DRA gives more efficient results as bandwidth 

increases by 94% compared to conventional DRA with the use of metamaterial super substrate and 

also the use of this material enhances the peak gain of antenna by 103% experimentally [28]. 

Metamaterials are materials which when coupled with artificial structures are capable of generating 

electromagnetic properties that cannot be otherwise obtained naturally [29]. The symmetrical 

broadside radiation pattern can also be converted to directive radiation pattern using metamaterial 

in both H and E planes [28]. 

 

            Directivity is also a fundamental antenna parameter. It is a measure of how 'directional' an 

antenna's radiation pattern is. The antenna radiating in all directions with same strength is proved 

to have a zero directionality having directivity equal to 1db or 0db. To enhance the directivity, 

single element circular slot aperture cylindrical DRA was coupled with a box shaped reflector. 

Results show that the directivity increases upto 53% i.e. from 5dbi to 7 .5dbi [30-33]. By replacing 

box reflector with a flat reflector, we can still enhance the directivity [34-35]. But parabolic 

reflectors are more efficient as it also enhances the gain by 240% in comparison with reflectorless 

single element CDRA [36-37]. 

            With the advancement, multiport Cylindrical DRAs were developed. In [38-39], eight port 

cylindrical dielectric resonator antenna was investigated for MIMO (Multiple Input Multiple 

Output) applications. It was found to be more effective than the previously made four port structure. 

Overall height of antenna as well as ground plane was reduced by 37% and 44% simultaneously. 

It also delivers improved radiation performance along with 30% more bandwidth. 
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            In [40-42], an annular column loaded wideband cylindrical DRA is named as LCDRA. It 

comprises of two components i.e. the inner small cylindrical dielectric and loaded concentric 

column dielectric. Coaxial probe is used to feed power into the antenna. It was excited with four 

modes, i.e. TM01δ, TM02δ, TM03δ and TM04δ modes, providing a bandwidth of 56% (3.14 GHz to 

5.56 GHz). The experiment results were in good accordance with the simulated ones. Considering 

dimensions, gain and bandwidth, the LCDRA can offer outstanding performance for broadband 

applications.  

           The purpose of multiband antenna antenna is to operate on different frequencies which can 

be achieved by making some part to operate in one frequency band and rest part in another 

frequency band. In [46], the partially enclosed cylindrical DRA is designed for multi band 

antennas. The resonator is excited with the vertical monopole. More accurate impedance matching 

and improved -10db radiation bandwidth is achieved using this single pole design. This type of 

antenna operating in several bands can effectively be changed into a linear planar antenna array 

and circular polarization can also be achieved by exciting this antenna with two mono poles instead 

of one monopole. 

  

            Accessible different techniques available in to create multiband/dual-band characteristics 

in DRA: (i) originate the higher order modes along with fundamental mode in DRA [47]; (ii) 

combination of DRA and other resonating assemblies (hybrid radiator) [48-49]; (iii) combining 

dielectric resonator antenna with parasitic strip [50]. Fang et.al. suggested a dual-band circularly 

polarized cylindrical dielectric resonator antenna. 3-dB antenna radiation bandwidth of above 

mentioned cylindrical dielectric resonator antenna is around 12.4% and 7.4 % in lower and upper 

frequency band respectively. They achieved CP characteristics in CDRA with the help of complex 

feeding structure i.e. quadrature coupler which increase its fabrication complexity [51]. To mitigate 

the limitation of complex feeding network, Ngan et al. suggested chamfered dielectric resonator 

antenna. However, chamfered dielectric resonator antenna minimized the feed complexity but the 

proposed antenna had underwent a narrow 3-dB antenna radiation bandwidth (~ 5.2% and 1.4 % 

in lower and upper frequency band) [52]. 

 

 In [53], a wideband DRA with high gain, working in hybrid HEM11𝛿 mode is developed. 

This antenna is a cylindrical DR that is partially surrounded with a transparent dielectric superstate 

and retreated by a single side metal coated dielectric reflector plane. The reflector is used for 
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intensifying the gain and the superstrate is devoted for integrating two resonance bands to acquire 

a single wideband. The DR is fed by microstripline feed aperture coupling method and works in 

X-band (7.12 - 8.29 GHz). Bandwidth of 15.18% with 11.34 dBi peak gain is achieved. The 

different design phases, like stand-alone DRA, DRA with superstratum, DRA with reflector and 

DRA with superstratum and reflector plane with respect to bandwidth and gain properties, are 

properly estimated. 

 

            In this connection, a substantially feasible antenna with a cylindrical dielectric resonator 

with a high gain and broadband characteristics was investigated in [54]. To excite a cylindrical 

resonator, a simple aperture-coupling method with a microstrip feed is used, which is located above 

a square aperture made in the center of the ground plane. The top portion of the DR remains open 

for radiation without interference. To reduce unnecessary back radiation, the underside of the 

substrate of the ground plane is covered with a one-sided copper-coated dielectric reflector (1.35λ0 

× 1.35λ0 × 0.04λ0) at a short distance of 4 mm air gap. This helps to increase the gain by 101.48% 

compared to the 17.14% impedance band. The influence of the reflector on the bandwidth, gain 

and pattern is analyzed. The measured peak gains are 10.84 and 10.45 dB at a resonant frequency 

of 7.3 and 8.08 GHz.  

 

            In [55], a compact DRA was proposed for use in ultra-wideband car communications. Two 

cylindrical DR are positioned asymmetrically relative to the center of the offset rectangular slot 

coupling through which they are excited. Optimization of design parameters leads to a bandwidth 

of 21%, (ranging from 5.9 to 7.32 GHz in the lower band) and 53% (ranging from 8.72 to 15 GHz 

in the upper band). The maximum gain achieved is 12 dBi. 

 

 In future, following the above discussed advancements in cylindrical DRA, novel 
techniques to improve antenna efficiency and performance can be expected come in the limelight. 
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CHAPTER 3 

 
CYLINDRICAL DIELECTRIC RESONATOR          

ANTENNA BACKGROUND 
 

 

3.1  Introduction 

DRA can be assessed with respect to its form and modes of excitation. The electromagnetic near 

fields inside the resonating body are the main bases of understanding the far-field radiation 

patterns, thus helping in realizing the general antenna characteristics. Despite the fact that many 

shapes are available for the DRA, the best among them is that it is either easily accessible or easily 

cut, polished and molded. Due to this, a cylindrical shape was selected and studied in this 

dissertation. Cylindrical DRA has advantages over hemispherical and rectangular DRA. It offers 

diverse design possibilities, where the radius to height ratio dictates the resonance frequency and 

quality factor. Here, fabrication is much simpler, and several modes can be excited, resulting in 

broadside or omnidirectional radiation patterns. 

 

Various DRA subclasses in cylindrical form are electric monopole, sectored cylindrical 

DRA, disk-loaded cylindrical DRA, split-cylindrical DRA, cylindrical-ring DRA and ring DRAs, 

conical DRAs, elliptical DRA. Ring DRA provides improved impedance bandwidth. Cylindrical  

Ground Plane 

a 

εr 

ρ 

z 

h 

Cylindrical  
DRA 

Fig. 3.1: The geometry of the cylindrical DRA 
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DRs are used in circuit applications, filters, and oscillators and mainly in microstrip 

technology, where resonant waveguide cavities are not very practical. Figure 3.1 illustrates the 

geometry of the cylindrical dielectric resonator antenna. 

It comprises of a dielectric material of height ‘h’, radius ‘a’ and dielectric constant ‘εr’. This 

shape provides one more degree of freedom more than hemispherical shape because it has aspect 

ratio a/h, which determines k0a and the Q-factor for a given dielectric constant [1]. 

 

3.2  Resonant Modes 

Whatever may be the profile of the DRA that is cylindrical, rectangular and hemispherical, 

ultimately it is evaluated with respect to its resonant modes, near-field distribution inside the 

resonator, far-field radiation into the space, resonant frequency and impedance bandwidth. The 

resonant modes are generally classified into two categories such as Transverse Electric (TE) and 

Transverse Magnetic(TM). Both TE & TM must refer to a coordinate axis. For instance if TE is 

considered, it represents that the electric field component vanishes in the direction of propagation 

while it becomes Transverse (perpendicular) to it [2]-[3]. For cylindrical DRA, it is suggested to 

make a mode analysis on the basis of cavity resonant model in which outer surfaces of the cavity 

are approximated by perfect magnetic walls so that eigen function expansion for the fields can be 

utilized. 

  

Fig. 3.2: Cylindrical DRA positioned on the ground plane 
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An isolated cylindrical DRA with radius “a” and height “h” on a large ground plane 

supports three distinct modes that is TE (to z), TM (to z) and hybrid. TE (Ez = 0) and TM (Hz = 0) 

are axially symmetric and have no φ variation while hybrid modes do have. At higher frequencies, 

pure transverse electric or pure transverse magnetic fields behaviour does not exist distinctively. 

So they are termed as hybrid electromagnetic fields and are represented by HEM, the lowest of 

them is HEM11 [3] .These fields are φ dependent and can be categorised into further two groups 

HE (if Ez component is dominant) and EH (if Hz component is dominant). However, for practical 

purposes only TE, TM and HEM11 are mostly considered. To identify the field variations along 

azimuth (φ), radial (r) and axial (z) usually three indices that is npm are used such as TEnpm or 

TMnpm. The 1st index represents the no. of full period field variations in azimuthal direction, the 

2nd index indicates the no. of radial variations while 3rd index specifies that the dielectric resonator 

is shorter than half wave length which is rarely used and hence for most of the cases it is omitted. 

The field description then depends upon just first two indexes n & p. When 1st index is zero, the 

electromagnetic field is circularly symmetric and seems in the form of concentric circles when 

viewed form the cross section side. 

 

3.2.1  Theoretical Formulation - Resonant Frequencies 

The geometry of the DRA is shown in Fig. 3.3 using standard cylindrical coordinates. The feed 

probe is temporarily ignored, i.e., the cylinder is considered uniform. Image theory can be 

immediately applied and the ground plane can be replaced by an imaged portion of the cylinder 

extending to z = -d; the isolated cylinder is now analyzed with an implied boundary condition of 

zero Eρ and Eɸ at z = 0. 

