
~ ' n»»nD 

gE ggggggggg gE X 1 1 2 g 2 O f 
3 iL­&;­ 22F;­ & V­ P W2b\ ­ XGX&x 

g · · 22F[ V­P Researchers 
W\2 ± X# 2 X} @X# 72©2­ © L­&l 

PALESTINE POLYTECHNIC UNIVERSITY 

Engineering and technical college 

Electrical and computer department 

Communication and Electronic Engineer 

Graduation Project 

Design and Fabrication of Microstrip Tools for Measurement of Gain and 
Circularly Polarized Radiation Pattern 

Project Supervisor 

Dr . Osama Ata 

Prepared by 

Ahmad Amro Sahar Ayaydeh Wafaa Abu-Alia 

2014 



Design and Fabrication of Microstrip Tools for Measurement of Gain and 

Circularly Polarized Radiation Pattern 

A;;D & ©V©D Y2 ©VGG b; bVG} 6[ ©hVE bVG D •2 VG V©f ©GDN V± ©VGG AP[ T©;T EG[ GLx .JA.J .J~ (,.r- n)nO • { • .J Y-" • .J ... .,....,..... .J -r .. f' (,.r- ~ • 

~li_Jll ~j.J '-:-1.J,i..iWI.; ~4.JfSJI ~~I o_;jlJ { M t.J_µI I~ },HYGH; { 4 hi a all ~I ~~ i 

u~.;JiS.ll.J u~~I ~~ w,i=. · a; i ~~I <). (J-1.J:»LS.:JI 4JJ ua :lhi OJ 

b;x©VGG · ha 

ggggggggggggggggggggggggggggggggggggggggg 

l . .. JI ~ : .. ,,101 ~ ~.JJ 

........................ 

33 



2G[VG 

~ >JI vA> .,>JI qJJ I ~ 

(u~"°"l.9 oJ,-w.,.9 .,oS1or cdJI '5~ 1.,J..o.c.l Jj) 

, µt ~ ~~ vl ~4.ll 14-Jl ~ i.~~l lul~ ~ ~, = { Y 

~lb ~l LJLil ,~ lJ~,l~ ~ ~ W 4,i. l~lb ~Wl ~ v~Yl 

-¼t>h ~ c{ © { 

, _».;µ<ll ~~.ll, ~, ~~ ~ ~Yl ~ ~l ~~ f ~ %c ,l~l ~ S\~l 

{ E %c ~l ~Yl µt , AH►.~-~l ~l ~,~ ~~ ~lb v.6.1 [n, T PG 

•[ G[ [[[ ;;nG[ G© G[[[G &CG[ c· b6 2GC[V©s scA s TcAsE,e GcsC l[ Gx 

,l)LYl ~l~l , ~~l ~l lfa..l ~ , 

aaa 



Acknowledgment 

= 2 7GVb2 X­ F2bXFP V­ P ° VF# Gx VbR­ X° G2P&2 ©\ 2 bX­ ©;­ BXB[ 2­ bXBFV&2# 2­ ©E 
invaluable supervision, timely suggestions and inspired guidance offered by our 
&B;P2 5 Fg' [ V# V A©Vg 

= 2 VF2 X­ b2 V&V;­ &FV©2}BG ©X ~Fg � VOP; ) g WV#;#; E ~Fg ' [ V# V ! V(V(F; }XF 
permitting us to make use of the facilities available in the department to carry 
out the project successfully. 

Special thanks to ~F[ g L# V­ A° VP for helped us through the entire duration of 
this project. 

Last but not the least we express our sincere thanks to all our friends who have 
patiently extended all kind of help for accomplishing this undertaking. 

Finally we extend our gratitude to one and all who are directly or indirectly 

involved in the successful completion of this project work. 

IV 



Abstract 

A­ V­©2­­ V ;[ V P2%;b2 ©\ V© ;[ # VP2 ©X 2}};b;2­ ©Gx FVP;V©2 V­ P F2b2;%2 FVP;V©2P 
electromagnetic waves .One type of antennas that fulfills most of the wireless system 
requirements is relatively microstrip antennas. A microstrip antenna is a kind of antenna used to 
radiate ultrahigh frequency signal. The demand of small size electronic systems has been/ 
increasing for several decades. The physical size of systems is reduced due to advancements in 
integrated circuits. With reduction in size of electronic systems, there is also an increasing 
demand of small and low cost antennas. 

Conventional microstrip patch antennas, in general, have a conducting patch printed on 
a grounded substrates, and have the attractive features of low profile, light weight, a narrow 
impedance bandwidth, low efficiency, low gain, large ohmic loss in large feed network, low 
polarization purity and they can only be used in low power applications, easy fabrication and 
supports both linear and circular polarization. Micro strip antenna are widely used in various 
applications like in wireless communication systerr/( satellite communication, Radar systems, 
Global positioning systems, Radio Frequency Identification (RFID), Worldwide 
interoperability for microwave access (WiMax). 

The antenna training system that exists in the microwaves and antenna 
laboratory in the college of engineering and technology has a great ability for 
research if further tools could be created. From previous projects in the microstrip field, a 
great need rose to measure the gain of linearly polarized microstrip antennas as well 
as the radiation patterns of circularly polarization microstrip antennas in the available 1 GHz 
frequency band. 

Our goal is to design, fabricate and measure those tools that can be used by future 
research student to enable measurement of microstrip antenna gain and circularly polarized 
radiation patterns of any micrpstrip antenna made of FR4 or Duroid dielectric substrates 
of around 1.57 mm in thickness, operating in the 1 GHz frequency band. 

The analysis of microstrip antenna is based on empirical formulas and finite 
difference methods that are utilized in special commercialized software simulations which 
we intend to use for design and analysis of the mentioned tools. 

The developed tools can serve wide sectors in wireless and satellite applications. 
Specifically, it will serve future research students to utilize those tools as an 
extended capability of measuring gain and radiation patterns of microstrip antennas in 
the available 1 GHz band. 
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CHAPTER ONE 
INTRODUCTION 

1.1 Overview 

1.2 Project Description 

1.3 Project Objective 

1.4 Motivation 

1.5 Technologies 

1.6 Project Organization 
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1.1 Overview 

An antenna is a device that is made to efficiently radiate and receive radiated electromagnetic 
waves. There are several important antenna characteristics that should be considered when choosing 
it for certain applications these are: antenna radiation pattern, power gain, directivity and polarization 
[I] .one type of antennas that fulfills most of the wireless system requirements is relatively microstrip 
antennas. 

Microstrip antennas are a new and exciting technology. Invented about twenty years ago for 
application as conformal antennas on missiles , aircraft systems , GPS , remote sensing , medical 
usage and automobile collision avoidance, and have the attractive features of low profile , light 
weight, easy fabrication and supports both linear and circular polarization [2]. 

The microstrip antenna consists of a radiating metallic patch or an array of patches, it is act 
approximately as a resonant cavity , on one side of a thin no conducting , supporting substrate panel 
with a ground plane on the other side of the panel, and is characterized by its Length, Width, Input 
impedance, and Gain and radiation patterns . 

The metallic patch is normally made of copper-foil plated with plated with a corrosion material , 
such as gold, thin , or nickel .Each patch can be made into a verity of shapes with the most popular 
shapes being rectangular , square and circular. Miccrostrip antennas in its simplest configuration are 
shown in Figure. I. I [3] 

8 VP;V©;­& 
: V©b\ 

5 ;2G2b©F;b 
� B0[ ©FV©2 

Fig. I. I Microstrip antenna configuration 

_ FXB­ P 
plane 

On the other hand the microstrip antenna, suffers from some disadvantages such as narrow 
bandwidth, low gain, large ohmic loss in large feed network, low polarization purity .Microstrip 
antennas are widely used as an efficient radiator in many communication systems. 

Microstrip antennas are characterized by a larger number of physical parameters than are 
conventional microwave antennas .All microstrip antennas can be divided into four basic categories: 
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Fig. 1.2 Four basic categories for microstrip antennas 

Microstrip dipole is a good and easy approach, for a system where an Omni directional pattern is 
required, as for example in a portable device. Micostrip or printed dipole antenna have been of the 
most popular type of antenna in the last twenty years .The bandwidth of micostrip dipole antenna is 
very high as compared to the microstrip patch antenna . 

