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OutlineOutlineOutlineOutline    

Today, wireless technology is one of the main area of research in the world of 

communication systems and the study of communication systems is incomplete without 

understanding the operation and fabrication of antennas. This was the main reason for 

selecting this research focusing in this field with the help of nanomaterial and flexible 

substrates. 

 

The antenna is defined by Webster’s Dictionary as “a usually metallic device for 

radiating or receiving radio waves”. The Institution of Electrical and Electronics Engineers 

[IEEE] standard defines the Antenna or Aerial as “a means for radiating or receiving radio 

waves”. A number of types of antennas have been described and developed for many 

applications at different frequency bands. They are of different geometries, dimensions 

and are made of both conductors and dielectric substrate materials. 

 

In recent years, Microstrip Patch Antennas (MSAs) have been one of the most 

innovative topic in antenna theory and design and is increasingly finding application in a 

wide range of modern Microwave systems.  

 

However, the MSAs suffer some disadvantages compared to conventional 

microwave antennas. Some of the draw backs are, narrow impedance bandwidth and low 

gain etc. These factors limit the MSAs to a greater extent to be used in various 

applications. Further, antennas operating at multiband frequencies, gain much attention 

especially in L, S, C, X & Ka band wireless applications such as World Wide Interoperability 

for microwave Access (WiMax), Radio Detection and Ranging (RADAR), fixed satellite 

services, mobile maritime applications, Wireless Local Area Network (WLAN) and Synthetic 

Aperture Radar (SAR) in which two operating bands are used independently for 

transmit/receive operations. This work deals with the characteristic of Microstrip Patch 

Antenna and then count rates on the development in Microstrip Patch Antenna 

technology. New antenna configuration for improved performance is also studied, 

discussed which are fabricated on flexible substrate and also by use of nanomaterials. 

Several methods are available in the literature relating to multi band antennas. But, the 

use and combination of various techniques such as, use of various slots, slits of different 



 

shapes, sizes having different dimensions that are fabricated on the patch plane, strip line 

feed technique for multiband operation and DGS method are found rarely in the literature. 

Further, study of embedding group of slots, use of circular patch, use of circular slotted 

patch, pentagon slotted patch,  rhombus slot on patch plane, double rhombus slotted 

patch, single and double wide slot patch and other types as listed in this work are found 

rarely in the literature. In view of this, a detailed and systematic study is carried out to 

enhance the impedance bandwidth with good radiation characteristics, to achieve high 

gain of MSA and to reduce the loss using the above mentioned techniques.  

 

The entire work reported in this thesis is mainly divided into five chapters, each 

chapter has been organized beginning with an introduction of the concerned chapter and 

detailed explanation related to the work. 

 

The first chapter explains the introduction, history to microstrip patch antennas 

(MSAs), concept of nanotechnology, nanomaterials and its tools. A brief description on 

different types of excitation feed to MSAs, advantages and disadvantages, applications of 

MSAs etc are discussed followed by its references. 

 

The second chapter deals with the elaborative literature survey/ review of past 

work. The review covers the period from 1983 to 2019 along with references.  

 

The third chapter describes the various microwave components and equipment 

used in experimental setup and methodology adopted. The use of antenna turntable for 

the radiation pattern measurement of proposed antennas with some introduction to IE3D 

simulation software is also discussed in this chapter with its references. 

 

The design considerations of rectangular MSAs, design of slots, design of slits, 

nanomaterial fabricated MSAs, MSAs using flexible substrates, design of feed and 

fabrication process and various experimental, simulation results are measured and 

reported for the proposed antennas in the chapter four. The discussions are made on the 

study of bandwidth of antennas, effect of slots, different slotted techniques, nanomaterial 

(gold, silver and titanium) coated patch antennas with DGS (defected ground structure), 

patch fabricated on flexible substrates and other various techniques are adopted in this 



 

study. The other antenna parameters such as return loss (RL), Voltage Standing Wave 

Ratio (VSWR) and radiation pattern are also discussed in this chapter four with its 

references. 

 

 The conclusion remarks drawn from this study are highlighted in chapter five. The 

futuristic scope for further investigation is also included in this chapter. 

  

Some of the important results obtained out of this research work have been 

published in peer reviewed International and National Journals, Proceedings of 

International and National Conferences/Symposia in India. The publications copies by the 

author are given at the end of this thesis. 
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CHAPTER I 

MICROSTRIP ANTENNA 

1.1 History: Antenna  

 

“Without Antenna there is no communication”. 

“Without Communication there is needless of wireless system”. 

“Hence, Antennas forms the core of all wireless systems for communication”. 

 

 The first wireless digital antenna systems, consists of two well know antennas: the 

loop and the dipole. The dipole antenna is also called as Hertz antenna.  After a decade, an 

Italian inventor, Guglielmo Marconi (1874-1937), developed Wireless technology and 

commercialized it by the launch of a Radiotelegraph system and then Karl Ferdinand Braun 

recognizes their contribution to the advancement of wireless telegraphy. The antennas of 

monopole type are widely used in experiments of Marconi - therefore, antennas of monopole 

vertical are termed as Marconi antennas.  At that time, in India the invention of horn antenna 

by J. C. Bose for the radio communication links has been a good arena in research. American 

and British scientists have developed radar technology to see the targets for their allies from 

hundreds of miles away, even at night. The research resulted in the rapid development of high 

frequency radar antennas, which no longer were merely wire type antennas. Some antennas 

of the aperture type are antennas for the reflector and the bell. John D. Kraus was the founder 

of space communication's workhorse, the helical antenna. The millions use the corner 

reflector antenna for television transmission, as well as many other types of antenna.   

Depending on the direction of radiation, antenna can be categorized as isotropic or 

anisotropic. The antenna category consists of various types, such as point source antennas, 

monopole or dipole antennas, wire antennas, loop antennas, slot antennas, horn antennas, 

patch antennas, lens antennas, helical antennas, wide band antennas, and many more. 

Antenna is essentially metal structure designed to radiate and receive electromagnetic 

(EM) energy.  This can also serve a transitional structure between the guide system (for 

example, wave guide, transmission line) and free space. Stutzman and Thiele standardized 

Institute of Electrical and Electronic Engineers (IEEE) description of an antenna [1] as: “That 

part of a transmitting or receiving system that is designed to radiate or receive 

electromagnetic waves”. 

To know how an antenna radiates, let's remember first how radiation happens. A 

conducting wire radiates primarily due to time-varying current or movement (or 



 

deceleration). If there is no charg

is no current flow. Radiation does not occur even though the charges travel at uniform speed 

over a straight wire. Nevertheless, charges that pass along a curve

velocity will emit radiation. If, over time, the charge oscillates, radiation occurs even along a 

straight wire as described by C. Balanis

The description of the radiation from an antenna 

which indicates that, a voltage source is connected to a transmission line of two conductors. 

Thus, when a sinusoidal voltage is applied across the transmission line, an electrical field is 

generated that is sinusoidal in nature and this result in the 

lines of forces.  The bunching of the electric lines of force shows the size of the electric field. 

The free electrons on the conductors are forcibly displaced by the electric lines of force and 

the movement of these charges induces the current flow, which in turn leads to a magnetic 

field being formed. 

 

 

 

Electromagnetic waves are created 

magnetic fields, which pass between the conductors. As these waves enter open space, free 

space waves are created by connecting 

 

Due to the continuous production of electrical stimulation by the sinusoidal source, 

electromagnetic waves are ge

line, through the antenna, and are radiated into the free space. The electromagnetic waves are 

sustained because of the charges inside the transmission line and the antenna, but as soon as 

they reach the free space they form closed loops

Radiation is studied in three different regions as shown in Fig

 

celeration). If there is no charge motion in a conducting wire, there is no radiation, as there 

is no current flow. Radiation does not occur even though the charges travel at uniform speed 

Nevertheless, charges that pass along a curved or bent wire at uniform 

emit radiation. If, over time, the charge oscillates, radiation occurs even along a 

C. Balanis [2]. 
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Fig.1.1 Antenna-radiation 

 

Electromagnetic waves are created due to the changing behaviour of the electrical and 

pass between the conductors. As these waves enter open space, free 

are created by connecting to the electric lines at open ends.  

Due to the continuous production of electrical stimulation by the sinusoidal source, 

electromagnetic waves are generated continuously and these pass through the transmission 

line, through the antenna, and are radiated into the free space. The electromagnetic waves are 

sustained because of the charges inside the transmission line and the antenna, but as soon as 

each the free space they form closed loops and are radiated [2]. Electromagnetic (
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Electromagnetic (EM) 



 

 
Fig.1.2 Radiation field regions of Antenna  

 
The description of the three regions in Fig. 1.2 are: Near-field reactive region:-The 

reactive energy oscillates into and out of the antenna and thus behaves as a reactance. Energy 

is stored only in this region, and no dissipated energy. In this area, reactive fields are 

of dominant mode. 

Near-field radiating area (also known as the Fresnel region):-This zone falls 

between the near-field reactive region and the far-field region. In this, reactive fields are 

smaller and control the radiation field than the reactive near-field area. In this region the 

angular field distribution is a function of the distance from the antenna.  

Far-field area (also known as the Fraunhofer region): — It is the far-field area 

outside of 2D2/λ. In this region, the reactive fields are absent and there are only the fields of 

radiation. In this area, the angular field distribution is not based on the distance from the 

antenna, and the power density in this region differs as the inverse square of the radial size. 

 

1.2 Microstrip patch antenna (MSA) 

 
Among the numerous types of microwave antennas, due to their varied applications in 

microwave and wireless communication, the microstrip patch antennas (MSA's) have 

established one of the significant groups within the large microwave antenna field. Microstrip 

patch antennas are thinner printed-circuit antennas that allow electromagnetic energy in 

transmitting and receiving using a planar structure. 

 In recent years, microstrip patch antenna technology has become the fastest growing 

topic due to its various special and alternative applications. A microstrip patch antenna 

(MSA) in its most simple form consists of a radiant patch on one side of the dielectric 

substrate and ground plane on the other, as shown in Fig.1.3. This patch is usually made of 

substances like copper or gold, silver or some other nanomaterial and can take any form. The 

radiating field and feed lines are normally engraved on the dielectric substrate in 

photographic fashion. G.A Deschamps (1953) [3] had first proposed the concept of a 

microstrip patch antenna. In the early 1970s, Robert E. Munson [4] and John. Q.Howel [5] 

created their first functional microstrip antenna. This culminated in the rapid development of 



 

microstrip patch antennas from scientific research to industrial practice, with installations 

across a wide range of microwave systems. A microstrip patch antenna in its simplest form is 

basically a printed circuit board that consists of power dividers, coordinating networks, 

phasing circuits and photo-etched radiators on either side of the dielectric frame. Another side 

of substrate is of ground plane [5]. The simplest patch antenna setup with microstrip appears 

in Fig. 1.3. 

 
Fig. 1.3 View of microstrip patch antenna 

 
The construction of the microstrip patch antenna architecture is the most important 

task in the microwave communication system to achieve the desired radiation properties. The 

antenna for the microstrip patch radiates relatively broad beam side to the substrate line.   So 

the microstrip patch antenna has a very lone profile and can be assembled using the technique 

of printed circuit or photolithography. Certain benefits include processing into linear or plane 

arrays, and fast integration to integrated microwave circuit. The development of a microstrip 

patch antenna was motivated to a large extent by system requirements for low weight, low 

cost antennas; integrability into the array or with integrated microwave circuits for 

convergence of polarization. There are four simple patch excitation types among the several 

configurations which are widely used in engineered Microwave Integrated Circuits (MIC’s) 

are categorized as below. 

 

a) Stripline 

b) Slotline 

c) Waveguide of coplanar type 

d) Microstrip line 
 
The microstrip line feed and coaxial feed are used in this work for patch excitation, as 

shown in Fig. 1.4. The other two possible methods of feeding power (feed arrangement) to 

microstrip patch antenna are in this form of center microstrip feed and off-centre microstrip 

feed. 



 

  
Fig 1.4 Microstrip line fed and Coaxial feed  

 

In Coaxial feed method, a feed point location is selected based on a consecutive 

iteration method. This feed point is mainly chosen to be on the width side of the patch which 

acts a radiating edge. The location of feed point in stripline and coaxial feed also determines 

which mode is excited. The antenna patch with feed is engraved together with the feedline of 

50Ω. The measure of input impedance is done, and design of corresponding matched 

transformer is carried out. The antenna is developed, integrating the matched transformer and 

the antenna portion with feed line. Because of the change in the coupling between the feed 

line and the antenna, the difference in feed location may affect small resonant frequency 

changes but the radiation pattern remains unchanged [4, 6]. The microstripline feed is also 

used in constructing various types of array based microstrip type such as feed in series, feed 

of co-planar feed, feed of dual polarized array all in one dimensional. 
 

1.3 Radiation mechanism of microstrip patch antenna                                      

Radiation from microstrip patch antenna arises from the fringing fields between the 

edge of the microstrip patch antenna conductor and the ground plane [4]. Radiation from 

discontinuities in microstrip was first observed by L. Lewin (Radiation from Discontinuities 

in stripline, IEEE monograph No.358E 163-170, Feb 1960), whose research was focused on 

currents circulating in the conductors. Considering the simple case of a rectangular microstrip 

patch spaced a small fraction of a wavelength above a ground plane as shown in Fig 1.5 a, it 

is best to understand the emissions from the microstrip patch antennas. Assuming, if there are 

no differences in the electrical field along the width and thickness of the microstrip structure, 

the configuration of the radiator's electrical field can be represented as shown in Fig. 1.5 b. 

 
(a) 



 

 
(b) 

Fig. 1.5 (a) Rectangular microstrip patch antenna 
 (b) Radiation mechanism of microstrip patch antenna 

 
The fields vary along the patch, which is about all (almost half) of the wavelength. 

Radiation can be interpreted more to the fringing fields at the open-circuited edges of the 

region. As for the ground plane, the fields can be separated into standard and tangential 

components at the top. The regular components will be out of phase as the patch line is longer 

than λ/2 hence, the distant field generated by this cancels out in large pattern. The tangential 

in-phase components (those parallel to the ground plane) can result in fields that combine to 

give the highest radiated field that is natural to the surface of the system, i.e. the direction of 

the wide side. The patch can therefore be described by two slots λ/2 apart from each other, 

excited in step and radiating in half space over the ground plane as shown in Fig. 1.5 b. 

 

1.4 MSA Advantages and Disadvantages  

 

Some of the main advantages that C.A Balanis [7] and G Kumar and Ray [8] 

discussed are given below: 

• Lower in volume and its weight. 

• Low planar profile configuration, easily adaptable to the host. 

• Manufacturing price is less; therefore are produced in bulk. 

• Allows both polarizations. 

• Conveniently combined along MIC’s  

• To have multi resonances. 

• Mechanically stable when placed on hard surfaces. 

 



 

 Like conventional antennas, antennas with microstrip patches also suffer from a 

number of drawbacks. Some of the major drawbacks which Kumar [8] and Garg et al., [9] 

discussed are, 

• Impedance bandwidth of order 1-2% with low gain and less efficiency. 

• Extraneous feed and junction radiation.  

• End fire radiator with low radiation that of slot antennas tapered. 

• The ability to withstand low power.  

• Patch delighted of surface wave. 

 

 The Q factor (quality factor) for the MSA's will be very large representing the losses 

associated with the antenna, and a small Q would lead to limited bandwidth and poor 

efficiency. The use of thick dielectric content will reduce this. But as thickness decreases a 

rising fraction of the total power supplied by the source goes into a surface stream. 

  

 This surface wave input can be classified as an unnecessary power loss because it is 

gradually spread at the dielectric bends and allows the antenna output to degrade. 

Nevertheless, as stated by Qian et al., [10], the use of photonic band-gap systems can limit 

surface waves. Other issues such as low gain and lower output in managing power can be 

addressed using array-configured antenna components. 

 

1.5 MSA applications 

Microstrip patch antennas are increasingly common for use in wireless applications, 

due to their low weight and low profile construction. These are also highly compatible with 

antennas found in portable wireless devices such as mobile phones, pagers etc. The antennas 

for missile telemetry and contact must be tiny and conformal, and are often microstrip patch 

antennas. 

Mainly because of the benefit that the combination of the microstrip antenna with the 

receiving or transmitting solid state package opens up the possibility of building large 

antenna array devices with low profile and ease of manufacture. Satellite communication is 

the field they've been commonly used in. The managed applications of antenna elements with 

each element being involved individually is given in table 1.1 as below, 

 



 

Table 1.1: Applications of microstrip patch antenna 

Aircraft Radio Detection and Ranging 

(RADAR) communication and 

navigation landing system  

Missiles Telemetry and RADAR 

Satellites Communication and direct broadcast 

signals for Television (TV) 

Ships Communication navigation using 

RADAR 

 

1.6   Substrate material  

The most important and initial step is the substrate choice for designing any kind of 

microstrip patch antenna.  For construction a broad variety of substrate materials are 

available. However, the most critical criteria to be considered for the design of any specified 

material are dielectric constant of material, loss tangent, tolerance, ease of manufacturing 

thickness and cost. Substrate materials properties are generally classified and tested in three 

categories, such as electrical, mechanical and thermal. In electrical properties of substrate 

materials, the parameters that are considered are dielectric constant (εr). In thermal properties, 

the temperature effects on εr and dissipation factor or loss tangent of substrate and moisture 

absorption of substrate material are considered. In mechanical properties, the parameters are 

flexural strength, coefficient of thermal expansion etc are taken.  

1.7   Microwave connectors  

 The connectors which are available are as listed in acronyms such as Sub miniature 

version C-type (SMC), Bayonet Neill-Concelman (BNC),  Sub miniature version A-type 

SMA, Threaded Neill-Concelman (TNC), Angled Physical Contact V-3.4 (APC3.4), APC-7 

and so on. But the connector which is commonly used are SMA, TNC, Type -N and APC-7. 

We have used SMA type connector in this work. The most widely used SMA style 

connectors for microstrip patch antennas are plug with straight cable link, square flange 

mount jack receiver, or square flange mount jack receiver (with straight terminal). Such 

connectors meet all the specifications needed to be usable at microwave frequencies. 

1.8 Nanotechnology, Nanomaterials & its tools 

Nanotechnology is characterized as the utilization of nano-science in innovative 

gadgets/forms/items. It is quick encouraging and innovation fit in practical for everyone in 

the areas of mechanical and customer products [11]. In 1959, the American Theoretical 



 

Scientist Dr. Richard P. Feynman introduced the first traditionally spoken concept about 

nanotechnology. Innovation of scanning tunnelling microscope in 1981 by International 

Business Machine (IBM) which is utilized to control singular particles and atoms, and 

disclosure of fullerene in 1985 prompts the development of nanotechnology. In 1974, 

Professor Norio Taniguchi of the Tokyo University of Science described the term 

"nanotechnology" as in paper: “Nano-technology mainly consists of the processing of 

separation, consolidation, and deformation of materials by one atom or by one molecule”. 

The absolute most progressive nanotechnology applications are interchange 

frameworks, nano useful gadgets, nano installed frameworks, nano utilitarian materials, 

semiconductor materials, nanomagnets, power module terminals, sun oriented cell and 

photonic materials and so forth [12]. Nanotechnology speaks to an expansive territory and is 

made out of nanomaterials using nanotools and nanodevices. Nanomaterials speak to a class 

of materials portrayed by an element size in the range 1-100 nm. While nanodevices will 

absolutely be produced using nanomaterials, nanomaterial itself impacts region past 

nanotechnology. It is significant that bringing the component size to 1 to 100 nm brings 

about noteworthy upgrade and significant enhancement of electrical, electronic, optical and 

attractive properties. 

The accomplishments of nanostructured materials empowered specialists to 

investigate the physical and electronic properties for different applications in the field of 

nanoelectronics, nanooptics, vitality transformation and compound detecting. Compound 

sensors have significant applications in the territory of ecological checking, open security, car 

application and medicinal analysis. While a wide range of ways to deal electromechanical, 

paramagnetic, impetus based and so on are accessible and metal oxide, copper oxide, tin oxide 

are broadly utilized for a scope of a range of species [13] [14] [15]. Another territory of 

intrigue is investigation of nanotechnology empowered hardware in creating applications 

dependent on attractive nanomaterials, nano films, carbon nanotube and graphene. The 

electronic applications include microwave antennas, filters, inductors, chokes, core- shaped 

transformers, ultra high frequency telecommunications, data storage devices and so forth.   

There are numerous nanotechnology devices accessible where nanomaterials are 

acknowledged into gadgets with elite. Regularly gadget manufacture requires affidavit of 

either nano composites (blend of metals, oxides and so on) or unadulterated metals on some 

sort of dielectric materials dependent on applications. For instance, thermal physical vapor 

deposition (PVD) system, radio frequency sputtering (RF-sputter), chemical vapor deposition 

(CVD) system to name few tools which are utilized for deposition of metal oxides or metals 



 

in nano thickness level on different materials like substrates, plastics, metals, silicon wafer 

and so forth. Some other nanotechnology apparatus are basic screen printing system, spray 

deposition, spin coating, dip coating technique, electro-spinning, inkjet printing etc are used 

to deposit nano composites other device fabrications and so forth are utilized to store nano 

composites other gadget manufactures. There are nanotechnology estimations instruments, for 

example, Transmission Electron Microscope (TEM), Atomic Force Microscope (AFM) 

Scanning Electron Microscope (SEM) and so forth are utilized to gauge and break down nano 

molecule thickness, layer consistency, thin film consistency and so on at nano level. For 

electrical portrayal, for example, permittivity, permeability, conductivity, AC and DC 

resistance of fabricated device tools such as four probe technique, impedance analyzer, 

network analyzer etc are used. 

For nanotechnology enabled electronic device fabrication, many material simulation 

tools are available. For example, COMSOL multi-physics simulation software is used to 

model and analyze nano material behavior with respect to external factors such as 

temperature, pressure, stress etc at atomic and molecular level. 

Benefits of Nanotechnology Enabled Antenna Development 

� Miniaturization without affecting other parameters like radiation efficiency, 

directivity etc. 

� Increasing bandwidth in multiple folds. 

� Reducing density of antenna structure. 

� Nano materials are best known for their highly superior mechanical properties 

linked with the increased material surface area contribution. This can be directly 

exploited in antenna technology to produce antennas fabricated on flexible 

substrates such as cotton, plastic and curved materials. 

� It has been established in several nano-materials that mechanical properties like 

yield strength, tensile strength, fatigue etc show remarkable improvement over bulk 

materials. These desirable properties can be used in the development of 

mechanically robust electromagnetic sensors that operate effectively in harsh 

environments. 

            Nano materials with predominant electromagnetic properties will have high impact 

in defence application, medicinal services, cellular application and so on. In coming days, 

the greatest research in the business segment will be in the remote and correspondence 

industry. Considering the case of analog cellular communication systems, it is anticipated 

that market for redesigning existing low profile antenna in wireless system will be a boom 



 

in a few millions $ every year. 

1.9 Research Problem  

The research problem statement includes development of nanomaterial based 

Defected Ground Structure (DGS)-MSAs which can be useful in wireless communication 

applications. Some of them are as given below. 

• Design and development of antennas suitable for the range at super high frequency band 

and useful for its application in practical domain. 

• The design of antennas for the resonant frequencies such as 2.4 GHz, 3 GHz, 3.5 GHz, 6 

GHz, 8 GHz and 9 GHz will be discussed in this research work. 

• The study of effects of nanomaterials on the antenna with design of DGS structured 

multifunctional Microstrip patch antennas (MSAs). 

• The design of DGS Microstrip patch Antenna (with nanomaterial) for different shapes, 

configurations, analysis  pertaining to the designed Microstrip Patch Antenna with 

different nanomaterials, and validating its results with that of the predicted data through 

simulation and experiment process which can be a significant concerns and will be 

addressed in this work.  

• The design work will be taken care with different geometrical shapes and material 

parameters upon the study of radiation behavior of the antenna.  

• The parameters such as curves of return loss (RL), radiation patterns (RP), gain, antenna 

performance, impedance map, Voltage Standing Wave Ratio (VSWR) that affect 

architecture and applications will be studied with their implications. 

• The development and testing of the optimized high gain antennas in the anechoic 

chamber testing facility is the key issue when compared to the normal indoor/outdoor 

measurement to get stable results are obtained as given in the thesis.  

• The development of new designs of DGS microstrip patch antenna with different 

nanomaterials, with different configurational shapes, structures, different dielectric 

material like flexible substrates, hard substrates and its analysis in both simulation, 

experimental nature suitable for lower frequency, mid frequency band and super high 

frequency band wireless applications. 

 

2.0 Primary contribution  

The intended design procedure adopted for developing the microstrip patch antennas is 

as follows:  



 

• Carrying out the detailed survey related to this study. 

• Choice of the frequency band and it applications domain frequency for designing of 

antenna. 

• In broader context, the study was to have the blend of use of concept of nanotechnology 

with the antenna to study its effects. 

• Studying of the antenna theory by building novel DGS microstrip patch antennas for 

wireless applications. 

• Selection of suitable cost effective dielectric substrate (hard substrate and flexible 

substrate) and nanomaterial for the study and its usage in the practical domain on with 

respect to the study of changes in the antenna characteristics. 

• Selection of essential parameters for the designing in theoretical and on simulation 

platform (using Computer Aided Design (CAD) software for layout designing and 

Mentor Graphics (MG) - Integral Equation Three Dimension (IE3D) EM simulation 

software.  

• Determine patch dimension and feed network using software and using the practical 

design analysis. 

• Designing an antenna that gives accurate readings in different environments.  

• Simulate and analyze the designed antenna. 

• Construct the antenna on simulation platform. 

• Construction & fabrication of antenna based on best simulation optimised parameter & 

results. 

• Taking of antenna measurements using Vector Network Analyzer (VNA)/ Power 

Network Analyzer (PNA)/Handheld analyzers in indoor and outdoor environments. 

• Generate radiation pattern using near-field probe and on movable STIC table. 

• Compare measured results with the theoretical results/simulated results. 

• Finally, finding out the developed antenna suitability for the desired applications in SHF 

band. 

 

2.1 Objective of the work 

The primary objective of this research work is the development of a novel type 

Microstrip Patch Antennas with improved characteristics when compared to today’s 

conventional antenna. The investigations are carried out on different patch configurations. 



 

• Study the antennas parameters such as VSWR, RL, Radiation pattern, Study of 

nanomaterial and its composites on the design of DGS multifunctional Microstrip 

patch antennas & the DGS Microstrip patch Antenna (with nanomaterial) for 

different shapes. 

• Practical analysis of the designed MSAs with different nanomaterials. 

• Validate the predicted data through simulation and experiment (or calculation). 

• Obtaining of the better radiation pattern, gain, VSWR, Return loss, Power levels etc. 

• ascertain the influence of the geometrical and material parameters upon the radiation 

behaviour of the antenna. 

• Development and testing of the optimized high gain antennas in the chamber testing 

facility. 

• To investigate the function of an antenna that can give accurate readings in different 

environmental conditions. 

• The development of compact designs of DGS microstrip patch antenna 

configurations suitable for lower frequency, mid frequency band and super high 

frequency wireless applications. 

 

2.2 Outline of the present work (Thesis Organisation) 

 There are mainly five chapter reported in this work which are organized in a proper 

format with pictorial representations.  The references are incorporated orderly in the 

individual chapters at the end.  

First chapter explain introduction to MSA, history to microstrip patch antennas 

(MSAs), concept of nanotechnology, nanomaterials and its tools along with its benefits. The 

different types of MSA’s excitation feed, advantages and disadvantages, applications of 

MSAs etc are discussed followed by its references. 

The second chapter deals with the elaborative literature survey/ review of past work. 

The review covers the period from 1983 to 2019 along with references.  

The third chapter describes the various microwave components and equipment used in 

experimental setup and methodology adopted. The use of antenna turntable for the radiation 

pattern measurement of proposed antennas with some introduction to Integral Equation 3-

Dimensional (IE3D) simulation software is also discussed in this chapter with its references. 

The design considerations of rectangular MSAs, design of slots, design of slits, 

nanomaterial fabricated MSAs, MSAs using flexible substrates, design of feed and 



 

fabrication process and various experimental, simulation results are measured and reported 

for the proposed antennas in the chapter four. The discussions are made on the study of 

bandwidth of antennas, effect of slots, different slotted techniques, nanomaterial (gold, silver 

and titanium) coated patch antennas with DGS (defected ground structure), patch fabricated 

on flexible substrates and other various techniques are adopted in this study. The other 

characteristics parameters like RL (return loss), VSWR, antenna field patters are also 

reported in this chapter four with its references. 

 The conclusion remarks drawn from this study are highlighted in chapter five. The 

futuristic scope for further investigation is also included in this chapter.  

Some of the important results obtained out of this research work have been published 

in peer reviewed international and national Journals, proceedings of international and national 

conferences / symposia in India. The publications copies by the author are given at the end of 

this thesis. 
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CHAPTER II 

LITERATURE SURVEY 

2.1 Introduction 

 Researchers have studied and published their findings in the form of research papers, 

on the antenna parameters of microstrip patch. Several techniques and experimental 

investigations have been found quite useful in understanding the method for enhancing the 

bandwidth of MSAs, increasing gain and radiation characteristics of  

MSA. The following is a brief description of the work published on MSAs from the year 

1952 to 2019. 

2.2 Past work on microstrip patch antenna   

2.2.1 Brief review on microstrip patch antennas 

  Microstrip patch antennas began to receive significant attention in the early 

1970s[3], although many references were credited to the invention of the microstrip patch 

antenna design, and the earliest included D. D. Greig, H.F Englemann [4] in 1952. The 

concept of a microstrip patch antenna goes back to 1953[1] by G A. Deschamps, and in 1955 

a patent by H. Gulton and G Bassinot [6]. Over the past few decades, the emerging new 

generation of missiles and spacecrafts had a growing need for the production of low profile 

antennas. Revolution in the miniaturization of electronic circuits, put forward into broad scale 

developments, which made massive growth in the aspects of designing antennas and its 

equipment. These two factors prompted the scientists to build compact and efficient 

microstrip radiators. Extensive research and development of microstrip patch antennas, taking 

advantage of various aspects such as light weight, low volume, low cost, low dispersion cross 

section, planar configuration and compatibility with Monolithic Microwave Integrated 

Circuits (MMIC’s) have resulted in a wide range of applications suitable for 100 MHz to 50 

GHz band of frequency. 

The concept of a conductive strip radiator, isolated by a dielectric substrate from a 

ground plane was given by E.V Byron [7] in 1970s which was the first foremost paper to be 

in open literature.  It consisted of a strip radiator with multiple wavelengths in length and half 

wavelength in width.   It was fed along the radiating edges at periodic intervals and isolated 

by a dielectric stripe from a ground plane. The strip was fed, using coaxial connectors along 

the radiating edges at periodic space points, and was used as an array. J. Q Howell [2] in 

1972, provided some very useful data on the rectangular and circular based patches. 

Throughout his research, the low profile antenna consisted of planar resonating device 



 

isolated from a ground plane by a dielectric substrate whose thickness was small compared 

with the wavelength. Feeding to the line was achieved either by coaxial line or by a deposited 

stripline feed on the same side. Lewin was researching radiation in striplines from 

discontinuities. In 1974, R. E. Munson [2] showed a new form of wrap-around microstrip 

antenna suitable for missiles with microstrip radiator and microstrip feed networks on the 

same substrate. This low profile microstrip array provided almost 90% efficiency and nearly 

omni directional coverage. Sanford [8] confirmed the use of conformal microstrip array from 

KC-135 aircraft to ATS satellite for L-band communication. In 1975, H D. Weinschel [9] 

designed a functional, pentagonal antenna. He demonstrated its use in a cylindrical array of 

S-bands generating circular array patterns from a sounding rocket to a telemetry link. J R 

James and C. J. Wilson [10], reported similar, array designs which installed flush based low 

profile antennas for missiles. 

The first step in creating a microstrip antenna is to choose a suitable substrate. In this 

design process several substrate properties play a decisive role. Dielectric constant, loss 

tangent and their variance with frequency, homogeneity, isotropicity, thermal coefficient, 

temperature range etc are important parameters in selecting a proper substrate. T E. Nowicki 

[11] had done a detailed study on the different dielectric materials available on the market.  

G R Traut [12] recorded polytetraflouroethylene substrates supported by a glass 

random fiber or glass woven which was examined during the manufacturing process of these 

filler materials occupy preferred orientations in the polymer matrix and gave the required 

mechanical and electrical properties for the construction of antenna. 

Theoretical research by mathematical modelling of microstrip antennas was initially 

performed by applying analogies of transmission line to simple rectangular patches fed in the 

center of a radiating wall. This was first independently suggested by R. E. Munson [2] and A. 

G. Derneryd [5, 13]. The radiating edges were known as slots roughly separated by half 

wavelength and connected by an ideal transmission line. This model gives expressions for 

radiated fields, resistance of radiation, impedance inputs etc. This model is only valid for 

rectangular-shaped patches and is not adaptable for feed point inclusion. James and Wilson 

used the Kirchhoff vector framework for the known opening fields of an open circuited 

microstrip grid, and their radiation mechanism analysis [1]. They observed the predominant 

radiating aperture is the radial plane region. Analysis of theoretical and experimental patterns 

of different radiating elements showed they are similar to that of the slot radiators. 

P.K.Agarwal and M.C.Bailey [14] proposed the wire grid model for determining the 

characteristics of microstrip antennas. Here, the radiating structure of the microstrip was 



 

modelled as a fine grid of wire segments and solved using Richmond's reaction theorem for 

the current at them. All of the antenna characteristics of interest were derived from those 

existing values. This approach is useful for modelling various geometries of the microstrip 

antenna, such as circular disks, circular segments and triangular patches. 

For the study of microstrip antennas by Y.T.Lo et al., [15-17] a more precise 

mathematical method, known as the cavity model, was suggested. Here, a magnetic wall 

under the edge of the patch separates the upper patch and the portion of the ground plane 

below it. Now, the structure is acting as a dielectric resonator. Using this method, we can 

measure the antenna characteristics of different patch geometries with arbitrary feed points. 

The effects of radiation and other losses are added either by using an artificially increased 

tangent of substrate loss [17], or by using the boundary conditions of impedance. 

N. G. Alexopoulos et al.[18] explored the practical technique of a Dyadic Green for 

measuring the energy radiated by a Hertzian dipole printed on a grounded substrate. 

R. Chadha and K. C. Gupta[19] stated the Green functions in microwave planar 

circuits for triangular segments. This research allowed some triangular shaped antenna to be 

analysed using Green's method of operation. 

L. C. Shen [20], studied the elliptical microstrip antenna and demonstrated that the 

radiation from this antenna is circularly polarized in a narrow band when the ellipse 

excentricity is low. D. R. Poddar et al., [21] provided stepped and wedge-shaped dielectric 

substrates with microstrip antennas. Compared to that (MSA), they observed significant 

improvements in antenna impedance bandwidth. 

C. M. Krowne [22] studied the field distribution for the Transverse Electric (TE) and 

Transverse Magnetic (TM) modes within a cylindrical rectangular microstrip antenna using a 

cavity model. For the modes the Eigen frequencies were determined using the equations of 

resonant frequency Eigen value. 

A theory for measuring the electromagnetic fields and potentials by J. R Mosig and F. 

E. Gardiol [23] generated by an arbitrary distribution of surface current on a microstrip. The 

wave propagation mode theory was used to determine the functions of the Green related to 

the microstrip structure. Fields and potential have been expressed as integrals of Somerfield 

and the numerical and analytical parameters were extracted.   

Ronald. R. DeLyser et al., [24] suggested the design of a periodic log Strip Grating 

Microstrip Antenna featuring narrow patches coupled with non-radiating edges, a double-

layer structure with antenna mounting over a through line allowing electromagnetic coupling 

to all antenna elements. This 12-element grating antenna is lightweight and has a bandwidth 



 

of 22% measured. 

T. Morioka et al.,[25] were looking into a parasitic slot antenna for dual band 

function. It is made up of three types of dual band antennas that combine a slot and a parasitic 

cable. Attributes such as VSWR and pattern of radiation are determined by the moments of 

the moments. Slot and parasite must be configured to resonate, respectively, on a high and 

low frequency band. 

K F Lee et.al., [26] provided a study of consequence of an iterative method for 

evaluating an appropriate tangent to the loss. They found that δeff final value is depended on 

the value of the substrate loss tangent (tan δ) that was initially taken. 

S. Dey et al.,[27] studied the effect on impedance bandwidth of flaring and end 

loading of a cavity-backed printed dipole. Here, the closed form expressions are adjusted to 

measure the impedance bandwidth of a printed dipole for the radiated power of a half-wave 

microstrip patch. 

L. I. Lu [28] engineered a novel dual-frequency configuration of an equilateral single 

feed triangle microstrip antenna by filling a 60° bent slot at each triangle tip. 

A compact triangular microstrip antenna with a Y-shaped slot giving circular 

polarization was reported by Kai. Ping.Yang et.al., [29]. The Y-shaped slot is cut in the patch 

with two upper arms facing either the top of the triangle or the bottom portion of triangular 

patch. 19% antenna size reduction was seen by this method at operating frequency.  

K. L. Wong, Y. F. Lin [30] examined characteristics of a small broadband microstrip 

antenna fed by a probe with chip-resistor load. Replacing the shorting pin with a low-

resistance chip resistor will significantly reduce the patch dimension for operation at a fixed 

frequency. In this case, also, the antenna bandwidth can be significantly enhanced. 

Y. X. Guo et al.,[31] used slot loaded and short-circuited techniques to show a 

lightweight dual band patch antenna. The two resonant frequencies, f10 and f30 can be 

significantly reduced by adjusting the short-plane range, and the frequency ratio f10 / f30 can 

be effectively tuned. 

In 2002, D G. Kurup et al.,[32] proposed a novel way to feed single-layer microstrip 

patch antennas using microstrip-T electromagnetically coupled junctions. The estimated 

isolation and -10dB bandwidth of an X-band dual polarized antenna are respectively 32dB 

and 2.1 %, on some substrate = 3.0., on Єr = 3.0 substrate. Since both antenna ports are 

connected electromagnetically, the proposed antenna does not require capacitors in RF path 

for active based antenna applications.    



 

In 2003, M R. Chaharmir et al.,[33] proposed a design procedure for microstrip 

reflect arrays based on three novel structures with variable slots on the ground plane. The 

addition of a ground plane below the slot layer to minimize the back lobe radiation and an 

additional substrate layer on top of slots to increase the bandwidth which resulted into 

different topologies. 

 In the year 2004, Kwok L. Chung and Ananda S. Mohan [34] introduced a high 

performance circularly polarized (CP) stacked electromagnetically coupled patch antenna and 

its X-band sub-array. The sub-arrays reported 10-dB impedance and 3-dB axial-ratio 

bandwidths of 25.6 percent and 23.5 percent compared to the measured 20.2 percent and 8.0 

percent for single element. The mutual coupling for this portion is shown to be lower than 

other recorded stacked patch antennas and a gain (>10dBi) of 23.5 percent has been obtained. 

For the single element, the measured antenna efficiency is 89 percent around center 

frequency, while the sub-array has an overall efficiency of > 71 percent (-1.5dB) over 21 

percent bandwidth. 

 In 2005, Jen-Yea Jan and Jia-Wei Su [35] proposed a printed wide-slot antenna fed by 

a microstrip line with a rotated bandwidth enhancement slot and examined impedance, 

radiation and gain characteristics experimentally. The impedance bandwidth measured, 

described by a return loss of 10 dB, can achieve an operating bandwidth of 2.2 GHz at 

operating frequencies of around 4.5 GHz which is 4 times that of conventional stripline fed.

 In the same year, B. Ooi, L., and I. Ang [36] investigated a new microstrip antenna 

patch, semicircle fed, in the form of a wideband flower. Through adding flower petals on the 

four side of a rectangular area, the broadband characteristic is accomplished. For VSWR less 

than 2, the proposed antenna will achieve an impedance bandwidth of 63 percent. A 

distinction is made between rectangular shape patch and antenna of diamond shape patch by 

using the same excitation mechanism.    

 In 2006, H. Y. A. Yim, C. P. Kong; K. K. M. Chang [37] proposed a novel concept of 

circularly polarized single-feed antenna dedicated to dual-band operation. It is connected by 

incorporating a dual-band dual-fed patch antenna into a compact 5 multi-layer system with a 

dual-band branch-line coupler. Measured impedance bandwidths are 20.1% (855MHz) and 

8.9% (2.397GHz).  

S.Chatterjee et al., designed a single layer, single feed compact rectangular antenna 

and found that, with an improved frequency ratio, the resonant frequency was drastically 

reduced by cutting unequal rectangular slots at the edge of the patch and the antenna size was 

reduced by 46.13 percent [38]. 



 

A compact single feed circularly polarized fractal boundary microstrip antenna is 

proposed by P Nageswara and N. Rao. V. S. N. Sarma [39] which reduced the size of the 

antenna by around 50%.  

Vijay Sharma et al., [40] proposed and demonstrated a novel technique for obtaining a 

single-layer single-layer dual-frequency rectangular microstrip antenna with a protruding 

semi-ellipse for S-band communication, achieving a bandwidth of 6.32% with an area 

reduction of more than 15% and exhibiting improved radiation characteristics compared to 

the standard rectangular patch. 

The study described in [41] by Prateek Juyal et al., describes the performance 

enhancement of rectangular microstrip patch antenna using a set of cylindrical pins embedded 

in the substrate. Parametric analysis was conducted on the obstacle radius (i.e., cylindrical 

pins) and the positioning of obstacles. The provided configuration leads to compactness of 28 

percent  compactness with -36 dB RL as that of -12 dB on reference dielectric.  

O Hoseini I and M. Moreparvar [42] introduced a microstrip slot antenna featuring a 

novel E-shaped coupling aperture. Different antenna parameters are discussed. It is shown 

that the antenna can be built to be characteristic of high gain, dual band or quad band by 

varying the dimensions of E-shaped slot and length Ls (matching stub).  A basic patch 

antenna, a dual band antenna, and a handy quad band antenna are being planned. The antenna 

is designed to meet IEEE 802.11a / b / g and IEEE 802.16d specifications to cover all the 

frequency bands for wireless local area network (WLAN) and worldwide interoperability for 

microwave access (WiMax). The antennas are 47 percent smaller than a typical 2.47GHz 

resonating patch antenna, thus offering relatively high gain and very good performance. 

Jiun-Peng Chen et al.,[43] designed a light weight, coupled folded resonator antenna 

for wireless sensor network applications, fed by a microstrip feed. The design, fabrication and 

testing of a prototype antenna is done. The antenna's calculated impedance bandwidth (|S11| 

≤ -10 dB) is around 2.4% (2.45 GHz -2.51 GHz) and the average antenna gain in the band is 

2.14 dBi. This antenna is built with a reduced capacityarea  at 2.45 GHz. 

