
i 
 

NOVEL DESIGN OF SLOT LOADED ELLIPTICAL MICROSTRIP 

PATCH ANTENNA LOADED WITH METAMATERIALS 

 

by 

 

 

Abdullah Al Noman 

 

 

 

 

 

MASTER OF SCIENCE IN ELECTRICAL AND ELECTRONIC ENGINEERING 

 

 

 

 

Department of Electrical and Electronic Engineering 

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY 

August 2013 

 



ii 
 

The thesis titled “NOVEL DESIGN OF SLOT LOADED ELLIPTICAL MICROSTRIP 

PATCH ANTENNA LOADED WITH METAMATERIALS” submitted by Abdullah Al 

Noman, Student No.: 0411062267 F, Session: April, 2011, has been accepted as satisfactory in 

partial fulfillment of the requirement for the degree of MASTER OF SCIENCE IN 

ELECTRICAL AND ELECTRONIC ENGINEERING on August 06, 2013. 

BOARD OF EXAMINERS 

 
 

1. _____________________________________________________ 
Dr. Md. Abdul Matin                Chairman 
Professor              (Supervisor) 
Department of Electrical and Electronic Engineering, 
Bangladesh University of Engineering and Technology, 
Dhaka – 1000, Bangladesh. 
 
 
 

2. _____________________________________________________ 
Dr. Pran Kanai Saha         Member 
Professor and Head             (Ex-officio) 
Department of Electrical and Electronic Engineering, 
Bangladesh University of Engineering and Technology, 
Dhaka – 1000, Bangladesh. 

 
 
 
3. _____________________________________________________ 

Dr. Md. Shah Alam       Member 
Professor     
Department of Electrical and Electronic Engineering, 
Bangladesh University of Engineering and Technology, 
Dhaka – 1000, Bangladesh. 

 
 
 
4. _____________________________________________________ 

Dr. Abdul Matin Patwari 
Ex-Vice Chancellor, BUET        Member 
Professor Emeritus         (External) 
Department of Electrical and Electronic Engineering, 
University of Asia Pacific, 
4/A, Dhanmondi, Dhaka, Bangladesh. 
 



iii 
 

 
CANDIDATE’S DECLARATION 

 

 

It is hereby declared that this thesis or any part of it has not been submitted elsewhere for the 

award of any degree or diploma and that all sources are acknowledged. 

 

 

 

 

Signature of the Candidate 

 

 

____________________________________ 

Abdullah Al Noman 

 

 

 

 

 

 

 



iv 
 

DEDICATION 

 

 

 

 

 

To my parents and my family 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

ACKNOWLEDGEMENT 

 

First of all, I would like to express my gratitude to AlmightyAllah for giving me the ability and 

strength to gather knowledge to complete this thesis. 

Next, I would like to express my sincere gratitude to my supervisor, Dr. Md. Abdul Matin. This 

thesis would not have been completed without his support and guidance. His constant 

encouragement and support gave me the confidence to carry out my work. Also he taught me the 

basic knowledge about antenna’s operation during my time with him as a student, without which 

I believe I would never have completed this work.  

I would like to thank all my teachers. They gave the knowledge and directions that have helped 

me throughout my life. The knowledge I learned from the classes in my B.Sc. and M.Sc. levels 

were essential for this thesis. I want to  express my gratitude to my teachers from Bangladesh 

University of Engineering and Technology.  

I would like to specially thank Mr. Asif Zaman and Mr. Sajid Muhaimin Choudhury, Assistant 

Professor, Department of EEE, BUET for their never ending support and encouragement to 

complete the thesis.  

I want to thank my friends for providing me support and encouragement. Specially, I want to 

thank Mahdy Rahman Chowdhury and Rashedul Alam Zuboraj, with whom I completed my BSc 

thesis and combinedly got the best project paper award in EuPROW 2011.  

Last but not the least; I would like to thank my parents and my wife, Rafatul Faria . Their 

unconditional support made it possible for me to finish this thesis. 

 

 

 

 

 



vi 
 

 

 

 

ABSTRACT 

 

 
The work presented in this thesis concentrates on understanding of the effect of 

symmetrical slots in elliptical microstrip patch  antennas. Firstly a simple antenna is designed 

without any slots and with normal substrate material. The simulated results of that antenna is 

observed. After that symmetrical arc shaped slots are loaded in the same antenna and it is found 

that due to the symmetrical slot loading TM 030 mode is modified to act like TM 010 mode and thus 

the antenna acts like a dual band antenna with satisfactory radiation performance. Then 

metamaterial is loaded in the substrate of the antenna eccentrically. In this case, due to the effect 

of interface resonance of DPS and metamaterial layer in substrate, an additional mode is 

produced. Hence, previously designed dual band antenna acts like a triple band antenna. Thus 

using symmetrical slots and perfect combination of artificial material can be used to design  

multi band antennas. It is also shown that a simple elliptical patch antenna can also be used as a 

triple antenna if the parameters are chosen carefully. In this case, a mode splitting is suggested as 

the possible solution. A single mode might have split into two different modes under certain 

conditions. The concept of symmetrical slots is then again used in that antenna and it is found 

that we get a simple tetra band antenna with satisfactory radiation performance. Thus the slot 

loading again causes a mode modification and introduces an additional mode.  
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CHAPTER 1 

INTRODUCTION 

1.1  Antennas 

An antenna is a device that is made to efficiently radiate and receive radiated 

electromagnetic waves. Antenna was first used by Heinrich Hertz in 1888.  Antenna can 

convert electric current to electromagnetic waves and vice versa. According to Webster‟s 

Dictionary “an antenna is usually a metallic device (such as a rod or wire) for radiating or 

receiving radio waves.” The IEEE Standard Definitions of Terms for Antennas (IEEE Std 

145-1983) defines the antenna or aerial as “a means for radiating or receiving radio waves”. 

Again an antenna is a transitional structure between free space and a guiding device. The 

guiding device or transmission line may take the form of a coaxial line or a hollow pipe 

(waveguide); it is used to transport electromagnetic energy from the transmitting source to 

the antenna or from the antenna to receiver.  

Depending on the purposes and applications antennas can be divided in the following 

categories: 

                                                     • Wire Antennas 

                                                     • Aperture Antennas 

                                                     • Microstrip Patch Antennas 

                                                     • Array Antennas 

                                                     • Reflector Antennas 

                                                     • Lens Antennas etc. 

In this thesis, I have focussed on microstrip patch antenna.  

1.2  Historical Background Of Microstrip Antenna 

              Generally microstrip patch antennas consist of a very thin (t<< λ0, where λ0 is the 

free space wavelength) metallic strip or patch placed a small fraction of wavelength (h<< λ0, 

usually 0.003 λ0 ≤h≤0.05 λ0) above a ground plane. The concept of microstrip patch antenna 

can be traced to 1953 and a patent in 1955 but the microstrip patch antenna received 

considerable attention starting in the 1970s [1]. After that many authors have described the 

radiation from the ground plane by a dielectric substrate for different configurations. The 

early work of Munson on microstrip antennas for use as a low profile flush mounted antennas 

on rockets and missiles showed that this was a practical concept for use in many antenna 

system problems. Various mathematical models were developed for this antenna and its 
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applications were extended to many other fields. The number of papers, articles published in 

the journals for the last thirteen years, on these antennas shows the importance gained by 

them.  

The micro strip antennas are the present day antenna designer‟s choice because they 

can perform for wide band, multi-band, narrow band, broadband operation and so on. For 

maximum radiation Low dielectric constant substrates are generally preferred. The 

conducting patch can take any shape. Rectangular, square and circular configurations are 

mostly preferred since other configurations are complex to analyze and require heavy 

numerical computations. A microstrip antenna is described by its length, width, height, input 

impedance, gain, s-parameter, and radiation patterns. 

