CERTIFICATE

It is certified that the work contained in the thesis titled "SOME
INVESTIGATIONS ON ULTRA WIDEBAND MICROSTRIP ANTENNAS" by
"SARTHAK SINGHAL'" has been carried out under my/our supervision and that this
work has not been submitted elsewhere for a degree.

It is further certified that the student has fulfilled all the requirements of

Comprehensive, Candidacy and SOTA.

Signature of Supervisor(s)
Name(s) : Dr. Amit Kumar Singh
Department/School: Electronics Engineering

Indian Institute of Technology (BHU)



DECLARATION BY THE CANDIDATE

I, Sarthak Singhal, certify that the work embodied in this thesis is my own
bona fide work and carried out by me under the supervision of Dr. Amit Kumar Singh
from October 2012 to November 2015 at the Department of Electronics
Engineering, Indian Institute of Technology, Varanasi. The matter embodied in this
thesis has not been submitted for the award of any other degree/diploma. I declare that
I have faithfully acknowledged and given credits to the research workers wherever their
works have been cited in my work in this thesis. 1 further declare that 1 have not
willfully lifted up any other's work, paragraphs, text, data, results, etc., reported in
journals, books, magazines, reports dissertations, theses, efc., or available at websites

and included them in this thesis and cited as my own work.

Date : Signature of the Student
Place: VARANASI (SARTHAK SINGHAL)

CERTIFICATE BY THE SUPERVISOR

It is certified that the above statement made by the student is correct to the best

of my/our knowledge.

Supervisor(s)

Dr. Amit Kumar Singh

Department of Electronics Engineering
Indian Institute of Technology (BHU)

Signature of Head of Department/Coordinator of School(s)



COPYRIGHT TRANSFER CERTIFICATE

Title of the Thesis : Some Investigations On Ultra Wideband Microstrip Antennas

Name of the Student : SARTHAK SINGHAL

Copyright Transfer
The undersigned hereby assigns to the Institute of Technology (Banaras Hindu
University) Varanasi all rights under copyright that may exist in and for the above

thesis submitted for the award of the "Doctor of Philosophy".

Date : Signature of the Student
Place: VARANASI (SARTHAK SINGHAL)

Note: However, the author may reproduce or authorize others to reproduce
material extracted verbatim from the thesis or derivative of the thesis for author's
personal use provided that the source and the Institute's copyright notice are
indicated.



DEDICATED
70
MY FAMILY



xi

ACKNOWLEDGEMENTS

First and foremost, I would like to express my immense gratitude to my
supervisor Dr. Amit Kumar Singh, who has not only given me a platform to work on
my favorite research topic but also through his sheer dedication, patience, stimulating
suggestions and serene discussions, motivated me to improve my work and come up
with different ideas. The completion of this thesis would not be possible without his
guidance and persistent help during my research work. His pro-found viewpoints and
extraordinary motivation always inspired me to stuck on track to achieve my goal.
Thanks sir! for making my life meaningful on this planet.

My profound gratitude to Prof. S. Jit, Head, Department of Electronics
Engineering, Indian Institute of Technology (BHU), Varanasi for providing effective
management, necessary facilities and valuable suggestions for success of this work. I
would also like to thanks all the faculty members, the librarians, technical and non-
technical staff members for their kind cooperation and encouragement during the course
of work.

I would like to express my deep appreciation to my friends Mr. Saeed Hamood
Ahmed Mohammed Alsamhi, Mr. Amit Arora, Mr. Kunal Singh, Mr. Ashutosh Mishra
and Mr. Sudhir Bhaskar, who have been a source of strength and still remain an
invaluable asset to me and helped me in every phase of my life during the last three and
a half years. I would like to express my special thanks to other colleagues for giving me
continuous support and for creating a friendly and happy environment needed for
completing this research work. I wish to extend my acknowledgement to my senior
colleagues for their valuable assistance. I would like to thank to all M. Tech. Students,

who have helped me completing this work in any way.



xii

Finally, no word will be enough to express my deepest reverence to my parents

and sister. | wish to express indebtedness to them, for their unconditional love, extreme

patience and constant supports over the years. From the core of my heart, I dedicate this
thesis to my family.