Wen Jiang et al., [44] proposed a novel, miniaturized, ultra-wideband monopoly 

antenna. The miniaturized antenna is obtained by breaking down a reference antenna's 

symmetrical structure. A decrease in size of 41.2 percent is realized. The characteristics 

related to UWB are simulated, verified experimentally and compared with the reference 

antenna. 

Wei Jun Wu et al., [45] developed a dual-resonant patch antenna for active 

radiofrequency identification (RFID) tags. Skillfully integrated with the active RFID tag 



 

circuit, this antenna designed. The two piece antenna consists of one segment includes 

stacked shorted patches and a field plane. The other part is an active tag circuit that is located 

at the center of antenna. The results of the calculation show that the antenna has a return loss 

of less than -10 dB within the 42 MHz spectrum (from 911 MHz to 953 MHz), which 

completely covers the 5 MHz bandwidth from 920 MHz to 925 MHz. 

N. Ortiz et al.,[46] examined and described a simple and successful vertical polarized 

rectangular antenna layout of dual band patches. The dual band antenna is designed on the 

patch of a conventional rectangular patch antenna by etching a complementary rectangular 

split-ring resonator. In addition, a miniaturisation of the traditional rectangular patch antenna 

and an improvement is seen. 

Jui Han Lu and Ruei Yun Hong [47] researched and presented an inverted U-shaped, 

planar compact patch antenna with high-gain for WiFi operation. It has a comparatively 

wider bandwidth impedance of 162 MHz covering the 2.45 GHz band (2400 MHz–2484 

MHz). The proposed compact planar patch antenna also generates directional radiation 

patterns with optimum peak antennal gain and efficiency7.5 dBi & 87 % across operating 

band.  

A planar circularly polarized slot antenna was modeled and proposed by Ching-Fang 

Tseng et al.,[48]. This antenna has a simple structure consisting of a modified circle-like slot 

ground plane, T-shaped structure acting as the antenna tuning stub, placed on the opposite 

side of the feed. The available electromagnetic solver High Frequency Structure Simulator 

(HFSS) performs the parametric analysis of the antenna. The antenna produces two bands 

centered at about 1.59 GHz and 3.78 GHz from experimental results to cover the global 

positioning system and the WiMax 3.5 GHz band. Better return loss characteristics and 

radiation pattern is obtained for both operating bands. 

Avisankar Roy and Sunandan Bhunia [49] researched a dual frequency, lightweight 

microstrip patch antenna that was designed by defecting the ground plane for WiMax 

application. The single-layer antenna has been designed to transmit at dual frequencies for 

WiMax and WLAN with an increased bandwidth of over 12%. The Moment based standard 

software method simulates microstrip patch antenna with inset feed method. 

B.T.P.Madhav et.al.,[50] developed a frequency-dependent antenna for applications in 

the S and L bands. In this configuration, for triple frequency operation, a microstrip antenna 

with a rectangular shaped patch portion etched with T-Strips along two of its radiating edges. 

In ANSOFT HFSS program the configuration of this antenna is simulated. The antenna has 

coaxial feed. The patch portion with relative permittivity 4.2 is mounted on Epoxy substrate. 



 

This antenna obtained high performance characteristics for the three operating frequencies 

with very good return loss values. 

Hemant Kumar Gupta et.al.,[51] researched and presented a concept for wireless 

communication on circular microstrip patch antenna configuration with slit-slot for multiband 

function. The architecture includes the 1.3GHz circular microstrip patch antenna (CMPA) 

used in wireless communication. CMPA with 2slit-slot, 3slit-slot and 6slit-slot are designed 

and observed results for different parameters and finally it is shown that as 3slit-slot increases 

to six slit-slots bandwidth is initially increased up to 3 slit-slots and finally reduced for six 

slit-slots. This multiband antenna is used for wireless communication in different 

applications. Bandwidth improvement is about 63.3%, 72.10 % and 63.3 % in two, three and 

six slot loaded patch. 

Marian Wnuk et.al.,[52] introduced the design of the wearable antenna built in 

microstrip technology at 1.8 GHz frequency. 

The concept of a novel compact small size, single feed, single layer, multi frequency 

microstrip antenna was proposed by Sudipta das et.al.,[53]. Resonant frequency was 

drastically reduced by cutting off disproportionate slots at the edge of the layer. The antenna 

size is decreased to 57 percent. Method of moment dependent EM Simulation software I3ED 

is used for the design and simulation purpose. 

H.HashemiIsfahani [54] researched various methods of meandering to receive 

lightweight and broadband patch antenna. A slit-loaded, notch-cut patch antenna is used in 

this design. Coaxial feed is fed to the antenna patch. Meandering techniques as well as the 

new design are simulated in HFSS. Results show better return loss with this new design. 

Saurath Sharma [55] used Zeland IE3D simulator and circuit theory definition to test 

a compact notch charged microstrip antenna. Analysis has been reported on varying 

thickness, dielectric constant, length and width of the notch. The bandwidth of the planned 

antenna is approximately 41.8%. 

Rahul Singh Rathore [56] has studied a new bandwidth enhancement design 

technique which improves the performance of a conventional microstrip patch antenna. This 

paper introduces a novel antenna with wideband slots. The architecture adopts contemporary 

techniques; an antenna arrangement with a single slot patch.  By implementing the novel 

single formed patch, the effect of these techniques offers a low profile, broadband, high-gain 

and compact antenna feature. The result showed acceptable performance with maximum 

achievable return loss of -37.5dB and a bandwidth of 2.3GHz - 2.6GHz fractional impedance. 



 

The design is suitable for mobile communication, communication through satellite & 

Wireless Personal Area Network (WPAN). 

A rectangular microstrip patch antenna fitted with a metamaterial structure called 

"Symmetric Cylinder Shapes of Zero & Four Segments" is modeled at a height of 3.2 mm 

from the ground plane using Computer Simulation Techonolgy Microwave Studio (CST-

MWS) software and is being studied by Bimal Garg et.al., [57]. The built antenna's 

resonance frequency is 2.5GHz. The antennas -10dB impedance bandwidth is 33.7MHz. This 

antenna is lightweight, inexpensive, portable, easy to manufacture and achieves good 

radiation characteristics with greater loss of return. This antenna has extensive use in a wide 

range of wireless communications bands. In addition, double-negative properties of the 

proposed metamaterial structure were tested using the Nicolson-Ross-Weir method 

             K. Kumar Sarat et al., [58] studied substrate material effect characterization on 

circularly polarized triangular microstrip antenna with spur lines. The current antenna 

displays different parameters of antenna efficiency with shift in substrate material. We picked 

materials for this analysis from Polystyrene, Polyester, RT Duroid and Teflon substrates. The 

antenna was designed and tested using HFSS. 

            S S. Further, M.P. Turuk [59] proposed a asymmetric-circular shaped slotted 

microstrip patch antennas with slits for applications for circularly polarized radiation (CP) 

and radiofrequency detection. For the realization of the compact circularly polarized 

microstrip antenna, a single feed configuration based on asymmetric - circular shaped slotted 

square microstrip patches are adopted.   They used slightly asymmetric patch along the 

diagonal lines, slot areas will achieve the CP radiation. Also, four symmetric-slits are inserted 

symmetrically along the orthogonal directions of the slotted patch in asymmetric-circular 

shape to further minimize antenna size. The antenna's operating frequency can be tuned by 

varying the duration of the slit while retaining the radiation from the CP unchanged. 

Circularly polarized microstrip antennas. (CPMAs) can minimize the loss resulting from 

multipath effects between the reader and the tag antenna 

A single feed small circular microstrip antenna is analyzed and described by Barun 

Mazumdar [60] where, at the right edge of the patch, L slits are inserted to minimize resonant 

frequency. A resonant frequency was measured at 11.4 GHz for the proposed antenna with a 

return loss of-38.2 dB and a bandwidth of 21GHz that is appropriate for X band use. 

Norhanani Zakaria et.al.,[61] Research introduces a new polarized (CP) dual-band 

microstrip antenna prototype for Industrial Scientific Medical (ISM) band applications (2.45 

GHz and 5.8 GHz). The proposed compact-design dualband CP microstrip antenna has 



 

achieved size aim to have a return loss of < −10 dB and axial ratio of <3 dB for both 2.45 

GHz and 5.8 GHz frequencies. The antenna was designed, manufactured, tested and 

evaluated successfully and shows the results of good dual-band and CP performance. 

Amit Kumar Gupta et.al., [62] records an analysis of patch antenna design in C-

shaped microstrips. The antenna characteristics are obtained in terms of loss of return, gain, 

and bandwidth. It is found that the proposed new design will work in two different frequency 

bands with a reasonable bandwidth of 12.05 percent at 1.25GHz frequency band and 19.82 

percent bandwidth for 2GHz frequency. The resonance behavior in different frequency ranges 

makes this antenna structure ideal for various types of applications with 5.509 dBi antenna 

gain and 89% antenna efficiency. The antenna structure design and simulation is performed 

using version 15.02 of IE3D simulation software. 

Arnab Das [63] simulated and tested out a single layer, single feed lightweight slotted 

patch antenna. Resonant frequency was drastically reduced by removing two identical slots 

from the traditional microstrip patch antenna which are the variations of one triangular and 

another rectangular slot at the upper right and lower left corner. The size of simulated antenna 

was that by 48.89 percent  with improved frequency ratio relative to traditional patch antenna 

microstrip. 

TazeenShaikh and Rukhsana Khan designed and proposed a single probe-fed square 

patch antenna cut from a rectangular patch, having symmetric pattern of T slots [64]. The 

software used to model and simulate the patch antenna for the microstrip is IE3D software 

from Zeland Inc. Method of moments process is adopted by IE3D is a full-wave 

electromagnetic simulator. Here, the proposed single feeds antenna is capable of generating 

resonant frequency.  

Kushwaha R.S [65] presents a new, lightweight, simple and slotted wideband 

microstrip patch antenna with stacked configuration. Printed on a dielectric substrate, the 

antenna is fed directly using 50 microstrip. The antenna is simulated by using Zeland's IE3D 

software package according to the specified size. By combining the techniques and 

implementing the novel slotted patch, the composite effect offers a low profile, broad 

bandwidth, high gain and compact antenna feature. The results of the computer simulation 

show that the antenna can realize features of a wide band. It exhibits a broad impedance 

bandwidth (VSWR ≤ 2) of about 59 percent (2.052 GHz-3.754 GHz) with modified 

parameters. 

NitaliGarg and Zarreen Aijaz [ 66] presented the concept of dual band microstrip 

dipole antenna with two separate dipole arms. A 22 % and 40 % bandwidth is achieved 



 

around a 2.4 GHz central frequency. This is a dual band dipole microstrip antenna with a 

minimum return loss of -36dB. This antenna is mounted on double-sided Printed Circuit 

Board (PCB) with a dielectric constant 4.4 on a FR4- Flame Resistant substrate. 

Avisankar Roy [67] introduces a triangular monopole, wireless, lightweight microstrip 

patch antenna with shorting board. It has been accomplished by defecting the ground plane, a 

bandwidth of 38.7 percent with respect to the center frequency of a microstrip patch antenna 

is achieved which can be used for WLAN operation. The size reduction of 82.4 % was also 

accomplished by using the short pin of an inset feed microstrip patch antenna. The simulation 

is performed using commercially available standard software based on the Moment Model. 

Vinod Kumar Singh [68] implemented a novel coaxial probe stream, a dual-bandwidth 

microstrip antenna using Artificial Neural Network (ANN) soft computing tool. Dual 

bandwidths of 8.08 percent and 8.15 percent are achieved by varying the location of the feed,  

that is further simulated on ANN device. The antenna is fed by feeding technique of a coaxial 

probe. The patch antenna proposed is conceived and tested using IE3D software and verified 

using ANN.  

Double band Compact microstrip fed rectangular patch antenna for suitable in WLAN 

/ WiMAX applications examined by P. Prabhu et. al.,[69]. The proposed dual-band antenna 

consists of rectangular patch and dipole arms, tuning the proposed antenna's geometry works 

at two different frequencies, such as -24 dB return loss at 2.4 GHz and -14 dB return loss at 

3.2 GHz. The antenna is a printed rectangular patch with a feeding arrangement for the 

microstrips. The proposed antenna achieves omni-directional, relatively omni-directional and 

wide bandwidth radiation pattern. 

The efficiency of many printed antennas is provided by Albert Sabban [70] as a 

function of distance from the human body. This study also presents several new wideband 

printed antennas which operate in the vicinity of the human body. Tunable antennas may be 

used to account for differences in the resonant antenna frequency at various locations on the 

human body. If the air spacing between the existing antenna and the human body changes 

from 0 mm to 5 mm, the frequency of the antenna resonant changes by 5%. 

R. Divya, M. Priya [71] examined the increase in impedance bandwidth of the 

microstrip patch antenna and addressed this in their paper which proposed a low profile 

wideband unequal E-shaped microstrip patch antenna for WiMax use. This proposed antenna 

is built using the feeding method of microstrips. The bandwidth is further improved by 

adding the composite effect of stacking partially grounded patches. Three-dimensional 



 

electromagnetic field software HFSS-12 designs and simulates this antenna. The properties of 

the antenna such as bandwidth, S parameter, VSWR were investigated. 

Arun singh et.al., [72] presented a circular patch microstrip antenna for dual band 

(1.66 GHz and 2.777GHz) opertaion. Compared to simple antenna, which is used in dual 

band applications, the proposed circular patch antenna is light weight, versatile, thin and 

compact unit. The research also presents the detailed steps and simulated result for the design 

of the circular patch microstrip antenna. IE3D software is used for calculating antenna gain, 

control, radiation pattern and S11. 

Elena Pucciet.al.,[73] presented the design for 60 GHz array applications of a slot 

coupled dual-mode horn portion fed by microstrip gap waveguides. The dual mode horn 

directive is used to which the grating lobes that are created when the elements in the slot 

array have a distance greater than lambda. The simulation results of the design proposed are 

shown in terms of the return loss and the grating lobe level. 

The RT-Duroid 5880 patch antenna is used for microwave frequency of a microstrip 

patch antenna type. In addition, to maximize the bandwidth a rectangular conducting plate of 

comparable dimensions was mounted above the surface. The kit was used to evaluate the 

effect of the top patch, in particular with the two-parameter variation of VSWR, namely the 

distance between the two patches and size of upper patch and is examined by Shubam Gupta 

et.al.,[74]. Simulation and experimental test of the designed array of two multi-patch 

microstrip antenna with resonance frequency at 5.2 GHz indicates a return loss of S11 of 

approximately -29 dB, a gain of approximately 10.68 dB with an increase in bandwidth of 

23.07% and the array of three multi-patch microstrip antenna achieved a bandwidth of 

approximately 29.61% with a directness of approximately 11.47 dB and a return loss of 29 

dB at the fr. 

Ruwaybih Alsulami and Heather Song [75] presented the design, manufacture and 

characterization of the circular antenna arrays for microstrips. The proposed antennas were 

designed to support for WLAN / WiMax applications on a single band at 2.45 GHz and dual 

bands at 3.3 - 3.6 and 5.0 - 6.0 GHz. The proposed single and dual band antennas showed 

omnidirectional radiation pattern with gain values of 3.5 dBi at 2.45 GHz, 4.0 dBi at 3.45 

GHz and 3.3 dBi at 5.5 GHz. To achieve the desired antenna characteristics the dual band 

antenna array was mounted on top and bottom layers. The proposed dual band double-sided 

antenna provides high gain in omni-directional radiation pattern. 

J Thilagam salai thillai [76] examined the simulation of 16 (hexadecimal) faced 

microstrip patch antenna configuration using edge slit. Using probe feed model this antenna 



 

is fed. The simulated antenna results achieve radiation parameters such as scattering 

parameter (S-parameter), radiation pattern, and voltage standing wave ratio (VSWR).   In S-

parameter the value of the parameter S11 is reached < -10 dB for the resonant frequencies 0.9 

GHz, 0.87 GHz to 0.90 GHz, and for the same frequencies the value of VSWR is obtained < 

2. The proposed antennas in wireless networking applications would be useful for band 900 

MHz. 

Vinod kumar singh et.al.,[ 77] proposes a compact dual band patch antenna with 

conforme geometry. The radiating element of the proposed antenna is fed by line feeding 

method to achieve a dual bandwidth of 46.47% (2.122-3.410GHz) & 25.77% (1.492-

1.934GHz) which is suitable for general communication network (PCS personal 

communication services -1.85-1.88 GHz) and IEEE 802.11b / g (2.4-2.484 GHz). The 

compact design and wideband efficiency of the new antenna makes it useful for mobile 

communication systems with high speeds. On Zeland IE3D software the patch antenna 

proposed is modeled and simulated using IE3D. 

Upendra Kumar Singh and Monika Nanda [78] designed and thoroughly test and 

record a microstrip patch antenna for the X-band. The built antenna is operated in X band at 

resonant frequency of 10.24 GHz and can be used for radars, Satellite Communication. The 

simulated tests are accepted appropriate. More importantly, the microstrip antenna also 

displays a higher gain of simulated 6.42 dBi at 10.24 GHz and very low return losses of -

42.014 dB at 10.24 GHz. Bandwidth 0.120 GHz, and 0.1378 VSWR is achieved. 

Mohammad Aneesh [79] investigated a S-shape microstrip patch antenna for 

wideband operation using the principle of circuit theory based on modal cavity expansion 

model. The antenna is found to resonate at 2.62 GHz. The S-shape microstrip patch antenna 

bandwidth is 21.62 percent (theoretical) and 20.49 percent (simulated). The theoretical 

findings are compared with IE3D modeling and the experimental results are published, and 

they are in near agreement. 

Arun K. Saurabh et.al.,[80] stated that the enhancement of microstrip patch antenna 

bandwidth is achieved by cutting a compact L slot into dimension on a rectangular patch 

measured. The architecture antenna is ideal for the use of many broadband applications with 

a broadband operating frequency range of 1.605 - 3.381GHz and a bandwidth of 1776MHz 

(71.24 percent) has been successfully obtained. With efficiency (100%), VSWR (1.286) and 

gain 3.616dB are measured at 2.03GHz resonant frequency. The microstrip patch [MSP] 

antenna structure and its performance is simulated using the simulation software IE3D 

Zealand. The antenna is fed by the feed of 50 ubiquitous strip line.    



 

The bandwidth enhancement of microstrip patch antenna is done by cutting double H 

slot into calculated dimension of rectangular patch and is reported by Arun K. Saurabh et.al., 

[81]. The designed antenna obtained good results such as bandwidth 1786MHz (70.04% 

fractional bandwidth), efficiency (100%), VSWR (1.159) and gain 4.032dB at calculated 

resonant frequency of 2.391GHz and the operating frequency range of antenna is 1.657-

3.443GHz. The broadband characteristics of antenna are shown in simulated application 

results of design double H slot microstrip patch antenna. The designed structure and 

performance of antenna is simulated using IE3D Zealand simulation software. The antenna is 

fed by 50Ωmicrostrip line feed. 

Nur Alyaa Diyana Ahmad Mufit et.al.,[82] researched and reported the layout and 

examination of a standard circular patch with a slanting rectangular slot and a slanting 

rectangular slot X-circular polarized microstrip patch antenna using a single port at frequency 

2,4GHz. It is called "X," since X-form transmission line architecture structure.  The 

transmission line feed ±450 using techniques matching two stage quarter wave transformer 

impedance. Both prototypes were tested using the dielectric constant Microwave CST 

program= 0.019 and the FR-4 substrate t= 1.6 mm thickness. The antenna radiated the 

radiation of circular polarisation at each patch. The polarized X-circular displays an output of 

90 percent at 2.4GHz frequency. The bandwidth of the axial ratio is 215.35MHz, with 2.1dB 

gain. 

Shirshendu Pandit et.al.,[83] suggested fork-like tuning feed analysis was used to 

achieve a better bandwidth impedance. The impedance bandwidth of 1,1427 GHz band is 

obtained in this design and was carried out using HFSS, a finite element method solver for 

electromagnetic structures from ANSYS, in the design of a large slot microstrip antenna of 

the specified specification. 

Jincy Rachel Thomas et.al.,[84] addressed and examined a square spiral slotted 

microstrip patch antenna and a small spiral patch antenna to function  as wireless endoscopic 

capsules. The principal restriction posed during the design involves the antenna size. The 

antennas should be small enough to fit within a capsule. For antenna architecture FEKO 

software is used. The main parameter that is analyzed is S11 and also to test the efficiency of 

the proposed antennas.  

Hemant Kumar Varshney et.al.,[85] modeled and simulated an inset fed rectangular 

microstrip patch antenna and studied the effect of antenna dimension Length (L), Width (W), 

substrate parameter relative dielectric constant (Epsilon), substrate thickness (h) and radiation 



 

parameters. The result is a substrate thickness of 1.57 mm and a dielectric constant of Rogers 

RT / duroid 5880 (tm)  

Hemant Kumar Varshney et.al., [85] designed and simulated an inset fed rectangular 

microstrip patch antenna and study the effect of antenna dimension Length (L), Width (W), 

substrate parameter relative dielectric constant (Epsilon) substrate thickness (h) and radiation 

parameters. The result is performed by thickness of 1.57mm of substrate and Rogers 

RT/duroid 5880 (tm) 2.2 valued dielectric constant. The better result was observed with 

dielectric constant of 2.2, S-band frequency of 2.4GHz. The proposed antenna configuration 

on various resonant frequencies and evaluate the outcome of all operating frequencies 

between 1GHz and 10GHz at the proposed 2.4GHz operating frequency antenna design. In 

Ansoft HFSS version 11, they checked and tested result was performed at 2.4GHz. The 

Return loss was observed = -30.8 dB, VSWR =1.05 and Directivity = 6.732 dB. They found a 

omni-directional pattern of radiation with steady gain. 

Akshay Kumar [86] proposes a new, circularly polarized small-size microstrip antenna 

using a proximity-coupled feed system. To realize a small-size part antenna, a simple design 

is adopted based on a cross slot with unequal slot lengths in a circular patch. The calculated 

results check the circular polarization and by using the slot lengths the antenna radius was 

reduced by about 22 percent which are almost identical to the circular patch antenna 

diameter. Better impedance characteristics and the axial ratio were obtained. 

T.Suganthiet.al., [87] identified the model and evaluation of GSM-application 

microstrip patch antennas. The characteristics of the antenna such as lack of return, VSWR 

and pattern of radiation are analysed. Using the parametric study, antenna scale 30* 50* 

1.8mm has been optimized. Using the program High Frequency Structure Simulator (HFSS) 

this microstrip patch antenna is analysed. 

Gourav Hans and Jaswinder Kaur [88] carried out testing a novel dual band planar 

monopole antenna ideal for wireless applications. The proposed antenna has two resonant 

modes that are paired with five slots that correspond to the upper resonant frequency and can 

minimize the resonant duration to the lower. The proposed coplanar waveguide (CPW) feed 

to the antenna. The antenna is simulated and the calculated findings show that the operating 

band of the proposed antenna cover (2.4-2.7 GHz) and (5.2-6.3 GHz) band with S11<-10dB 

is capable of meeting the requirements of WLAN, WiMax applications as well as providing 

wide frequency band, moderate gain and return loss. The simulation was performed using the 

Microwave Studio version of the computer simulation technology [10.0] (CST MWS V 

10.0). 



 

A basic design of the wideband rectangular patch antenna is proposed using 

asymmetrical feed, by Settapong Malisuwan et al., [89] is studying a reduction in ground 

plane with proper gap distance. To remove possible errors in high frequency broadband 

systems, the frequency-dependent characteristic impedance included in the proposed 

procedure is discussed.  The antenna offers bandwidth of 2.3 GHz (frequency range: 0.9GHz-

3.2GHz) that can be used in various broadband applications such as remote sensing, 

biomedical, and cell radio. 

Upendra Kumar Singh and Monika Nanda [90] designed and comprehensively 

simulate and analyze a Slotted microstrip patch antenna for Ku band. They built antenna 

which operated in Ku band at a resonant frequency of 14.25 GHz and can be used in satellite 

television communications, Direct BroadCast (DBS) services, satellite tracking etc. 

Simulated tests are appropriate in accord. More significantly, the microstrip antenna also 

shows a higher gain of simulated 2.262dB at 14.25GHz and very low return losses of -34.796 

dB at 14.25 GHz. Bandwidth 0.35 GHz, and 0.3163dB VSWR. 

Settapong Malisuwan et.al.,[91] presents a rectangular microstrip patch antenna for 

Ku-band satellite communication applications. The proposed E-shaped patch antenna is 

intended to cover a wide range of applications including broadcasting, remote sensing and 

space communication. The principle of microstrip-based Cole diagram is adopted to establish 

frequency-dependent (lossy) characteristic impedance in order to integrate the effect of high 

frequency into the technique. 

Jaijit Singh et.al., [92] introduces a lightweight single-layer microstrip patch antenna 

(MSA) for 3.6 -15 GHz WLAN applications. The implementation of the proposed technique 

is carried out commercially with the assistance of usable electromagnetic simulators. Such 

simulators are mainly based on the Finite Difference Time Domain (FDTD) system for 

achieving the requirements needed.  For 802.11 WLAN applications, the circular patch 

antenna with optimal co-axial feed is calculated and used. The results obtained show stable 

characteristics of the radiation within the target band. It also shows the tested findings for 

BER and power radiation. 

Yogesh Bhomia et.al., [93] introduced a truncated tip H-slotted triangular microstrip 

antenna design and experimented with Ansoft Designer v-2.2.0 software. Cutting all three 

tips of the triangular microstrip antenna, one H-slot and inserting a single coaxial feed would 

accomplish this design technology. Triangular patch antenna is built on a 1.6 mm thick FR4 

substrate with 4.4 relative permittivity, and placed at a height of 6 mm above the ground 

plane. For consistent pattern characteristics such as, gain and cross polarization within its 



 

bandwidth, bandwidth as high as 11.07 percent is achieved. Impedance frequency, antenna 

gain, and loss of return for the proposed antenna are observed. 

Ferdows B. Zarrabi [94] researched and modeled a U-shaped dipole antenna for 

WLAN and FWA (Fast Wireless Access) applications on a 500 µm thick glass substrate for 

transparency applications. In this structure the general dimensions of the built antenna are 

11mm*8mm*0.5 mm. This feature can be used to miniaturize the antenna to the printed 

circuit. This raises the real and imaginary parts of the impedance of the antenna, as seen in 

the HFSS results, by establishing the state, causing it to be complex. This study was also 

carried out by establishing the condition, which increases the antenna's capacitance and the 

effect is close to raising the substrate thickness. 

Muhammad Noman et.al., [95] addresses a new design of microstrip patch antenna for 

China Multimedia Mobile Broadcast (CMMB). The various techniques are used in this model 

to deisgn microstrip patch antenna to achieve the 2.7GHz resonant frequency with a 

bandwidth of 300MHz. New slots and traditional slits are added in such a way as not only to 

increase the bandwidth but also to provide the beneficial consequence of a return loss of-

74.78dB. Its slight non-symmetry resulted in dual frequency, i.e. 5.60GHz with the 600MHz 

bandwidth and a return loss of-15.41dB. 

Arun Balan et.al.,[ 96] present a novel meta-material embedded symmetric multi-slot 

antenna. This paper explores the profound differences of the meta-material properties of 

embedded microstrip antenna from the traditional microstrip antenna. Microstrip antennas 

used for MIMO applications can be made up of meta-material embedded for good bandwidth 

requirements and good insulation properties. Method of loading the slot is used to get 

multiband. The proposed antenna displays a resonant electromagnetic state at 7.7GHz, with a 

return loss of-39.99dB and reasonable bandwidth. 

Muhammad Umar Khan and Mohammad S. Sharawi [97] presented a dual-band, 

multiple-input multiple-output antenna system that covers the 2,45/5,2 GHz WLAN band. 

The antenna has four components, consisting of annular microstrip slots. Four elements cover 

the band below while the other four cover the band above. The antenna presented is small and 

has a diameter of about 60 / 60 / 1.5 mm3. The antenna resides in the lower band with 150 

MHz bandwidth, and in the higher band with 200 MHz bandwidth. In both of its operating 

bands, the minimum measured separation between the antenna components is 18 dB. The 

antenna shows good radiation characteristics in the lower band with a peak operating gain of 

3.46 dBi and 3.82 dBi in the higher band. 



 

Hamed Kuhestani et.al.,[98] proposed the high-gain, circular polarized (CP) compact 

antenna for WiMAX applications. The use of metamaterials with negative permittivity and 

permeability enhances the parameters of the antenna; thus, the prototype antenna is built with 

the right-/left-handed metamaterial composite to achieve CP and compact size. For CP at 

3450 MHz, the final antenna has directional pattern and a high gain. Gain from antenna is 

8.28 dBi. The prototype patch antenna has a frequency of 30 mm2. It is designed and 

manufactured on Taconic TLY-5, Laminate substrate with Ɛr= 2.2 and 1.6 mm thick. It is 

simulated by studio and HFSS with CST microwave. 

Sang-Won Kang et.al., [99] designs a Global Positioning System (GPS) / Global 

Navigational Satellite System (GLONASS) bandwidth antenna used to monitor container 

location information, and a Global System for Mobile communication (GSM) / Wideband 

Code Division Multiple Access (WCDMA) antenna for transmitting information through 

mobile networks. Both antennas are mounted within one board here. A microstrip patch 

antenna capable of supporting both GPS and GLONASS has been designed and has been 

sized to 25 approximately 25 mm3. A chip antenna (monopole type) capable of serving both 

GSM and WCDMA bandwidths has been optimized and scaled to 3.2 mm3, roughly 27/8. A 

two-stage, low-noise amplifier was designed to improve the reception level from satellites. 

Shrivishal Tripathi et.al., [100] has researched a lightweight octagonal-shaped Ultra 

Wide Band (UWB) antenna with Minkowski fractal-shaped notch and dual C-shaped notch. 

The Minkowski fractal helps to get band rejection on the WiMax (3.4–3.7 GHz) band, while 

dual C-shaped notch on either side of the feed line offers band rejection on the WLAN band 

(5.15–5.825 GHz). In addition, a rectangular slot is also inserted into the ground plane which 

helps to obtain the UWB bandwidth required. The antenna proposed has a compact size of 

26,5 mm2. The proposed antenna displays adequate impedance matching, stable radiation 

pattern with good antenna gain (2-5 dBi) over the entire UWB frequency region. 

            Seonghun Kang and Chang Won Jung [101] proposed a reconfigurable high-gain 

beam-steering patch antenna for wireless headset applications with a low variable absorption 

rate (SAR). The antenna proposed was planned as a U-slot patch antenna, which was 

manufactured on a FR-4 substrate. The antenna was designed to guide the direction of beam 

at Bluetooth band operating frequency (2.4–2.48 GHz). The antenna used two PIN diodes to 

incorporate the beam steering function. The antenna provided three beam directions (state 0, 

1 and 2), using PIN diodes. The antenna's estimated peak gains in the headset were 4.22–

5.15 dBi, and a total half-power beam width of 102°. The three states (state 0, 1 and 2) 

reported total radiated forces were 21.94, 20.66 and 20.61 dBm. The isotropic cumulative 



 

sensitivities calculated for the three states were −92.0, −90.0, and −91.0 dBm. Additionally, 

in all cases, the antenna's calculated SAR values on the body were less than 0.149 W / kg, 

meeting the United States (US) and European Union (EU) Synthetic Aperture Radar (SAR) 

standards. 

Sudeep Baudha and Vishwakarma Dinesh Kumar [102] presented a corner 

truncated broadband patch antenna featuring circular slots. The proposed antenna is built on 

14 * 14 * 1.57 mm3 Rogers RT-5870 substrate (Ɛr = 2.33 and loss tangent of 0.0012) and an 

excitation 50-SMA connector is used.   Bandwidth enhancement was documented as a result 

of cutting two circular slots and truncating the corners of the square area, resulting in 

splitting phenomenon mode and better matching impedance. Simulated results indicate that 

the proposed antenna's impedance bandwidth (S11 < 10 dB) is 19 percent (10.8–13.2 GHz). 

The proposed antenna's fractional bandwidth rise from 8.5 to 19% relative to the standard 

patch antenna, showing an increase of 123%. The proposed antenna reaches a peak gain of 7 

dB. 

Won-Woo Lee and Seokjin Hong [ 103] have suggested a frequency tuneable 

multiple input multiple output antenna at 704–960 MHz frequency ranges and poor overlap 

between tuning frequencies. The planned antenna spans many bands of long-term evolution: 

band17 (704–746 MHz), band13 (746–787 MHz), band5 (824–894 MHz), and band8 (880–

960 MHz). The traditional folded PIFA structure adopts an inverted L-shaped slit to achieve 

wideband operation for the main antenna. The subantenna has several resonances from 

which, by monitoring the capacitance of a microelectromechanical device connected to the 

end of the proposed loop antenna, an operating bands may be selected. 

He Huang et.al.,[ 104] proposed for the first time, a differential-fed Ultra Wideband 

(UWB) polarization diversity antenna with dual band-notched functionality. The antenna 

consists of a smoothing square slot and two orthogonal differential pairs that aim to achieve 

the operation of polarization diversity across the UWB from 2 to 11 GHz.  It also obtains a 

high differential port isolation of less than −40 dB. In addition, the integrated C-shaped slots 

on the main radiation components are used to monitor wireless local area network band 5.5 

GHz and X-band 8 GHz. A prototype was developed and put to the test. Results show that 

the antenna in UWB wireless communication systems will be promising for the application. 

Tapas M et.al.,[105] researched and suggested an adaptive vehicular antenna array 

with four analog phase variable shifters and a corporate feed network to tilt the main beam in 

any direction and scan the blind spot field. Square-modified cantor fractal geometry of each 

dimension achieves 65 percent reduction in surface area, 75 MHz bandwidth, 5.5 dB gain, 



 

−32 dB loss in return and 11 dB array gain  at 5.88GHz suitable for short range 

communication applications.  Sarthak Singhal and Amit Kumar Singh [106] introduced, a 

beveled monopole antenna for UWB communication systems. A modified microstrip 

feedline feeds the antenna. Impedance matching is improved with beveled patch, modified 

feedline and semicircular ground plane-like. Owing to loading of ground plane with a pair of 

rectangular slots, the bandwidth is further increased by the excitation of an external 

resonance at higher frequency. The antenna is constructed from a low-cost FR-4 epoxy 

substrate of 40 mm (Lsub) approximately 30 mm (Wsub) approximately 1.6 mm (h). A 7.1:1 

VSWR ratio for an impedance bandwidth of 2.4–17.1 GHz (14.7 GHz, 150.77 per cent) is 

achieved. Radiation pattern is omni-directional with average peak gain of 3.5 dB.      

Efe Ozturket. Et.al., [107] introduced the prototype measures and development of an 

ultra-wideband low-noise amplifier (LNA) for automotive and imaging applications as well. 

Three amplifiers are developed using IHP 0.13 µm SiGe Bi-CMOS 300/500 GHz (ft / fmax) 

SG13G2 technology, based on common-emitter topology with different configurations. For 

ultra-wideband imaging purposes, a single-ended, three-stage system is proposed. Using 1.5 

V supply voltage, this 0.2 mm2 LNA will work in a 25 GHz measured 3-dB bandwidth in 

W-band with 21 dB peak gain and 4.9 dB average noise figure, as the results are analyzed. 

In edge operating conditions, it consumes 50 mW of power, and the output 1 dB 

compression point is found as −4 dBm. 

Arup Ray et.al,[108] has focused on multiband properties of three different types of 

fractals, namely Sierpinski Carpet, Koch Snowflake, and Sierpinski Gasket. These three 

fractal frequency selective surfaces (FSSs) display dual band properties of the wireless local 

area network (WLAN), IEEE 802.11b standard, but at the expense of their fractal geometry. 

In an attempt to reduce their scale, the Sierpinski Carpet and Koch Snowflake fractal 

partially looses their resonance properties at WLAN frequencies; however, the newly 

designed, improved Sierpinski Gasket FSS displays marvellously stable resonance at WLAN 

frequencies with additional resonance at WiMax frequency, IEEE 802.16e. 

Nikhil Singh et.al.,[109] used textile material as a substrate to test ultra wide band 

antennas. The ultra wideband antenna is especially designed for medical applications. 

Simulated and calculated results show that the proposed antenna design meets large working 

bandwidth requirements and offers very low, to 13.08 GHz bandwidth (if conductive thread 

is used for conductive purposes). 

Sarthak Singhal and Amit Kumar Singh [110] designed and studied a crescent-shaped 

dipolar antenna for ultra wideband applications. The designed antenna impedance bandwidth 



 

has been improved using both radiator and feedline changed form. The built antenna 

received a 3.26–19.10 GHz (142 percent) impedance bandwidth. On one plane it has almost 

omni-directional radiation patterns.   The model antenna's total dimensions are 34~41 mm2. 

Shaojian Chen et.al., [111] introduces a lightweight microstrip-fed, multiband planar 

antenna for global positioning system, worldwide microwave communication 

interoperability and wireless local area network applications. A pair of L-shaped slots and 

rectangular slots, and defected ground structure, achieved three operating frequency bands. 

The developed prototype for the proposed antenna covers an area of 32 x 22.6 mm2. The 

results calculated show that, the proposed antenna has an impedance bandwidth of 10 dB of 

420 MHz (1.34–1.76 GHz), 590 MHz (3.21–3.80 GHz) and 1.5 GHz (5.05–6.55 GHz) 

respectively. The proposed antenna shows good radiation patterns over three operating bands 

and an acceptable gain. 

Zhi-jun Tang et.al., [112] performed a circular patch with a circular split-ring slot 

slowly varying in width, a U-shaped slot, a narrow strip slot and a segmental ground plane 

with three slits. To extend the bandwidth and create notches, the antenna radiating patch 

contains three different type spaces, and several slits are inserted on the defected ground 

plane. The modelled and calculated results indicate that the antenna provides a broader 

bandwidth ranging from 2.9 to 13.0 GHz (return loss less than −10 dB) with three notched 

bands of 3.30–3.70 GHz (WiMax band), 4.50–4.83 GHz (INSAT (Indian Satellite System) / 

Super-Extended C-band receiving frequency), and 6.67–7.15 GHz (INSAT / Super-Extended 

C-band transmission frequencies). 

Tian Yang Yang et.al.,[113] studied a two-layer stacked octagonal patches directly 

excited by feeding networks, and the other group of nine patches, are rectangular parasitic 

patches to increase both impedance bandwidth and gain level. The antenna array height is 7 

mm (almost 0.083λ0 at 3.55 GHz). The impedance bandwidths reported for VSWR<1.5 are 

12.6 percent (3.35–3.8 GHz) at both ports. The isolation between the two ports over the 

entire operating band is greater than 20 dB. The gain measured is 16.2 dBi and the degree of 

cross-polarisation is less than −15 dB. 

Hong-Ze ding et.al.,[114] introduced a multi-band, coupled-fed, printed antenna with 

a lightweight 4 G mobile phone branch structure. The antenna has a planar structure with 15 

/ 29 mm2 of small board volume. For the development of different operating bands, a 

powered monopole strip and a coupled branch-strip are formed on separate sides of a thin 

FR4 substrate. The antenna is capable of working in Octa-bands like GSM850, GSM900, 

Digital Communication Services -DCS1800, Personal Communication Services PCS1900, 



 

Universal Mobile Telecommunication Services-UMTS, Long Term Evolution- LTE2300, 

LTE2500 and WLAN, with return losses greater than 6 dB. A prototype of the proposed 

antenna will be produced and its calculated effects will be reported including losses of 

return, efficiencies and gains.  

Yi Liu et.al., [115] has tested a dual-band multi-input multiple-output (MIMO) 

antenna spanning 2.2–2.7GHz and 4.9–5.9 GHz frequency bands for wireless local area 

network (WLAN) applications. The proposed antenna consists of two components of the C-

shaped monopole antenna and a decoupling structure. The decoupling structure is based on a 

new, printed T-shaped bent resonator that is embedded between the a antenna elements to get 

high isolation in WLAN bands.   The proposed MIMO antenna has a compact size of 40 µm2 

(0.32 λ0 x 0.32 λ0) and the prototype of the antenna is designed and measured. The calculated 

findings with the decoupling system show that there is less than −15 dB in the reciprocal 

coupling between two ports, and less than −10 dB in the reflection coefficients over the 

operating bands. The strong matching impedance and high insulation make the antenna make 

the antenna suitable for antenna terminal for WLAN applications. 

Yong Pan et.al., [116] introduced a lightweight, frequency and pattern reconfigurable 

antenna. The antenna has a low profile, low cost and small size of 58.0 x 40.0 x 1.2 mm3 and 

consists mainly of dual symmetrical radiators, two rectangular parasite elements and an 

inverted T-shape ground plane that can serve as a reflector. By loading the parasitic elements 

and choosing various radiators to connect to the feed, the proposed antenna will switch 

among several working frequencies (2.01–2.26 GHz, 2.28–2.52 GHz and 3.73–4.02 GHz) 

and choose patterns in the XOY plane between two types of radiating patterns with phi= 90o 

and phi= 270o main lobe directions. 

Hildeberto J et.al, [117] has proposed and tested a slot omni-directional wide-band 

antenna without stub tuning. The antenna is fed with a slot waveguide, operating from 1.9 to 

6.6GHz benefiting over a bandwidth 2 to 5dB. One of the main advantage is the small 

measure of structure parameters to adjust and optimize, thereby reducing the complexity of 

the design. The proposal derives from a replacement of polarized elliptical hegemony of the 

UWB.  

A coupled aperture stacked sierpinski gasket fractal antenna with a defected ground 

structure is proposed and researched by Amanpreet Kaur et.al., [118] for Ultra wide Band 

(UWB) and Wireless Local Area Network (WLAN). The radiating structure consists of two 

sierpinski gasket fractal patch antenna layers stacked one over the other, with a ground layer 

at the top and a stub at the bottom of the feed line. The top ground layer has formed slot cut 



 

in it to provide the antenna with wideband behaviour, and the feedline is equipped with stub 

to provide circular polarization to the proposed antenna radiated EM fields. The suggested 

antenna shows a dual band wideband behaviour with an impedance bandwidth of 630 MHz 

(4.75 -5.38 GHz) and 400 MHz (6.8 – 7.2 GHz) at the middle frequencies of the two bands 

with a gain of 5.85dB and 9.5dB, respectively. The antenna will cover two UWB bands (4.75 

-5.38 GHz) and (6.8 – 7.2 GHz), a radio astronomy band (5.02 - 5.03 GHz), and an IEEE 

802.11a band (5.15 – 5.35 GHz). 

Chengpei Tang and Nian Yang [119] have successfully implemented and investigated 

a high-performance UWB planar monopole antenna, with triple strongly rejected notched 

bands. By adjusting the parameters of the proposed SRSSLR the triple notched bands can be 

easily tuned to the appropriate frequency position. The proposed antenna spans the UWB 

systems frequency range from 2.0 GHz to 11.0 GHz, with a band of denial around CSCS, 

WLAN, and RFID networks. The calculated results show good performance with respect to 

coefficient of reflection, antenna gain and patterns of radiation. Because of its marked 

properties of simple topology, compact size and excellent performance, the proposed planar 

monopole antenna is very useful for modern UWB wireless communications systems. 