1.3 Literature Review 

Compact microstrip antennas with dual-frequency operation have recently attracted 

much attention. The recent growth of wireless communication systems has produced a great 

demand for compact antennas which may fit inside a handset without protruding out. 

Microstrip patch antennas provide significant advantages such as low profile, low weight, 

relatively low manufacturing cost and polarization diversity [1-4]. However the limitations 

like narrow bandwidth, poor gain, low power handling capacity & low radiation efficiency 

associated with conventional patch antennas cannot be ignored [2,3]. Metamaterial based 

patch antennas may be the good solutions to meet all these requirements. 

The dual-frequency microstrip patch antennas are widely used to meet the need of 

frequency reuse often required in wireless communication, satellite systems, radar, Synthetic 

Aperture Radar (SAR), Global Position System (GPS) applications. Microstrip patch 

antennas are also extensively employed in many practical applications due to inherent 

advantages of low-profile, light weight, simple planar structures, conformability, ease of 

fabrication and integration with RF devices [1-7]. Though multi-frequency operations can be 

obtained by using wide band antennas and suitable electronic circuits, this solution has 

several drawbacks in terms of efficiency and noise performances [8]. Whereas dual-

frequency microstrip patch antennas maintain good noise temperature and efficiency.  

  A perfect dual-band antenna always shows identical radiation properties at its both 

operating frequencies. Dual-band can be attained by using multilayer structures [9], [10], 

parasitic elements coupled to the main patch [11], aperture coupled parallel resonators [12], 
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log-periodic or quasi-log-periodic structures [13], [14]. But these structures have some 

limitations such that overall large size, difficulties in designing and manufacturing. Likewise, 

stagger-tuned resonators [15], reactively loaded patches with short pins [16], varactor diodes 

[17] or optically controlled pin diodes [18] have been successfully developed for increasing 

bandwidth and dual band operation. However the patch size is small for high frequencies and 

it becomes difficult to put up the diodes or pins underside it.  In order to tune resonant 

frequency an adjustable air gap between substrate and ground plane has also been carried out 

[19]. Two complications emerge according to this idea; initially the width of air gap has to be 

changed mechanically and subsequently, an array consisting of large number of element is 

difficult to design.  

These are just some of the attempts already made to accomplish multi-frequency 

action of patch antennas. Nevertheless in the literature, dual-band microstrip patch antennas 

are categorized into two types depending upon the number of radiating elements, explicitly, 

multi-resonator antennas and reactive loading antennas. In multi-resonator antennas double 

resonant behavior is achieved via multiple radiating elements each supporting strong currents 

and radiation at its resonance. Aperture-coupled parallel microstrip dipoles [20] as well as the 

multi-layer stacked-patch antennas using circular [21], annular [22], rectangular [23], and 

triangular [24] patches are included in this category.  The drawbacks of multi-resonator 

antennas are large size and high cost. In hand-held terminals they face trouble to be installed 

owing to their large size. They are costly due to multiple substrate layers in their structure.  

The reactive-loading microstrip patch antenna consisting of a single radiating element 

obtain dual frequency action by connecting coaxial [25] or microstrip stubs [26] at the 

radiating edges of a rectangular patch. Frequency ratio below 1.2 is the negative aspect of this 

solution. Although higher values of frequency ratio (around 4 to 5) can be gained by means 

of two lumped capacitors connected from the patch to the ground plane [27]. In reactive 

loading antennas dual-band operation can be realized through multiple shorting pins located 

symmetrically with respect to the patch axes [28] as well.  

An additional kind of reactive loading can be introduced by etching slots on a patch. 

The slot loading on patch permits to robustly modify the resonant mode of a rectangular 

patch, particularly when the slots cut the current lines of the unperturbed mode. Previously, 

mode modification in rectangular microstrip patch antenna was performed by using 

symmetrical rectangular slots closed to radiating edges [29-30], J slot [31] etc. Symmetrical 
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slot loading in elliptical patch antenna also lead to the same result [32]. Symmetrical slots 

were introduced in those designs to lower the resonant frequency of TM030 mode to act like 

TM010 mode and thus dual band antennas were successfully modeled. The simultaneous use 

of slots and short-circuit vias, allows to obtain an FR from 1.3 to 3 depending on the number 

of vias as shown in [33]. 

Alu et al. [34] has proposed design method to obtain sub-wavelength rectangular 

patch antennas using DPS-ENG bi-layer. But it has been shown that such rectangular patches 

give broadside null radiation pattern [34, 35 ]. This has been referred as „zero radiation 

problem‟ [36]. Before and even after the work of Alu et al., several works have been 

proposed in case of partially loaded rectangular microstrip patch antenna, but they were 

without considering the radiation efficiency of such cavities [35, 37 , 38 ]. It has been 

predicted that: These rectangular antennas partially loaded with metamaterial can only be 

good resonators but may not be good radiators [39]. Later, Jiang Xiong et al. [40] showed 

that using MNG metamaterials, modification of conventional TM020 mode radiation pattern is 

possible for very large patch antennas. In [41], an algorithm for radiation pattern modification 

using metamaterial (for any patch size) has been proposed. The main reason for working with 

elliptical patch antenna is that elliptical antennas shows robust radiation performance and can 

be modeled to obtain multi band performance. This work is inspired by some of the 

researchers working on elliptical pathes like A. Tadjalli and A. Alu. Their contributions [42-

44] in elliptical patch antennas is really appreciable. 

1.4  Objectives of the Thesis 

The objective of this thesis is to observe the effect of slots on the patch of an elliptical 

microstrip patch antenna loaded with metamaterials.  

 Firstly, the effect of slots will be observed only on normal elliptical microstrip patch 

antenna without loading metamaterial. The outcome of such designs is dual band 

antennas with satisfactory radiation pattern.  

 Later, metamaterial will be introduced and modified modes due to metamaterial 

loading will be used to design multiband antennas. As an essential background for this 

work, effect of rectangular slots at radiating edges of rectangular microstrip patch 

antenna was be observed in both normal case and metamaterial loading case. Later the 

radiation patterns, gains and directivity of the designed elliptical patch antennas will 
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be observed to relate this thesis work to some potential applications such as Wi-Fi, 

GPS and other S-band applications. 

  

The outcome of this thesis is to gain proper understanding of the effect of slots in elliptical 

microstrip patch antenna and mode modification using slot loading. Also to find some 

potential application of slot loaded elliptical microstrip patch antenna for dual band and multi 

band operations. 

 

1.5  Organization of The Thesis 

The thesis consists of five chapters. The chapters cover the design procedure and 

simulated results. 

 

Chapter 1 contains introductory discussion on antennas and gives a short review on literature 

in this topic. The objectives and outlining of the thesis are presented here.  

 

Chapter 2 gives a brief review on microstrip patch antennas. Basic theory, different 

parameters, feeding methods etc are discussed here. 

 

Chapter 3 contains comprehensive description of metamaterials. Material models and 

physical overview of metamaterials are provided in this chapter. 

 

Chapter 4 represents my contributions in this thesis. Several designs of dual and triple band 

antennas along with the s-parameter, radiation patterns are presented in this chapter. Also the 

effect of slots on the patch of such antenna is also mentioned. 

