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Abstract

The increasing use of wirless mobile communication systems demand the antennas for
different systems and standards with properties like reduced size, broadband, multiband
operation, moderate gain etc. The planar and dielectric resonator antennas are the
present day antenna designer’'s choice. However, microstrip and Dielectric resonator
antennas inherently have a narrow bandwidth. In this thesis, a low-cost compact
microstrip line-fed antenna with dielectric patches resulting Wideband characteristics
with a band dispensation is presented. The antenna was implemented on FR4 substrate

with a thickness of 1.6 mm and relative permittivity (ur) of 4.4. It has a partial ground

plane. This antenna is exited by a microstrip-line feed. The reflection coefficient (S11) is

less than -10 dB in 3.7 GHz-11.1 GHz frequency range with possible wideband (UWB)
application. The proposed antenna is also simulated with band notch in 3.0 GHz-8.0
GHz frequency range by introducing an T shape DRA. The return loss results and
radiation pattern plots of the antenna are included in this thesis. The performance
characteristics of the proposed antenna are simulated using CST microwave studio
2011™ software and also designed antenna is fabricated and measured. And also,
dielectric resonators in antenna applications are introduced and analyzed a rectangular
stepped dielectric resonator antenna in this thesis. Here a low-cost compact microstrip
line-fed equilateral triangular antenna is placed vertically with substrate for Wide-band
characteristics is presented. The antenna was implemented on FR4 substrate with a

thickness of 1.6 mm and relative permittivity (ur) of 4.4. It has a partial ground plane. The
dielectric constant of the dielectric resonator is 10.2. This antenna is exited by a
microstrip-line feed. The reflection coefficient (S11) is less than -10 dB in 4.85 GHz-15

GHz frequency range with possible wideband (WB) application. The proposed antenna is
simulated with and without dielectric resonator to demonstrate the effect of dielectric
resonator. The return loss results and radiation pattern plots of the antenna are included
in this thesis.
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CHAPTER: 1

INTRODUCTION



1.1 Introduction

Wireless communications have grown at a very rggice across the world over the
last few years, which provide a great flexibility the communication infrastructure of
environments such as hospitals, factories, ance laffice buildings [1], [2]. WIMAX and
WLAN are the standard-based technologies enablireg delivery of last mile wireless
broadband access [3]. WIMAX refers to interoperabiplementations of the IEEE 802.16
wireless-networks standard which can operate &iehigit rates or over longer distanckss
capable of operating in 3.4-3.6 GHz frequency ramgevell as at 5.5 GHaand [4].While
WLAN standards in the 2.4-GHz range have recentigrged in the markethe data rates
supported by such systems are limited to a few imegper second. By contrast, a number of
standards have been defined in the 5-6 GHz rarsgeatlow data rates greater than 20 Mb/s,
offering attractive solutions for real-time imagjnguultimedia, and high-speed video
applications. To achieve the necessary applicattoohggh performance wide band antenna
with excellent radiation characteristics are reegifl]. Over the past few years, the dielectric
resonator antenna (DRA) has received extensivatattedue to its several advantages such
as light weight, low profile, low dissipation lodsigh dielectric strength and higher power
handling capacity [2], [5]-[7]. DRA can be in a fegeometries including cylindrical,

rectangular, spherical, half-split cylindrical, klisemispherical and triangular shaped [8].

In the last 2 decades, two classes of novel antehia&e been investigated and
extensively reported on. They are the microstrifcipaantenna and the dielectric resonator

antenna. Both are highly suitable for the developneé modern wireless communications.

The main purpose of design any antenna is to olgawide range of bandwidth.
Several bandwidth enhancement techniques haverbperted on modified feed geometries
and changing the shape of the DRA. By using diffetmndwidth enhancement techniques
in this thesis different shape of dielectric redonantennas are designed and simulated.
There are few software available which allow theimjzation of the antenna. Here,
Simulation process was done by using Computer Sitiauml Technology (CST) 2011 In
this thesis, have been design different shapesngiesand multiple dielectric resonator
antennas for wireless applications. Bandwidth eobarent techniques are used to obtain a
large bandwidth for particular resonant frequencies



1.2 Thesis Motivation.

The main motivation of this thesis is now a dagsepile communication systems are
becoming increasingly popular. Antennas for sofemadefined and / or reconfigurable radio
systems need to have ultra-wide band or multi-belmalacteristics in order to be flexible
enough to cover any possible future mobile commatiga frequency bands. One approach
to provide such flexibility is to construct multabd antenna that operates over specific
narrowband frequencies. However, it would be exélgndifficult to accurately achieve the
frequency requirements of all future communicasgatem. Alternatively, a small wideband
antenna that covers a wide range of frequencie®eamngood candidate not only for current
multi-band applications but also for future comnuaion systems operating on new
frequency bands. Recently, it has been demonsttatgda wideband monopole antenna is
promising to be used for mobile wireless deviceshsas notebook computers, mobile
phones, and PDA (personal digital assistance) phowdth bandwidths as low as a few
percent, wide band applications using conventidarostrip patch designs and dielectric
resonator antenna (DRA) designs are limited. Odinewbacks of patch antennas include low
efficiency, limited power capacity, spurious feedliation, poor polarization purity, narrow

bandwidth, and manufacturing tolerance problems.

To overcome these problems for over two decadssareh scientists have developed
several methods to increase the bandwidth and tequéncy ratio of a patch antenna and
dielectric resonator antenna (DRA). The motivatiorextend dielectric resonator antenna for
wireless applications due to the dimension of a D&Af the order of0/ Ver where)0 is the
free space wavelength amd is the dielectric constant of the resonator maltefiaus by
choosing a high value ef (10-100), the size of the DRA can be significamédgluced. There
is no inherent conductor loss in dielectric resormtThis leads to high radiation efficiency of
the antenna. This feature is especially attradiiwvemillimeter (mm)-wave antennas, where
the loss in metal fabricated antennas can be Mgimy of these techniques involve adjusting
the placement and/or type of element used to feedexcite) the antenna. Wide band

frequency operation of antennas has become a ritycBmsmany applications. Microstrip



antennas and DRAs are ultimately expected to replamnventional antennas for most
applications.

In recent few decades, research scientists havelajmd several techniques to increase
the bandwidth and obtain dual band response foargenna. Many of these techniques
involve adjusting the dimensions of ground or skaistmaterial, using dielectric constant of
material, more number of DRAs, or different typefeéd (or excite) to the antenna. The
recent boom in wireless communication industry eegly in the area of cellular telephony

and wireless data communication, has lead to #tre@sed demand for multi band antennas.

Requirements for the digital home include high-speéata transfer for multimedia

« content, short-range connectivity for transfer tiveo devices

» Satellite communication system
* Radar and Imaging
* Medical Applications

» Location and Tracking

1.3 Literature Review and Methodology

In 1939, richtinger theoretically demonstrated thierowave resonators in the form
of un metalized dielectric spheres and triodes The more investigation done by okaya and
barash who analyzed their modes in 1960s. Althamgn DRs were found to radiate many
years ago, the idea of using the DR as an anteadanbt been widely accepted until the
original paper on the cylindrical dielectric restmraantenna (DRA) was published in 1983.
After the cylindrical DRA had been studied , Longdahis colleagues subsequently
investigated the rectangular and hemispherical ®BRAN the mid-1990s more study
concentrate on linear and planar DRA array frompsgmwo-element arrays to complex
phased arrays. The work created the foundatiofutare investigations of the DRA and its

applications have received enormous attention aeneyears . It was observed that the



frequency range of interest for many systems hatluglly progressed upward to the
millimeter and near-millimeter range (100-300 GHajJ. these frequencies, the conductor
loss of metallic antennas becomes severe and fimeefy of the antennas is reduced
significantly. Conversely, the only loss for a DR# that due to the imperfect dielectric
material, which can be very small in practice .|E&ric Resonator Antennas (DRA's) have
become popular in recent years because of manyntayes they offer like the small size,
ease of fabrication; high radiation efficiency, re@sed bandwidth and low production cost,
which manifests DRA in different types of Wirelesgplications. The main purpose of this
thesis is to introduce the general techniques ofdb@th enhancement for designing

different shapes of DRAs.

Second most important work in this thesis is desigferent shapes of DRAs for single and
dual band frequency applications. All simulatiosuits are obtained by using one simple
method Computer Simulation Technology (CST). Itoise of the most developed high
performance software for the simulation of electagmetic fields in all frequency bands.
This technique is based on the implementation ajue leading edge technology in a user
friendly interface. It can be useful in industrias well as telecommunications, defense,
automotive, electronics and medical equipment. @8drowave studio 2011 is a specialist
tool for the 3D EM simulation of high frequency cpoments. In technology leading R&D
departments CST microwave studio2011l is the firsbice due to its unparalleled
performance. This technology enables the fast andrate analysis of high frequency (HF)
devices such as antennas, filters, couplers, pEmdmulti-layer structures and EMC effects.
Especially user friendly, CST quickly gives an gigi into the EM performance of high
frequency designs. CST also provides great flaghih tackling a wide application range
through the variety of available solver technolegi€ST MWS 2011 offers further solver
modules for specific applications. In addition, C&IWS 2011 is embedded in several

industry standard workflows through the CST desigwironment.