Last but not least, | thank Lord Vishwanath for providing me strength and

courage in completing the work.

Date: (SARTHAK SINGHAL)



TABLE OF CONTENTS

Acknowledgements
Table of Contents
List of Figures

List of Tables
Preface

CHAPTER1 INTRODUCTION

1.1 Introduction

1.2 Historical Review
1.2.1 Monopole Antenna
1.2.2 Fractal Antenna
1.2.3 Dipole Antenna

CHAPTER 2 ANALYSIS OF UWB MICROSTRIP ANTENNAS

2.1 Introduction

2.2 Advantages of UWB

2.3 UWB Antenna Applications

2.4 UWB Antenna Challenges

2.5 Monopole Antenna

2.5.1 Monopole antenna with modified feedline structures
2.5.2 Monopole antenna with electromagnetic band gap (EBG)
253 Monopole antenna designed using Genetic Algorithm (GA)
254 Monopole antenna analyzed using FDTD

2.5.5 Monopole antenna with conductor backed plane

2.5.6 Monopole antenna with defected ground structures

2.5.7 Monopole antenna with slot loaded patch

xiii

xi

Xiii

X1X

XXVil

XXiX

46

62

70

70

71

72

74

76

78

80

84

85

86

87



258

259

2.5.10

2.5.11

2.6

2.6.1

2.6.2

2,63

2.6.3.1

2.6.3.2

2.63.3

2.6.3.4

2.6.3.5

2.63.6

2.6.3.7

2.6.3.8

2.6.39

2.6.3.10

2.6.3.11

2.6.3.12

2.6.3.13

2.6.3.14

2.6.3.15

2.63.16

2.6.3.17

Monopole antenna with parasitic patch

Effect of feed gap on monopole performance

Monopole antenna with equivalent circuit

Monopole antenna with split resonators
Fractal Antenna

Fractal in Nature

Properties of Fractal Antenna

Fractal Antenna Geometries

Appollian gasket fractal

Minkowski Fractal Geometry
Sierpinski Carpet Geometry

Sierpinski Gasket Geometry

Nested type triangular fractal Geometry
Hilbert Curves Geometry

Circular Fractal Geometries

Descartes circle theorem

Giusepe Peano Fractal Geometry

Koch Curve Fractal Geometry
Pythagorean Tree Fractal Geometry
Tree Shaped Fractal Geometries

Penta-Gasket-Khoch (PGK) fractal

Kernel Array of Microstrip Patches (ReKAMP)

Square fractal geometries
Cantor Set fractal geometry

Other geometries

X1v

90

90

91

94

94

94

95

96

96

97

98

99

100

101

102

104

104

105

107

108

110

111

112

112

114



2.6.4

2.6.5

2.7

2.7.1

2.7.1.1

2.7.1.2

2.7.1.3

2.7.14

2.7.1.5

2.7.1.6

CHAPTER 3

3.1

3.2

33

331

332

333

334

3.3.5

3.3.6

3.3.7

33.8

339

General Applications of Fractal

Advantages of Fractal antenna

Dipole antenna

UWB Dipole Antenna Geometries

Uniplanar dipole antenna with single feed location
Uniplanar dipole antenna with shorted dipole arms
Uniplanar dipole antenna with balun

Uniplanar dipole antenna with coplanar strip line

Uniplanar dipole antenna with tapered slot feed and
parasitic element

Double printed dipole antenna geometries

ASYMMETRICALLY CPW-FED LADDER-SHAPED
UWB FRACTAL ANTENNA

Introduction

Antenna Design

Results and Discussion

Reflection Coefticient versus Frequency Characteristics
VSWR versus Frequency Characteristics

Input Impedance versus Frequency Characteristic
Surface Current Density Distribution

Far Field Radiation Patterns

Gain and Efficiency Characteristics

Time Domain Analysis

Effect of Different Substrates

Comparison with fractal structures

XV

116

117

118

119

120

121

121

121

123

123

125

126

130

131

133

135

135

137

140

141

145

146



CHAPTER 4

4.1

4.2

4.3

4.3.1

432

433

434

4.3.5

4.3.6

4.3.7

438

439

CHAPTER 5

5.1

5.2

53

5.3.1

532

5.33

534

535

5.3.6

5.3.7

BEVELED UWB MONOPOLE ANTENNA WITH
SLOT LOADED SEMI-CIRCULAR LIKE GROUND
PLANE

Introduction

Antenna Design

Results and Discussion

Reflection Coefficient versus Frequency Characteristics
VSWR versus Frequency Characteristics