Yan Shi et.al.,[120] designed, a wireless radio frequency identification (RFID) tag 

antenna for the ultra-high frequency (UHF) band. The suggested antenna consists of a fractal 

structure and a spiral structure of the first-order Hilbert. A T-matching arrangement is used to 

ensure the conjugate match between the Tag antenna and the electronic chip. The 

communication among two radiating components gives the proposed antenna a 20 percent 

fractional bandwidth over the frequency range of 820 MHz–1010 MHz and a small size of 

0.2092 λ0 x 0.099 λ0. Simulated, calculated results confirm the good performance of the tag 

antenna built. 

Shicheng Wang [121] suggested a novel ultra-wideband planar (UWB) antenna with 

triple-notched bands using the triple-mode resonator mounted stub. The basic UWB antenna 

consists of a circular radiating portion, a feed line of 50 microstrips, and a partially truncated 

ground plane. Then, they tested for the SLR's resonance properties. Results show that the 

SLR's multiple-mode property can be used to achieve triple-band-notched output in UWB 

antenna designs. A novel planar UWB monopole antenna with three notched bands around 

the WiMAX band, WLAN band and X-band satellite communication band is designed and 

produced to validate the design concept. The results indicate that the proposed planar antenna 

not only maintains an ultra-wide bandwidth but also has the ability for triple band-rejections. 



 

The UWB antenna displays patterns of omni-directional radiation through almost the entire 

operational spectrum which is ideal for UWB communication. 

Guan-Feng Cui et.al.,[122] has proposed, a compact dual-polarized antenna feature, 

integrated with balun. For the dual-polarization of the antenna, two pairs of dipoles are used, 

and a tight reciprocal coupling is implemented between them to expand the antenna 

bandwidth. Bent dipoles are used to reduce antenna size. The modelled and calculated results 

show that the suggested antenna with VSWR is < 1.5 and isolation > 26 dB can cover the 

bandwidth range from 790 MHz to 960 MHz. This antenna can be a good candidate for the 

design of a European Digital Dividend / Code Division Multiple Access-CDMA800/GSM900 

base station antenna for mobile communication. 

Kaushik Mandal [123] introduced, a very simple single layer comb-shaped microstrip 

patch antenna with seven wireless operating bands. To achieve multiple operating bands, 

eight symmetrical rectangular stripes are connected by a single thread. The proposed antenna 

has maximum resonating bands as opposed to its antennas.  The effects on the antenna 

characteristics of additional stripes and the connecting strip are observed. For experimental 

testing a prototype of the antenna is constructed. Measured tests indicate that the proposed 

antenna will work at 7 different frequency bands: 1.56–1.64 GHz, 1.76–1.94 GHz, 3.62–3.74 

GHz, 4.43–4.48 GHz, 5.02–5.13 GHz, 5.48–5.62 GHz and 5.92–6.02 GHz. Such bands 

include some of the most popular wireless bands including GPS (1570.42–1580.42 MHz), 

DCS-1800 (1710–1880 MHz), PCS-1900 (1850–1990 MHz), WiMAX, and WLAN. 

Bei Jun Wu and Quan Yuan Feng [124] proposed a compact wideband antenna 

consisting of an L-shaped radiating device with a modified inverted-F structure and a C-

shaped parasitic radiating element at the top. It obtains three resonant frequencies and a very 

wide working band. The calculated results show that the operating bandwidth with a return 

loss of 10 dB is approximately 2.9 GHz (2.11–5.01 GHz), 81.46 MHz (2.5–2.69 GHz), 2.4 

GHz WLAN and 2.5/3.5 GHz WiMAX bands, respectively. In comparison, the antenna has a 

plain planar structure and only 30x30x1.6 mm3 of small volume. 

Jhe-Sheng Yang and Jeen-Sheen Row [125] introduced a concept with specific 

radiation patterns for dual-band circularly polarized microstrip antennas. The concept is 

based on a stacked patch antenna consisting of an upper circular patch and a lower patch for 

the ring. The two patches at the TM21 mode are simultaneously resonant for the higher 

operating band, and the stacked patch antenna will create a pattern of conical radiation. As 

for the lower operating band, in its fundamental mode only the upper patch is resonant, and a 

broad-sided radiation pattern is obtained. 90o hybrid couplers are used to excite the patch 



 

antennas at the two operating bands to allow the two radiation patterns to be with circular 

polarization. The experimental results show that the prototype at each frequency band has a 

bandwidth of more than 15 percent in the 3dB-axial ratio. 

Tu Tuan Le et.al., [126] introduced a simple and lightweight broadband CP antenna, 

covering both the 3.5 GHz WiMax and the 5.2/5.8 GHz WLAN bands. This antenna used on 

one side of the 38x38x1.52 mm3 substrate with a circular slot etched in the ground plane and 

on the other side a semicircular patch with a microstrip feed line. The antenna measured 

116.6 percent impedance bandwidth (2.37–9 GHz), 58.7 percent AR bandwidth (3.22–5.9 

GHz), and a measured peak gain of 6.18 dBi at 5.8 GHz. This antenna finds useful in both 

WiMAX and WLAN wireless transmission systems with multiservice services. 

Anil Kumar Singh et.al.,[127] discussed the design, simulation and manufacture of a 

circularly polarized sectoral annular-ring microstrip antenna for S-band use. The proposed 

antenna's impedance frequency, axial bandwidth ratio and peak gain are 34.61 percent, 8.08 

percent, and 6.96 dB at 2.6 GHz respectively.  Effective 3-dB beamwidths with symmetric 

radiation activity along the propagation direction are observed in xz-plane and yz-plane. The 

proposed antenna is ideally suited as portable terminal applications such as wireless LAN, 

Wi-Fi, Bluetooth, ZigBee and RFID antennas in the S-band application due to its clear and 

low profile geometry. 

Aravind V. S et.al., [128], proposed a novel EBG ground plane microstrip antenna for 

broad bandwidth applications. A patch of 27 mm x 27 mm is planned, and a 20 mm 3 20 mm 

slot is made on it. Slots increase the bandwidth at the expense of adding side lobes in the 

pattern of radiation. Electromagnetic Band Gap (EBG) mushroom structures were 

implemented to absorb those side lobes and maximize the gain. The whole structure when 

simulated provides a gain of 4.1 dBi and an impedance bandwidth of 721 MHz around 4.8 

GHz and 1.200 MHz around 7.6 GHz.  

M S. M. Ali et. al., [129] is presented a miniaturized dual band Microstrip Slot antenna 

running at 2.45 GHz and 5.8 GHz. The antenna part consists of a metal patch fed by 

microstrip line with different slots on the patch resonator. A pair of mirror image L-shaped 

slots and a pair of slits on the patch resonator are used for the realization of dual band 

characteristics. The square slot in the center of the patch is engraved to allow more 

compactness, with an area reduction of 41.2 percent compared to a traditional square patch 

antenna. The results of the measurements show that the proposed antenna delivers acceptable 

radiation efficiency with directional radiation patterns at desired frequencies. 



 

Swati Yadav et.al.,[130] presents the design of a novel miniaturized single-band-notch 

microstrip antenna with enhanced ultra broad band efficiency. To maximize bandwidth, a 

tapered microstrip feed line feeds on rectangular form radiator patch and modified ground 

plane. The antenna introduced does have an extended ultra-wide bandwidth of 20.5 GHz 

(from 5.0-25.5 GHz). In addition, in the radiator, an L-shaped slot is etched to prevent 

electromagnetic interference in the WLAN band. The antenna displays a gain of 8 dB less in 

the stop-band while the gain remains unchanged at frequencies other than the stop-band. The 

band-notch antenna has a 20.9 GHz (4.6-25.5 GHz) bandwidth. The proposed antennas have 

11 x 16x 0.8 mm3, an ultra compact size. 

Merih Palandoken[131] has proposed a novel slot resonator microstrip antenna for 

compact RF energy harvesting modules running at 2,4 GHz. The antenna has an overall size 

of π0/3x π0/3 with an electrically low slot radiator at 2.4 GHz of λ0/11x λ0/15. The antenna 

gain is 2.8dBi with 68 percent radiation efficiency. 

A unique modified elliptical patch antenna is developed to include wireless c-band 

output diversity as provided by Chithradevi Rajagopal et.al.,[132]. Antenna A and antenna B 

was originally designed to increase the radiation efficiency and bandwidth, respectively. By 

adjusting the length of the slots and width of the feed antenna C, the identical patch and 

substrate size of both antenna is designed to yield unique output in one single element. 

Antenna C achieves improved radiation efficiency and bandwidth capacity with the 

reconfigurable system.  As antenna C switches to antenna A configuration, it resonates at 

frequencies of 3.7, 5.1 and 6.35 GHz with radiation efficiency of 82.55, 83.3 and 87.09 

percent, respectively, and when it changes to antenna B, it resonates at bands of 4, 4.8 and 6.7 

GHz at bands of 260, 300 and 240 MHz respectively. 

A high gain slot antenna for non-contact K-band measuring systems is presented by 

Bilal El Jaafari and Jean-Marie Floch [133]. The proposed antenna consists of a slot 

antenna, with a single frequency selective surface on a grooved metal structure. A reduced 

size is strongly required for fast embedding, in addition to a high-gain characteristic. These 

features are the main objectives of this antenna design. To achieve these two objectives, an 

optimization procedure, based on a global algorithm, is used. Both simulation and 

optimization are carried out by means a full-wave electromagnetic simulation tool. Finally, a 

prototype of the antenna has been developed and tested to verify the proposed design. Over 

the operating frequency range, more than 15 dB of gain is measured while maximum gain 

will exceed 17 dB at frequency 25.5 GHz. Such characteristics make this antenna very 

suitable for radar systems, i.e., non-contact measurements.  



 

Gui Liu et.al., [134] proposed and investigated, a compact coplanar waveguide fed 

multiband antenna. The suggested antenna consists of a defected ground plane with a 

rectangular radiating patch and dual meander stripes. The produced sample scale is 28.3 / 24 / 

1.59mm3. The desired antenna radiates at multiple (three) separate resonant modes, covering 

GHz 2.29–2.63, GHz 3.26–3.96, and GHz 4.97–6.10. The proposed antenna may be used in 

applications such as TimeDivision-LTE 2300/2500 (2.305–2.4 GHz), WLAN (2.4–2.4835 

GHz and 5.15–5.875 GHz), and WiMAX (2.3–2.4GHz and 3.3–3.7GHz). 

Li Sun et.al.,[135], suggested low profile dual polarizations with patterns of omni 

directional radiation. Vertical polarization is achieved by a modified annular ring slot 

antenna, and a modified written arc dipole array obtains horizontal polarisation. The antenna 

profile is reduced to a minimum by integrating the ground plane of the ring slot antenna and 

the dipole array on the same paper. The proposed prototype has a low profile of 0.024π (= 2.4 

GHz free space wavelength). 

Mubarak S. Ellis et.al., [136] proposes a low cost, compact circularly polarized 

antenna using a small L-shaped slot and a microstrip feedline. The calculated results show 

that the antenna has an axial ratio (AR) < 3dB bandwidth ranging from 5–8.5GHz and a 

bandwidth of S11 < −10 dB between 4–8.6GHz. The antenna is very simple, comprising of 

an L-slot and a microstrip feedline placed below and to the edge of the L-slot. 

Yang Li et.al.,[ 137] presents a triple-band planar electromagnetic band-gap (EBG) 

structure used for gain enhancement and wideband Radar cross section reduction (RCSR) of 

antenna. By adding two planar spiral inductances on a planar EBG structure, three bandgaps 

of an EBG structure are realized. There is an equivalent EBG model provided to further 

understand the creation of three band-laps. The proposed EBG is positioned around units and 

arrays of antennas to measure the RCS affection and gain. Because of the EBG structure's 

band-laps, antenna radar corss section(RCS) is reduced and antenna gain is increased. Results 

indicate that somehow the RCS is reduced from 9GHz to 21GHz by as much as 20 dB, and 

both the bandwidth and antenna gain can be increased slightly. 

Gopinath Samanta et.al.,[138] studies a CPW-fed annular slot antenna with enhanced 

impedance bandwidth using a sensitive impedance surface (RIS) substrate. The RIS is 

realized by patterning 3 ubiquitous array of circular elements over a cheap FR-4 substrate 

backed by a circular metal plane. The antenna resonance frequency is changed by 53.6 per 

cent relative to a standard annular slot antenna due to the compensation of electrical and 

magnetic energy stored by antenna and RIS substrate respectively. The antenna's input 

impedance is reduced by having such a reactive surface, and a significant increase in 



 

impedance bandwidth from 11.66 percent to 64.26 percent is also noted. The structure Ring 

& RIS is designed for measurement purposes. The simulated and calculated tests for both RIS 

loaded and Ring & RIS loaded configurations achieve good agreement. The loading of the 

ring over the RIS antenna gives directivity gain of about 5 dB. The peak gain and bandwidth 

are estimated respectively are 1.03 dBi and 58.62%.  

Changzhou Hua et.al.,[139], studied antenna which consisted of a heart-shaped 

radiating patch and an elliptical curved ground plane, has introduced and discussed a 

configuration of the UWB planar monopole antenna. Experimental results show that for a 

VSWR less than 2, the antenna has an impedance bandwidth of 4.25:1 which covers the 

entire UWB frequency band. Alternatively, a band-notched property was obtained by etching 

an annular slot filled with a condenser in the heart-shaped radiating patch. 

A combined quadrilateral wideband microstrip antenna is designed and the results of 

its measurement are given by Md Alam Jubaer et al.,[140]  in terms of various parameters. 

This patch antenna is designed to support the 6.3, 7.1, 7.5, 8.7, 12.8, 17, and 21.3 GHz 

resonance modes. FR-4 (lossy) is used as a substrate for the design of the suggested 11x3x15 

mm2 (0.23) firm antenna. Because of its configuration and feedline this antenna operates at C, 

X, Ku, and K band with modest bandwidth. This mixed quadrilateral-shaped multiband 

antenna has a directness gain at resonating frequencies of 1.65, 1.26, 2.4, 3.2, 4.57, 4.03 and 

3.46 dBi and is ideal for a modern communication network. The suggested results of a split 

multiband quadrilateral antenna are obtained with a return loss of less than-10 dB, VSWR of 

less than 2 at each resonant frequency and more than 3 dB gain. 

For Ultra-wideband (UWB) applications, Wenjing Wu et.al.,[ 141] suggested a 

bandwidth enhancement for metamaterial microstrip antenna. The metamaterial antenna 

consists of regularly engraved irregular figures on the upper patch and a planar-metallic 

ground carved on the bottom patch by grid patterned gaps. The sum size of the planned 

32x28x1:6 mm3 antennas. Experimental results show that the proposed antenna's relative 

impedance bandwidth (–10 dB) is 168.3 percent from 2.9 GHz to 33.7 GHz, the relative 

bandwidth of which is 38.9–121.9 percent higher than the previously reported wideband 

bandwidth. The simulated coefficient of reflection is in good agreement with the measured 

coefficient and its gain ranges from 1.30 to 7.17 dB. Meanwhile, the operating frequency 

band has a maximum radiation output of 95.6 percent. 

A lightweight microstrip patch antenna fed by a coaxial probe is proposed by Aritra 

Bhowmik and Anup Kr. Bhattacharjee [142] for broadband connectivity. The proposed 

antenna's 210 dB impedance bandwidth is 4 GHz (2.27–6.23 GHz) and includes WLAN 



 

2.4/5.2/5.8 GHz, WiMAX 3.5/5.5, LTE-2500, lower UWB network bands. The designed 

antenna is built on FR4 substrate 34 mm x 27 mm x 1.6 mm. Instead of traditional broadband 

patch in U / H / E / C type, an "A-shaped" patch is proposed to achieve broadband service. 

Miniaturization of the antenna is accomplished on the rectangular ground plane, due to two 

parallel spaces. Additionally, frequency tuning is observed in the proposed antenna. 

Ravindra Kumar Singh and Dhaval Pujara [143] proposed a 2.1–38.6 GHz band (179 

percent BW (bandwdith)) compact-sized ultra-wide-band circular monopoly antenna for 

VSWR <= 2. The antenna is very small, with a size of 30 mm x 40 mm x 0.787 mm, built on 

substrate RT / Duroid 5880.  

Isaac Barros Tavares de Silva et.al.,[144] introduced a quasi-Yagi antenna guideline 

at 2,45 GHz intended for ISM band use. The application of the directors was evaluated, 

compared, and the better antenna output was made. The calculated results obtained provided 

a 1 percent error agreement with the simulations and 27.39 percent bandwidth, from 2.3 GHz 

to 3.03 GHz.  

For the application IEEE 802.11 aj (45 GHz), a wideband circularly polarized (CP) 4 / 

4 millimeter wave antenna array composed of novel microstrip antenna elements is proposed 

by Zheng Gan et.al.,[145]. The addition of the L-shaped branches and truncated corners to 

the microstrip antenna portion achieves an impedance bandwidth of 24.9 percent and a 

bandwidth of 17.3 percent of the 3 dB axial ratio (AR) is achieved. The antenna array's 

estimated 3 dB AR bandwidth is 16 percent from 41.9 to 49.1 GHz, and the measured gain is 

all higher than 17 dBic within the 41 to 49 GHz range.  

Henry Abu Diawuo and Young-Bae Jung [146] introduced and discussed a novel low-

cost, high-gain millimeter-wave antenna. The antenna will have a 21 dBi gain over a 27.5-

28.5 GHz bandwidth. It also shows a 9.8 per cent impedance bandwidth from 26.04 to 28.78 

GHz. Clear agreement between simulated and measured results obtained indicates that the 

proposed antenna system with a compact size is successful in achieving broadband 

characteristics and low sidelobe levels.   

Yijing He et.al.,[147] addressed a high-gain, low-profile dual-polarized microstrip 

antenna that operates in the hybridized higher-order mode. The proposed antenna consists of 

a cross-shaped slot-loaded patch which can be considered as orthogonally polarized radiating 

elements operating in TM 50 mode. In addition, the four filled slots can effectively excite the 

in-phase TM 10 mode so that with suppressed sidelobes, the superposition of both modes can 

result in wide-sided enhancement. The proposed antenna needs only a single-dielectric layer 

and a simple feeding method, while the two polarizations display good isolation. We have 



 

produced a prototype with a total size of just 1.65 λ0 x 1.65 λ0 x 0.04 λ0 (λ0 is the center 

frequency free-space wavelength) and a maximum gain of 10.9 dBi measured.    

Amir Jafargholi et.al.,[148] developed a dual-band planar slim microstrip patch 

antenna. The antenna consists of four sections: patch and short, balanced and offset pins of 30 

/ 50 mm2. The oriented and offset pins are shown to help improve antenna matching while 

providing efficient efficiency in radiation. Lower band operation at 1900 MHz is 

accomplished with the aid of shorting pins. In addition, from 3480 to 3570 MHz, the higher 

frequency band is extended. Simulations show that the antenna gain and efficiency is 1.0 dBi 

and 28 percent respectively at the lower band frequencies. On the other hand, the average 

antenna gain is 2.4 dBi at the upper frequency band and an efficiency of at least 25 per cent is 

observed.  

Lei Wang et.al.,[149] proposes a low-profile, circularly polarized (CP) microstrip 

antenna with a large beamwidth for a global satellite navigation network. Four claw-shaped 

parasite branches are positioned at ground corners to simultaneously expand the impedance 

bandwidth (IBW) and half-power beamwidth (HPBW). Several slots are engraved to receive 

impedance on the radiation patch. The proposed antenna is manufactured and is tested. The 

findings show that the IBW is 72.5 percent from 1.02 to 2.18 GHz for VSWR 2 and 54 

percent from 1.15 to 2 GHz for the 3 dB axial-ratio bandwidth. The HPBW has an average 

CP bandwidth of more than 100 °. The size is 70 mm x 70 mm x 12 mm, (0.35 x 0.35 x 0.06) 

λ0, where λ0 is the middle frequency wavelength.  

Wenxing An et.al.,[150] presents a low profile microstrip antenna with stable radiation 

pattern in a relatively broad band for 5 G operation. To maximize the bandwidth with stable 

gain, four resonant modes of different frequencies are combined into a single structure, and 

well balanced by the addition of folded walls. An bandwidth of 58.3 percent was reached 

from 2.84 GHz to 5.17 GHz with a compact configuration of 0.84λ0  x 0.68 λ0 x 0 0.06 λ0, 

where, λ0 is the free-space wavelength at the 4 GHz core. The findings of the calculation 

show that the proposed antenna has the benefits in 5G communication having a average gain 

of 5 dBi, stable radiation patterns, low cross polarization and low back lobes.  

Ahmed Alieldin et.al.,[151] suggested a new layout of dual-polarized, three-sector 

reconfigurable antenna for use primarily in base stations for mobile communications. The 

design provides the flexibility to be used whenever needed as a sectorial (directive) or 

omnidirectional base station antenna. The two separate modes of radiation (omni-directional 

and sectoral) depend on the excitation only  The antenna proposed has the advantages of 

providing broadband, stable radiation pattern and high polarization purity within the desired 



 

frequency band, and a basic feeding structure with a very compact size (less than 800 cm3) 

and low profile. The fractional bandwidth obtained is 55.3% (1.7 - 3 GHz).  

The concept and evaluation of a compact antenna system with pattern 

reconfigurability at 2.6 GHz was proposed by Jerzy Kowalewski et.al.,[152]. The antenna is 

based on the concept of an electronically steerable parasitic array radiator (ESPAR), and by 

top loading its height is the. With a maximum gain of 7.4 dBi the antenna can produce 10 

reconfigurable patterns. In addition, a multiple antenna network composed of these antennas 

is being proposed. Based on the results of previous research, the radiation patterns realized by 

this multi-input-multiple-output (MIMO) device are tailored for urban automotive scenarios. 

Danvir Mandal and Shyam S. Pattnaik presented a quad-band wearable slot antenna 

with low defined specific absorption rate (SAR) [153]. Multiple antenna resonant modes can 

be excited to work on 1.8 GHz DCS, 2.4 GHz WLAN and 3.6/5.5 GHz WiMAX bands by 

cutting an inverted V-shaped slot with its arms further extended to the middle of the circular 

area. The calculated peak gains and impedance bandwidths for the 1.8/2.4/3.6/5.5 GHz bands 

are about 4.91/7.84/2.58/4.12 dBi, and 320/60/80/180 MHz respectively. 

Youcef B. Chaouche et.al.,[154] introduces a new frequency reconfigurable antenna 

for WiMAX and WLAN applications. It has a simple structure and a compact size of 0.44 λg 

x 0.44 λg. The solution proposed is based on the use of a U-shaped double planar antenna. In 

addition, a PIN diode switch is inserted across the slot between the two U-shaped patches to 

achieve a reconfigurable function. The antenna resonates at two single and double band 

modes (WiMAX 3.2/3.5GHz, and WLAN 5.2/5.8GHz) by manipulating the PIN diode. The 

gain obtained inside the entire operating bands varies from 2.3 to 3.9 dBi.  

Swati Vaid and Ashok Mittal [155], provided a wideband circularly polarized resonant 

cavity antenna (RCA) concept and study. The configuration of the antenna consists of a dual-

layer Jerusalem cross-type partially reflective surface (PRS) above a circularly polarized two-

port wideband patch antenna. Using similar circuit simulation, the PRS was analysed. The 

PRS enhances the gain of the feeding patch antenna over wide range of frequencies. The 

arrangement includes circular polarizations of left hand as well as right hand. It also provides 

parametric analysis of the structure. The RCA's estimated bandwidth of 10 dB return loss and 

3 dB axial ratio is 25 percent (8.24–10.63 GHz) and 28.8 percent (8.3 GHz–11.1 GHz), 

respectively.  

Prashant Purohit et.al has investigated, a novel design of a hybrid open slot antenna 

and is being experimentally verified [156]. The suggested design consists of a slotted tuning 

stub, a parasitic portion fed by proximity, and a slotted ground plane. Calibration and 



 

matching of best matching frequencies fr1, fr2, fr3, fr4, fr5, fr6 and fr7 are accomplished by 

varying the parasite factor dimensions and elliptical slot. The findings show that this antenna 

spans the GSM 1800, WiMAX, PCS, and ITM-2000 fractional bandwidth (BW(%)= 200* (fh 

− fl)/(fh + fl)) of 139.5 percent from 0.98 GHz to 5.5 GHz for < −10 dB. Mathematical 

equations for frequencies 1.04, 1.52, 3.06, 3.67 and 4.58GHz are built after the study of 

current distribution.  

Ayia A. S. A. Jabar and Dhirgham K. Naji [157] have proposed a new design 

approach for a miniaturized quad-band microstrip patch antenna (MPA) suitable for use in 

915-MHz (UHF band), 2.45-and 5.8-GHz (ISM band) and 3.5-GHz (WiMax band) 

applications. The designed antenna is called the modified square spiral antenna (MSSA) 

which consists of a modified dual-arm square spiral patch strip structure and a tapered ground 

plane with coplanar wave-guide (CPW)-fed configuration to feed this antenna, all printed on 

the top side of an FR4 substrate.  The conceptual antenna is distinguished by a miniaturized 

size of 28mm2, and MSSA has four bands, band 1: 915MHz (872–929 MHz), band 2: 2.45-

GHz (2395–2510 MHz), band 3: 3.5-GHz (3470–3550 MHz) and band 4: 5.8-GHz (5698–

5900 MHz) based on the calculated result of −10-dB S11.  

Prashant Purohit et.al., [158] introduced a microstrip-fed stepped open slot antenna 

which is suitable for applications such as GSM 1800, WiFi, WiMAX, PCS, and ITM-2000. 

The geometry suggested consists of a circle-shaped tuning stub, a feed structure and a 

deformed ground plane. The appropriate tuning of both the resonating modes (fr1, fr2, fr3 

and fr4) and the response of the wideband frequency is obtained by changing the dimension 

of the stairs, tuning the stub and an elliptical slow. The experimental results show that this 

antenna spans the frequency range from 1.375 to 5.6GHz with a calculated fractional 

bandwidth (BW(%)= 200*(fh−fl)/(fh+fl)) of 121.14 percent for S11 < −10 dB. The antenna 

also experiences resonance at 1.625, 2.52, 2.82, 3.75, 4.67 and 5.42GHz (measured) 

frequencies. 

A compact, circularly polarized wideband (CP) squared slot antenna for universal 

ultra-high-frequency (UHF) handheld reader (RFID) applications is proposed, produced and 

tested in Quanyuan Feng [159]. The antenna is a coplanar waveguide (CPW) fed by a feeding 

line inverted Z-shaped. Through installing four stubs inside the square slot in diagonal 

directions and two inverted T-shaped wires, broadband CP service, large axial ratio 

bandwidth and good impedance matching is achieved. The impedance bandwidth estimated < 

−10 dB ranges from 706 MHz to 1007 MHz (301 MHz, 35.1 per cent). The 3-dB axial ratio 

(AR) calculated is 427MHz (745–1172 MHz, 44.5 per cent). The proposed antenna has a 



 

maximum gain estimated at 4.8 dBi. The proposed antenna has low bandwidth impedance, 

large bandwidth axial ratio, and small size. The antenna measurements are just 120x120x 

1.6mm3. 

In the work by, Kommana Vasu Babu and Bhuma Anuradha [160] suggest a novel 

concept to minimize mutual coupling in circular patch antennas. A circular MIMO antenna 

with parasitic portion in the dumb-bell form is placed between the two circular patch 

antennas thus minimizing the mutual coupling. The proposed design has been observed to 

achieve multi-band characteristics at 3.1 GHz, 6.2 GHz and 7.7GHz. Impedance bandwidths 

(IBWs) at the tri-band frequencies are around 90 MHz, 320 MHz, and 540 MHz. The process 

involves cutting rectangular slits on each side of a circular patch and inserting a parasitic 

structure in dumb-bell form to minimize the transmission coefficient (S12) to −40,75 dB. It is 

noted that the parameters of the antenna are greatly improved in terms of diversity gain, 

directionality, group delay and 0.005, 9.973 dBi, 6.14 dBi, 10.81+/-1 nsec, and 3.59 dBi peak 

gain. 

Iman Jadidi et.al.,[161] engineered a lightweight tri-band microstrip filter and 

manufactured for use in wireless communication systems such as Bluetooth, WIMAX (World 

Wide Microwave Connectivity Interoperability) and WLAN (Wireless Local Area Network). 

Three resonators are used in the proposed filter, i.e., Stub-Loaded Resonator (SLR), Stepped 

Impedance Resonator (SIR), and Square Split Ring Resonator (SSRR). The proposed filter 

dimensions are equal to 16.2 x 12.3mm2 or 0.219 λg x 0.166 λg.  

Bihui Xu [162], a miniaturized ultra-wideband planar (UWB) polygon-slot antenna 

with wideband-notched property is studied. The antenna is easy to integrate with microwave 

circuitry with coplanar waveguide (CPW)-fed structure and 18.5 / 20.5mm2 miniaturized 

dimensions.  The WLAN band from 4.8 to 5.9 GHz is discarded by using one rectangular 

CSRR on rectangular area. Antenna 2 is eventually suggested by carving out two small 

rectangles in the lower corners of the rectangular patch and achieving UWB impedance 

matching from 3.1 to 12.6GHz. 

Aliakbar Dastranj [163] presented, a new lightweight broadband circular fractal 

antenna to simultaneously cover the operations in the S, C, X and Ku bands. The radiator's 

fractal geometry, including an iterative circular patch with a square hole, a changed feed line 

with phase technique and a slot-loaded semi-circular ground plane, is used to achieve a broad 

impedance bandwidth of over 151 percent from 3 to 21.5 GHz for RL less than -10dBThe 

designed broadband antenna exhibits small size of 38x36x1.4mm3 and almost 



 

omnidirectional radiation patterns, making it an excellent candidate for broadband wireless 

communication systems integration. 

Brahim Fady et.al.,[164] proposed a novel integrated multiband antenna system 

manufactured and tested for applications in the Smart Industries. The paper first presents the 

key problems and advantages of low-cost miniaturized antenna systems for smart industries 

and the Internet of Things. The parametric analysis and the final measurements of the 

outcomes of the design and simulation are further discussed. The modelled design is 

developed, and radiation pattern and return loss measurements are performed. The antenna, 

with a calculated maximum gain of up to 10 dBi and measured S11 to −20 dB, shows 

excellent performance for all the frequencies needed in Smart Industries such as 1.6GHz, 

1.8GHz, 2.3GHz, 2.4GHz, 2.6GHz, 3.5GHz and 5.8GHz. 

Hala M. Marzouk et.al.,[165] introduced new 28 GHz and 38 GHz lightweight 

microstrip line-fed dual-band MIMO resonant antennas suitable for 5G mobile 

communications. In this work the first design is a traditional two-element rectangular 

microstrip patch antenna with inset feed intended for 28GHz and 38GHz bands. The 

secondary configuration is symmetrical two-element double-band rectangular patches slotted 

by MIMO via microstrip inset fed lines. The dual-band response is achieved from I-shaped 

inverted slots inserted in the key patches. The third design is symmetrical dual-band MIMO 

four-element antenna with rectangular patches inverted in I-shaped slotted. In the partial 

rectangular ground plane is inserted a slot shaped with DGS. The size of the substrate is 55 x 

110mm2, whereas the implemented antennas have very modest planar configurations and 

occupy an insignificant region that makes them easier to fit inside smartphone devices for 

future 5G mobile communications.  Better return losses in favor and better bandwidths are 

realized. The added MIMO antennas are expected to run at 28GHz and 38 GHz that are ideal 

for mobile 5 G applications. 

Kamel S. Sultan and Haythem H. Abdullah [166] launch a novel MIMO UWB 

antenna with dual notches. The proposed antenna is based on the Quasi Self Complementary 

(QSC) approach to provide broad impedance bandwidth from 2.4GHz to over 12GHz. The 

proposed antenna is a semi-elliptical patch which is fed by a tapered line of microstrips. The 

antenna is mounted on a lightweight 20 mm x 15 mm x 1.5 mm FR-4 substrate. A square ring 

printed at the bottom of the substrate is used to reject WiMAX at 3.6 GHz to achieve the dual 

notched bands. The radiating patch also etches a C-shaped slot to reject interference with the 

5.8 GHz WLAN band.  



 

Son Xuat Ta et.al.,[167] is proposing a low-profile, dual-band, unidirectional, tag 

antenna for ultra-high frequency band (UHF) radio frequency (RFID) applications. The 

antenna consists of a lightweight printed dipole, a 4 x 4 periodic metallic plates metasurface, 

and a metallic reflector. The dipole antenna is fed by a modified T-matching network to 

match the impedance in conjugation matching with UCODE GSM chip. Simulated S11 < −10 

dB bandwidth are of 840–855 MHz and 916–932 MHz and unidirectional radiation with a 

range of 7.0 dB and 5.8 dB at 925 MHz and 845 MHz respectively. The final design with an 

overall size of 190mm x 190mm x 15.8mm (0.532λ x 0.532λ x 0.044λ at 840 MHz) yields a 

simulated < −10 dB bandwidth of 840–855 MHz and 916–932 MHz.  The below mentioned 

comparative Table 2.1 depicts the study done by various researchers and the results obtained 

in their work in terms of bandwidth, VSWR, radiation pattern and gain. 

Table. 2.1: Comparative literature study done by various researchers 

Sl.no Author name History behind and Work carried out year 

1. D. D. Greig, H.F 

Englemann 

The invention of the microstrip patch antenna design 1952 

2. G A. Deschamps The concept of a microstrip patch antenna 1953 
3. H. Gulton and G 

Bassinot 

A patent on the MSA 1955 

4. E.V Byron The concept of a conductive strip radiator, isolated 
by a dielectric substrate from a ground plane 

1970 

5. J. Q Howell Provided some very useful data on the rectangular 
and circular based patches. 

1972 

6. R. E. Munson A new form of wrap-around microstrip antenna 
suitable for missiles with microstrip radiator and 
microstrip feed networks on the same substrate 

1974 

7. H D. Weinschel Designed a functional, pentagonal antenna 1975 
8. J R James and C. J. 

Wilson 
reported similar, array designs which installed flush 

based low profile antennas for missiles 
1977 

9. T E. Nowicki A detailed study on the different dielectric materials 
available on the market. 

1979 

10. Y.T.Lo et al., a more precise mathematical method, known as the 
cavity model 

 1978-
1979 

11. D. R. Poddar et al., provided stepped and wedge-shaped dielectric 
substrates with microstrip antennas. Compared to that 

(MSA), they observed significant improvements in 
antenna impedance bandwidth () 

1981 

12. Ronald. R. DeLyser et 

al., 

 

Microstrip Antenna featuring narrow patches coupled 
with non-radiating edges, a double-layer structure 
This 12-element grating antenna is lightweight and 

has a bandwidth of 22% measured. 

1993 

13. D G. Kurup et al., proposed a novel way to feed single-layer microstrip 
patch antennas using microstrip-T 

electromagnetically coupled junctions 
32dB and 2.1 % 

2002 



 

14. Kwok L. Chung and 

Ananda S. Mohan 
Introduced a high performance circularly polarized 

(CP) stacked electromagnetically coupled patch 
antenna and its X-band sub-array. The sub-arrays 
reported 10-dB impedance and 3-dB axial-ratio 

bandwidths of 25.6 % and 23.5 % compared to the 
measured 20.2 % and 8.0 % for single element 

2004 

15. B. Ooi, L., and I. Ang Investigated a new microstrip antenna patch, 
semicircle fed, in the form of a wideband flower. For 
VSWR less than 2, the proposed antenna will achieve 

an impedance bandwidth of 63 % 

2005 

16. H. Y. A. Yim, C. P. 

Kong; K. K. M. Chang 
Proposed a novel concept of circularly polarized 

single-feed antenna dedicated to dual-band operation. 
Measured impedance bandwidths are 20.1% 

(855MHz) and 8.9% (2.397GHz) 

2006 

17. S.Chatterjee et al., Designed a single layer, single feed compact 
rectangular antenna and found that, by cutting 
unequal rectangular slots at the edge. 46.13 % 

2010 

18. Nageswara and N. 

Rao. V. S. N. Sarma 
A compact single feed circularly polarized fractal 
boundary microstrip antenna is proposed. 50%. 

2010 

19. Vijay Sharma et al., Proposed and demonstrated a novel technique for 
obtaining a single-layer single-layer dual-frequency 

rectangular microstrip antenna with a protruding 
semi-ellipse for S-band communication, achieving a 

bandwidth of 6.32% 

2010 

20. Jiun-Peng Chen et al., Designed a light weight, coupled folded resonator 
antenna for wireless sensor network applications, fed 

by a microstrip feed.. The antenna's calculated 
impedance bandwidth (|S11| ≤ -10 dB) is around 

2.4% (2.45 GHz -2.51 GHz) and the average antenna 
gain in the band is 2.14 dBi. 

2011 

21. Avisankar Roy and 

Sunandan Bhunia 
Researched a dual frequency, lightweight microstrip 

patch antenna that was designed by defecting the 
ground plane for Wi-Max application. The single-
layer antenna has been designed to transmit at dual 

frequencies for WiMax and WLAN with an increased 
bandwidth of 12%. 

2012 

22. Avisankar Roy Introduces a triangular monopole, wireless, 
lightweight microstrip patch antenna with shorting 
board. It has been accomplished by defecting the 

ground plane, a bandwidth of 38.7% with respect to 
the center frequency of a microstrip patch antenna is 

achieved which can be used for WLAN operation 

2013 

23. Vinod Kumar Singh [68] implemented a novel coaxial probe stream, a 
dual-bandwidth microstrip antenna using Artificial 

Neural Network soft computing tool. Dual 
bandwidths of 8.08 percent and 8.15 % are achieved 

by varying the location of the feed. 

2013 

24. Akshay Kumar proposed a new, circularly polarized small-size 
microstrip antenna using a proximity-coupled feed 

system. To realize a small-size part antenna, a simple 

2014 



 

design is adopted based on a cross slot with unequal 
slot lengths in a circular patch. The calculated results 

check the circular polarization with 22 % 
25. Settapong Malisuwan 

et al., 
To remove possible errors in high frequency 
broadband systems, the frequency-dependent 

characteristic impedance included in the proposed 
procedure is discussed.  The antenna offers 

bandwidth of 2.3 GHz (frequency range: 0.9GHz-
3.2GHz) 

2014 

26. Yogesh Bhomia et.al., Introduced a truncated tip H-slotted triangular 
microstrip antenna design and experimented with 

Ansoft Designer v-2.2.0 software. Cutting all three 
tips of the triangular microstrip antenna, one H-slot 

and inserting a single coaxial feed would accomplish 
this design technology, a bandwidth as high as 

11.07%  is achieved 

2015 

27. Muhammad Noman 

et.al., 
Addressed a new design of microstrip patch antenna 
for China Multimedia Mobile Broadcast (CMMB). 

The various techniques are used in this model to 
deisgn microstrip patch antenna to achieve the 

2.7GHz resonant frequency with a bandwidth of 
300MHz 

2015 

28. Yan Shi et.al., Designed, a wireless radio frequency identification 
(RFID) tag antenna for the ultra-high frequency 

(UHF) band. The suggested antenna consists of a 
fractal structure and a spiral structure of the first-

order Hilbert. A T-matching arrangement is used to 
ensure the conjugate match between the Tag antenna 
and the electronic chip. A 20 % fractional bandwidth 

over the frequency range of 820 MHz–1010 MHz 

2016 

29. Tu Tuan Le et.al., Introduced a simple and lightweight broadband CP 
antenna, covering both the 3.5 GHz WiMax and the 
5.2/5.8 GHz WLAN bands. The antenna measured 
58.7 % bandwidth (3.22–5.9 GHz), and a measured 

peak gain of 6.18 dBi at 5.8 GHz 

2016 

30. Anil Kumar Singh 
et.al., 

Discussed the design, simulation and manufacture of 
a circularly polarized sectoral annular-ring microstrip 

antenna for S-band use. The proposed antenna's 
impedance frequency, bandwidth and peak gain are 
34.61 percent, 8.08 percent, and 6.96 dB at 2.6 GHz 

respectively 

2016 

31. Bilal El Jaafari and 

Jean-Marie Floch 
A high gain slot antenna for non-contact K-band 
measuring systems is presented. The proposed 
antenna consists of a slot antenna, with a single 
frequency selective surface on a grooved metal 

structure. 13% ad 17dB gain 

2017 

32. Gopinath Samanta 

et.al., 
studied a CPW-fed annular slot antenna with 

enhanced impedance bandwidth using a sensitive 
impedance surface (RIS) substrate FR-4 substrate 

backed by a circular metal plane. The antenna's input 

2017 



 

impedance is reduced by having such a reactive 
surface, and a significant increase in impedance 

bandwidth from 11.66 percent to 64.26 percent is 
also noted 

33. Md Alam Jubaer et al., A combined quadrilateral wideband microstrip 
antenna is designed and the results of its 

measurement are given by [140]  in terms of various 
parameters. This mixed quadrilateral-shaped 

multiband antenna has a directness gain at resonating 
frequencies of 1.65, 1.26, 2.4, 3.2, 4.57, 4.03 and 

3.46 dBi a 

2017 

34. Henry Abu Diawuo 

and Young-Bae Jung 
Introduced and discussed a novel low-cost, high-gain 

millimeter-wave antenna. It also shows a 9.8 % 
impedance bandwidth from 26.04 to 28.78 GHz. 

2018 

35. Yijing He et.al.,[ 147] addressed a high-gain, low-profile dual-
polarized microstrip antenna that operates in the 

hybridized higher-order mode. A maximum gain of 
10.9 dBi measured. 

2018 

36. Amir Jafargholi et.al., Developed a dual-band planar slim microstrip patch 
antenna. The antenna consists of four sections: patch 
and short, balanced and offset pins of 30 / 50 mm2. 

28 % respectively at the lower band frequencies and 
antenna gain is 2.4 dBi at the upper frequency band. 

2018 

37. Quanyuan Feng A compact, circularly polarized wideband (CP) 
squared slot antenna for universal ultra-high-

frequency (UHF) handheld reader (RFID) 
applications is proposed, produced and tested in 
The impedance bandwidth estimated < −10 dB 

ranges from 706 MHz to 1007 MHz (301 MHz, 35.1 
per cent) 

2019 

38. Kommana Vasu Babu 

and Bhuma Anuradha 
Suggested a novel concept to minimize mutual 
coupling in circular patch antennas. A circular 

MIMO antenna with parasitic portion in the dumb-
bell form is placed between the two circular patch 

antennas thus minimizing the mutual coupling 
Impedance bandwidths (IBWs) at the tri-band 

frequencies are around 90 MHz, 320 MHz, and 540 
MHz. 