  

            An approximate solution for the fields inside such a cylinder can be obtained by assuming 

that the surfaces are perfect magnetic conductors. For such a cavity, wave functions transverse 

electric (TE) and transverse magnetic (TM) to z may be postulated as: 

 

𝜑்ெ೙೛೘
= 𝐽௡ ቀ

௑೙೛

௔
𝜌ቁ ቀୱ୧୬ (௡∅)

ୡ୭ୱ (௡∅)
ቁ 𝑠𝑖𝑛 ቂ

(ଶ௠ାଵ)గ௭

ଶ௛
ቃ   ------ (3.1) 

 

𝜑்ெ೙೛೘
= 𝐽௡ ቀ

௑೙೛
ᇲ

௔
𝜌ቁ ቀୱ୧୬ (௡∅)

ୡ୭ୱ (௡∅)
ቁ 𝑐𝑜𝑠 ቂ

(ଶ௠ାଵ)గ௭

ଶ௛
ቃ    ------ (3.2) 
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Where 𝐽௡ is the Bessel function of the first kind,   

 𝐽௡൫𝑋௡௣൯ = 0, 𝐽௡
ᇱ ൫𝑋௡௣

ᇱ ൯ = 0, 

             n = 1, 2, 3, ---, p = 1, 2, 3, ---, m = 0, 1, 2, ----- 

 

The separation equation 𝑘ఘ
ᇱ + 𝑘௭

ଶ = 𝑘ଶ = 𝜔ଶ𝜇𝜖 leads to an expression for the resonant frequency 

of the npm mode. 

𝑓௡௣௠ =
ଵ

ଶగ௔√ఓఢ
ඨ൜

௑೙೛
ᇲ

௑೙೛
ᇲమ ൠ + ቂ

గ௔

ଶ௛
(2𝑚 + 1)ቃ

ଶ

     --------- (3.3) 

 

 

Fig. 3.3: Antenna Geometry and feed configuration 

 

The dominant mode is the one which has the lowest resonant frequency.  

This occurs for m = 0, n = 1, p =1: 𝑋ଵଵ
ᇱ = 1.841. 

 

𝑓ௗ௢௠ =
1

2𝜋𝑎√𝜇𝜖
ඨ𝑋ଵଵ

ᇱଶ + ቀ
𝜋𝑎

2ℎ
ቁ

ଶ
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Practically Important Modes: 
 

From application point of view, some typical modes are categorized as; 

In open space dielectric resonator acts as a radiator either radiating broadside radiation patterns 

employing TE01δ mode or HEM11 mode while monopole like radiation patterns (endfire) using 

TM01 mode. As per need of a typical radiation pattern, any of the modes can be excited using a 

suitable feeding mechanism. 

 

TE01δ mode: 

Usually this mode is excited in split-cylindrical shape for which the design formula is given in 
equations (3.4) and (3.5) 
 

𝑓𝑟 ா଴ଵ(𝐺𝐻𝑧) =
ଷ଴(௞బ௔)

ଶగ௔(௖௠)
     --------- (3.4) 

 

𝑘଴𝑎 =
ଶ.ଷଶ଻

ඥఌೝశభ
൜1 + 0.212

௔

௛
− 0.008 ቀ

௔

௛
ቁ

ଶ

ൠ    ----------- (3.5) 
 
 

TM110 (HEM11) mode: 
 
Its simplified design formula is given by the equation (3.6) as: 
 

𝑓𝑟 ெଵଵ଴ =
௖

ଶగ௔√ఌೝ

ට(1.841)ଶ + ቀ
గ௔

ଶ௛
ቁ

ଶ

   ---------- (3.6) 

 
TM01 mode: 
 
Its simplified design formula is given by equations (3.7) & (3.8) such as: 
 

𝑓𝑟 ெ଴ଵ(𝐺𝐻𝑧) =
ଷ଴(௞బ௔)

ଶగ௔(௖௠)
  -------------- (3.7) 

 

𝑘଴𝑎 =
ට(ଷ.଼ଷ)మାቀ

ഏೌ

మ೓
ቁ

మ

ඥఌೝାଶ
  -------------- (3.8) 

 
The resonant frequency associated to each mode is briefed in the example of Table 3.1 
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Table 3.1: Different modes and frequencies for 𝜺𝒓 = 10, if a 

= 13 mm and h = 26 mm 

NO.  MODES FREQUENCY 

1 TE01 2.84 GHz 

2 TM110 (HEM11) 2.32 GHz 

3 TM01 4.14 GHz 

 
 
3.2.2  Equivalent Magnetic Surface Currents for the Dominant Mode 
 
The wave function of the dominant mode is: 

𝜓்ெభభబ
= 𝜓 = 𝐽ଵ ቆ

𝑋′ଵଵ𝜌

𝑎
ቇ cos 𝜙 cos

𝑧𝜋

2ℎ
 

The cos 𝜙 term, rather than sin 𝜙, survives due to the feed position at 𝜙 = 0. In anticipation of 

calculating the far-field patters, tangential electric fields on the surface are determined using: 

𝐸థ =
1

𝑗𝜔𝜖𝜌

𝜕ଶ𝜓

𝜕𝜙𝜕𝑧
 , 𝐸௭ =

1

𝑗𝜔𝜖
ቆ

𝜕ଶ

𝜕𝑧ଶ
+ 𝐾ଶቇ 𝜓 , 𝐸ఘ =

1

𝑗𝜔𝜖

𝜕ଶ𝜓

𝜕𝜌𝜕𝑧
 

Applying 𝑀ሬሬ⃗ = 𝐸ሬ⃗ × 𝑛ො , where 𝑛ො is a unit normal pointing out of the dielectric, the following 

equivalent currents are found (primed coordinates are used to indicate the source). 

Sides: 

𝑀௭ᇱ =
𝜋

2𝑗𝜔𝜖𝑎𝑑
𝐽ଵ(𝑋ᇱ

ଵଵ) sin 𝜙′ sin
𝜋𝑧′

2ℎ
 

And 

𝑀థᇲ =
1
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ቆ
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ଵଵ

𝑎
ቇ

ଶ
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గ௭ᇲ

ଶ௛  

Top-bottom: 
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𝑗2𝜔𝜖𝑎ℎ
𝐽ᇱ

ଵ ቆ
𝑋ᇱ

ଵଵ𝜌ᇱ

𝑎
ቇ cos 𝜙ᇱ 

And  
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𝜋

𝑗2𝜔𝜖ℎ𝜌′
𝐽ଵ ቆ

𝑋ᇱ
ଵଵ𝜌ᇱ

𝑎
ቇ sin 𝜙ᇱ 
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3.2.3  Calculation of Far-Field Patterns 
 
The above currents are considered the sources for the far-field radiation. Since the radiation fields 

will be expressed in spherical coordinates (r, θ, ϕ), the source currents are transformed: 

𝑀ఏ = 𝑀ఘᇱ cos 𝜃 cos(𝜙 − 𝜙ᇱ) +  𝑀థᇱ cos 𝜃 sin(𝜙 − 𝜙ᇱ) − 𝑀௭ᇱ sin 𝜃 

𝑀థ = − 𝑀ఘᇱ sin(𝜙 − 𝜙ᇱ) + 𝑀థᇱ cos(𝜙 − 𝜙ᇱ)  

Electric vector potentials are then calculated: 

𝐹ఏ =  
𝑒ି௝௞బ௥

4𝜋𝑟
ම 𝑀ఏ𝑒௝௞బ ൣఘᇱ ୱ୧୬ ఏ ୡ୭ୱ൫థିథᇲ൯ା௭ᇱ ୡ୭ୱ ఏ൧𝜌′𝑑𝜌′𝑑𝜙′𝑑𝑧 

𝐹థ =  
𝑒ି௝௞బ௥

4𝜋𝑟
ම 𝑀థ𝑒௝௞బ ൣఘᇱ ୱ୧୬ ఏ ୡ୭ୱ൫థିథᇲ൯ା௭ᇱ ୡ୭ୱ ఏ൧𝜌′𝑑𝜌′𝑑𝜙′𝑑𝑧 

Where 𝑘଴ = 𝜔ඥ𝜇଴𝜖଴ (the free space wavenumber). 

Summing the individual contributions to 𝑀ఏ and 𝑀థ, and integrating results in  

𝐹ఏ = 𝐶ଵ൛𝐼ଶ − 𝐼ଵ − 0.5𝑘௣(𝐼ଷ + 𝐼ସ − 𝐼ହ − 𝐼଺) + 1.16𝑘଴ sin 𝜃 𝐽ଵ(𝑘଴𝑎 sin 𝜃)𝐷ଵ − 0.581𝑘ఘ
ଶ𝑎 

⋅  𝐽଴(𝑘଴𝑎 sin 𝜃) + 𝐽ଶ(𝑘଴𝑎 sin 𝜃)𝐷ଵൟ 

𝐹థ = 𝐶ଶ൛−𝐼ଵ − 𝐼ଶ − 0.5𝑘௣(𝐼ଷ − 𝐼ସ − 𝐼ହ + 𝐼଺) − 0.581𝑘ఘ
ଶ𝑎[𝐽଴(𝑘଴𝑎 sin 𝜃) − 𝐽ଶ(𝑘଴𝑎 sin 𝜃)]𝐷ଵൟ 

Where, 

𝐶ଵ =
𝜋ଶ

𝑗𝜔𝜖ℎ

1

4𝜋𝑟
sin 𝜙 cos(𝑘଴𝑑 cos 𝜃) cos 𝜃 

𝐶ଵ =
𝜋ଶ

𝑗𝜔𝜖ℎ

1

4𝜋𝑟
cos 𝜙 cos(𝑘଴𝑑 cos 𝜃) 

𝐷ଵ = ቈ
𝜋ଶ

4ℎଶ
− 𝑘଴

ଶ𝑐𝑜𝑠ଶ𝜃቉

ିଵ

 

𝑘ఘ =
𝑋′ଵଵ

𝑎
=

1.841

𝑎
 

𝐼ଵ = න 𝐽ଵ൫𝑘ఘ𝜌′൯𝐽଴(𝑘଴𝜌′ sin 𝜃)𝑑𝜌′
௔

଴

 

𝐼ଶ = න 𝐽ଵ൫𝑘ఘ𝜌′൯𝐽ଶ(𝑘଴𝜌′ sin 𝜃)𝑑𝜌′
௔

଴

 

𝐼ଷ = න 𝐽଴൫𝑘ఘ𝜌′൯𝐽଴(𝑘଴𝜌′ sin 𝜃)𝜌′𝑑𝜌′
௔

଴
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𝐼ସ = න 𝐽଴൫𝑘ఘ𝜌′൯2(𝑘଴𝜌′ sin 𝜃)𝜌′𝑑𝜌′
௔

଴

 

𝐼ହ = න 𝐽ଶ൫𝑘ఘ𝜌′൯𝐽଴(𝑘଴𝜌′ sin 𝜃)𝜌′𝑑𝜌′
௔

଴

 

𝐼଺ = න 𝐽ଵ൫𝑘ఘ𝜌′൯𝐽ଶ(𝑘଴𝜌′ sin 𝜃)𝜌′𝑑𝜌′
௔

଴

 

For the permittivities and aspect ratios under consideration (a/h ≤ 2, 𝜖௥ ≥ 5), the term 𝑘଴𝑎 

will always be less than two; this allows polynomial approximations for the above Bessel functions 

to be used, and the integrals are easily evaluated numerically. 