One of the most interesting applications is their use for transmitting or receiving system required 
for circular polarization. A circularly polarized microstrip antenna can be classified into categories 
,e.g. single-or dual-fed type .The classification of an antenna is based upon the number of feeding 
points required for circularly polarized waves [4]. 

The analysis of microstrip antenna is based on empirical formulas and finite difference methods 
that are utilized in special commercialized software simulations which we intend to use for design 
and analysis of the mentioned tools. 

1.2 Project Description 

The aim of this project is design, analysis and optimize of circularly polarized square patch 
microstrip antenna as well as microstrip printed dipole antenna. 

The antenna training system that exists in the microwaves and antenna laboratory in the college of 
engineering and technology has a great ability for research if further tools could be created. From 
previous projects in the microstrip field, a great need rose to measure the gain of linearly polarized 
microstrip antennas as well as the radiation patterns of circularly polarization microstrip antennas in 
the available 1 GHz frequency band. 

The design starts with simple Square patch Microstrip antenna with single feed. This antenna has 
been designed to operate at 1 GHz, using FR4 (£r=4.4) and height (h=l.6mm), shown in Figure 1.3 
.The microstrip antenna is simulated using the An soft HFSS software. 
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Fig. 1.3 Microstrip with coaxial probe feed patch antenna 

Also the procedure for designing printed dipole microstrip antennas in software High Frequency 
Structure Simulator (HFFS) version 13 by An soft Corporation. 

The first proposed antenna is circularly polarized square patch microstrip antenna design with and 
° ;©\ XB© 9n[ GX©[ E V­ P also on different dimensions of the patch, ground, substrate, Transmission line 
and quarter wave length. And then compare and analyzed the return loss, bandwidth, VSWR, and the 
performance for each design. 

Also, the design parameters of the 1 GHz printed dipole antenna are shown in Figure 1.2. The 
complete structure has simulated for several value of L, W V­ P & 7VFV# 2©2F[ g Good agreement 
between simulated results on return loss and resonance bandwidth has been achieved. Simulated 
radiation pattern has also been specified for each value of L.W, and g parameters. 
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Fig.1.4 Microstrip printed dipole antenna 

1.3 Project Objective 

Our goal is to design, fabricate and measure those tools that can be used by future research student 
to enable measurement of microstrip antenna gain and circularly polarized radiation patterns of any 
micrpstrip antenna made of FR4 or Duroid dielectric substrates of around 1.6 mm in thickness, 
operating in the 1 GHz frequency band. 

The objective is to present design, analyze, fabricate and measure dipole microstrip antennas as 
well as circularly polarized patch antennas as complementary tools for research to the available 
antenna training system in our lab. 

Perform parametric study to optimize the design using CST or An soft /HFSS Designer software. 
Evaluate the performance of those tools, in comparison to other available microstrip antennas. 

1.4 Motivation 

We have an interest to design and develop tools to measure gain and circular polarized radiation 
pattern that would complement available tools for the antenna measurement system in our advanced 
facilities communications laboratory. Such tools enable future research students to measure gain of 
microstrip antennas and radiation patterns of circularly polarized patches. 

Designing a circularly polarized microstrip antenna is challenging; it requires combination of 
design steps. The first step involves designing an antenna to operate at a given frequency. In the 
second step circular polarization is achieved by either introducing a perturbation segment to a basic 
single fed microstrip antenna, or by feeding the antenna with dual feeds equal in magnitude but 
having 90° physical phase shift. The shape and the dimensions of the perturbation have to be 
optimized. 

Single feeding techniques are commonly used because they are simple, easy to manufacture, low 
in cost and compact in structure. Single fed circularly polarized microstrip antennas are considered to 
be one of the simplest antennas that can produce Circular polarization [5] . 
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Finally, for each design, we will show the results obtained from the simulations which will be 
compared with the measurements. 

1.5 Technologies 

1.5.1 HFSS.13 Designer: 

HFSS (High Frequency Structure Simulator) software is the industry-standard simulation tool for 
3-D full-wave electromagnetic field simulation and is essential for the design of high frequency and 
high-speed component design. This software automatically divides the geometric model into a large 
number of tetrahedron is a four -sided pyramid. 

1.6 Project Organization 

The completed project report is divided into 6 chapters; in the following lines we show a summary 
for each one: 

Chapter 1. Introduction 

3© is the present chapter, which provides a brief introduction, motivation and overall project 
objectives, Technologies, time plan. 

Chapter 2. Reviews of microstrip antenna. 

Chapter 3. Microstrip Theory 

3© is present the antenna design methodology and its specifications and the Literature Surveys. 

@\ V7©2F cg ~ ;bFX[ ©F;7 Patch Antenna Design and Results 

Chapter 4 presents design verification for the designed antennas using HFSS simulation and the 
results of these antennas. 

Chapter 5.Antenna Measurement Results 

Chapter 6. Conclusion and future work 
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This chapter presents the conclusions of the project. It's also propose future lines to enhance the 
behavior of the antenna. 

Tablel.2 Project Plan for first semester 
Weeks 

Activity 

Information 
collection 

Preparing the 
proposal 

Leaming software 
( HFSS Ansoft) 

Design and 
analysis 

Leaming 
fabrication 

Drafting chapters 

Dr. Osama's 
Deadline 

Submit the report 
to department 

ah al 

y 



Tablel.2 Project Plan for second semester 

Weeks 

Ab©;%;©x 12 13 14 ah al 

Design and 
analysis 

Research for 
offers 

Drafting chapters 

fabrication 

Measurement and 
Results 

Dr. Osama's 
Deadline 

Submit the report 
to department 

· 
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MICROSTRIP ANTENNA 
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In this chapter we are going to give overview about types of antenna, especially microstrip 
antenna, definition of some antenna's parameters, types of polarization, axial ratio definition, feeding 
techniques in circular polarization and the shape of slot that give our circular polarization which are 
going to be useful along the project development to describe the performance of our microstrip 
antenna design. 

2.2Introduction for Antenna 

An antenna is a part of a transmitting or receiving system, designed specifically to radiate or 
receive electromagnetic waves. The antenna is a passive linear reciprocal device that can convert 
electromagnetic radiation into electric current and vice-versa, so it is a transitional structure between 
the free space and a guiding device. We have many types of antenna some of these type:- 

(1) Antenna tower: 

A tall tower designed to support antennas (also known as V2F;VG[ ;­ ©\ 2 UK) for 
telecommunications and broadcasting. 

(2) Dipole antenna: 

A simple antenna usually constructed from two wires in opposite phases placed end to end. 

(3) Directional antenna: 

Or beam antenna, radiates greater power primarily in one direction. 

( 4) Horn antenna: 

A type of directional antenna shaped like a horn. 

(5) Met material antenna: 

10 



A class of antenna incorporating met materials to increase performance of miniaturized 
(electrically small) antenna systems. 

(6) Omni directional antenna: 

An antenna system which radiates power uniformly in all directions in one plane. 

(7) Parabolic antenna: 

An antenna shaped like a parabola in one or both planes. 

(8) Power antenna (automotive): 

A power antenna is an electrically motorized automotive radio antenna that raises and lowers 
either manually with a dash-mounted switch or automatically by turning the radio on or off. 

(9) Antenna (radio): 

Also known as an aerial, a transducer designed to transmit or receive electromagnetic (e.g. TV or 
radio) waves. 

(10) Television antenna: 

(Or TV aerial), is an antenna specifically designed for the reception of broadcast television 
signals. 

(11) Antennae Galaxies: 

The name of two colliding galaxies NGC 4038 and NGC 4039. 

11 



dgT ' %2F%;2° of microstrip antenna 

A microstrip antenna consists of conducting patch on a ground plane separated by dielectric 
substrate as shown ;­ <;&gdna oVeE (b) and(c).This concept was undeveloped until the revolution in 
electronic circuit miniaturization and large-scale integration in 1970. After that many authors have 
described the radiation from the ground plane by a dielectric substrate for different configurations. 
The early work of Munson on microstrip antennas for use as a low profile flush mounted antennas on 
rockets and missiles showed that this was a practical concept for use in many antenna system 
problems. 