 

Chapter 5 is the concluding chapter. It contains the summary of the work. The chapter also 

highlights scopes for future work. 
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CHAPTER 2 

SHORT OVERVIEW ON MICROSTRIP PATCH ANTENNA 

2.1 Introduction to Microstrip Patch Antenna 

In high performance aircraft, spacecraft, satellite, missile applications, mobile radio 

and wireless communications size, weight, cost, performance, ease of installation and 

aerodynamic profile are constraints so low-profile antennas are required. To meet this 

requirement, microstrip patch antennas can be used.  Microstrip patch antennas (also known 

as a printed antennas) are low profile, conformable to planar and non-planar surfaces, simple 

and inexpensive to manufacture using modern printed circuit technology, mechanically 

robust when mounted on rigid surfaces, compatible with MMIC designs, very versatile in 

terms of resonant frequency, polarization, pattern and impedance. They can be mounted on a 

flat surface. They consist of a flat "patch" of metal, mounted over a larger sheet of metal 

called a ground plane. In between the patch and the ground plane there exists substrate of the 

antenna. The assembly is usually contained inside a plastic, which protects the antenna 

structure from damage.  

Patch antennas are simple to fabricate and easy to modify and customize. They are the 

original type of microstrip antenna described by Howel; the two metal sheets together form a 

resonant piece of microstrip transmission line with a length of approximately one-half 

wavelength of the radio waves. The radiation mechanism arises from discontinuities at each 

truncated edge of the microstrip transmission line. The radiation at the edges causes the 

antenna to act slightly larger electrically than its physical dimensions, so in order for the 

antenna to be resonant, a length of microstrip transmission line slightly shorter than one-half 

a wavelength at the frequency is used. A patch antenna is usually constructed on a dielectric 

substrate, using the same materials and lithography processes used to make Printed Circuit 

Board.  
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Fig. 2.1: Structure of rectangular microstrip patch antenna. 

In order to simplify analysis and performance prediction, the patch is generally 

square, rectangular, circular, triangular, and elliptical or some other common shape as shown 

in Figure 2.2.  

 
 

Fig. 2.2: Common shapes of microstrip patch elements. 

 

The rectangular microstrip patch antenna is the most widely used configuration 

because it is easy to analyze. Circular patch antennas are also common in literature. But 

elliptical microstrip patch antennas are not very common mainly due to constructional 

difficulties and also due to the reason that the analysis of such antennas are little bit difficult 
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as matthew functions appear in the field equations of those antnnas. Yet, they provide 

excellent radiation characteristics and robust performance compared to some of the 

rectangular and circular antennas.  

2.2 Advantages & Disadvantages 

2.2.1 Advantages 

 Low profile, Conformable to planar and non-planar surfaces. 

 Simple and inexpensive to manufacture using modern printed circuit technology. 

 Mechanically robust when mounted on rigid surfaces, Compatible with MMIC 

designs. 

 Very versatile in terms of resonant frequency, polarization, pattern and impedance 

when mode and the particular patch shape are selected. 

2.2.2 Disadvantages   

 Poor polarization purity, poor scan performance, spurious feed radiation, very narrow 

frequency bandwidth. 

 Low efficiency, low power. Efficiency is limited by conductor losses, dielectric 

losses, and surface-wave loss.  

Note: Conductor and dielectric losses become more severe for thinner substrates. Surface-

wave loss becomes more severe for thicker substrates [45].   

2.3 Properties of a Basic Microstrip Patch 

A microstrip or patch antenna is a low profile antenna that has a number of 

advantages over other antennas it is lightweight, inexpensive, and easy to integrate with 

accompanying electronics. While the antenna can be 3D in structure (wrapped around an 

object, for example), the elements are usually flat; Hence their other name, planar antennas. 

Note that a planar antenna is not always a patch antenna. The fig. 2.3 shows a patch antenna 

in its basic form: a flat plate over a ground plane (usually a PC board). The center conductor 

of a coax serves as the feed probe to couple electromagnetic energy in and/or out of the patch. 

The electric field distribution of a rectangular patch excited in its fundamental mode is also 

indicated. 
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Fig.2.3: Basic form of microstrip patch antenna. 

The electric field is zero at the center of the patch, maximum (positive) at one side, 

and minimum (negative) on the opposite side. It should be mentioned that the minimum and 

maximum continuously change side according to the instantaneous phase of the applied 

signal. The electric field does not stop abruptly at the patch's periphery as in a cavity; Rather, 

the fields extend the outer periphery to some degree. These field extensions are known as 

fringing fields and cause the patch to radiate. Some popular analytic modeling techniques for 

patch antennas are based on this leaky cavity concept. Therefore, the fundamental mode of a 

rectangular patch is often denoted using cavity theory as the TM10 mode. Since this notation 

frequently causes confusion, we will briefly explain it. TM stands for transversal magnetic 

field distribution. This means that only three field components are considered instead of six. 

The field components of interest are: the electric field in the z direction and the magnetic 

field components in x and y direction using a Cartesian coordinate system, where the x and y 

axes is parallel with the ground plane and the z-axis is perpendicular. In general, the modes 

are designated as TMnmz. The z value is mostly omitted since the electric field variation is 

considered negligible in the z axis. 

Hence TMnm remains with n and m the field variations in x and y direction. The field 

variation in the y direction (impedance width direction) is negligible; Thus m is 0. And the 

field has one minimum to maximum variation in the x-direction (resonance length direction) ; 

Thus n is 1 in the case of the fundamental. Hence the notation is TM10. 
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2.4 Feeding Methodology 

There are many configurations to feed microstrip patch antennas. The four most 

popular are given below: 

i. Microstrip line 

ii. Coaxial probe 

iii. Aperture coupled feed 

iv. Proximity coupled feed 

2.4.1 Microstrip line 

Structure 

In this type of feed technique, a conducting strip is connected directly to the edge of 

the microstrip patch as shown in Figure 2.4. The conducting strip is smaller in width as 

compared to the patch and this of feed arrangement has the advantage that the feed can be 

etched on the same substrate to provide a planar structure. The purpose of the inset cut in the 

patch is to match the impedance of the feed line to the patch without the need for any 

additional matching element. This is achieved by properly controlling the inset position. 

Hence this is an easy feeding scheme, since it provides ease of fabrication and simplicity in 

modeling as well as impedance matching. However as the thickness of the dielectric substrate 

being used, increases, surface waves and spurious feed radiation also increases, which 

hampers the bandwidth of the antenna [46]. The feed radiation also leads to undesired cross 

polarized radiation. 

Advantage 

 Easy to fabricate. 

 Simple to match by controlling the inset position 

 Simple to model. 

Disadvantage 

 High spurious radiation. 

 Possess inherent asymmetry. 

 

The physical structure and of microstrip line is shown in fig. 2.4. 
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Fig. 2.4: Microstrip line. 

2.4.2 Coaxial probe 

Structure  

The Coaxial feed or probe feed is a very common technique used for feeding 

Microstrip patch antennas. As seen from Figure 2.5, the inner conductor of the coaxial 

connector extends through the dielectric and is soldered to the radiating patch, while the outer 

conductor is connected to the ground plane. The main advantage of this type of feeding 

scheme is that the feed can be placed at any desired location inside the patch in order to 

match with its input impedance. 

Advantage 

 Low spurious radiation 

 Widely used. 

 Disadvantage 

 Provides narrow bandwidth. 

 Difficult to model since a hole has to be drilled in the substrate and the connector 

protrudes outside the ground plane 

 For thicker substrates, the increased probe length makes the input impedance more 

inductive, leading to matching problems 

The physical structure and of coaxial probe is shown in fig. 2.5. 
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Fig. 2.5: Coaxial Probe. 

2.4.3 Aperture Coupled Feed  

Inherent asymmetry of microstrip line and coaxial probe generates higher order mode 

producing cross-polarized radiation. To overcome this problem non-contacting aperture 

coupled feed is used. 

