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ABSTRACT

Circularly polarized antenna reduces the effect of multipath reflections, enhances weather
penetration and allows for the mobility of both the transmitter and the receiver. Circularly
polarized radiation field achieved with the combination of both radiation fields of microstrip patch
and slots. The orientation of the slots on the ground plane can be dynamically changed and
polarization state can be switched from RHCP to LHCP This work shows the design of broadband
and circularly polarized radiations from an open slot antenna. This antenna has an open slot at the
ground plane and a coaxial feeding provides high bandwidth and improves circular polarization
characteristics. The ground plane has an open slot L-shaped conducting strip asymmetrically
connected to it. Impedance bandwidth provided by this antenna is nearly 2.06 GHz with a 3 dB
axial ratio bandwidth of 3.07 GHz. The bandwidth range of this antenna covers WIFI, GPS, and
WLAN spectrums.



LIST OF ABBREVIATIONS

RHCP Right-hand circular polarized
LHCP Left-hand circular polarized
CP circular polarization
RL return loss
HPBW half power beam width
FNBW full null beam width
mm millimetre
dB decibel
WIFI wireless fidelity
WLAN wireless local area network
GPS global positioning system
VSWR voltage standing wave ratio
3D 3 dimensional
E-field Electric field
H-field magnetic field
AR axial ratio
CPW coplanar waveguide
LTE long-term evolution
CST computer simulation technology
S- parameters scattering parameters
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CHAPTER 1

INTRODUCTION

In general wireless communication if the gain of the antenna is increased then it consequences
the decrease of errors, decreases the battery consumption, increases the bit error rate and also
increases the coverage. One of the main factors in increasing this gain is matching the
polarization of the transmitting and receiving antenna. For the polarization matching, both
receiver and transmitter should have same axial ratio. Circularly polarized antennas could be
matched in a wide range of orientations because the radiated waves oscillate in a circle that is

perpendicular to the direction of propagation.

For circular polarization microstrip antenna [20] is most commonly used an antenna. Microstrip
antennas do not generate circular polarization on their own. Circular polarization is achieved in
microstrip antenna by either feeding the antenna with dual feed equal in magnitude but having
90° phase shift or by introducing a perturbation segment to a basic single fed microstrip
antenna. In this thesis, we focus on achieving polarization through the introduction of a
perturbation to a basic circular microstrip patch. This chapter presents a background of
microstrip antennas, circular polarization and feeding techniques to generate circular
polarization.
1.1 Parameters of antenna
To understand the performance of the antenna is necessary to understand the parameters of the
antenna. Parameters may be independent or dependent on each other. There are some important
parameters need to be considered that characterize all antenna designs. There is the radiation
bandwidth, return loss, gain, pattern, VSWR, half — power beamwidth and antenna efficiency.
1.2 Radiation pattern
The radiation pattern is defined as the power radiated or received by an antenna in a function of
the angular position and radial distance from the antenna. It detects the energy radiation of the
antenna. The Fig. 1.1 shows a 3D representation of the radiation from an antenna (top) and one
form of radiation pattern (bottom). The pattern consists of several minor lobes and the main
lobe. With all antennas (except monopoles and dipoles), side lobe and backlobes can be
obtained, and they are always undesirable because they represent wasted energy for

transmitting antennas.
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Fig.1.1 Radiation pattern of antenna [33]

1.3 Return loss

It shows that how much power is reflected back on the transmitted port of the antenna.

Generally, it is measured in logarithmic scale. Very less reflected power is desirable.
RL=-201og | Tl (@B) (1.1)

Where,

| Fl = reflection coefficient

1.4Gain

Gain is defined as the ratio of intensity in the given direction to the ratio of theintensity of
isotropic antenna. The antenna gain describes the antenna’s ability to radiate power in a certain
direction when connected to a power source. Gain is usually calculated in the direction of
maximum radiation. Gain is given by referencing the antenna under test against a standard
antenna. This is technically known as the gain transfer technique. The two most common
reference antennas are the isotropic antenna. The isotropic antenna radiates equally well in "all"
directions. Real isotropic antennas do not exist, but they provide useful and simple theoretical
antenna patterns with which to compare real antennas.

Gain can be obtained by using Equation

G=nxD (1.2)



G= 4n L9 (1.3)

Pin

Where,

n = efficiency

D = directivity

Pin =input power

U (8, @)= Radiation intensity
1.5 Beamwidth

The beamwidth of a radiation pattern is defined as angular separation between the same points
on opposite side of themaximum pattern. It is an important parameter which follows inverse
relation with the side lobe if beamwidth increases side lobes decreases. The important
beamwidths are:

Half power beamwidth(HPBW): It is defined as the angular separation between two opposite
points in the direction of themaximum beam where radiation intensity is one half the value of
the beam.