Various mathematical models were developed for this antenna and its applications were extended 
to many other fields. The number of 7V72F[ E VF©;bG2[ 7B0G;[ \ 2P in the journals for the last ten years, on 
these antennas shows the importance gained by them. The microstrip antennas are the present day 
antenna designer's choice. Low dielectric constant substrates are generally preferred for maximum 
radiation. 

The conducting patch can take any shape but rectangular and circular configurations are the most 
commonly used configuration. Other configurations are complex to analyze and require heavy 
numerical computations. A microstrip antenna is characterized by its Length, Width, Input 
impedance, and Gain and radiation patterns. The length of the antenna is nearly half wavelength in 
the dielectric; it is a very critical parameter, which governs the resonant frequency of the antenna. 
There are no hard and fast rules to find the width of the patch. 

In its most fundamental form, a Microstrip Patch antenna consists of a radiating patch on one side 
of a dielectric substrate which has a ground plane on the other side. The patch is generally made of 
conducting material such as copper or gold and can take any possible shape. The radiating patch and 
the feed lines are usually photo etched on the dielectric substrate. In order to simplify analysis and 
performance prediction, the patch is generally square, rectangular, circular, triangular, and elliptical 
or some other common shape. 

<XF V F2b©V­ &BGVF 7V©b\ E ©\ 2 G2­ &©\ • X} ©\ 2 7V©b\ ;[ B[ BVGGx r gTTTTdr f • f r gh r XE ° \ 2F2 dX ;[ ©\ 2 
free-space wavelength. The patch is selected to be very thin such that t << AO (where t is the patch 
©\ ;bR­ 2[ [ eg W\ 2 \ 2;&\ © \ X} ©\ 2 P;2G2b©F;b [ B0[ ©FV©2 ;[ B[ BVGGx r gr r T dr f \ f r gr h dXg W\ 2 P;2G2b©F;b 
bX­ [ ©V­ © X} ©\ 2 [ B0[ ©FV©2 o2Fe ;[ ©x7;bVGGx ;­ ©\ 2 FV­ &2 dgd f Ff adg 

Advantages of microstrip antenna: 

• Light weight and low volume. 

• Low profile planar configuration which can be easily made conformal to host surface. 
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• Low fabrication cost, hence can be manufactured in large quantities. 

· � B77XF©[ 0X©\ E linear as well as circular polarization. 

• Can be easily integrated with microwave integrated circuits (MICs). 

• Capable of dual and triple frequency operations. 

• Mechanically robust when mounted on rigid surfaces. 

Disadvantages of microstrip antenna: 

• Narrow bandwidth. 

• Low efficiency. 

• Low Gain. 

• Extraneous radiation from feeds and junctions. 

• Poor end fire radiator except tapered slot antennas. 

• Low power handling capacity. 

• Surface wave excitation. 

Microstrip shape as follow: 

a;bFX[ ©F;7 
©FV­[ # ;[ [ ;X­ % 

G;© 0 

° ° ° gV­ ©2­ ­ Vn©\2XFxgbX# 

~ ;bFX[ ©F;7 
A­ ©2­ ­ V 

[ B0[ ©FV©2 

(a)Top view of microstrip antenna. 
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(b) Side view of microstrip antenna. 

: V©b\ 
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L 

Fields Under E 
__. 

� kGG� k}Gk© [&[0VVGgVGGgG0gGVP 
° ° gV­ ©2­ ­ Vn© 

_FXB­P : GV­2 
( c )The fields for microstrip antenna. 

Fig.2.1 (a) Top view ofmicrostrip antenna. (b) Side view of microstrip antenna. (c)The fields for microstrip 
antenna. [ 6] 

dgc � X# 2 of antenna parameters 

We have many of antenna parameters such as beamwidth ,radiation intensity ,radiation power 
density ,radiation pattern, directivity ,antenna efficiency ,gain ,bandwidth and input impedance, they 
are discussed V[ }XGGX° H­ 
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dgcga J 2V# ° ;P©\ of antenna 

The beamwidth is a parameter that is related with the pattern of an antenna, and is the angular 
separation between two identical points on opposite sides of the pattern maximum. 

One of the most used beamwidth is the "half-power beamwidth" (HPBW), and is the angle at 
which the main lobe has half of its power. We have also the "first-null beamwidth" (FNBW) and it is 
the angular separation between the first nulls of the pattern. 

dgcgd 8 VP;V©;X­ Intensity 

3© is defined as the power radiated from an antenna per unit solid angle. Its units are watts per 
steradian. This parameter, in large distances, has the property of being independent of the distance 
that the antenna is. 

2.4.3 Radiation Power Density 

The radiation power density is defined as the power per unit area in a certain direction. The units 
are watts per square meter. 3© can be calculated from the RMS values (Root Mean Square) of the 
fields E and H. 

2.4.4 Radiation Pattern 

The radiation pattern is the spatial distribution of a quantity that characterizes the electromagnetic 
field generated by an antenna. 

dgcgh 5 ;F2b©;%;©x 

According to the definition that has been given by IEEE , the directivity of an antenna is defined 
as "the ratio of the radiation intensity in a given direction from the antenna to the radiation intensity 
averaged over all directions. The average radiation intensity is equal to the total power radiated by 
the antenna divided by 4n. If the direction it is not specified, the direction of maximum radiation 
intensity is implied. 
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dgcgl A­ ©2­ ­ V Efficiency 
The total antenna efficiency takes into account the ohmic losses of the antenna through the 

dielectric material, the reflective losses at the input terminals and losses within the structure of the 
antenna. 

dgcgy _ V;­ 

Gain is a useful measure that helps to describe the performance of an antenna. It is defined by 
IEEE as "the ratio of the intensity, in a given direction, to the radiation intensity that would be 
obtained if the power accepted by the antenna were radiated isotropically .The gain it is linearly 
related with the directivity measurement through the antenna radiation efficiency. 

2.4.8 Bandwidth 

We cannot build an infinite antenna, so due to it finite geometry, the antenna is limited to operate 
successfully in a band or frequency range and this frequency range is known as bandwidth.For 
narrowband antennas, the bandwidth can be specified as the ratio of the frequency range in which the 
specifications are met and the center frequency. 

2.4.9 Input Impedance 

The input impedance of the antenna (ZA) is the relationship between voltage and current at the 
input terminals of the antenna, with no load attached. 

The input impedance of an antenna is generally a function of frequency, so the relationship 
between voltage-current at the input of the antenna depends on the frequency, and ZA depend also on 
the frequency. 

If at a given frequency, the reactance of the input impedance antenna is equal to zero, it is said 
that the antenna is resonant at that frequency. 

2.5 Polarization 

The polarization of an antenna in a given direction indicates the polarization of the radiated wave 
of the antenna in that direction. If the direction is not stated, the polarization is taken to be the 
polarization in the direction of maximum gain. 
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The polarization of a radiated wave is the property of an electromagnetic wave describing the time 
varying direction and relative magnitude of the electric-field vector at a fixed location in space, and 
the sense in which it is traced, as observed along the direction of propagation. 

The polarization is indicated by the vector that describes the electric field at a point in space as a 
function of time. We have three classifications of antenna polarization: linear, circular and elliptical 
as shown in Figure 2.2. The circular and linear polarizations are special cases of elliptical 
polarization.The sense of rotation of the electric field, in both circularly polarized waves as elliptical, 
is said to be a right-hand polarization if the field is traced in a clockwise. elliptical, is said to be a 
right-hand polarization if the field is traced in a clockwise(CW), and if it is in the opposite way 
(counterclockwise) then is said to be a left-hand polarization. 