1.4 Thesis Outline

The outline of this thesis is as follows.

In Chapter the thesis overview is shown. The literature reviemthe
project work is done in this chapter and the inticitbn to WLAN and
WIMAX and its different standards are shown in ttispter.



Chapter 2: It presents the basic theory of DRAs, including tharacteristics of the
DRA and the advantages, Comparison to microstriggraras, different
feeding methods (coaxial feed, slot aperture, rsicip line feed, co-planar
feed, dielectric image guide), the methods of asialused for the DRA
design such as Green's function, numerical metlasdsequency domain
and time domain analysis, finally The basic DRA m®mwith different
parameters as presented in this chapter.

Chapter 3: In this chapter the basics of antenna parametets asi gain, directivity,
return loss, polarization, radiation intensity aamtenna efficiency, input
impedance, bandwidth, quality factor are presented.

Chapter 4: This chapter describes the different methods ofdBédth enhancement of
single and multiple DRAs, Methods are microstrig BRAs, dual-mode
rectangular DRAs, air gaps, annular DRAs, stackeddhod, co-planar
parasitic method, embedded method, by using impedaratching as flat
matching strip, loaded notched, multi segment DRASs.

Chapter 5: This chapter describes the designs of DRA, Re&uttscussions.
1: Rectangular stepped Dielectric resonator an&nna

2:“T” shaped dielectric resonator antenna for dual lzgpdications,
3:“m” shaped dielectric resonator antenna with

(a) Rogger Dielectric Material (b)Teflon Dielectric Maial as DR element. &

comparative studies.

4:-Simulation results obtained using the Computer Etman technology (CST),
fabrication done by Agilent E5071C ENA series nekvanalyzer, simulated and
measured results compared, the simulation resgém,( directivity, etc.) has been

obtained.

Chapter6: This chapter contains conclusion and suggestiantifare work.



CHAPTER-2

DIELECTRIC RESONATOR
ANTENNA.



2.1 Introduction

Wireless communications have grown at a very rggice across the world over the
last few years, which provide a great flexibility the communication infrastructure of
environments [8]. Microstrip antennas and dielectesonator antennas, both are the most
popular and adaptable. As compared to microstriprama, the dielectric resonator antenna
has much wider impedance bandwidth and higherieffay. Dielectric Resonator Antennas
(DRA) are used widely in today's electronic warfangissile, radar and communication
systems. They find use both in military and comnad@pplications. The Dielectric resonator
antenna is constructed from dielectric resonatabtract and ground with different excited

feeding techniques [17].

Dielectric resonator (DR) first appeared in 193%ew Richtinger of Stanford University
theoretically demonstrated that unmetallized diele®bjects in the form of triodes could
function as microwave resonators [9]. However, thigoretical investigations failed to
generate significant interest and practically naghiappened in this area for over 25 years. In
the early 1960s, researchers from Columbia Unitsger€kaya and Barash, reported the first
ever DR in the form of a single crystal TiO2 [1Djielectric resonators were first popular as
filter elements devices in microwave circuits witle first reported use as a radiating element
not until the early 1980's when the smaller sizeeptial and higher frequency applications

boosted the research into the dielectric resoraattanna [1-2].

2.2 Basic Characteristics

Dielectric resonator antennas (DRA) possess sorosglipe properties which render
them very promising, especially for millimeter wawapplications. Their high-radiation
efficiency, bandwidth and polarization flexibilitpake them by far superior to conventional
microstrip patch antennas (MPA). DRA are intrinficanmune to those surface wave power

leakage and conductor loss problems, which plaguesvMPA and reduces their efficiency.



DRA consists of high dielectric constant materidggh quality factors and mounted on a
grounded dielectric substrate of lower permittivibRA is fabricated from low-loss and high
relative dielectric constant material of variousaghs whose resonant frequencies are
functions of the size, shape and permittivity af thaterial. DRA can be in a few geometries
including cylindrical, rectangular, spherical, hafflit cylindrical, disk, and hemispherical
shaped [1]. The DRAs have properties such as loasg@moise, compact size, frequency
stability with temperature, ease of integrationhwdther hybrid MIC circuitries, simple
construction and the ability to withstand harshiemments. The DRA has some interesting
characteristics, like the small size, ease of tabion; high radiation efficiency, increased
bandwidth and low production cost. DRAs are vergnuising for applications in wireless

communications [2], [7].
DRAs offer several attractive features including:-

% A wide range of dielectric constants can used §r= 10 — 100), that allowing

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

% The Size of DRA is proportional i/\s, . wherel, is the free space wavelength at

the resonant frequency, agds the dielectric constant of the material.

< The Size of DRA is proportional fa/Ve, where, is the free space wavelength at

the resonant frequency, asds the dielectric constant of the material.

% DRASs can be designed to operate over a wide rahfyequencies from 1.3 GHz to
40 GHz [1].

% A high radiation efficiency (95%) due to the absemd conductor or surface wave
losses.

% Several feeding mechanisms can be used (includotg, robes, microstrip lines,
dielectric image guide, and coplanar waveguides)ine efficiently excite DRAS.

% DRA can be excited by several modes, many of whachate pattern similar to short
electric or magnetic dipoles, producing either bigidde or omni- directional radiation
patterns for different coverage requirements [2].

% By selecting a dielectric material with low-loss acacteristics, high-radiation
efficiency can be maintained, even at millimetem&érequencies, due to an absence

of surface waves and minimal conductor losses &ssacwith the DRA [1], [2].
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A Wide control over size and bandwidth

A tight tolerance: £ 1- 5%,

A high quality factor Q: up to 10000 (f = 10GHz)

A Wide range of temperature coefficient of resomafmequency: (-12...+30) ppm/ oC

A Tolerance £ 0.5; £1.0; +2.0 ppm/ Oc

Figure 2.1 DRAs of various shapes (cylindrical,teegular, hemispherical, low-

profile circular-disk, low-profile triangular)



2.3 Advantages:

In the past few years, extensive studies on the DRv¥e been focused on resonators
of various shapes, the feeding techniques, andvidtid enhancement methods. Specific
features of DRAs has made them suitable for a tyaoé applications specially millimetre
wave (MMW) applications. DRAs can be easily coupiedlmost all types of transmission
lines. They can be integrated easily with MMIC uaits. In MMW applications conductor
loss of metallic antennas become severe and tle@atefficiency decreases significantly,
conversely the only loss for a DRA is that duehte imperfect material of the DRA which
can be very small in practice. Therefore DRAs haigh radiation efficiency. In comparison
to microstrip antennas, DRAs have wider impedaraedividths. For a typical DRA with
dielectric constant of 10 the impedance bandwidtiG® can be achieved. Avoidance of
surface waves is another attractive advantage oADBver microstrip antennas. Single
DRAs of different shapes has been possible, inatudectangular, cylindrical, hemispherical,
triangular, conical, etc. Among these differentpgsacylindrical and rectangular are the most
common and the rectangular has the advantage afidiane more degree of freedom for
design purposes. There are a variety of feed coraigpns, which electromagnetic fields can
be coupled to DRAs [5]. Most common feed arrangdmare microstrip aperture coupling,
direct microstrip coupling, probe coupling and anfial strip coupling. Among these feed
configurations, aperture coupling is more suitafde MMW applications. In aperture
coupling configuration, since the DRA is placedtba ground plane of the microstrip feed,
parasitic radiation from the microstrip line is @&ed. Isolation of the feed network from the
radiating element is another advantage of the agertoupling method [1], [2], [7].
Dielectric resonator antennas (DRAs) have beemsitely used for numerous applications
since they have many attractive characteristich sagdow profile, light weight, low cost, and
inherently wide bandwidth. They could be used f@merous applications as both individual
elements and in an array environment. In additidde bandwidth, low cost, low dissipation
loss at high frequency, and high radiation efficierare the inherent advantages of DRAs

over conventional patch antennas. Compared withrddidp antennas, which suffer from



higher conduction loss and surface waves in antemray applications, DRAs have high
radiation efficiency and high power handling capgbdue to lack of metallic loss. Unlike
the microstrip antenna, DRA does not support serfaaves if placed on a ground plane
directly [18]. [7]. In recent years, DRAs have bemnsidered as potential antennas for
mobile phone applications. A general problem inrfieiaturization of RF resonators used in
filters and small antennas is decrease of effigiedoe to conductor losses. In DRAs, lower
conductor losses, compared to those in typical Inagtizznnas such as microstrip patches can
be expected because DRAs have fewer metal partgs, TDRAs are good potential
alternatives, especially when very small antenaanehts are needed. In addition, they can be
easily incorporated into microwave integrated discbecause they can be fabricated directly
on the printed circuit board (PCB) of the phonee@iic features of DRAs have made them
suitable for a variety of applications specially MMapplications. DRAs have small size and
low cost. They can be easily coupled to almosttygles of transmission lines [19], [20].
Dielectric resonator antennas have several advesitegmpared to conventional microwave
antennas, and therefore many applications coveibthad frequency range. Some of the
principal advantages of dielectric resonator arasnoompared to conventional microstrip

antennas are [6]:

+ DRA has a much wide impendence bandwidth than midpantenna because it
radiates through the whole antenna surface exaepind port while microstrip

antenna radiate only through two narrow radiatiotss

+«+ Higher efficiency.