First Null Beamwidth(FNBW): It is defined as the angle between the first nulls of theradiation

pattern.
FNBW
HPBW=— (1.4)
Minor Lobes Mam Lobe
A
HPBW
Back Lobe
v
Side Lobe
Null

Fig.1.2 Different lobes of antenna [34]



1.6 VSWR

The VSWR (ratio of maximum voltage to the minimum voltage along the line) expresses the
degree of match between the transmission line and the antenna. When the VSWR is 1 to 1 (1:1)
the match is perfect and all the energy is transferred to the antenna prior to being radiated. By

definition, VSWR can never be less than 1.
1.7 Efficiency

Efficiency is used to expresses the ratio of the total power radiated by an antenna (and the
power dissipated in the antenna structure as heat) to the net power accepted by the antenna
from the connected transmitter. Efficiency is defined as
__prad
= o

(1.5)

prad= Radiated power

pt = transmitted power

1.8 Radiation intensity

Radiation intensity in a given direction is defined as “the power radiated from an antenna per
unit solid angle.” The radiation intensity is a far-field parameter, and it can be obtained by
simply multiplying the radiation density by the square of the distance. In mathematical form it

1s expressed as

U=r*Wrad (1.6)
Where

U  =radiation intensity (W/unit solid angle)

Wrad = radiation density (W/m?)

r  =radial distance (m)

It can also be defined as power radiated by an antenna per unit solid angle. It denotes a far-field

parameter. It is given by the equation:

Prad=4¢p U sin6 d0do = ¢f Uodw
=Uofp do=4ntUo (1.7)

Where



Uo=average power intensity

1.9 Radiation power density

Electromagnetic waves are used to transport information through a wireless medium or a
guiding structure, from one point to the other. It is then natural to assume that power and
energy are associated with electromagnetic fields. The quantity used to describe the power

associated with an electromagnetic wave is the instantaneous Poynting vector defined as
W=ExH (1.8)

W = instantaneous Poynting vector (W/m?)
E= instantaneous electric-field intensity (V/m)

H= instantaneous magnetic-field intensity (A/m)

Since the Poynting vector is a power density, the total power crossing a closed surface can be
obtained by integrating the normal component of the Poynting vector over the entire surface. In

equation form
p=fpw.ds (1.9

P = instantaneous total power (W)

1.10 Directivity

The directivity of the antenna is defined as the ratio of radiation intensity in given direction to
averaging of radiation intensity over all the directions. Its mathematical expression can be

given as:

maximum radiation intensity Umax 4mUmax

Directivity= (1.10)

average radiation intensity Uo prad

1.11 Axial ratio

It is the ratio of major axis to the minor axial lengths of an electric field vector [2]. The electric

field has its two components Ex and Ey,

AR=— 1.11
0B (L.11)



E;

~
M
"
o
e

Fig. 1.3 Trace of E-field vector [35]

If the length of major axis is equal to the length of minor axis or AR=1, then the antenna is
circularly polarized. Practically for circular polarize antenna AR is taken up to 3 dB.
If AR is greater than 1 dB then the antenna is elliptically polarized. If AR value is very large or

(AR=c0 ) then the antenna is linearly polarized.



CHAPTER 2
MICROSTRIP ANTENNA

The microstrip antenna is having low cost, low weight, compact size and having the ease of
fabrication. Basically, it contains four parts which are a patch, substrate, ground plane and
feeding. In figure 2.1 L is the patch length, w is the width of the patch, h is the height of

dielectric substrate and £r is relative permittivity.

Radiating Radiating
/ slot #1 slot #2

| Er Substrate

Ground plane

Fig. 2.1 Basic microstrip antenna [36]
2.1 Microstrip patch
It is a thin conducting strip mounted on the dielectric substrate [5]. Microstrip patch can be of
any size. It may be rectangular, circular, triangular, square etc. Rectangular and circular patches

are mostly used. Every shape has its own characteristics and designed to meet specific

AN

Disc sector Ring sector Circular ring Triangular

requirements. Fig. 2.2 shows some types of patches

Circular Square Elliptical rectangular

Fig. 2.2 Types of microstrip patches [37]



2.2 Dielectric substrate

It is a dielectric layer between the ground plane and the patch. The substrate can be of different
dielectric materials but it can be chosen between 2.2 <Er < 12 for good antenna performance. If
the Er value increases the antenna size will get smaller. The thick substrate with a low dielectric
constant is used to improve efficiency, radiation, and bandwidth.

2.3 Ground Plane

It is a metallic part below the substrate. By inserting shapes and slots into the ground plane
certain performance of the antenna can be enhanced.

2.4 Feeding Techniques

Feeding provides an input power to initiate the antenna. Basically, the antenna has four feeding
techniques which are illustrated below

2.4.1 Microstrip Line Feeding

The microstrip line consists of a conducting strip connected to the patch [14]. The microstrip
line has often the same thickness as the patch but the width is smaller. To obtain good
impedance matching an inset cut can be made. The length of the inset controls the impedance

matching. The figure shows how to use microstrip as feed technique.