In the far-field region, the electric fields are proportional to the vector potential 𝐹⃗: 𝐸ఏ𝛼𝐹థ, and 

𝐸థ𝛼𝐹ఏ. The radiation patterns are thus found as a function of the antenna parameters. 

 
3.3  Typical Mode Excitation: 
 
Depending upon the resonant frequency and the required type of radiation pattern such as broadside 

or end-fire a particular mode is excited. To accomplish it effectively, proper excitation methods 

are chosen which are mainly driven by: 

 Type of the excitation feed. 

 Position of the excitation feed. 

Take for instance the case of a coaxial probe excite the TM110 (HEM11) mode. It is to be placed 

close to the peripheral boundary of the cylindrical DRA whether embedded inside or poled 

equidistant outside it to yield corresponding broadside radiation pattern. Now, if the same probe is 

shifted gradually towards the centre of the DRA, the TM110 mode diminishes while TM01δ emerges 

to dominate so instead of exhibiting broadside, it presents the end-fire type radiation pattern. On 

the other hand, if aperture slot is to be employed, it is to be placed at the centre, for generating a 

broadside radiation pattern while to seek end-fire pattern it is supposed to be shifted to the DRA 

boundary.  

 

            It is important to note that a crucially important factor is the aspect ratio (a/h). It describes 

that a taller DRA with smaller diameter can yield the same resonance frequency as that of very 

short in height but very large in diameter however, both structures possess different Q values. 

According to different permittivity values, there is a limit of (a/h) and beyond it further control of 
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shape may not be possible. The aspect ratio(a/h) also plays a significant role in determining as if to 

merge two closely resonating modes to generate wider -10dB bandwidth or not. 

 

            To make the concept clearer, we consider the near field distributions inside the cylindrical 

DRAs and their corresponding far field radiation patterns in terms of TE01, TM01 and TM110 

(HEM11) resonant modes [5-7]. 

Mode TE01: 

 

Fig. 3.4: Mode TE01 and its broadside far field radiation pattern. [9] 

 

Mode TM01: 

 

Fig. 3.5: Mode TM01 and its monopole like far field radiation pattern. [9] 
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Mode TM110 (HEM11): 

 

Fig. 3.6: Mode TM110 (HEM11) and its broadside far field radiation pattern. [9] 

 

In practice, the excitation source may resonate several modes simultaneously [8]. The field 

strength for a typical mode depends upon the exactness of the feed location and its operating 

frequency. 

 

            These far field radiation patterns have clear resemblance to other renowned antenna types. 

The TE01 seems like radiation pattern of half wavelength narrow slot on the ground plane and 

directed to the axis of resonator. The radiation pattern from TM01 seems like a quarter wavelength 

monopole above the ground plane [8]. The HEM11 resembles to that of half wavelength narrow slot 

on the ground plane. 

 

            A graphical representation of patterns has been given in Fig3.7 that explains how a gradual 

transformation in pattern shape takes place at par with the changing locations by an aperture slot 

under the DRA. 
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Fig. 3.7: Changing radiation patterns corresponding to different slot positions under DRA. 

[9] 

 

It is interesting to observe that when slot is exactly located at the centre the pattern 

generated is perfectly symmetric with no cross polarization. However, when slot shifts from centre 

to boundary, the cross polarization grows and ultimately transforms to totally different pattern. 

 

3.4  Feeding Methods 

The feeding mechanisms considerably affect the resonance frequency and quality factor of a DRA. 

Many feeding techniques have been developed. To excite the DRA, input impedance is one of the 

significant parameters in designing a feed. The feed and location selection both show a significant 

part in determining which feeding mode. This in turn will determine the input impedance and 

radiation characteristics of the DRA. The different feeding mechanisms include aperture coupling 

with a microstrip feedline, coaxial probe, aperture coupling with a coaxial feedline, waveguide 

coupled aperture, direct microstrip feedline, coplanar feed, soldered through probe, slot line, 

conformal strip and direct image guide. 

  

3.4.1  Coaxial Probe Feed 

Coaxial probe feed is a popular method used to feed a dielectric resonator antenna. The probe may 

be placed near the DRA or may be inserted in the housing. Optimization of the probe length and 

position, one can adjust the input impedance of the DRA, therefore, the resonant frequency. The 

probe can be considered as a vertical electrical current, which is placed to achieve a strong coupling 

with the DRA, resulting in high radiation efficiency. The level of coupling is optimized by 



40 
 

adjusting the height and diameter of the probe. Depending upon the shape of DRA and probe 

location, different modes can be excited that is when it is fed axially only TM modes are excited. 

To be more precise that if TM01 mode is to be excited, the feed probe is expected to be located at 

the centre thus yielding quarter wavelength monopole like far field radiation patterns. On the other 

side when HEM11 (TM110) mode is required, the feed probe is supposed to be located close to the 

peripheral boundary so as to yield broadside radiation patterns. The benefit of this technique is that 

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

network. Fabrication is easy and it has low spurious radiation. Probes are useful at lower 

frequencies to cope with the fabrication issues where aperture feeding may not be practical due to 

the large size of the slot required [9]. However it is equally efficient and result oriented at higher 

frequencies. For instance compared to slot feed’s approximate position in the peripheral area of the 

cylindrical dielectric resonator antenna, it is simple to locate the probe at its centre when to excite 

TM01 mode. But, the main drawback is that it offers a narrow bandwidth and is hard to simulate, 

since it is necessary to drill a hole in the substrate and the connector extends beyond the ground 

plane, which does not make it entirely flat for thick substrates (h > 0.02 λo). The drilled holes must 

correspond to the probe dimensions (length and radius), otherwise the effective dielectric 

permittivity of the resonator will be hampered, which will lead to a shift in the antenna’s resonant 

frequency. In addition, it should be noted that drilling a hole in the dielectric resonator during 

fabrication is actually complicated and expensive. In addition, for thicker substrates, the increased 

probe length makes the input impedance more inductive, which leads to matching problems. 

  

            A less complicated fabrication is performed by placing the excitation probe at the edge of 

the dielectric resonator. This technique is cost-effective but results in a smaller coupling to the DR, 

which eventually affects the antenna radiation characteristics. 
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Fig. 3.8: To excite DRA Electric and Magnetic current distributions in monopole. [1] 
 
 

3.4.2  Slot Aperture 

In a slot aperture method, a DRA is excited through a small hole in the ground plane upon which 

it 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 excited by a microstrip line or coaxial feedline beneath the ground 

plane; some of the shapes are shown in Figure 3.9.  

 

 

Fig. 3.9: Aperture feeding in various shapes 
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            For HEM11 or TM110 being the dominant resonant mode, the aperture at the DRA centre 

behaves like magnetic current flowing parallel to its length and as a result excites the magnetic 

fields in the DRA body causing broadside radiation pattern in the far field. It is depicted in Figure 

3.10. The slot is fed by microstrip line because it is easy to etch on the substrate and to seek 

impedance matching. The benefit of this method is that it has the feed positioned below the ground 

plane, separating the radiating aperture from any unwanted coupling or spurious radiation from the 

feed that cause distortion and degrade the pattern shape, thus enhancing the polarization purity of 

the DRA.  

 

 

Fig. 3.10: Electric and Magnetic field distributions in slots. [9] 

 

            Moreover, this technique is applicable for integrating DRAs with printed feed structures. 

The coupling level can be optimized by moving the antenna with respect to the slot. Typically, a 

high dielectric material is used for the substrate, while a thick dielectric constant is used for the 

upper portion of the dielectric resonator to optimize the radiation from the antenna. The main 

disadvantage of this feeding method lies in the difficulty in manufacturing because of several 

layers, which also increases the thickness of the antenna. This method also offers narrow bandwidth 

(up to 21%). [9] Another disadvantage is that the slot length should be around λ / 2, which is 

difficult to implement at lower frequencies while maintaining the size of the DRA compact. This 
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technique is particularly recommended for high frequency designs requiring highest level of 

precision and etching accuracy. 

 

3.4.3  Microstrip Line Feed 

PDirect and Proximity couplings to microstrip lines are amongst the simplest methods. Here, a 

microstrip line printed on the same substrate feeds a Dielectric Resonator which can be placed 

directly above the microstrip line or near the dielectric substrate. Figure 3.11 shows some of the 

probe shapes that have been used for feeding. The microstrip coupling excites magnetic fields in 

the DRA to create a short horizontal magnetic dipole level. The level of coupling can be improved 

by lateral arrangement of the DRA relative to the microstrip line and an increase in the relative 

dielectric constant of the DRA. [9]. It is a common conclusion that for low value of dielectric 

constant, minimum energy is coupled. However, with increase in its value other limitations are 

encountered particularly at higher frequencies further reduction in size can cause fabrication 

process too sensitive and that may introduce faulty results. Similarly the consequence reduction in 

impedance bandwidth can limit its wideband applications. 