Input Impedance versus Frequency Characteristic

Surface Current Density Distribution

Far Field Radiation Patterns

Gain and Efficiency Characteristics

Time Domain Analysis

Effect of Different Substrates

Comparison with respect to previously reported structures
CRESCENT SHAPED UWB DIPOLE ANTENNA
Introduction

Antenna Design

Results and Discussion

Reflection Coefficient versus Frequency Characteristics
VSWR versus Frequency Characteristics

Input Impedance versus Frequency Characteristic

Surface Current Density Distribution

Far Field Radiation Patterns

Gain and Efficiency Characteristics

Time Domain Analysis

XVvi

148

148

153

153

156

158

158

160

165

166

169

171

173

173

176

177

179

180

180

182

186

187



5.3.8 Parametric Analysis
5.3.8.1 Effect of Different Substrates
5.3.8.2 Different thickness of Substrate, h
5.3.8.3 Major axis of elliptical slot, d
5.3.84 Minor axis of elliptical slot, ¢
5.3.8.5 Elliptical slot location along x axis, Lo
5.3.8.6 Elliptical slot location along y-axis, Wg
5.3.9 Comparison with other structures
CHAPTER 6 CONCLUSION AND FUTURE SCOPE
6.1 Conclusion
6.2 Future Scope
References
List of Publications
Publications

Personal Profile

Xvii

191

191

192

193

193

194

195

196

198

203

204

248



Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2.10
Figure 2.11
Figure 2.12

Figure 2.13

Figure 2.14
Figure 2.15
Figure 2.16

Figure 2.17

LIST OF FIGURES

FCC's indoor and outdoor emission masks

(a) Monopole above a conducting ground plane, (b) the
equivalent source in free space

Monopole antenna structures with double feed

Monopole antenna structures with Defective microstrip
structure(DMS)

Monopole antenna with (a) Trident-shaped strip and a tapered
impedance transformer, (b) Stepped impedance transformer,
(¢) Tapered feedline, and (d) Staircase subtractive stripline
loaded with slot

(a) Geometry of the proposed UWB antenna with EBG. (b) Unit
cells of EBG. (c) Equivalent circuit of the EBG

(a) Bandgap for the mushroom-type EBG in terms of W,
(b) Effect of the coupling gap on the width of the bandgap

The wunit cell shapes (a) Antenna with EBG array,
(b) conventional shape and (¢) new EBG shape

Monopole antenna designed using Genetic Algorithm (GA)
Monopole antenna analyzed using FDTD

Monopole antenna with conductor backed plane

Monopole antenna with defected ground structures

Transmission line model for (a) U-shaped slot with MEMS up,
(b) U shaped slot with MEMS down, (c) inverted L stubs with
MEMS up, (d) inverted L stubs with MEMS down

Monopole antenna with slot loaded patch

Monopole antenna with parasitic patch

Effect of feed gap on monopole performance

(a) Schematic diagram of the coupled lines. (b) Circuit layout for
extracting the Iumped equivalent circuit model in (c).

(c) Lumped equivalent circuit model of the coupled-line section.
(d) Equivalent circuit model of the proposed antenna

XiX

74

75

77

77

77

79

79

80

84

84

85

87

89

89

90

91

92



Figure 2.18

Figure 2.19

Figure 2.20

Figure 2.21

Figure 2.22

Figure 2.23
Figure 2.24
Figure 2.25
Figure 2.26
Figure 2.27
Figure 2.28
Figure 2.29

Figure 2.30

Figure 2.31
Figure 2.32
Figure 2.33
Figure 2.34
Figure 2.35

Figure 2.36

Electric fields and surface current distributions on the
(a) wvertically and (b) horizontally arranged folded-strip
resonators

(a) Inductive coupling scheme and its equivalent circuit model,
(b) Novel equivalent circuit model for the folded-strip resonator