« Avoidance of surface waves is another attractiveanthge of DRAs over

microstrip antennas

However, dielectric resonator antennas have sowenéages:



+ Light weight, low volume, and low profile configuian, which can be

made conformal;

®
L4

DRA has high degree of flexibility and versatiligljowing for designs to
suit a wide range of physical or electrical requiests of varied

communication applications.

®
L4

Easy of fabrication

®.
L4

High radiation efficiency

®
L4

High dielectric strength and higher power handiagacity

®
L4

In DRA, various shapes of resonators can be usedtafigular,

cylindrical, hemispherical, etc.) that allow fleitity in design.

+ Low production cost

+ Several feeding mechanisms can be used (probés, si@rostrip lines,
dielectric image guides, and coplanar waveguidsslino efficiently excite
DRAs, making them amenable to integration with masi existing
technologies [1], [2], [5] - [7]-

2.4 Feeding Method :

There are several techniques available to feedrasmit electromagnetic energy to a

dielectric resonator antenna. The five most popédading methods are the coaxial probe, slot



aperture, microstrip line, co-planar coupling amelettric image guide [1], [21].

2.4.1 Coaxial Feed:

The Coaxial feed or probe feed is a very commomrtiegie used for feeding dielectric
resonator antennas as shown in figure 2.2. Inntieithod, the probe can either be placed adjacent to
the DRA or can be embedded within it . The amodrtampling can be enhanced by adjusting the
probe height and the DRA location. In DRA, variensdes can be excited depending on the location

of the probe. For the probe located adjacent t@RA, the magnetic fields of the Tk mode of the
rectangular DRA are excited and radiate like azomtal magnetic dipole. For a probe located in the
center of a cylindrical DRA, the Tgz1 mode is excited and radiating like a vertical ¢gp@dnother

benefit of using probe coupling is that one canpteuirectly into a 5Q system, without the
requirement for a matching network. Probes areBlétat lower frequencies where aperture coupling
may not be applied due to the large size of therstjuired [2], [22].

DR A

Probe

Ground Plane

N N N N .__‘i_~_ S N N N

Magnetic Fields Short Magnetic Dipole

Figure 2.2 Probe-fed Dielectric resonator antenna



2.4.2 Slot Aperture:

In slot aperture method, a DRA is exciting throaghaperture in the ground plane upon
which it is placed. Aperture coupling is applicatdeDRAs of any shapes such as
rectangular, cylindrical or hemispherical. The aperworks like a magnetic current running
parallel to the size of the slot, which excites tiegnetic fields in the DRA. The aperture
consists of a slot cut in a ground plane and fed hyicrostrip line below the ground plane.
For avoiding spurious radiation, feed network i=lied below the ground plane. Moreover,
slot coupling is an attractive technique for intdgrg DRAs with printed feed structures. The
coupling level can be changed by moving the DRAwdspect to the slot. Generally, a high
dielectric material is used for the substrate attuck, low dielectric constant material is
used for the top dielectric resonator patch torojze radiation from the antenna [1]. The
main drawback of this feed technique is that firsblematic to fabricate due to multiple
layers, which also increases the antenna tfjickiiéss feeding method also provides narrow
bandwidth (up to 21%) [2].

—_— = : — Uroumicd -~
= [Umnsiraie b

T X !h.r

Top Yiew MMagnetic Fields Short Magnetic Dipale

Figure 2.3 Aperture-fed Dielectric resonator antann



2.4.3 Microstrip Line Feed:

In this type of feed technique, a conducting sisiponnected directly to the edge of
the patch as shown in figure 2.4. A common mettwydcdupling to dielectric resonators in
microwave circuits is by proximity coupling to mastrip lines. Microstrip coupling will
excite the magnetic fields in the DRA to create shert horizontal magnetic dipole mode.
The level of coupling can be changed by the latie@dtion of the DRA with respect to the
microstrip line and on the relative permittivity thie DRA [2].

Microstrip Line ‘ >
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Figure 2.4 Microstrip-fed DRA



In DRAS, the amount of coupling is generally qustmall for requiring wide bandwidth.

Microstrip lines can be used as a series feed flimemr array of DRAs. This is an easy
feeding technique, since it offers ease of fahiecatnd simplicity in modeling along with

impedance matching. However as the thickness otliflectric substrate being used, rises,
surface waves and spurious feed radiation alsg,riwbich hampers the bandwidth of the
antenna [1]. One drawback of this method is thatgblarization of the array is analysed by
the orientation of the microstrip line such as divection of the magnetic fields in the DRA

will be parallel to the microstrip line [1], [2].

2.4.4 Co-Planar Feed:

The Co- planar feed is a very common technique deedoupling in dielectric
resonator antennas. Here, figure 2.5 shows a ¢ideldDRA coupled to a co-planar loop.

The coupling level can be adjusted by locatingDRA over the loop [2].

DA

Coplanar —
Loop Eeed i Grounded
QOp Feed < : Subsirane

Magncrtic Ficlds Short Magnetic DNpaole

Figure 2.5 Co-planar loop-fed DRA



The coupling behavior of the co-planar loop is &amio coaxial probe, but the loop offers
the advantage of being non-obtrusive. By movinglidog from the edge of the DRA to the
center, one can couple into either the;§Ehode or the Tg; mode of the cylindrical DRA

[1], [2].

2.4.5 Dielectric Image Guide:

Dielectric image guide is another attractive caugliechnique in DRAs, as shown in figure
2.6. Dielectric image guides offer advantages ow@rostrip at millimeter -wave frequencies since
they do not suffer as severely from conductor Iesés with microstrip lines, the amount of coupling
to the DRA is generally quite small, especially RIRAs with lower permittivity values, although it
may be possible to increase the coupling by opeydtie guide closer to the cut-off frequency. The

dielectric image guide is thus best utilised asrées feed to a linear array of DRAS.[2]

Dielectric
Image Guide

Ground Plane

vy

x

Short Magnetic Dipole

E-Field
- — — — H-Field

Figure 2.6 Dielectric image guide-fed DRA



2.5 Analytical Evaluation of Dielectric Resonair Antenna:

In designing, input impedance is the important pei@r which is a feed to excite
the DRA. Input impedance as a function of frequerscyo determine the bandwidth of
operation and for matching the antenna to the itirtinfortunately, there are no simple
closed-form expressions for predicting the inpupéuance of the DRA when excited by a
particular feed and rigorous analytical. Here, sahthe techniques that have been used to
predict the input impedance for DRAs excited byvhgous feed [1].

2.5.1 Green’s function analysis:

For a probe-fed DRA, the input impedancg,J£an be determined using the following

equation:

|
‘Zi'n = Eftg'fsj ds (2.1)

E= Electric fields of the DRA
Js = Applied source current density on the probe

lo = Magnitude of the current on the probe

The electric fields of the DRA depend on the sowxstation and determined by using

2.2
E = [(G.J,)ds (22

Here, G represents Green's function for the DRA. lBjng some simple assumptions about a
single-mode operation and the currents on the pitbleeGreen's function for a hemispherical DRA

was first derived and was then used to predicirtpet impedance of the probe-fed DRA operating
in the T 11 mode. This technique was also applied to a prauehémispherical DRA operating in

the TM101 mode. The input impedance of conformap deeds and aperture feeds can also be
analyzed using Green's function. The advantagéitotéchnique is the relatively fast computation
time required to obtain the input impedance. liseful method for analyzing the effects of altering
probe dimensions and probe location and can befosegbtimizing the input impedance. The main

drawback is its limitation only to hemispheri@®A geometries. For other DRA shapes, different



analytical techniques are required [1].

2.5.2 Numerical methods for analyzing DRAs:

Numerical methods for analyzing DRAs can be caiegdr into two groups,
frequency domain technique and time domain teclmi@ach category offers advantages

for particular antenna geometries [2].

2.5.2.1 Frequency domain analysis:

Two common frequency domain techniques that haes lhesed to analyze DRAs are the
method of moments (MOM) and the finite element radtfFEM). The MOM was first developed
for wire or metal antennas of arbitrary shape,daut be extended to include dielectric materials by
introducing equivalent currents. The MOM involvesadetizing the antenna into a number of small
segments and solving for a set of unknown coefiiciepresenting the current on one segment due
to a known incident field. Analysis of DRAs is nidnited to a hemispherical shape, and the
technique can be used to also analyses simpledcidal and rectangular DRA shapes. Determining
the DRA input impedance using tMOM technique will require more computer memory and
time than applying Green's function. Thus, MOM teicjue is not convenient tool for
optimizing the DRA performance. MOM is used to istigate the effect of the air gaps and

calculate internal field pattern of various modésydindrical DRAs [1], [2].