 

            For lower permittivity values (necessary for DRAs requiring wide bandwidth), the coupling 

is usually very small. Thus, in order to have an acceptable radiation efficiency, an array of DRAs 

is required. Microstrip lines can be used as a series feed for a linear DRA array, provided that and 

ease of modeling along with impedance matching. However, as the thickness of the used dielectric 

Y 

S 

Side Feeding Direct Feeding 

X S 

Fig. 3.11 Microstrip line feeding of various shapes 
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substrate increases, surface waves and spurious feed radiation also increase, which inhibits antenna 

bandwidth. [1]. One of the disadvantages of this method is that the polarization of the array is 

determined by the orientation of the microstrip line, for example, the direction of the magnetic 

fields in the DRA will be parallel to the microstrip line. [9], [10]. Another disadvantage enough 

elements are used. This is a simple feed technique because it offers ease of manufacture  of this 

method is that the feeding line is not separated from the DR, which can affect the the DRA radiation 

performance. Additionally, when placing the dielectric resonator directly above the transmission 

line, an unwanted air gap is formed between the resonator and the substrate. The behaviour of the 

coupling fields can be observed from the Fig.: 3.12. 

 

3.4.4  Dielectric Image Guide 

Dielectric image guide is one of the popular feeding technique in DRAs, shown in Fig 3.13. 

Dielectric image guide offers several advantages compared to microstrip at millimeter-wave 

frequency, as they do not suffer seriously from conductor losses. The dielectric image guide 

Fig. 3.12: Electric and Magnetic field distributions in proximity coupling. [9] 
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couples the energy to the DRA that is located in its proximity. Since in case of microstrip lines, the 

amount of coupling to DRA is normally very small, especially in DRAs having lower permittivity 

values, even it can be possible to enhance the amount of coupling by operating the guide nearer to 

cut-off frequencies. Hence the dielectric image guide is the best utilized series feed to any linear 

array present in a DRA. [10] 

 

 

Fig. 3.13: Dielectric Image Guide Fed DRA 

 

3.4.5  Coplanar Waveguide Feed 

The coplanar waveguide feed was first cited in [11], where a cylindrical DRA is excited by a 

coplanar waveguide (CPW) circular-loop network. Fig. 3.14 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.  

 

Fig. 3.14: Coplanar feeding of various shapes 
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The prime benefit of the CPW excitation is the position of the coupling slot which is below 

the DR can be altered to optimize the DRA performance. The coplanar loop efficiently couples 

energy to the DRA. The coupling level and desired mode excitation can be obtained by gradually 

sliding the DR element over the loop [11-14]. Impedance tuning can be done by adding stubs, slots, 

or loops at the end of the coplanar line. By shifting the loop from the edge to the centre one can 

yield required resonance frequency and radiation patterns, i.e. one can couple into either the HE11δ 

mode or the TE011 mode of the cylindrical DRA [1], [9]. One such arrangement with field 

distribution is shown in fig. 3.15. The circular loop network can be substituted by a capacitive slot 

as well as by an inductive slot. It has been seen that capacitive slot provides an additional resonance 

which results in a dual-band behavior, with two resonances associated with the DR and the feeding 

slot itself, respectively. CPW feeding structures are widely used for millimeter-wave applications 

especially where the DRA is integrated in a system on chip (SoC). As a matter of fact, by using 

CPW transmission lines, it is possible to achieve high antenna efficiency since the ground plane 

separates the dielectric resonator from the lossy silicon substrate. 

 

Fig. 3.15: Coplanar Waveguide Fed Cylindrical DRA 
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Co-planar waveguide (CPW) feeding technique is also referred as planar strip line feeding. 

CPW feeding technique more advantageous compared to other feeding techniques, because it has 

the following attractive features. They are 

 Lower radiation leakage 

 Less dispersion than microstrip lines 

 Active devices can be mounted on top of the circuit like on microstrip. 

 It can provide extremely high frequency response (100 GHz or more). Since connecting to 

CPW does not involve or require any parasitic discontinuities in the ground plane [9]. 

 

In addition, the CPW has lower loss than the microstrip line. One important application is that 

a fibre optics system can be integrated with the slot antenna. Recently, different types of CPW-fed 

slot antennas have been designed for wideband applications, achieving 50% bandwidth in a multi-

slot design and 60% and width by optimizing a tuning stub. As with microstrip line excitation, slot 

antennas excited by coplanar waveguides also have bidirectional radiation characteristics [15]. 

 

3.5 Bandwidth Enhancement Techniques of DRAs 
 

The most attractive feature of Dielectric Resonator antennas is Bandwidth Enhancement. By 

choosing proper structure for DRAs we can easily enhance the bandwidth. The various techniques 

used in Bandwidth Enhancement by using DRAs as listed below [1]. 
 

 Optimizing the feeding mechanisms and the DRA parameters. 

 Changing the shape of DRAs. 

 Use of modified feed geometries (stub matching). 

 Making use of Stacked Dielectric Resonators in DRA designs. 

 Introducing air gap between the ground plane and Dielectric Resonator. 

 Reducing the permittivity of Dielectric Resonator. 

 Use of coplanar parasitic strip coupled with different resonators. 
 

 Recently, the stacked method is used to increase the Bandwidth of DRAs. 

 

 

 



48 
 

3.5.1  Stacked Method 

The method of utilizing multiple DRAs for the enhancement of bandwidth requires stacking DRAs 

on the top each other. In many cases it is evident that required results are not achieved with a single 

element DRA. As an example, a high gain, directional pattern can never be in synchronous with a 

single DRA of any shape. In these applications, a DRA with proper element positioning and feed 

arrangement can be used to produce desired specifications.  

 

This technology offers the advantage that each DRA can be independently tuned for either 

broadband or dual band performance. Figure 3.16 manifests a cylindrical stacked dielectric 

resonator antenna. The stacked DRA arrangement contains two cylindrical discs of various 

materials vertically stacked, on each other, placed above a ground plane. Lower DRA is excited by 

a probe feed and the upper DRA is electromagnetically coupled, where the cylindrical DRA has 

radius (a), height (h) and relative dielectric permittivity (εr) [1]. 

 

 

Fig. 3.16: Geometry of stacked cylindrical DRAs 

 

Air gaps can also be introduced in between DRAs to enhance the impedance bandwidth. The main 

disadvantage of this configuration is that the DRA geometry is not very low profile; however, they 

may still be suitable for array applications [1]. 
 

3.5.2  Coplanar Parasitic Method 

Another method of enhancing the impedance bandwidth for a cylindrical DRA is by adding a 

parasitic coplanar strip, loaded coplanar with the 50Ω microstripline feed. The antenna offers 

bandwidth as high as 17.33% at a centre frequency of 2.77 GHz, as a result of the enhanced 

coupling produced by the coplanar strip. At an optimum strip position and dimensions, dual 
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radiating modes are excited in close proximity to form a linearly polarized, wider impedance 

bandwidth. [23] 

 

Fig. 3.17: Configuration of microstrip line fed cylindrical DRA using coplanar parasitic 

strip 

 

3.5.3  Annular DRA 

For a cylindrical DRA, the central section is removed to form an angular ring and the probe is 

placed at the centre as shown in Fig. 3.17. The design approach carried out by Shum and Luk [24] 

is based on dielectric ring resonators of very high permittivity. The air gap between the DRA and 

the ground plane is used to enhance the bandwidth. 
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Fig.: 3.17: Probe Fed Annular DRA 

 
3.6  Analytical Evaluation of Dielectric Resonator Antenna 
 
In design technology, input impedance is the most dominant parameter which is a feed to excite 

the DRA. Input impedance as a function of frequency is to estimate the bandwidth of operation and 

for complementing the antenna to the circuit. It is sad to relate that there are no elementary closed-

form expressions for the prediction of the input impedance of the DRA when excited by a particular 

feed and severe analytical. Some of the techniques are mentioned below that have been used to 

anticipate the input impedance for DRAs excited by the different feeds [9]. 

 

3.6.1  Green’s function analysis 
 
For a probe-fed DRA, the input impedance (Zin) can be calculated using the following equation: 
 

𝑍௜௡ =
−1

𝐼௢
ଶ

(𝐸. 𝐽௦)𝑑𝑠 

 
Where, E = Electric fields of the DRA 

                                        Js = Applied source current density on the probe 

                               Io = Magnitude of the current on the probe 

 

The electric fields of the DRA controlled by the excitation of souce and calculated by 

using: (𝐸. 𝐽௦)𝑑𝑠 

Here, G represents Green‘s function for the DRA.  
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By using some simple assumptions about a single-mode operation and the currents on the 

probe, the Green‘s function for a hemispherical DRA was first acquired and was then used to 

anticipate the input impedance of the probe-fed DRA operating in the TE111 mode. This technique 

was also used in a probe–fed hemispherical DRA operating in the TM101 mode. The input 

impedance of conformal strip feeds and aperture feeds can also be surveyed using Green‘s function. 

The advantage to this technique is the relatively fast computation time required to obtain the input 

impedance. It is useful method for analysing the effects of altering probe dimensions and probe 

location and can be used for optimizing the input impedance. The main drawback is its limitation 

only to hemispherical DRA geometries. For other DRA shapes, different analytical techniques are 

required [9]. 

 

3.6.2  Numerical methods for analyzing DRAs 

Numerical methods for analysing DRAs can be categorized into two groups, frequency domain 

technique and time domain technique. Each category offers advantages for particular antenna 

geometries [9]. 

 

3.6.2.1 Frequency domain analysis 

Two common frequency domain techniques that have been used to analyse DRAs are the method 

of moments (MOM) and the finite element method (FEM). The MOM was first developed for wire 

or metal antennas of arbitrary shape, but can be extended to include dielectric materials by 

introducing equivalent currents. The MOM involves discretizing the antenna into a number of small 

segments and solving for a set of unknown coefficient representing the current on one segment due 

to a known incident field. Analysis of DRAs is not limited to a hemispherical shape, and the 

technique can be used to also analyses simple cylindrical and rectangular DRA shapes. 

Determining the DRA input impedance using the MOM technique will require more computer 

memory and time than applying Green‘s function. Thus, MOM technique is not convenient tool 

for optimizing the DRA performance. MOM is used to investigate the effect of the air gaps and 

calculate internal field pattern of various modes of cylindrical DRAs [1], [9]. 