Microstrip Feed

Patch

Substrate

Ground Plane /

Fig. 2.3. Microstrip line feed [38]

Advantages of microstrip feed are:

* One of the easiest methods to fabricate.

* Easy to match by controlling inset length.



Disadvantages with microstrip feed are:
» Make the patch larger.

* Bandwidth decreases when the thickness of the substrate increases.
2.4.2 Coaxial Feeding

The coaxial feed method is one of the most common feed techniques. The inner conductor of
the coaxial goes through the substrate from the ground to the patch and the outer conductor are
connected to the ground plane. The figure shows how to use the coaxial probe as feed

technique.

- u
D lectric ""ff Circular microstrip
patch

substrate

Coaxial connector Ground plans

Fig. 2.4 Coaxial feed line

Advantages of coaxial probe feed are:
* Easy to fabricate.
* Easy to match because the feed position can be placed anywhere to the patch to get

impedance matching.

* Wide bandwidth.

Disadvantages with coaxial probe feed are:

* For thicker substrates, the increased probe length makes the input impedance more inductive
which lead to a matching problem.

« Difficult to model especially for the thick substrate.

* May reduce efficiency.

* Can be difficult to design, depending on the substrate. Not difficult with air.



2.4.3 Aperture-coupled feeding

Below the patch are there two layers of the substrate. The ground plane is between the two
substrates. The feed line is given below the lower substrate. The ground plane has a slot cut of
any size to enhance the antenna parameters. Figure below shows how to use the aperture-

coupled patch as feeding technique.

Patch

Upper Substrate

Ground \ w
Ty

/€«— Lower Substrate —»

{a) Microstrip patch

Fig. 2.5 aperture coupled patch [39]

Advantages of the aperture-coupled patch feed are:

» Many parameters to choose between to match the antenna as the height of substrate, width,
length, and position of the slot.

* Purifier polarization since the feed is isolated by the ground plane between the substrates.
Disadvantages with the aperture-coupled patch feed are:

* Difficult to fabricate.

* Narrow bandwidth.

2.4. 4 Proximity Coupled Feed

This type of technique is also called as the electromagnetic coupling scheme. It has no ground
plane. As shown in Figure below, two dielectric substrates are used such that the feed line is

between the two substrates and the radiating patch is on top of the upper substrate.

10
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Fig. 2.6 proximity coupled feed [40]

Advantages of proximity coupled feeding
e Low spurious feed radiations
e Highest bandwidth
Disadvantages of proximity coupled feeding

o Difficult to fabricate due to alignment requirements

11



CHAPTER 3
MICROSTRIP CIRCULAR POLARIZED ANTENNA

3.1 Polarization

It is defined as the rotation of electric or magnetic field vector at a fixed point in the space.
Because electric and magnetic field vectors both are elated according to the Maxwell's equation
so it is enough to specify one of them. Basically, for wave polarization, we consider only the
orientation of electric field vector. In other words, Counter drawn by the tip of electric field
vector is referring to wave polarization. Polarization is a very important term for antenna
propagation. For maximum power transfer polarization of polarization of receiving antenna
should be same as the polarization of transmitting antenna. Losses will be high in the

polarization mismatch condition.

3.2 Types of polarization

Polarizations are of three types as linear, elliptical and circular polarization.
3.2.1 Linear polarization

If the electric or magnetic field vector has only one component of its magnitude or two

components with a phase difference of 0° or 180°.

Fig. 3.1 Linear polarize waves [41]

12



3.2.2 Elliptical polarization

If the electric or magnetic field vector of a wave having unequal amplitude or may have equal

amplitude along with a phase difference of any value except 0°, 180°, 90°.

direction of
51 propagation
direction of
propagation

If this wave were approaching
an observer, its electric
vector would appear to be
rotating counterclockwise.
This is called right -

elliptic polarization.

Fig. 3.2 Elliptical polarized wave [42]
3.2.3 Circular polarization

When electric or magnetic field vector has two components of the same magnitude with a
phase difference of 90° then the tip of electric field traced in space is circular in nature. It is

called as circular polarization.

direction of

Z/«_l propagation

direction of
propagation

ZA

Electric 5 age

Fields

_ Mote the 90°

", phase difference
\ If this wave were approaching

an ohserver, its electric

vector would appear to be

rotating counterclockwise.

This is called right -

circular polarization.