The FEM (Finite element method) can be used toyaralDRAS of arbitrary shape. Similar
to the MOM, it involves a discretization of the geetry but whereas in the MOM only the
DRA and the ground plane require segmentation the FEM the entire volume
surrounding the DRA must also be discretized, theiecreasing the computational size of
the problem. The advantage of the FEM is that gsdaot require the formulation of
equivalent currents and can thus be readily appbearbitrary shapes. Another advantage
of the FEM is its availability as commercial soft@avhere graphical user interfaces are
provided to simplify the geometrical definition tfe problem. FEM is used to determine

the effects of a finite ground plane on the radiapattern of a DRA [1], [2], [7].

2.5.2.2 Time domain analysis:

There are two time domain technigues that have bephed to analyzing DRAs are
the finite difference time domain (FDTD) method d@hd transmission line method (TLM).

These techniques require the entire volume aro@dRA to be discretized and thus can



be memory and time intensive. In it, wideband pulsed to excite the DRA, and by
transforming the solution into the frequency domaihe input impedance can be
determined over a wide frequency range. For frequetomain techniques, the problem
would have to be re-simulated at every frequencintafrest and obtaining the impedance
response over a broad frequency range could betiveeyconsuming. With the frequency
domain methods, the time domain methods are gamd tor analyzing the performance of
a given DRA geometry, but are less useful for oging the performance of DRAs. FDTD

is used to calculate circular polarization pattewfs cross-shaped DRAs and input
impedance of slot-fed rectangular DRA. Transmissioa method used to calculate input

impedance of microstrip-fed multi-segment DRAs [2],

2.6 Basic-shaped Dielectric resonator antenna:

Three basic shapes of the DRA as Cylindrical, repéar and hemispherical are the most
commonly used. Here, we studied about differenpebaof DRAs and their various field mode
configurations. These analyses can be used togbitbei resonant frequency, radiation Q-factor, and
radiation pattern of DRA [1].

2.6.1 Cylindrical DRA:

Cylindrical DRA has advantages over hemispherical gectangular shape DRA. It offers
greater design flexibility, where the ration of iialheight controls the resonant frequency and the
quality (Q) factor. By varying the DRA's dimensiomsfferent Q-factor can be obtained. In
cylindrical DRA fabrication is much easier than hepherical DRA and various modes can be
easily excited which results in either broadsideoomidirectional radiation patters. It offers one
degree of freedom more than the hemispherical slitalpas aspect ratio a’h which determines the Q

factor for a given dielectric constant .

[1].
2.7 The geometry of cylindrical DRA



Different subclasses of DRAs can be derived frofindyical shape such as split-cylindrical DRA,
cylindrical-ring DRA, electric monopole DRA, diskdded cylindrical DRA, sectored cylindrical
and ring DRAs, elliptical DRA, conical DRAs. RingRA which is a subclass of the cylindrical
DRA that offers increased impedance bandwidth perdmce. Cylindrical dielectric resonators are
used in circuit applications, filters, oscillatoasd especially in microstrip technology, where
resonant waveguide cavities are not very practidat. geometry of the cylindrical DRA is shown in
figure 2.7. It consists of a material with a heightadius a, and dielectric constant ( ). Thigpgha

£
offers one degree of freedom more than hemispHesi@pe because it has aspect ratio a/h, which

determines ga and the Q-factor for a given dielectric consfaht[2].

2.6.1.1 Resonant frequencies:

In the analysis, the dielectric resonator anteruréases is perfect magnetic conductors,
where wave functions which are transverse eletifi) to z and transverse magnetic (TM) to z can
be write as [2],

brep =0 (27) (1) 105
bt = (520) (2278) s 202

Where J = Bessel function of the first kind

Analysed resonant frequency of the npm mode is:

[ £vr2 ﬂ
1 X ra 2
=~ |[“ne il 0
e ZM»"?%!(X )+[gam+ ) 25)

rz
np

For TM mode, calculated resonant frequency is given by:

1 - Ta
fra,, = —— (X2 + (= (2.6)

110 zna_w.'ygd\ll =



where X‘11=1.841

2.6.1.2 Equivalent magnetic surface currents:

In cylindrical DRA, the wave function of the fundantal TMy 19 mode is:

X3
"-.'[’r,w‘_,_n =g=J

F = 2.7
cosgﬁcoszd (2.7)

1
a

Cos ¢ is selected because feed position is at amd®in ¢ can be used if the probe is
located at ¢ =/2. By using wave function, various E-field candrdaysed [2]:

E= 2% g 1T ey, g = L2 (g
® jwepdpdz Z  jwe\dz? Vs Eq  jwsdpdz (28)

Here primed and unprimed coordinates are useditoate the source and field. From M =
E x n, where n is a unit normal pointing out of DIRA surface.

The following equivalent currents are obtained [2]:

1) For the side wall

'

M. = C2F Db s 2.9
P =— sing' sin— i
3 Zja;adh - 2d (29)
M, = —1 —11 2 (Xss) 4 _z’ 2.10
' cosg' cos :
® jwel\ a ALt 2d ( )

2) For the top and bottom

_N:Xf Xi' )
My =——22 ;{( L )cosqs’ (2.11)

Xl' !
My =— r_;(1( )sin @' (2:12)



2.6.1.3 Q-factor of the lower-order modes:

For TEg15 mode:

R T {1+ .2123% — 0.00898 [%]}

The value of can be calculated by using above equation.
For TEg15 mode:

2 h.ﬂ

. h h
@ =0.078192 (S {1 + 17.31 (—) — 2157 (—) + 10.86 (—)
a . (s

~10 (2]

Above equation shows the Q-factor for TEg1§ mode [1].

For TMg1s mode:

For TMg1s mode:

_ 0.888413 _0.03974755, )4 _ a0y (38— s,
Q = 0.008721 & e {1 (0.3 0.2 h) -
- ay 322261 _5 c0099(2)
X {0.498186 ~+ 205833 (E) . = }

Q-factor of the TMg15 mode of the cylindrical DRA.

For HE11§ mode:

g {IJZT-i-IZIEE: a+onz[aﬂ
‘Da_yasr—i-z : 36 -+ 002(_

(2.13)

(2.14)

(2.16)

(217)



For HE11§ mode:
a Y ‘i_if&‘}“;
= 0.01007=2* -1 + 100e \2k BO\RS 2.18
" h

Above equation shows the Q-factor of the HE115 mode of the cylindrical DRA [1].

2.6.2 Hemispherical DRA:

Hemispherical shape DRA offers an advantage owerdbtangular and cylindrical
shapes as the interface between the dielectricaams simpler. By that, a closed form
expression cab obtained for the Green's function.

Coaxial probe

R s L

Figure 2.8 Configuration of a probe-fed hemispherical DRA

The hemispherical DRA is characterized byaaius a, a dielectric constantr as
shown in figure 2.8. Here, we assumed that theigmmarical DRA which is mounted on
ground plane has infinite conductivity and infinggtent. Image theory is useful to equate
the hemispherical DRA of radiug to an isolated dielectric sphere having the seadeis.
Transverse electric (TE) and transverse magnefid) (@re different modes in dielectric
sphere. Transverse electric(TE) modes having avaue for the radial component of the
electric field (E=0), while transverse magnetic(TM) modes have a emilial component of
the magnetic field (H0). The two fundamental modes for hemisphericaAD#Re Th;,
whose radiation pattern is similar to a short hamtal magnetic dipole and Tiyl, whose
radiation pattern is similar to a short electricnopole .



2.6.2.1 TH11 mode approximation:

TE;12 mode is the lowest order mode of the hemisphebBé®. This mode creates
a far-field radiation pattern similar to a shortikontal magnetic dipole. It is having a wide
beam with a broadside peak. The resonant frequamgyadiation quality (Q) factor for the
TE111 mode can be determined by solving the cheniatit equation [1]:

(2
Niratvm kga) Hypn(kga) (2.19)
Jar2(Wekoa) 2, H, f; (kya) -
Where J(x) = first order Bessel function
H':E} (x)
= Second order Henkel function
ko = free space wave number
After obtaining Iy value, the resonant frequency can be deterdni
4.7713 Re (kya)
cu, = - (2.20)
‘cm
The radiation Q-factor can be analysed is:
Re(k,a)
= —F 221
Q 2Im(kya) ( )

By using above quality factor equation can estintla¢efractional impedance bandwidth

of an antenna.

BW = —= (2.22)



Here,Af = absolute bandwidth

fo = resonant frequency
S = maximum acceptable voltage standing wave (8WR) [1].

2.6.2.2 TMyo1 mode approximation:

TM101 modes have different characteristics than.JTodes. Here, Thd; mode
radiates like a short electric monopole antennaexmited by using a probe that is located
at the center of the DRA. As same inJEmode, here also by solving transcendental

equation we can analyze resonant frequency andti@adiQ-factor [1].

1 . J12(e, kqa) _ Ve, - Hi (kqa)

— s ATy WA TR =
v &koa Jan(Ve kga)  kga Y Hﬁ':--}g(kua)

(2.23)

Complex wave numbergk can be used to determine the resonawmuémcy and Q-

factor.