The polarization is an important concept in satellite communications and radio systems; because 
the receiving antenna is only able to capture the power contained in the field polarization that 
coincides with their own.Now we are going to explain about the general characteristics and the 
necessary conditions that the wave must have in order to possess linear, circular, or elliptical 
polarization. [7] 

7u 
t 

n i • ;­ 2VF E 

-J 

y&- @;FbBGVF k LGG;7©;bVG 
O<O] 

Fig2.2 Classifications of antenna polarization [8] 
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dghga • ;­ 2VF Polarization 

3} ©\ 2 2G2b©F;bn};2GP %2b©XF V© V &;%2­ 7X;­ © ;­ ©\ 2 [ 7Vb2 ;[ VG° Vx[ XF;2­ ©2P VGX­ & ©\ 2 [ V# 2 [ ©FV;&\ © 
G;­ 2 V© 2%2Fx ;­ [ ©V­ © X} ©;# 2E ° 2 bV­ [ Vx ©\ V© ©\ 2 ©;# 2 \ VF# X­ ;b ° V%2 ;[ G;­ 2VFGx 7XGVF;q2P V© ©\ V© 
pomt. 

This is accomplished if the electric field vector possesses the following Characteristics: 
a .Only one component 
d gW° X XF©\ X&X­ VG G;­ 2VF bX# 7X­ 2­ ©[ ©\ V© VF2 ;­ ©;# 2 7\ V[ 2 XF a· r · oXF ~ BG©;7G2[ X} a· r · e XB©nX}­ 
phase. 

dghgd @;FbBGVF Polarization 

Generally antenna radiates an elliptical polarization, which is defined by three parameters: 
axial ratio, tilt angle and sense of rotation. When the axial ratio is infinite or zero, the 
polarization becomes linear with the tilt angle defining the orientation. The quality of linear 
polarization is usually indicated by the level of the cross polarization. For the unity axial 
ratio, a perfect circular polarization results and the tilt angle is not applicable. In general the 
axial ratio is used to specify the quality of circularly polarized waves. Antennas produce 
circularly polarized waves when two orthogonal field components with equal amplitude but in 
phase quadrature are radiated. Various antennas are capable of satisfying these requirements. 
They can be classified as a resonator and traveling-wave types. A resonator-type antenna consists 
of a single patch antenna that is capable of [ ;# BG©V­ 2XB[ Gx [ B77XF©;­ & ©°X orthogonal modes in 
phase quadrature or an array of linearly polarized resonating patches with proper orientation 
and phasing. A traveling- wave type of antenna is usually constructed from a microstrip 
transmission line. It generates circular polarization by radiating orthogonal components with 
appropriate phasing along discontinuities is the travelling-wave line [19]. 

dghgdga @;FbBGVFGx Polarized Patch 

A microstrip patch is one of the most widely used radiators for circular polarization. When two 
signals of equal amplitude 0B© sr ° 7\ V[ 2 shifted the resulting wave is circularly polarized. 
Some patches such as square, circular, pentagonal, equilateral triangular,ring, and elliptical 
shapes which are capable of circular polarization operation. However square and circular 
patches are widely utilized in practice. A single patch antenna can be made to radiate circular 
polarization if two orthogonal patch modes are simultaneously excited with equal amplitude and 
out of phase with sign determining the sense of rotation. Two types of feeding schemes can 
accomplish the task as given in the Figure 2.3; first type is a dual- orthogonal feed, which employs 
an external power divider network. The other is a single point for which an external power divider 
is not required [19-20]. 
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Fig.2.3 Two types of excitations for circularly polarized 
microstrip antennas: (a) dual-fed patch and (b) singly fed patch[l 9] 

dghgc LGG;7©;bVG Polarization 
3} the tip of the electric-field vector traces an elliptical locus in space, then the time-harmonic 

wave is elliptically polarized. 

A wave is elliptically polarized if it is not linearly or circularly polarized, and in the real world 
there is no perfect linear or circular polarized antenna, but they are more or less elliptical. 

The necessary and sufficient conditions to accomplish this are if the electric field vector possesses 
all of the following: 

1) The field must have two orthogonal linear components, and 
2) The two components can be of the same or different magnitude. 
3) a) 3} the two components are not of the same magnitude, then the time-phase difference between 
the two components must not be 0° or multiples of 180 because then it will be a lineal polarization . 

b) 3} the two components are of the same magnitude, then the time-phase difference between the 
two components must not be odd multiples of 90 because it will then be a circular polarization. 

2.6 Axial Ratio 

The axial ratio is the ratio of orthogonal components of an E-field; it is a very important parameter 
that helps to quantify the polarization of an antenna. The axial ratio of a wave elliptically polarized, is 
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the relationship 02©° 22­ # V(XF V d · . . . g g { ­ # ;­ XF V$2[ of the elltpse, V­ P ;© bV­ take values among one and 
;­ };­ ;©x 

A circularly polarized field is d f · ma e up o two XF©\ X&X­ VG Ln};2GP bX# 7X­ 2­ ©[ of 2zBVG V# 7G;©BP2 
oV­ P sr P2&F22[ XB© X} 7\ V[ 2eg J 2bVB[ 2 ©\ 2 bX# 7X­ 2­ ©[ VF2 2zBVG # V&­ ;©BP2E ©\ 2 V$;VG FV©;X ;[ 3 oXF r 
PJ eg W\ 2 V$;VG FV©;X }XF V­ 2GG;7[ 2 ;[ GVF&2F ©\ V­ a opr PJ eg W\ 2 V$;VG FV©;X }XF 7BF2 G;­ 2VF 7XGVF;qV©;X­ 
;[ ;­ };­ ;©2E 02bVB[ 2 ©\ 2 XF©\ X&X­ VG bX# 7X­ 2­ ©[ X} ©\ 2 };2GP VF2 q2FXg W\ 2 ;P2VG %VGB2 X} ©\ 2 V$;VG FV©;X 
for circularly polarized fields is 0 dB. 

In addition, the axial ratio tends to degrade away from the main beam of an antenna, so the axial 
ratio may be indicated in a spec sheet (data sheet) for an antenna as follows: "Axial Ratio: PJ }XF / ­ 
30 degrees from main beam". This indicates that the deviation from circular polarization is less than 3 
dB over the specified angular range. [7] 

2.7 Feeding techniques 

Microstrip patch antennas can be fed by a variety of methods. These methods can be classified 
into two categories- contacting V­ P ­ X­ nbX­ ©Vb©;­ &gG­ ©\ 2 contacting method, the RF power is 
fed directly to the radiating patch using a connecting element such as microstrip line. In the non­ 
contacting scheme, electromagnetic field coupling is done to transfer power between the 
microstrip line and the radiating patch. The four most popular feed techniques used are the 
microstrip line coaxial probe (both contacting schemes), aperture coupling and proximity 
coupling(both non-contacting [ b\ 2# 2[ e kasndr Dg 

2. 7 .1 Microstrip line feed 
In this type of feed technique, a conducting strip is connected directly to the edge of the 

Microstrip patch as shown in Figure 2.4. The conducting strip is smaller in width as 
compared to the patch and this kind of feed arrangement has the advantage that the feed can be 
etched on the same substrate to provide a planar structure. This is an easy feeding scheme, 
since it provides ease of fabrication and simplicity in modeling as well as impedance 
matching. However as the thickness of the dielectric substrate being used, increases, surface 
waves and spurious feed radiation also increases, which \ V# 72F[ ©\ 2 0V­ P° ;P©\ of the 
V­ ©2­ ­ Vg W\ 2 }22P FVP;V©;X­ VG[ X G2VP[ ©X B­ P2[ ;F2P bFX[ [ 7XGVF;q2P FVP;V©;X­ 72F}XF# V­ b2[ kas­ 
22]. 
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Fig 2.4 Microstrip line feed 

dgygd @XV$;VG Feed 

The Coaxial feed or probe feed is a very common technique used for feeding 
Microstrip patch antennas. As seen from Figure 2.5. The inner conductor of the coaxial 
connector extends through the dielectric and is soldered to the radiating patch, while the outer 
conductor is connected to the ground plane. The main advantage of this type of feeding 
scheme is that the feed can be placed at any desired location inside the patch in order to match 
with its input impedance. This feed method is easy to fabricate and has low spurious 
radiation. However, a major disadvantage is that it provides narrow bandwidth and is difficult 
to model since a hole has to be drilled in the substrate and the connector protrudes outside the 
ground plane, thus not making it completely planner for thick substrates (h p r gr ddr eg 

Snbstrnte 

n Patch 

@XV$;VG 
Connector 

_ FXB­ P : GV­ 2 

Fig 2.5 Probe fed rectangular microstrip antenna 
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dgygT A72F©BF2 Coupled Feed 

In this type of feed technique, the radiating patch and the microstrip feed line are 
separated by the ground plane as shown in Figure 2.6. Coupling between the patch and the 
feed line is made through a slot or an aperture in the ground plane. The coupling aperture is 
usually centered under the patch, leading to lower cross polarization due to symmetry of the 
configuration. The amount of coupling from the feed line to the patch is determined by the shape, 
size and location of the aperture. Since the ground plane separates the patch and the feed line, 
spurious radiation is minimized [ 19-20]. 