 

            FEM (Finite Element Method) can be used to analyze a DRA of any shape. Like MOM, it 

includes the sampling of geometry, but while in MOM only the ground plane requires 

segmentation, the entire volume surrounding the DRA must also be sampled in FEM, which 
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increases the computational size of the problem. The advantage of FEM is that it does not require 

the formulation of equivalent currents and, thus, can be easily applied to arbitrary shapes. Another 

advantage of FEM is its availability as commercial software, which provides graphical user 

interfaces to simplify the geometric definition of the problem. FEM is used to determine the effect 

of the finite ground plane on the DRA radiation pattern [1], [9], [16] 

 

3.6.2.2 Time domain analysis 

There are two time domain techniques that have been applied to analysing DRAs are the finite 

difference time domain (FDTD) method and the transmission line method (TLM). These 

techniques require the entire volume around the DRA to be discretized and thus can be memory 

and time intensive. In it, wideband pulse used to excite the DRA, and by transforming the solution 

into the frequency domain, the input impedance can be determined over a wide frequency range. 

For frequency domain techniques, the problem would have to be re-simulated at each frequency of 

interest and finding the impedance response over a broad frequency range could be very time 

consuming. With the frequency domain methods, the time domain methods are good tools for 

analysing the performance of a given DRA geometry, but are less useful for optimizing the 

performance of DRAs. FDTD is used to calculate circular polarization patterns of cross-shaped 

DRAs and input impedance of slot-fed rectangular DRA. Transmission line method used to 

calculate input impedance of microstrip-fed multi-segment DRAs [1], [9]. 

 

3.7  MATLAB Simulated Results 

The impact of the geometrical parameters of a cylindrical DRA (radius and height) as well as of 

the relative dielectric constant (εr) on the resonant frequency is investigated by the MATLAB 

programs. Resonant frequency as a function of the DRA’s radius and height are being obtained 

based on formulations. The dielectric constant used to calculate the resonant frequencies is set to 

εr = 10. It is indicated from the simulated graphs that the resonant frequency decreases by 

increasing either the radius or the height or both of them simultaneously. The programs and 

simulated results are given below: 
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3.7.1 MATLAB Program 1 

clear all;  

close all; 
% parameter definition 

c = 3*10^11; 

Er = 10; 
x11 = 1.841; 

a = 10:10:100; 
h = 35; 

% resonant frequency equation; 

for i=1:length(a) 
  fr(i)=(c/(2*pi*a(i)*sqrt(Er)))*sqrt(x11^2+((pi*a(i))/(2*h))^2); 

end 
subplot(1,1,1);  

plot(a,fr); 

title(‘plot a vs fr when a is varying’); 
xlabel(‘Radius (mm)’); 

ylabel(‘Resonant Frequency (GHz)’); 

 

3.7.2 MATLAB Program 2 
 

clear all;  

close all; 

% parameter definition 

c = 3*10^11; 

Er = 10; 

x11 = 1.841; 

a = 13; 

h = 10:10:100; 

% resonant frequency equation; 

for i=1:length(h) 

fr(i)=(c/(2*pi*a*sqrt(Er)))*sqrt(x11^2+((pi*a)/(2*h(i)))^2); 

end 

subplot(1,1,1);  

plot(h,fr); 

title(‘plot h vs fr when h is varying’); 

xlabel(‘Height (mm)’); 

ylabel(‘Resonant Frequency (GHz)’); 
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(a)                                                                                                  (b) 

Fig. 3.19: Resonant frequency versus (a) radius and height (b) of a cylindrical DRA with 
relative permitivity εr = 10 

 
 

 
3.7.3 MATLAB Program 3 

 
clear all;  
close all; 

% parameter definition 
c = 3*10^10; 

x11 = 1.841; 

a = 2.5; 
h = 5; 

Er = 0:5:100 
% resonant frequency equation; 

for i=1:length(Er) 

fr(i)=(c/(2*pi*a*sqrt(Er(i))))*sqrt(x11^2+((pi*a)/(2*h))^2); 
end 

subplot(1,1,1);  
plot(Er,fr); 

title(‘plot εr vs fr when εr is varying’); 

xlabel(‘Relative Dielectric constant(εr)’); 

ylabel(‘Resonant Frequency (GHz)’); 
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Fig. 3.20: Resonant Frequency of a cylindrical DRA with radius a = 2.5 cm and height h = 5 
cm versus relative dielectric constant 

 
 
 

Figure 3.20 shows the effect of the relative dielectric constant (εr) on the resonant 

frequency. It is observed that the resonant frequency of the dominant mode decreases with increase 

in the dielectric constant of the DRA. This behavior is the most important characteristic of the DRA 

since it allows decreasing the size of the DRA by increasing its dielectric constant. It is to be noted 

that the impedance bandwidth is inversely proportional to the relative permittivity of the DR. 

Therefore, the use of materials with high dielectric constant can result in a narrowband antenna 

behavior. 
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CHAPTER 4 

PARAMETRIC STUDY 

 

4.1  Introduction 

About thirty five years ago, experimental studies were conducted to determine the radiation 

characteristics of cylindrical dielectric resonator antennas [1] residing on a conducting ground 

plane. These resonators were excited by a coaxial probe extending into the dielectric material 

through the bottom of the ground plane. One of the conclusions drawn from the experimental 

studies was that in order to obtain desirable radiation characteristics, the feed probe must be 

positioned away from the resonator’s axis of symmetry and near the outer wall of the dielectric 

resonator. 

 

            In this thesis, coaxial probe excitation is used for feeding the DRA. The main advantage of 

using probe feed is that, by optimizing length and position of the feeding probe, the input 

impedance of the DRA can be tuned and, consequently, the resonance frequency can be controlled. 

The probe can be considered as a vertical electric current that is positioned to achieve strong 

coupling to the DRA which, in turn, results in high radiation efficiency. The other advantage of 

this method is that the antenna system can be directly connected to a 50Ω circuit without the need 

for a matching network. The 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. 

 

4.2  Antenna Design 

For this design, the target frequency band is the C band which is from 2 to 4 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 10 with loss tangent (tan 𝛿) = 0.002 
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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. The antenna configuration of the cylindrical DRA is shown in Figure 

4.1. The DRA is placed above a conducting ground plane. In the present work, the ground plane 

size of 5cm×5cm×0.2cm is considered and fed by a coaxial connector. The dimensional parameters 

of the DRA are radius a=13mm, height h=26mm. The probe is located at a point near the edge of 

the cylinder. The feed probe is of length l, and radius r =0.63mm. The proposed structure is 

modelled with finite element solver Ansys HFSS v15.0. By changing the probe height and location, 

then DRA height and radius, a comparative study of various parameters is performed like input 

impedance, resonant frequency, gain, radiation patterns etc. The mode of operation and resonant 

frequency of the dielectric resonator (DR) can be calculated using (1) [1], which shows resonant 

frequency ∼2.32 GHz and also signifies excitation of TM110 mode. 

 

𝑓𝑟 ெଵଵ଴ =
௖

ଶగ௔√ఌೝ

ට(1.841)ଶ + ቀ
గ௔

ଶௗ
ቁ

ଶ

  ------ (4.1) 

 

 

 

Fig. 4.1: Simulated Dielectric Resonator Antenna Structure 
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4.3 Simulation Tool and Algorithm -- HFSS 
 

4.3.1  Introduction 

HFSS is a high-performance full-wave electromagnetic (EM) field simulator for arbitrary 3D 

volumetric passive device modelling that takes advantage of the familiar Microsoft Windows 

graphical user interface. It integrates simulation, visualization, solid modelling, and automation in 

an easy-to-learn environment where solutions to your 3D EM problems are quickly and accurately 

obtained. It is an interactive software package for electromagnetic modelling and analyzing 3-D 

structures.  

 

           Ansoft HFSS pioneered the use of the Finite Element Method (FEM), adaptive meshing, 

and brilliant graphics for giving unique performance and insight to 3D EM problems. FEM is a 

flexible numerical technique capable of being adapted to problems dealing with complex 

geometries and material distributions. The finite element method is used to solve partial differential 

equations describing physical systems, which are generally defined with three spatial variables and 

a temporal variable Ansoft HFSS can be utilized to determine parameters such as S Parameters, 

Resonant Frequency, and Fields. The basic mesh element of HFSS is a tetrahedron. This allows us 

to solve any arbitrary 3D geometry, especially those with complex curves and shapes, in a fraction 

of the time using other techniques. 

 

           The name HFSS stands for High Frequency Structure Simulator. Today, HFSS continues to 

lead the industry with innovations such as Modes-to-Nodes and Full-Wave Spice. Ansoft HFSS 

has evolved over a period of years with input from many users and industries. In industry, Ansoft 

HFSS is the tool of choice for high-productivity research, development, and virtual prototyping. 

 

 

4.3.2 Process Overview 

The first step is to design the geometric model of the structure that is to be analysed. The next step 

is to assign material characteristics to various drawn objects in the geometric model. Boundaries 

are then defines for the structure, such as, perfect magnetic or electric conductor, or finite 

conductivity. A port or a voltage source needs to be defined to excite the structure. This is done as 
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a part of boundary definitions. Once the structure is completely modelled, the solution is set up. 

This includes specifying the type of solution to be performed, the frequency at which the adaptive 

mesh refinement takes place and the convergence criteria. The problem is then solved for the fields 

associated with the model. Finally, after the completion of the simulation, the solution data is post 

processed which may include display of far-field plots, S-parameters, impedances and Smith charts. 

 

4.3.3 Flowchart for designing a Project in HFSS    

 

      

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Start 

Design geometrical structure of our project and assign related 
material for each shaped element according to our project 

Assign boundary, excitation (lumped port, wave port) 

Go for Analysis Setup (Assign the frequency sweep 
range and solution frequency) 

Run the designed structure and analyze the result 

End 
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4.3.4 Algorithm for Design a Project in HFSS 

1. Start. 

2. Open HFSS Software. 

3. Insert Geometrical Project design. 

4. Assign material for each element of the project. 

5. Assign radiation boundary for the Designed structure. 

6. Give the excitation (lumped port and wave port) to the Designed structure. 

7. Go for the analysis setup (assign frequency sweep range and solution frequency). 

8. Run the project and analyzed the results. 

9. Stop. 

 

4.3.5 Steps to design the Cylindrical DRA using HFSS Software 

1. Create and Save the New Project: 

Open new project:-When we will open the software it will automatically open a new project window, just 

rename as per our requirement (CDRA). It will open the new window which looks like this.  