TM3101 modes have a lower Q-factor for andiiFEmodes have lower factor fo
= 45
. Here, Q-factor for the value of * and [1]
g, > 45 £, <20 g, =20

Q = 0.723 + 0.9324s, — 0.0956 £2 + 0.00403s2 + 5.107%s# (2.24)



And,

Q =2.621— 0.574¢, + 0.02812¢2 + 2.59 X 10743 (2.25)
2.6.3 Rectangular DRA:

The rectangular shape DRA has more advantage<syhedrical and hemispherical
shape DRA. It offers a second degree of freedonthvis one more than cylindrical shape
and two more than hemispherical shape. It providesigner to have a greater design
flexibility to achieve the desired profile and bandth characteristics for a given resonant
frequency and dielectric constant. In an isolatectangular dielectric guide, the various
modes can be divided into TE and TM, but with theRADmounted on the ground plane
only TE mode can typically excited. The rectanguldlRA can maintenance TE modes
(TE*, TE and TE) which would radiate like short magnetic dipoléeTresonant frequency
of each of these modes will be a function of theADdmensions. By properly choosing the
DRA dimensions, the designer can avoid the unwamtedes to appear over the frequency
band during operation. Resonant frequency of TEewathn be calculated by solving the

transcendental equation [1]

[
k, tan(k, d/2) = *q,'(s, — 1)k2 — k2 (2.26)

Here, free space wave numbgk,) = 2= =

=

K2+ k24 k2=c ki (227)
2.6.3.1 Dielectric waveguide model:

Dielectric waveguide model can be used for an iedi®RA in free space. Here we

studied about field configuration, resonant frequyeand Q-factor.



DRA on ground plane

Figure 2.9 Geometry of the dielectric resomatmdel



2.6.3.2 Field configuration:

TEZ; Mode is using for a rectangular DRA with éimsions a, b>d. With
dielectric

waveguide model, following fields can be calculagd

k. k
H, = ( xks) sin(k, x) cos(k),}r) sin(k,z) (2.28)
Jfty
_ (kyk.) |
y=; s cos(k,x) sm(k )sm(kzz) (2.29)
ks + k,
H_= %cos(ﬁc x) cus[:k 1)cos(k z) (2.30)

Electric field for X, y and z dimensions can becoédted by:

E, = k, cos(k,x) sin(k)_y) cos(k,z) {2.31)
E, = —k,sin(k,x) ccrs(k)_}-') cos(k_z) (2.32)
E.=0 (2.33)

E+E+kl=sk (2.34)



2.6.3.3 Resonant frequency:

By using transcendental equation, the value pfiskcalculated. The normalised
resonant frequency can be obtained by solving fomkequation (2.34). The normalised
frequency is:

(2.35)

25 L L] L] L] T Ll T L] L] L] L] L) LJ L L] L i L) L) L L L] L] Ll L

20 \ —a——a=2b I
- —o——a=4b .
C —a——a=05b 7
15 o - —_
L — % ]
5 B > =
10 F S -
- & £ i
. ﬁ'ﬁ'ﬁg—‘ D sy —p
- P o =
0O a3 P R T | PR PR PR PR T
0 05 1 15 2 25 3

Figure 2.10 Normalised frequency of a rectangulé&A

In figure 2.10, the curves plot the normalised @eacy (F) versus the ratio of DRA
dimensions d/b for various ratio of a/b. Here, ¢hesirves are used to calculate resonant
frequency of DRA without using transcendental eigmat In example, the different
dimensions have taken for calculating resonantuigeqy arec,=10, a= b= d= 10 mm, at
d/b=1, the value of F=5 angH7.55 GHz [2].



W= £q8,abd (1 N sin(k_d)

g = T )[k; +kZ) (2.37)

P, .=10ki|B,|? (2.38)
2.6.3.4 Q-factor:

Q-factor of the DRA can be determined by using:

g — 20W,

5 (2.36)

rad

Here, W, = stored energy

Pag = radiated power

W, and Ry can be calculated by,

Where R, is the magnetic dipole moment of DRA:

5 _ —jwBgy(s, — 1) (kzd‘
T Kk, z)

(19

(2.39)

By using Q-factor equation, we can calculate impedabandwidth of the DRA:

5—1
BW = —— (2.40)

Where S is the maximum acceptable voltage standiage ratio. Figure 2.11 shows the
graphs plots of normalised Q-factor as a functibrthe DRA dimensions d/b for various
values of dielectric constant and a/b. Normalisef@@or is determined [2]

Q. = f (2.41)
£,

L]



CHAPTER-3

BASIC ANTENNA
PARAMETERS



3.1 Gain:

The gain of an antenna is the ratio of the radaitibensity in a particular direction to
the radiation intensity. Radiation intensity can digained if the power accepted by the
antenna were radiate isotropically. If the refeeeantenna is an isotropic source then the
ratio of the maximum radiation intensity of theemma to the maximum radiation intensity of
a reference antenna is the absolute gain of thenaat The reference antenna is usually a
loop, dipole, horn or any other antenna whose gaimbe determined. The antenna gain is
the product of the radiation efficiency and direityi. It is also a power ration and usually
expressed in decibels (dB). The antenna gain ialéquhe ration of radiation intensity to the

total accepted power (input) divided by. 4

G= 4t Radiate Intensity Total Accepted Power...................(3.1)

Here, we can show radiation intensitycRRp) by and total accepted power (input power) by

Pin. If the reference antenna is a lossless ismt@penna then

G= 4T RO, D)/ P eee e eee e eee oo, (3.2)

The gain of an antenna is usually expressed irbdec{dB). When the gain is referenced to
the isotropic radiator, the units are expressedBisbut when referenced to the half-wave

dipole, the units are expressed as dBd.

3.2 Directivity:

The directivity of the antenna is the ratio of tdiation intensity in a given direction from
the antenna to the radiation intensity averaged aWalirections. In any direction, directivity
is equal to gain; if the antenna is without dissgralosses. The directivity of a non isotropic
source is equal to the ratio of its radiation istgnin a given direction. Directivity can be
expressed as (D) :

D= 41 U/Paqg



If directivity implies the direction of maximum redion intensity than

D — DD — max — max (3'4)

Here, ) = maximum directivity, U = radiation intensity ykJ= maximum radiation
intensity, U = radiation intensity of isotropic source,d> total radiated power. If the values

of U, Unaxand U are equal, than the directivity of an isotropitesma is unity.
3.3 Return loss:

The return loss of an antenna is another way ofressging mismatch. It is a
logarithmic ratio measured in dB that compares gbwer reflected by the antenna to the
power that is fed into the antenna from the trassimn line. The relationship between SWR

and return loss can be obtained by

Returnloss = —20 log|T'| dB (3.5)
Where
Ir| _SI-'L"R—i (3.6)
T SWR+1 A

3.4 Polarization:

The polarization of an antenna is the orientatibthe electric field (E-plane) of the
radio wave with respect to the earth's surfaceiamttermined by the physical structure of
the antenna and by its orientation. Polarizatiommfantenna does not depend with antenna
directionality terms as horizontal, vertical orceitar. Different polarization occurred for
different directionality terms [5]. Thus, a simp@tenna will have one polarization when
mounted vertically, and a different polarizationemhmounted horizontally. There are few
factors that affect polarization in antenna suchreftections. Most of the radio waves

reflected from ionosphere, where reflected signaénge their polarization randomly [1].



Polarization of the antenna can be predictable mitgraa construction but in directional
antennas, the polarization of side lobes and maopaggation lobe can be different.
Polarization can be classified as linear, circolaelliptical. If the electrical field at a poim i

space as a function of time always directed alotigea than the field is said to be linearly
polarized. Linear and circular polarizations arecal cases of elliptical and they can be

achieved when ellipse becomes a straight linecircée.
3.5 Radiation intensity and antenna efficiency:

Radiation intensity is defined as the power radidtem an antenna per unit solid
angle. It is a far-field parameter and can be obkthiby multiplying the radiation density by

the square of the distance.

B=rw. . (3.7)

Where R is radiation intensity and
W,aq is radiation density (w/f [5].

The total efficiency of an antenna depends on spanameters such as reflection efficiency,
conduction efficiency, and dielectric efficiencyhis reflection happened due to the mismatch
between the transmission line and the antenna. aDvefficiency of an antenna can be

written as:
€y = E,.E.8, (3.8)
Here, @ = total efficiency
€. = conduction efficiency
e = reflection efficiency
ey = dielectric efficiency

3.6 Inputimpedance:



At a point where the transmission line is connediedhe antenna, the antenna
presents load impedance to the transmission lires Tmpedance is called the input
impedance of an antenna. An impedance mismatchrgidéthe input impedance is equal to
the characteristic impedance of the ling Ihput impedance of an antenna controls the
standing wave ratio as it in relation with, An antenna impedance is equal to the ratio of the
input voltage Eto the input current.lIf it in general complex than it shows as

Z;=

E, 3.9
i (3.9)

If the antenna input is at a current maximum ardelhs no reactive component to the input

impedance than;Zvill be equal to the sum of the radiation resistaand the loss resistance.