2019 

39. Bihui Xu A miniaturized ultra-wideband planar (UWB) 
polygon-slot antenna with wideband-notched 

property is studied.Antenna 2 is eventually suggested 
by carving out two small rectangles in the lower 

corners of the rectangular patch and achieving UWB 
impedance matching from 3.1 to 12.6GHz UWB 

range (110%). 

2019 

40. Brahim Fady et.al., Proposed a novel integrated multiband antenna 
system manufactured and tested for applications in 

the Smart Industries. The modelled design is 
developed, and radiation pattern and return loss 

measurements are performed. The antenna, with a 

2019 



 

calculated maximum gain of up to 10 dBi and 
measured S11 to −20 dB. 

41. Son Xuat Ta et.al., Proposing a low-profile, dual-band, unidirectional, 
tag antenna for ultra-high frequency band (UHF) 
radio frequency (RFID) applications. The final 

design with an overall size of 190mm x 190mm x 
15.8mm (0.532λ x 0.532λ x 0.044λ at 840 MHz) 

yields a simulated < −10 dB bandwidth of 840–855 
MHz and 916–932 MHz. 

2019 

From the exhaustive literature survey study, it is quite evident and clear that, practical 

microstrip patch antennas [MSAs] possess narrow impedance bandwidth, low gain, high 

cross-polar power levels, larger area etc. A number of useful applications of MSAs are 

limited mainly by these drawbacks.  Enormous amounts of investigations have been carried 

out and a large number of research papers published by the researchers have been collected 

and analyzed to enhance impedance bandwidth and improve certain MSAs antenna 

parameters. Different techniques/methods are available for the above mentioned study. Most 

of these include the use of thick dielectric substrate, slot in the conductive patch, slit and slot 

loading process, nanomaterial-based patch, flexible substrate-based patch, parasitic element 

technique, patch stacking, ground plane slot (DGS-defected ground structure), proximity 

coupling, aperture coupling, array configuration, complementary-symmetry structure etc. 

However among all, the slot loading technique, different shape patch are quite simple and 

straight forward and has the freedom to place desired slot on the patch of any suitable shape 

or size in order to improve various antenna parameters. 

This research addressed the development of antenna geometries small enough to be 

conveniently accommodated in different wireless communication devices (indoor and 

outdoor environments) and other miniaturized communication system applications, which 

will have almost wide-ranging radiation patterns or omni-directional patterns within the 

impedance bandwidth range. Therefore, the present work consists of design, fabrication, 

experimental and simulation study using some of the thin substrate (h =1.6 mm) with stripline 

feed and coaxial feed arrangement fabricated with nanomaterials such as gold, titanium oxide 

and silver. 

The results of the proposed antennas are also verified through Mentor Graphics IE3D 

simulation software (V.15.4) to validate with their experimental study. The fabricated 

antennas are experimentally studied on Vector Network Analyzer (VNA) R & S make and 

PNA Agilent make.  

The next chapter highlights the methodology and experimental setups adopted to 

measure and study the various above said MSAs. 
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CHAPTER- III 

METHODOLOGY AND EXPERIMENTAL SETUP 

 

3.1 Introduction 

In this chapter, some of the important microwave components used, experimental 

setup adopted for the measurement analysis and details on Mentor Graphics IE3D (Integral 

Equation 3- Dimension) electromagnetic (EM) simulation software used for computer-based 

antenna calibration of parameters for the microstrip patch antenna is addressed and 

presented. Also described in detail are the few simple microwave components and 

equipment used in the experimental setup [1-3]. The simulation and experimental work 

presented in this report is carried out in P.G. Dept. of Electronics, Mangalore University, 

Mangalore, in Microwave Electronics Research Laboratory (MERL), Department of 

Postgraduate Studies and App. Electronics, Gulbarga University, Gulbarga, College of 

Electronics, National Institute of Technology, Surathkal, Mangalore, Karnataka, among 

others. The equipments such as Vector Network Analyzer (Rohde and Schwarz, Germany 

makes ZVK model 1127.865, 10 MHz-40 GHz) and Agilent Technologies PNA (20MHz-

40GHz) are used to test the antenna parameters such as return loss, VSWR and impedance 

matching characteristics. The radiation patterns are determined using simple setup of 

position control system (S310C) with antenna positioner (S310P) for microwave 

measurement. Mentor Graphics IE3D EM program V.15.4 is also used to model the 

constructed antennas. Some of the antennas are coated with gold nanoparticles for achieving 

better conductivity and such nanomaterial deposition on epoxy substrate and silver nanofilm 

deposition are carried out in the Department of Science and Technology-Promoting 

University Research and Scientific Excellence (DST-PURSE) Laboratory, University of 

Mangalore and also in Vishweshwariah College of Applied Sciences, Gulbarga. The 

nanomaterial deposition and thickness measurement is done at Dept of Science & 

Technology- Promotion of University Research and Scientific Excellence (DST PURSE) 

Lab, Mangalore University, Mangalore using Physical Vapor Deposition (PVD) -RF 

sputtering and its characterizing analysis on Electron microscope of field emission scanning 

(FESEM) at nanoscale level.  

3.2 Gunn oscillator 

 The Gunn oscillator is used as a medium for microwave source. This mechanically 

controlled Gunn oscillator offers a low cost and highly reliable source for the microwave 



 

signals being produced. The Gunn oscillator is biased on the negative differential 

conductivity effect in bulk semiconductor. The Gunn diode is mounted inside the waveguide 

section, one end of which is terminated in a precisely calibrated movable shorting plunger. 

The waveguide section between the plunger and the diode acts as the resonator cavity. When 

the plunger is moved towards the diode, the volume of the cavity decreases and the frequency 

of the generated wave increases and vice versa. 

3.3 PIN modulator 

A PIN diode mounted in a suitable waveguide cavity connected between the source 

and the load, acts as a modulator. Many microwave measurement applications require 

amplitude modulation, and signal source pulse modulation. PIN diode modulator provides a 

perfect way to modulate the microwave signal with amplitude and pulse across a broad 

variety of frequencies. Such modulators use PIN diodes installed across the waveguide line 

with an RF-isolated DC bias that connects to an external connector. A 1000 Hz square wave, 

10V peak-to-peak is used for modulating the microwave power.   

3.4 Power supply   

 The Gunn-diode made up of Gallium Arsenide (GaAs) has been designed for the 

operating voltage of 6 to 10V and draws less than 1A current. Once the Gunn diode starts 

resonating for the biasing voltage which is equal or more than cut-in voltage, the device 

shows the negative resistance properly. At this stage, current in the device increases 

considerably with a small increase of biasing voltage. A PIN modulator has been designed 

capable of working for 10Vpp with 1 KHz square wave. These driving voltages have been 

taken for a common power supply. The voltage and frequency of square wave tuning facility 

is also provided on power supply for fine tuning. 

3.5 Isolator 

The isolator is a non-reciprocal two-port microwave device that employs a ferrite 

skewed by a static magnetic field that directs the power in one direction and fully blocks it in 

the opposite direction. An ideal isolator is one in which a 100% conduction in forward 

direction and 0% conduction in reverse direction takes place. The isolator is placed in front of 

microwave signal source which will not affect the forward signal but will prevent any 

reflected wave from reaching and there-by damaging the generators. 

3.6 Attenuator  

The microwave attenuators are the passive elements used to control the amount of 

microwave power transferred from one point to another on microwave transmission line. 

Generally these elements control the flow of microwave power either by reflecting and/or 



 

absorbing it in some dissipative elements. Attenuators may be fixed or variable or rotary 

depending on the requirements. 

 The fixed attenuation between 30 and 40 dB can be achieved by using fixed attenuator 

Such attenuators are set at the appropriate frequency band centre frequency The variable 

attenuators provide a convenient way to very precisely change the power level. The rotary 

vane attenuators are the appropriate tools to be used in waveguide systems where direct 

attenuation reading of broadband is needed, particularly as a standard for reflect meter and 

swept measuring systems. An ideal attenuator when placed in a transmission line must 

present a good impedance match at both the terminals. It should be well-matched reciprocal 

device. The attenuation is a function of frequency and so due care should be taken if a 

standard attenuation is desired.  

3.7 Frequency meter 

 A microwave frequency meters are meant for calculating signal frequency with 

reasonable precision in microwave measurements. It is better for this reason since these 

enable the transmission to flow down at the exact calibrated frequency with full power. The 

microwave frequency meters are commonly available in two forms namely; micrometer type 

frequency meter and direct reading frequency meter. The frequency meter model micrometer 

consists of a plunger microwave cavity, and a regular wave guide portion. The plunger's 

micrometer drive ensures precise monitoring of its location allowing high precision 

frequency calculation. 

 The direct reading frequency meter measures microwave frequencies directly. It can 

be tuned over the entire scale provided on it. The frequency meter absorbs all the microwave 

power coming from the source when the resonant value of the cavity of frequency meter is 

equal to the frequency of microwave source and offers no attenuation to other frequency 

signals. The long-scale duration and numbered reference points have high resolution, which 

is particularly useful for calculating the difference in frequency which is having minor 

changes.  

3.8 Slotted section 

The slotted line represents one of the important sections of microwave measurement 

setup. The slotted segment will be used to evaluate the VSWR attached at the end of the 

slotted portion, attenuation, step and impedances of antenna under test (AUT). With its 

Vernier, the location carriage (sample) can be read from a scale. The average travel of the 

probe carriage is more than three times the half wavelength. 

3.9 Detectors 



 

The detector is an assembly having a detecting element, most commonly a crystal or a 

bolometer. The microwave detector can be used to measure microwave signals. The desirable 

property is very little reflection. Most commonly used detecting element is a crystal diode, 

which is a non-linear and non-reciprocal device. It rectifies the received signal and produces 

a current proportional to the input power. At low microwave strength, each detector's 

responsiveness is approximate to the square law characteristics and can be used with a 

specific amplifier with high gain. 

3.10 VSWR meter 

In order for the antenna to operate efficiently, the maximum power transfer between 

the transmitter and the antenna has to take place. An incident waveform falling on a load 

which is not characteristic impedance is reflected towards the generator due to mismatch. The 

wave reflected interacts with the standing wave and gives standing wave pattern. The 

maximum field strength is found where these two waves add in phase and minimum occurs 

where these two add in opposite phase. The measure of the wave's average amplitude to total 

field strength is the voltage standing wave ratio (VSWR). 

The predictor meter used to measure the standing wave pattern inside the wave guide 

is the VSWR meter of direct reading, which is a high voltage amplifier with less tuned noise 

in dB. For successful antenna - load matching conditions, the VSWR of the test antenna 

(AUT) must be less than 2. Often, this meter is used to calculate attenuation and overall line 

mismatch. 

3.11 Twist 

 It is a typical hollow waveguide shaped pipe. Hollow waveguides are generally used 

as transmission lines at frequencies around 1 GHz and above. By definition, a waveguide is 

simply a pipe of virtually any consistent cross-sectional shape through which an 

electromagnetic (EM) wave travels by reflection, and not by conduction. Since the method of 

propagation in a waveguide is by means of reflection, hence the interior surfaces should be 

smooth, often silvered, free of moisture and abrupt changes in shape or direction otherwise 

they will cause reflections to occur back towards the source. Rectangular waveguide twists 

are used in general to change the dominant mode of propagating wave by an angle of 90o. 

Waveguide twists capable of twisting dominant mode other than 90o are also possible. 

3.12 Horn antenna 

 The horn antenna could be considered a flared-out waveguide. The horn's purpose is 

to create a standardized phase front with a greater aperture than the waveguide's, and hence 

greater directionality. Horn antennas are generally divided into a waveguide and circular 



 

rectangular horn. The rectangular horn antenna contains the sectoral H-plane, sectoral E-

plane and pyramidal, exponentially tapered. The triangular horns are of an increasingly 

tapered, conical, biconic type TEM and  biconic type TE01. 

 A pyramidal horn is called a rectangular horn with flare in both plane E and plane H. 

Standard antenna is universally accepted as a pyramidal horn as it shows minimal or no side 

lobes in both E and H planes relative to other microwave antennas. The metrics of any 

antenna being evaluated are usually measured by contrasting their parameters with the 

parameters of the pyramid horn antenna as shown in Fig. 3.1. 

 

Fig. 3.1 View of Horn antenna 

3.13 Power meter 

 The 4220A model Boonton make power meter is used for the measurement of 

transmitted power and received power from AUT. The feature of this power meter is its 

accuracy, wide frequency range, high speed operation, repeatability, digital display and 

compatibility for other recording and display units.  

3.14 Microwave experimental setup 

The simple microwave experimental system [1-3] used for the calculation of various 

microstrip patch antenna parameters is as shown in Fig. 3.2. Using this configuration, the 

antenna parameters such as VSWR, impedance matching, return loss etc can be calculated. 

The various components and equipments shown in Fig. 3.2 are explained in detail in section 

3.2 to 3.13. 

The antenna being measured (AUT) is attached in the receiving mode and the 

reference antenna (i.e. regular pyramid horn) fed by Gunn source through the microwave 

bench is placed at a certain distance in the transmitting mode, following the formula R = 

2*D
2
/ λ, where R is the gap between the transmitting and the receiving antenna, D is the horn 

antenna's wide-sided dimension and λ is the wavelength free space. The transmitting and 

receiving antennas are properly aligned to prevent the unintended reflections before taking 

the measurements. The microwave source at the transmitting section is energized for the 

operating frequency of microstrip antenna under test (AUT).  



 

3.15 Turn table 

The arrangement of the turntable is as shown in Fig. 3.3 The radiation level for the 

microstrip patch antennas is determined by this setup. In this system, two antennas are 

positioned to face each other and then the direction of transmitting antenna is rotated around 

its axis to adjust the angle in steps of 30 degrees. 

The antenna being measured (AUT) is attached in the receiving mode and the 

reference antenna (i.e. regular pyramid horn) fed by Gunn source through the microwave 

bench is placed at a certain distance in the transmitting mode, following the formula R = 

2*D
2
/ λ, where R is the gap between the transmitting and the receiving antenna, D is the horn 

antenna's wide-sided dimension and λ is the wavelength free space. The transmitting and 

receiving antennas are properly aligned to prevent the unintended reflections before taking 

the measurements.  The microwave source at the transmitting section is energized for the 

operating frequency of microstrip patch antenna under test.  

3.16 Vector network analyzer (VNA) 

 A vector network analyzer (VNA), which is a two (or four) channel microwave 

receiver equipped to monitor the magnitude and phase of the received and reflected waves 

from the network, it will also calculate the S-parameters of passive and active networks. It 

compares the incident signal leaving the analyzer either with the signal transmitted through 

the test device, or with the signal reflected from its input. VNA (vector network analyzer 

Rohde & Schwarz, Germany make, ZVK model 1127.8651, 10 MHz-40 GHZ) takes on the 

effects of return loss, VSWR and impedance provided in this thesis. The VNA's depictions 

are as shown in Fig.3.4. The mathematical factors used at the frequency of the microwave are 

waves moving, rather than overall voltage and total current. Network analyser's basic task is 

to calculate S-parameters. These S-parameters are given as shown in Fig. 3.5. 

S-parameters are usually expressed by Sij. The i and j subscripts indicate port usage. 

Typically j is the excited port (the port of entry) and i is the port of the output. Then S11 

corresponds to the signal ratio transmitted from port one for a signal event on port one. 

Parameters S11 and S22 are referred to as coefficient of reflection as they apply only to what 

occurs at a single port, while S12 and S21 are referred to as coefficient of propagation as they 

relate to what happens from one port to the next port. 

VNA instrument is basically 2-port 4-channel analyzer consisting of test set, reference 

oscillator, signal generator, first and second local oscillator, front-end, converter (A/D), 

measurement control unit and a front panel. As seen in Fig 3.6, the functional organizations 

of VNA are given. The VNA operating theory (ZVK model) can be seen in Fig. 3.7.  



 

The following are the main features of ZVK model Vector Network Analyzer.  

• Channels  

� Bidirectional. 

� Standard calibration methods plus Rohde & Schwarz calibration methods for 

test fixtures, circuit broadband. 

• Operation of the VNA 

The ZVK model VNA operates for the 10 MHz to 40 GHz frequency range. 

Therefore at the time of calibration one should provide start frequency and stop frequency in 

the specified band for its service. The VNA is calibrated using cal-kit in four steps such as: 

through, open, short and match separately as per the procedure given in its manual. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2 Block diagram of basic microwave experimental setup 
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Fig. 3.3 PC based radiation pattern measurement setup 

 

Typically, the RF output is configured to sweep over a specified bandwidth. A four-

port reflectometer measures the incident, the reflected and the received RF waves; a switch 

enables either port 1 or port 2 to power the network. Such signals are translated to 1000 KHz 

IF frequencies by four dual-conversion channels, which are then registered and transformed 

to digital form. A efficient internal machine is used to measure and monitor the magnitude 

and phase of the S-parameters, or other quantities that may be extracted from the S-

parameters, such as VSWR, return loss, group delay, impedance etc. An interesting feature of 
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the VNA is the substantial improvement in accuracy made possible by program error 

correction.   

 

Fig. 3.4 The photography of vector network analyzer (VNA) 
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Fig. 3.5 S-parameters 

 

Fig. 3.6 Functional organization of VNA 
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Fig. 3.7 Principle of operation of VNA (ZVK model) 

Errors are generated by misalignment of the directional coupler, incorrect orientation, 

error and inconsistencies in the analyser system's frequency response are compensated for 

using a twelve-form error model and a calibration method. Another important feature is the 

ability to calculate the network's time domain response by measuring the frequency domain 

data from the reverse Fourier transformation. 

3.17 Simulation Software –Mentor Graphics IE3D V.15.4  

The programming software used to do all EM modelling and analysis in this work is 

Mentor Graphics IE3D V.15.4 (Integral 3-Dimension Equation). IE3D is a full-wave 

electromagnetic simulator that uses the methods of moments. It analyzes general form 3D and 

multilayer structures. It was commonly used in MICs, RFICs, patch antennas, cable antennas, 

and for other RF / wireless antennas. Calculating and displaying the S parameters, VSWR, 

existing concentrations and radiation levels can be done using IE3D. Some of the capabilities 

of IE3D are:  

1. May model true 3D metallic structures at open, closed, or periodic boundaries in 

several dielectric layers. 

2. High performance, high accuracy and low cost electromagnetic simulation method 

for PCs with a graphical interface based on windows. 

3. Automatic non-uniform mesh generation, with rectangular and triangular cells. 

4. May model systems of limited ground planes and structures with different feeds. 

5. Actual 3-dimensional (3D) structural structures and metal thickness simulation 

accurately. Efficient solvers to matrix. 



 

6. 3D and 2D visualization of global propagation patterns and near-field radiation. 

It is a very powerful tool for our purposes, as it allows for ease of design and precise 

outcomes from EM simulation. The results obtained for each patch were 2D patch view, 3D 

patch view, RL curve, Directivity, gain and other such parameters, true pattern of 3D 

radiation, marked pattern of 3D radiation and pattern of 2D polar radiation. These definitions 

are as laid out below. 

Real 3D radiation pattern -It's the pattern in the 3D space itself. The scale of the origin 

pattern reflects how intense the field is at a certain angle (theta, phi).  

Mapped 3D Radiation pattern-This is the map applied to the width of a cylindrical 

coordinate system with a theta angle. The radius of the theta angle in the cylindrical 

framework indicates this value. 

2D Polar Radiation Pattern - A polar pattern is basically a real 3D pattern split at a specific 

phi angle.  

2D Cartesian Radiation Pattern - A Cartesian pattern is simply a 3D shaped pattern sliced 

at a single phi angle. 

IE3D V.15.4 has been very helpful for this work, as it has ensured simplicity of patch 

creation and detailed simulation performance. Usually IE3D took around 100s to produce a 

frequency point (mostly 20 of these points were used to generate all curves etc.) and in some 

instances even 1200s (20 min) depending on patch length, frequency spectrum, meshing 

degree etc.  At the other hand, Sonnet was taking about 50s per frequency point marginally 

faster for basic simulations but only showed the return loss curve when IE3D was used to 

evaluate patterns of 3D radiation, etc. For this reason all simulations were performed using 

IE3D only. The simulation findings are explained in detail in chapter four with experimental 

results for the suggested antennas. 

3.18  Physical Vapor Deposition (PVD) System for film deposition: Fabrication 

There is a need to go from semiconductors to metals for all of the electrical and 

electronic products. So, we need a metal coat depositing device. In this work, we need to 

deposit nanometer scaled thickness gold, silver and titanium oxide metals on epoxy substrate 

to realize microstrip patch antennas. Physical vapor deposition (PVD) - it's one of the latest 

metal print deposition processes. The metals are heated to the point of vaporization, and then 

evaporate to turn into a thin film that covers the ground surface. Deposition of films takes 

place under vacuum or under very carefully controlled conditions. We used two methods to 

metalize gold, silver and titanium oxide nanofilm on epoxy substrate. The first method is 

thermal evaporation and the other is RF sputtering. In our research work we used thermal 



 

evaporation for silver nanofilm formation of epoxy substrate and RF sputtering is used to 

deposit gold, titanium oxide nanofilm on epoxy substrate. 

3.19 PVD - Thermal Evaporation System 

The idea used is that, a fixed vapor pressure occurs above any substance is based on 

this evaporation. Whether the substance sublimes from solid to vapor, or evaporates from 

liquid to solid. There are two techniques used to evaporate metal. The first process is 

filament evaporation where evaporation is done by increasing the filament temperature until 

the metal loops are melted and vaporized. The second approach is the evaporation of 

electron beams, where the electron beam with energy up to 15 KeV (kiloelectron volt) 

focuses on the source target which contains the materials to be evaporated. In this work, we 

used filament evaporation method. The Fig. 3.8 (a) shows PVD system based on thermal 

evaporation system that uses filament evaporation and Fig. 3.8 (b) shows silver 

nanomaterial deposited on epoxy substrate (FR4) using PVD-evaporation system. 

The following are the highlights of PVD. 

� To ensure equal distribution, substrates are rotated around the source. 

� Also, substrates are often heated radiantly to improve thin film adhesion and 

uniformity. 

� Deposition rate regulated by increasing electron beam current and energy. 

� It monitors deposition levels of quartz crystal rate. The crystal resonant frequency 

changes proportionally to the accumulated film thickness. 

� Evaporation methods appear to be directional — shadowing and poor coverage steps. 

 

                                (a) 



 

 
(b) 

Fig.3.8 PVD thermal evaporation (a) System (b) Silver rectangular nanomaterial 
deposited on epoxy substrate using PVD  

 

3.20  PVD - Radio-Frequency (RF) Sputtering 

 Plasma at higher pressure is used in the sputtering method to drive metal atoms out 

of a target element such as copper or iron to be placed on substrate. These energetic atoms 

accumulate on a near-target substrate. Because of more focused transmission the high 

pressure produces better delivery. The excess energy of the ions often helps to increase 

surface mobility, i.e. atom rotation on the surface. Metals need dc power source while 

sputtering, in which the aim serves as the cathode in the diode device. Because sputtering 

uses argon gas, RF power source is needed. Fig. 3.9 (a) and 3.9 (b) illustrates RF sputter 

system and deposited gold material on epoxy substrate (FR4). Sputtering offer more 

versatility since any material (metals and metal oxides etc) in principle could be sputtered. 

 

                                        

     (a) 

 



 

(b)

 

                       (b) 

Fig.3.9 Radio Frequency (RF) Sputter (a) PVD system, (b) Deposited 43 nm gold nanomaterial on Epoxy 

substrate (FR4) using RF sputter 

 

3.21 Scanning Electron Microscope (SEM) for Surface and Nano Thickness       

         Measurement 

 In nanotechnology, it is necessary to get information about ultra-thin films and their 

compositions by very nanoscale resolution. Ultra-thin or nanofilm means a thin film layer of 

material (metals or metal oxide) is deposited on to a substrate, metal, ceramic or 

semiconductor substrate for applications such as fabrication of sensors. Zeiss Sigma family 

Electron microscope (FESEM) field emission scanning is used to detect the elemental 

composition or thickness of a thin layer at nanometer scale. The FESEM model allows surface 

inspection downwards to nanometer scales in either in Variable Pressure (VP) or high vacuum 

model. The scanning electron microscope (SEM) photographs a sample surface by scanning 

raster with high-energy electron beam over it. The electrons communicate with the measured 

atoms to create signals containing information on surface topography, structure and other 

properties, such as electrical conductivity. There are two listed types of source emission: 

thermionic emitters and ground emitters. The main difference between the scanning electron 

microscope (SEM) and the field emission scanning electron microscope (FESEM) is the 

emitter type as shown in Fig.3.10. Thermionic emitters utilize electrical current to warm a 

filament; tungsten (W) and lanthanum hexaboride (LaB6) are the two most popular material 

used for filament. The electron scan escapes from the substrate when the pressure is enough to 

bypass the work function of the filament content. Thermionic sources have relatively low 

luminosity, cathode material evaporation and activity of thermal drift. Field emission is one 

way to generate electrons and prevents these problems. The emission is accomplished by 

placing the filament in a gigantic gradient of electric potential. Typically, the FES is a 



 

Tungsten (W) wire designed to sharp point. The origins of the FE is appropriately combined 

with the scanning electron microscopes (SEMs), whose design was assisted by developments 

in secondary electron detector technologies. Cathode-anode acceleration voltage is usually in 

the range of 0.5 to30kV, and the apparatus needs an intense vacuum (~10-6 Pa) in the 

microscope column [4]. 

 In our study, we used the Zeiss Sigma family FESEM installed at the Department of 

Science and Technology-Promotion of University Research and Scientific Excellence (DST-

PURSE) Laboratory, Mangalore University to examine the deposition and thickness 

concentration of gold, titanium oxide, silver nanofilm  on epoxy substrate for the production 

of nanofilm antenna surfaces and thicknesses. Illustration in Fig.3.10 displays electron 

microscope (FESEM) analysis of field emission. 

 In the next segment, we will review the construction, simulation of microstrip patch 

antennas in which some of the antennas are coated with DGS-based nanomaterials (such as 

gold, titanium oxide and silver) and versatile substrate patch architecture for wireless 

applications along with detailed results & discussions. 

 

 
Fig.3.10 Zeiss Field Emission Scanning Electron Microscope (FESEM) 
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CHAPTER- 4 

 

NANOMATERIAL FABRICATED PATCH ANTENNA FOR SUPER HIGH 

FREQUENCY APPLICATIONS WITH RESULTS & DISCUSSIONS (Design & 

Modelling) 

 

4.1 Introduction 

This chapter presents the design, fabrication and results (Experimental & Simulation) 

of proposed microstrip patch antennas (MSAs). The design equations are also presented in 

this section [1 – 6]. The sketch work of proposed antennas is carried out using computer 

software commercial Computer Aided Design (AutoCAD)-2017 to achieve better design 

accuracy. The step-by-step fabrication procedures of various designed MSAs are also 

discussed. The antennas are fabricated using computerized photolithography fabrication 

process.  

4.2 Design & Modelling (Fabrication) 

The choice of the substrate is the first important step in the successful design of 

microstrip antennas (MSAs). For the selected substrates, the major electrical properties taken 

into consideration are relative dielectric constant (Ɛr) and loss tangent (tan δ). A high 

dielectric constant results in small patch, which reduces bandwidth as well as it results in 

tighter fabrication tolerances. A high loss tangent reduces antenna efficiency and increases 

feed losses. The substrate thickness (h) is chosen as large as possible to maximize bandwidth 

and efficiency but not so large as to risk surface wave excitation. The value of h is chosen as 

per the equation [1], 

0 r

0.3c
h  

2πf ε

 
≤   
 

    (4.2 a) 

where, c is the velocity of light in cm, εr is the relative dielectric constant and f0 is the 

maximum operating frequency in GHz. The other factors taken into consideration are 

stability, operating temperature range, dimensional changes with temperature, thermal 

conductivity, merchantability and flexibility etc. Table 4.1 shows the specifications of the 

dielectric material, which is used in designing the microstrip patch antennas. 

 

Table 4.1: Specifications of dielectric material 

Dielectric material Relative permittivity 

(εεεεr) 

Loss tangent 

(tan δ) 

Thickness 

(h)  in cms 

Glass epoxy material 4.4 0.00245 0.16  
 



 

Glass epoxy dielectric material is commonly used in the printed circuit board (PCB) 

which is also referred to as FR4 material. It is one of the low cost and most universally 

manufactured dielectric materials. For testing the new designs, the antennas are fabricated on 

this material at higher frequencies (microwave frequency range). By using such dielectric 

material the overall manufacturing cost of the antenna also reduces drastically. 

4.3 Microstrip Patch Antenna element design 

 For the design of microstrip patch antenna, the most commonly considered 

specifications are [1, 10]; 

� Dielectric constant of the substrate material (Єr) 

� Thickness of the substrate material (h) 

� Resonant frequency (fr) and 

� Free space wavelength (λ0). 

a) Rectangular patch width (W):  

                  The width of the patch is obtained by [5, 7-8], 
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where, c is the speed of light, fr is the resonant frequency, εr is the relative permittivity   

of the dielectric material.    

b) Rectangular patch length (L): 

                    The length of rectangular patch is given by [5, 7-8] 
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(4.3c) 

where, εe =effective dielectric constant and is given by [25], 
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Where, c is the speed of light, 

fr is the resonant frequency, εr is the relative permittivity of the dielectric 

material, h is dielectric material thickness.     



 

It has been shown in many open literatures that, similar results for finite and infinite 

ground planes can be obtained if, the size of the ground plane is greater than the patch 

dimensions by approximately six times the substrate thickness all around the periphery. 

Hence, for this design, the ground plane dimensions are finite and its dimensions in length 

and width, Lg and Wg are given by [1, 10],  

Lg = 6h + L     in  cm       (4.3 e) 

Wg = 6h + W       in  cm 

c)  The width and length of feed network is designed using the following equations. 

if
w

1.52
h
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Width of feed line is given by [1,10],  
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(4.3 g) 

Length of feed line is given by [1,10], 

fL
4

gλ
=

      
(4.3 h) 

where, λg is effective guide wavelength and is given by, 
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In equation 8 the value of e f fε is given by, 

eff

p

  2
f

1 G
f

r e
r

r

ε ε
ε ε

−
= −

+
 
 
 

           (4.3 j) 
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Width of quarter wave transformer is given by [1,10] 
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In equation (4.3 r), Zin is the impedance offered by the rectangular patch at the centre 

point along W of Fig. 1. 

Length of quarter wave transformer is estimated using the equations 7 to 13 by 

replacing Z0 by Z1 and is given by [1, 10]   

tL
4

gλ
=               (4.3 u) 

The conventional MSA’s is designed for the various resonant frequencies (fr) of 2.4 

GHz, 3 GHz, 3.5 GHz, 6 GHz, 8 GHz and 9 GHz using the basic equations available in 

literature [1, 9].The dimensions of all the slots, slits are taken in terms of λ0, where λ0 is the 

free space wavelength corresponding to the designed frequency of conventional MSA i.e. 3.5 

GHz. The calculated length and width (L x W) of the patch are (18.99 x 26.92) where, L<W 

which is presented here for the sake of easy analysis and design of practical microstrip 

antennas for various use in wireless applications. The length and width of quaterwave 



 

transformer (Ltx Wt) and the length and width of microstrip feedline (Lf x Wf) are designed 

separately using above mentioned equations are mentioned in results section.  

The design equations for circular patch antenna are given below [1, 10]. 
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Where, 
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The effective radius is given by [9],       

                            �# = �$1 + ��	% [ln � %��� + 1.7726]          (4.3 x) 

              Where, 

fr=operating frequency 

            �e=effective patch radius 

            � =patch radius 

            h=thickness of the substrate 

εr=dielectric permitivity of the substrate 

 

The design equations for square patch antenna are given below 
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Where L and W are length and width of square patch 
  

Length of the quarterwave transformer is, tL
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  Length of the feed line is, fL
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                  Width of the feed line is f
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*The equations mentioned i.e., from (4.3y1 to 4.3y4) are the same equations as stated earlier 
in (4.3f, 4.3h, 4.3o and 4.3u) are used to design the circular patch antenna with Micorstrip 
feed element [1, 10].   
 



 

4.4 Design of slots, stubs and slits on microstrip patch  

  The antennas designed in this present work are fed by stripline feed technique and 

coaxial feed technique. Also, the techniques such as use of various slots, stubs and slits of 

different dimensions are loaded on the patch and study on the changes in the antenna 

parameters are done. These techniques are very effective in enhancing the impedance 

bandwidth, gain of microstrip patch antenna (MSA). 

The shape of the coupling slot has a significant impact on the strength of coupling 

between the feed and antenna impedance. Rectangular slots are commonly used as, they give 

better coupling than other apertures shapes. Some of slots such as v-shaped slots, unequal 

slots length and width dimensions are also used for efficient coupling. The dimensions of the 

slots, stubs and slits are taken in terms of λ0.  

4.5 Equivalent circuits for slotted microstrip patch antenna 

The equivalent circuit representation of slotted rectangular microstrip antenna [10] is 

presented in Fig. 4.1 where, C1, L1, R1 of patch are given by, 
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It may be noted that input impedance (Zin) of the circuit in Fig. 4.1 a excluding slot 

can be expressed as 

            1
1

1

11

1

Lj
Cj

R

Zin

ω
ω ++

=
( )

( ) ( )
( )

( ) ( )211
22

1
2

1

11
2

1
2
1

2

11
22

1
2

1

2
1

1

1

1

1

−+

−
−

−+
=

CLRL

CLLR
j

CLRL

LR

ωω

ωω

ωω

ω
    (4.5 b) 

The input impedance of the slot-loaded patch can be calculated from Fig. 4.5b as 
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Using this value, the reflection coefficient, VSWR and return loss can be computed,  

                              Power reflection coefficient ( )
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where =0Z characteristic impedance of the co-axial feed  (50 ohm) 
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4.6 Fabrication of microstrip 

The choice of dielectric material plays an important role in the design of transmission 

lines as well as antennas at microwave frequencies. The dielectric constant and loss tangent 

are two important characteristics of a material which affect the efficiency

Using thin substrates with high dielectric constant would result in smaller antenna size. But 

this also results in negative impact over the antenna efficiency and bandwidth. Therefore, 

there must be a design trade-

glass epoxy dielectric material with dielectric const

chosen for this study. In this work, attempt has been made to fabricate the antennas on 

flexible substrates also. 

While fabricating the microstrip antennas, considerable care is required. The slight 

error in the dimension causes drastic reduction in the antenna impedance bandwidth. Hence, 

high dimensional tolerances are maintained during the fabrication process of microstrip 

antennas. The steps typically involved in the fabrication of microstrip 

shown in Fig. 4.2. 

At microwave frequencies, the precise fabrication of prototype plays a vital role. 

Therefore, photolithographic process is used to fabricate the 

Photolithography is the process of transferring geometrical shapes from a photo mask to the 

surface of a substrate which results in optical accuracy.

 The first step in the fabrication process is to generate the artwork from drawings. 

Here, the artwork of the test antenna is developed using

to achieve better design accuracy. In the development of artwork of microstrip antennas, the 

accuracy is maintained up to eight decimal points. Accuracy is vital at this

depending on the complexity and dimensions of the microstrip 

enlarged scale artwork should be prepared on Stabline or Rubylith film or prepared on butter 

paper. Using the precision cutting blade of a manually operated co

layer of the Stabline or Rubylith film is cut to the proper geometry and can be removed to 

. 

(a)   (b) 

Fig. 4.1 Equivalent circuit 

Fabrication of microstrip patch antennas (MSAs) 

The choice of dielectric material plays an important role in the design of transmission 

lines as well as antennas at microwave frequencies. The dielectric constant and loss tangent 

are two important characteristics of a material which affect the efficiency

Using thin substrates with high dielectric constant would result in smaller antenna size. But 

this also results in negative impact over the antenna efficiency and bandwidth. Therefore, 

-off between antenna size and good antenna performance. The 

dielectric material with dielectric constant 4.4 and loss tangent of 0.024

In this work, attempt has been made to fabricate the antennas on 

g the microstrip antennas, considerable care is required. The slight 

causes drastic reduction in the antenna impedance bandwidth. Hence, 

high dimensional tolerances are maintained during the fabrication process of microstrip 

tennas. The steps typically involved in the fabrication of microstrip 

At microwave frequencies, the precise fabrication of prototype plays a vital role. 

Therefore, photolithographic process is used to fabricate the antenna geometries. 

Photolithography is the process of transferring geometrical shapes from a photo mask to the 

surface of a substrate which results in optical accuracy. 

The first step in the fabrication process is to generate the artwork from drawings. 

ere, the artwork of the test antenna is developed using computer software Auto

to achieve better design accuracy. In the development of artwork of microstrip antennas, the 

accuracy is maintained up to eight decimal points. Accuracy is vital at this

depending on the complexity and dimensions of the microstrip antennas;

enlarged scale artwork should be prepared on Stabline or Rubylith film or prepared on butter 

paper. Using the precision cutting blade of a manually operated co-ordinograph, the opaque 

layer of the Stabline or Rubylith film is cut to the proper geometry and can be removed to 

 

The choice of dielectric material plays an important role in the design of transmission 

lines as well as antennas at microwave frequencies. The dielectric constant and loss tangent 

are two important characteristics of a material which affect the efficiency of the antenna. 

Using thin substrates with high dielectric constant would result in smaller antenna size. But 

this also results in negative impact over the antenna efficiency and bandwidth. Therefore, 

and good antenna performance. The 

ant 4.4 and loss tangent of 0.0245 was 

In this work, attempt has been made to fabricate the antennas on 

g the microstrip antennas, considerable care is required. The slight 

causes drastic reduction in the antenna impedance bandwidth. Hence, 

high dimensional tolerances are maintained during the fabrication process of microstrip patch 

tennas. The steps typically involved in the fabrication of microstrip patch antennas are 

At microwave frequencies, the precise fabrication of prototype plays a vital role. 

antenna geometries. 

Photolithography is the process of transferring geometrical shapes from a photo mask to the 

The first step in the fabrication process is to generate the artwork from drawings. 

computer software AutoCAD-2017 

to achieve better design accuracy. In the development of artwork of microstrip antennas, the 

accuracy is maintained up to eight decimal points. Accuracy is vital at this stage and 

antennas; either full or 

enlarged scale artwork should be prepared on Stabline or Rubylith film or prepared on butter 

ordinograph, the opaque 

layer of the Stabline or Rubylith film is cut to the proper geometry and can be removed to 



 

produce either a positive or negative representation of the microstrip antennas (MSA’s). The 

design dimensions and tolerances are verified on a cordax measuring instrument using optical 

scanning. Enlarged artwork should be photo reduced using a high precession camera to 

produce high resolution negative, which is later used for exposing the photo resists. 

 The laminate should be cleared using the substrate manufacturer-recommended 

procedure to ensure proper adhesion of the photo resist and the necessary resolution in the 

photodevelopment process. The photo resist is now applied to both sides of the laminate 

using laminator. The laminate is then allowed to attain normal at room temperature prior to 

exposure and development. The photographic negative must be now held in very close 

contact with the polyethylene cover sheet of the applied photo resist using a vacuum frame 

copy board or other technique, to assure the fine line resolution required. With exposure to 

proper wavelength of light, polymerization of the exposed photo resist occurs making it 

insoluble in the developer solution. Both sides of microstrip patch antenna is exposed 

completely without a mask, since the copper file is retained to act as a ground plane. The 

protective polythene cover sheet of the photo resist is removed and the antenna is now 

developed in a developer, which removes the soluble photo resist material. Visual inspection 

is needed to assure proper development of microstrip antenna. 

 When these steps are completed, the antenna is ready for etching. These are the 

critical steps and a considerable care is required so that proper etch rates are achieved. After 

etching, photo resist is removed using a strip line solution. Visual and optical inspection 

should be carried out to ensure a good product with a final acceptance or rejection being 

based on resonant frequency, radiation patterns and impedance measurement. For acceptable 

limits, the edges are smoothened and the antenna is rinsed in water and dried. If desired, a 

thermal cover bonding may be applied by placing a bonding film between the laminates to be 

bonded out placing these between tooling plates.   

Dowel pins can be used for alignment and the assembly is then heated under pressure 

until the bonding temperature is reached. The assembly is allowed to cool under pressure 

below the melting point of the bonding film and the laminate is then removed for inspection. 

The above procedure comprises the general steps necessary in producing microstrip 

antenna. The substances used for the various processes e.g. cleaning, etching or the tools used 

for machining etc. depend on the dielectric material chosen. By using the fabrication 

procedure explained above, the following antennas have been designed, fabricated and also 

results are obtained using experimental and simulation analysis. 
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      Fig. 4.2 Flow diagram for fabrication of microstrip patch antennas 

 

 

 

 



 

4.7 Microstrip Patch Antenna Design &Results (Experimental and Simulation analysis) 

4.7.1 Design, Modelling & Results of Conventional & Slot embedded rectangular  

         microstrip patch antenna (SIP-CRMSA, SIP-RMSA1 SIP-RMSA2) 

The layout of antenna design structure and the single inverted patch conventional 

rectangular microstrip patch antenna (SIP-CRMSA) is depicted in Fig.4.3(a, b). The 

inverted patch rectangular microstrip antenna with width W and length L is supported by a 

FR4 dielectric superstrate with a dielectric permittivity of Ɛr = 4.4, having thickness h, with air 

filled dielectric medium acting as substrate having dielectric constant with a thickness of ∆ 

is packed in between the superstrate and ground plane. An Aluminum plate with the 

dimension Lg and Wg with thickness of h1 is used as a ground plane. Table 4.2 shows the 

detailed optimized antenna design parameters obtained for the designed antenna. The 

designed patch antenna is operated in the frequency range of 2 GHz to 6 GHz. The fabricated 

patch and the ground plane were fastened together by plastic spacers along the four corners of 

the antenna. The patch integrates one horizontal slot as shown in Fig. 4.3c (SEIP-RMSA1) 

and the other with two horizontal and a vertical slots on the patch as shown in Fig. 4.3d 

(SEIP-RMSA2) [11].  The fabricated antennas (SIP-CRMSA, SEIP-RMSA1 and SEIP-

RMSA2) are shown in Fig. 4.3 e, f, g, h. 

The slots are embedded in parallel to the non-radiating and radiating edge of the 

patch symmetrically with respect to the centreline (x and y axis) of the patch. The 

dimensions of the slots are taken in terms k0, where k0 is the free space wavelength. The 

length of the slot is considered as half of the operating wavelength and width is considered 

as fraction of operating wavelength. The designed patch is excited by probe feed placed 

along the centre line of Y-axis at a distance fp from the top edge of the patch as shown in  

Fig. 4.3 a [11]. 