Fig. 3.3 Circular polarized wave [43]
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3.2.3.1 Left-hand circular polarization/ right-hand circular polarization

Circular polarization may be referred to as right-hand circular polarization (RHCP) [23] or left-
hand circular polarization (LHCP) and clockwise or anti-clockwise, depending on the direction

in which the electric field vector rotates [31].
3.3 Circular polarized antenna

Circular polarization referred by an antenna makes it circular polarize (CP) [1]. The CP antenna
is very effective in combating multi-path interferences or fading [15]. CP antenna is vastly used
nowadays. It provides more flexibility in transmitting and receiving antenna orientations so it
eliminates the mismatching of polarizations. The main disadvantage of CP antenna is that it is

difficult to design.
3.4 Techniques for circular polarization

Circularly polarized microstrip antennas can be classified according to the number of feeding
points required to produce circularly polarized waves. The most commonly used feeding

techniques in circular polarization generation are dual feed and single feed.
3.4.1 Dual feed circular polarized antenna

It is an easy way to produce circular polarize configuration of an antenna. Two ports at of the

same amplitude and a phase difference of 90° are fed to the patch as shown in fig. 3.3.

Fig. 3.4 Dual feed [44]

14



3.4.2 Single feed circular polarized antenna

The operational principle of this antenna is based on the fact that the generated mode can be
separated into two orthogonal modes by the effect of a perturbation segment such as a slot or
other truncated segment. Consequently, by setting the perturbation segment to the edge of the

patch, the generated mode is separated into two orthogonal modes 1 and 2.

T e

2D 0 , !
TS B
' i
LHCP RHCP

Fig. 3.5 Single feed CP antenna [45]
3.5 Design of circular polarize antenna

Fig. 3.6 shows the configuration of the proposed open-slot antenna. The proposed antenna is
fabricated on an FR4 microwave substrate with a thickness of 0.8 mm, a relative permittivity of
4.4, and a loss tangent of 0.02. The antenna structure consists of an open slot located at the
edge of the ground plane and a microstrip patch-protruded feeding line. The length of the open
slot is determined by approximately a quarter-wavelength corresponding to the operating
frequency of 2.3 GHz. This makes the antenna dimension compact, with a total size of 0.29 Lo
(width) x 0.20 Ao (length) with respect to 1.32 GHz. A bent feeding structure is used as a
power-injection element for the improvement of impedance matching and circular polarization.
To further reduce the lower operating frequency band, a patch is designed for the feeding
structure. Finally, a finger strip is added for fine-tuning to improve the impedance matching
condition around 4 GHz. Table I lists the dimensional parameters of the open-slot antenna after

optimization of the frequency characteristics, such as the impedance and AR bandwidths.

15



Table 1 Parameter values

Parameters (mm) Parameters (mm)
L 30 W, 66
L, 10.25 Wt 1.5
Ly 9 Wi 1.5
Lz 5 W2 1.5
Ls 2 W3 23
L4 8 W4 11
Ls 4.5 W;s 7.5
L 1.5 Ly 8
W3

Lg

Weg

Fig. 3.6 (a) Open slot antenna (top view)

16



Coaxial fed = q

Fig. 3.6 (b) Open slot antenna (side view)

3.6 Design of antenna on CST microwave studio

e s e s e

Fig. 3.7 (a) Prototype antenna front side  Fig. 3.7 (b) Prototype antenna ground plane

o | T |

Fig .3.8 (a) Asymmetry design front side Fig. 3.8 (b) Asymmetry design ground plane

17



Fig. 3.9 (a) Bent feeding front side Fig. 3.9 (b) Bent feeding ground plane

T T T 1 T T°r T T T 71771717

Fig. 3.10 (a) CP antenna with patch front side Fig. 3.10 (b) CP antenna with patch ground plane



CHAPTER 4
REVIEW OF LITERATURE

This chapter provides the overview regarding the “circular polarized” antenna. Out of the
papers read by me, some of them are represented below. All the papers presented below are

from various journals and conferences both national as well as international.

karmakar et al. [3] proposed a paper with circular polarized (CP) aperture coupled circular
patch antenna. This antenna consists a single-feed patch with perturbation segments, a single
feed stacked patch with perturbation segments, and a dual-feed patch with a 3-dB branch line
coupler as an external polarizer is considered to obtain the wide impedance bandwidth. These

antennas provide more than 9 dBi gain and production cost is low.

Satish et al. [4] proposed across CP stacked microstrip antenna having single aperture coupled
feed. The frequency range for LHCP and RHCP is 3.224 GHz and 3.714 GHz. It consists two
patches. The lower patch is of square shape (40 mm X 40 mm) and the upper patch is
rectangular in shape (36 mm x 38 mm). The maximum gain is 9.71 dB and 8.30 dB for both the
frequencies. The 3 dB axial ratio bandwidth is 48.65 MHz and 24.32 MHz for LHCP and
RHCP respectively.

Padhi et al. [6] presented a circular patch antenna having a C- shaped linear coupling slot with
aperture feeding structure. Slots are symmetrically oriented about the vertical diameters of the
patch. This antenna provides a maximum gain of 7.6 dB and a 3 dB beamwidth of 70 degrees.
This antenna provides a high gain, wide beamwidth, low cross polarization and used for RF

applications in C-band.