 

Fig. 4.2: HFSS Window 
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Elements of HFSS Window: 

 

Fig. 4.3: Elements of HFSS 

Save the project: Go to file click on “save as” it will save the project where ever we want depend 
upon our requirement. 
 
2. Set the drawing unit before we start design  

 
Go to modeler in menu and click on units it will one unit window select our required unit normally 
we select “mm” 
 

 
Fig. 4.4: Unit Window 
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3. Drawing Different Units 
  

Take ground plane: For taking ground plane select Draw Box from the toolbar, if it is not available 

in toolbar than bring cursor to toolbar and by right click on mouse at anywhere in toolbar it will 

give us list in that click tick on 3D Draw solid. Or go to menu in that click on draw and then click 

box. Our aim is draw (100×100×2) mm ground plane. We want it should look in center. Change 

the name of box to ground plane. For that go to history tree in that double click on box1 and change 

the name as ground. Change the dimension of box. For that go to the history tree and expand ground 

in that double click on create box. Now we will get one small window in that change position, x 

size, y size and z size as shown in below. Assign the material for ground. For assigning the material 

right click on grounded select “pec” material. 

 

Fig. 4.5: Ground Plane 

 

Designing of Coaxial probe for feeding Cylindrical DRA: For designing of coaxial feed first we 

will calculate coaxial parameter. Inner Diameter - D1, Outer Diameter - D2, Dielectric material - 

Teflon, Conductor material – Copper. 

         

Fig. 4.6: Coaxial Probe 
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Designing of dielectric part for coaxial probe: Select cylinder dimension of 2.1 mm radius with 

-5 mm heightened subtract with ground which will create hole of taken cylinder , now again take 

same dimension cylinder.  

How to do subtraction from one shape to other shape: Select both shape from the history tree 

and perform subtract operation.  

Designing of conductor part for coaxial probe: Select one cylinder of 0.63 mm radius and -5 

mm height and subtract from dielectric part which will create hole of required dimension. Now 

again select a cylinder of the same dimensions. Two coaxial probes need to be created, one above 

and one below the ground plane with same dimensions and position. 

Draw cylindrical DRA: Do same as ground for rename and dimensions. Draw cylindrical DRA 

with dimension of 13×26 mm (Radius×Height) above the coaxial probe and keeping it near the 

DRA boundary. Assign material for DRA. For that right click on DRA cylinder from history tree 

and select add new material (dielectric constant is 10). 

 

 

Fig. 4.7: DRA on ground plane fed by coaxial probe 

 

4. Designing of Radiation Boundary and Excitation:  
 

Assigning of port for excitation of coaxial probe:  Take one circle to cover the coaxial feed point 

so that we can assign the port. Assign wave port as excitation, select circle form history tree and 

right click on that select assign excitation in that again select Wave port.  
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Designing of radiation box: Take one box dimension of 100 mm x 100 mm x 40 mm which will 

a vacuum. Assigning the box as radiation box: 

 select all of the faces of the Air object except the face at Z = 0 mm 

 right click then select faces 

 Select the menu item HFSS > Boundaries > Assign> Radiation 

 In the radiation boundary window: Name – Rad1, then click OK 

Create a Radiation Setup: To define the radiation setup, select the menu item HFSS > Radiation 

> Insert Far Field Setup > Infinite Sphere. In the Far Field Radiation Sphere Setup dialog, select 

the Infinite Sphere Tab 

1. Name: ff_2d 

2. Phi: (Start: 0, Stop: 90, Step Size: 90) 

3. Theta: (Start: -90, Stop: 90, Step Size: 2) then click OK.  

5. Analysis Setup 

Select the menu item HFSS>analysis setup>add solution setup. In the solution setup window, click 

the general tab,  

 Solution frequency = 4 GHz 

 Maximum number of passes is 20 

 Maximum delta S is 0.02 

 

6. Adding Frequency Sweep 

To add a frequency sweep, select the menu items HFSS>analysis setup>add sweep. Select solution 

setup: setup1, click ok button then edit sweep window 

 Sweep type: Fast 

 Frequency setup type: linear count 

 Start: 2 GHz 

 Stop: 4 GHz 

 Count: 150 click ok button 

7. Validation check: Click on validate.  
 

8. Analysis of structure: Click on analysis all. 
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9. Results: Go to HFSS and click on results tab.  
 

 S11 versus frequency curve: It will show the S11 (dB) versus frequency (GHz) curve. 

 

Fig. 4.8: Return Loss and calculation of Bandwidth 

Calculation of Resonant Frequency and Bandwidth: 

Bandwidth: (m2-m1)/m3 GHz = (3.59-3.30)/3.47 GHz = 0.083 GHz = 83 MHz 

Resonant Frequency: m3 GHz = 3.47 GHz 

Return Loss: -13.69dB 

 

 Z11 versus frequency curve: It will show the Z11 (dB) versus frequency (GHz) curve. The 

impedance shows both the real and imaginary parts. 
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Fig. 4.9: Input Impedance versus Frequency 

 

 Radiation Pattern: Plots electric and magnetic field patterns i.e. Eθ vs θ and EФ vs θ at Ф=0˚ 

and 90˚ 

 

                                           Fig. 4.10: Radiation Pattern Plot 
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4.4 Results and Discussion 
 

The designed model using HFSS is a cylindrical DRA fed by a coaxial feed. Its specifications are 

stated above. Now, I will analyze its different characteristics by changing probe height and length 

and by changing the dimensions of DRA i.e. radius and height. Effect of relative permittivity and 

introducing air-gaps between DRA and ground plane are also evaluated thereafter. 

 

4.4.1  Effect of variation of Probe Length 
 

Fig. 4.11 shows the plot of input impedance as a function of resonant frequency with the variation 

of feed probe length, l = 0.30 to 0.65 in (7 to 17 mm). Impedance measurements were taken for a 

cylinder with radius = 13mm, height = 26cm (a/d = 0.5) and relative permittivity, εr = 10. Following 

the design formula given in equation 3.6, the cylindrical DRA resonant frequency is 2.32 GHz for 

the above mentioned specifications of the DRA. The probe feed is placed at a point near the edge 

of the cylinder. 

 

 

It is noticed that as the probe length increases, both the input impedance and input resistance 

increases (as shown in Fig. 4.11 and Fig. 4.13). This property can be used for impedance matching. 

On the other hand, resonant frequency decreases (as shown in Fig. 4.14) with the probe length. It 

is also observed that the measured impedance behavior is a combination of two effects — (a) 

resonance associated with the dielectric cylinder and (b) feed probe itself. However, since the input 

Table 4.1: Table showing variation of Resonant Frequency and Impedance with                  
various probe lengths 

Probe 
Length 

(in inches) 

Simulated Resonant 
Frequency from Return 

Loss (S11) (GHz) 

Simulated Resonant 
Frequency from 

Impedance Plot (GHz) 

Re(Z11) 
At resonance (Ω) 

0.30 2.66 2.67 21.56 
0.35 2.63 2.64 32.30 
0.40 2.60 2.59 46.73 
0.45 2.52 2.52 65.13 
0.50 2.45 2.45 87.43 
0.55 2.35 2.36 110.82 
0.60 2.20 2.29 134.74 
0.65 2.07 2.20 155.24 
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impedance does not change drastically, this is feasible during impedance matching, especially for 

large ratio of a and h. 

 
Fig. 4.11 Family of impedance curves for different probe lengths (in inches) 

 

Fig. 4.12 shows the simulated return loss curves for different probe heights, indicating the shift of 

the operating frequency band towards the lower band and meeting the design goal. 

 

 

        Fig. 4.12: Set of Return Loss curves for different probe heights 
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Fig. 4.13: Measured resistance versus variation in probe lengths 

 
Fig. 4.14: Resonant Frequency versus variation in probe lengths 

The far-field radiation patterns of the antenna with the variation of probe length is shown in the 

Fig 4.15. Figure (a) shows the plot of gain versus theta for H-field when phi is specified to 90˚ (i.e. 

Coplane) and phi is specified to 0˚ (i.e. Crossplane). Figure (b) shows the plot of gain versus theta 

for E-field when phi is specified to 0˚ (i.e. Coplane) and phi is specified to 90˚ (i.e. Crossplane). 

As it is evident from the graphs, there is no as such variation in radiation patterns with the change 

in probe lengths. 
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                                                                 (a)               

 

           (b) 

Fig. 4.15: (a) Gain vs theta for H-field at phi = 90˚ (Coplane) and phi = 0˚ (Crossplane) and 

(b) Gain vs theta for E-field at phi = 0˚ (Coplane) and phi = 90˚ (Crossplane) with variation 

in probe heights 
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4.4.2  Effect of variation of Probe Location 

 

Fig. 4.17 shows the plot of input impedance as a function of resonant frequency with the variation 

of feed probe location from edge towards centre of the cylinder, i.e.  ρ = 9.8 to 4.8 mm from centre. 

Impedance measurements were taken for a cylinder with radius = 13mm, height = 26cm (a/d = 

0.5), probe height, l = 11.43mm and relative permittivity, εr = 10.  

 

Fig. 4.16 showing the simulated return loss curves for different probe positions shifting from edge 

to centre of the DRA, the operating frequency band gradually moves towards the upper band. 

 

Fig. 4.16: Set of Return Loss curves for different probe positions 

Table 4.2: Table showing variation of Resonant Frequency and Impedance with various 
probe locations from centre 

Probe Position 
from centre 

(in mm) 

Simulated Resonant 
Frequency from Return 

Loss Plot 
(GHz) 

Simulated Resonant 
Frequency from 
Imedance Plot 

(GHz) 

Re(Z11) 
At resonance 

(Ω) 

9.8 2.52 2.52 65.13 
8.8 2.55 2.54 63.97 
7.8 2.57 2.55 61.00 
6.8 2.60 2.57 57.20 
5.8 2.65 2.60 52.50 
4.8 2.70 2.64 47.42 
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It is observed from the simulated graphs that as the position of probe is shifted from edge towards 

centre of DRA, magnitude of measured impedance decreases (as shown in Fig. 4.18) and resonant 

frequency increases (as shown in Fig. 4.19). 