Generally, a high dielectric material is used for bottom substrate and a thick, low dielectric 
constant material is used for the top substrate to optimize radiation from the patch. The major 
disadvantage of this feed technique is that it is difficult to fabricate due to multiple layers, 
which also increases the antenna thickness. This feeding scheme also provides narrow bandwidth 
[21-22]. 
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Fig 2.6 Aperture Coupled Feed 
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dgygc : FX$;# ;©x Coupled Feed 

This type of feed technique is also called as the electromagnetic coupling scheme as shown in 
Figure 2.7. Two dielectric substrates are used such that the feed line is between the two 
substrates and the radiating patch is on top of the upper substrate. The main advantage of this 
feed technique is that it eliminates spurious feed radiation and provides very high bandwidth 
(as high as 13%), due to overall increase in the thickness of the microstrip patch 
antenna. This scheme also provides choices between two different dielectric media, one for the 
patch and one for the feed line to optimize the individual matching can be achieved by 
controlling the length of the feed line and the width to-line ratio of the patch. The major 
disadvantage of this feed scheme is that it is difficult to fabricate because of the two 
dielectric layers which need proper alignment. Also, there is an increase in the overall 
thickness of the antenna [ asndaDg 
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Fig 2.7 Proximity-Coupled Feed 

dgygh � ;­ &Gx Fed Circularly Polarized Patch 

g • ©; · a c d CP microstrip antennas are shown in Figure 2.8. A single Wx7;bVG bX­ };&BFV©;X­ [ ©XF V [ ;­ &Gx a2VgEEE HE ©\2 « m 
Hg } P @: FVP;V©;X­ ;[ %2Fx P2[ ;FV0G2 ;[ [ ;©BV©;X­ [ ° \ 2F2 ;© ;[ pomt feed patch capable o pro ucmg . . k 

h l c ds with a 7X° 2F P;%;P2F ­ 2©° XF g difficult to VbbX# # XPV©2 PBVGnXF©\;X&X­ V tee 
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Fig 2.8 Typical configurations of singly fed circularly polarized microstrip antennas: (a)Circular patch and 
(b) square patch 

Because a patch with single-point feed generally radiates linear polarization, in order to 
radiate CP, it is necessary for two orthogonal patch modes with equal amplitude an in-phase 
quadrature to be induced. This can be accomplished by slightly perturbing a patch at appropriate 
locations with respect to the feed. 

dgygl 5 BVG fed circularly polarized microstrip antenna 

As 90° phase shift between the fields in the microstrip antenna is a perquisite for having Circular 
polarization, dual feed is an easy way to generate circular polarization in microstrip antenna. 

The two feed points are chosen perpendicular to each other as shown in Figure 2.9. With the help 
of external polarizer the microstrip patch antenna is fed by equal in magnitude and orthogonal feed. 
Dual feed can be carried out using : 

• quadrature hybrid 
• ring hybrid 
• Wilkinson power divider 
• Wn(B­ b©;X­ 7X° 2F [ 7G;©©2F XF ©°X bXV$;VG }22P[ ° ;©\ 7\ x[ ;bVG 7\ V[ 2 [ \ ;}© sr ° 
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Fig2.9 Dual feed circularly polarized microstrip antenna 

The sense of polarization of the circular polarization depends on the direction of rotation of the 
electric field vector from the phase leading component to the phase lagging component in a direction 
away from the observer. 

If the electric field vector rotates clockwise, it is right-hand circular polarization and if the 
electric field vector rotates counter clockwise, it is left-hand circular polarization . 

2.8 Slot shapes 

To obtain circular polarization we cutting a slot in a microstrip patch antenna give the perturbation 
needed to produce circular polarization ,these slot have many shapes some of them:- 

❖ C-shaped slot 
Cutting C-shaped slot in a square patch microstrip antenna as shown in Figure 2.10 and mounting 

the substrate on a foam layer good circular polarization is achieved. The antenna structure is fed 
using aperture coupling feeding method. The dimensions of the slot are used to optimize the antenna 
design in the favor of axial ratio and impedance matching. The measured 3 dB axial ratio and IO dB 
impedance bandwidths are 3.1 ] V­ P al gc ] respectively. 
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❖ F-shaped slot 

@B©©;­ & <n[ \ V72P [ GX© in the center of a square patch as shown in Figure 2.11. And fed with 
aperture coupling. Good circular polarization with 3 dB axial ratios and 10 dB impedance bandwidths 
are 3.2 ] and 5.62 ] respectively. 
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❖ S-shaped slot 

Cutting S-shaped slot in a square patch antenna as shown in Figure 2.12. And fed with aperture 
coupling. Dual-band operation was obtained 3 dB axial ratio 3.6 ] and 1.1 ] while the 10 dB 
impedance bandwidths are 15 and 3.5 % respectively. 
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Fig.2.12 S-shaped slot 
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In this chapter we will introduce a general · d . 1 ea about square and half dipole microstrip patch antenna. 
A­ P ° 2 ° ;GG ©VGR V0XB© [ X# 2 7F2%;XB[ [ ©BP; ©\H H a2[ ;V© bXFF2[ 7X­ P ©X ;©g 

Tgd 5 2[ ;&­ methodology 

This project consists of two parts In th fi t d · · · G2 VF[© 7VF© ©2[ ;&­ ;­ & V F2}2F2­ b2 V­ ©2­ ­ V }FX# # ;bFX[ ©F;7 ©X 
measure the gain of any other mic t · · · FX[©F;7 V­ ©2­ ­ V resonatmg m the same frequency band . In the 

second part designing circularly polarized microstrip antennas at lGH b d Th z an . ere are many ways 

to do that. One of them is a single patch antenna that can be mad © ;P, · 1 1 · · 'f 2 ©X FVG;V©2 b;FbBGVF 7XGVF;qV©;X­ a 

two orthogonal patch modes are simultaneously excited with equal amplitude and +90,-90 out of 

phase. We may employ an external power divider network to excite two orthogonal modes with equal 

amplitude but in-phase quadrature . We need a quarter -wavelength line in one of the 0/P arms to 

produce a 90 phase shift at the two feeds . 

TgT • ;©2FV©BF2 Surveys 

We studied several scientific papers considering both square and half dipole antennas: 

A DUAL BAND MICROSTRIP PATCH ANTENNA WITH CIRCULAR 
POLARIZATION S.C.GUPTA, NAZIA HASAN, This paper proposes design of a microstrip 
patch antenna having circular polarization. To achieve circular polarization two slots are created 

at 45 degree and 135 degree in 'X' shape, at centre of the patch. This antenna has dual band 
characteristics at 3.6GHz and 3.5GHz, the polarization at 3.6GHz is circular while at 3.5GHz is 

linear. 

In this paper X-shape is used and micro-stripline feed along with a Quarter Wave Transformer 
(QWL) . The (QWL) is used is to match the impedance of patch antenna with that of 50 Ohm 

transmission line . 

The patch antenna was designed on the basis of transmission line model (TLM).Using the formulas 
given by TLM approximation, parameters for the antenna were calculated at 3.6GHz frequency. The 
material used as substrate ;[ 5 BFX;P oNFC 2.2) with height h = 1.57 mm. 
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To change the polarization of th' · B[ V­ ©2­ ­ V }FX# Gm gH P2&F22[ ;[ 2©b\ 2P at the centre of th p G;­ 2VF ©X circular, a slot tilted at an angle of 45 
EE ·] VG 2 :V ©b\ kGD <;&BF2TgGg W\ ; lmear to circu ar . The bandwidth c. h' . e · · ;[ [ GX© changes the polarization from 

h 1 
irom ©\;[ P2[ ;&­ f 1 . anot er s ot at an angle of l 35degr . r one s X© ;[ ayr MHz. Next step to create g · 22[ crossing the fi a g also gives circular 7XGVF;qV©;X­g @; G g irSt sot m the shape of 'X'. This 'X' shape slot • · FbBVF polanzatio b b design of X slot antenna (XSA) is sh . p· n can e O served by plotting axial ratio. The 
X° ­ ;­ ,a&BF2Tgdg 

. , .. -- .. ~•{1· ==•-.~~---~-~ · { a 

« 
Fig3. l Patch antenna with tilted slot. 