Rafi et al. [7] proposed a 4-elements sequentially rotated patches and a V-shaped slot cut on
each element and having a coaxial feeding. Every element has a 90-degree phase difference

between adjacent elements. Impedance bandwidth provided by the antenna is 36.5 %.

Chair et al. [8] composed polarized dielectric resonator antenna (DRA) which is excited by a
cross-shaped slot with two orthogonal ports. A U shaped stub is added to optimize the
matching. Two ports provide more than 30 dB isolation. Impedance bandwidth achieved by

port 1 and port 2 is 20 % and 21 % respectively. Average gain of more than 7 dB is obtained.

19



Lee et al. [9] presented an antenna having corner truncated square patch, a probe feed, and a
ground plane. Size of the antenna is 200 mm X% 200 mm. Impedance bandwidth obtained is 23
MHz. Peak gain obtained by the antenna is 10.8 dBi and provided average gain is 9.7 dB. This

antenna is used as an RFID reader.

Tong et al. [10] present a square ring patch antenna. The square ring is used for the simplicity
of the design. FR4 with a dielectric constant of 4.4 is used for the substrate. The impedance
bandwidth provided by the antenna is 4.2 % and a 3 dB axial ratio bandwidth is about 1 %. The

maximum gain provided by the antenna is 7.7 dB.

Kim et al. [11] designed an antenna having stacked structure, an air gap and a coaxial probe for
feeding structure. FR-4 with a dielectric constant of 4.4 is used as the substrate. Size of the
bottom patch of the antenna is 19 mm % 19 mm and size of the top patch is 16 mm x 16 mm
having truncated corners. Impedance bandwidth and axial ratio bandwidth provided by the
antenna are 66.26 % and 20.2 % respectively. Maximum gain obtained from the antenna is 7.6
dB. This antenna is designed at 5 GHz frequency band used in wireless local area network

(WLAN).

Malekabadi et al. [12] proposed an antenna having two rectangular patches with two
orthogonal slots at the center of each patch. Coaxial feeding is provided to the lower patch.

Impedance bandwidth and axial ratio bandwidth of the antenna are 17 % and 13 % respectively.

Tong et al. [13] presented an antenna having a U-shaped microstrip line structure with
proximity feeding. RT/Duriod with a dielectric constant of 2.2 is used substrate. The antenna is
designed to operate at 2.9 GHz frequency. The 3 dB axial ratio bandwidth and impedance
bandwidth of the proposed antenna is 19.4 % and 20.1 % respectively. The maximum gain

provided by the antenna is 3.5 dB.

Mousavi et al. [16] composed a circular polarized L-shape monopole slot antenna having a
single C-shaped feed. This antenna provides an impedance bandwidth of 30 % and an axial
ratio bandwidth of 23 %. The overall gain of the antenna varies between 1.8 and 2.45 dBi and

having efficiency greater than 90 %. This antenna is used for GPS applications.

20



Lee et al. [17] proposed a planar monopole antenna. It is formed by four simple monopole
antenna elements to enhance the performance of circular polarization. RF35 with a dielectric
constant of 3.5 is used for the substrate. Impedance bandwidth and axial ratio bandwidth
provided by the antenna are 87.3 % and 95 % respectively. The antenna provides a maximum

gain of 4.02 dB.

Seyyedrezaei et al. [18] designed a CPW-fed antenna having two square slots around both
sides of the feed. The size of the antenna is 40 mm % 30 mm. Circular polarization is obtained
at 2.385 GHz frequency with an axial ratio bandwidth of 3.77 % and impedance bandwidth of
13.39 %. This antenna is used for WiMAX/WLAN applications.

Falade et al. [19] presented a single feed stacked patch CP antenna. The substrate contains five
layers. All the layers are made up of Roger R04003. RHCP pattern achieved is greater by 15
dB than the LHCP pattern. Beamwidth achieved at 3 dB axial ratio is 150 degree. The
minimum axial ratio obtained is 0.56 dB which make it suitable for mobile and satellite

applications.

Falade et al. [21] composed a compact broadband annular ring slot and a slotted ground plane
antenna. The antenna is fed by a microstrip line. Impedance bandwidth provided by the antenna
is 1.239 GHz and an axial ratio bandwidth of 1.01 GHz. This antenna design is cost effective

and useful for mobile applications.

Khan et al. [24] proposed a multilayer dual-port dual CP antenna. The design is based on a
truncated corner square ring slot configuration. This antenna is designed to use in KU-band.

Due to high isolation and high efficiency, the antenna can be used for satellite applications also.