Structure 

Consist of two dielectric substrates of different permittivity separated by ground 

plane. In this type of feed technique, the radiating patch and the microstrip feed line are 

separated by the ground plane as shown in Figure 2.6. Coupling between the patch and the 

feed line is made through a slot or an aperture in the ground plane. The coupling aperture is 

usually centered under the patch, leading to lower cross-polarization due to symmetry of the 

configuration. The amount of coupling from the feed line to the patch is determined by the 

shape, size and location of the aperture. Since the ground plane separates the patch and the 

feed line, spurious radiation is minimized. Generally, a high dielectric material is used for the 

bottom substrate and a thick, low dielectric constant material is used for the top substrate to 

optimize radiation from the patch Energy of a microstrip feed line on the bottom side of the 

lower substrate is coupled to the patch through a slot on the ground plane.  
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Advantage 

 Easy to model 

 Moderate spurious radiation. 

Disadvantage 

 Most difficult feeding method 

 Narrow bandwidth. 

The physical structure of aperture coupled feed is shown in fig. 2.6.  

 
                                      Fig. 2.6: Aperture coupled feed. 

2.4.4 Proximity Coupled Feed 

Structure 

This type of feed technique is also called as the electromagnetic coupling scheme. As 

shown in Figure 2.7, two dielectric substrates are used such that the feed line is between the 

two substrates and the radiating patch is on top of the upper substrate. The main advantage of 

this feed technique is that it eliminates spurious feed radiation and provides very high 

bandwidth (as high as 13%), due to overall increase in the thickness of the microstrip patch 

antenna. This scheme also provides choices between two different dielectric media, one for 

the patch and one for the feed line to optimize the individual performances. Matching can be 

achieved by controlling the length of the feed line and the width-to-line ratio of the patch.  

 Advantage 

 Having largest bandwidth 

 Low spurious radiation, 

 Easy to model. 
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Disadvantage 

 Difficult to fabricate. 

The physical structure of proximity coupled feed is shown in fig. 2.7.  

 
Fig. 2.7: Proximity coupled feed. 

Table 2.1 shows comparison among different feed techniques for patch antennas. [47] 

 

TABLE 2.1: COMPARISON AMONG DIFFERENT FEED TECHNIQUES FOR PATCH 

ANTENNAS 

Characteristics Microstrip 

Line Feed 

Coaxial Feed Aperture 

Coupled Feed 

Proximity 

Coupled Feed 

Spurious Feed Radiation More More Less Minimum  

Reliability  Better Poor due to 

Soldering 

Good Good 

Ease of fabrication  Easy Soldering and 

Drilling required  

Alignment 

required 

Alignment 

required 

Impedance matching  Easy Easy Easy Easy 

Bandwidth (Achieved 

with impedance Matching) 

 

2-5% 

 

2-5% 

 

2-5% 

 

13% 
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2.5 Parameters of microstrip patch antenna 

2.5.1 Radiation Efficiency 

Radiation efficiency is the ratio of power radiated into space, to the total input power. [48] 

er =
Pr   

Ptot   
                                       (2.13) 

The radiation efficiency is less than 100% due to conductor loss, dielectric loss and surface-

wave power. 

Hence, 

er =
Pr   

Ptot   
=

 Pr        

Pr +(Pc +Pd +Psw  )         
                         (2.14) 

Where, 

P
r
 = radiated power 

P
tot

 = total input power 

P
c
 = power dissipated by conductors 

P
d
 = power dissipated by dielectric 

P
sw

 = power launched into surface wave 

2.5.2 Radiation Pattern 

Radiation pattern is defined as “A mathematical function or graphical representation 

of the radiation properties of the antenna as a function of space coordinates”. In most cases 

radiation pattern is determined in the far-field region and is represented as a function of 

directional coordinates. The radiation properties include flux density, radiation intensity, field 

strength, directivity, phase or polarization. The radiation property of most concern is the two- 

or three-dimensional spatial distribution of radiated energy as a function of observer‟s 

position along a path or surface of constant radius.  

Radiation patterns of microstrip patch antenna can be calculated easily. The source of 

the radiation of electric field at the gap of the edge of the microstrip element and the ground 

plane is the key factor of the calculation of the pattern for the patch antenna. Simply it can be 

said that power radiated or received by the antenna is a function of angular position and radial 
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distribution from the antenna. The general radiation pattern of microstrip patch antenna is 

shown fig. 2.8. 

 

Fig. 2.8: General radiation pattern for a microstrip patch antenna. 

2.5.3 Gain 

In Electromagnetics, an antenna's power gain or simply gain is a key performance 

figure which combines the antenna's directivity and electrical efficiency. Gain of an antenna 

(in a given direction) is defined as “the ratio of the intensity, in a given direction, to the 

radiation intensity that would be obtained if the power accepted by the antenna were radiated 

isotropically. The radiation intensity corresponding to the isotropically radiated power is 

equal to the power accepted (input) by the antenna divided by 4𝜋. So gain, [48] 

         𝐺 =
𝑈

𝑃𝑒𝑙𝑒𝑐
4𝜋

                                       (2.15) 

Where   

 Pelec signifies the electrical power received by the antenna from the transmitter 

 (The radiation intensity) expresses the power radiated per solid angle.   

2.5.4 Directivity 

Directivity is a figure of merit for an antenna. It measures the power density the 

antenna radiates in the direction of its strongest emission, versus the power density radiated 

by an ideal isotropic radiator (which emits uniformly in all directions) radiating the same total 

power. 

An antenna's directivity is a component of its gain; the other component is its 

(electrical) efficiency. Directivity is an important measure because most emissions are 
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intended to go in a particular direction or at least in a particular plane (horizontal or vertical); 

emissions in other directions or planes are wasteful (or worse). 

The directivity of an antenna is the maximum value of its directive gain. Directive 

gain is represented as D (θ,ϕ), and compares the radiation intensity (power per unit solid 

angle) U that an antenna creates in a particular direction against the average value over all 

directions: [48] 

𝐷 𝜃, 𝜙 =
𝑈

𝑇𝑜𝑡𝑎𝑙  𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑  𝑝𝑜𝑤𝑒𝑟
(4𝜋) 

                        (2.19) 

Where 

 θ and ϕ are the standard spherical coordinates angles 

 U is the radiation intensity, which is the power density per unit solid angle such that: 

𝑇𝑜𝑡𝑎𝑙 𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 =   ( 𝑈 𝑠𝑖𝑛𝜃 𝑑𝜃
𝜃=𝜋

𝜃=0
)𝑑𝜙

𝜙=2𝜋

𝜙=0
            (2.20) 

 4π is the total solid angle for a sphere (also the surface area of a unit sphere, similar to 

2π being the total angle for a circle and the perimeter of a unit circle). 

 The denominator, total radiated power/4π, represents the average radiated power 

density 

2.5.5 Polarization 

The plane wherein the electric field varies is also known as the polarization plane. 

The basic patch covered until now is linearly polarized since the electric field only varies in 

one direction. This polarization can be either vertical or horizontal depending on the 

orientation of the patch. A transmit antenna needs a receiving antenna with the same 

polarization for optimum operation. The patch mentioned yields horizontal polarization, as 

shown. When the antenna is rotated 90°, the current flows in the vertical plane, and is then 

vertically polarized. A large number of applications, including satellite communication, have 

trouble with linear polarization because the orientation of the antennas is variable or 

unknown. Luckily, there is another kind of polarization circular polarization. In a circular 

polarized antenna, the electric field varies in two orthogonal planes (x and y direction) with 

the same magnitude and a 90° phase difference. The result is the simultaneous excitation of 

two modes, i.e. the TM10 mode (mode in the x direction) and the TM01 (mode in the y 

direction).  
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2.5.6 Bandwidth 

Another important parameter of any antenna is the bandwidth it covers. Only 

impedance bandwidth is specified most of the time. However, it is important to realize that 

several definitions of bandwidths, mainly impedance bandwidth, directivity bandwidth, 

polarization bandwidth, and efficiency bandwidth. Directivity and efficiency are often 

combined as gain bandwidth. 