Fig3.2 Micro-strip patch antenna with X slot. 

The X slot antenna provides better bandwidth as compared to patch antenna with single tilted 
slot. A comparison between the two was found that Patch antenna with X-slot or X-shape slot 
showed better performance than patch with single tilted slot in terms of bandwidth. Both of these 
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antennas successfully showed circular polarization· which was confirmed with help of axial 
ratio. For simulation they used Ansoft (HFSS) . ' 

A SLOTTED STACKED = 35LJ A!5 ~3@8 ' � W8 3: : AW@± ANTENNA WITH 
SQUARE SHAPED PARASITIC L• L~ L! W " 4 � ± = A± A 8 g� gaE � 8 3v A� WAv A D.K.1 
AND SAINI J.P.2 • In this design of square microstrip antenna, a printed wide-band stacked 
patch antenna for enhancing the bandwidth is presented. 

A multi-layer microstrip antenna structure with two rectangular slots on the rectangular patch which 
results in a typical mathematical plus symbol is proposed. This paper is a modification of [2] in 
which the feed was simple coaxial probe. An impedance bandwidth of 15% was investigated ,The 
lower plus shaped slotted driven patch is fed by a microstrip line and the upper square parasitic 
patch is electromagnetically coupled ,the dielectric constant of the substrate is closely related to 
the size and the bandwidth of the microstrip antenna Figure 3.3. 
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Fig 3.3. Top view of the antenna. 
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Where f is the resonant frequency, c is the fr . . 
Ul·i·ent sr is the 2}}2b©;%2 P;2G H© · 22 [ 7Vb2 velocity of the light, Lis the actual length of the 

c , 2b©F;b bX­ [ ©V­ © f th b · · 
diation gap. This antenna is 0%;G© ' e su strate V­ P AG ;[ ©\ 2 length of equivalent 

A2;&\ ©[ \ aCd Cag¢E O® 6 &GV[ [ 27X$x [ B0[ ©FV©2 ° ;©\ P;2G2b©F;b bX­ [ ©V­ ©[ bFG CbFd Ccgd 
an · # # g ;bFX[ ©F;7 G;­ 2 }2 d' I · · · 

t e mg, s ot on the patch provide the wide band-width 2­ \ V­ b2# 2­©g 

A© ©\ 2 };­ VG F2[ BG© [ GX©©2P # ;bFX[ ©F;7 7V©b\ V­ ©2­ ­ V }XF 2­ \ V­ b;­ & ©\ 2 0V­ P° ;P©\ \ V[ 022­ P2[ ;&­2P 
V­ P [ ;# BGV©2 success- ully. Simulation results of a wideband microstrip patch antenna covering 
dgr hd _ ± q ©X Tgyhc _ ± q }F2zB2­ bx \ V%2 022­ 7F2[ 2­ ©g = ;©\ ©\ 2 B[ 2 X} hr d # ;bFX[ ©F;7 G;­ 2 }22P ©\ 2 
7FX7X[ 2P # ;bFX[ ©F;7 7V©b\ antenna achieves an impedance bandwidth of 58.62% V© ­ 
IO dB return loss. 

Circularly Polarized Microstrip Patch Antenna with Slits ,imeci S. Taha, K1zrak ~ g Axx;;b2 V­ P 
� ;[ # V­ 3[ # V;Gg A single-feed circular-polarization (CP) operation of the corners truncated square 
microstrip antenna is extensively used in single patch and array designs [ 4]. In this design the 
designers inserting four slits of equal lengths at the corners of the microstrip antenna [ 4]. These 
inserted slits at the corners of the square patch result in meandering of the excited 

fundamental-mode patch surface current path, which effectively lowers the resonant frequency of 
the modified square patch [5]. 

Subsequently, they designed the proposed antenna which have four slits of the equal lengths at the 
patch corners to achieve the size reduction [ 4]. Geometry of the proposed microstrip antennas 
is shown in Figure3.4 which is designed with Duroid 5880 (Er= 2.2, h=125mils). W\ 2 hr nd }22P;­ & 
line has a width 9 .89 mm and 1 O mm length. All the inserted slits are of length 18 mm and width 
1 mm along the directions of ±45 degree. The square patch has a side length L=39 mm and a pair of 
truncated corners of dimensions 8.5 mm $ 8.5 mm [4]. 
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At the result the designers find that the dielectric height does not affect the results much, but when 
they changed the dielectric material (permittivity changed from 2.2 to 2.33) a slight frequency 
shift occurred. In both cases return losses at the resonance frequency is satisfactory. The imaginary 
part of the input impedances are close to zero, as they expected for the resonant 
antennas, and the real part of the input impedances are almost 50 ohm for the 3 different values 

of the dielectrics. In Figure 3.5, right hand circularly polarized radiation pattern has 5,6 dB gain and 
left hand circularly polarized radiation pattern has a value of minus 4,56 dB in polar plot. and the 
result of the return loss in this simulation is shown in Figure 3.6. 
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Fig3.5 Far field radiation pattern of the antenna. 
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lN,&sso y gih /mf'/Ar± ms±rs@±@_±% _= e,, s gAcut1.±4a 4 AES7 .15cg square mosti parch with secfigfurslisoferz s;7
w pr gy e» e 4and widi in patch to achieve a simple compact CP operation (Antenna 2) The coactuess cf'te
sA PG=gig jg chi=sys4 ass - •• 4 -4 r, - The ±proposed s @ca!@Tc@i'st Ceo the inserted slits at the square parch le proposed car-acr

C·p ..I' • 1:..-, .._ • r• r • f • • u.es:rgrr CE:J: ill.:3/c c.,_ OflC-i:~::r.o.g rre.q:r'.Qlcy recmdro:r ot about 23.16% as compared to te
corrv.errtram::l camer-tru:icr'.:e.d.. squ,.re micros:trip. mtenna. ofsme s.1:z:e wijiocc::2y sfcs: o-c p:::...'.:f:.. TI:e
3 dB c:xir.I rE~o (P.R.) ce:rr:re frequency ba:id'wid:th of 0.21% is obta.i:ned_ TneSe- osert...Fci: s!i:s: cz­ 
result inmeandering of the exerted. fu:id&uental-mode patch surface current path, which effectively 
lowers- the resonant frequency of the modified square patch. The IE3D simufa-:ion sofrv,;s:e b2.s:ed on. 
Method of Moments (MoM) is used for simulation and analysis.

In the authors works ,Antenna l: Several designs with the feed point position along Y-axis and slit 
length (Ls) on ground plane for left- hand CP operation were studied.and shows return loss, axial
ratio (AR) against frequency for case 1 of Ls = 15 mm, Ws= 1mm, Xs = Ys = + 6.5 mm. The 
axial ratio bandwidth of 0.43% at centre frequency, total gain of 2.51 dBi and total 
directivity of 5.42 dBi are obtained at 1.966 GHz. 

Antenna 2: Two different designs with the feed point position along Y-axis and slit length (Ls) in 
atch for ri ht- hand CP operation were studied and shows return loss, axial ratio (AR),

p · g - 5 4 W = 1 mm X = Y s = + 6 mm. The ., dB axial agamst frequency for case 1 of L, = I - mm, s , S
ratio bandwidth of 0.21 % obtained at 1.921 GHz. 

• · decreases simultaneously radiation efficiency decreases, 
As Sl.1ts s· e · ground plane mcreases gam , . 12 10 GHz to 1 921 GHz (case 1). The antenna gam and 
operating frequency also decreases from 2.5 • 1 larization (CP) designs are also 
3dB axial ratio bandwidth for such compact circu ar po 

decreased. 