(a) Exacting structure of the proposed resonator. (b) One-port
lump equivalent circuit network of the proposed resonator. (c)
Two-port lump equivalent circuit network of the proposed
resonator. (d) Simplified equivalent circuit model of the
proposed antenna

Geometry of the proposed multi band-notch antenna (a) Patch
antenna loaded with slots, (b) The equivalent circuit model for
the proposed multi-band notch antenna

(a) Geometry of the proposed UWB elliptical monopole antenna:
front view, back view, and side view. (b) Equivalent circuit of
the proposed UWB antenna

Monopole antenna with split resonators

Appollian gasket geometries

Minkowski antenna geometries

Sierpinski carpet antenna geometries

Sierpinski gasket for zeroth, first, second iterations

Antenna structures based on Sierpinski gasket geometry

Nested triangle fractal antenna structure

Hilbert-curves with increasing iteration order number n:
(a) First order, (b) second order, and (¢) third order

Circular fractal antenna geometries

Descartes circle theorem based antenna geometries

Initiator and generator of the Giusepe Peano fractal Geometry
Giusepe Peano based antenna structures

Generation of Koch curve upto second iteration

Koch curve based antenna structures

XX

92

92

93

93

93

94

97

98

99

100

100

101

102

103

104

105

105

106

106



Figure 2.37

Figure 2.38

Figure 2.39
Figure 2.40
Figure 2.41
Figure 2.42
Figure 2.43

Figure 2.44

Figure 2.45

Figure 2.46
Figure 2.47

Figure 2.48

Figure 2.49
Figure 2.50
Figure 2.51
Figure 2.52
Figure 2.53
Figure 2.54

Figure 2.55

Figure 2.56
Figure 3.1

Figure 3.2

[lustration of the first four iterations for Pythagorean tree fractal

Fabricated first five iterations for Pythagorean tree fractal
monopole antenna

Tree shaped fractal geometries

Various iterations of fractal Binary tree

3rd iterated fractal Binary tree with different branching angles
Different binary tree antenna geometries

Penta-Gasket-Khoch (PGK) antenna up to fifth iteration

Complementary Penta Gasket Khoch (CPGK) antenna up to fifth
iteration

Different ReKAMP geometries (a) Triangular, (b) circular, (c)
square coupled, (d) square connected

Square fractal antenna geometries

(a) Basic cantor set generation (b) Cantor geometry

(a) Rectangular Fractal monopole (b) Fractal triangular
monopole with same vertex, (c) Fractal triangular monopole with
same slope

Different fractal antenna geometries

Basic dipole antenna

Geometries of uniplanar dipole antenna with single feed location

Geometries of uniplanar dipole antenna with shorted dipole arms

Geometries of uniplanar dipole antenna with balun

Geometries of uniplanar dipole antenna with coplanar strip line

Geometry of uniplanar dipole antenna with tapered slot feed and
parasitic element

Geometries of double-printed dipole antenna structures
Proposed fourth iterative ladder shaped fractal antenna structure

Intermediate steps of deriving the first iteration

xxi

107

108

108

109

109

109

110

111

112

112

114

114

115

118

120

122

122

122

123

124

127

129



Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 3.17

Figure 3.18

Figure 3.19

Four iterations of the ladder shaped fractal antenna
Figure 3.4 Comparison of reflection coefficient characteristics of
six intermediate stages of ladder shaped fractal antenna first

iteration

Reflection coefticient versus frequency plot for four iterations of
the ladder shaped fractal antenna

Prototype of the ladder shaped fractal antenna

Comparison of the simulated and measured reflection coetficient
versus frequency characteristics for ladder shaped fractal antenna

Comparison of the simulated and measured VSWR versus
frequency characteristics for ladder shaped fractal antenna

Real and Imaginary part of input impedance versus frequency
plots for ladder shaped fractal antenna

Simulated surface current distribution of ladder shaped fractal
antenna at its resonance frequencies

Radiation pattern measurement setup for ladder shaped fractal
antenna

Simulated and measured radiation pattern of ladder shaped
fractal antenna at resonance frequencies

Measured peak realized gain versus frequency plot for ladder
shaped fractal antenna

Variation of simulated radiation and total efficiency for ladder
shaped fractal antenna