Jan et al. [25] designed a broadband microstrip line fed CP circular slot antenna. CP operation
can be achieved by embedding a spur slot into the circular slot. The axial ratio bandwidth

provided by the antenna is 14.5 %. This antenna has the applications in WLAN 2.4 GHz band.
Deshmukh et al. [26] designed a thinner substrate, notch cut CP antenna. VSWR and axial

ratio bandwidth provided by the antenna are 60 and 50 MHz respectively and also provide a

gain of more than 5 dB over axial ratio bandwidth.
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Prasitha et al. [27] presented a CP microstrip antenna for compass navigation system. It holds
two circular substrate and two rectangular stubs. The antenna is designed at 2.292 GHz. Half

power beam width (HPBW) could be widening by adding a parasitic ring.

Wang et al. [28] proposed a planar antenna having two CP. By using different feeding ports
antenna can radiate RHCP or LHCP. The antenna has a substrate integrated waveguide (SIW)
design and a single grounded coplanar waveguide (GCPW) as a feeding element. Impedance
bandwidth calculated from the design is 120 MHz and 3dB axial ratio bandwidth is 40 MHz.

The maximum simulated gain is 8.5 dB within the axial ratio bandwidth.

Tushar et al. [29] implemented a metamaterial wideband CP antenna. The antenna has a U-
shaped ground plane and meanders shape parasitic patch. The fr4 material is used for the
substrate with a dielectric constant of 4.4 and thickness of the substrate is 1.5mm. The antenna
is designed for C and X band. Impedance bandwidth provides the antenna is 7.3 GHz. This
antenna is used for the RADAR system.

Lu et al. [30] designed a planer CP circular antenna with clover slot used for ultra high
frequency (UHF) radio frequency identification (RFID). Patch is embedded with a four-leaf
clover slot and fed by a microstrip line. FR4 material with a dielectric constant of 4.4 is used a
substrate. Simulation provides an impedance bandwidth of 99 MHz and an axial ratio
bandwidth of 60 MHz. The maximum gain provided by the antenna is 6.2 dBic with 90 %

radiation efficiency.

Liu et al. [32] presented compact size CP broadband antenna based on microstrip to CPW fed
rectangular slot antenna. FR4 material with a dielectric constant of 4.4 is used as a substrate.
Impedance and 3dB axial ratio bandwidths provided by simulations are 74.4 % and 70.8 %
respectively. Simulated peak gain obtained is 7.8 dB. This antenna has applications in

2G/3G/LTE wireless communication system.
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CHAPTER 5
OBJECTIVE

The objective of the paper is to design a new circularly polarized single feed microstrip
antenna.
1. To do the comparative analysis of the various antenna designs related to the circular
polarization in the literature.
2. To design a new compact circularly polarized microstrip antenna for future wireless
applications.

3. To do fabrication and testing of the designed circular polarization antenna.
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CHAPTER 6
PROPOSED METHODOLOGY

In this chapter, steps the procedure of the complete antenna design using CST studio suite are
shown. The following procedure was followed for the completion of the antenna design:

1. First of all review of literature is done on the circularly polarized antenna. A Literature
review has many techniques for the circularly polarized antenna like a truncated corner,
truncated patch, dual feeding, open slot etc.

2. Then from literature review, we selected a base paper on the circular polarized antenna
with an open slot. This design consists four designs by varying the positions of the slot
in ground plane and patch on the top.

3. After selecting the base paper, it is implemented in the computer simulation technology
(CST) microwave studio.

4. After successfully implementing the base paper on CST microwave studio results like
S-parameters, VSWR, far-field and axial ratio are calculated.

5. As results obtained are appropriate, then we compared the results with base paper.
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CHAPTER 7
RESULTS AND DISCUSSIONS

The simulation of the proposed antenna was carried out using CST microwave studio with the
units being set to GHz for frequency and mm for length. There are four designs of the antenna
that are implemented are a prototype, asymmetry, bent feeding and final design with the patch.
The simulation settings in CST (mesh shells properties, frequency range, accuracy etc.) affect
the simulations result a little, special the S11 parameter. Therefore the S11 parameter looks a
bit different depending on which settings are used. The report presents four different simulation
results (S11 parameter, far-field pattern, axial ratio).

S11 parameter (return loss) describes the relationship between the input power and reflected
power to the system for a two ports network. The transmission line and load (antenna) are
better matched if the S11 is lower. A lower S11 means also that less power is reflected.

The far-field pattern shows how good the antenna radiates in the far field region for different
angles from the antenna. The antenna radiates with higher power for those angles in the far
field pattern there is red, radiates with lower power at those angles in the far field pattern there
is yellow and radiates with no power at the angels there the far field pattern is blue. For the
simulation results, the far field pattern is given with the absolute value.

The Axial ratio shows the polarization for the antenna. It is circularly polarized if the pattern is
green (0 dB) and linearly polarized where the pattern is red. The radiation efficiency is the ratio

between the radiated power and input power.