- f h ·ited fundamental-mode patch surface current 
These inserted slits result in meandering O t e fiexci cy of the modified square patch. The 

h . . I l the resonant requen . 
pat , which effective y lowers bt . d an operating frequency reduction of about 

1) design can oaine .
proposed compact CP (Antenna ted square microstrip antenna of same size 

tional corner-truncat : .
21.95% as compared to the conven h dition efficiency of the proposed CP microstrip

. d d plane T e ra 1a 1 without any slits on patch an groun ·
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antenna is about 4
6.3 %. The 3 dB axial ratio (AR) centre frequency bandwidth is 0.43%. Another, 

compact CP (Antenna 2) design can obtained an operating frequency reduction of about 23.16% as 
compared to the conventional corner-truncated square microstrip antenna of same size without any 
slits on (AR) patch. 
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Fig3.7 Antenna 1 a. Geometry of the compact circularly polarized square microstrip antenna b. Side view c. 
Geometry of ground plane. (All the dimensions are in mm) . 
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Measurements of Balun And Gap Effects hr Dir 1c:.
Meas,, '®l In ipole Printed In the present paper, design and
analysis of a 2.4GHz printed dipole antenna for wireless communication applications are presented .
Measurements on I etum loss and radiation pattern in this investigation[9] . 

This printed dipole antenna are etched of FR4 substrate with thickness h equal 1.5mm and
permittivity Dr 4.4 • The length of dipole-arms are approximately a quarter- wavelength . 

The variation's impact of the corresponing parameters I(Gap between two dipole-arms) and w(width 
of dipole-arms) on return loss, resonance bandwidth and radiation pattern have been investigation . 

The return loss seems to be effected by the variation of I parameter , but resonance bandwidth and 
radiation diagram do not depends on it , as the value of I increases , the return loss of antenna 
becomes more flat .And the values of W and I parameters do not affect the radiation. 

characteristics of printed dipole antenna .Return loss and resonance bandwidth seem to be 
independent of W parameter variation. 
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Chapter 4
Microstrip Patch Antenna Design and 

Results 

4.1 Introduction

4.2 Design Specifications 

4.3 Design of Square Patch Microstrip Antenna for Circular Polarization using 
HFSS Simulator

4.4 Comparison between the two antennas 

4.5 Design of Printed Dipole Microstrip Antenna using HFSS Simulator 
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4.1 Introduction
In this chapter, the procedure for designin a . . 

tenna in Ansoft HFSS are is expl · d \ square mtcrostnp patch antenna and printed dipole 
an e . t d ame · nd the results obtained from the simulations are demonstra e . 

4.2 Design Specifications 

The three essential parameters for the design of a rectangular Microstrip Patch Antenna are: 

• Frequency of operation (Jo): The resonant frequency of the antenna must be selected 
appropriately. The resonant frequency selected for my design is 3.0 GHz. 

• Dielectric constant of the substrate (Er): The dielectric material selected for my design is Glass
epoxy (FR4) which has a dielectric constant of 4.4. A substrate with a high dielectric constant has 
been selected since it reduces the dimensions of the antenna. 

• Height of dielectric substrate (h): For the microstrip patch antenna to be used in cellular 
phones, it is essential that the antenna is not bulky. Hence, the height of the dielectric substrate is 
selected as 1.6 mm. 

Hence, the essential parameters for the design are: 

·fo= 1.0 GHz 
·&r= 4.4
• h= 1.6 mm 

4 3 D . f S p t h Microstrip Antenna for Circular Polarization using • esign o1 iquare 'ate
HFSS Simulator

4.3.1 Dual Feed loaded circularly polarized 
.,,, » f a dual feed circularly polarized microstrip antenna is

In this section, a promising desigl '; it locations and slots are optimized for good
presented. The dimensions of the patch,. ee dpom ment with the simulation results. 
, · l Its are in goo agree performance. The experimental resu
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4,3.1.1 Dual Feed Antenna Geometry 

The geometry of the proposed t . . · · antenna is ill st :
awe L x W with two pairs of feed location a f,,,,"" "eure4.t.consists of a square patch of

rom the center of the patch. 

Figure 4.1 Geometry of circularly polarized cross patch antenna 

4.3.1.2 Results of Simulation 

In this section, the performance of the antenna is investigated through simulations. Figure 4-2
shows the result of return loss for square patch microstrip antenna return within 10 dB impedance 
and the bandwidth is 20.1 MHz using HFSSs from 1.0006 GHz to 1.0207GHz. In order to identify 
the resonant modes of the antenna, its input impedance is plotted against frequency in figure 
Figure4.3. Figure 4.4 shows the antenna VSWR versus frequency which is 1.0942. 
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Figure 4.5 and Figure 4.6 shows the antenna axial ratio versus frequency with 3 dB axial ratio and 
axial ratio versus Theta. The co and cross-polarization are presented in Figure 4-7 respectively using 
HFSS. The figures show that the antenna is right hand and left hand circularly polarized. 
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4.3.2 Dual Feed With X-shaped Slot circularly polarized 

The final design and simulation of a microstrip patch antenna designed at 1.0 GHz with 
,rcularly polarized is presented. Two slots crossing each other in shape of 'X' are created at centre
,f the patch antenna. Cross slot has been used earlier in shape of Plus sign [1] and with single coaxial

be. Also X-shape is used and micro-stripline feed along with a Quarter Wave Transformer is used f~f, but in this design X-shape is used with dual coaxial probe feed. 

4,3.2.1 Dual Feed With X-shaped Antenna Geometry 

The geometry of the proposed antenna is illustrated in Figure4.8. It consists of a square patch of
. L w with two pairs of feed location at Fl and F2 from the center of the patch and with two size x
slots in shaped of 'X'. 

f circularly polarized cross patch antenna 
Figure 4.8 Geometry o 
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2 Results of Simulation 43.2.

In this section, the performance of the antenna is investigated through simulations. Figure 4.9 
s the antenna return loss versus frequency with 10 dB impedance bandwidth is 20 MHz usin 

shoW fi·orn o 9956 GHz to 1.0157GHz. gyFSSs I ·

In order to identify the reson~nt modes of the antenna, its input impedance is plotted against 
cy in figure F1gure4. l 0. Figure 4.11 shows the antenna VS\WR versus frequency which is frequen

).0034. 

F' ure 4.12 and Figure 4.13 shows the antenna axial ratio versus frequency with 3 dB axial ratio 
,g I ratio versus Theta. The co and cross-polarization are presented in Figure 4 .14 respectively 30? axHiaFSS The figures show that the antenna is right hand and left hand circularly polarized. usmg ·
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Figures 4.14-4.15 shows the right hand side (RHCP) and left hand side (LHCP) radiation 
pattern of the CP antenna. 

Radiation Patter 8 
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; - d\fa •Oo::P) t
[r2,3134el
· -- <: .. 11.C~tC) 
pt teApNp's-st?:ii- <sash

Fig 4.14 E (theta) radiation pattern with E (phi=O) 
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4.4 Comparison between the two antenna

Table 4.1 shows comparison bet h ween t e two ante . nnas in terms of radiation characteristics 

Point of Comparison Dual Feed Without X-slot Dual Feed With X-slot 
Design Frequency GHz 1 GHz 1 GHz 

VSWR 1.0942 1.0034 

Return loss -27 dB -55.5294 dB 

Bandwidth VSWR < 2 21.3 MHz 20.1 MHz 

Impedance Bandwidth 20.1 MHz 20MHz 

axial ratio at resonant freq. 1.0107 0.3687 

Axial Ratio Vs. Theta 145 deg 202 deg 

4.5 Design of Printed Dipole Microstrip Antenna using HFSS Simulator 

4.5.1. Printed Dipole Microstrip Antenna Model Simulated 

In this section, a promising design of printed dipole microstrip antenna is presented. The 
dimensions of the arms and the ground are optimized for good performance. FEM based Ansoft 
HFSS is used for the simulation and analysis of the structure. The antenna is tested using HP 851 OC 

vector network analyzer. 

4.5.1.1 Printed Dipole Microstrip Antenna Geometry 

Design simulation and construction of the printed dipole antenna at 1.0 GHz resonance is 
assembled on copper double sided printed circuit board (FR-4). Microstrip dipole arm dimensions are 
designed as, arm length L=60mm, arm width W=12 mm, and the gap between two arms (g) 
==l.45567mm with thickness of the dielectric (h) 1.6mm Figure 4.16.