2.5.7 Impedance Bandwidth/Return Loss Bandwidth 

This is the frequency range wherein the structure has a usable bandwidth compared to 

certain impedance, usually 50 Ω. The impedance bandwidth depends on a large number of 

parameters related to the patch antenna element itself (e.g., quality factor) and the type of 

feed used. The plot below shows the return loss of a patch antenna and indicates the return 

loss bandwidth at the desired S11/VSWR (S11 wanted/VSWR wanted). The bandwidth is 

typically limited to a few percent. This is the major disadvantage of basic patch antennas. 

Several techniques to improve the bandwidth exist.  

Important note: Several vendors use different definitions of impedance bandwidth, such as: 

VSWR = 2:1 and other values, S11 values other than –10 dB, the maximum real impedance 

divided by the square root of two [Z(Re)/√2, bandwidth], etc. This tends to turn selecting the 

right antenna for a specific application into quite a burden. 

2.5.8 Efficiency Bandwidth 

This is the frequency range wherein the antenna has reasonable (application 

dependent) radiation/total efficiency. 

2.5.9 Polarization Bandwidth 

This is the frequency range wherein the antenna maintains its polarization. 

2.5.10 Axial Ratio Bandwidth 

This bandwidth is related to the polarization bandwidth and this number expresses the 

quality of the circular polarization of an antenna. 
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2.5.11 S-Parameter or Scattering Parameter 

Scattering parameters or S-parameters (the elements of a scattering matrix or S-

matrix) describe the electrical behavior of linear electrical networks when undergoing various 

steady state stimuli by electrical signals. They describe the input-output relationship between 

ports (or terminals) in an electrical system. They are the reflection and transmission 

coefficients between the incident and reflection waves. Many electrical properties of 

networks of components (inductors, capacitors, resistors) may be expressed using S-

parameters, such as gain, return loss, voltage standing wave ratio (VSWR), and reflection 

coefficient and amplifier stability. They also describe completely the behavior of a device 

under linear conditions at microwave frequency range. Each parameter is typically 

characterized by magnitude, decibel and phase. The expression in decibel is 20log (S ij) 

because s-parameters are voltage ratios of the waves.  

S11: input reflection coefficient of 50Ω terminated output. 

S21: forward transmission coefficient of 50Ω terminated output. 

S12: reverse transmission coefficient of 50Ω terminated input. 

S22: output reflection coefficient of 50Ω terminated input. 

The advantage of s-parameters does not only lie in the complete description of the 

device performance at microwave frequencies but also the ability to convert to other 

parameters such as hybrid (H) or admittance (Y) parameters. 
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CHAPTER 3 

METAMATERIALS 

3.1 Introduction 

The topic of complex materials in which both the permittivity and the permeability 

possess negative real values at certain frequencies has received considerable attention. In 

1967, Veselago theoretically investigated plane-wave propagation in a material whose 

permittivity and permeability were assumed to be simultaneously negative [49]. His 

theoretical study showed that for a monochromatic uniform plane wave in such a medium the 

direction of the Poynting vector is antiparallel to the direction of the phase velocity, contrary 

to the case of plane wave propagation in conventional simple media. In recent years, Smith, 

Schultz, and their group constructed such a composite medium for the microwave regime and 

demonstrated experimentally the presence of abnormal refraction in this medium [50, 51]. 

In 1904 Sir Arthur Schuster ascertained the possibility in these words, “Energy can be 

carried forward at the group velocity but in a direction that is antiparallel to the phase 

velocity”. The first metamaterials were developed by W.E. Kock in the late 1940's. The 

unique properties of metamaterials were verified by full-wave analysis [53]. However, the 

DNG structures devised up to 2002 were impractical for microwave applications, because 

they had a too narrow bandwidth and were quite lossy. 

For metamaterials with negative permittivity and permeability, several names and 

terminologies have been suggested, such as "left-handed" media [49 – 54]; media with 

negative refractive index [55]; "backward-wave media" (BW media) [56]; and "double-

negative (DNG)" materials [57] are some of the most commonly used names. Many research 

groups all over the world are now studying various aspects of this class of metamaterials, and 

several ideas and suggestions for future applications of these materials have been proposed. 

It is well known that the response of a system to the presence of an electromagnetic 

field is determined to a large extent by the properties of the materials involved. We describe 

these properties by defining the macroscopic parameters permittivity ε and permeability μ of 

these materials. This allows for the classification of a medium as follows. A medium with 

both permittivity and permeability greater than zero (ε>0, µ>0) will be designated a double- 

positive (DPS) medium. Most naturally occurring media (e.g., dielectrics) fall under this 

designation. A medium with permittivity less than zero and permeability greater than zero 

(ε<0, µ>0) will be designated an epsilon-negative (ENG) medium. In certain frequency 
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regimes many plasmas exhibit this characteristic. For example, noble metals (e.g., silver, 

gold) behave in this manner in the infrared (IR) and visible frequency domains. A medium 

with the permittivity greater than zero and permeability less than zero (ε>0, µ<0) will be 

designated a mue- negative (MNG) medium. In certain frequency regimes some gyrotropic 

materials exhibit this characteristic. 

Artificial materials have been constructed that also have DPS, ENG, and MNG 

properties. A medium with permittivity and permeability less than zero (ε<0, µ<0) will be 

designated a DNG material. To date, this class of materials has only been demonstrated with 

artificial constructs. This medium classification can be graphically illustrated as shown in 

Figure 3.1. 

Metamaterials are engineered composites tailored for specific electromagnetic 

properties that are not found in nature and are not observed in the constituent materials. The 

main reason researchers have investigated metamaterials is the possibility to create a structure 

with a negative refractive index, since this property is not found in any naturally occurring 

material. Almost all materials encountered in optics, such as glass or water, have positive 

values for both permittivity ε and permeability μ. 

 

 
 

Figure 3.1: Material classifications 
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Advances in the fabrication techniques which allowed the fabrication of structures 

with very small dimensions, smaller than the wavelength of visible light have paved the way 

for considering metamaterials for different applications such as, new types of beam steerers, 

modulators, band-pass filters, lenses, microwave couplers, and antenna radomes [61-63]. 

Recently a boom has been observed in the study of such materials ignited by the work of Dr. 

Pendry and many more researchers all around the world [58-60]. Such materials exhibit very 

strange and interesting properties, such as the negative phase velocity i.e. the phase is moving 

in a direction opposite to the direction of energy flow and the space derivative of fields across 

the boundary between a DPS (Double Positive) and a DNG (Double Negative) material are 

opposite in sign. 

Electromagnetic waves can propagate in materials having negative permittivity ε and 

positive permeability μ or vice versa under certain conditions . In such materials, the fields are 

always evanescent. On the other hand, EM waves can propagate in DNG materials.  

In the past few years, a number of researchers have proposed different methods for 

the fabrication of metamaterials with experimental results in close agreement with their 

analytical predictions [64-65]. A possible design is shown below in Figure 3.2 below. It 

should be noted that the unit cell (atom) of the metamaterial should be very small relative to 

the wavelength. The unit cell of the metamaterial is designed in such a way that it interacts 

with the magnetic field of the EM wave thus enable us to control light in a different way. 

 

Figure 3.2: A proposed structure for making a DNG material 
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3.2 Structure 

The idea of metamaterials began with Veselago‟s paper in 1967, who proposed EM 

wave propagation in hypothetical material with simultaneous negative permittivity ε and 

negative permeability μ. Though materials with one of the constitutive parameters negative 

were known (ε negative, metals at optical frequency; μ negative, ferromagnetic materials), 

which support no wave propagation (waves are evanescent), a true LH material was not a 

natural substance, as expected by Veselago.  