 

Fig. 4.17: Set of Impedance curves for different probe position changing from edge to 

center of DRA (in mm) 

 

 

Fig. 4.18: Measured resistance versus variation in probe location within DRA from edge to 

centre (in mm) 
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           Fig. 4.19: Resonant Frequency vs variation in probe position. 

 

 

The far-field radiation patterns of the antenna with the variation of probe position is shown in the 

Fig 4.20. Figure a shows the plot of gain versus theta for H-field when phi is specified to 90˚ (i.e. 

Coplane) and phi is specified to 0˚ (i.e. Crossplane). Figure b shows the plot of gain versus theta 

for E-field when phi is specified to 0˚ (i.e. Coplane) and phi is specified to 90˚ (i.e. Crossplane). 

As it is evident from the graphs, there is no as such variation in radiation patterns with the change 

in probe location. 
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(a) 

 

                (b) 

Fig. 4.20: (a) Gain vs theta for H-field at phi = 90˚ (Coplane) and phi = 0˚ (Crossplane) and 

(b) Gain vs theta for E-field at phi = 0˚ (Coplane) and phi = 90˚ (Crossplane) with variation 

in probe location from edge to centre of DRA 
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4.4.3  Effect of change of the radius of DRA 

Here, the simulated cylinder is of height, h = 26 cm, radius, a which changes from 11mm to 15 

mm, probe height, l = 10.16 mm and probe location, ρ = 9.8 mm from centre of DRA. Relative 

permittivity, εr = 10. Fig.4.22 shows the plot of input impedance as a function of resonant frequency 

with the change in radius of DRA. 
 

 

 

Fig. 4.21 shows the simulated return loss curves for different a/h ratio, indicating the shift of the 

operating frequency band towards the lower band and meeting the design goal. 

 

Fig.4.21: Set of Return Loss curves for different values of radius of DRA 

 

Table 4.3: Table showing variation of Resonant Frequency and Impedance with variation 
in aspect ratio, a/h for change in radius of DRA 

Radius 
(mm) 

Height 
(mm) 

a/h 

Simulated 
Resonant 

Frequency from 
Return Loss Plot 

(GHz) 

Simulated 
Resonant 

Frequency from 
Imedance Plot 

(GHz) 

Re(Z11) 
At resonance 

(Ω) 

11 26 0.42 3.44 2.90 72.47 
12 26 0.46 3.24 2.75 57.45 
13 26 0.5            2.93 2.6 46.73 
14 26 0.54 2.36 2.43 38.70 
15 26 0.57 2.05 2.30 32.63 
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It is observed from the simulated graphs that as the radius of DRA changes, i.e., aspect radio 

increase, magnitude of measured impedance (as shown in Fig. 4.23) as well as resonant frequency 

decreases (as shown in Fig. 4.24). 

 

 

Fig. 4.22: Set of Impedance curves for different values of radius of DRA (in mm) 

 

 

Fig. 4.23: Measured resistance versus change in radius of DRA  
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Fig. 4.24: Resonant Frequency versus change in radius of DRA 

 

The far-field radiation patterns of the antenna with change in radius of DRA is shown in the Fig 

4.25. Figure a shows the plot of gain versus theta for H-field when phi is specified to 90˚ (i.e. 

Coplane) and phi is specified to 0˚ (i.e. Crossplane). Figure b shows the plot of gain versus theta 

for E-field when phi is specified to 0˚ (i.e. Coplane) and phi is specified to 90˚ (i.e. Crossplane). 

As it is evident from the graphs, there is slight variation in radiation patterns with the change in 

radius of DRA. From fig. 4.26, we can say that gain decreases with increase in a/h ratio for change 

in radius of DRA. 
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                 (a) 

 

          (b) 

Fig. 4.25: (a) Gain vs theta for H-field at phi = 90˚ (Coplane) and phi = 0˚ (Crossplane) and 

(b) Gain vs theta for E-field at phi = 0˚ (Coplane) and phi = 90˚ (Crossplane) with change in 

radius of DRA 
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Fig. 4.26: Gain versus change in radius of DRA 

 

4.4.4  Effect of change of the height of DRA 

Here, the simulated cylinder is of height, a = 13 mm, height, h which changes from 17mm to 25 

mm, probe height, l = 8.89 mm and probe location, ρ = 9.8 mm from centre of DRA. Relative 

permittivity, εr = 10. Fig.4.28 shows the plot of input impedance as a function of resonant frequency 

with the change in height of DRA. 
 

 

 
Fig. 4.27 shows the simulated return loss curves for different a/h ratio, indicating the shift of the 

operating frequency band towards the lower band and meeting the design goal. 

 

Table 4.4: Table showing variation of Resonant Frequency and Impedance with variation 
in aspect ratio, a/h for change in height of DRA 

Radius 
(mm) 

Height 
(mm) 

a/h 

Simulated 
Resonant 

Frequency from 
Return Loss Plot 

(GHz) 

Simulated 
Resonant 

Frequency from 
Imedance Plot 

(GHz) 

Re(Z11) 
At resonance 

(Ω) 

13 17 0.76 3.36 2.8 49.18 
13 19 0.68 3.27 2.75 44.46 
13 21 0.62            3.16 2.7 40.20 
13 23 0.56 3.08 2.65 36.66 
13 25 0.52 3.02 2.63 33.60 
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Fig. 4.27: Set of Return Loss curves for different values of height of DRA 

 

It is observed from the simulated graphs that as the height of DRA changes, i.e., aspect 

radio decreases, magnitude of measured impedance (as shown in Fig. 4.29) as well as resonant 

frequency decreases (as shown in Fig. 4.30). 

 

Fig. 4.28: Set of Impedance curves for different values of height of DRA (in mm) 
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Fig. 4.29: Measured resistance versus change in radius of DRA 

 

 

Fig. 4.30: Resonant Frequency versus change in height of DRA 

 

The far-field radiation patterns of the antenna with change in height of DRA is shown in 

the Fig 4.31. Figure a shows the plot of gain versus theta for H-field when phi is specified to 90˚ 

(i.e. Coplane) and phi is specified to 0˚ (i.e. Crossplane). Figure b shows the plot of gain versus 

theta for E-field when phi is specified to 0˚ (i.e. Coplane) and phi is specified to 90˚ (i.e. 

Crossplane). As it is evident from the graphs, there is slight variation in radiation patterns with the 
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change in height of DRA. From fig. 4.32, we can say that gain decreases with increase in a/h ratio 

for change in height of DRA. 

                  

                                                                              (a) 

 

                (b) 

Fig. 4.31: (a) Gain vs theta for H-field at phi = 90˚ (Coplane) and phi = 0˚ (Crossplane) and 

(b) Gain vs theta for E-field at phi = 0˚ (Coplane) and phi = 90˚ (Crossplane) with change in 

height of DRA 
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Fig. 4.32: Gain versus change in height of DRA 

 

4.4.5  Effect of change of dielectric constant of DRA 

To study the effect of the dielectric constant on the input impedance and resonant frequency, the 

DRA of height, a = 13 mm, height, h = 26mm, probe height, l = 10 mm and probe location, ρ = 9.8 

mm from centre of DRA is simulated with different dielectric constant materials varying from 10 

to 30. It is clear that as the dielectric constant increases, the resonant frequency and the bandwidth 

decreases. This behavior is expected since increasing the permittivity for a fixed dimension 

resonator results in a higher Q-factor. 
 

 

Table 4.5: Table showing variation in dielectric constant of DRA on input impedance and 
resonant frequency 

Dielectric 
constant of the 

DRA (εr) 

Simulated Resonant 
Frequency from 
Return Loss Plot 

(GHz) 

Simulated Resonant 
Frequency from 
Imedance Plot 

(GHz) 

Re(Z11) 
At resonance (Ω) 

10 2.59 2.60 44.33 

20 2.36 2.35 55.50 

30 2.15 2.15 63.58 
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Fig. 4.33 shows the simulated return loss curves for different values of dielectric constant of DRA, 

indicating the shift of the operating frequency band towards the lower band. 

 

Fig. 4.33: Set of Return Loss curves with variation in Dielectric constant of DRA 

 

 

Fig. 4.34: Measured resistance versus variation in Dielectric constant of DRA 
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Fig. 4.35: Resonant Frequency versus change in Dielectric constant of DRA 

 

The far-field radiation patterns of the antenna with change in dielectric constant of DRA is 

shown in the Fig 4.36. Figure a shows the plot of gain versus theta for H-field when phi is specified 

to 90˚ (i.e. Coplane) and phi is specified to 0˚ (i.e. Crossplane). Figure b shows the plot of gain 

versus theta for E-field when phi is specified to 0˚ (i.e. Coplane) and phi is specified to 90˚ (i.e. 

Crossplane). As it is evident from the graphs, there is larger variation in radiation patterns with the 

change in dielectric constant of DRA. From fig. 4.37, we can say that gain decreases with increase 

in relative permittivity of DRA. 
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(a) 

 

(b) 

Fig. 4.36: (a) Gain vs theta for H-field at phi = 90˚ (Coplane) and phi = 0˚ (Crossplane) and 

(b) Gain vs theta for E-field at phi = 0˚ (Coplane) and phi = 90˚ (Crossplane) with change in 

dielectric constant of DRA 
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Fig. 4.37: Gain versus change in dielectric constant of DRA 

 

4.5  Conclusion 

Thus detailed analysis of various antenna parameters of probe-fed cylindrical DRA is simulated 

and its performance characteristics on return loss, resonant frequency, impedance, bandwidth, gain 

and radiation patterns are examined thoroughly and verified with the theoretical concepts. 
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CHAPTER 5 

BANDWIDTH ENHANCEMENT USING DRA 

 

5.1  Introduction 

The use of the broadband devices in the modern communication systems is on the rise so a practical 

purposes antenna is supposed to have wider bandwidth. The bandwidth limitation of antennas is 

usually linked to their input impedance because it is the quantity which changes with frequency so 

improvement in impedance response can help us to enhance its bandwidth. The bandwidth of DRA 

depends on parameters such as the excitation method, shape, dimensional parameters like radius 

and height & dielectric constant of DRA material. Various bandwidth enhancement techniques are 

developed since the invention of DRAs like controlling permittivity and aspect ratio (a/h), use of 

matching networks, employment of multiple resonators, etc. But all these have few disadvantages 

like complexity in fabrication, costly and time-consuming. Hence, one of the easy methods for 

enhancing bandwidth is introducing air-gap between ground plane and DRA. It is easy to fabricate, 

does not require neither parasitic elements nor a complex matching network, and the technique 

takes up no additional real-estate. In this chapter, we will analyze the effect of air-gap between 

DRA and ground plane on input impedance and resonant frequency. 