Configurations of the ladder shaped fractal antenna for time
domain analysis

Simulated time domain analysis of ladder shaped fractal antenna

Simulated group delay versus frequency characteristic for two
configurations of the ladder shaped fractal antenna

Simulated magnitude of isolation for two configurations of the
ladder shaped fractal antenna

Simulated phase of isolation for two configurations of the ladder
shaped fractal antenna

XXxii

130

131

132

134

134

134

135

136

138

139

140

141

142

142

143

144

145



Figure 3.20

Figure 4.1
Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Figure 4.17

Performance of ladder shaped fractal antenna for three different
substrate materials

Geometry of the beveled monopole antenna
Deriving stages of beveled monopole antenna

Comparison of reflection coefficient versus frequency plot for
five deriving stages of the beveled monopole antenna structure

Prototype of the beveled monopole antenna
Comparison of simulated and measured reflection coefficient
versus frequency characteristics for the beveled monopole

antenna

Comparison of simulated and measured VSWR versus frequency
characteristics for the beveled monopole antenna

Simulated real and imaginary parts of the input impedance for
the beveled monopole antenna

Simulated surface current distribution of the beveled monopole
antenna structure at its six resonances

Radiation setup of the beveled monopole antenna

Measured radiation patterns of the beveled monopole antenna
structure at its six resonances

Measured co- and cross-polar radiation patterns of the beveled
monopole antenna at its six resonance frequencies in both E- and
H-plane

Measured peak realized gain of the beveled monopole antenna

Simulated total and radiation efficiency of the beveled monopole
antenna structure

Configurations of the beveled monopole for time domain
analysis

Time domain analysis of the beveled monopole antenna

Simulated group delay of the beveled monopole antenna
structure in two configurations

Simulated magnitude of isolation versus frequency plot for two
configurations of the beveled monopole antenna

XX1il

146

151

152

155

156

157

157

158

159

161

162

165

165

166

167

167

168

169



Figure 4.18

Figure 4.19

Figure 5.1
Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14
Figure 5.15

Figure 5.16

Simulated variation of phase of isolation with respect to
frequency for two configurations of the beveled monopole
antenna

Comparison of reflection coefficient performance of the beveled
monopole antenna with different substrate materials

Geometry of the crescent dipole antenna
Different shapes of the radiating elements in dipole antenna

Variation of reflection coefficient with frequency for different
radiating elements

Prototype of the crescent dipole antenna

Comparison of simulated and measured reflection coefficient
versus frequency characteristics for crescent dipole antenna

Comparison of simulated and measured VSWR versus frequency
characteristics for crescent dipole antenna

Variation of simulated resistance and reactance of the input
impedance with frequency for crescent dipole antenna

Simulated surface current density plots of the crescent dipole
antenna at its six resonance frequencies

Radiation pattern measurement setup for crescent dipole antenna

Simulated and measured radiation patterns of the crescent dipole
antenna at its six resonance frequencies

Measured co- and cross-polar radiation patterns of the crescent
dipole antenna at its six resonance frequencies in both E- and H-

planes

Variation of measured peak realized gain with frequency for the
crescent dipole antenna

Variation of simulated total and radiation efficiencies with
frequency for the crescent dipole antenna

Configurations of the crescent dipole antenna
Time domain analysis of the crescent dipole antenna

Variation of simulated group delay with frequency for the
crescent dipole antenna in two configurations

XXiv

169

170

175

176

178

178

179

179

180

181

182

183

186

186

187

188

189

189



Figure 5.17

Figure 5.18

Figure 5.19

Figure 5.20

Figure 5.21

Figure 5.22

Figure 5.23

Figure 5.24

Variation of simulated magnitude of isolation, |[Sy|, with
frequency for the crescent dipole antenna in two configurations

Variation of phase of simulated isolation, S,;, with frequency for
the crescent dipole antenna in two configurations

Reflection coefficient versus frequency characteristics of the
crescent dipole antenna for three different substrate materials

Simulated reflection coefficient versus frequency characteristics
of the crescent dipole antenna for different thickness of substrate,
h

Simulated reflection coefficient versus frequency characteristics
of the crescent dipole antenna for different values of major axis
of elliptical slot