Veselago‟s findings did not come to main stage research until 30 years later when, in 

1996, Pendry [59] at Imperial College, London, suggested the plasmonic type negative ε, 

positive μ and positive ε, negative μ periodic structures in microwave frequency range. The 

structures consisted of array of conducting Thin Wires (TW) at suitably chosen spacing and 

diameter which would have negative permittivity in designed frequency range. Three years 

later, Pendry proposed a different type of array, composed of conducting split – ring 

resonators (SRR) that could have negative permeability over certain range of frequencies. 

Pendry‟s structures are shown in the figure 3.3. 

  

Figure 3.3: Pendry‟s (a) Thin Wire (TW) structure, negative e/positive µ (|| z) (b) Split- Ring 

Resonators (SRR) structure, positive e/negative µ (H-y) [59] 

Inspired by Pendry‟s work, Smith et al. [69] from University of California, San Diego 

(UCSD), proposed an artificial effectively homogeneous metamaterial structure with 

simultaneous negative permittivity ε and negative permeability μ. The structure essentially 

was a composite of two of the Pendry‟s structures (TW and SRR) as shown in figure 3.4. 
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Figure 3.4: First True “backward-wave media (BW media) Proposed by Smith et al. composed 

of Thin Wire (TW) and Split - Ring Resonators (SRR) (a) 1D media (b) 2D media [58]. 

Both of these metamaterial structures (Pendry and Smith, et al.) aimed to engineer unit cells 

with an average cell size „a‟ (figure 3.5) much smaller than the guided wavelength λg (a<< λg) 

and to integrate them into a bulk, homogeneous material while still preserving their material 

properties. 

 
Figure 3.5: Unit Cell of a periodic structure. Cell dimension „a‟ is much smaller than the 

guided wavelength, λg (a<< λg). 

Over the years, many different structures have been proposed to engineer negative e 

and negative µ at different frequencies ranging from a few MHz to THz. 

 

3.2.1 Negative Permittivity (ε < 0) 

 A structure consisting of very thin metal wires arranged in a three-dimensional cubic 

lattice can model the response of dilute plasma. The plasmon is a well established collective 
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excitation of metals i.e. a collective oscillation of electron density [59] - [60]. In equilibrium 

the charge on the electron gas is compensated by the background nuclear charge. On 

disturbing the neutrality, a surplus of uncompensated charge is generated at the ends of the 

specimen, with opposite signs at the opposite ends supplying a restoring force resulting in a 

simple harmonic motion with plasma frequency ωp, 

 

Figure 3.6: Two dimensional subwavelength lattice of thin metal wire structure with a as unit 

cell dimension and r as radius of wire. 

The metallic wires cell size a (figure 3.6) is much smaller than the guided wavelength 

λg (a<< λg). When the wavelength of the incident radiation is much larger than the cell size of 

a collection of scatterers, the response of the scatterers to the incident fields can be treated by 

way of the effective medium theory and negative permeability can be obtained.  

3.2.2 Negative Permeability (μ < 0) 

Electric response of a dielectric is governed by its electric charge, which also 

determines its permittivity. It is very difficult to have a material with negative permeability, 

because there is nothing analogous to electric charge in the magnetic domain. All naturally 

occurring materials have positive magnetic permeability. In 1999, Pendry et al. [65] proposed 

several microstructured metallic conducting scattering elements displaying a magnetic 

response to an applied electromagnetic field when grouped into an interacting periodic array. 

These structures consisted of loops of conductors with a gap. These structures were much 

smaller than the guided wavelength, λg (a<< λg). These structures were resonant due to the 
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internal capacitance and inductance and were called split - ring resonators (SRR). Figure 3.7 

shows the Pendry et al. SRR structure. 

 
Figure 3.7: (a) Split - Ring Resonator (SRR), (b) Two dimensional lattice of SRR structure 

with a as unit cell dimension. 

A single SRR can be thought of as a small, capacitive loaded loop antenna. If this 

antenna is slightly above resonant frequency, the local scattered magnetic field will be out of 

phase with the incident field. This will result in a local magnetic field lower than the incident 

field. This will give rise to a negative magnetic polarization and effective negative 

permeability for the material.  
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CHAPTER 4 

PROPOSED DESIGNS AND OUTCOMES 

4.1 Outline of Methodology 

In this thesis, Elliptical microstrip patch antenna is designed using CST Microwave 

Studio. The effect of slots close to the edge of elliptical patch is observed and the gains and 

radiation patterns are examined. After that, metamaterial is loaded and then the performance 

of such antennas is studied. Finally a simple triple band antenna is presented using just an 

elliptical patch and normal substrate. And then using the same concept of slot loading it is 

shown that a tetra band antenna can be designed using only normal substrate and symmetrical 

slots. 

First, a normal elliptical antenna with two narrow parallel slots has been  simulated 

using time domain solver of CST Microwave Studio. In this simulation, TM030 mode is 

modified to act like TM010 mode and thus a dual band antenna will be designed. The position 

and length of parallel slots has been varied to observe the effect on antenna performances and 

a suitable length and position will be determined for better radiation performance. Then, 

Metamaterial has been  loaded concentrically in the substrate and its material resonance will 

be used to design multiband antennas. Also, the dispersive nature of metamaterials has been  

considered by considering losses. Finally, a triple band antenna is designed using normal 

substrate and using the concept of slot loading tetra band antenna is designed without even 

using metamaterial .  

 

4.2 Proposed Designs 

4.2.1 An elliptical patch antenna without slots 

In this design, a suitable elliptical patch was chosen for simulation. This is a basic 

elliptical antenna without any modification or inserting any other artificial materials like 

metamaterials. So this is a pretty basic approach to elliptical simulation. The parameters of 

the antenna was chosen carefully so that they produce satisfactory results. The parameters of 

the antenna are given below:  
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TABLE 4.1: MEASUREMENTS FOR DESIGNING A BASIC ELLIPTICAL MICROSTRIP 

PATCH ANTENNA WITHOUT SLOTS 

Ground 
plane 

Elliptical patch  
& substrate 

Substrate 
height 

Substrate‟s 
relative 

permittivity, 
εR 

Substrate‟s 
relative 

permeability, 
µR 

Feed 

position 

Probe 

radius 

 
60mm 
×60mm  

Major axis= 
15mm 
Minor axis= 
11.25 mm 

 
5mm 

 
9.8 

 
1 

 
x=7.5, 
y=0 

 
0.3 mm 

    

The geometrical side view and top view of the antenna is shown below:  

 
(a) 

 
(b) 

Fig 4.1: Geometry of the elliptical microstrip patch antenna (a) side view (b) Top view 
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From the s-parameter, we can see that there are two resonant frequencies at 2.29 GHz 

and 6.32 GHz. But from the radiation pattern of those frequencies, we see that only the first 

frequency (at 2.29 GHz) gives satisfactory raidation performance and the second frequency 

(at 6.32 GHz) satisfactory radiation performance is not found. Therefore, the antenna acts as 

a single band antenna having a single resonance at 2.29 GHz with a gain of 6.022 GHz.  

Fig 4.2: S-parameter performance of designed elliptical microstrip patch antenna. 

 

Fig 4.3: 3-D radiation pattern of TM010 mode (at 2.29 GHz) 
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Fig 4.3: 3-D radiation pattern at 6.32 GHz, satisfactory radiation performance is not oserved 

in this frequency  

4.2.2 An elliptical patch antenna with slots, Dual Band Antenna 

In this design, an elliptical patch antenna is designed in free space & its performance has 

been observed. By loading a pair of narrow slots, an elliptical patch with dual-frequency 

operation with original TM010 mode and the modified TM030 mode have been reported. 

Slot loaded condition has been devised to operate the antenna in dual band. The geometry 

of the slot-loaded elliptical patch antenna is given below in the table -Two narrow slots of 

1mm are etched on the elliptical patch. 