R, +R, (3.10)

r

Here, R = radiation resistance of the antenna
Ro = loss resistance of the antenna

Input impedance of the antenna depends on mangré&eas antenna geometry, method of
excitation, and its proximity to surrounding obgectFor complex geometries, input
impedance of an antenna can investigated only acally while for simple shapes it

determined experimentally [23].

3.7 Bandwidth:

The bandwidth of an antenna refers to the randeeqtiencies over which the

antenna can operate correctly [5]. It can be catedl by

) x 100 (3.11)



Where, | is the highest frequency in the band,

F. is the lowest frequency in the band, and

Fc is the center frequency in the band.

3.8 Quality factor:

The quality factor and efficiency of an antennathgantennas figures-of-merit. Both
are interrelated and do not have complete freednimdividually optimum each other. The
guality factor of an antenna represents the ant@sses. The total quality factor §@hows

by the addition of all various losses in antenrja [5

“aoTatete 3.12
Qf Q?‘ad Qg Qd Qm ( ]

Where, Qt = total quality factor

Qraa = quality factor due to radiation losses

Q. = quality factor due to conduction losses



CHAPTER-4

BANDWIDTH
ENHANCEMENT OF DRA’S



4.1 Introduction:

Bandwidth enhancement is the main design concemmdst wireless applications of
Dielectric resonator antennas. By choosing a loelediric constant and the appropriate
dimensions, a very low Q-factor can be obtainecctvininplies that it is theoretically possible
to design an isolated cylindrical or rectangular DRith a very broad bandwidth. The
impedance bandwidth of the DRA can be increaseachanging the shape of the DRA
(including conical, tetrahedron, ring, triangulac)e One simple method to enhance the
impedance bandwidth is to use of modified feed geoes. An another approach is to
enhancing the impedance bandwidth is by using pialtDRAs (array or stacked or
embedded) instead of single DRA. An introductioramfgap between the dielectric resonator
and the ground plane can also improve the impedaandwidth of the DRA significantly.
Also there can be used some other different methmdsnhancing antenna bandwidth for
different shapes of DRAs such as microstrip-fed BRdual-mode rectangular DRAs, cavity-
backed disk, air gaps method, notched rectanguidh,Dnverted stepped pyramidal DRAS.
In hybrid antennas, a simple method can be usad#saa combination of a DRA with either

microstrip patch or monopole antenna .

4.1.1 History of Microstrip Antenna:-

The concept of microstrip radiators was first proposed by Deschamps as early as
1953.The first practical antennas were developed in the early 1970's by Howell and
Munson. Since then, extensive research and development of microstrip antennas and
arrays, exploiting the new advantages such as light weight, low volume, low cost, low
cost, compatible with integrated circuits, etc., have led to the diversified applications and
to the establishment of the topic as a separate entity within the broad field of microwave

antennas [2].
4.1.1 Microstrip-fed DRASs:

By addition of a simple microstrip matching stube tbandwidth of microstrip-fed
rectangular and cylindrical DRAs can be enhanceigh Hlielectric constant is used for
efficient coupling between DRA and the microstrged line. The main drawback of this
method is significant degradation in cross-poldiira due to excitation in higher order

modes.



4.1.3 Dual-mode rectangular DRASs:

The impedance bandwidth of a DRA can be enhanced by exciting two or more
modes. Both the modes should have similar radiation pattern. We can see enhancement by
taking rectangular shape DRA which is fed by a flat probe and it excites in both modes.
These modes can be spaced such that a broad impedance response achieved by choosing

proper DRA dimensions.

4.1.4 Annular DRAs:

It is another method to enhance the bandwidth of single DRAs. In cylindrical DRA, we
remove a section of the central portion to form a ring or annulus. In figure 4.2 shown a probe fed
annular DRA. Due to removing the center portion, the low Q-factor is calculated, thus increment in
the bandwidth. This type of annular DRAs offers a compact shape which is having advantage over

parasitic elements. It shows that a probe is located at the center of the DRA which excite two

different modes as TMg1s and HE11. Both modes indicate radiations like short vertical electric

monopole and short horizontal magnetic dipole [2]. For TMg15 mode the resonant frequency can be

calculated by

=g )+ -

Where, H = height of the cylindrical DRA, A= outer radius of the cylindrical DRA, B= inner radius of
the cylindrical DRA [2]

Annular DRA

Ground
Plane

Figure 4.2 Probe fed annular DRA



4.2 Multiple DRAs:

One simple method to achieve wideband or dual-band operation and to enhance the
impedance bandwidth can use two or more DRAs. In this method, each DRA resonate at same mode
and slightly different frequency. Thus, the resulting output shows the increment in overall
bandwidth. Figure 4.3 shows the two lumped-element RLC circuit model. Hence, each resonator has

resonator frequency of f1 and f, and Q-factors Q1 and Q2. A wideband response is measured when

the two resonators are cascaded together [2].

N0 fit O

Figure 4.3 Lumped element model for a two DRA

these two frequencies are far away from each otizer a dual-band operation is occur.
Here, the difference between the dual band and laadel is arbitrary and depends on
least return loss required by the application [2].

(Af, +AR)=2(f—f) (4.2)

(a) Two resonator response (4f +4f)) = 2(fy-f)

0dB
-3 dB

f; f.

Figure 4.4 (a) Two resonator response



HereAf is the bandwidth of the 3 dB response of eacbrrator. The above equation can be
written in Q-factor terms as

(£—+ Qi) = 2(f, 4 ) (43)

Both resonant frequencies and Q-factor is useduesg whether a wideband or dual band
performance achieved. If the right term is less tledt term than dual band response obtained
else wideband response [2].

0 dB
-3 dB

JFE JlFu

(b) Dual-band response (Afy+4f)) < 2(fy-f))

0 db
-3 dB

JFL ,lru

(c)Wideband response (Afy+4f1) > 2(fu-fi)



4.2.1 Stacked method :

A method for enhancing bandwidth in DRAs is stagkiPRAs a top one another. In
many cases with a single element DRA, desired 8patons cannot be achieved. For
example a high gain, directional pattern cannosyethesized with a single DRA of any
shape. In these applications, a DRA with appropriatement arrangement and feed
configurations can be used to provide desired fipations. Dielectric Resonator Antennas
(DRA's) have become popular in recent years becafisgany advantages they offer. The
dominant mode radiation patterns in most of thebe#fed or slot fed structures are in the
broadside direction of the elements. In DRAs stdck®thod is one of the highly efficient
for bandwidth enhancement. Figure 4.5 shows a dytinl stacked dielectric resonator
antenna. The DRA stacked configuration containsaytmdrical discs of different materials
vertically stacked, one atop the other, placed al@yground plane. Lower DRA is excited by

a probe feed while the upper DRA is electromaga#yicoupled, where the cylindrical DRA

has radius (a), height (h) and relative dielegigamittivity (g) [2].
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Figure 4.5 Geometry of Stacked cylindrical DRA



Air gaps can also be introduced in between DRAanioance the impedance bandwidth. The
parameters corresponding to the cylinders can takeper requirement. The main
disadvantage of this method is that the DRA gegyristnot very low profile [2].

4.2.2 Co-planar parasitic method:

Regarding the mechanical structures and fabricgtiMicrostrip antennas have the
advantage since etching can be used and the feed#ganism and the antenna can be
structured in one process with great accuracyeratignment. The advantages become more
appreciated in the structure of the arrays. DRAlieg adhesive to mount the DR over the
ground plane and more manual effort in the alignnoéthe DRA with the feeding structure.
Another method to enhance the impedance bandwfdiiRé is by using array technique. In
stack method, DRAs are stacking on top of eachrdtte will add increment to the overall
height of the antenna [1], [2]. For certain appgimas, there is height restriction in DRA
design. An alternative method is used to enhanceh\b@th of DRA called a co- planar
parasitic method where DRAs can also be placedi@same plane. Here, the center element
is excited by using any feeding method and adjaadetents are electromagnetically
coupled. The main drawback is that here the probbemomes more pronounced in the
structure of the array, where alignment of the vialial elements and the array becomes
more critical. The possible misalignment of theagirelements could cause deterioration in
the radiation characteristics of the antenna. Ter@vme this problem, it was suggested that
the DRA array could be fabricated from a singleeth®y perforating the area between the
DRA elements with a lattice of holes [2].
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Figure 4.6 configuration of 3-DRAs using co-plamparasitic method



Figure 4.6 shows the wideband configuration oféhDlRAsS. Here, center DR is connected
with microstrip feed line. At the bottom there i©gnd and above it substrate placed. DRs

placed above the substrate material [2].

4.2.3 Embedded method:

The bandwidth of DRA can be enhancing by using efded technique where DRAs can
also embedded within one another [1].

4.3 Bandwidth enhancements using impedance matching:

Impedance bandwidth of DRA can be enhanced by usatghing networks. Here,

some different methods for enhancing bandwidtheapdained [2].