The benefit of using air medium underneath inverted patch arrangement offers 

bandwidth (BW) enhancement, avoidance of penetration through the substrate, 

accommodation of the active devices and direct contact of co-axial probe with respect to 

patch and the ground plane. The application of using superstrate with inverted patch is to 

offer a gain enhancement, minimization of radiation losses as there is no need of drilling a 

hole through the patch and necessary protection for the patch from the environmental 

effects. Use of parallel slots also reduces patch size practically. These above mentioned 

techniques offer easy patch fabrication especially for antenna array structures [11]. 

The experimental evaluation shows that the designed frequency of SIP-CRMSA is in 

the frequency range of 2 GHz to 6 GHz, and the antenna resonates at the frequencies 3.85 



 

GHz in case of SIP-CRMSA, 3.67 GHz in case of SEIP-RMSA1 and 3.72 GHz in case of 

SEIP-RMSA2. The impedance  bandwidth  over  return  loss  (RL)  less  than-10 dB  is  

measured  for  S  and  C  band  frequencies.  The measurements are taken on vector network 

analyzer (Rohde and Schwarz, Germany make ZVK model 1127.8651).The variations of 

return loss (RL) against frequency plot of SIP-CRMSA, SEIP-RMSA1 and SEIP-RMSA2 

are as shown in Fig. 4.4. [11] 
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                       (g)                          (h) 

Fig. 4.3 Antenna design structure—a,e) layout of antenna structure (side view). b, f) SIP- CRMSA (top view). c, 
g) SEIP- RMSA1 (top view). d, h) SEIP- RMSA2 (top view). 



 

The measured results of SIP

bandwidth at the expense of 

is in good agreement with the theoretical result 

horizontal slot is embedded on

3.67 GHz with an increment in bandwidth of 260 MHz 

attaining gain of 8.17 dB and 

Table

Parameters 

 

Length and width of patch (L,W) 

Permittivity—FR4 ( r) 

Substrate thickness (h) 

Permittivity of air ( o) 

Air gap (D) 

Length and width of ground plane (Lg, Wg)

Aluminum thickness (h1) 

Slot length (Ls1, Ls2, Ls3) 

Slot width (Ws1, Ws2, Ws3) 

Slot spacing (S1, S2, S3, S4, S5, S6, S7) 

Feed point location (fp) 

 

 

 

 

 

 

 

                                                                                     

Fig. 4.4 a) Return loss (RL) Vs 
RMSA2, b) Bandwidth Vs Frequency 
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The measured results of SIP-CRMSA resonated at frequency 3.85 GHz and offers 

of return loss (230 MHz (3%) at RL = -15dB).

is in good agreement with the theoretical result (2.88 dB). However,

embedded on the patch, the antenna resonates at the

3.67 GHz with an increment in bandwidth of 260 MHz (7%) at a R

and offering 10% size reduction in SEIP-RMSA1

Table 4.2: Optimized antenna design parameters 

Inverted patch rectangular microstrip antenna  

SIP-CRMSA SEIP-RMSA 1 
(conventional antenna), mm {with one slot}, mm 

SEIP
{with three slot}, mm

(17.76,23.28) (17.76,23.28) (17.76,23.28)

4.4 4.4 4.4

1.6 1.6 1.6

1 1 1 

8.5 8.5 8.5

) (40,40) (40,40) (40,40)

1 1 1 

– Ls3 =17.14 17.14,1.4,15.14

– Ws3 =2.68 2.86,4.51,0.86

– s1=18.57, s2= 1.68, 
s3=5.17 

5.17,3.01,4.01, 
6.17,1.68, 9.55, 2.68

4.2 4.2 4.2

                                                                                     (a) 

 
(b) 

Return loss (RL) Vs  frequency (GHz) characteristics of SIP-CRMSA, SEIP
, b) Bandwidth Vs Frequency comparison of SIP CRMSA, SEIP-RMSA1

SIP-CRMSA 

3.85GHz SIP-RMSA1 

3.67GHz SIP-RMSA2 

3.72GHz 

3%

7%
6.72%

Antenna - resonant frequency

quency 3.85 GHz and offers 

15dB). A gain of 3 dB 

However, when a single 

the lower frequency 

RL of -11.06 dB, 

RMSA1 [11]. 

SEIP-RMSA 2 
{with three slot}, mm 

(17.76,23.28) 

4.4 

1.6 

 

8.5 

(40,40) 

 

17.14,1.4,15.14 

2.86,4.51,0.86 

5.17,3.01,4.01, 
6.17,1.68, 9.55, 2.68 
4.2 

 

CRMSA, SEIP-RMSA1 and SEIP-
RMSA1, SEIP-RMSA2. 



 

Embedding an additional horizontal

slots spacing dimensions as 

different frequency 3.72 GHz

(6.72 %) at a better return loss

and 8% size reduction for SEIP

bandwidth and return loss 

conventional microstrip antenna (SIP

radiation pattern, the antenna under test (AUT), and standard pyramidal horn antenna 

kept in the far field region. The AUT, which is 

respect to transmitting pyramidal horn

The received power by AUT is measured f

each. It is observed that  the  radiation characteristics of  the  proposed

compared  to  that  of  the  conventional 

antennas display good broadside radiation pattern with linear polarization characteristics. 

The 3dB half power beamwidth (HPBW) 

RMSA2 are 40°,52° and 54° respectively. It 

patterns are broadsided with linear polari

bandwidth of 250 MHz and gain of 5.17 dB with better input impedance matching among 

the proposed antenna by embedding multiple slots on the radiating patch. I

input impedance is as shown in 

that validates better matching characteristics

Fig. 4.7 (a) depicts measured gain

Maximum gain of 8.17 dB and

respectively. These designed 

Services, UK fixed satellite services opera

[11]. 4.7 (b) shown the final shape of MSA fabricated.

 

 

 

 

 

Fig. 4.5 Measured radiation patterns for SIP

horizontal and a single vertical slots on the patch

as indicated in Table 4.2, the antenna resonates

GHz with an achievable bandwidth increment

loss (RL) of -17.98 dB, offering an improved

% size reduction for SEIP-RMSA2 in comparison with SIP-CRMSA. The gain, 

bandwidth and return loss have been considerably improved when compared to the 

ventional microstrip antenna (SIP-CRMSA). For measurement analysis for antenna 

the antenna under test (AUT), and standard pyramidal horn antenna 

kept in the far field region. The AUT, which is the receiving antenna, is kept in phas

mitting pyramidal horn antenna [11]. 

The received power by AUT is measured from 0° to 180° with the rotational steps of 10° 

each. It is observed that  the  radiation characteristics of  the  proposed antenna

conventional  patch antenna. As shown in Fig.

antennas display good broadside radiation pattern with linear polarization characteristics. 

The 3dB half power beamwidth (HPBW) of SIP-CRMSA and SEIP-RMSA1 and SEIP

54° respectively. It is comprehensible that the mea

e broadsided with linear polarization levels. SEIP-RMSA2 gives achievable 

bandwidth of 250 MHz and gain of 5.17 dB with better input impedance matching among 

the proposed antenna by embedding multiple slots on the radiating patch. I

input impedance is as shown in Fig. 4.6. A single loop obtained at the centre of Smith chart 

that validates better matching characteristics [11]. 

depicts measured gain characteristics with angle traced by the antenna. 

and 5.17dB are achieved for SEIP-RMSA1 and SEIP

esigned and fabricated antennas find its application in 

Services, UK fixed satellite services operating in the frequency range of 3 GHz to 4 GHz

shown the final shape of MSA fabricated. 

 

Measured radiation patterns for SIP-CRMSA, SEIP-RMSA1, SEIP

patch and changing 
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bandwidth increment of 250 MHz 
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CRMSA. The gain, 

been considerably improved when compared to the 

surement analysis for antenna 

the antenna under test (AUT), and standard pyramidal horn antenna are 

receiving antenna, is kept in phase with 

180° with the rotational steps of 10° 

antenna are  better  

antenna. As shown in Fig.4.5, the designed 

antennas display good broadside radiation pattern with linear polarization characteristics. 

RMSA1 and SEIP-

is comprehensible that the measured radiation 

RMSA2 gives achievable 

bandwidth of 250 MHz and gain of 5.17 dB with better input impedance matching among 

the proposed antenna by embedding multiple slots on the radiating patch. Its variation of 

. A single loop obtained at the centre of Smith chart 

angle traced by the antenna. 
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application in WiMax 
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Fig. 4.6 Variation of input impedance on Smith chart 

 

 

 
 
 
 
 
 
 
 
 

Fig. 4.

This work is published in 

Series B, 95(3), 213-217. ISSN:

4.7.2  Design, Modelling & Results of 

The first design step is to choose 

frequency of operation. The simp

resonant frequency (fr) of 3.5 GHz using the basic equations available in literature. The 

geometry of this antenna is as shown in Fig. 
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0.66 mm). The length and width of microstrip feedline 
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Fig. 4.7 (b) Final fabricated Microstrip Patch Antenna 
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, Modelling & Results of Multiband Pentagon Slot Antenna

design step is to choose dielectric substrate of appropriate thickness and the 

simple rectangular microstrip antenna (RMA) is designed for the 

) of 3.5 GHz using the basic equations available in literature. The 

geometry of this antenna is as shown in Fig. 4.8 [12]. The patch is fabricated on a low cost 

glass epoxy substrate material of thickness h = 1.66 mm and permittivity ε

get better accuracy, the antennas are presketched using computer software AutoCAD

and are fabricated using photolithography process. The length and width (L x W

26.92 mm). The length and width of quarterwave transformer (L

0.66 mm). The length and width of microstrip feedline (Lf x Wf) is (10.19 x 3.35 mm) which 

Measured gain variation  
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Multiband Pentagon Slot Antenna (MPSA)  

dielectric substrate of appropriate thickness and the 

rectangular microstrip antenna (RMA) is designed for the 

) of 3.5 GHz using the basic equations available in literature. The 

The patch is fabricated on a low cost 

εr = 4.4. In order to 

using computer software AutoCAD-2013 

L x W) of the patch 

(Lt x Wt) is (10.18 x 

is (10.19 x 3.35 mm) which 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.8 Top view geometry of simple RMA & fabricated RMA 

     

 

 

 

 

 

 

 

 

 

 

Fig. 4.9 Geometry of MPSA & fabricated MPSA 

Later, the pentagon shape slot with two L shape slots are etched on the patch plane of 

conventional RMA as shown in Fig. 4.9. This antenna is named as multiband pentagon slot 

antenna (MPSA). The dimensions of the slots are taken in terms of λ0, where λ0 is the free 

space wavelength corresponding to the designed frequency of simple RMA i.e. 3.5 GHz. The 

side length of pentagon shape slot (A) is 9.14 mm and the slot vertical length (B & C), slot 

horizontal width (D & E) of L shape slot are (B=14.04 & C=8.03) and (D=3.34 & E=6.67) 

keeping the patch length, patch width, feed line length and width, quarterwave transformer 

length and width unchanged as compared to the RMA. The dimensions are also indicated in 

the Table 4.3. The main advantage of the designed antenna is its simple design having 

multiple resonance behaviour due to slots arms etched on the patch suitable for 

communication applications [12]. 



 

 
Table 4.3: Parameters of the design antenna 

 

 

 

 

 

 

 

 

The simulation and practical measurement of return loss and other antenna parameters 

of the designed simple RMA & MPSA are verified. Designed antennas are connected to the 

vector network analyzer through coaxial cable of microstripline feed. For the proposed 

antennas, the impedance bandwidth over return loss less than −10 dB is measured on Agilent 

Technologies E8363B Network Analyzer operating for the frequency range of 10 MHz to 40 

GHz [12]. 

The variation of return loss verses frequency of RMA is as shown in Fig. 4.10. From 

the fig. it is clear that, practically the antenna resonates at fr1 = 3 GHz (Simulated resonant 

frequency = 3.1 GHz) of frequency which is very much close to the designed frequency of 

3.5 GHz and hence validates the design. From this graph, the bandwidth of simple RMA is 

found to be BW1 = 2.06 % (experimental) and 1.99 % (simulated) [12]. 

 

Fig. 4.11 shows the variation of return loss versus frequency of MPSA. From this fig. 

it is clear that, the antenna resonates at five different bands of frequencies f1= 2.14 GHz, f2 = 

2.6 GHz, f3 = 3.45 GHz, f4 = 7.7 GHz and f5 = 9.5 with their respective bandwidths (BW) are 

BW1= 2.97% (2.01-2.11 GHz), BW2 = 2.70% (2.22-2.39 GHz), BW3= 3.53% (3.41-3.71 

GHz), BW4 = 11.19% (7.30-7.99 GHz) and BW5 = 14.45% (8.48-9.81 GHz) respectively. 

The first band BW1 is due to the fundamental resonance of the patch. The bandwidths BW2, 

BW3, BW4 and BW5 are due to the insertion of equal arm lengths of L shape slot on the 

radiating patch as they resonate independently and act as resonant structure [12].  

Parameters of the Design Antenna Dimensions 

Length of the patch  (L ) 18.99mm 
Width of the patch  (W) 26.92 mm 

Substrate material thickness (h) 1.66mm 
Permittivity (εr) 4.4 

length of quarterwave transformer (Lt ) 10.18mm 
Width of quarterwave transformer (Wt) 0.66 mm 

Length of feedline (Lf ) 10.19mm 
Width of feedline (Wf) 3.35 mm 

Side length of pentagon shape slot (A) 8.12mm 
Slot vertical length (B & C) of L slot B=15.04mm & C=9.03mm 

Slot horizontal width (D &E) of L slot D=2.34mm & C=5.6mm 
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The simulated result of MPSA is also shown in Fig. 4.11 which is close agreement for 

frequencies from f1 to f5 with experimental results. Since, the practical designed antenna 

(MPSA resonant frequency) resonates at lower frequency compared to design frequency of 

simple RMA as in Fig. 4.11 it is clear that the MPSA gives virtual size miniaturization of 42 

%. The slight variation in experimental and simulation results in Fig. 4.11 is due to the effect 

of soldering the SMA connector to the patch or due to fabrication tolerance also the shift in 

frequency compared with experimentally measured & simulated result is due to the variation 

of temperature dependent dielectric permittivity of substrate material and effect of 50 Ω co-

axial feed [12]. 

 

For the measurement of radiation pattern, the antenna under test (AUT) i.e., the 

proposed antennas and standard pyramidal horn antenna are kept in far field region. The 

AUT, which is the receiving antenna, is kept in phase with respective transmitting pyramidal 

horn antenna. The power received by AUT is measured from −00 to +3600 with the steps of 

100. The typical far field co-polar and cross-polar radiating patterns of MPSA measured in 

their operating bands are as shown in Fig. 4.12 and 4.13 respectively. From these figures, it 

can be observed that, the patterns are broadsided and linearly polarized [12]. 

 

   Fig. 4.12 Measured Radiation Characteristics of       Fig.4.13 Measured Radiation Characteristics of  

                     MPSA at 2.5 GHz                      MPSA at 3.5 GHz.  

 

This work is published in Journal of The Instrument Society of India, 47(04), 109-

112. ISSN:  0970-9983. 2018. [12]. 

 

4.7.3 Design, Modelling & Results of Multi-slotted Patch Antenna with Stripline fed  

         (MSPASF) 

The multi-slotted patch antenna with Stripline fed (MSPASF) is designed using IE3D 

simulation software as shown in Fig. 4.14. The model was designed on epoxy substrate with 

thickness 1.66 mm, Ɛr= 4.4 and tan δ = 0.002.The antenna with dimension in length and 



 

width (L x W) of the patch is (18.99 x 26.92 mm). The length and width of quarterwave 

transformer (Lt x Wt) is (10.18 x 0.66 mm). The length and width of feedline(Lf x Wf) is 

(10.19 x 3.35 mm) keeping other dimensions unchanged, a 50Ω microstrip feed line, a small 

and a finite ground plane Lg x Wg= 35mm X 35mm.The slots are etched on the patch. The 

length L of the slot is determined to be in order to obtain a maximum power at the broadside 

direction. A microstrip-fed line on the bottom plane of the substrate is as a microstrip fed 

excitation of the slot antenna to excite the slot mode. Due to the higher impedance of the 

narrow slot, the width of the open circuited feedline is tuned and decreased more as before. 

The antenna is designed with optimized dimensions as to obtain better performance. 

Designed antenna is simulated using IE3D (Integral Equation 3 dimension) simulation 

software [13]. 

 
Fig. 4.14 Proposed antenna (MSPASF) geometry (Top view). 

 
Fig. 4.15 shows the simulated return loss against frequency for the proposed 

(MSPASF). It is clearly seen that, it resonates for two frequencies at 5.15 GHz and 6.2 GHz 

are excited with good impedance matching. The simulated lower resonant mode achieves a –

10 dB impedance bandwidth of ranging from 4.7 GHz to 5.5 GHz with respect to the centre 

frequency at 5.15 GHz, and the upper resonant impedance bandwidth ranges from 5.8 GHz to 

7.8 GHz with respect to the centre frequency at 6.2 GHz. The simulated impedance 

bandwidths at resonant frequencies are 10.1 % at 5.15 GHz and 28.3% at 6.2GHz 

frequencies. In order to achieve wideband operation; the tuning parameters of the matching 

network have been studied. By adjusting the width of the 50Ω microstrip line, we had a trade-

off between impedance bandwidth and initial frequency. Fig. 4.16 show the Current 



 

distribution diagram of MSPASF.  Fig

2D, 3D format of the proposed antenna which is broadsided in nature

Fig.4.15 Simulated return loss Vs Freq. 

The radiation under the ground plane should be zero as same with the simulation 

radiation pattern. This is because the ground plane of the microstrip 

reflector for all the radio frequency. Fig

of the proposed MSPASF. 
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MSPASF.  Fig. 4.17 shows the far field radiation characteristics in 

2D, 3D format of the proposed antenna which is broadsided in nature [13].

 

Vs Freq. of MSPASF             Fig.4.16 Current distribution diagram of

The radiation under the ground plane should be zero as same with the simulation 

radiation pattern. This is because the ground plane of the microstrip patch antenna serves as a 

reflector for all the radio frequency. Fig. 4.18 & 4.19 shows the gain and field directivity plot 
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Bandwidth Vs Frequency comparison of RMA 



 

The maximum gain of the designed antenna is about 6.1dBi and has a directivity of 

7.2dBi respectively measured for the resonant frequency. Such antennas are suitable for 

DCS/WLAN/WiMax services etc. 

     

Fig.4.18 Gain Vs frequency plot of MSPASF          Fig.4.19 Directivity Vs frequency plot of MSPASF 
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4.7.4 Design, Modelling & Results of Two Slot Rhombus Shape Patch (TSRSP) 

Microstrip  patch  antennas  consist  of  very  thin metallic  strip  (patch)  placed  on  

ground  plane where  the  thickness  of  the  metallic  strip  is restricted by t<< λ0 and the 

height is restricted by 0.0003λ0 ≤ h ≤ 0.05λ0. The microstrip patch is designed so that its 

radiation pattern is maximum and is normal to the patch. For a rectangular patch, the length 

L of the element is usually λ0/3 <L<λ0/2. Fig. 4.20 show the geometry of conventional 

rectangular microstrip antenna (CRMA) designed for the frequency of 3.5 GHz using the 

equations available in the literature [2]. The antenna is fed by using microstripline feeding 

with 50Ω connector connected to the strip of the patch and also to the ground. Fig. 4.20 

consists of a radiating patch of length and width (L x W) of the patch are (18.99 x 26.92), 

quarter wave transformer of length and width are (Lt x Wt) is (10.18 x 0.66 mm) used 

between the patch and 50Ω microstripline feed of length and width. (Lf x Wf) is (10.19 x 3.35 

mm) while keeping other dimensions unchanged. At the tip of microstripline feed, a 50Ω 

coaxial SMA connector is used to feed the microwave power [14]. 
 

Fig. 4.21 shows the geometry of two slot rhombus shape (TSRSP) on patch. The 

dimension of TSRSP as shown in Fig. 4.21 remains same as that of rectangular patch and 

feed line as shown in Fig.4.20, but two rhombus shaped slot which are placed horizontal on 



 

patch which are etched on the patch plane of CRMA as shown in Fig. 4.21. Hence, this 

antenna is named as two slot rhombus shape patch (TSRSP). The dimensions of all the slots 

are taken in terms of λ0, where λ0 is the free space wavelength. The side length SL1 is 6.25mm 

equal on all sides. The horizontal and vertical slot lengths (L1 and L2) slots are 9.6 mm and 

13.5 mm [14]. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
          Fig.4.20 Geometry of CRMA (Design & Fabricated)    Fig.4.21 of TSRSP (Design & Fabricated) 
 

The impedance bandwidth over return loss less than -10 dB for the proposed antenna 

is measured for L to Ku-band microwave frequencies. The antenna measurements are taken 

on Agilent Technologies E8363B Network Analyzer. The variation of return loss versus 

frequency of CRMA is as shown in Fig. 4.22. From the figure it is clear that, the antenna 

resonates at fr1 = 3.6 GHz of frequency which is very much close to the designed frequency 

of 3.5 GHz and hence validates the design [14]. 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Fig.4.22 Return loss Vs frequency characteristics of conventional RMA 

 

Fig.4.23 shows the variation of return loss versus frequency of TSRSP. The antenna 

resonates for six different band of frequencies, fr1 = 2.63 GHz, fr2 = 3.464 GHz, fr3 =5.70 

GHz, fr4 = 9.70 GHz, fr5 = 12.634 GHz and fr6 = 14.230. The respective bandwidths at fr1, 

fr2, fr3, fr4, fr5 and fr6 are 1.43 %, 2.07 %, 4.1 %, 46 %, 32% and 39 %. The return loss (RL) 

at different resonant frequencies are -18.02 dB at 1.8 GHz, 14.73 dB at 3.4 GHz, -15.07 dB at 

5.7 GHz, -24.09 dB at 9.7 GHz, -18.48 dB at 12.63 GHz and -29.90 dB at 14.23 GHz (L to 

Ku band) [14]. The construction of TSRSP does not affect the basic resonant property of 

antenna that is the primary band BW1 which lies at S-band but gives other six bands BW2, 

BW3 and BW4 at C-band and BW5, BW6 at x-band. However, it is seen that the resonant 

frequency fr2 of TSRSP in the primary band shifts to 5.70 GHz, when compared to resonant 

frequency fr1 of CRMA i.e.3.6 GHz in BW1. The shift of resonant frequency is mainly due to 

feed used in TSRSP. The multi bands are due to independent resonance of patch and slot 

elements of TSRSP. Hence it is clear that, TSRSP is quite effective in enhancing the 

bandwidth of antenna at S, C-band retaining the resonant property of conventional antenna. 

 

Fig.4.24 shows the measured SWR of 1.3, 1.52, 1.43, 1.14, 1.27 and 1.07 at all 

respective resonant frequencies of TSRSP and found that VSWR of TSRSP is less than 1.5 

signifying less reflected power. 

 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     

Fig.4.23 a) Return  loss  Vs frequency 
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Fig.4.25 shows the smith chart plot of TSRSP and is quite clear that the resonant 

frequency points are near to the centre impedance point 1 which validates better matching 

characteristics between input and load.

(AUT), the power transmitted ‘P

AUT are measured independently [1

maximum gain G (dB) of CRMA in BW

( ) 10 log -  ( )  -  20logG dB G dB dB

Where, λ0 is the operating wavelength in cm and 

transmitting and receiving antenna. The gain of CRMA is found to 

TSRSP is measured for all resonant frequencies and 

6.3dB, 4.2 dB and 5.2 dB respectively. The maximum gain is found to be 6.3 dB for 9.708 

GHz [14]. Further, the enhancement in bandwidth of rhombus shape microstrip antenna is 

46%, 39 % and 36 % with better gain charac

MSA. This technique also enhances the gain from 2.06 dB to 6.3 dB. The proposed antennas 

are simple, cost effective and may find application in wireless applications in L to K
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characteristics between input and load. For the calculation of gain of antenna under test 

UT), the power transmitted ‘Pt’ by pyramidal horn antenna and power received ‘P

measured independently [1]. With the help of these experimental data, the 

maximum gain G (dB) of CRMA in BW1 is calculated using the equation (
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is the operating wavelength in cm and R is the distance between the 

transmitting and receiving antenna. The gain of CRMA is found to be 2.3 dB. The gains of 

TSRSP is measured for all resonant frequencies and are found to be 2.6 dB, 3.1 dB, 3.8dB, 

6.3dB, 4.2 dB and 5.2 dB respectively. The maximum gain is found to be 6.3 dB for 9.708 

Further, the enhancement in bandwidth of rhombus shape microstrip antenna is 

46%, 39 % and 36 % with better gain characteristics compared to 2.06% of conventional 

MSA. This technique also enhances the gain from 2.06 dB to 6.3 dB. The proposed antennas 

are simple, cost effective and may find application in wireless applications in L to K

 
 

Fig.4.25 Smith chart plot of TSRSP 
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4.7.5 Design, Modelling & Results of

         Microstrip Antenna (RMARS).

The rhombus shaped slot is etched on the patch plane of conventional RMA

Fig.4.20) as shown in Fig. 4.26

rectangular microstrip antenna (RMARS). The d

of λ0, where λ0 is the free space wavelength corresponding to the designed frequency of 

conventional RMA i.e. 3.5 GHz. The length and width (

26.92). The side length x is 5.32 mm

are 10.66 mm and 14.32 mm [15]

 

 

 

 

 

 

 

 

  

, Modelling & Results of Rhombus Shaped Slot Etched Rectangular 

ntenna (RMARS). 

The rhombus shaped slot is etched on the patch plane of conventional RMA

4.26. This antenna is named as rhombus shaped slot etched 

rectangular microstrip antenna (RMARS). The dimensions of all the slots are taken in terms 

is the free space wavelength corresponding to the designed frequency of 

conventional RMA i.e. 3.5 GHz. The length and width (L x W) of the patch are (18.99

is 5.32 mm. The horizontal and vertical slot lengths (

[15]. 

Fig. 4.26 Geometry of RMARS 
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Fig. 4.27 a) Return loss Vs frequency 

 

Fig. 4.27 shows the variation of return los
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effective for improvement of impedance bandwidth

 

For the measurement of radiation pattern, the antenna under test (AUT), i.e. the 

proposed antennas and standard pyramidal horn antenna are kept in far field region

which is the receiving antenna, is kept in phase with respective transmitting pyramidal horn 

antenna. The power received by AUT is measured from 
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frequency characteristics of RMARS, b) Bandwidth Vs Frequency comparison of 
RMA & RMARS 

shows the variation of return loss verses frequency of RMARS. This

resonates at two bands with resonant frequencies of fr1 = 3.7 GHz and fr

corresponding impedance bandwidths of BW1 = 1.26 % and BW2 = 18.54 %. The dual bands 

are obtained due to independent resonance of patch and combined effect of all the rhombus 

slots [1]. It can be seen that there is 17.73 times increase in the impedance bandwidth of 

secondary band when we compare with primary band. This shows that the slots are quite 

effective for improvement of impedance bandwidth [3]. 

For the measurement of radiation pattern, the antenna under test (AUT), i.e. the 

proposed antennas and standard pyramidal horn antenna are kept in far field region

which is the receiving antenna, is kept in phase with respective transmitting pyramidal horn 

antenna. The power received by AUT is measured from −900 to +900 with the steps of 10

polar radiation patterns of the proposed antennas are measured in 

their primary bands. The radiation pattern of RMARS is measured at 8.5 GHz and 

. From this figure, it is clear that, the pattern remains to be

and linearly polarized suitable for wireless applications.  The gain of RMARS 

at resonant frequency. Hence, the enhancement of antenna gain from 2.6 dB of 

conventional RMA to 6.7 dB of RMARS is achieved [15]. 
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slots [1]. It can be seen that there is 17.73 times increase in the impedance bandwidth of 

. This shows that the slots are quite 

For the measurement of radiation pattern, the antenna under test (AUT), i.e. the 

proposed antennas and standard pyramidal horn antenna are kept in far field region. The AUT, 

which is the receiving antenna, is kept in phase with respective transmitting pyramidal horn 

with the steps of 100. 

antennas are measured in 

measured at 8.5 GHz and is shown 

it is clear that, the pattern remains to be broadsided 

of RMARS is found to be 

the enhancement of antenna gain from 2.6 dB of 



 

 

Fig. 4.28 Radiation pattern of RMARS measured at 8.5 GHz 

 

This work is published in Journal of the Instrument Society of India, 44(1), 65-67. 
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4.7.6  Design, Modelling & Results of Compact Circular Patch Antenna with Rhombus  

          Slot (CCPARS) 

The circular patch embedded with rhombus slot is etched on the patch plane of 

conventional microstrip patch antenna (MSA) as shown in Fig. 4.29. This antenna is named 

as compact circular patch antenna with rhombus slot (CCPARS) fabricated on flexible 

substrate. The dimensions of all the slots are taken in terms of λ0, where λ0 is the free space 

wavelength corresponding to the designed frequency of conventional MSA i.e. 3.5 GHz. The 

radius (R) of the circular patch is 4.78 mm and equal side length of one side rhombus slot A 

is 13.46 mm. The antenna is called as compact since, it practical dimension (L x W) is (18.99 

x 26.92 mm). The antenna is connected by 50Ω SMA connector and is fed by microstrip 

feedline method. For the proposed antennas, the impedance bandwidth over return loss less 

than −10 dB is measured on Agilent Technologies E8363B Network Analyzer (10MHz – 

40GHz) [16]. 

 

 

 

 

 

 

 

 

 

 

Fig.4.29 Geometry of CCPARS 



 

Fig. 4.30 shows the variation of return loss verses frequency of CCPARS. The 

antenna resonates for six different bands with resonant frequencies of 

GHz, fr3 = 6.9 GHz, fr4 = 8.5 GHz, 

impedance bandwidths of BW

dB, BW3 = 2.3 % for RL = -19.77 dB, BW

RL = -26.87 dB and BW6 = 32 % for RL = 

              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4.30 a) Return loss Vs frequency 
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shows the variation of return loss verses frequency of CCPARS. The 

antenna resonates for six different bands with resonant frequencies of fr1 = 3.8 GHz, 

= 8.5 GHz, fr5 = 10.58 GHz and fr6 = 12.43 GHz with corresponding 

pedance bandwidths of BW1 = 0.9 % for RL = -15.12 dB, BW2 = 5.5 % for RL = 

19.77 dB, BW4 = 39.4 % for RL = -24.32 dB, BW

= 32 % for RL = -34.38 dB respectively [16]. 

(a) 
 

(b) 

Vs frequency characteristics of CCPARS, b) Bandwidth Vs Frequency comparison of 
MSA & CCPARS 
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(a)                                                             (b) 
Fig. 4.31 a) Smith chart plot of CCPARS, b) VSWR plot of CCPARS 

 

Fig.4.31a shows the smith chart plot of CCPARS and is quite clear that the resonant 

frequency points are near to the centre impedance point which validates better matching 

characteristics between input and load.  

 

Fig.4.31b shows the measured VSWR of 1.1, 1.2, 1.2, 1.1, 1.0 and 1.0 at respective 

resonant frequencies of CCPARS which are less than 1.5 signifying less reflected power back 

towards the feed. The proposed antennas are simple, cost effective and may find application 

in wireless applications in L, S, C and X band frequency range [16]. 

 

This work is published in International Journal of Advanced Research in Computer 

Science and Software Engineering (IJARCSSE), 5(5), 1048-1050. ISSN: 2277-128X. (Impact 

Factor: 4). SCI value: 6.39. 2015. [16]. 

 

4.7.7 Design, Modelling & Results of Rhombus Square Shape Microstrip Antenna  

        (ROSQMA) 

 

The rhombus with square shape copper layer is etched on the patch plane of 

conventional RMA as shown in Fig. 4.32. This antenna is named as rhombus square shape 

microstrip antenna (ROSQMA) fabricated on flexible substrate. The dimensions of all the 

slots are taken in terms of λ0, where λ0 is the free space wavelength corresponding to the 

designed frequency of conventional RMA i.e. 3.5 GHz. The side length of square slot A is 

7.8 mm and rhombus slot B is 13.46 mm. Fig. 4.33 shows the variation of return loss verses 

frequency of ROSQMA. The antenna resonates for five different bands with resonant 

frequencies of fr1 = 3.7 GHz, fr2 = 5.4 GHz, fr3 = 6.9 GHz, fr4 = 10.7 GHz and fr5 = 12.63 
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GHz with corresponding impedance bandwidths of BW1 = 1.2 %, BW2 = 3.2 %, BW3 = 2.3 

%, BW4 = 49.4 % and BW5 = 32 % with better return loss less than -10dB [17]. The gain of 

conventional RMA is found to be 2.6 dB at 3.7 GHz and for ROSQMA the gains are, 2 dB at 

fr1 = 3.7 GHz, 1.5 dB at fr2 = 5.4 GHz, 1.6 dB at fr3 = 6.9 GHz, 8.2 dB at fr4 = 10.7 GHz and 

5.1 dB at fr5 = 12.63 GHz respectively. 

 

 

 

 

 

 

 

 

 
 
 
 

Fig. 4.32 Geometry of designed & fabricated ROSQMA 
 

Hence, the enhancement of antenna gain of 2.6 dB of conventional RMA is increased 

to 8.2 dB of ROSQMA. Fig.4.34 shows the measured VSWR of 1.35, 1.33, 1.06, 1.08, and 

1.35 at respective resonant frequencies of ROSQMA which are less than 1.5 signifying less 

reflected power. Fig.4.35 shows the smith chart plot of ROSQMA and is quite clear that the 

resonant frequency points are near to the centre impedance point 1 which validates better 

matching characteristics between input and load. The proposed antennas are simple, cost 

effective and may find application in wireless applications in L and X band frequency range 

[17]. 
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Fig. 4.33 a) Return loss Vs
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(b) 
Vs frequency characteristics of ROSQMA, b) Bandwidth Vs Frequency 

comparison of ROSQMA 

 

Fig. 4.34 VSWR plot of ROSQMA  

 

Fig. 4.35 Smith chart plot of ROSQMA 
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Bandwidth Vs Frequency 

 

 

32%



 

This work is published in

No.2, pp.414-418.  ISSN (Online):2320

2014. [17].  

4.7.8 Design, Modelling & Results 

         Rhombus Shaped Slot 

The low cost glass epoxy substrate material of thickness h = 1.66 mm and permittivity 

εr = 4.4 is used to design the proposed antenna

in design, the antenna is sketched using computer software AutoCAD 

using photolithography process.

rhombus shaped slots are etched on the conventional patch surface of RMA as shown in Fig. 

4.36. This antenna is now called as micropatch antenna

slot (MPANVRS) [18]. 

The dimensions of all the slots are taken in terms of 

wavelength corresponding to the designed frequency of conventional RMA i.e. 3.5 GHz. The 

length and width (L x W) of the patch are (18.99

quaterwave transformer (Lt x W

Wf) is (10.19 x 3.35 mm) keeping other dimensions unchanged. The side length 

mm. The horizontal and vertical rhombus slot lengths (

mm [18]. 

 

 

 

 

 

 

 

 

                                             

Fig. 4.37 shows the variation of return loss verses frequency of 

antenna resonates for seven different bands with resonant frequencies of 

5.1 GHz, fr3 = 7.10 GHz, fr4 

GHz with corresponding impedance bandwidths of BW
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This work is published in International Journal of Advanced Research (UK)

ISSN (Online):2320-5407.  (Impact Factor (JCC): 1.659, IC value: 4.96)

 

, Modelling & Results of Micropatch Antenna with Novel Vertical 

Rhombus Shaped Slot (MPANVRS) 

The low cost glass epoxy substrate material of thickness h = 1.66 mm and permittivity 

= 4.4 is used to design the proposed antenna (MPANVRS). In order to get better 

sketched using computer software AutoCAD - 201

using photolithography process. The antenna is excited by microstripline

rhombus shaped slots are etched on the conventional patch surface of RMA as shown in Fig. 

. This antenna is now called as micropatch antenna with novel vertical rhombus shaped 

The dimensions of all the slots are taken in terms of λ0, where λ

wavelength corresponding to the designed frequency of conventional RMA i.e. 3.5 GHz. The 

of the patch are (18.99 x 26.92). The length and width of 

x Wt) is (10.18 x 0.66 mm). The length and width of feedline 

is (10.19 x 3.35 mm) keeping other dimensions unchanged. The side length 

ntal and vertical rhombus slot lengths (L1 and L2) slots are 9.6 mm and 13.8 

                                             Fig. 4.36 Geometry of designed & fabricated MPANVRS

shows the variation of return loss verses frequency of 

antenna resonates for seven different bands with resonant frequencies of fr

4 = 7.80 GHz, fr5 = 9.83 GHz, fr6 = 12.60 GHz and 

with corresponding impedance bandwidths of BW1 = 1.2 %, BW2

Advanced Research (UK), Vol.2, 

1.659, IC value: 4.96), 

Novel Vertical               

The low cost glass epoxy substrate material of thickness h = 1.66 mm and permittivity 

. In order to get better accuracy 

2013 and is fabricated 

excited by microstripline-fed method. The 

rhombus shaped slots are etched on the conventional patch surface of RMA as shown in Fig. 

with novel vertical rhombus shaped 

λ0 is the free space 

wavelength corresponding to the designed frequency of conventional RMA i.e. 3.5 GHz. The 

26.92). The length and width of 

is (10.18 x 0.66 mm). The length and width of feedline (Lf x 

is (10.19 x 3.35 mm) keeping other dimensions unchanged. The side length SL1 is 6.61 

) slots are 9.6 mm and 13.8 

MPANVRS 

shows the variation of return loss verses frequency of MPANVRS. The 

fr1 = 3.6 GHz, fr2 = 

= 12.60 GHz and fr7 = 13.72 

2 = 3.2 %, BW3 = 



 

1.8 %, BW4 = 2.9 %, BW5 = 47 %, BW

than -10dB. The patch antenna incorporated with the rhombus slot introduces a capacitance 

that suppresses some of the inductance introduced by the feed due to the thick substrate and a 

multiple resonances of slot are

good impedance matching over wide band frequency range

Fig.4.38 presents the various radiation patterns at resonant frequency for the designed 

and proposed antenna.  It is found that throughout the band, patterns are linearly polarized 

and broadsided in nature. The cross

same frequency. Fig.4.39 shows the smith chart plot of RSPA and is quite clear that the 

resonant frequency points are near to the centre impedance point 1 which validates better 

matching characteristics between input and load

Fig. 4.37 a) Return loss Vs frequency 
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= 47 %, BW6 = 13 % and BW7 = 28 % with better return loss less 

The patch antenna incorporated with the rhombus slot introduces a capacitance 

suppresses some of the inductance introduced by the feed due to the thick substrate and a 

are created. Hence, the design parameters of the antenna lead to 

good impedance matching over wide band frequency range [18]. 

esents the various radiation patterns at resonant frequency for the designed 

and proposed antenna.  It is found that throughout the band, patterns are linearly polarized 

The cross-polarization level is less than approximately 

shows the smith chart plot of RSPA and is quite clear that the 

resonant frequency points are near to the centre impedance point 1 which validates better 

matching characteristics between input and load [18].  

(a) 

(b) 
Return loss Vs frequency characteristics of MPANVRS, b) Bandwidth Vs Frequency comparison of

MPANVRS 

1.80%
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= 28 % with better return loss less 

The patch antenna incorporated with the rhombus slot introduces a capacitance 

suppresses some of the inductance introduced by the feed due to the thick substrate and a 

created. Hence, the design parameters of the antenna lead to 

esents the various radiation patterns at resonant frequency for the designed 

and proposed antenna.  It is found that throughout the band, patterns are linearly polarized 

polarization level is less than approximately -6 dB in the 

shows the smith chart plot of RSPA and is quite clear that the 

resonant frequency points are near to the centre impedance point 1 which validates better 

 

 

Bandwidth Vs Frequency comparison of 
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   (a)                                                                                   (b) 

  

 

 

 
          
 
 
 
 

(c)                                                                                           (d) 

Fig. 4.38 Radiation patterns a) MPANVRS at 3.6GHz,b) MPANVRS at 7.1GHz, c) MPANVRS at 7.8GHz, d) 
MPANVRS at 9.83GHz 

As shown in Fig. 4.40 are the measured VSWR values at respective resonant 

frequencies- 1.3, 1.1, 1.4, 1.3, 1.3, 1.2, and 1.3 of ROSQMA which are less than 1.5 

signifying less reflected power.   

Fig. 4.39 Smith chart characteristics of MPANVRS       Fig.4.40 Measured VSWR characteristics of           

                                                                                          MPANVRS 

The measured bandwidth of 47% (for return loss less than -10 dB) is enhanced when 

compared with conventional antenna. As this antenna is wide band, low profile, low cost and 

light weight, it finds its applications in WiMax, maritime mobile services and other wideband 

communication system applications [18]. 

This work is published in Journal of the Instrument Society of India, 44(4), 267- 270. 

ISSN: 0970-9983, 2014. [18]. 
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4.7.9 Design, Modelling & Results of Double Octagonal Shape Microstrip Antenna  

         (DOMA) 

The double octagonal shape slot is etched on the patch plane of conventional RMA as 

shown in Fig. 4.41. This antenna is named as double octagonal shape microstrip antenna 

(DOMA). The dimensions of the slots are taken in terms of λ0, where, λ0 is the free space 

wavelength corresponding to the designed frequency of conventional RMA i.e. 3.5 GHz. The 

side length of outer (S) and inner (T) octagonal shape are 4.22 mm and 2.03 mm keeping the 

length, width of patch, feed line length and width, quarterwave transformer length and width 

unchanged [19]. 

 

Fig.4.41 Geometry of DOMA 

Fig. 4.42 shows the variation of return loss verses frequency of DOMA. The antenna 

resonates at five distinct bands with resonant frequencies of fr1 = 3.1 GHz, fr2 = 3.74 GHz, fr3 

= 6.5 GHz, fr4 = 8.8 GHz and fr5 = 10.52 GHz with corresponding impedance bandwidths of 

BW1 = 1.2 %, BW2 = 1.9 %, BW3 = 0.9 %, BW4 = 37 % and BW5 = 12 %. The gains of 

conventional RMA is found to be 2.6 dB at 3.7 GHz and for DOMA it is found to be1.6 dB at 

fr1 = 3.1 GHz, 1.2 dB at fr2 = 3.7 GHz, 2.1dB at fr3 = 6.5 GHz, 3.4 dB at fr4 = 8.8 GHz and 

4.1 dB at fr5 = 10.52 GHz respectively. Hence, the enhancement of antenna gain from 2.6 dB 

of conventional RMA to 4.1 dB of DOMA is also achieved. Fig.4.43 shows the smith chart 

plot of DOMA and is quite clear that the resonant frequency points are near to the centre 

impedance point 1 which validates better matching characteristics between input and load 

[19]. 



 

Fig.4.42 a) Return loss Vs frequency 

 

Fig.4.44 shows the measured VSWR of 1.33, 1.47, 1.73, 1.27, and 1.08 less than 

VSWR of 2 at respective resonant frequencies of DOMA signifying less reflected power. Fig. 