6.1 S11 parameter and VSWR results

S-Parameters [Magnttude in dB]

1 15 2 25 3 3.5 4 45 5 5.5 6
Frequency / GHz

Fig. 6.1 (a) Sy parameter for prototype antenna at 1.55 GHz
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Fig. 6.1 (b) VSWR result for frequency 1.55 GHz
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Fig. 6.2. (a) Si1 parameter for asymmetry design for frequency 2 GHz
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Fig. 6.2 (b) VSWR for asymmetry design for frequency 2 GHz
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Fig. 6.3 (a) S11 parameter for bent feeding design for frequency 2.79 GHz
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Fig. 6.3 (b) VSWR for bent feeding design for frequency 2.79 GHz
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Fig.6.4 (a) Si| parameter for bent feeding with patch design for frequency 3.67 GHz
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Fig. 6.4 (b) VSWR for bent feeding with patch design for frequency 3.67 GHz
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Fig. 6.5 (a) Combined Si; parameters for all designs
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Fig. 6.5 (b) Combined VSWR results for all designs



In Fig. 6.1 for an open slot antenna, which is located at the center of the ground plane, provides
a return loss of -12.81 dB and having the operating resonant frequency is 1.55 GHz and the 10
dB impedance bandwidth is 129 MHz. VSWR value at obtained is 1.59 at 1.55 GHz.

In fig. 6.2 the open slot moved to the right side of the ground plane (Asymmetry), provides
return loss of -13.32 dB and having operating frequency is 2 GHz and impedance bandwidth is
increased to 608.5 MHz. VSWR value at obtained is 1.54 at 2 GHz.

In fig. 6.3 the antenna with bent feeding line provides return loss of -37.9dB and having an
operating resonant frequency of 2.78 GHz and an impedance bandwidth for center frequency is
2.06 GHz and having two notches bandwidth of 316.8 MHz and 719.7 MHz. VSWR value at
obtained is 1.02 at 2.78 GHz.

In Fig. 6.4 then antenna including bent feeding having a return loss of -43.84 dB and a patch
provide a resonant frequency of 3.68 GHz and provide a large bandwidth of 1.94 GHz and
having two more notches of bandwidth including 685.1 GHz and 302.8 MHz for a lower and
higher resonant frequency of 1.3 GHz and 5.3 GHz. VSWR value at obtained is 1.01 at 3.68
GHz.

6.2 Far-field results

B

-0.231
-6.49
-10.2
-1
-11.7
-21.5
-25.2
29
-32.7
-36.5
-40.2

|
Type Farfield
Approximation — enabled (kR > 1)
Monitor farfeld (f=1.56) 1]
Component — Abs
Output Realized Gain
Frequency  1.55GHz
Rad.efic.  -1901dB
Tot effic. 194508
tizd. Gain -0.2366 B

Fig. 6.6 (a) far-field pattern at frequency 1.5 GHz
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Fig. 6.6 (b) far-field pattern at frequency 1.5 GHz (polar plot)

Fig. 6.6 (a) shows the far-field pattern for 1.5 GHz. The radiation efficiency is — 1.901 dB, the
total efficiency is -1.954 dB and the directivity is 1.708 dBi with Realized gain is -0.2366.

Fig. 6.6 (b) shows the main lobe gain magnitude is -0.267 dB and direction is 5 deg. 3 dB
angular width is 115.4 degree.

]
Type Farfield

Approimation — enabled (kR == 1)
Monitor farfield (£2) [1]
Component ~ Abs

Output Realized Gain
Frequency — 26Hz

Rad. effic.  -0.234548

Tot. effc. -0.5516.d8

tlzd Gain 213248

Fig. 6.7 (a) Far-field pattern at 2 GHz
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Phi=270
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Fig. 6.7 (b) Far field pattern at 2 GHz

Figure 6.7 (a) shows the far-field pattern for 2 GHz. The radiation efficiency is —0.2345 dB, the
total efficiency is -0.5516 dB and the directivity is 2.684 dBi with Realized gain is -2.132.

Fig. 6.7 (b) shows the main lobe gain magnitude is 2.07 dB and direction is 5 deg. 3 dB angular
width is 328.6 degree.

Tyne Farfield
Approvimation  enabled (kR == 1)
Monitor arfield (=2.79) [1]
Component ~ Abs

Output Realized Gain
Frequency 279 6Hz
Rad.efic.  -0.33064B

Tot effic. -0.4354 08

lzd Gain 313348

Fig. 6.8 (a) Far field pattern at 2.78 GHz
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Fig.6.8 (b) far field pattern at 2.79 GHz (polar plot)

Figure 6.8 (a) shows the far-field pattern for 2.79 GHz. The radiation efficiency is —0.3306 dB,
the total efficiency is -0.4354 dB and the directivity is 3.568 dBi with Realized gain is 3.133.
Fig. 6.8 (b) shows the main lobe gain magnitude is 3.08 dB and direction is 145 deg. 3 dB
angular width is 222.9 degree.