 

5.2  Antenna Design 

To analyze the effect of air-gap between ground plane and DRA, a DRA of radius, a = 13mm, 

height, h = 26mm, probe length, l = 10mm, probe position = 9.8mm from centre of DRA, relative 

permittivity, εr = 10 is considered. The proposed structure is modelled with finite element solver 

Ansys HFSS v15.0. The DRA is first simulated without any air-gap then airgap is gradually 

increased from 1mm to 6mm and simulated results are analyzed thoroughly. 
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Fig. 5.1: Proposed DRA structure 

5.3  Parametric Study 

A parameter 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. Fig. 5.2, showing the simulated return loss for DRAs without airgap and 

then with increasing airgap. When there is no airgap, -10dB return loss resonant frequency is 

achieved around 2.53GHz, whereas with increasing airgap, it is around 3.29 GHz to 3.35GHz. 

Hence bandwidth of the antenna is enhanced. 

Fig. 5.2: Simulated return loss of proposed antenna with and without airgaps between 

ground plane and DRA 
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5.4  Result and Discussion 

Fig. 5.3 shows the plot of input impedance as a function of resonant frequency without and with 

airgaps between ground plane and DRA. The airgaps are increased gradually from 1mm to 6mm. 

It is noticed that without airgap, input impedance was around 75Ω at 2.53GHz which increased to 

around 92 Ω - 177 Ω at frequency range 2.8GHz – 3.03GHz when airgaps are increased.  

 

 

Hence, it is evident from the plots that with increasing airgaps, input impedance as well as resonant 

frequency increases. Thus, bandwidth is also increased. 

 

Table 5.1: Table showing variation of Resonant Frequency and Impedance with                  
increasing airgaps between ground plane and DRA 

Airgaps 
(in mm) 

Simulated Resonant 
Frequency from Return 

Loss (S11) (GHz) 

Simulated Resonant 
Frequency from 

Impedance Plot (GHz) 

Re(Z11) 
At resonance (Ω) 

0 2.53 2.53 75.18 

1 3.29 2.88 92.64 

2 3.33 2.96 107.25 

3 3.34 3.00 122.82 

4 3.32 3.01 139.10 

5 3.31 3.02 157.97 

6 3.30 3.03 176.81 
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Fig. 5.3: Family of impedance curves with and without airgaps between ground plane and 

DRA 

 

Fig. 5.4: Measured resistance versus with and without airgaps 
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Fig. 5.5: Resonant Frequency versus with and without airgaps 

 

The far-field radiation patterns of the DRA with and without airgaps between ground plane and 

DRA is shown in the Fig 5.6. Figure a shows the plot of gain versus theta for H-field when phi is 

specified to 90˚ (i.e. Coplane) and phi is specified to 0˚ (i.e. Crossplane). Figure b shows the plot 

of gain versus theta for E-field when phi is specified to 0˚ (i.e. Coplane) and phi is specified to 90˚ 

(i.e. Crossplane). As it is evident from the graphs, there is also variation in radiation patterns with 

increasing airgaps. From Fig. 5.7, it is noticed that with increase in airgaps, gain decreases 

gradually. 

 

 

 

 

 

 

 

 

 

 

 



96 
 

(a) 

 

(b) 

Fig. 5.6: (a) Gain vs theta for H-field at phi = 90˚ (Coplane) and phi = 0˚ (Crossplane) and 

(b) Gain vs theta for E-field at phi = 0˚ (Coplane) and phi = 90˚ (Crossplane) with and 

without airgaps 
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Fig. 5.7: Gain corresponding to variation in airgaps between ground plane and DRA 

 

5.5  Conclusion 

Thus we can conclude from the above study that by introducing airgaps between ground plane and 

DRA, we can enhance the impedance bandwidth of the antenna as it has a severe effect on 

antenna’s input impedance and resonant frequency. This is one of the easiest and simplest methods 

among bandwidth enhancement techniques. 
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CHAPTER 6 

EXPERIMENT SECTION 

 
 

6.1  Introduction 

A probe-fed cylindrical DRA is fabricated and measured its performance characteristics to analyze 

and compare with the simulated results. The simulation is performed using Ansoft HFSS and the 

experimental results are measured using vector network analyzer. The test results of the 

experimental antenna are in good agreement with the simulation results. 

 

6.2  Antenna Design 

The proposed cylindrical DRA structure is shown in Fig. 6.1. The DRA is placed above a 

conducting ground plane. Here, the ground plane size of 50mm×50mm×2mm is considered and 

fed by a coaxial connector. The dimensional parameters of the DRA are radius a=13mm, height 

h=26mm. The resonator material used has a dielectric constant of 10. The probe is located at the 

edge of the cylinder for the easy of fabrication. The feed probe is of length l = 10mm, and radius r  

=0.63 mm. 

 

Fig. 6.1: Proposed antenna structure 
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(a) 

 

 

(b) 

Fig. 6.2: Photograph of the fabricated antenna (a) proposed model and (b) Measurement 

using Vector Network Analyser (Model #5071 B) from Agilent Technologies 
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6.3  Result and Discussion 
 

Fig.6.3 shows the typical simulated and measured antenna performance in terms of impedance 

bandwidth. It may be clearly seen that the two adjacent resonant frequencies are in the range of 2 

GHz - 3GHz at |S11| ≤ -10 dB. It is worth noting that this prototype antenna has -10dB return loss 

resonant frequency at 2.57 GHz which is very close to the simulated value which is at 2.60 GHz. 

 

 
Fig. 6.3: Measured and simulated reflection coefficient |S11| 

 

Fig. 6.4 shows the simulated as well as measured input impedance of the proposed antenna. The 

test results of the experimental antenna are in good agreement with the simulation results. 
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Fig. 6.4: Comparison of measured and simulated Impedance of the proposed antenna 

 

Measurements of the far-field radiation patterns of the prototype antenna are performed in an 

anechoic chamber using an elevation-over-azimuth positioner, with the elevation axis coincident 

with the polar axis (θ = 0˚) of the antenna’s coordinate system. The azimuth drive thus generates 

cuts at constant ϕ. The fixed transmitting antenna was a broadband horn positioned 1m from the 

antenna being tested. The azimuth positioner was rotated from θ= -180 to 180 at increments of 10 

for the selected measurement. Two patterns cuts, ϕ = 0˚ and 90˚, were taken at two selected 

operating frequencies for which the matching was optimal. Fig. 6.5 shows the simulated and 

measured normalized radiation patterns at resonance frequencies of 2.60 and 2.59 GHz. The 

electric and magnetic fields distributions are plotted on the xz and yz planes respectively. 
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                    (a) 

 

                 (b) 

Fig. 6.5: Simulated and measured normalized radiation patterns (a) at xz plane (E field) 

and (b) at yz plane (H field) 
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6.4  Conclusion 

Thus probe-fed cylindrical DRA is successfully designed, fabricated, measured and compared with 

the simulated results. The difference between simulated and measured results is because simulation 

measurements assume ideal conditions and for the designed antenna there may be effect of airgap 

or fabrication imperfections. 
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CHAPTER 7 

CONCLUSION AND FUTURE SCOPE 
 

 

7.1  Conclusion 
 

The thesis emphasizes on the study and analysis of the performance characteristics of Cylindrical 

Dielectric Resonator Antenna. Prior to research in any field, fundamental knowledge of that field 

is first required followed by useful analytic and design techniques, and practical experience. These 

criteria are successfully achieved in this thesis. An effort was made to introduce HFSS as an 

effective tool for 3-D electromagnetic analysis and also impart understanding of the design process 

in HFSS. A comprehensive description of each step taken in creating the simulation of the DRA 

was presented. 

 

 Initially, a brief overview of Dielectric Resonator Antenna along with its historical 

development is studied. A literature survey is then carried out in the advancements of the 

cylindrical dielectric resonator antenna since its invention. After that, detailed theoretical analysis 

of cylindrical DRA is studied thoroughly which includes resonant modes, feeding mechanisms, 

different bandwidth enhancement techniques and MATLAB simulated results which verify 

theoretical formulations. 

 

 Using HFSS software, various simulations are then performed for comparative analysis of 

different parameters of DRA on input impedance, resonant frequency, bandwidth, gain and 

radiation patterns. Then, an antenna is designed and simulated to understand the effect of airgap 

on enhancing the antenna bandwidth. Finally, design and fabrication of a probe-fed cylindrical 

DRA is executed to make a comparative study of the antenna performance characteristics with the 

simulated results. Thus, we can conclude by stating that effective utilization of DRA characteristics 

can lead to a wider frequency range, low cost, high radiation efficiency antenna which is useful for 

various applications. 
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7.2  Future Scope 
 

The future work plan could be constructed to extend the trends established in this thesis, resulting 

in detailed design strategies for the antennas and their response to the target operational 

environment. In recent years, interest in DRA antenna is due to its prospect of shrinking down the 

size of antennas for wireless applications and its potential in reducing the cost and ease of 

manufacturing. The difficulties faced in fabrication techniques are also a research statement. For 

innovative design in mobile and wireless system, research on hybrid modes creation is to be done 

for enhancing the bandwidth or develop multiband antenna. Considering the advantages of the 

DRA, the frequency range of antenna can be increased using DRA arrays. Improvisation in features 

of DRA can be done by changing excitation techniques and designing parameters. 

 

 Very recently, DRA can be used as a sensor to determine the relative permittivity of 

unknown materials, moisture content of fruits, the crack in a solid material, and biomedical 

applications like cancer cell determination in breast. So our further studies concentrated on design 

of DR accurately to predict above such parameters. 

 