4.45 shows the S11 linear magnitude plot where 122.76mU, 202.39mU, 252.37mU, 

116.76mU and 39.61mU magnitudes are measured for respective resonant frequencies of 

DOMA [19]. 
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(a) 

(b) 

requency characteristics of DOMA, b) Bandwidth Vs Frequency comparison of

DOMA 

Fig.4.44 shows the measured VSWR of 1.33, 1.47, 1.73, 1.27, and 1.08 less than 

VSWR of 2 at respective resonant frequencies of DOMA signifying less reflected power. Fig. 

linear magnitude plot where 122.76mU, 202.39mU, 252.37mU, 

and 39.61mU magnitudes are measured for respective resonant frequencies of 

1.80% 1.20% 1.90% 0.90%

37%

12%

Antenna - Resonant Frequency

 

 

b) Bandwidth Vs Frequency comparison of 

Fig.4.44 shows the measured VSWR of 1.33, 1.47, 1.73, 1.27, and 1.08 less than 

VSWR of 2 at respective resonant frequencies of DOMA signifying less reflected power. Fig. 

linear magnitude plot where 122.76mU, 202.39mU, 252.37mU, 

and 39.61mU magnitudes are measured for respective resonant frequencies of 
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                    Fig.4.43 Smith chart plot of DOMA                             Fig.4.44 VSWR plot of DOMA 

 

 

Fig.4.45 S11 Linear magnitude plot of DOMA 

This work is published in International Journal Research in Engineering and 

Technology,3(3), 31-34. Impact Factor-1.6. ISSN (O):2319-1163, ISSN (P): 2321-7308. DOI. 

10.15623/ijret-2014.0315007, 2019. [19]. 

 

4.7.10 Design, Modelling & Results of Wideband Coaxial Fed Microstrip Slotted Patch  

           Antenna (WCFMSPA) 

A novel wideband coaxial fed microstrip slotted patch antenna (WCFMSPA) 

composed of slots on patch plane and dielectric ground structure is shown in Fig 4.46. By 

placing double pair of symmetrical rectangular slots, by also making different slots of cross 

shape and etching these slots on the sides of the radiating and non radiating patch, results into 

wide-band characteristics. This antenna is only one of its kinds in structure, small in size and 

simple design due to less number of design parameters, compared with the existing wide 

band antenna designs in the literature. The bandwidth, radiation pattern and other antenna 

parameters are at acceptable level. IE3D method of moments based simulation software is 

used for design and analysis. Fig 4.46 shows the geometry of the patch design in which the 

length of ground plane of antenna is 50 mm and Width is 50 mm, L & W of the patch is 
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18.99 mm & 26.92 mm designed for frequency 3.5 GHz. This antenna is fed by coaxial fed 

method. This proposed antenna is called as wideband coaxial fed microstrip slotted patch 

antenna (WCFMSPA) [20].  

   

Fig.4.46 Geometry of WCFMSPA 

 

This wideband microstrip antenna with compact size  gives a bandwidth of around 

23.15%. This bandwidth covers the frequency bands of GSM, WiMax and WLAN (lower 

band) application. Fig 4.47 shows the simulated return loss graph of wideband coaxial fed 

microstrip slotted patch antenna depicting the four resonant points at 1 GHz, 3.8 GHz, 4.9 

GHz and 7 GHz and the simulated return loss are −60 dB, -29dB, -22dB and −41 dB 

respectively [20].  

 

(a) 

 

 



 

Fig.4.47 a)Simulated RL characteristics of WCFMSPA

 

Fig. 4.48 shows the plot of Smith chart of the proposed design stating that the 

WCFMSPA has good impedance matching between input and load and also signifying less 

reflected power back to the antenna.

in Fig.4.49 which says that the WCFMSPA has broad sided pattern for resonant frequency

[20].  

Fig. 

 

Fig.4.49
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(b) 
RL characteristics of WCFMSPA, b) Bandwidth Vs Frequency comparison of

Fig. 4.48 shows the plot of Smith chart of the proposed design stating that the 

WCFMSPA has good impedance matching between input and load and also signifying less 

antenna. The radiation pattern of the proposed design, is as shown 

which says that the WCFMSPA has broad sided pattern for resonant frequency

 
Fig. 4.48 Plot of Smith chart of WCFMSPA 

               
Fig.4.49 Radiation pattern of WCFMSPA 
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b) Bandwidth Vs Frequency comparison of WCFMSPA 

Fig. 4.48 shows the plot of Smith chart of the proposed design stating that the 

WCFMSPA has good impedance matching between input and load and also signifying less 

The radiation pattern of the proposed design, is as shown 

which says that the WCFMSPA has broad sided pattern for resonant frequency 
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This work is published in International Journal of Advancement in Engineering 

technology, Management and Applied Science, 03(01), 271 -274. ISSN: 2349-3224. Impact 

Factor: 3.102. 2016 [20]. 

 

4.7.11. Design, Modelling & Results of Pentagonal, Square Slotted Patch Antenna  

             (PSSPA) 

 
Fig.4.50 shows the proposed geometry of Pentagonal, Square Slotted Patch Antenna 

(PSSPA) with stripline-feed. As shown in Fig. 4.50, the patch antenna is fabricated on a 

substrate with relative dielectric constant of Єr = 4.4 and thickness of h = 1.6 mm. After the 

selection of a suitable substrate material, the other characteristics parameters of the antenna 

are determined by using the design methods available in the literature [9 - 13]. The 

Pentagonal, Square Slotted Patch Antenna (PSSPA) is designed for the resonant frequency 

(fr) of 3.5 GHz using the basic equations available in literature [9-13]. The length and width 

(L x W) of the patch is (18.99 x 26.92 mm). The length and width of quarterwave transformer 

(Lt x Wt) is (10.18 x 0.66 mm). The length and width of feedline (Lf x Wf) is (10.19 x 3.35 

mm). The pentagonal with square slot is etched on the patch plane of as shown in Fig. 4.50. 

The dimension of the slot is taken in terms of λ0, where λ0 is the free space wavelength 

corresponding to the designed frequency of conventional RMA [21].  

   
Fig.4.50 Structure of PSSPA 

 
Fig. 4.51 shows the return loss in dB for PSSPA (Pentagonal, Square Slotted Patch 

Antenna) with line feed optimization. The actual dimensions are used, which have calculated 

by geometrical formulas [9-13].  After optimized dimensions, it is seen that, the return loss 

decreases to -15 dB at 6.25 GHz as primary frequency and secondary frequency resonates at 

7.3 GHz (-11.2dB) which further improved BW1=15.2 %, BW2=8 % for respective resonant 



 

frequencies. With this novel different shape slot loading technique

bandwidth is achieved (15.2 %) co

 

Fig.4.51 a) RL Characteristics of PSSPA

Fig. 4.52 shows the average current density distribution plot of a PSSPA. It shows the 

average strength of the time-

The colour represents the average strength of the current density at a specific point. For the 

default continuous tone display, the blue colour means strong current density. The green

colour means excitation current density
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frequencies. With this novel different shape slot loading technique

bandwidth is achieved (15.2 %) compared to conventional microstrip antenna

(a) 

(b) 

RL Characteristics of PSSPA, b) Bandwidth Vs Frequency comparison of

 

Fig. 4.52 shows the average current density distribution plot of a PSSPA. It shows the 

-harmonic current density distribution at a specific frequency. 

The colour represents the average strength of the current density at a specific point. For the 

default continuous tone display, the blue colour means strong current density. The green

colour means excitation current density [21]. 

CRMA 3.5GHz
PSSPA 6.52GHz

PSSPA  7.3GHz

1.80%

15.20%

8.00%

Antenna - Resonant Frequency

frequencies. With this novel different shape slot loading technique, improvement in 

mpared to conventional microstrip antenna [21].  

 

 

Bandwidth Vs Frequency comparison of PSSPA 

Fig. 4.52 shows the average current density distribution plot of a PSSPA. It shows the 

harmonic current density distribution at a specific frequency. 

The colour represents the average strength of the current density at a specific point. For the 

default continuous tone display, the blue colour means strong current density. The green 

PSSPA  7.3GHz
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Fig.4.52 Current Distribution Display for PSSPA                                Fig.4.53 2D Radiation Pattern (Polar plot) 

 

The 2D polar plot of PSSPA is as shown in fig. 4.53 for respective resonant 

frequencies 6.25 GHz and 7.3 GHz. Fig. 4.54 shows the radiation pattern in the actual 3D 

space radiation characteristics. The size of the pattern from the origin represents how strong 

the field at a specific (theta, phi) angle. Fig. 4.55 shows the VSWR characteristics showing 

the VSWR values are quite well below 2 representing the low value of losses better matching 

[21]. 

                    

                  Fig. 4.54 True 3D Radiation Pattern                                Fig. 4.55 Plot of VSWR for PSSPA 
 

Significantly, better radiation patters with low values of VSWR are achieved which 

finds suitable for wireless communication based applications [21]. 

This work is published in International Journal on Emerging Technologies (IJET), 

7(2), 5-7, ISSN (Online): 2249-3255, ISSN (Print): 0975-8364. 2016.[21]. 
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4.7.12. Design, Modelling & Results Of One Small Circular Slot and Four Wide Slots   

             Microstrip Antenna (1SCS4WSMA) 

 

The configuration of one small circular slot and four wide slots microstrip antenna 

(1SCS4WSMA) is as shown in Fig. 4.56.  The antenna has compact dimension in length and 

width (L x W) of the patch (18.99 x 26.92 mm). The length and width of quaterwave 

transformer (Lt x Wt) is (10.18 x 0.66 mm). The length and width of feedline (Lf x Wf) is 

(10.19 x 3.35 mm) keeping other dimensions unchanged, a 50ohm microstrip feed line, a 

small and a finite ground plane Lg x Wg = 35mm x 35mm is used. The etched portion which is 

radiating element and the 50ohm microstrip feed line is planar with place in the back ground 

plane and is printed on the substrate epoxy material of thickness 1.6mm and relative 

permittivity 4.4. This microstrip line feed is designed to be 50 ohms in order to match the 

characteristic impedance of transmission line. The dimension of the slots are taken in terms 

of λ0, where λ0 is the free space wavelength corresponding to the designed frequency of 

conventional RMA i.e. 3.5 GHz. The radius (R) of the circular slot is 6.89 mm and side 

length B = 13.46mm for 1SCS4WSMA. This design is analyzed on Agilent Technologies 

E8363B Network Analyzer (10MHz – 40GHz). According to the above-mentioned and 

obtained design values, the return loss curves, smith chart and VSWR plot are studied [22]. 

 

 

 

 

 

 

 

 

         Fig. 4.56. Geometry of 1SCS4WSMA 
 

Fig. 4.57 shows the variation of return loss verses frequency of 1SCS4WSMA. The 

antenna resonates for five different bands with resonant frequencies of fr1 = 7.23 GHz, fr2 = 

11.52 GHz, fr3 = 12.57 GHz, fr4 = 14.14 GHz and fr5 = 15.75 GHz with corresponding 

impedance bandwidths of BW1 = 3.2 % for RL = -11 dB, BW2 = 9.1 % for RL = -22.38 dB, 

BW3 = 15 % for RL = -14.01dB, BW4 = 19 % for RL = -18.78 dB and BW5 = 27 % for RL = 

-39.60 dB respectively [22]. 



 

 

 

 

 

 

 

 

 
 
 

 
 
 
 
 

Fig. 4.57 a) Return loss Vs frequency of 

 

 

Fig.4.58 shows the smith chart plot of 

resonant frequency points are near to the centre impedance point 1 which validates better 

matching characteristics between input and load

of 1.17, 1.49, 1.26, 1.02 and 1.42 at respective resonant frequencies of 

are less than 1.5 signifying less reflected power back towards the feed
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(a) 
 

(b) 

frequency of 1SCS4WSMA, b) Bandwidth Vs Frequency comparison of
1SCS4WSMA 

Fig.4.58 shows the smith chart plot of 1SCS4WSMA and is quite clear that the 

resonant frequency points are near to the centre impedance point 1 which validates better 

acteristics between input and load [22].   Fig.4.59 shows the measured VSWR 

of 1.17, 1.49, 1.26, 1.02 and 1.42 at respective resonant frequencies of 1SCS4WSMA

are less than 1.5 signifying less reflected power back towards the feed [22]
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Bandwidth Vs Frequency comparison of 

and is quite clear that the 

resonant frequency points are near to the centre impedance point 1 which validates better 

.   Fig.4.59 shows the measured VSWR 

1SCS4WSMA which 

[22].   
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           Fig. 4.58  Smith chart plot of 1SCS4WSMA               Fig. 4.59  VSWR plot of 1SCS4WSMA                                               
  

This study provided an insight in determining the performance of microstrip antenna 

fabricated on glass epoxy substrate. From the results presented, it is observed that epoxy 

substrate can be used for X, Ku-band antenna designs. A microstrip-line-fed multi-frequency 

microstrip antenna with a one circular slot and four wide slots on a finite ground plane are 

design constraints for use in wireless applications such as wireless local area network 

(WLAN). A novel low-profile RMA antenna has been presented with experimental results.  

The maximum improvement in bandwidth is 27% for RL= - 36.90 dB [22]. 

 

This work is published in IJRE – International Journal of Research in Electronics, 

04(01), 48-50,  ISSN(Print): 2349-2511    ISSN ONLINE: 2349-252X.Global I.F:1.28. 

Indexing: Academia, ProQuest, University Libraries etc. 2017. [22]. 

 

4.7.13  Design, Modelling & Results Of Epoxy Dielectric Substrate MSA (EDSMSA) &  

             Epoxy Dielectric Substrate MSA with multi slots etched on the copper patch   

            (EDSMSA-WMS) 

Epoxy Dielectric Substrate MSA (EDSMSA) having rectangular length (L) and width 

(W) is proposed and designed using AutoCAD 2017 software to obtain improved accuracy in 

the design and represented in Fig.4.60. Top portion of dielectric layer (substrate) is copper 

layer with rectangle L and W, with backside ground plate acting as ground substrate layer 

(copper) with dimension 40x40mm having dielectric permittivity εr (4.2),  thickness h 

(1.6mm). Epoxy Dielectric Substrate layer of patch is designed as arrangement in parallel 

connection of C1 (capacitance), L1 (inductance) and R1 (resistance) as drawn in Fig.4.60. 

Fabrications of designed antennas are etched on widely available 0.16cm thickness epoxy 

dielectric layer, dielectric permittivity of 4.2 which is fabricated using photolithography 

process. For excitation of the dielectric copper patch, a connector (50Ω SMA) is connected to 



 

microstrip feed line. Epoxy Dielectric Substrate Microstrip Antenna 

shown in Fig. 4.60. The calculated dimensions of patch

23.96 mm and 30.99 mm. The 

and width (Wt) are 10.18 mm and 0.66mm, the feedline length (

are 10.19mm and3.35mm respectively as in Fig

multiples of wavelength and width dimension is taken in fraction of wavelength

shows the AutoCAD sketch of 

the copper patch (EDSMSA-WMS)

antenna is named as (EDSMSA

dimension 40 x 40 mm. The patch length and width dimension of 

as EDSMSA but the various slot dimensions of octagonal shape slot with outer side length (

and its inner side length (T) are 4.30mm and 2.10mm, 

= 4.17mm & S6  = 3.15mm are the slot dimension

different edges of the patch but without unchanging dimensions of length and width of 

quarterwave transformer and feedline along with patch length and patch width.  

slots are selected since; as compared to narrow slots, wide slots are more effectiv

enhancing the bandwidth [1-

factor of λ0, where λ0  is operating wavelength. So, the effects of novel slots are studied in 

below section [23]. 

 

                           

      Fig.4.60 Design sketch of EDSMSA                 
 

The -10dB RL bandwidth characteristics of the design EDSMSA is experimentally 

studied using Power Network Anal

Technologies E8363B model. 

GHz frequency. The -10dB RL characteristics and bandwidth characteristics is studied and 

measured for 2 GHz - 4 GHz microwave frequency band. The 

simulated using IE3D software V.15.4 and experimental variation of EDSMSA is 
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Epoxy Dielectric Substrate Microstrip Antenna (EDSMSA) Geometry is 

calculated dimensions of patch length (L) and patch width (

23.96 mm and 30.99 mm. The calculated dimensions of quarterwave transformer in length (

) are 10.18 mm and 0.66mm, the feedline length (Lf) and width (

are 10.19mm and3.35mm respectively as in Fig. 4.60. The calculated length is taken in 

width dimension is taken in fraction of wavelength

shows the AutoCAD sketch of Epoxy Dielectric Substrate MSA with multi slots etched on 

WMS) which is etched on the same EDSMSA and the resulting 

(EDSMSA-WMS) with copper plate as a ground plane 

. The patch length and width dimension of EDSMSA

as EDSMSA but the various slot dimensions of octagonal shape slot with outer side length (

are 4.30mm and 2.10mm, S1 = S2 = 4.15 mm, S

are the slot dimensions for four square slots placed at the four 

different edges of the patch but without unchanging dimensions of length and width of 

rterwave transformer and feedline along with patch length and patch width.  

slots are selected since; as compared to narrow slots, wide slots are more effectiv

-Chap.2]. The patch and slot dimensions are considered 

is operating wavelength. So, the effects of novel slots are studied in 

 

 

 

 

 

 

 

 

 

 

 

 

EDSMSA                              Fig.4.61 Design sketch of EDSMSA

10dB RL bandwidth characteristics of the design EDSMSA is experimentally 

Power Network Analyzer working for 10MHz - 40GHz 

Technologies E8363B model. As in Fig.4.60, the EDSMSA is designed and fabricated for 

10dB RL characteristics and bandwidth characteristics is studied and 

4 GHz microwave frequency band. The -10 dB RL characteristics

simulated using IE3D software V.15.4 and experimental variation of EDSMSA is 

(EDSMSA) Geometry is 

) and patch width (W) are 

dimensions of quarterwave transformer in length (Lt) 

) and width (Wf) dimension 

The calculated length is taken in 

width dimension is taken in fraction of wavelength (λ). Fig. 4.61 

Epoxy Dielectric Substrate MSA with multi slots etched on 

which is etched on the same EDSMSA and the resulting 

WMS) with copper plate as a ground plane (Lg x Wg) with 

EDSMSA-WMS are same 

as EDSMSA but the various slot dimensions of octagonal shape slot with outer side length (S) 

S3 = S4 =1.16mm, S5 

for four square slots placed at the four 

different edges of the patch but without unchanging dimensions of length and width of 

rterwave transformer and feedline along with patch length and patch width.  Novel wide 

slots are selected since; as compared to narrow slots, wide slots are more effective in 

. The patch and slot dimensions are considered as a 

is operating wavelength. So, the effects of novel slots are studied in 

EDSMSA-WMS 

10dB RL bandwidth characteristics of the design EDSMSA is experimentally 

40GHz range of Agilent 

, the EDSMSA is designed and fabricated for 3.0 

10dB RL characteristics and bandwidth characteristics is studied and 

10 dB RL characteristics is 

simulated using IE3D software V.15.4 and experimental variation of EDSMSA is as shown 



 

in Fig.4.62. Measurement result shows that, EDSMSA has minimum return loss of 

resonating at frequency of 3GHz. The experimental resonant frequency of EDSMSA is found 

to 3 GHz as compared to the designed frequency of EDSMSA (3GHz), thus v

design of C-MSA. Fig. 4.62 

resonance with minimum RL of 

frequency is compared with measured result is due to the variation of t

dielectric permittivity of substrate material and effect of 50 

evident from Fig. 4.62 that, since the simulation is performed by declaring the parameters in 

ideal conditions in the software and hence simulated result varies marginally to the 

experimental results. The 2D radiation characteristics of EDSMSA is experimentally tested 

and plotted at respective resonance frequency.  Fig. 4.63

characteristic is linearly polarized with broadsided pattern measured at 3GHz frequency. 

Measured -3dB HPBW of EDSMSA is 43

type of antenna is useful for wireless communication applications

Fig.4.62 a) Return loss Vs frequency characteristics of EDSMSA, b)
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. Measurement result shows that, EDSMSA has minimum return loss of 

resonating at frequency of 3GHz. The experimental resonant frequency of EDSMSA is found 

to 3 GHz as compared to the designed frequency of EDSMSA (3GHz), thus v

 also depicts simulated results of EDSMSA, showing 3.2 GHz 

resonance with minimum RL of -18dB and the bandwidth (BW) is 31 MHz and this shift in 

frequency is compared with measured result is due to the variation of temperature dependent 

dielectric permittivity of substrate material and effect of 50 Ω co-axial feed [14]. It is also 

that, since the simulation is performed by declaring the parameters in 

ideal conditions in the software and hence simulated result varies marginally to the 

experimental results. The 2D radiation characteristics of EDSMSA is experimentally tested 

ive resonance frequency.  Fig. 4.63 clearly shows that the radiation 

characteristic is linearly polarized with broadsided pattern measured at 3GHz frequency. 

3dB HPBW of EDSMSA is 43o. The measured gain of this antenna is 2.1 dB. Thi

type of antenna is useful for wireless communication applications [23].  

 
        (a) 

(b) 

Fig.4.62 a) Return loss Vs frequency characteristics of EDSMSA, b) Bandwidth Vs Frequency comparison of 

EDSMSA               

EDSMSA 3GHz

EDSMSA 3.2GHz

20MHz
31MHz

Antenna - Resonant Frequency

. Measurement result shows that, EDSMSA has minimum return loss of -20dB and 

resonating at frequency of 3GHz. The experimental resonant frequency of EDSMSA is found 

to 3 GHz as compared to the designed frequency of EDSMSA (3GHz), thus validating the 

also depicts simulated results of EDSMSA, showing 3.2 GHz 

18dB and the bandwidth (BW) is 31 MHz and this shift in 

emperature dependent 

axial feed [14]. It is also 

that, since the simulation is performed by declaring the parameters in 

ideal conditions in the software and hence simulated result varies marginally to the 

experimental results. The 2D radiation characteristics of EDSMSA is experimentally tested 

clearly shows that the radiation 

characteristic is linearly polarized with broadsided pattern measured at 3GHz frequency. 

. The measured gain of this antenna is 2.1 dB. This 

 

Bandwidth Vs Frequency comparison of 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Fig. 4.63

As shown in Fig. 4.61,

slots and hence the name Epoxy Dielectric Substrate MSA with multi slots etched on the 

copper patch (EDSMSA-WMS)

graph of RL characteristics as varied with the frequency of 

Fig. 4.64 also shows the simulated resonant frequency for 

GHz, 5.7 GHz, 9.1 GHz having 

band nature. The maximum bandwidth (BW) of 

applications.  

The experimentally measured resonant frequency of 

11.2 GHz and 16 GHz (wide BW= 124 % for f

= - 36 dB). Compared to EDSMSA, 

bandwidth and gain. Hence, the effect of novel multi

the surface excitation current path gets elo

lengths and widths on patch plane showing the impedance bandwidth improvement with 

better return loss [15]. The epoxy dielectric substrate based antenna shows the better 

bandwidth with improvement in its r
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Fig. 4.63 Measured radiation pattern of EDSMSA  

 

4.61, patch is  now etched with octagonal shape slot with square 

Epoxy Dielectric Substrate MSA with multi slots etched on the 

WMS). Fig. 4.64 illustrates the experimental and IE3D simulated 

graph of RL characteristics as varied with the frequency of EDSMSA-WMS

shows the simulated resonant frequency for EDSMSA-WMS

GHz, 5.7 GHz, 9.1 GHz having -25dB, -36dB, -42dB minimum return loss with highest wide 

band nature. The maximum bandwidth (BW) of EDSMSA-WMS is 124%

The experimentally measured resonant frequency of EDSMSA-WMS

11.2 GHz and 16 GHz (wide BW= 124 % for frequency ranging from 3.5 GHz to 18GHz, RL 

36 dB). Compared to EDSMSA, EDSMSA-WMS has shown better improvement in 

bandwidth and gain. Hence, the effect of novel multi-slots etched on the patch plane provides 

the surface excitation current path gets elongated or increase in its direction along the slot 

lengths and widths on patch plane showing the impedance bandwidth improvement with 

better return loss [15]. The epoxy dielectric substrate based antenna shows the better 

bandwidth with improvement in its radiation characteristics [23].  

etched with octagonal shape slot with square 

Epoxy Dielectric Substrate MSA with multi slots etched on the 

illustrates the experimental and IE3D simulated 

WMS for 2-12GHz. 

WMS which are 3.5 

42dB minimum return loss with highest wide 

is 124% suitable for UWB 

WMS are 4.8 GHz, 

requency ranging from 3.5 GHz to 18GHz, RL 

has shown better improvement in 

slots etched on the patch plane provides 

ngated or increase in its direction along the slot 

lengths and widths on patch plane showing the impedance bandwidth improvement with 

better return loss [15]. The epoxy dielectric substrate based antenna shows the better 



 

Fig. 4.64 a)RL characteristics of EDSMSA
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(a) 

EDSMSA-WMS,  b)Bandwidth Vs Frequency comparison of EDSMSA

                                         

4.65 Measured radiation pattern of EDSMSA-WMS      
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The 2D radiation pattern measured at 3.5 GHz of EDSMSA-WMS is shown in Fig. 

4.65. The practical radiation pattern is broadsided and linearly polarized. The gain observed 

at resonating frequency is 13.30 dB. The gain is also increased due to the surface current 

path of the excited patch decreases, resulting into decrease of quality factor of the antenna 

and hence the gain increases. Such antenna is useful for many communication wideband 

applications. The HPBW measured is found to be 570. The antennas designed in this work 

are suitable for various for wide bandwidth range wireless applications [23].  

 

 This work is published in Science Direct: Materials Today journal, Elsevier 

publisher. 2019.  ISSN:  Accepted & In press. ISSN: 1369-7021: IF:24.37. [23]. 

 

Study of Nanomaterial coated Microstrip Antennas for SHF applications (8 

GHz) 

 
4.7.14  Design, Modelling & Results Of Simple Microstrip antenna (SMSA) and   

            Nanomaterial Coated Simple Micropatch Antenna (NCSMSA). 

 
In this section a comparative study is done by designing the simple microstrip antenna 

and other set involves antennas coated with nanomaterial (For ex. Gold, Graphene, Titanium 

oxide, Silver). The simple rectangular microstrip antenna (SMSA) is designed for the 

resonant frequency (fr) of 8 GHz using the basic equations available in literature [9-13]. The 

geometry of this antenna is as shown in Fig. 4.66 (a, b, c & b). The patch is fabricated on a 

low cost glass epoxy substrate material of thickness h = 1.66 mm and permittivity εr = 4.4. In 

order to get better accuracy, the antennas are presketched using computer software 

AutoCAD-2017 and are fabricated using photolithography process.  

 

The length and width (L x W) of the patch is (8.273 x 11.410 mm). The length and 

width of quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm). The length and width of 

microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm) which is as shown in Fig.4.66 (a, b, c & b). 

Later, the coating of gold nanomaterial on the same patch plane of SMSA is carried out using 

sputtering technique as shown in Fig. 4.66 (e & f) retaining the same dimension as that of 

SMSA. This antenna is named as Nanomaterial Coated Simple Microstrip Antenna 

(NCSMSA) 
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      (a)                                                                                  (b) 

 

                     
                             (c)                                                                                (d) 

                            
(e)                                                                               (f) 

 
Fig. 4.66 a) Geometry of designed Simple Microstrip antenna-SMSA (front view), 

b) Geometry of designed Simple Microstrip antenna-SMSA (back view) 
c) Fabricated Simple Microstrip antenna-SMSA (front view) 
d) Fabricated Simple Microstrip antenna-SMSA (back view) 

e) Fabricated Nanomaterial Coated Simple Microstrip Antenna (NCSMSA) (front view) 
f) Fabricated Nanomaterial Coated Simple Microstrip Antenna (NCSMSA) (back view) 

 

The ground plane of this antenna is having the dimension in length Lg = 20.92mm and 

width Wg = 15.71mm. For the proposed antennas, the impedance bandwidth over return loss 

less than −10 dB is measured on Rohde & Schwartz Germany make Vector Network 

Analyzer operating for the frequency range of 10 MHz to 40 GHz. 
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The variation of return loss verses frequency of SMSA is as shown in Fig. 4.67 (a). 

From the figure it is clear that, practically the antenna resonates at fr1 = 6.375 GHz frequency 

which is lesser than designed frequency making it as virtually size reduced. From this graph, 

the bandwidth of SMSA is found to be BW1 = 3.1 % with return loss RL= -15.24dB. Fig. 

4.67 (b) shows the variation of return loss versus frequency of NCSMSA. This antenna 

(NCSMSA) is uniformly coated with gold nanomaterial which tends have better conductivity 

compared to copper layer (SMSA). The gold nanomaterial is used to enhance its conduction 

process and to achieve better return loss.  From this figure it is clear that, the antenna 

resonates at fr1 = 6.4 GHz frequency which is closer and lesser than designed frequency 

making it as virtually size reduced having bandwidth (BW) of 2.97% (better dip in return loss 

(RL) upto -29.10dB) making it suitable for single band wireless application. Fig.4.67 (c) 

shows the graph of percentage bandwidth versus frequency comparison of a) SMSA, b) 

NCSMSA. For the measurement of radiation pattern, the antenna under test (AUT) i.e., the 

proposed antennas and standard pyramidal horn antenna are kept in far field region. The 

AUT, which is the receiving antenna, is kept in phase with respective transmitting pyramidal 

horn antenna. The power received by AUT is measured from −00 to +3600 with the steps of 

300.  
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Fig.4.67 a) Return loss Vs frequency characteristics of 

NCSMSA c) Bandwid
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(b) 

(c) 
a) Return loss Vs frequency characteristics of SMSA, b) Return loss Vs frequency characteristics of 

Bandwidth Vs Frequency comparison of -a) SMSA, b) NCSMSA

 

The typical far field co-polar and cross-polar radiating patterns of 

measured in their operating bands are as shown in Fig. 4.68 (a, b). 

figures, it can be observed that, the patterns are nearly doughnut shape and omni

represented in both E & H plane. Fig.4.69 shows the FESEM images of fabricated NCSMSA 
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antennas measured at nanoscale having coat thickness of 200nm (uniform deposition is seen 

in the pictures). 

         
(a)                                                                          (b) 

Fig. 4.68 Measured radiation pattern of a) SMSA, b) NCSMSA  

 

 
Fig. 4.69 FESEM image of NCSMSA 

 
4.7.15  Design, Modelling & Results Of Pentagonal Slotted with Four Slits Microstrip  

Antenna with Defected Ground Structure (PSFSMADGS) and Nanomaterial 

Coated Pentagonal Slotted with Four Slits Microstrip Antenna with Defected 

Ground Structure (NCPSFSMA-DGS) 
 

The  Pentagonal Slotted with Four Slits Microstrip Antenna with  defected  Ground 

Structure (PSFSMADGS) and Nanomaterial Coated Pentagonal Slotted with Four Slits 

Microstrip Antenna with Defected Ground Structure (NCPSFSMA-DGS) as shown in Fig. 

4.70 (a & b). The length and width (L x W) of the PSFSMADGS is (8.273 x 11.410 mm). The 

PSFSMADGS has retained its dimensions as same as that of SMSA having length and width 
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of quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm). The length and width of 

microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  The etched slit dimensions are A = 2.85 

mm, B = 0.63mm. The pentagonal slot dimension is C = 4.06mm. The ground plane of this 

antenna is etched with circular slot having the radius of D = 2mm and hence called as 

defected ground structure having the dimension in length Lg = 20.92mm and width Wg = 

15.71mm.  This PSFSMADGS is now uniformly coated with gold nanomaterial which tends 

to have better conductivity compared to copper layer. The gold nanomaterial is used to 

enhance its conduction process and to achieve better return loss. This antenna is now called 

as Nanomaterial Coated Pentagonal Slotted with Four Slits Microstrip Antenna with defected 

Ground Structure (NCPSFSMA-DGS) as shown in Fig. 4.70 (c). The ground plane 

(NCPSFSMA-DGS) is also etched with circular slot having the radius of D = 2mm and hence 

called as defected ground structure having the dimension in length Lg = 20.92mm and width 

Wg = 15.71mm.   

                   
     (a) 
 
 

  
(b) 
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             (c) 

 
Fig. 4.70 a) Geometry of designed Pentagonal Slotted with Four Slits Microstrip Antenna with Defected Ground 

Structure -PSFSMADGS (front view & back view) 
b) Fabricated Pentagonal Slotted with Four Slits Microstrip Antenna with Defected Ground Structure -

PSFSMADGS (front view & back view) 
c) Fabricated Nanomaterial Coated Pentagonal Slotted with Four Slits Microstrip Antenna with 

Defected Ground Structure – NCPSFSMA-DGS (front view & back view) 

 

The variation of return loss verses frequency of PSFSMADGS is as shown in Fig. 

4.71 (a). From the figure it is clear that, practically the antenna resonates for four resonant 

frequencies at fr1 = 5.29 GHz, fr2 = 8.47 GHz, fr3 = 11.47 GHz and fr4 = 15.49 GHz which 

are lesser than designed frequency making it as virtually size reduced with better return loss 

(RL). From this graph, the bandwidth of PSFSMADGS are found to be BW1 = 1.2 % (RL= -

11.14 dB), BW2 = 3.6 % (RL= -20.50 dB), BW3 = 7.9 % (RL= -14.86 dB), BW4 = 28.6 % 

(RL= -36.97 dB). Fig. 4.71 (b) shows the variation of return loss versus frequency of 

NCPSFSMA-DGS. This antenna (NCPSFSMA-DGS) is uniformly coated with gold 

nanomaterial which tends to have better conductivity compared to copper layer. The gold 

nanomaterial is used to enhance its conduction process and to achieve better return loss.  

From this figure it is clear that, the antenna resonates for four resonant frequencies at fr1 = 

5.26 GHz, fr2 = 8.47 GHz, fr3 = 11.17 GHz and fr4 = 15.01 GHz frequency which are  lesser 

than designed frequency making it as virtually size reduced having bandwidths (BWs) BW1 = 

1.4 % (RL= -11.78 dB), BW2 = 3.8 % (RL= -22.83 dB), BW3 = 7.6 % (RL= -15.03 dB), BW4 

= 29.4 % (RL= -29.67 dB) (better dip in return loss (RL) making it suitable for multiband 

wireless application). Fig.4.71 (c) shows the graph of percentage bandwidth versus frequency 

comparison of a) PSFSMADGS, b) NCPSFSMA-DGS. For the measurement of radiation 

pattern, the antenna under test (AUT) i.e., the proposed antennas and standard pyramidal horn 

antenna are kept in far field region. The AUT, which is the receiving antenna, is kept in phase 

with respective transmitting pyramidal horn antenna. The power received by AUT is 

measured from −00 to +3600 with the steps of 300. The typical far field co-polar and cross-

polar radiating patterns of PSFSMADGS and NCPSFSMA-DGS are measured in their 
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operating bands are as shown in Fig. 4.72 (a, b). From these figures, it can be observed that, 

the patterns are nearly omni-directional in both E-plane with less cross polar levels. Fig.4.73 

(a, b) shows the FESEM images of fabricated PSFSMADGS, NCPSFSMA-DGS antennas 

measured at nanoscale having coat thickness of 10 µm and 1 µm (uniform deposition is seen 

in the pictures). 

 
(a) 

 
(b) 

15 GHz

10 dB/

-80 dB

20 dB

CH1 10 dB/ REF 0 dB

START 4 GHz STOP 16 GHz1 GHz/

MAGdB 

FIL

10k10k

FIL

10k10k

CPL

CAL

S11    

1

2

3

4

4:   -36.97 dB

      15.49 GHz

1:   -11.14 dB

       5.29 GHz

2:   -25.50 dB

       8.47 GHz

3:   -14.56 dB

      11.47 GHz

〈 0 dB

15 GHz

10 dB/

-80 dB

20 dB

MAGdB CH1 10 dB/ REF 0 dB

START 4 GHz STOP 16 GHz1 GHz/

CPL

FIL

10k10k

FIL

10k10k

CAL

S11    

1

2

3

4

4:   -29.67 dB

      15.01 GHz

1:   -11.78 dB

       5.26 GHz

2:   -22.83 dB

       8.47 GHz

3:   -15.13 dB

      11.17 GHz

〈 0 dB



 

Fig.4.71 a) Return loss Vs frequency characteristics of 

characteristics of NCPSFSMA

(a)                                                                                   
 

Fig. 4.72 Measured radiation pattern of 
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(c) 
a) Return loss Vs frequency characteristics of PSFSMADGS, b) Return loss Vs frequency 

PSFSMA-DGS c) Bandwidth Vs Frequency comparison of- a) 

NCPSFSMA-DGS 

 

 

 

  
                                                                                  (b) 

Measured radiation pattern of a) PSFSMADGS, b) NCPSFSMA

 

 

 

1.20% 3.60%

7.90%

28.60%

1.40%
3.80%

7.60%

29.40%

Resonant Frequency

0

30

60

300

330

0.57

0.58

0.59

0.60

0.61

0.62

0.63

0.64

0.65

90

120

150

180

210

240

270

0.57

0.58

0.59

0.60

0.61

0.62

0.63

0.64

0.65

 NCPSFSMA-DGS (E-plane) 

 NCPSFSMA-DGS (H-plane) 

 

Return loss Vs frequency 

PSFSMADGS, b) 

 

PSFSMA-DGS 

29.40%

0

30

60

300

330

 NCPSFSMA-DGS (E-plane) 

 NCPSFSMA-DGS (H-plane) 



173 

 

   

(a)                                                            (b) 

Fig. 4.73 FESEM images of  a) PSFSMADGS, b) NCPSFSMA-DGS 

 
4.7.16  Design, Modelling & Results Of Pentagonal Slotted with Four Slits and Two     

          Vertical Slotted  Microstrip Antenna with Defected Ground Structure    

          (PSFSTVSMSADGS) and Nanomaterial Coated Pentagonal Slotted with Four  

          Slits and Two Vertical Slotted Microstrip Antenna with Defected Ground   

          Structure (NCPSFSTVSMSA-DGS) 

 
As shown in Fig. 4.74 (a & b), the  Pentagonal Slotted with Four Slits and Two 

Vertical Slotted  Microstrip Antenna with Defected Ground Structure (PSFSTVSMSADGS) 

and Nanomaterial Coated Pentagonal Slotted with Four Slits and Two Vertical Slotted 

Microstrip Antenna with Defected Ground Structure (NCPSFSTVSMSA-DGS) is studied. 

The length and width (L x W) of the PSFSTVSMSADGS is (8.273 x 11.410 mm). The 

PSFSTVSMSADGS has retained its dimensions as same as that of SMSA having length and 

width of quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm). The length and width of 

microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  The etched slit dimensions are A=2.85 

mm, B = 0.63mm. The pentagonal slot dimension is C = 2.51mm with one more pentagon 

copper patch of dimension D = 0.48mm. The two narrow vertical slots of length and width 

are E = 3mm and F = 0.6mm. The ground plane of this antenna is etched with triangular slot 

having the side length of G = 2mm and hence called as defected ground structure (DGS) 

having the dimension in length Lg = 20.92mm and width Wg = 15.71mm.  The same 

PSFSTVSMSADGS is now uniformly coated with gold nanomaterial which tends to have 

better conductivity compared to copper layer. The gold nanomaterial is used to enhance its 

conduction process and to achieve better return loss and radiation pattern. This antenna is 

now called as Nanomaterial Coated Pentagonal Slotted with Four Slits and Two Vertical 

Slotted Microstrip Antenna with Defected Ground Structure (NCPSFSTVSMSA-DGS) as 

shown in Fig. 4.74 (c). The ground plane (NCPSFSTVSMSA-DGS) is also etched with 

triangular slot having the side length of G = 2mm and hence called as defected ground 
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structure having the ground plane dimension in length Lg =20.92mm and width 

Wg=15.71mm.   

              
         (a) 

 
 

           
 

(b) 
 

                
(c) 

 
Fig. 4.74 a) Geometry of designed Pentagonal Slotted with Four Slits and Two Vertical Slots Microstrip 

Antenna with Defected Ground Structure - PSFSTVSMSADGS (front view & back view) 
b) Fabricated Pentagonal Slotted with Four Slits and Two Vertical Slotted Microstrip Antenna with Defected 

Ground Structure – PSFSTVSMSADGS (front view & back view) 
c)Fabricated Nanomaterial coated Pentagonal Slotted with Four Slits and Two Vertical Slotted Microstrip 

Antenna with Defected Ground Structure (NCPSFSTVSMSA-DGS) (front view & back view) 
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The variation of return loss verses frequency of PSFSTVSMSADGS is as shown in 

Fig. 4.75 (a). From the figure it is clear that, practically the antenna resonates for three wide 

resonant frequencies at fr1 = 5.12 GHz, fr2 = 10.55 GHz and fr3 = 12.02 GHz which are lesser 

than designed frequency making it as virtually size reduced with better return loss (RL). 

From this graph, the bandwidth of PSFSTVSMSADGS are found to be BW1 = 2.1 % (RL= -

29.14 dB), BW2 = 15.6 % (RL= -28.37 dB) and BW3 = 22 % (RL= -26.19 dB). Fig. 4.75 (b) 

shows the variation of return loss versus frequency of NCPSFSTVSMSA-DGS. This antenna 

(NCPSFSTVSMSA-DGS) is uniformly coated with gold nanomaterial which tends to have 

better conductivity compared to copper layer.  

 

The enhancement in its conduction process and to achieve better return loss, gold 

nanomaterial is coated or used on the both side of patch surface.  From this figure it is clear 

that, the antenna resonates for three independent resonant frequencies at fr1 = 5.23 GHz, fr2 = 

8.5 GHz and fr3 = 14.62 GHz frequency which are lesser than designed frequency making it 

as virtually size reduced having bandwidths (BWs) BW1 = 1.3 % (RL= -10.59 dB), BW2 = 

10.8 % (RL= -21.52 dB) and BW3 = 24.5 % (RL= -40.92 dB) (better dip in return loss (RL) 

making it suitable for multiband wireless application). Fig.4.75 (c) shows the graph of 

percentage bandwidth versus frequency comparison of a) PSFSTVSMSADGS, b) 

NCPSFSTVSMSA-DGS. For the measurement of radiation pattern, the antenna under test 

(AUT) i.e., the proposed antennas and standard pyramidal horn antenna are kept in far field 

region. The AUT, which is the receiving antenna, is kept in phase with respective 

transmitting pyramidal horn antenna.  