TABLE 4.2 

ELLIPTICAL MICROSTRIP PATCH ANTENNA MEASUREMENTS FOR DESIGNING DUAL BAND 

Ground plane Elliptical 

patch  & 

substrate 

Substrate 

height 

Substrate‟s 

relative 

permittivity, 

εR 

Substrate‟s 

relative 

permeability, 

µR 

Feed 

position 

Probe 

radius 

 

60mm×60mm  

Major 

axis= 

15mm 

Minor 

axis= 

11.25 mm 

 

5mm 

 

9.8 

 

1 

 

x=7.5, 

y=0 

 

0.3 mm 
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Fig 4.4: Geometry of the elliptical microstrip patch antenna with slots for dual band operation 

From S-parameter analysis it has been observed that microstrip antenna with elliptical 

patch giving dual band resonance frequency at 2.2 GHz & 7.01 GHz with reflection 

coefficient of -22 dB & -18 dB respectively.  

 

Fig 4.5: S-parameter performance of proposed elliptical dual band microstrip patch antenna.  

The radiation patterns found from the simulation (Fig 4.6 and Fig 4.7) tells that at 

broadside it gets maximum radiation. The directivity and gain of TM010 mode are 5.827 dB 

and 5.618dB respectively. For TM030 mode the directivity and gain are 6.626 dB and 6.161 

dB respectively. 
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(a) 

 

(b) 

Fig 4.6: (a) 3-D radiation pattern (b) Polar plot of TM010 mode (at 2.256 GHz) 

         

(a) 



 33 

 
(b)  

Fig 4.7: (a) 3-D radiation pattern (b) Polar plot of TM030 mode (at 7.01 GHz) 

Therefore, the designed antenna works as a dual band antenna with satisfactory radiation 

peformance. The modification of higher modes using symmetrical slots can also be verified 

by observing the surface currents for both modes.  

From Fig 4.8, we see that the surface current of TM030 mode is modified to act like 

TM010 mode and they follow almost the same path around the slot. Hence, dual band 

performance is obtained. Also we see that slots have almost no effect on TM 010 mode, but 

slots heavily affects TM 030 mode. 

  
(a) (b) 

 

Fig 4.8: Surface current densities of a) TM010 mode and b) TM030 mode 
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4.2.3 Slot Loaded Elliptical patch Antenna Loaded with Mue Negative (MNG) 

Metamaterial 

Previously, using MNG metamaterial dual band performance has been obtained [14] by 

producing the unconventional plasmonic TM0δ0 mode (0 < δ< 1) following the algorithm 

described in [12]. In this contribution, same algorithm was used  to produce an 

unconventional plasmonic TM0δ0 mode (0 < δ< 1) along with the modified higher mode due 

to the symmetrical slot loading. Thus it becomes a triple band antenna with good radiation 

performance and s-parameter performance.   

The geometry of the slot-loaded elliptical patch antenna is given below- 

 
(a)Side view 

 
(b) top view 

Fig 4.9: Geometry of the elliptical microstrip patch antenna partially filled with mue 

negative metamaterial (MNG) 
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The elliptical substrate is composed of two concentric ellipses. The MNG ellipse 

completely lies within the substrate, around which the DPS region exists. The major and 

minor axis radius for the substrate is 15mm and 11.25 mm respectively. The major and minor 

axis radius for MNG ellipse is 10.67 mm and 8mm respectively. The filling ratio (ratio of 

MNG area to the total substrate area), Γ= 0.505837 in this case. The relative permeability and 

permittivity of DPS material (µ1 and ε1) is 1 and 9.8 respectively.  

In case of MNG metamaterial, Lorentz model is used . The reason is that metamaterials 

are inherently dispersive and lossy. So, without using dispersive lossy model (i.e., Lorentz 

model), the simulated results cannot give proper realistic results. 

TABLE 4.3 

ELLIPTICAL MICROSTRIP PATCH ANTENNA MEASUREMENTS FOR THE PROPOSED DESIGN 

Ground plane Elliptical 

patch  & 

substrate 

DPS 

Substrate 

height 

DPS 

Substrate‟s 

relative 

permittivity, 

εR 

DPS 

Substrate‟s 

relative 

permeability, 

µR 

Feed 

position 

Feed 

radius 

 

60mm×60mm  

Major axis 

a1= 15mm 

Minor axis 

b1= 11.25 

mm 

 

5mm 

 

9.8 

 

1 

 

x=7.5, 

y=0 

 

0.3 mm 

       

The Lorentz model for MNG metamaterial: 

μ2r ω = μ∞ +
(μs − μ∞)ω0

2

ω0
2 − ω2 + jωδ

 

Where, µ∞ = 1.0, µs = 1.488, fr= 7853981634 rad/s, δ = 50 MHz.  

The Lorentz model is shown in Fig. 4.10. 
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Fig 4.10: Magnetic dispersion: Lorentz model              

From S-parameter analysis it has been observed that microstrip antenna with elliptical 

patch giving resonance frequencies at 1.23GHz, 2.23GHz & 2.58GHz. The reflectiion co-

efficients at those frequencies are -11.99 dB, -10 dB and -10.8 respectively.  

 
Fig 4.11: S-parameter performance of proposed elliptical microstrip patch antenna.  

The radiation patterns found from the simulation (Fig 4.12, Fig 4.13 and Fig 4.14) 

tells that at broadside it gets maximum radiation. The directivity is 4.34 dB at frequency 

1.23GHz, 5.848 dB at 2.23 GHz and 6.346 dB at 2.58 GHz respectively. So the antenna gives 

us a satisfactory radiation performance. 
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(a) 

 
(b) 

Fig 4.12: (a) 3-D radiation pattern (b) Polar plot at 1.23 GHz 

 
(a) 
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(b) 

Fig 4.13: (a) 3-D radiation pattern (b) Polar plot at 2.23 GHz 

 
(a) 

 

(b) 

Fig 4.14: (a) 3-D radiation pattern (b) Polar plot at 2.58 GHz 
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4.2.4 Triple Band Elliptical Microstrip Patch Antenna 

In this design, an elliptical patch antenna is proposed, which gives us a triple band 

performance. This antenna is possibly the simplest possible triple band antenna. Because it 

needs to other materials than the substrate itself which is of single layer and composed of 

normal material found in nature. It needs no slots or other modifications to obtain higher 

modes. This antenna is just simply a normal patch antenna with suitable parameters which 

shows triple band characteristics with successful radiation performance.  

The geometry and parameters of that antenna is given below:  

TABLE 4.4 

ELLIPTICAL MICROSTRIP PATCH ANTENNA MEASUREMENTS FOR DESIGNING TRIPLE BAND 

Ground plane Elliptical 

patch  & 

substrate 

Substrate 

height 

Substrate‟s 

relative 

permittivity, 

εR 

Substrate‟s 

relative 

permeability, 

µR 

Feed 

position 

Probe 

radius 

 

60mm×60mm  

Major 

axis= 

15mm 

Minor 

axis= 12 

mm 

 

5 mm 

 

9.8 

 

1 

 

x=-6, y=0 

 

0.3 mm 

 
(a) 
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(b) 

Fig 4.15: Geometry of the elliptical microstrip patch antenna (a) side view (b) top view 

From S-parameter analysis it has been observed that microstrip antenna with elliptical 

patch giving triple band resonance frequency at 2.2 GHz, 5.22 GHz & 6.22 GHz. 

 

Fig 4.16: S-parameter performance of proposed elliptical triple band microstrip patch 

antenna.  