'
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Fig.4.16Printed Dipole microstrip antenna 

4.5.1.2 Results of Simulation 

In proposed antenna, the ground plane is considered to be the same dimensions of the substrate 
as shown in Figure 4.16. The length and width of ground plane is Lg=3L and Wg=L. Figure 4.17 
shows the antenna return loss versus frequency. 
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Fig.4.17: Initially design for printed dipole microstrip antenna 
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After many simulations, we have been able to establish an approximate idea about how effects 
on the return loss and bandwidth. This idea concerns on used partial ground as shown in three 
designs below: 

Design 1: 

The total length of rectangular ground plane is 1.169 L, and the width of ground plane is 0.169 L 
it is shown in Figure 4.19 and the return loss for this design shown in Figure 4.20: 
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r·--- 

'
Fig 4.19 Design 1 for half dipole microstrip antenna 
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Fig 4.20 Return loss for design 1 

The results for this design isn't good enough so that there is changes made on the partial 

ground as will be shown in design 2 

Design 2: 
In this design the total length of rectangular ground plane is 1.5 L, and the width of ground 

plane is 0.5 L as shown in Figure 4.21 and the return loss for this design shown in Figure 4.22. 
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Fig 4.21 design 2 for half dipole microstrip antenna 
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Fig 4.22 Return loss for design 2 

But the bandwidth in these results it is narrow so that there is another change made on the partial 

ground as shown in design 3 below. 

Design 3: 
In this design, the ground plane is considered to be half of the substrate. The length and width of 

ground plane is Lg=1.5L and W g=L as shown in Figure 4.23 and the return loss in Figure 4.24 as 

shown below: 
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Fig 4.23 design 3 for half dipole microstrip antenna 

S Parameter

-500

awn
;;;
ij-15.00 

-20 00

Fig 4.24 return loss for design 3 

The best bandwidth and return loss occurred in desgin 3, so that some optimizations was made on 
design 3. After make some optimization to the length and width of arms, and optimization the width 
and length of dielectric, the results for design 3 shown below. 
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Chapter 5 
Antenna Measurement Results 

5.1 Overview 

5.2 Measurement of Square Patch Circular Polarization 
Microstrip Antenna

5.3 Measurement of Half dipole Microstrip Antenna 
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5.j Overview

In this chapter we measured the return loss VSWR d . .
atch and half dipole micostrip a t ' l . an radiation pattern for circularly polarized square p n ennas at .0 GHz . 

We measure VSWR and rerun loss of the square patch and h If d" 1 · · ·. . a 1po e micostip antennas usmg 
Site Master system at al-wataniya mobile company because this system isn't available in our 
university. 

The system was first calibrate for open circuit load, shorts circuit load and matched load 50 ohm 
in order to establish the required reference points for the frequency range required. After that the 
microstrip antenna was connected to the Site Master via an SMA/Nl connector. 

These antennas fabricated by using FR4 substrate with thickness 1.6mm using PCB prototype 
machine. 

5.2 Measurement of Square Patch Circular Polarization Microstrip Antenna 

We measured the radiation pattern ,VSWR and return loss and the measured value as follow: 

VSWR=1.038
Bandwidth of antenna = 24MHz (from1.023 to 1.047GHz) 

These results of measurement as shown on the following figures: 

(a)
(b)

: if the antenna: (a) LHCP - (b) RHCP
Fig.5.1 Radiation pattern O
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Fig.5.2 Radiation pattern for LHCP and RHCP 

We have two antennas A&B as transmitter and receiver so that the result for antenna 

A and B as shown below : 
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Measurement of Half Dipole Microstrip Antenna 5,3 

We measured the radiation pattern and return loss as shown below: 
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Chapter 6 
Conclusion and future work 

6.1 Conclusion

6.2 Challenges

6.3 Future work 
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6.1 Conclusion 

The work presented focused first on designing a circularly polarized microstrip antenna
operating at 1.0 GHz. The thesis presented a new design based on dual feed with X-shaped slots on a
square patch antenna. Two design versions were presented. The first design used dual feed the 
second used dual feed with X-shaped slots. ' 

The design of a circularly polarized is presented, first a dual feed Circular Polarization was 
design and results were analyzed, then the effect of adding two slots at 45 and 135 degrees in shape 
of 'X' was studied. A comparison between the two was also done. It was found that Patch antenna 
with X-slot or X-shape slot and dual feed showed better performance than patch with dual feed in 
terms of axial ratio. Both of these antennas successfully showed circular polarization; which was 
confirmed with help of axial ratio or by noting the behavioral pattern of theta and phi components of 
Electric field. 

The design requires three parametric studies for determining the optimum values for antenna 
axial ratio, the location of the coaxial probe from the patch center, the length and width of slots, and 
the length and width of patch. The slot dimensions affect the circular polarization production. The 
feed location affects the antenna return loss value, but doesn't have much effect on the axial ratio 
value. 

The design of Square patch dual feed (Probe Feed) antenna for circular polarization has been 
completed using HFSS software. The simulation gave results good enough to satisfy our 
requirements to fabricate it on hardware .A square patch circularly polarized microstrip antenna 
design has been proposed and successfully implemented. 

Circularly polarized microstrip patch antennas are widely employed in radar, GPS and mobile 
communication systems. Achieving 3dB axial ratio bandwidth along with the 2: 1 VSWR bandwidth 
is a challenging task for designers. 

Main inferences obtained from the investigation of cross shaped microstrip antenna can be 
summarized as below. 

(i) A cross patch antenna with an embedded X-slot in the center excites compact orthogonal 

resonant modes. 

(ii) Mechanical tuning of the two orthogonal resonant modes can be varied by varying the length 

of the X-slot. 

(iii) The X-slot induces symmetric current distributions for the orthogonal resonant modes and 
can be easily modified to reconfigurable antenna with greater area reduction. 

(iv) A square MSA with a rectangular slot along its diagonal and the feed along its central axis 

produces CP. 

64 



In this study, a printed dipole which k 1 . .work:s at .0 GHz is designed. F di l de
(High Frequency Structure Simulator) software de elo ed by 8€d. For dipole design, HFSSeve ope Y Ansoft Company is used.

The performance of microstrip dipole anteni ith diff
f 

. na WI iferent ground plane has been analyzed at a 
frequency o 1.0 GHz for wideband application Sh f I b . h . · or mg P ate etween the ground plane and dipole 
arm improve t e bandwidth of antenna as well as provide double band B · th' h · I 
we obtain maximum ba d · dth f 2 . . . · Y usmg is s ortmg P ate n WI O 74.4 MHz with minimum return loss of -36 dB. The simulated 
and measured results show that the antenna has perfiect · d. h;. . 1mpe ance mate mg. It is suitable for 
designing antennas for measure gain. 

6.2 Challenges 

Circularly polarized microstrip patch antennas are widely employed in radar, GPS and mobile
communication systems, defense applications, surveillance and countermeasures etc. Achieving 3db
axial ratio bandwidth along with the 2:1 VSWR bandwidth is a challenging task for designers.

Improvement bandwidth of printed dipole microstrip antenna .The bandwidth of the antenna 
depends on the patch shape, resonant frequency, dielectric constant and the thickness of the substrate. 
The bandwidth enhancement of a microstrip antenna has been directed towards improving the 
impedance bandwidth of the antenna element. Impedance bandwidth is usually specified in terms of a 

return loss. 

6.3 Future work 

The main and unique feature of this Microstrip antenna is its simplicity to get higher performance. 
In much application essentially in radar and satellite communication In future this antenna may be 
made reconfigurable in frequency and polarization. Also work could be done in order to improve its 

bandwidth. 

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 .It should also investigate the arrangement of the array elements. 

The design of printed dipole antenna for gain measurement has been completed using HFSS 
software. The simulation gave results good enough to satisfy our requirements to fabricate it on 
hardware which can be used wherever needed. The investigation has been limited mostly to 
theoretical studies and simulations due to lack of fabrication facilities. Detailed experimental studies 
can be taken up before our presentation in this semester to fabricate the antenna. 
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