Tipe Farfeld
Approdmationenatled (R > 1)

Maonitor farfield (f=3.6) [1)

Corponent ~ Abs

Output Realized Gain

Frequeney  360Hz z 2
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iz Gain 343048

Fig. 6.9 (a) Far-field at 3.68 GHz
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Fig. 6.9 (b) Far-field at 3.68 GHz (polar plot)

Figure 6.9 (a) shows the far-field pattern for 3.68 GHz. The radiation efficiency is — 0.4590 dB,
the total efficiency is -0.5197 dB and the directivity is 3.950 dBi with Realized gain is 3.430.
Fig. 6.9 (b) shows the main lobe gain magnitude is 0.842 dB and direction is 24 deg. 3 dB
angular width is 116.3 degree and side lobe -2.6 dB.

As we moving the slot to the edge of the ground plane both the directivity and gain increases
and as we further add the finger strip and patch to the antenna it shows better far-field results

and directivity and gain also enhanced.

6.3 Axial ratio results

axial ratio
40

1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
Frequency / GHz

Fig. 6.10 Axial ratio parameters for prototype antenna
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Fig. 6.11 Axial ratio parameters for asymmetry design

axial ratio

Frequency / GHz

Fig. 6.12 Axial ratio parameters for bent feeding design

axial ratio
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Fig. 6.13 Axial ratio parameters for with patch design

34



axial ratio

—8— axial ratio (bent fee
—— axial ratio (prototyp:
—k— axial ratio (with patc

Frequency / GHz

Fig .6.14 Axial ratio parameters for all antenna designs

Fig. 6.10 shows the axial ratio curve for prototype antenna. From the design, it can be
illustrated that prototype antenna is failed to achieve 3 dB axial ratio for a frequency band of 1-
6 GHz. So this antenna is not properly circular polarized. To make this antenna circular
polarized we shift the open slot on the ground plane to the right side to achieve the asymmetry
design.

Fig. 6.11 illustrates the axial ratio curve for the asymmetry design. The minimum axial ratio
obtained in this design is 2 dB. 3 dB axial ratio bandwidth obtained in this plot is 1.98 GHz it
shows that this design hasgood circular polarized characteristics.

Fig. 6.12 Indicates the axial ratio curve for bent feeding design. The minimum value of axial
ratio obtained in this design is 1 dB and 3 dB axial ratio bandwidth is 3.07 GHz along with 2
notches of 1.03 GHz and 2.04 GHz. This design is an improvement of circular polarization
pattern than previous designs.

Fig. 6.13 Depicts the axial ratio curve of a full design with the patch. The minimum value of
axial ratio obtained in this design is 0.2 dB which indicates that antenna is highly circular

polarized. 3 dB axial ratio bandwidth obtained in this design is 2.31 GHz.
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CHAPTER 7
CONCLUSION AND FUTURE WORK

There is various type of microstrip antenna that is able to excite a circular polarization. For this
base paper, the open slot circular polarization microstrip antenna is chosen. Four design
versions were presented. The proposed antenna, which consists of an open slot and a coaxial
feeding topology, provides a large bandwidth, which covers the operation bandwidth of a
satellite digital audio radio (SDAR) service system. The main objective of the designs was to
provide high impedance bandwidth along with maximum axial ratio bandwidth. The maximum
impedance obtained from the design is 2 GHz with a maximum value of axial ratio bandwidth
is nearly 3 GHz. For the design of bent feeding with patch min value of axial ratio obtained is
less than 1 dB which indicates highly circular polarized characteristics of the antenna.
Furthermore, the wideband circular polarization is also effectively excited for the application of
the SDAR system. The attractive performance of the proposed antenna makes it a candidate for
multi-functional integration of wireless communication systems. The impedance bandwidth of
a reflection coefficient < -10 dB ranges from 1.55 to 3.67 GHz, which covers most commercial
wireless communication systems, such as GPS, DCS, PCS, IMT-2000, WLAN, LTE 2600,
WiMAX, and WiFi.

One of the main advantages of a single fed microstrip antenna is that it can be used in the
production of the antenna array. This work can be extended by investigating the design of an
antenna array that uses the antenna presented as its unit element. The future array structure
should investigate the use of the 3 feeding techniques presented as well. It should also
investigate the arrangement of the array elements.

Therefore, in future work, both for single feed and dual feed, a different type of circular
polarization can be designed and studied, so that, comparisons can be made to the antennas,
thus better microstrip antenna that excites circular polarization can be obtained.

Some more work can be done in the following area-

Reducing the size of microstrip element

* Improving cross-polar to co-polar levels.

* Designing the feed network which avoids unwanted radiations.

* Designing the feed network which will not affect the polarization of the antenna even if it is
used in an array.

* Designing the feed network having minimum losses.
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