The radiation patterns found from the simulation (Fig 4.17, Fig 4.18  and Fig 4.19) tells 

that at broadside it gets maximum radiation. From both the 3D and polar plot, we can see that 

they provide satisfactory radiation performance at all bands without adding any complexities 

to the design.  
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(a) 

 

(b) 

Fig 4.17: (a) 3-D radiation pattern (b) Polar plot at 2.2 GHz 

 
(a) 
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(b)  

Fig 4.18: (a) 3-D radiation pattern (b) Polar plot at 5.22 GHz 

 
(a) 

 
(b) 

Fig 4.19: (a) 3-D radiation pattern (b) Polar plot at 6.22 GHz 



 43 

4.2.5 Tetra Band Elliptical Microstrip Patch Antenna 

In this design, an elliptical patch antenna is proposed, which gives us a tetra band 

performance. This antenna is possibly the simplest possible tetra band antenna. Because it 

needs no other materials than the substrate itself which is of single layer and composed of 

normal material found in nature. It needs only symmetrical slots to obtain higher modes. This 

antenna is just simply a normal patch antenna with symmetrical slots which shows tetra band 

characteristics with acceptable radiation performance.  

The geometry and parameters of that antenna is given below:  

TABLE 4.5 

ELLIPTICAL MICROSTRIP PATCH ANTENNA MEASUREMENTS FOR DESIGNING TETRA BAND 

Ground plane Elliptical 

patch  & 

substrate 

Substrate 

height 

Substrate‟s 

relative 

permittivity, 

εR 

Substrate‟s 

relative 

permeability, 

µR 

Feed 

position 

Probe 

radius 

 

60mm×60mm  

Major 

axis= 

15mm 

Minor 

axis= 12 

mm 

 

5 mm 

 

9.8 

 

1 

 

x=-6, y=0 

 

0.3 mm 

 
 

(a) 
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(b) 

Fig 4.20: Geometry of the elliptical microstrip patch antenna (a) side view (b) top view 

From S-parameter analysis it has been observed that microstrip antenna with elliptical 

patch giving tetra band resonance frequency at 2.2 GHz, 5.22 GHz, 6.22 GHz & 6.77 GHz. 

 

Fig 4.21: S-parameter performance of proposed elliptical tetra band microstrip patch antenna.  

The radiation patterns found from the simulation (Fig 4.22, Fig 4.23, Fig 4.24 and Fig 

4.25) tells that at broadside it gets maximum radiation. From both the 3D and polar plot, we 

can see that they provide satisfactory radiation performance at all bands without adding any 

complexities to the design.  
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(a) 

 

(b) 

Fig 4.22: (a) 3-D radiation pattern (b) Polar plot at 2.22 GHz 

 

(a) 
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(b)  

Fig 4.23: (a) 3-D radiation pattern (b) Polar plot at 5.24 GHz 

 
(a) 

 

(b) 

Fig 4.24: (a) 3-D radiation pattern (b) Polar plot at 6.48 GHz 
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(a) 

 

(b) 

Fig 4.25: (a) 3-D radiation pattern (b) Polar plot at 6.77 GHz 

4.3 Application of the designed antennas 

Antenna  Frequency  Application  

1
st
  2.29 GHz  WiMax  

2
nd

  2.256 GHz  Direct-to-home satellite communication  

 7.01 GHz  Satellite Communication (Super Extended C-band)  

3
rd

  1.23 GHz  GPS Navigation  
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 2.23 GHz  3G cellular communication base station downlink  

 2.58 GHz  Direct-to-home satellite communication, WiMax  

4
th
  2.2 GHz  3G cellular communication base station downlink, Space to earth 

communication 

 5.22 GHz  IEEE 802.11a WiFi and Cordless phone  

 6.22 GHz  Satellite Communication (Extended C-band)  

4
th
  2.22 GHz  Space to earth communication  

 5.24 GHz  IEEE 802.11a WiFi and Cordless phone  

 6.48 GHz  Satellite Communication (Extended C-band)  

 6.77 GHz  Indian Satellite (INSAT)- Super Extended C band  
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CHAPTER 5 

CONCLUSION 

 

5.1  Summary 

This major objective of this thesis is to propose a new way to design multiband 

antennas with satisfactory radation performance. Symmetrical slot loading is suggested as a 

solution along with the application of metamaterials. Also the elliptical shape itself can 

produce mutiband sometimes and the possible reason of that is suggested in this thesis.  

Firstly a simple antenna is designed without any slots and with normal substrate 

material. This antenna provides basic structures for all other proposed designs, same 

parameters has been used in all designs. The simulated results of that antenna is observed, 

which is a shows single band performance. After that symmetrical arc shaped slots are loaded 

in the same antenna and it is found that due to the symmetrical slot loading TM 030 mode is 

modified to act like TM 010 mode and thus the antenna acts like a dual band antenna with 

satisfactory radiation performance. Thus the previously designed single band antenna now 

acts like dual band antenna due to slot loading.  After that metamaterial is loaded in the 

substrate of the antenna eccentrically keeping all othe parameters same. In this case, due to 

the effect of interface resonance of DPS and metamaterial layer in substrate, an additional 

mode is produced. Hence, previously designed dual band antenna acts like a triple band 

antenna. One additional mode comes due to symmetrical slots and another additional mode 

comes due to metamaterial loading. Thus using symmetrical slots and perfect combination of 

artificial material can be used to design  multi band antennas.  

It is also shown that a simple elliptical patch antenna can also be used as a multi band 

(triple band) antenna if the parameters are chosen carefully. In this case, a mode splitting is 

suggested as the possible solution. A single mode might have split into two different modes 

under certain conditions. The elliptical shape (θ and φ being different) may be one of the 

reason for that which gives rise to different even and odd mode. Even mode and odd mode 

comes from the horizontal and vertical polarisation of the antenna which are not same in case 

of elliptical shape. When they are seperated by a sufficient distance, they act like individual 

mode. Thus multiband performance is obtained due to the elliptical shape only. The concept 

of symmetrical slots is then again used in that antenna and it is found that we get a simple 

tetra band antenna with satisfactory radiation performance. Thus the slot loading again causes 
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a mode modification and introduces an additional mode.  Since the functionality of microstrip 

antenna can be maintained with elliptical patch, it could be inferred that the idea of using 

symmetrical slots in elliptical microstrip patch antenna can provide a design criterion  for dual 

band and multi-band applications. 

 All the results were verified by „CST Microwave Studio‟ based on realistic 

simulation, which is reliable in case of antenna simulation and all the designs showed 

satisfactory results in term of radiation performance. In short, full wave realistic numerical 

simulations; considering finite ground plane, material dispersion, influence of metamaterial 

losses and the realistic antenna feed,  prove that the elliptical geometry has great potentials 

for a variety of electrically small low-profile antenna applications and practical realization. 

5.2  Scope for Future Work 

The presented work gives satisfactory results. But it has some limitations too. All the 

designs were simulated, but not practically prepared. Due to the unavailability of laboratory 

facility, practical realization wasn‟t possible. But it can be predicted that future researchers on 

this topic may get an opportunity to develop these antennas practically and observe their 

characteristics to verify the propositions.  

 The mathematical analysis of metamaterial loaded elliptical patch antenna has not 

been discussed here. Future researchers may try to develop some mathematical modeling of 

such antennas and develop some general forms for elliptical patches loaded with 

metamaterials just like the rectangular and circular case. Also the proposition of mode 

splitting in case of simple triple band antenna is proposed here. That can also be verified 

mathematically by future researchers.  

 One of the limitation of this thesis is that the designed antennas are not optimized. 

Future researchers may use different optimization methods like Genetic Algorithm, Particle 

Swarm Optimization, Taguchi Method etc for optimizing these designs.  

Therefore, this work actually keeps many door open for future researchers to have a 

closer look at this type of designs and possibly that will lead them to propose better designs 

too. 
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