 

The power received by AUT is measured from −00 to +3600 with the steps of 100. The 

typical far field co-polar and cross-polar radiating patterns of PSFSTVSMSADGS and 

NCPSFSTVSMSA-DGS are measured in their operating bands are as shown in Fig. 4.76 (a, 

b). From these figures, it can be observed that, the patterns are omni-directional and 

broadsided in nature (with linearly polarized) in both E & H planes. Fig.4.77 (a, b) shows the 

FESEM images of fabricated PSFSTVSMSADGS and NCPSFSTVSMSA-DGS antennas 

measured at micrometer scale having coat thickness of 20 µm and 10 µm (uniform deposition 

is seen in the pictures). 



 

Fig.4.75 a) Return loss Vs frequency characteristics of 

characteristics of NCPSFSTVSMSA
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a) Return loss Vs frequency characteristics of PSFSTVSMSADGS, b) Return loss Vs frequency 
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(a)                                                                      (b) 

Fig. 4.76 Measured radiation pattern of a) PSFSTVSMSADGS, b) NCPSFSTVSMSA-DGS  

 

 

                     
 

 
 

                                         (a)                                                                            (b) 

Fig. 4.77 FESEM images of  a) PSFSTVSMSADGS, b) NCPSFSTVSMSA-DGS 

 

4.7.17  Design, Modelling & Results Of Double Pentagonal Slotted with Four Slits and 

Two Vertical Slotted Microstrip Antenna with Defected Ground Structure 

(DPSFSTVSMSADGS) and Nanomaterial Coated Double Pentagonal Slotted 

with Four Slits and Two Vertical Slotted Microstrip Antenna with Defected 

Ground Structure (NCDPSFSTVSMSA-DGS) 

 
The  Double Pentagonal Slotted with Four Slits and Two Vertical Slotted Microstrip 

Antenna with Defected Ground Structure (DPSFSTVSMSADGS) and Nanomaterial Coated 

Double Pentagonal Slotted with Four Slits and Two Vertical Slotted Microstrip Antenna with 

Defected Ground Structure (NCDPSFSTVSMSA-DGS) is studied and as shown in Fig. 4.78 

(a & b). The length and width (L x W) of the DPSFSTVSMSADGS is (8.273 x 11.410 mm). 

The DPSFSTVSMSADGS has retained its dimensions as same as that of SMSA having 

length and width of quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm). The length and 

width of microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  The retained dimensions of 

etched slits are A = 2.85 mm, B = 0.63mm. The pentagonal slot dimension is C = 2.51mm 
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with one more pentagon copper patch of dimension D = 1.57 mm and correspondingly with 

its smaller pentagonal slot dimension E = 0.47mm. The two narrow vertical slots of length 

and width F = 3mm and G= 0.6mm. The ground plane of this antenna is etched with 

rectangular slot having the side length and width of H = 6mm, I = 4mm and hence called as 

defected ground structure (DGS) having the dimension in length Lg = 20.92mm and width Wg 

= 15.71mm.  The same DPSFSTVSMSADGS is now uniformly coated with gold 

nanomaterial which tends to have better conductivity compared to copper layer. The gold 

nanomaterial is used to enhance its conduction process and to achieve better return loss and 

radiation pattern. This antenna is now called as Nanomaterial Coated Double Pentagonal 

Slotted with Four Slits and Two Vertical Slotted Microstrip Antenna with Defected Ground 

Structure (NCDPSFSTVSMSA-DGS) as shown in Fig. 4.78 (c). The ground plane 

(NCDPSFSTVSMSA-DGS) is also etched with retained dimensions -rectangular slot having 

the side length and width of H = 6mm, I = 4mm and hence called as defected ground 

structure (DGS) having the dimension of ground plane in length Lg = 20.92mm and width Wg 

= 15.71mm. 

               
(a) 

 
 

          
 

(b) 
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 (c)                                                                           

Fig. 4.78. a) Geometry of designed Double Pentagonal Slotted with Four Slits and Two Vertical 
Slotted Microstrip Antenna with Defected Ground Structure-DPSFSTVSMSADGS (front view & back view) 
b) Fabricated Double Pentagonal Slotted with Four Slits and Two Vertical Slotted Microstrip Antenna with 

Defected Ground Structure--DPSFSTVSMSADGS (front view & back view) 
c) Fabricated Nanomaterial Coated Double Pentagonal 

Slotted with Four Slits and Two Vertical Slotted Microstrip Antenna with Defected Ground 
Structure-NCDPSFSTVSMSA-DGS (front view & back view) 

 
The variation of return loss verses frequency of DPSFSTVSMSADGS is as shown in 

Fig. 4.79 (a). From the figure it is clear that, practically the antenna resonates for two wide 

resonant frequencies at fr1 = 5.15 GHz and fr2 = 10.65 GHz which are lesser than designed 

frequency making it as virtually size reduced with better return loss (RL). From this graph, 

the bandwidth of DPSFSTVSMSADGS are found to be BW1 = 1.9 % (RL= -17.49 dB) and 

BW2 = 15.6 % (RL= -25.25 dB). Fig. 4.79 (b) shows the variation of return loss versus 

frequency of NCDPSFSTVSMSA-DGS. This antenna (NCDPSFSTVSMSA-DGS) is 

uniformly coated with gold nanomaterial which tends to have better conductivity compared to 

copper layer. The enhancement in its conduction process and to achieve better return loss, 

gold nanomaterial is coated or used on the both side of patch surface.  From this figure, it is 

clear that, the antenna resonates for wideband frequency with three independent resonances at 

fr1 = 5.38 GHz, fr2 = 9.1 GHz and fr3 = 14.1 GHz frequencies which are lesser than designed 

frequency and in close resonance with the DPSFSTVSMSA-DGS making it as virtually size 

reduced having bandwidths (BWs) BW1 = 1.2 % (RL= -11.23 dB), BW2 = 24.8 % (RL= -

42.67 dB) and BW3 = 35.5 % (RL= -47.10 dB) (better dip in return loss (RL) making it 

suitable for wideband wireless application). Fig.4.79 (c) shows the graph of percentage 

bandwidth versus frequency comparison of a) DPSFSTVSMSADGS, b) 

NCDPSFSTVSMSA-DGS. For the measurement of radiation pattern, the antenna under test 

(AUT) i.e., the proposed antennas and standard pyramidal horn antenna are kept in far field 

region. The AUT, which is the receiving antenna, is kept in phase with respective 

transmitting pyramidal horn antenna. The power received by AUT is measured from −00 to 
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+3600 with the steps of 300. The typical far field co-polar and cross-polar radiating patterns of 

DPSFSTVSMSADGS and NCDPSFSTVSMSA-DGS are measured in their operating bands 

are as shown in Fig. 4.80 (a, b). From these figures, it can be observed that, the patterns are 

doughnut shape and omni-directional in both E & H plane. Fig.4.81 (a, b) shows the FESEM 

images of fabricated DPSFSTVSMSADGS and NCDPSFSTVSMSA-DGS antennas 

measured at micrometer scale having coat thickness of 2 µm and 1 µm (uniform deposition is 

seen in the pictures). 
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Fig.4.79 a) Return loss Vs frequency characteristics of 

characteristics of NCDPSFSTVSMSA
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Fig. 4.80 Measured radiation pattern of 
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(c) 

a) Return loss Vs frequency characteristics of DPSFSTVSMSADGS, b) Return loss Vs frequency 

NCDPSFSTVSMSA-DGS, c) Bandwidth Vs Frequency comparison of

PSFSTVSMSADGS, b) NCDPSFSTVSMSA-DGS 

 

 
                                                                                 (b) 

Measured radiation pattern of a) DPSFSTVSMSADGS, b) NCDPSFSTVSMSA

 

 
 

(a)                                                                            (b) 

FESEM images of  a) DPSFSTVSMSADGS, b) NCDPSFSTVSMSA
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4.7.18  Design, Modelling & Results Of Four Rectangular Slotted Microstrip Antenna 

with Defected Ground Structure (FRSMSADGS) and Nanomaterial Coated Four 

Rectangular Slotted Microstrip Antenna with Defected Ground Structure 

(NCFRSMSA-DGS)  
 

Fig.4.82(a & b) shows the novel Four Rectangular Slotted Microstrip Antenna with 

Defected Ground Structure (FRSMSADGS) and Nanomaterial Coated Four Rectangular 

Slotted Microstrip Antenna with Defected Ground Structure (NCFRSMSA-DGS)  is studied. 

The length and width (L x W) of the FRSMSADGS is (8.273 x 11.410 mm). The 

FRSMSADGS has retained its dimensions as same as that of SMSA having length and width 

of quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm).  

 

 

The length and width of microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  The 

dimensions of similar four rectangular slots are A = 4.6 mm, B = 2.58 mm. The horizontal 

gap and vertical gap between these rectangular slots are   C = 1.11mm, D = 1.51 mm and 

correspondingly the distance between the edge length to the rectangular slot (E = 0.55 mm), 

edge width to the rectangular slot (F = 0.81 mm). All the dimensions are the function of 

operating wavelength. The ground plane of this antenna is etched with square slot having the 

side length and width of (GxH) = 4.24 x 4.24 mm and hence called as defected ground 

structure (DGS) having the dimension in length Lg = 20.92mm and width Wg = 15.71mm.  

The same FRSMSADGS is now uniformly coated with gold nanomaterial which tends to 

have better conductivity compared to copper layer.  

 

 

The titanium oxide nanomaterial is coated on the patch plane to enhance its 

conduction process and to achieve better return loss and radiation pattern. This antenna is 

now called as Nanomaterial Coated Four Rectangular Slotted Microstrip Antenna with 

Defected Ground Structure (NCFRSMSA-DGS) as shown in Fig. 4.82 (c). The ground plane 

(NCFRSMSA-DGS) is also etched with retained dimensions of square slot having the side 

length and width of (GxH) = 4.24 x 4.24 mm and hence called as defected ground structure 

(DGS) having the dimension of ground plane in length Lg = 20.92mm and width Wg = 

15.71mm. 
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(a) 

 
 

            
(b) 

 
 

               
(c)                                                                           

 
 

Fig. 4.82 a) Geometry of designed Four Rectangular Slotted Microstrip Antenna with Defected Ground 
Structure (FRSMSADGS) (front view & back view) 

b) Fabricated Four Rectangular Slotted Microstrip Antenna with Defected Ground Structure (FRSMSADGS) 
(front view & back view) 

c) Fabricated Nanomaterial Coated Four Rectangular Slotted Microstrip Antenna with Defected Ground 
Structure (NCFRSMSA-DGS) (front view & back view). 
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The variation of return loss verses frequency of FRSMSADGS is as shown in Fig. 

4.83 (a). From the figure it is clear that, practically the antenna resonates for three band 

resonant frequencies at fr1 = 5.74 GHz, fr2 = 9.25 GHz and fr3 = 11.92 GHz which are lesser 

than designed frequency making it as virtually size reduced with better return loss (RL). 

From this graph, the bandwidth of FRSMSADGS are found to be BW1 = 0.9 % (RL= -11.18 

dB), BW2 = 10.2 % (RL= -34.14 dB) and BW3 = 13.6 % (RL= -15.38 dB). Fig. 4.83 (b) 

shows the variation of return loss versus frequency of NCFRSMSA-DGS. This antenna 

(NCFRSMSA-DGS) is uniformly coated with titanium oxide nanomaterial which tends to 

have better conductivity compared to copper layer.  

 

The enhancement in its conduction process and to achieve better return loss, titanium 

oxide nanomaterial is coated or used on the both side of patch surface.  From this figure it is 

clear that, the antenna resonates for wideband frequency with three independent resonances at 

fr1 = 5.62 GHz, fr2 = 9.31 GHz and fr3 = 11.71 GHz frequencies which are lesser than 

designed frequency and in close resonance with the FRSMSADGS making it as virtually size 

reduced having bandwidths (BWs) BW1 = 1.4 % (RL= -23.52 dB), BW2 = 12.8 % (RL= -

16.38 dB) and BW3 = 18.5 % (RL= -14.41 dB) (better dip in return loss (RL) making it 

suitable for indoor wireless application).  

 

Fig.4.83 (c) shows the graph of percentage bandwidth versus frequency comparison 

of a) FRSMSADGS, b) NCFRSMSA-DGS. For the measurement of radiation pattern, the 

antenna under test (AUT) i.e., the proposed antennas and standard pyramidal horn antenna 

are kept in far field region. The AUT, which is the receiving antenna, is kept in phase with 

respective transmitting pyramidal horn antenna. The power received by AUT is measured 

from −00 to +3600 with the steps of 300.  

 

The typical far field co-polar and cross-polar radiating patterns of FRSMSADGS and 

NCFRSMSA-DGS are measured in their operating bands are as shown in Fig. 4.84 (a, b). 

From these figures, it can be observed that, the patterns are nearly omni-directional and 

broadsided (linearly polarized) in both E and H planes. Fig.4.85 (a, b) shows the FESEM 

images of fabricated FRSMSADGS and NCFRSMSA-DGS antennas measured at 

micrometer scale having coat thickness of 2 µm and 200 µm (uniform deposition is seen in 

the pictures). 
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Fig.4.83 a) Return loss Vs frequency characteristics of FRSMSADGS, b) Return loss Vs frequency 

characteristics of NCFRSMSA-DGS, c) Bandwidth Vs Frequency comparison of- a) FRSMSADGS, b) 

NCFRSMSA-DGS 

 

  
(a)                                                                                         (b) 

Fig. 4.84 Measured radiation pattern of a) FRSMSADGS, b) NCFRSMSA-DGS 

 

 

          

(a)                                                                                     (b) 

Fig. 4.85 FESEM images of  a) FRSMSADGS, b) NCFRSMSA-DGS 

 
4.7.19  Design, Modelling & Results Of Four Rectangular with Plus shape Slotted 

Microstrip Antenna with Defected Ground Structure (FRPSMSADGS) and 

Nanomaterial Coated Four Rectangular with Plus shape Slotted Microstrip 

Antenna with Defected Ground Structure (NCFRPSMSA-DGS)  
 

The novel Four Rectangular with Plus shape Slotted Microstrip Antenna with 

Defected Ground Structure (FRPSMSADGS) and Nanomaterial Coated Four Rectangular    

with Plus shape Slotted Microstrip Antenna with Defected Ground Structure (NCFRPSMSA-

DGS) is studied practically as shown in Fig.4.86 (a & b). The length and width (L x W) of the 

FRPSMSADGS is (8.273 x 11.410 mm). The FRPSMSADGS has retained its dimensions as 
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same as that of SMSA having length and width of quarterwave transformer (Lt x Wt) is (4.668 

x 0.278 mm). The length and width of microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  

The dimensions of similar four rectangular slots are A = 4.6 mm, B = 2.58 mm. The plus 

shape slot dimension are C = 0.49 mm, D = 0.67 mm. The distance between the edge length 

to the rectangular slot is (E = 0.55 mm), edge width to the rectangular slot is (F = 0.81 mm). 

The horizontal gap and vertical gap between the plus shape slot and rectangular slots are   G 

= 0.43 mm, H = 0.32 mm respectively. All the dimensions are the function of operating 

wavelength. The ground plane of this antenna is etched with pentagonal slot having the side 

length dimension I = 2.38 mm and hence called as defected ground structure (DGS) having 

the dimension in length Lg = 20.92mm and width Wg = 15.71mm.  The same FRPSMSADGS 

is now uniformly coated with titanium oxide nanomaterial which tends to have better 

conductivity compared to copper layer. The titanium oxide nanomaterial is used to enhance 

its conduction process and to achieve better return loss and radiation pattern. This antenna is 

now called as Nanomaterial Coated Four Rectangular Slotted Microstrip Antenna with 

Defected Ground Structure (NCFRPSMSA-DGS) as shown in Fig. 4.86 (c).  

   
              

(a) 
 
 

      
(b) 
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(c)                                                                           

 
Fig. 4.86 a) Geometry of designed Four Rectangular with Plus shape Slotted Microstrip Antenna with Defected 

Ground Structure (FRPSMSADGS) (front view & back view) 
b) Fabricated Four Rectangular with Plus shape Slotted Microstrip Antenna with Defected Ground Structure 

(FRPSMSADGS) (front view & back view) 
c) Fabricated Nanomaterial Coated Four Rectangular with Plus shape Slotted Microstrip Antenna with Defected 

Ground Structure (NCFRPSMSA-DGS) (front view & back view) 
 

The ground plane (NCFRPSMSA-DGS) is etched with pentagonal slot having the 

side length dimension I = 2.38 mm and hence called as defected ground structure (DGS) 

having the dimension in length Lg = 20.92mm and width Wg = 15.71mm. The variation of 

return loss verses frequency of FRPSMSADGS is as shown in Fig. 4.87 (a). From the figure 

it is clear that, practically the antenna resonates for three band resonant frequencies at fr1 = 

4.63 GHz, fr2 = 9.31 GHz and fr3 = 11.77 GHz which are lesser than designed frequency 

making it as virtually size reduced with better return loss (RL). From this graph, the 

bandwidth of FRPSMSADGS are found to be BW1 = 0.8 % (RL= -12.56 dB), BW2 = 14.1 % 

(RL= -19.16 dB) and BW3 = 12.6 % (RL= -14.08dB). Fig. 4.87 (b) shows the variation of 

return loss versus frequency of NCFRPSMSA-DGS. This antenna (NCFRPSMSA-DGS) is 

uniformly coated with titanium oxide nanomaterial which tends to have better conductivity 

compared to copper layer. The enhancement in its conduction process and to achieve better 

return loss, titanium oxide nanomaterial is coated or used on the both side of patch surface.  

From this figure it is clear that, the antenna resonates for wideband frequency with three 

independent resonances at fr1 = 4.63 GHz, fr2 = 9.28 GHz and fr3 = 11.89 GHz frequencies 

which are lesser than designed frequency and in close resonance with the FRPSMSADGS 

making it as virtually size reduced having bandwidths (BWs) BW1 = 0.9 % (RL= -13.37dB), 

BW2 = 14.5 % (RL= -21.08 dB) and BW3 = 12.8 % (RL= -13.83 dB) (better dip in return loss 

(RL) making it suitable for indoor wireless application). Fig.4.87 (c) shows the graph of 

percentage bandwidth versus frequency comparison of a) FRPSMSADGS, b) NCFRPSMSA-

DGS. For the measurement of radiation pattern, the antenna under test (AUT) i.e., the 

proposed antennas and standard pyramidal horn antenna are kept in far field region. The 

AUT, which is the receiving antenna, is kept in phase with respective transmitting pyramidal 
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horn antenna. The power received by AUT is measured from −00 to +3600 with the steps of 

300. The typical far field co-polar and cross-polar radiating patterns of FRPSMSADGS and 

NCFRPSMSA-DGS are measured in their operating bands are as shown in Fig. 4.88 (a, b). 
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Fig.4.87 a) Return loss Vs frequency characteristics of 

characteristics of NCFRPSMSA-

From these figures, it can be observed that, 

polarized) and unidirectional in both E, H planes

fabricated FRPSMSADGS and 

having coat thickness of 20 µm and 1 µm
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(c) 
a) Return loss Vs frequency characteristics of FRPSMSADGS, b) Return loss Vs frequency 

-DGS, c) Bandwidth Vs Frequency comparison of- a) 

NCFRPSMSA-DGS 

 
From these figures, it can be observed that, the patterns are broadsided

) and unidirectional in both E, H planes. Fig.4.89 (a, b) shows the FESEM images of 

and NCFRPSMSA-DGS antennas measured at 

µm and 1 µm (uniform deposition is seen in the pictures)

 

   
 

                                                                      (b) 
Measured radiation pattern of a) FRPSMSADGS, b) NCFRPSMSA
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(a)                                                                                      (b) 
Fig. 4.89 FESEM images of  a) FRPSMSADGS, b) NCFRPSMSA-DGS 

 
4.7.20  Design, Modelling & Results Of Narrow 4 Rectangular with Plus shape Slotted 

Microstrip Antenna with Defected Ground Structure (N4RPSMSADGS) and 

Nanomaterial Coated Narrow 4 Rectangular with Plus shape Slotted Microstrip 

Antenna with Defected Ground Structure  (NCN4FRPSMSA-DGS)  
 

As shown in fig. 4.90 (a & b), the novel Narrow 4 Rectangular with Plus shape 

Slotted Microstrip Antenna with Defected Ground Structure (N4RPSMSADGS) and 

Nanomaterial Coated Narrow 4 Rectangular with Plus shape Slotted Microstrip Antenna with 

Defected Ground Structure  (NCN4FRPSMSA-DGS)  is studied. The length and width (L x 

W) of the N4RPSMSADGS is (8.273 x 11.410 mm). The N4RPSMSADGS has retained its 

dimensions as same as that of SMSA having length and width of quarterwave transformer (Lt 

x Wt) is (4.668 x 0.278 mm). The length and width of microstrip feedline (Lf x Wf) is (4.722 x 

3.058 mm).  The dimensions of similar four rectangular slots are A = 4.6 mm, B = 2.58 mm. 

The plus shape slot dimensions are C = 0.49 mm, D = 0.67 mm. The distance between the 

edge length to the rectangular slot is (E = 0.55 mm), edge width to the rectangular slot is (F = 

0.81 mm). The horizontal gap and vertical gap between the plus shape slot and rectangular 

slots are   G = 0.43 mm, H = 0.32 mm respectively. The inner rectangular patch dimensions 

in length and width are I = 1.3mm, J = 3.34 mm. All the dimensions are the function of 

operating wavelength. The ground plane of this antenna is etched with inverted and non 

inverted triangular slot having the side length dimension K = 4.2 mm, point of contact 

between triangular slot and inverted triangular slot distance is M = 0.2 mm and hence called 

as defected ground structure (DGS) having the dimension in length Lg = 20.92mm and width 

Wg = 15.71mm.  The same N4RPSMSADGS is now uniformly coated with titanium oxide 

nanomaterial which tends to have better conductivity compared to copper layer. The titanium 

oxide nanomaterial is used to enhance its conduction and to achieve better return loss and 
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radiation pattern. This antenna is now called as Nanomaterial Coated Narrow 4 Rectangular 

with Plus shape Slotted Microstrip Antenna with Defected Ground Structure 

(NCN4FRPSMSA-DGS) as shown in Fig. 4.90 (c). 

         

(a) 

 

 

   
(b) 

 
 

   
(c)                                                                           

 
Fig. 4.90 a) Geometry of designed Narrow 4 Rectangular with Plus shape Slotted Microstrip  Antenna with 

Defected Ground Structure (N4RPSMSADGS) (front view & back view) 
b) Fabricated Narrow 4 Rectangular with Plus shape Slotted Microstrip Antenna with Defected Ground 

Structure (N4RPSMSADGS) (front view & back view) 
c) Fabricated Nanomaterial Coated Nanomaterial Coated Narrow 4  Rectangular with Plus shape Slotted 
Microstrip Antenna with Defected Ground Structure (NCN4FRPSMSA-DGS) (front view & back view) 
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The ground plane (NCN4FRPSMSA-DGS) is etched with pentagonal slot having the 

side length dimension I = 2.38 mm and hence called as defected ground structure (DGS) 

having the dimension in length Lg = 20.92mm and width Wg = 15.71mm. The variation of 

return loss verses frequency of N4RPSMSADGS is as shown in Fig. 4.91 (a). From the figure 

it is clear that, practically the antenna resonates for two band resonances at fr1 = 4.55 GHz 

and fr2 = 9.05 GHz which are lesser than designed frequency making it as virtually size 

reduced with better return loss (RL). From this graph, the bandwidth of N4RPSMSADGS are 

found to be BW1 = 1.8 % (RL= -16.88 dB) and BW2 = 42.1 % (RL= -46.06 dB). Fig. 4.91 (b) 

shows the variation of return loss versus frequency of NCN4FRPSMSA-DGS. This antenna 

(NCN4FRPSMSA-DGS) is uniformly coated with titanium oxide nanomaterial which tends 

to have better conductivity compared to copper layer.  

 

The enhancement in its conduction process and to achieve better return loss, titanium 

oxide nanomaterial is coated or used on the both side of patch surface.  From this figure it is 

clear that, the antenna resonates for wideband frequency with two independent resonances 

(ultra wide band) at fr1 = 4.51 GHz and fr2 = 12.76 GHz frequencies which are lesser than 

designed frequency and in close resonance with the N4FRPSMSADGS making it again a 

virtually size reduced having bandwidths (BWs) BW1 = 0.9 % (RL= -11.66 dB) and BW2 = 

45.3 % (RL= -31.88 dB) (better dip in return loss (RL) making it suitable for indoor wireless 

application). Fig.4.91 (c) shows the graph of percentage bandwidth versus frequency 

comparison of a) N4FRPSMSADGS, b) NCN4FRPSMSA-DGS. For the measurement of 

radiation pattern, the antenna under test (AUT) i.e., the proposed antennas and standard 

pyramidal horn antenna are kept in far field region. The AUT, which is the receiving antenna, 

is kept in phase with respective transmitting pyramidal horn antenna. The power received by 

AUT is measured from −00 to +3600 with the steps of 300. The typical far field co-polar and 

cross-polar radiating patterns of N4RPSMSADGS and NCN4FRPSMSA-DGS are measured 

in their operating bands are as shown in Fig. 4.92 (a, b).From these figures, it can be observed 

that, the patterns are broadsided (with minimal back radiation lobe) and omni-directional in 

nature both in E-plane and H-plane. Fig.4.93 (a, b) shows the FESEM images of fabricated 

N4RPSMSADGS and NCN4FRPSMSA-DGS antennas measured at nanoscale having coat 

thickness of 2 µm and 100 nm (uniform deposition is seen in the pictures). 
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Fig.4.91 a) Return loss Vs frequency characteristics of 

characteristics of NCN4FRPSMSA

(a) 
Fig. 4.92 Measured radiation pattern of 
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(c) 
a) Return loss Vs frequency characteristics of N4RPSMSADGS, b) Return loss Vs frequency 

NCN4FRPSMSA-DGS, c) Bandwidth Vs Frequency comparison of- a) 

NCN4FRPSMSA-DGS 

 

              
                                                                           (b) 

Measured radiation pattern of a) N4RPSMSADGS, b) NCN4FRPSMSA
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FESEM images of  a) N4RPSMSADGS, b) NCN4FRPSMSA-
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4.7.21  Design, Modelling & Results Of Checkerboard Pattern shape Slotted Microstrip 

Antenna with Defected Ground Structure (CPSMSADGS) and Nanomaterial 

Coated Checkerboard Pattern shape Slotted Microstrip Antenna with Defected 

Ground Structure  (NCCPSMSA-DGS)  
 

The novel Checkerboard Pattern shape Slotted Microstrip Antenna with Defected 

Ground Structure (CPSMSADGS) and Nanomaterial Coated Checkerboard Pattern shape 

Slotted Microstrip Antenna with Defected Ground Structure (NCCPSMSA-DGS) is studied 

and shown in Fig.4.94 (a, b & c). The length and width (L x W) of the CPSMSADGS is 

(8.273 x 11.410 mm). The CPSMSADGS has retained its dimensions as same as that of 

SMSA having length and width of quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm). 

The length and width of microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  The dimensions 

of similar rectangular copper patch width and length are (of checkerboard pattern shape)  A = 

2.83 mm, B = 2.07 mm and the similar rectangular slots width and length (of checkerboard 

pattern shape) are C = 2.07 mm, D = 2.83 mm. The ground plane of this antenna is etched 

with hexagonal slot of side length dimension E = 2.66 mm called as defected ground 

structure (DGS) having the dimension in length Lg = 20.92mm and width Wg = 15.71mm.  

The same CPSMSADGS is now uniformly coated with titanium oxide nanomaterial which 

tends to have better conductivity compared to copper layer. The titanium oxide nanomaterial 

is used to enhance its conduction process and to achieve better return loss and radiation 

pattern. This antenna is now called as Nanomaterial Coated Checkerboard Pattern shape 

Slotted Microstrip Antenna with Defected Ground Structure (NCCPSMSA-DGS) as shown in 

Fig. 4.94 (c).  

   
 

(a) 
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(b) 

 

   
(c)                                                                           

Fig. 4.94. a) Geometry of designed Checkerboard Pattern shape Slotted Microstrip Antenna with Defected 
Ground Structure (CPSMSADGS) (front view & back view) 

b) Fabricated Checkerboard Pattern shape Slotted Microstrip Antenna with Defected Ground Structure 
(CPSMSADGS) (front view & back view) 

c) Fabricated Nanomaterial Coated Checkerboard Pattern shape Slotted Microstrip Antenna with Defected 
Ground Structure (NCCPSMSA-DGS)  (front view & back view) 

 

The ground plane (NCCPSMSA-DGS) is etched with pentagonal slot having the side 

length dimension I = 2.38 mm and hence called as defected ground structure (DGS) having 

the dimension in length Lg = 20.92mm and width Wg = 15.71mm. The variation of return loss 

verses frequency of CPSMSADGS is as shown in Fig. 4.95 (a). From the figure it is clear 

that, practically the antenna resonates for three band resonances at fr1 = 6.07 GHz, fr2 = 9.61 

GHz and fr3 = 12.4 GHz which are lesser than designed frequency making it as virtually size 

reduced with better return loss (RL). From this graph, the bandwidth of CPSMSADGS are 

found to be BW1 = 1.4 % (RL= -23.34 dB), BW2 = 1.1 % (RL= -10.96 dB) and wide 

bandwidth BW3 = 43.5 % (RL= -23.31 dB). Fig. 4.95 (b) shows the variation of return loss 

versus frequency of NCCPSMSA-DGS. This antenna (NCCPSMSA-DGS) is uniformly 

coated with titanium oxide nanomaterial which tends to have better conductivity compared to 

copper layer. The enhancement in its conduction process and to achieve better return loss, 

titanium oxide nanomaterial is coated or used on the both side of patch surface.  From this 

figure it is clear that, the antenna resonates for wideband frequency with three independent 

resonances (ultra wide band) at fr1 = 6.1 GHz, fr2 =  10.99 GHz and fr3 = 12.37 GHz 

frequencies which are lesser than designed frequency and in close resonance with the 
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CPSMSADGS making it again a virtually size reduced having bandwidths (BWs) BW1 = 1.1 

% (RL= -27.04 dB), BW2 = 9.8 % (RL= -16.55 dB) and BW3 = 40.2 % (RL= -31.92dB) 

(better dip in return loss (RL) making it suitable for indoor wireless application). Fig.4.95 (c) 

shows the graph of percentage bandwidth versus frequency comparison of a) CPSMSADGS, 

b) NCCPSMSA-DGS. For the measurement of radiation pattern, the antenna under test 

(AUT) i.e., the proposed antennas and standard pyramidal horn antenna are kept in far field 

region. The AUT, which is the receiving antenna, is kept in phase with respective 

transmitting pyramidal horn antenna. The power received by AUT is measured from −00 to 

+3600 with the steps of 300. The typical far field co-polar and cross-polar radiating patterns of 

CPSMSADGS and NCCPSMSA-DGS are measured in their operating bands are as shown in 

Fig. 4.96 (a, b). From these figures, it can be observed that, the patterns are broadsided and 

linearly polarized. Fig.4.97 (a, b) shows the FESEM images of fabricated CPSMSADGS and 

NCCPSMSA-DGS antennas measured at nanoscale having coat thickness of 20 µm and 200 

nm (uniform deposition is seen in the pictures). 
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Fig.4.95 a) Return loss Vs frequency characteristics of 

c) Bandwidth Vs Frequency comparison of
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Fig. 4.96 Measured radiation pattern of 
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(c) 
 

a) Return loss Vs frequency characteristics of CPSMSADGS, b) Return loss Vs frequency 

characteristics of NCCPSMSA-DGS,  

th Vs Frequency comparison of- a) CPSMSADGS, b) NCCPSMSA

 

 
 

    
                                                                            (b) 

 

Measured radiation pattern of a) CPSMSADGS, b) NCCPSMSA
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(a)                                                                                (b) 

Fig. 4.97 FESEM images of  a) CPSMSADGS, b) NCCPSMSA-DGS 
 
4.7.22 Design, Modelling & Results Of Multi-Slotted Microstrip Antenna with Defected  

           Ground Structure (MSMSADGS) and Nanomaterial Coated Multi-Slotted  

           Microstrip Antenna with Defected Ground Structure (NCMSMSA-DGS)  
 

The novel Multi-Slotted Microstrip Antenna with Defected  Ground Structure 

(MSMSADGS) and Nanomaterial Coated Multi-Slotted  Microstrip Antenna with Defected 

Ground Structure (NCMSMSA-DGS)  is studied and shown in Fig.4.98 (a, b & c). The length 

and width (L x W) of the MSMSADGS is (8.273 x 11.410 mm). The MSMSADGS has its 

dimensions as same as that of SMSA having length and width of quarterwave transformer (Lt 

x Wt) is (4.668 x 0.278 mm). The length and width of microstrip feedline (Lf x Wf) is (4.722 x 

3.058 mm).  The dimensions of similar rectangular copper patch width and length are A = 

5.73 mm, B = 2.07 mm and the similar square slots width and length are (placed along the 

four corners of patch) dimension are C = 2.07 mm, D = 2.83 mm.  

 

The circular patch is also etched on the same patch plane having circular radius E = 

2.1mm. The ground plane of this antenna is etched with octagonal slot of side length 

dimension F = 1.89 mm called as defected ground structure (DGS) having the dimension in 

length Lg = 20.92mm and width Wg = 15.71mm.  The same MSMSADGS is now uniformly 

coated with titanium oxide nanomaterial which tends to have better conductivity compared to 

copper layer. The titanium oxide nanomaterial is used to enhance its conduction process and 

to achieve better return loss and radiation pattern. This antenna is now called as Nanomaterial 

Coated Multi-Slotted Microstrip Antenna with Defected Ground Structure (NCMSMSA-

DGS) as shown in Fig. 4.98 (c).  
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(a) 
 

  
(b) 

 
 

   
(c)                                                                           

 
Fig. 4.98. a) Geometry of designed Multi-Slotted Microstrip Antenna with Defected Ground Structure 

(MSMSADGS) (front view & back view) 
b) Fabricated Multi-Slotted Microstrip Antenna with Defected Ground Structure (MSMSADGS) (front view & 

back view) 
c) Fabricated Nanomaterial Coated Multi-Slotted Microstrip Antenna with Defected Ground Structure 

(NCMSMSA-DGS) (front view & back view). 
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The NCCPSMSA-DGS ground plane of this antenna is etched with octagonal slot of 

side length dimension F = 1.89 mm called as defected ground structure (DGS) having the 

dimension in length Lg = 20.92mm and width Wg = 15.71mm. The variation of return loss 

verses frequency of MSMSADGS is as shown in Fig. 4.99 (a). From the figure it is clear that, 

practically the antenna resonates for three band resonances fr1 = 5.92GHz, fr2 =  9.76 GHz 

and fr3 = 12.61 GHz which are lesser than designed frequency making it as virtually size 

reduced with better return loss (RL). From this graph, the bandwidth of MSMSADGS are 

found to be BW1 = 1.2 % (RL= -18.88 dB), BW2 = 10.8 % (RL= -19.62 dB) and BW3 = 39.2 

% (RL= -23.73dB).  

 

Fig. 4.99 (b) shows the variation of return loss versus frequency of NCMSMSA-DGS. 

This antenna (NCMSMSA-DGS) is uniformly coated with titanium oxide nanomaterial 

which tends to have better conductivity compared to copper layer. The enhancement in its 

conduction process and to achieve better return loss, titanium oxide nanomaterial is coated or 

used on the both side of patch surface.  From this figure it is clear that, the antenna resonates 

for wideband frequency with three independent resonances (wide band) at fr1 = 5.95GHz, fr2 

=  9.88 GHz and fr3 = 12.22 GHz frequencies which are lesser than designed frequency and 

in close resonance with the MSMSADGS making it again a virtually size reduced having 

bandwidths (BWs) BW1 = 1.2 % (RL= -23.56 dB), BW2 = 3.1 % (RL= -26.38 dB) and BW3 

= 38.6 % (RL= -38.20dB) (better dip in return loss (RL) making it suitable for wireless 

application like Radar, SAR etc.).  

 

 

Fig.4.99 (c) shows the graph of percentage bandwidth versus frequency comparison 

of a) MSMSADGS, b) NCCPSMSA-DGS. For the measurement of radiation pattern, the 

antenna under test (AUT) i.e., the proposed antennas and standard pyramidal horn antenna 

are kept in far field region. The AUT, which is the receiving antenna, is kept in phase with 

respective transmitting pyramidal horn antenna. The power received by AUT is measured 

from −00 to +3600 with the steps of 300. The typical far field co-polar and cross-polar 

radiating patterns of MSMSADGS and NCMSMSA-DGS are measured in their operating 

bands are as shown in Fig. 4.100 (a, b).  
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Fig.4.99 a) Return loss Vs frequency characteristics of 
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(c) 
a) Return loss Vs frequency characteristics of MSMSADGS, b) Return loss Vs frequency 

-DGS, c) Bandwidth Vs Frequency comparison of- a) 

NCMSMSA-DGS 

 
From these figures, it can be observed that, the patterns are 

) and nearly omni-directional in both E, H-planes. Fig.4.

the FESEM images of fabricated MSMSADGS and NCMSMSA-DGS antennas measured at 

nanoscale having coat thickness of 20 µm and 200 nm (uniform deposition is seen in the 
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(a)                                                             (b) 

Fig. 4.101 FESEM images of  a) MSMSADGS, b) NCMSMSA-DGS 
 
4.7.23  Design, Modelling & Results Of Vertically placed Rectangular Narrow Slotted  

          Microstrip Antenna with Defected Ground Structure (VRNSMSADGS) and  

          Nanomaterial Coated Vertically placed Rectangular Narrow Slotted Microstrip  

          Antenna with Defected Ground Structure (NC VRNSMSA-DGS)  
 

The novel Vertically placed Rectangular Narrow Slotted Microstrip Antenna with 

Defected Ground Structure (VRNSMSADGS) and Nanomaterial Coated Vertically placed 

Rectangular Narrow Slotted Microstrip Antenna with Defected Ground Structure (NC 

VRNSMSA-DGS) is studied and shown in Fig.4.102 (a, b & c). The length and width (L x W) 

of the VRNSMSADGS is (8.273 x 11.410 mm). The VRNSMSADGS has its dimensions as 

same as that of SMSA having length and width of quarterwave transformer (Lt x Wt) is (4.668 

x 0.278 mm). The length and width of microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  

The dimensions of narrow rectangular copper patch length and width are A = 2.55 mm, B = 

1.43 mm with the similar narrow rectangular slots length and width are (placed along the 

sides of patch) dimension are C = 4.11 mm, D = 2.83 mm. The vertical gap height from the 

width of patch to slot E = 2.11mm and horizontal gap from the width of patch to slot F = 2.84 

mm. The ground plane of this antenna is etched with plus shape slot of side length and width  

dimension G x H = 1mm and is called as defected ground structure (DGS) having the 

dimension in length Lg = 20.92mm and width Wg = 15.71mm.  The same VRNSMSADGS is 

now uniformly coated with silver nanomaterial which tends to have better conductivity 

compared to copper. The silver nanomaterial is used to enhance its conduction process and to 

achieve better return loss and better radiation characteristics. This antenna is now called as 

Nanomaterial Coated Vertically placed Rectangular Narrow Slotted Microstrip Antenna with 

Defected Ground Structure (NC VRNSMSA-DGS) as shown in Fig. 4.102 (c).  
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(a) 

 

  
(b) 

 

  
(c)                                                                           

 
Fig. 4.102. a) Geometry of designed Vertically placed Rectangular Narrow Slotted Microstrip Antenna with 

Defected Ground Structure (VRNSMSADGS) (front view & back view) 
b) Fabricated Vertically placed Rectangular Narrow Slotted Microstrip Antenna with Defected Ground Structure 

(VRNSMSADGS) (front view & back view) 
c) Fabricated Nanomaterial Coated Vertically placed Rectangular Narrow Slotted Microstrip Antenna with 

Defected Ground Structure (NC VRNSMSA-DGS) (front view & back view) 
 

The ground plane of this antenna (NC VRNSMSA-DGS) is also etched with plus 

shape slot of sidelength and width dimension G x H = 1mm and is called as defected ground 

structure (DGS) having the dimension in length Lg = 20.92mm and width Wg = 15.71mm. The 

variation of return loss verses frequency of VRNSMSADGS is as shown in Fig. 4.103 (a). 

From the figure it is clear that, practically the antenna resonates for two band resonances fr1 = 

5.89 GHz and fr2 =  11.92 GHz which are lesser than designed frequency making it as 
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virtually size reduced with better return loss (RL). From this graph, the bandwidth of 

VRNSMSADGS are found to be BW1 = 1.2 % (RL= -30.08 dB) and BW2 = 9.8 % (RL= -

13.34 dB). Fig. 4.103 (b) shows the variation of return loss versus frequency of NC 

VRNSMSA-DGS. This antenna (NC VRNSMSA-DGS) is uniformly coated with silver 

nanomaterial which tends to have better conductivity compared to copper. The enhancement 

in its conduction process and to achieve better return loss, silver nanomaterial is coated/used 

on the both side of patch surface.  From this figure it is clear that, the antenna resonates for 

wideband frequency with three independent resonances (wide band) at fr1 = 6.01 GHz, fr2 =  

8.77 GHz and fr3 = 11.89 GHz frequencies which are lesser than designed frequency and in 

close resonance with the VRNSMSADGS making it again a virtually size reduced having 

bandwidths (BWs) BW1 = 1.6 % (RL= -13.48 dB), BW2 = 21.7 % (RL= -16.22 dB) and BW3 

= 33.2 % (RL= -18.01 dB) (better dip in return loss (RL) making it suitable for wireless 

application like SAR, RADAR etc.). Fig.4.103 (c) shows the graph of percentage bandwidth 

versus frequency comparison of a) VRNSMSADGS, b) NC VRNSMSA-DGS.  

 

For the measurement of radiation pattern, the antenna under test (AUT) i.e., the 

proposed antennas and standard pyramidal horn antenna are kept in far field region. The 

AUT, which is the receiving antenna, is kept in phase with respective transmitting pyramidal 

horn antenna.  
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From these figures, it can be observed that, 
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and NC VRNSMSA-DGS antennas measured at 

µm and 200 nm (uniform deposition is seen in the pictures)
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(b) 

The power received by AUT is measured from −00 to +3600 with the steps of 

polar and cross-polar radiating patterns of VRNSMSA

measured in their operating bands are as shown in Fig. 