Simulated reflection coefficient versus frequency curves for
different values of minor axis of elliptical slot

Simulated reflection coefficient versus frequency curves for
variation in the elliptical slot location along x axis

Simulated reflection coefficient versus frequency curves for
variation in the elliptical slot location along y-axis

XXV

190

190

191

192

193

194

194

195



Table 2.1

Table 2.2

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 5.1

Table 5.2

Table 5.3

Table 5.4

LIST OF TABLES

FCC emission limits for indoor and outdoor systems
Feature, advantages and benefits of fractal
Optimized dimensions of the ladder shaped fractal antenna

Comparison of antenna performances for iterations of the ladder
shaped fractal antenna structure

Comparison of simulated and measured bandwidth of ladder
shaped fractal antenna

Fidelity factor (%) for two configurations of ladder shaped fractal
antenna

Comparison of antenna performances for different substrate
materials

Comparison of ladder shaped fractal antenna with previously
reported fractal antenna in terms of dimensions and bandwidth

Optimized dimensions of the beveled monopole antenna

Comparison of the bandwidth of five antenna configurations of
beveled monopole antenna

Comparison of simulated and measured results for the beveled
monopole antenna structure

Fidelity factor (%) for two configurations of beveled monopole
antenna

Beveled monopole antenna performance for three different
substrate materials

Comparison between beveled monopole antenna and other
monopole antenna structures

Optimized dimensions of the crescent dipole antenna

Tabular comparison of performances of different radiating
elements

Comparison of simulated and measured results of crescent dipole
antenna

Fidelity factor(%) of the designed antenna structure in two
configurations

XXVil

74

117

128

132

133

143

145

146

153

155

157

168

170

171

174

177

179

188



XXViii

Table 5.5 Comparison of antenna performance for three different substrate
materials 192

Table 5.6 ~ Comparison of crescent shaped dipole with other dipole structures 196



XXiX

PREFACE

In recent years, the tremendous developments in the wireless communication
technology and progress in integrated circuit technology have led to a continual
decrease in the overall size of wireless devices. In addition to these developments, the
demand of providing wireless services over a wide frequency band with high data rate
has also witnessed exponential growth. The demands of high data rate and wide
frequency band can be fulfilled by implementing ultra wideband technology. As the size
of wireless devices decreases, the inbuilt antenna size must also decrease. This
requirement of wireless systems can be met by using microstrip antennas due to their
key advantages like low cost, low weight, compact size, low profile, etc. However, their
narrow bandwidth has limited their use. Therefore, several efforts have been made to
design planar UWB antennas by enhancing the bandwidth without affecting the
dimensions. Techniques used to enhance the bandwidth of printed antennas have been
undertaken by author to achieve ultra wideband performance. In the present endeavor,
the author has made an effort to enhance the antenna bandwidth by using microstrip
feeding or coplanar waveguide feeding technique and different antenna geometries like
monopole, fractal or dipole. The designed antenna structures yielded wide bandwidth
along with miniaturized dimensions. The detailed analysis of simulation and
experimental investigations are presented in following six chapters:

In the first chapter, a brief introduction to ultra wideband technology and various
UWRB antenna structures i.e. monopoles, fractals and dipoles are presented emphasizing
mainly on the methods used to achieve ultra wideband performance. This is followed by

detailed literature survey on this topic.



XXX

Various characteristics, advantages, applications of UWB technology along with
challenges and techniques used for designing UWB antennas are discussed in chapter
two.

Design and analysis of ladder shaped UWB fractal antenna structure is taken up
in chapter three. The simulations are carried out by using finite element method based
high frequency structure simulator (HFSS) and finite integration technique based
computer simulation technology's microwave studio (CST MWS) software. The
simulated and experimental results are discussed and compared.

In chapter four, a beveled UWB monopole antenna structure is designed and
analyzed. Simulated and experimental investigations are illustrated and compared. The
effect of various parameters and experimental investigations of the antenna
performance are also studied.

Design and development of crescent shaped UWB dipole antenna structure is
carried out in chapter five. The parametric analysis is also presented in detail.

In the last chapter, major contributions of the entire investigations are

summarized. This chapter also emphasizes on the future challenges on this topic.