4.3.1 Flat matching strips:

In DRAS, at lower frequencies probe feeding is mbetter than aperture coupling because it
is not feasible due to its large aperture sizeirequ This feeding technique offers some advantages
as it can be directly connected to a 50 ohm coéixialand matching achieved by changing the height
of the probe. This method also has some drawbad&rasormal shape probe feed is outside of the
DRA material but to obtaining good results the grobust be placed within the DRA, which needs
drilling a hole in the DRA material. While usinchggh permittivity DRA, we have to be very careful
because the matching is very sensitive at the plataion as well as uncontrolled or small air gaps
between the probe feed and DRA can change thesebufigure 4.7 Shown a probe fed DRA using
flat metal strip that is printed onto the side loé DRA. By changing the dimension of height and
width of the strip we can achieve good matchirlg [2

DRA

%
\\ Ground Plane

Figure 4.7 A probe fed DRA by using flat metal strip



4.3.2 Loaded notched DRAs:

In figure 4.8 shown an aperture fed notch DRA whaffers a wideband or dual-band
operation. The main difficulty with this methoddse to air gaps by that we cannot achieve a good
impedance match between the aperture and the DRAndly, a large aperture is required to obtain
an adequate match which leads to high levels df bame radiation. We can reduce this problem by

placing a high permittivity material over the apeetas shown in figure 4.8 [2].

High-Permittivity Insert Notch DRA Grounded
S Substrate

s
%,

Figure 4.8 Aperture fed notched DRA

4.3.3 Multi segment DRAs

In previous methods, a high permittivity DRA is végd to achieve a strong coupling
when microstrip feeding is directly used. Due tattfp-factor is directly proportional to the
permittivity and the achieved bandwidth is veryroar[2].



High Permittivity
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Figure 4.9 Multi segment DRA with more than one inserts

For wide band DRAs with lower permittivity, only small amount of coupling achieved between the
DRA and the microstrip line. This problem can be solved by using microstrip line with an array
technique where it radiates a small amount of power individually. This solution is not suitable for all
applications as it requires a large number of DRAs. Here, multi segment DRA method is used for
strong coupling between the microstrip line and the DRA. Figure 4.10 shows the MSDRA (multi
segment DRA) configuration. It consists of a rectangular DRA of low permittivity below which one or

more number of thin segments of different permittivity substrates are inserted [2], [21].
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Figure 4.10 Multi segment DRA with single insert

As per the requirement of impedance match, we ahraore number of inserts but it
increases the complexity of the fabrication pro@ess cost. So that, generally we prefer one

inserts only. Above figure shows single insertedtimaegment dielectric resonator antenna
[2].



CHAPTER 5

DESIGN OF
DRA FOR WLAN
APPLICATIONS



5.1 Introduction:-

Bandwidth enhancement is the main design concemsdst wireless applications of
Dielectric resonator antennas. By choosing a loelediric constant and the appropriate
dimensions, a very low Q-factor can be obtainedctvimplies that it is theoretically possible
to design an isolated cylindrical or rectangular Rith a very broad bandwidth. The
impedance bandwidth of the DRA can be increaseahanging the shape of the DRA
(including conical, tetrahedron, ring, triangulac)e One simple method to enhance the
impedance bandwidth is to use of modified feed getaes. An another approach is to
enhancing the impedance bandwidth is by using plaltDRAs (array or stacked or
embedded) instead of single DRA. An introductioraibfgap between the dielectric resonator
and the ground plane can also improve the impedbandwidth of the DRA significantly.
Also there can be used some other different metodmhancing antenna bandwidth for
different shapes of DRAs such as microstrip-fed BRAual-mode rectangular DRASs,
cavity-backed disk, air gaps method, notched regtian DRA, inverted stepped pyramidal
DRAs. In hybrid antennas, a simple method can leel esat has a combination of a DRA

with either microstrip patch or monopole antenna.



5.2:DESIGN OF RECTANGULAR STEPPED DRA FOR WIRELESS
LOCAL AREA NETWORK (WLAN) APPLICATIONS

5.2.1. Antenna Design:-

Here | proposed a Rectangular stepped dielecsmnaor antenna fed by micro strip line
for WLAN applications. The performance of the puspd designed antenna such as S parameter,
input impedance, radiation patterns, gain and tuigc are analyzed and discussed. The
obtained results show significant performance inapnoent in terms of impedance bandwidth
and radiation pattern. In this paper, the rectaargsihape stepped DRA of permittividy = 55 is
designed and simulated at 5.5GHz .The structutbefintenna is shown in Figure 1. The DRA
is fed with direct 5@ micro strip line which has dimension X®83mnf. This microstrip line is
photo-etched on substrate of permittivity= 3.38. The height of the substrate was 0.813 mm
while the width and length are 50 mm and 55 mmpeetvely. The dimension of the®1
rectangular DR is 25mm (length) and 20mm (widththwieight of Imm. The dimension of the
2" rectangular DR is 18.75mm (length) and 15mm (Wisitith height of 1mm. The dimension
of the 3 rectangular DR is 16.41mm (length) and 11.25mnd{fwiwith height of 1mm In this
design, the distance between rectangular DRA ard epd of the microstrip line is 6mm .
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Figure:-a

Substrate Dielectric Resonators
Figure:-b

Figure:5.1 Geometry of the purposed Stepped DRA. a) Top View. b) 3-D Front View.

5.2.3 Result and Discussions:-

The commercial 3D full wave electromagnetic (EMinulation software CST Microwave
studio, based on FIT method is used for simulgtiarposed stepped DRA whose return loss is -
15.0 dB at frequency of 5.5 GHz shown in the Fegbr2. . The lowest the return loss, the

minimum is the loss and the DRA can accept maxirpomer from the source.

]:Realized Gain
6 \
5 4
Z
a c
o <
o o 2
28 2
] - \/ \
S o
124 &
w0 2
-16 T T T T T T T T T -4 T T T T T T T T T
50 51 52 53 54 55 56 57 58 59 60 50 5.1 5.2 53 54 55 56 57 58 59 6.0
Frequency (GHz) Frequency (GHz)
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Simulated Return Loss in dB. Of DRA versus Frequecy Simulated Gain in dB. Of DRA versus Fregency



| —E-plane at 5.5 GHz

Figure:5.4 Radiation in E-Plane at 5.5GHz Figure:5.5Radiation in H-Plane at 5.5GHz

Figure 5.4 and Figure 5.5 represent radiation patdor both the E-plane and H-plane,
respectively. Besides, it can be clearly obsertatithere is no radiation below the ground plane
for the simulated pattern. E-plane radiation pattgmows a broad side plot where as H-plane
radiation pattern shows Omni directional. The gainantenna is well above 6dB in the
frequency range. The figure 5 shows the relatidwéen the gain and frequency range.It shows

at 5.5GHz the gain is 6.48dB .

5.2.4. Conclusion:-

This paper presents rectangular DRA operating &tG3-z. Hence, it provides high degree of
freedom in controlling antenna performance. Theutated results show that the antenna is
suitable for 5.5 GHz WLAN applications. Fabricatiohproposed antenna will be carried out in

future.



5.3:DESIGN OF RECTANGULAR DRA FOR WIRELESS ANTENNA
APPLICATIONS: [Teflon ( pr =2.1) as DR Element]
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Figure 5.6
The geometry of the proposed Rectangular Shape DRAhown in figure 5.6, where a
Rectangular Shape DR is fabricated from the Recalangatch having dimension {Ix W) 22
x 18.3 mm with height H=3.0 mm at the upper side of the substrate andhtive permittivity
constante,= 2.1. The DRA is supported by FR-4 substrate lgpdimension (L x W) 28 x 26



mn? with height (k) = 1.6 mm and dielectric constant,] =4.3. The proposed DRA also
consists of a rectangular DR piece. The dimensidgheorectangular ground plane is¥\V,) 26
x 11.7 mni with 10x3.5 mrf cut away from the central plane area. The dedigdRA is
connected to the microstrip feed line. Two rectdagpatch is used for microstrip feeding with
one of the dimensions 1.90mm x 5.0mm x 0.07mm Reodimensions 1.0mm x10.5mm x
0.07mm as a feeding mechanism,. The proposed BRéesigned to provide Dual Band

wireless antenna applications.

5.3.1:Result & Discussions:

Return Loss & VSWR Versus Freguency Characteristics

The return loss and input VSWR of Rectangular SHaRBA was simulated at different
frequencies over 3.0 to 12 GHz using CST Microw&wedio suit 2011. From the simulated
results, it was observed that the proposed antadmiaves an impedance bandwidth from 3.5 to
4.2 GHz and 7.8 to 9.0 GHz . Furthermore, to achdwal band operation, the designed DRA is
excited by using with microstrip feed line. The slated variations of input VSWR as functions
of frequency for the frequency range is shown thee below and VSWR was 1.35 at 3.81 Ghz
& 1.04 at 8.35 Ghz.

S-Parameter Magnitude in dB

Frequency / GHz
Figure 5.7



Vokage Standing Wave Ratio (VSWR)

VSWR1

Frequency / GHz
Figure 5.8

5.3.2. Gain and Directivity:-

The peak gain of antenna is 6.25dB at the frequéh8l1 Ghz & 5.75dB at the
frequency 8.35 Ghz. The directivity of antenna.B5dB at the frequency 3.81 Ghz & 7.73dB at
the frequency 8.35 Ghz. It is observed that the &alirectivity of antenna are different in this
paper. The proposed antenna is to modify the shapacrease the return loss for wireless

antenna application.