From these figures, it can be observed that, the patterns are broadsided and linearly polarized

 (a, b) shows the FESEM images of fabricated 

antennas measured at micrometer scale having coat thickness of

(uniform deposition is seen in the pictures). 
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Fig.4.103 a) Return loss Vs frequency characteristics of VRNSMSADGS, b) Return loss Vs frequency 

characteristics of NC VRNSMSA-DGS, c) Bandwidth Vs Frequency comparison of- a) VRNSMSADGS, b) NC 

VRNSMSA-DGS 

 

  
(a)                                                                         (b) 

Fig. 4.104 Measured radiation pattern of a) VRNSMSADGS, b) NC VRNSMSA-DGS 

 

       
(a)                                                                                     (b) 

Fig. 4.105 FESEM images of  a) VRNSMSADGS, b) NC VRNSMSA-DGS 

 
4.7.24  Design, Modelling & Results Of Novel A-type with Multi-Slotted Microstrip  

            Antenna with Defected Ground Structure (NAMSMSADGS) and Nanomaterial  

            Coated Novel A-type with Multi-Slotted Microstrip Antenna with Defected  

            Ground Structure (NCNAMSMSA-DGS)  
 

Fig.4.106 (a, b & c) shows the novel A-type with Multi-Slotted Microstrip Antenna 

with  Defected Ground Structure (NAMSMSADGS) and Nanomaterial Coated Novel A-type 

with Multi-Slotted Microstrip Antenna with Defected  Ground Structure (NCNAMSMSA-

DGS)  is studied. The length and width (L x W) of the NAMSMSADGS is (8.273 x 11.410 

mm). The NAMSMSADGS has its dimensions as same as that of SMSA having length and 
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width of quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm). The length and width of 

microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  The dimensions of wide Plus shape 

rectangular copper patch length and width are A = 2.55 mm, B = 1.43 mm with the wide 

rectangular slots length and width are (placed along the length sides of patch) dimension are 

C = 4.11 mm, D = 2.83 mm with rectangular slot length dimensions E = 2.11mm. The 

horizontal gap from the length of patch to square slot dimension is F = 2.84 mm. The 

protruded Plus shape having slits outer length and width dimensions are G = 0.4 mm, H = 

0.72 mm. The square slot dimension is M x k = 3 x 3mm. The ground plane of this antenna is 

etched with double plus shape slot of sidelength and width  dimension I x J = 1 x  1mm with 

dimension K = 3mm and is called as defected ground structure (DGS) having the dimension 

in length Lg = 20.92mm and width Wg = 15.71mm.  The same NAMSMSADGS is now 

uniformly coated with silver nanomaterial which tends to have better conductivity compared 

to copper layer. The silver nanomaterial is used to enhance its conduction process and to 

achieve better return loss and better radiation characteristics. This antenna is now called as 

Nanomaterial Coated Novel A-type with Multi-Slotted Microstrip Antenna with Defected  

Ground Structure (NCNAMSMSA-DGS) as shown in Fig. 4.106 (c).  

   
(a) 

 

   
(b) 
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(c)                                                                           

 
Fig. 4.106 a) Geometry of designed Novel A-type with Multi-Slotted Microstrip Antenna with Defected Ground 

Structure (NAMSMSADGS)  (front view & back view) 
b) Fabricated Novel A-type with Multi-Slotted Microstrip Antenna with Defected Ground Structure 

(NAMSMSADGS)   (front view & back view) 
c) Fabricated Nanomaterial Coated Novel A-type with Multi-Slotted Microstrip Antenna with Defected Ground 

Structure (NCNAMSMSA-DGS)   (front view & back view) 
 

 

The ground plane of this antenna (NCNAMSMSA-DGS) is etched with double plus 

shape slot of sidelength and width dimension I x J = 1 x  1mm with K = 3mm and is called as 

defected ground structure (DGS) having the dimension in length Lg = 20.92mm and width Wg 

= 15.71mm. The variation of return loss verses frequency of NAMSMSADGS is as shown in 

Fig. 4.107 (a). From the figure it is clear that, practically the antenna resonates for four band 

resonances fr1 = 5.55 GHz, fr2 =  7.35 GHz, fr3 = 8.52 GHz and fr4 =  11.27 GHz which are 

lesser than designed frequency making it as virtually size reduced with better return loss 

(RL). From this graph, the bandwidth of NAMSMSADGS are found to be BW1 = 1.1 % 

(RL= -21.62 dB), BW2 = 1.4 % (RL= -17.55 dB), BW3= 1.6 % (RL= -14.04 dB) and BW4 = 

20.2 % (RL= -22.70 dB). Fig. 4.107 (b) shows the variation of return loss versus frequency of 

NCNAMSMSA-DGS. This antenna (NCNAMSMSA-DGS) is uniformly coated with silver 

nanomaterial which tends to have better conductivity compared to copper. The enhancement 

in its conduction process and to achieve better return loss, silver nanomaterial is coated/used 

on the both side of patch surface.  From this figure it is clear that, the antenna resonates for 

wideband frequency with two independent resonances (wide band) at fr1 = 5.68 GHz and fr2 

=  8.53 GHz frequencies which are lesser than designed frequency and in close resonance 

with the NAMSMSADGS making it again a virtually size reduced having bandwidths (BWs) 

BW1 = 0.9 % (RL= -11.35 dB) and BW2 = 59.7 % (RL= -24.27 dB) (better dip in return loss 

(RL) making it suitable for wireless application like SAR, RADAR etc.). Fig.4.107 (c) shows 

the graph of percentage bandwidth versus frequency comparison of a) NAMSMSADGS, b) 

NCNAMSMSA-DGS.  
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For the measurement of radiation pattern, the antenna under test (AUT) i.e., the 

proposed antennas and standard pyramidal horn antenna are kept in far field region. The 

AUT, which is the receiving antenna, is kept in phase with respective transmitting pyramidal 

horn antenna. The power received by AUT is measured from −00 to +3600 with the steps of 

300. The typical far field co-polar and cross-polar radiating patterns of NAMSMSADGS and 

NCNAMSMSA-DGS are measured in their operating bands are as shown in Fig. 4.108 (a, b). 

From these figures, it can be observed that, the patterns are omni-directional and broadsided 

and linearly polarized in both E, H plane. Fig.4.109 (a, b) shows the FESEM images of 

fabricated NAMSMSADGS and NCNAMSMSA-DGS antennas measured at nanoscale 

having coat thickness of 2 µm and 200 nm (uniform deposition is seen in the pictures). 
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Fig.4.107 a) Return loss Vs frequency characteristics of 

characteristics of NCNAMSMSA-

(a)                                                                                  
Fig. 4.108 Measured radiation pattern of 
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(c) 
 

a) Return loss Vs frequency characteristics of NAMSMSADGS, b) Return loss Vs frequency 

-DGS, c) Bandwidth Vs Frequency comparison of- a) 

NCNAMSMSA-DGS 

 
 
 

 
 

                                                                                 (b) 
Measured radiation pattern of a) NAMSMSADGS, b) NCNAMSMSA
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(a)                                                                         (b) 

Fig. 4.109 FESEM images of  a) NAMSMSADGS, b) NCNAMSMSA-DGS 

 

4.7.25  Design, Modelling & Results Of Novel Double I-shape Slotted Microstrip  

            Antenna with  Defected Ground Structure (NDISMSADGS) and Nanomaterial  

            Coated Novel Double I-shape  Slotted Microstrip Antenna with Defected Ground  

            Structure (NCNDISMSA-DGS)  

 

 

Fig.4.110 (a, b & c) shows the novel Double I-shape Slotted Microstrip Antenna with  

Defected Ground Structure (NDISMSADGS) and Nanomaterial Coated Novel Double I-

shape  Slotted Microstrip Antenna with Defected Ground Structure (NCNDISMSA-DGS) is 

studied. The length and width (L x W) of the NDISMSADGS is (8.273 x 11.410 mm). The 

NDISMSADGS has its dimensions as same as that of SMSA having length and width of 

quarterwave transformer (Lt x Wt) is (4.668 x 0.278 mm).  

 

The length and width of microstrip feedline (Lf x Wf) is (4.722 x 3.058 mm).  The 

various dimensions of I shape patch are A = 2.55 mm, B = 1.43 mm, C = 2.86 mm, D = 2.78 

mm, E = 5.84 mm, F = 1.58 mm, G = 1.96 mm, H = 2.55 mm. The ground plane of this 

antenna is etched with plus shape slot of sidelength and width dimension  I x J = 1 x 1mm 

and is called as defected ground structure (DGS) having the dimension in length Lg = 

20.92mm and width Wg = 15.71mm.  The same NDISMSADGS is now uniformly coated 

with silver nanomaterial which tends to have better conductivity compared to copper layer. 

The silver nanomaterial is used to enhance its conduction process and to achieve better return 

loss and better radiation characteristics. This antenna is now called as Nanomaterial Coated 

Vertically placed Rectangular Narrow Slotted Microstrip Antenna with Defected Ground 

Structure (NCNDISMSA-DGS) as shown in Fig. 4.110 (c).  
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(a)  

 

  
 

(b) 
 

  
 

(c)                                                                           
Fig. 4.110 a) Geometry of designed Double I-shape Slotted Microstrip Antenna with Defected Ground Structure 

(NDISMSADGS) (front view & back view) 
b) Fabricated Double I-shape Slotted Microstrip Antenna with Defected Ground Structure (NDISMSADGS) 

(front view & back view) 
c) Fabricated Nanomaterial Coated Double I-shape Slotted Microstrip Antenna with Defected Ground Structure 

(NCNDISMSA-DGS) (front view & back view) 
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The ground plane of this antenna (NCNDISMSA-DGS) is etched with plus shape slot 

of sidelength and width dimension I x J = 1 x 1mm and is called as defected ground structure 

(DGS) having the dimension in length Lg = 20.92mm and width Wg = 15.71mm. The variation 

of return loss verses frequency of NDISMSADGS is as shown in Fig. 4.111 (a). From the 

figure it is clear that, practically the antenna resonates for two band resonances fr1 = 5.52 

GHz and fr2 =  7.8 GHz  which are lesser than designed frequency making it as virtually size 

reduced with better return loss (RL). From this graph, the bandwidth of NDISMSADGS are 

found to be BW1 = 1.1 % (RL= -12.41 dB), BW2 = 61.2 % (RL= -18.93 dB). Fig. 4.111 (b) 

shows the variation of return loss versus frequency of NCNDISMSA-DGS. This antenna 

(NCNDISMSA-DGS) is uniformly coated with silver nanomaterial which tends to have 

better conductivity compared to copper. The enhancement in its conduction process and to 

achieve better return loss, silver nanomaterial is coated/used on the both side of patch surface.  

From this figure it is clear that, the antenna resonates for wideband frequency with four 

independent resonances (wide band) at fr1 = 5.5 GHz, fr2 =  7.78 GHz, fr3 = 10.69 GHz and 

fr4 =  14.77 GHz which are lesser than designed frequency and in close resonance with the 

NDISMSADGS  making it again a virtually size reduced having better bandwidths with 

better return loss (RL) characteristics. From this graph, the bandwidth of NCNDISMSA-DGS 

are found to be BW1 = 0.9 % (RL= -12.33 dB), BW2 = 1.2 % (RL= -34.76dB), BW3= 1.8 % 

(RL= -28.05 dB) and BW4 = 32.1 % (RL= -42.01 dB).  (better dip in return loss (RL) making 

it suitable for wireless application like SAR, RADAR etc.). Fig.4.111 (c) shows the graph of 

percentage bandwidth versus frequency comparison of a) NDISMSADGS, b) NCNDISMSA-

DGS 

For the measurement of radiation pattern, the antenna under test (AUT) i.e., the 

proposed antennas and standard pyramidal horn antenna are kept in far field region. The 

AUT, which is the receiving antenna, is kept in phase with respective transmitting pyramidal 

horn antenna. The power received by AUT is measured from −00 to +3600 with the steps of 

300. The typical far field co-polar and cross-polar radiating patterns of NDISMSADGS and 

NCNDISMSA-DGS are measured in their operating bands are as shown in Fig. 4.112 (a, b). 

From these figures, it can be observed that, the patterns are broadsided (linearly polarized) 

and unidirectional in nature in E & H-planes. Fig.4.113 (a, b) shows the FESEM images of 

fabricated NDISMSADGS and NCNDISMSA-DGS antennas measured at nanoscale having 

coat thickness of 2 µm and 200 nm (uniform deposition is seen in the pictures). 
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Fig.4.111 a) Return loss Vs frequency characteristics of 

characteristics of NCNDISMSA

(a)                                                                                      
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(c) 
a) Return loss Vs frequency characteristics of NDISMSADGS, b) Return loss Vs frequency 

NDISMSA-DGS c) Bandwidth Vs Frequency comparison of- a) NDISMSA

NCNDISMSA-DGS 

 

  
                                                                                     (b) 

Measured radiation pattern of a) NDISMSADGS, b) NCNDISMSA

       

(a)                                                                       (b) 
FESEM images of  a) NDISMSADGS, b) NCNDISMSA-DGS
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4.7.26 Design, Modelling & Results of Circular Patch Antenna for resonating frequency 

(fr) 2.4 GHz (CPA) 

The circular patch antenna (CPA) is designed for resonating frequency fr  = 2.4 GHz. 

The design of antenna, probe feed optimization and simulation have been done using Mentor 

Graphics IE3D Electromagnetic simulation software version 15.4 as shown in Fig. 4.114.  

The effective radius of the circular microstrip patch can be designed using equations 

as given below. 

� = �{1 + ��	
�� ln �	
��� + 1.7726�}��/�          ……(a) 

 

Where, 

� = 8.791 × 10�
+,√-,  

 

The effective radius is given by [9], 

�# = �.1 + 2ℎ0� [ln � �2ℎ� + 1.7726] 
Where, 

Fr = operating frequency 

ae = effective patch radius 

a = patchn radius 

h = thickness of the substrate 1r = dielectric permitivity of the substrate 

 

The calculated radius a of circular patch is 16.95 mm. This patch is fabricated on 

glass epoxy dielectric substrate, whose dielectric constant Ɛr is 4.4, loss tangent tanδ is 

0.0245 and thickness h =1.6 mm. The feed point location is chosen to be 2.2 mm away from 

the centre point and the calculated dimension of the ground plane is 50mm x 50mm [25].  

 

Fig. 4.114 Circular Patch Antenna (CPA) for 2.4 GHz 
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In this study, the various antenna parameters have been considered such as; return loss 

(RL) characteristics, VSWR, input impedance, Smith chart, antenna efficiency, radiation 

pattern and current distribution. The radiation pattern is defined as a mathematical function or 

a graphical representation of the radiation properties of antenna as a function of space 

coordinates. Antenna efficiency is a ratio of total power radiated by an antenna to the input 

power of an antenna. Voltage Standing Wave Ratio (VSWR) is defined as 

VSWR=Vmax/Vmin. It should lie between 1 and 2. A VSWR of 1:1 means that, there is no 

power being reflected back to the source. At a VSWR of 2.0, approximately 10% of the 

power is reflected back to the source. Not only does a high VSWR mean that power is being 

wasted, the reflected power can cause problems such as heating cables or causing amplifiers 

to fold-back. Here, VSWR lies in range of 1-2 which is required for the satisfactory 

performance [25].  

Return loss (RL) is the reflection of signal power from the insertion of a device in a 

transmission line. Hence, RL is a parameter similar to the VSWR to indicate how well the 

matching between the transmitter and receiver antenna has taken place. The RL is given as: 

RL=-20 log10 (Γ) dB. For perfect matching between the transmitter and the antenna, Γ = 0 

and RL = ∞ which means no power would be reflected back, whereas a Γ = 1 has a RL = 0 

dB, which implies that all incident power is reflected. For practical applications, a VSWR of 

2 is acceptable, since this corresponds to RL of -9.54 dB. The Smith chart plot represents that 

how the antenna impedance varies as a function of frequency. The value of impedance should 

lie near to 50 ohms in order to perfectly match the port with the antenna. The current 

distribution shows the current intensity around the patch [25].  

Fig.4.115 shows that, the antenna resonates for 2.4 GHz frequency having return loss 

of RL= -12.11 dB with a frequency band ranging from 2.42 to 2.47 GHz with the impedance 

bandwidth of 2.08%. Fig.4.116 shows the Smith chart characteristics which validates that the 

proposed antenna impedance nearly matches with the 50 ohm input and load.Fig.4.117 shows 

the current distribution of circular patch antenna for 2.4 GHz where it can be seen that the 

feed point is resonated and is depicted by green spot. Fig.4.118 & 4.119 shows the 2D, 3D 

broadsided radiation pattern with low cross-polar level which suit for communication 

applications. Fig.4.120 shows the VSWR characteristics which is found be lesser than 2 for 

frequency ranging from 2.42 – 2.47 GHz. Fig.4.121 shows the efficiency of the patch antenna 

and is found to be 18% [25]. 
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           Fig.4.115 RL Vs Frequency for CPA for 2.4GHz                 Fig.4.116 Smith chart of CPA for 2.4GHz 

 

         

Fig. 4.117 Current distribution of CPA                            Fig.4.118 2D Radiation pattern of CPA 

 

       

        Fig.4.119 3D Radiation pattern of CPA                                   Fig.4.120 VSWR characteristics of CPA 
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Fig.4.121 CPA Antenna Efficiency (CPA=>Circular patch antenna) 

 

4.7.27 Design, Modelling & Results of Circular Slotted Patch Antenna with strip line  

           feed for resonating frequency (fr) 3 GHz (CSPA) 

The geometry of a strip line feed circular slotted patch microstrip antenna (CSPA) is 

shown in Fig.4.122 which also shows the current distribution of CSPA. The calculated radius 

a of circular patch is 13.485 mm which is calculated as per the design equations. The antenna 

is designed for frequency 3.0 GHz. This patch is fabricated on glass epoxy dielectric 

substrate, having dielectric constant Ɛr is 4.4, loss tangent tan2 is 0.0245, thickness ℎ is 

1.6mm. The patch is fed using microstrip feedline method. The calculated dimensions for 

ground plane length and width Lg x Wg are 50 mm x 50 mm.  The length and width of quarter 

wave transformer Lt x Wt are 12.59 mm x0.184 mm, the length and width of feed line Lf  x Wf 

are 12.59 mm  x 3.059 mm [23].  

          

Fig.4.122 CSPA Sturucture and itsCurrent distribution                 Fig.4.123 CSPA RL characteristics 
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               Fig.4.124 CSPA Smith chart for 3 GHz                           Fig.4.125 2D Radiation pattern of CSPA 

 

When the circular slot is etched on the patch with strip line feed, antenna resonates for 

lower frequency of 2.8 GHz frequency with return loss RL = - 11.97dB having frequency 

band ranging from 2.70 to 2.83 GHz with the impedance bandwidth of 4 % as shown in fig 

4.123. Smith chart characteristics validated that proposed antenna impedance nearly matches 

with the 50 ohm input and load which is as shown in the Fig.4.124. Fig.4.125 and Fig. 4.126 

shows the 2D and 3D broadsided radiation pattern with low cross-polar level at 3 GHz [23]. 

 

 

Fig.4.126 3D Radiation pattern of CSPA 

 

4.7.28 Design, Modelling & Results of Coaxial Probe Fed Circular Patch Antenna for  

           (fr) 3.5 GHz (CPF CPA) 

The antenna is designed for lower resonating frequency (fr) 3.5 GHz which can find its 

application in wireless band for WiMax application. The antenna design, probe feed 
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optimization and simulation has been carried out using Mentor Graphics IE3D 

electromagnetic simulation software version 15.4.  

The geometry along with current distribution pattern of a coaxial probe fed circular 

patch microstrip antenna (CPF CPA) is as shown in Fig 4.127. The radius a of circular patch 

is 11.51 mm, the feed point location f is 3.8 mm away from centre point. This patch is 

fabricated on glass epoxy dielectric substrate having dielectric constant Ɛr is 4.4, its loss 

tangent tan2 is 0.0245, thickness ℎ 1.6mm. The ground plane dimensions Lg x Wg is 50mm x 

50mm.  

The gain of an antenna is the radiation intensity in a given direction divided by the 

radiation intensity that would be obtained if antenna radiated all of the power delivered 

equally to all directions. The definition of gain requires the concept of an isotropic radiator; 

i.e., one that radiates the same power in all directions. Gain is usually expressed in dB. Gain 

can be obtained by using equation: G = ηD, where, η= efficiency, D = directivity. Directivity 

is same as gain, but with one difference. It does not include the effects of power lost 

(inefficiency) in the antenna. If an antenna were lossless (100% efficient), then the gain and 

directivity (in a given direction) would be the same. The antenna efficiency is defined as the 

ratio of total power radiated by the antenna to the input power of the antenna. Just like any 

other microwave components, an antenna may dissipate power due to conductor loss or 

dielectric loss.  

Fig.4.128 shows that the antenna resonates at 3.5 GHz frequency having return loss of 

-11.41dB with a frequency ranging from 3.47 to 3.54 GHz having impedance bandwidth of 6 

%. Fig.4.129 shows the Smith chart characteristics for proposed antenna, where impedance 

matches with the 50ohm input and load. Fig.4.130 and Fig. 4.131 shows 2D, 3D broadsided 

radiation pattern with low cross-polar level for 3.5 GHz frequency. 

 

Fig.4.127 CPF CPA Sturucture of and its Current distribution of CPF CPA 
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Fig.4.128 RL characteristics of CPF CPA 

 
 

 
                   Fig.4.129 Smith chart of CPF CPA                          Fig.4.130 2D Radiation pattern of CPF CPA 

 

Fig.4.132 shows the VSWR plot which is found to be lesser than 2 for the frequency 

ranging from 3.47-3.54 GHz. Fig. 4.133 shows the simulated gain of an antenna which is 

found to be 3 dBi and Fig 4.134 shows the efficiency of the CPF CPA and is found to be 39 

%. 

 



226 

 

             

            Fig.4.131 3D Radiation pattern of CPF CPA      

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                Fig.4.132 VSWR characteristics of CPF CPA 

 

         

              Fig.4.133 Total gain of CPF CPA                                             Fig.4.134 Efficiency of CPF CPA 
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4.7.29 Design, Modelling & Results of Square Patch Antenna for resonating frequency  

           (fr) 6 GHz (SPA) 

 

The SPA is designed for resonating frequency 6 GHz which can also find many 

applications in wireless band. The antenna design, strip line feed simulation has been done 

using Mentor Graphics IE3D Electromagnetic simulation software version 15.4. The square 

patch antenna can be designed using equation as given below, 

W = L 2 l
2

 
r r

c

f ε
= − ∆

                       (b) 

Length of the quarterwave transformer can be obtained using ,
  

tL
4

gλ
=                     (c) 

 

Width of the quarterwave transformer can be obtained using,
  

t
8h

W   2
2

A
e

A
e

=
−

            (d) 

Length of the feed line can be obtained using,                    fL
4

gλ
=

                          
(e) 

 

The geometry of a stripline fed square microstrip patch antenna is as shown in Fig. 

4.135. The length and width of square patch are a= b= 27.4 mm. This patch is fabricated on 

glass epoxy dielectric substrate having dielectric constant Ɛr is 4.4, its loss tangent tan2 is 

0.0245, and the thickness h is1.66 mm. The calculated dimensions for ground plane length 

and width Lg x Wg are 50 mm x 50 mm.  The length and width of quarter wave transformer c x 

d are 2.174 mm x 5.7 mm, the length and width of feedline Lf  x Wf  are 5.7 mm  x 3.059 mm 

[26].  

 

Fig.4.136 shows that, the SPA resonates for multiple frequencies 3.8 GHz, 5 GHz, 6.3 

GHz and 7.8 GHz frequency having return loss of -12 dB, 16.5 dB, 13.8 dB and 17.8 dB 

having impedance bandwidth of 3.1%, 7.3 %, 6.2 % and 8.4%. Current distribution of SPA 

shows that the antenna excitation is uniformly distributed throughout the patch, resulting in 

multiple resonant frequencies as shown in fig.4.137. Fig.4.138 and Fig. 4.139 shows 3D, 2D 

broadsided radiation pattern with low cross-polar level. Fig.4.140 shows the VSWR plot in 

which it is found to be lesser than 2 for respective resonant frequencies. Fig. 4.141 shows the 

simulated gain of SPA which is found to be 2.8 dBi [26]. 
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                 Fig.4.135 SPA for 6 GHz                                   Fig.4.136 RL characteristics of SPA for 6 GHz 
 
   
 

               
                        Fig.4.137 SPA current distribution                         Fig.4.138 3D radiation pattern of SPA 
 
 
 

 

             Fig. 4.139 2D Radiation pattern of SPA                            Fig.4.140 VSWR Vs frequency plotof SPA 
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Fig. 4.141 Total gain Vs frequency plot of SPA 

 

4.7.30 Design, Modelling & Results of Square Patch Antenna with Rectangular and  

           Circular Slot for resonating frequency (fr) 9 GHz (SPARCS) 

The Square Patch Antenna with Rectangular and Circular Slot design (SPARCS) is 

designed for resonating frequency 9 GHz for X band applications. The antenna design, strip 

line feed design simulation has been done using Mentor Graphics IE3D Electromagnetic 

simulation software version 15.4. The SPARCS is be designed using equation [9-13]. This 

patch is fabricated on glass epoxy dielectric substrate having dielectric constant Ɛr is 4.4, loss 

tangent tan2 is 0.0245 and thickness h is1.66 mm. The length and width of square patch are a 

= b= 41.1 mm. The calculated dimensions for ground plane length and width Lg x Wg is 50 

mm x 50 mm. Width of quarter wave transformer c = 2.1008mm, Length of quarter wave 

transformer d = 3.8mm, Width of feed line e = 2.1008mm and Length of feed line f = 

3.8mm.One rectangular and one circular slot is also etched on the patch plane having 

dimensions g = 12.11mm, h = 6.12 mm and circular slot radius i = 2.55 mm as shown in 

Fig.4.142. 

Fig.4.143 shows that, the SPARCS resonates for multiple frequencies of 9.3 GHz, 10 

GHz and 11.5 GHz have better return loss of -18.6 dB, 22 dB and 18.6 dB having impedance 

bandwidth of 9.7 %, 11.2 % and 10.1 %. Fig.4.144 shows the Smith chart characteristics for 

proposed antenna, where impedance matches with the 50ohm input and load. Fig.4.145 and 

Fig. 4.146 shows 2D, 3D broadsided radiation pattern with low cross-polar level. Fig.4.147 

shows the VSWR plot which is found to be lesser than 1.5 for respective resonant 

frequencies. Fig. 4.148 shows the simulated gain of SPARCS which is found to be 4.1 dBi. 
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            Fig.4.142 SPARCS for 9 GHz                  Fig.4.143 RL characteristics of SPARCS for 9 GHz 

 

       
         Fig.4.144 Smith chart characteristics of  SPARCS           Fig.4.145 2D radiation pattern for SPARCS 
 

        
      Fig. 4.1463D Radiation pattern of SPARCS                 Fig.4.147 VSWR Vs frequency plot of SPARCS 
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Fig. 4.148 Gain of an SPARCS 

 
 
4.7.31 Design, Modelling & Results of Multi circular slotted microstrip patch antenna  
           (MCS-MPA) 
 

Fig. 4.149 shows the proposed geometry of MCS-MPA. As shown in fig. 4.149, the 

patch antenna is fabricated on a substrate with relative dielectric constant of Єr = 4.4 having 

thickness of h = 1.6 mm with width and length of W and L. In this patch antenna, three 

circular slots are etched on the surface. The dimension of the slots are taken in terms of λ0, 

where λ0 is the free space wavelength corresponding to the designed frequency of 

conventional MSA i.e. 3.5 GHz. The radius (R) of the centre circular slot is 2.95 mm. The 

radius of other two small circular slots are R1 = R2 = 1mm. The antenna is connected by 50 

ohm SMA connector and is fed by microstrip fed line method. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
                                             

 
Fig. 4.149 Geometry of MCS-MPA 

 
Fig. 4.150 shows the variation of return loss verses frequency of MCS-MPA. This antenna 

resonates for five different bands with resonant frequencies of fr1 = 3.42 GHz, fr2 = 5.1 GHz, 



 

fr3 = 7.0 GHz, fr4 = 9.2 GHz and fr

of BW1 = 0.7 % for RL = -13.69 dB, BW

= -26.83 dB, BW4 = 29 % for RL = 

respectively. Hence, by adding 

resonance frequency bands with enhanced bandwidth 

   

  
 

 

 

 

 

 

 

 

        
 

Fig. 4.150 Variation of return loss Vs frequency of MCS

 

Fig.4.151 shows the smith chart plot of MCS

frequency points are near to the centre impedance point 1 which validates better matching 

characteristics between input and load.  

1.12, 1.27 and 1.15 at respective resonant frequencies of MCS

signifying less reflected power back towards the feed. 

effective and may find application in wireless applications in 

range. 

 

           Fig. 4.151 Smith chart plot of MCS
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= 9.2 GHz and fr5 = 13.09 GHz with corresponding impedance bandwidths 

13.69 dB, BW2 = 1.8 % for RL = -12.99 dB, BW

= 29 % for RL = -18.40 dB and BW5 = 19.1 % for RL = 

by adding multiple slots (wider in size) on patch, 

with enhanced bandwidth up to 29% is obtained.

Variation of return loss Vs frequency of MCS-MPA 

shows the smith chart plot of MCS-MPA and is quite clear that the resonant 

near to the centre impedance point 1 which validates better matching 

characteristics between input and load.  Fig.4.152 shows the measured VSWR of 1.55, 1.59, 

1.12, 1.27 and 1.15 at respective resonant frequencies of MCS-MPA which are less than 2 

g less reflected power back towards the feed. This proposed antenna

effective and may find application in wireless applications in L, S, C and X band frequency 

           

Smith chart plot of MCS-MPA                            Fig. 4.152 VSWR plot of MCS
                                                                 

= 13.09 GHz with corresponding impedance bandwidths 

dB, BW3 = 10 % for RL 

= 19.1 % for RL = -23.50 dB 

slots (wider in size) on patch, more number of 

ned. 

MPA and is quite clear that the resonant 

near to the centre impedance point 1 which validates better matching 

shows the measured VSWR of 1.55, 1.59, 

MPA which are less than 2 

This proposed antenna is simple, cost 

L, S, C and X band frequency 

                    

VSWR plot of MCS-MPA      
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4.7.32 Design, Modelling & Results of Multi-circular with two horizontal slotted patch  

           antenna (MC2H-SPA) 

 

The conventional MSA patch length and patch width (L x W) of the patch is (18.99 x 

26.92 mm). The length and width of quarterwave transformer (Lt x Wt) is (10.18 x 0.66 mm). 

The length and width of feedline (Lf x Wf) is (10.19 x 3.35 mm) keeping other dimensions 

unchanged as shown in Fig.4.153. Later, two horizontal and three circular slots are etched on 

the patch plane of conventional MSA as shown in Fig. 4.153 and hence the name multi-

circular with two horizontal slotted patch antenna (MC2H-SPA). The radius (R) of the 

circular slot is 3.01 mm. The radius of other two small circular slots are R1 = R2 = 2.2 mm. 

The equal length and width of the two horizontal slots are (A x B) is (3.2 x 0.81 mm). The 

antenna is connected by 50 ohm SMA connector and is fed by microstrip fed line method. 

 

 

 

 

 

 

 

 

 

 
 
 

Fig.4.153 Geometry of MC2H-SPA 
 

The design results are obtained assuming that the VSWR < 2, the copper as the patch 

material, and the dominant TM10 mode, which can widely be used in circular slot antenna 

applications. For this proposed antenna, the impedance bandwidth over return loss less than 

−10 dB is measured on Agilent Technologies E8363B Network Analyzer (10MHz – 40GHz). 

Fig. 4.154 shows the variation of return loss verses frequency of MC2H-SPA. This antenna 

resonates for five distinct bands with resonant frequencies of fr1 = 3.2 GHz, fr2 = 3.71 GHz, 

fr3 = 5.8 GHz, fr4 = 9.7 GHz and fr5 = 13.58 GHz with corresponding impedance bandwidths 

of BW1 = 1.1 % for RL= -16.82 dB, BW2 = 1.3 % for RL= -15.65 dB, BW3 = 2.1 % for RL= 

-16.52 dB, BW4 = 43 % for RL= -25.63 dB and BW5 = 21 % for RL= -28.11 dB respectively. 



 

Fig. 4.154 Variation of Return loss Vs
 

 

     
       Fig. 4.156 Variation of Smith chart plot of    
                            MC2H-SPA 
                        

                  
Fig.4.155 shows the measured VSWR of 1.38, 1.48, 1.36, 1.13 and 1.08 less than 

VSWR of 2 at respective resonant frequencies of 

Fig.4.156 shows the smith chart plot of 

frequency point are near to the centre impedance point 1 which  validates better matching 

characteristics between input and load.

68.240, -49.880, -80.740, 141.25

SPA. Hence, by such geometrical multi slotted patch configuration, the enhancement in 

bandwidth is up to 43 %. 
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Vs frequency of MC2H-SPA     Fig. 4.155 VSWR plot of MC2H

Variation of Smith chart plot of                           Fig. 4.157 Measured phase plot of MC2H

shows the measured VSWR of 1.38, 1.48, 1.36, 1.13 and 1.08 less than 

VSWR of 2 at respective resonant frequencies of MC2H-SPA signifying less reflected power.

shows the smith chart plot of MC2H-SPA and is quite clear that the resonant 

frequency point are near to the centre impedance point 1 which  validates better matching 

characteristics between input and load.  Fig. 4.157 shows the measured phase plot values 

, 141.250 and -92.310 for respective resonant frequencies of 

Hence, by such geometrical multi slotted patch configuration, the enhancement in 

 
VSWR plot of MC2H-SPA         

Measured phase plot of MC2H-SPA          

shows the measured VSWR of 1.38, 1.48, 1.36, 1.13 and 1.08 less than 

signifying less reflected power. 

and is quite clear that the resonant 

frequency point are near to the centre impedance point 1 which  validates better matching 

shows the measured phase plot values 

for respective resonant frequencies of MC2H-

Hence, by such geometrical multi slotted patch configuration, the enhancement in 
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4.8  Importance of the study 

In India, a variety of antenna research has been in process and still ongoing, starting 

from typical industrial level to advanced level miniaturized (for both indoor and outdoor 

environment applications), tele-operationed, RADAR etc. 

We are in an industry where everything is changing rapidly at faster rate, and if we 

focus on the designing of antennas in this wireless world, we see that increasingly we are 

looking for smaller dimensions of this with better features. In this issue, we can highlight the 

antennas of microstrip design with DGS structure that are becoming more and more popular 

in sectors such as mobile phones, satellite or more recently as object recognition.  Among the 

advantages of these type of antennas we have emphasized the low cost design method, small 

size, low profile, easy to manufacture and easy to implement, with among its some of the 

disadvantages as narrow bandwidth or low gain (which are overcome  in this study and 

improvement in the performance parameters of the antennas is seen drastically which are 

capable of finding its application in wireless domain). 

The foreword concerning, i.e., many researchers are carrying out the research in 

various fields of patch antennas so as to develop an antenna (by using nanomaterials and 

using flexible dielectric material also) that has to overcome the disadvantages related to the 

conventional patch antenna/other types of antennas. The study has also focussed on this 

criteria and obtained better performance. 

The proposed and designed antennas can used for the applications such as LAN, 

WLAN, WiMax, IEEE802.11a, HiPERLAN/2, Cordless Phones, fixed wireless, RADAR, 

SAR, Fixed satellite services, UWB applications, Indoor and Outdoor wireless applications 

etc. around the world. It was also possible to design the antennas for the operation of 

dedicated band of frequency by changing its design parameters like substrate, thickness of 

substrate, feed, geometry etc. Some of the antennas can also be used for application in the 

field of agriculture, health area. For ex: RFID antennas, RFID tags for patients etc. 
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CHAPTER 5 

CONCLUSION AND FUTURISTIC SCOPE 

5.1 Conclusion 

The focus of this work was to study new and improved microstrip patch antennas 

(MSAs) designs and investigate the different techniques adapted to develop and match with 

their applications in wireless domain. 

The assessment of this work is as follows:  

The effective working of antennas was researched and interpreted in the form of 

results for the use in wide range of wireless applications. The key parameters (such as curves 

of return loss, radiation patterns, gain, antenna performance, impedance map, VSWR, and 

phase plot) that affect architecture and applications were studied and understood their 

implications. The designed slot antennas, numerous type antennas, microstrip patch antennas 

are worked at the optimal frequency and power level. Various patch antennas (using IE3D 

design and analysis software) are simulated and the desired enhancement rate is reached. It 

was established that the results obtained through hardware development (various 

antennas) and analysis obtained using software are compared technically to the expected 

effects and are found to be nearly same. 

The conventional MSA’s and other antennas based on nanomaterials (Gold, Titanium 

oxide, Silver)., flexible substrates are studied and developed for the various fr’s - 2.4 GHz, 3 

GHz, 3.5 GHz, 6 GHz, 8 GHz and 9 GHz resonant frequencies (fr). 

The patch antenna with novel slots introduces a capacitance that suppresses the 

inductance introduced by the feed due to the thick substrate and hence, multiple resonances 

due slots are obtained suitable for multiband applications. Also, the smith chart plots of 

various antennas clear illustrate that, the resonant frequencies points are similar to the middle 

impedance point 1 verifying improved matching properties among input and load. 

The patch's sides, calculated side measurements are preserved without modifying 

patch length and width sizes, quarterwave transformer and feedline along with patch duration 

and patch width are also unchanged.  Novel wider slots, slits on epoxy substrate, flexible 

substrate and coated with nanomaterial are designed and etched Since; broad slots, slits 

relative to narrow slots, slits are more effective in bandwidth enhancement [1-Chap.2]. The 
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measurements of patch and slot are known as a component of λ0, where wavelength is 

controlled by λ0. The results of novel slots are thus seen as an enhancement feature for 

antenna function. The antennas which are uniformly coated with nanomaterial such as Gold, 

Titanium oxide, Silver, tends to have better conductivity compared to copper patch. These 

nanomaterials are used to enhance its conduction of patch in order to achieve better return 

loss.   

5.2 Results conclusion 

The novel antennas are designed, structured using nanomaterials (Gold, Silver and 

Titanium) with DGS technique on both hard and flexible substrates (with and without 

nanomaterial) for the various frequencies. The parameters such as curves of return loss, 

radiation patterns, gain, antenna performance, impedance map, VSWR that affect architecture 

and applications were also studied. Various proposed patch antennas as described in work are 

simulated using IE3D analysis software (& also using experimental process) and the better 

desired enhancement rate are obtained. It is also established that, the results obtained 

through hardware and analysis obtained using software process are compared and are found 

to be nearly same and encouraging. 

EDSMSA-WMS has shown greater gains in bandwidth and benefit compared with 

EDSMSA. In comparison, the result of new multi-slots engraved on the patch plane allows an 

elongated or improved surface excitation current path along the slot lengths and widths on the 

patch plane indicating a gain in impedance bandwidth with greater RL. The dielectric antenna 

mounted on epoxy dielectric substrate demonstrates the improved bandwidth with increase in 

its radiation properties. The maximum bandwidth of antenna achieved was 124%. 

The practical radiation patterns of the various antenna exhibited omni-directional 

shape pattern, doughnut shaped pattern and broadsided with linearly polarized 

characteristics in both E, H planes. The average resonating frequency gain measured is 13.30 

dB. The gain is however increased due to the decreases in the excited patch's surface current 

path, resulting in a decrease in the antenna's efficiency factor and hence increases in the gain 

of antenna. These antennas are effective in many wideband communications applications.  

A successfully constructed circular microstrip patch antenna for the resonating 

frequency 2.4GHz with probe feed technique according to antenna requirements is tested 

employing IE3D electromagnetic simulation software. This 2.4GHz resonant frequency 
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antenna, reached a bandwidth of 52.31MHz with return loss of -12.11 dB. The antenna output 

satisfies the required RL and VSWR specifications at the necessary operating frequency. This 

antenna considers its use in wireless applications for 2.4 GHz. 

The goal was also to develop and conduct simulation analysis of circular microstrip 

patch antenna with simple single slot etched on the patch for resonating frequency of 3GHz. 

Some effect of disadvantages is minimized. Some factors are also involved in the selection of 

feeding technique. So, line feed technique was used here. After the whole analysis, the 

characteristics of proposed antenna, enhanced at many parameters. The simulation result 

shows good agreement with practical values. Such antenna finds its application for wireless 

indoor application in S band. 

For resonating frequency of 3.5GHz, a single band probe feed circular microstrip 

patch antenna has been studied and presented. The simulated results of RL characteristics, 

radiation pattern, VSWR pattern, current distribution pattern, Smith chart for resonant 

frequency 3.5 GHz are studied. This simulation is rendered using IE3D tools for 

electromagnetic analysis. The designed antenna has attained better impedance that suits 

predictable radiation pattern and fulfilled return loss. Among these antennas, the best one, 

found is for resonating frequency of 3.5 GHz because it has got a better efficiency, gain and 

better impedance bandwidth when compare to the rest of the antennas discussed here. 

Multi band antennas were also designed and developed which attained a significant 

improvement in impedance bandwidth, good RL, better VSWR and with improved radiation 

characterises which finds its application in C and X band frequency range. The proposed 

antennas are operating at multiband frequencies which will gain much attention especially in 

L, S & Ka band wireless applications such as WiMax, RADAR, fixed satellite services, 

mobile maritime applications, WLAN and SAR in which two operating bands are used 

independently for transmit/receive operations 

Among the nanomaterial based antenna, Silver nanomaterial coated antenna named 

NCNAMSMSA-DGS (4.7.24) showed better performance. In designs as compared to 

conventional antenna, the EDSMSA-WMS (4.7.13) has showed maximum enhanced 

bandwidth. 



 

Fig. 4.158 (a) Pie chart for measured BW of antennas, (b)Line graph

37%23.15%

15.20%

27%

124%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

S
M

S
A

N
C

S
M

S
A

P
S

F
S

M
A

D
G

S

N
C

P
S

F
S

M
A

-D
G

S
 

P
S

F
S

T
V

S
M

S
A

D
G

S

N
C

P
S

F
S

T
V

S
M

S
A

-D
G

S

242 

(a) 

 

(b) 
(a) Pie chart for measured BW of antennas, (b)Line graph for measured BW of Nanomaterial 

antennas 
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5.3 Scope for further Improvement  

The study reported here has opened for the following interesting points for future 

scope/investigations: 

• The antenna characteristics may be improved further by fabricating these antennas on 

low loss RT Duroid materials and PTFE dielectric materials. 

• The parasitic patch may be used around the radiator patch element for still more 

enhancement in impedance bandwidth. 

• The study can also be done by changing the feed position from the edges towards the 

various positions on the patch surface. 

• Other different compact designs using metamaterials, EBG can also be worked upon. 

• The study can also be extended to the usage of new type of nanomaterial so as to 

enhance the performance of antennas. 

• The concept of Electromagnetically gap coupled antennas with different feed pattern 

can be used to obtain better performance in terms of polarization aspects 

• It is not necessary to do a more thorough analysis of different field solvers and 

simulators (such as Sonnet, AWR, HFSS etc.). We could only rely on the tool for the 

simulation using Mentor Graphics IE3D EM simulator. 

• The study can also be elaborated to the concept of patch arrays and MIMO antennas 

suitable for steering the beam in specific direction, so as to reduce the unnecessary 

wastage of power levels and make the antenna efficient. 

 
 