5.4:DESIGN OF “T” SHAPED DRA FOR WIRELESS ANTENNA
APPLICATIONS : [Teflon ( pr =2.1) as DR Element]
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Figure 5.9

The geometry of the proposed T- Shape DRA is shiowfigure 5.1, where a T- Shape DR is
fabricated from the Rectangular patch having dirmmé g x Wy) 22 x 18.3 mriiwith height
Hs=3.0 mm at the upper side of the substrate with @ nfrom either side and a relative
permittivity constankg,= 2.1. The DRA is supported by FR-4 substrate fgadimension (L x
W) 28 x 26 mriwith height (R) = 1.6 mm and dielectric constast) =4.3. The proposed DRA
also consists of a rectangular DR piece. The dimanef the rectangular ground plane is
(LgxWg) 26 x 11.7 mrhwith 10x3.5 mm cut away from the central plane area. The designe
DRA is connected to the microstrip feed line. Tvaxtangular patch is used for microstrip



feeding with one of the dimensions 1.90mm x 5.0m®.06¢mm & other dimensions 1.0mm
x10.5mm x 0.07mm as a feeding mechanism,. Theogexd DRA is designed to provide Dual

Band wireless antenna applications.

5.4.1:Result & Discussions:

Return Loss & VSWR Versus Frequency Characteristics

The return loss and input VSWR of T shape DRA wasikted at different frequencies
over 3.0 to 12 GHz using CST Microwave Studio 2011. From the simulated results, it was
observed that the proposed antenna achieves amampe bandwidth from 3.5 to 4.2 GHz and
8.0 to 9.4 GHz . Furthermore, to achieve dual baperation, the designed DRA is excited by
using with microstrip feed line. The simulated aéons of input VSWR as functions of

frequency for the frequency range is shown theebelow and VSWR was with in 1-2.
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Figure 5.10
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Figure 5.11
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Figure 5.12

The measured value of return loss at one resonate frequency is at 3.81 GHz & -22.13 Db.
5.4.2.Gain and Directivity:-

The peak gain of antenna is 6.72dBi the overajdesmcy range. It is observed that the
gain &directivity of antenna are different in thimper. The maximum directivity achieved is

7.69dB & gain is 5.63 dB at frequency 8.7 Ghz. phgposed antenna is for wireless antenna.



5.5: DESIGN OFTT- SHAPED DRA FOR WIRELESS ANTENNA

(WLAN) APPLICATIONS
CASE: 1(DR Element is_Teflonhaving Permittivity ur=2.1for “ Tr” shape antenna
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Figure 5.13

Figl. shows the geometry of the proposed DRA, wltichsists of a dielectric resonator (DR)
and a substrate with an area of 26 mm x 28 mm.slhstrate used FR4 in the structure has a
thickness of 1.6 mm and relative permittivityr)(of 4.3. The dielectric resonator selected is

Teflon having thickness 3.0 mm and a dielectriopttivity (er) =2.1. The area rectangular of



dielectric resonator is 22mm x 18.3mm is made fmd shape by eliminating the 6x16.3 mm
area from the central portion from dielectric reston. Two rectangular patch is used for
microstrip feeding with one of the dimensions 1.99m 5.0mm x 0.07mm & other dimensions
1.0mm x10.5mm x 0.07mm as a feeding mechanisnm¢hwis connected with a 5Q
Microstrip line. The square patch-feed mechaniswegjigood coupling between the patch and
DR.

5.5.1.Result & Discussions:

Parametric study of am” shape DRA (Teflon DR element) is performed byngs
Computer simulation Technology (CST) microwave siuglite 2010. Here, it is observed that

by changing the DR element from Rogger having (jittivity €r=10.2) to DR element to Teflon

having (permittivityer=2.1), the resonant frequency is also varyingivég the optimum result

of resonating frequency 4.25 GHz. It shows thatrds®nant frequency of the proposed antenna
varies with the DR element material changed frongdrdo Teflon. From fig. 5 we observe that

the return loss of the proposed antenna at frequé2s GHz is -21 dB.

S-Parameter Magnitude in dB
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Figure:-5 Return Loss Vs Frequency

Figure 5.14



5.6:DESIGN OF TT- SHAPED DRA FOR WIRELESS ANTENNA (WLAN)
APPLICATIONS

CASE:-1(DR Element is Rogethaving Permittivity ur=10.2)

———|

18.3mm

Figure 5.15“TT” shape DRA

5.6.1. Antenna Design:-

Figl. shows the geometry of the proposed DRA, wltichsists of a dielectric resonator (DR)
and a substrate with an area of 22 mm x 18.3 mra.slibstrate FR4 used in the structure has a
thickness of 1.6 mm and relative permittivityr)(of 4.3. The dielectric resonator selected is
Rogers TMM10 with a thickness 5.08 mm and a dielegiermittivity (r) =10.2 The area



rectangular of dielectric resonator is 22mm x 18r8im made into TT” shape by eliminating the
6x16.3 mm area from the central portion from digleaesonator. Two rectangular patch is used
for microstrip feeding with one of the dimension®dimm x 5.0mm x 0.07mm & other
dimensions 1.0mm x10.5mm x 0.07mm as a feedingham@sm, which is connected with a 50
Q Microstrip line. The square patch-feed mechanismagggood coupling between the patch and
DR.

5.6.2. PARAMETRIC STUDY:

Parametric study of art” shape DRA is performed by using Computer simalaffechnology
(CST) microwave studio suite 2011. Here, it is obsé that by varying the height of microstrip
feed, the resonant frequency is also varying.\Mégithe optimum result of resonating frequency
5.5 GHz. It shows that the resonant frequency efpitoposed antenna varies with the length of
rectangular feed. From fig. 2 we observe that ¢tern loss of the proposed antenna at frequency
5.5 GHz is -65 dB.

S-Parameter Magnitude in dB
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Figure 5.16

Fig:2 Return Loss Vs Frequency



Figure:3 Simulated Radiation Patterns At 5.5

5.6.3 CONCLUSION:-

GHz.

In this paper, fr” shape DR radiator has been designed for WLAN iagpbns. From

the results obtained, it is observed that the sldigbe DR radiator as well as the patch-feed

mechanism is very important for improving the antermandwidth. The measured impedance

bandwidth of the proposed antenna is spread oeegiitire frequency range from 4.7 GHz to 9.5

GHz and with stable broadside radiation patterh® Jimulated results show that the antenna is

suitable for 5.5 GHz WLAN applications.

Table:5.1
Comparative Analysis Of “r” shape DRA(DR Element Rogger & Teflon):-

Sl. No | DRA With Roggel DR Element

DRA WithTeflon DR Element

1 Maximum Return Loss at 5.5G

nkaximum Return Loss at 4.8Gt

2 Return Loss= -65dB Return Loss= -26dB
3:- Band width= High Band width=Low
4:- Directivity=2.49 Directivity=2.49
5:- Gain=2.58 Gain=1.71
6:- VSWR=1 VSWR=1.1
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Figure:-5.17 Comparative Study of Retune Loss ajdeo DR & Teflon DR Element




Comparison Of Proposed Antenna’s

DRA  |Resonating |Return Loss|VSWR [ BW GAIN | Band
Shapes |Frequency

38GHz |[-16 dB 135 |0.7GHz |6.25 |Dual
83GHz [-32dB 1.04 |LDGHz |5.75

38GHz  [-24 dB 109 |10GHz|6.26 |Dual
8JGH: [-41 dB 08 |150GHz|563

48GHz  |-26 dB 107 |14 GHz|171 |Single

5.500Hz |-b5dB 10 |48GHz|258 |Single

5.7.CONCLUSION:

From the parametric studies we observe that Rogein dielectric permittivity )
=10.2  has better Band Width and return loss5.8tGhz. From the results obtained, it is
observed that the shape of the DR radiator mitip feeding mechanism is very important for

improving the Band Width.



CONCLUSION AND FUTURE
WORK



6.1Conclusion:

Different shapes of Dielectric resonator antenreagehbeen studied in this thesis. In the
first part of the thesis an introduction of DRA abdts characteristics, advantages techniques
have been studied applications and several banaeidhancement. Different shapes of DRAs
like rectangular stepped DRAT” shaped DRA, “T” shaped DRA. designed for diffetren
wireless applications. Among all the design antetirea“T” shaped DRA provide Dual band
wireless antenna application. And also the Rectangsiepped DRA is provide dual band

application.

6.2Suggestions for Future Work

Based on observations while completing this thehis,following topics were identified
which would helpful for further investigation

«  Fabrication and measuremehts’ shapedDielectric resonator antenna with

Roger material and other designed DRAs will beiedrout in future.

+ Since the impedance bandwidth of Dielectric resamahtenna can be enhanced
by using multiple DRAs ( stacked, embedded and D&#ay), design of
dielectric resonator antenna using embedded teglnigill be carried out in

future.

+ Besides, the experience of designing DRAs with astip line feeding,
Dielectric resonator array with dielectric imageidgu feeding can further be

designed to minimize the metallic losses.
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