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ABSTRACT

ANALYSIS AND DESIGN OF DUAL-POLARIZED WIDEBAND PATCH
ANTENNAS ELECTROMAGNETICALLY EXCITED WITH ELEVATED
WIDE STRIPS

Yilmaz, Adil Firat
M.S., Department of Electrical and Electronics Engineering

Supervisor : Assoc. Prof. Dr. Lale Alatan

February 2014, [63] pages

In communication systems like WiMAX, WLAN, 3G, 4G and LTE, design of
wideband and dual polarized antennas are required. It is known that bandwidth
of patch antennas can be broaden by using thick air substrates. The bandwidth
can be further improved by using three dimensional feed strucutures that are
electromagnetically coupled to the patch.

In this thesis, microstrip patch antennas that are excited by elevated wide strips
are studied. First, a linearly polarized antenna is considered and the effects of
antenna and feed parameters on the input impedance characteristics are inves-
tigated through EM simulations. Then a dual polarized antenna is considered
and the effects of antenna parameters on the radiation performance (i.e. isola-
tion) is explored. In the light of these observations, guidelines for the design
of dual polarized wideband patch antennas excited with elevated wide strips
is presented. To demonstrate the usage of these guidelines an antenna, which
operates in a different frequency band, is designed by following the steps of the
proposed design procedure. Finally, the input impedance and radiation pat-
tern measurements of a two element antenna array that was previously designed
as a base station antenna are performed. Simulation and measurement results
are compared and discussed. The EM simulations are performed by a Finite



Element based full-wave analysis software HF'SS by Ansys.

Keywords: Wide-band, Dual Polarized, Stacked patch, Elevated feed
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YUKSELTILMIS GENIS SERITLERLE ELEKTROMANYETIK SEKILDE
UYARILAN CIFT KUTUPLU GENIS BANT YAMA ANTENLERIN
ANALIZI VE TASARIMI

Yilmaz, Adil Firat
Yiiksek Lisans, Elektrik ve Elektronik Miihendisligi Boliimii
Tez Yoneticisi : Dog. Dr. Lale Alatan

Subat 2014 , [63] sayfa

WiMAX, WLAN, 3G, 4G ve LTE gibi haberlesme sistemlerinde genig banth ve
¢ift kutuplu anten tasarimlarina ihtiyag duyulmaktadir. Bant genigligini arttir-
mak icin anten alt tabakasi olarak kalin hava tabakasi kullanildigi bilinmektedir.
Bant genigligi ii¢ boyutlu besleme yapilarinin elektromanyetik olarak yama an-
tene baglagim yaptirilarak daha da arttirilabilmektedir.

Bu tezde, yiikseltilmis genis geritlerle elektromanyetik sekilde uyarilan yama an-
tenler {izerinde calisilmistir. Ik olarak dogrusal kutuplu antenler ele alinmis ve
anten ve besleme parametrelerinin giris 6zdireng karakterisgine olan etkileri EM
benzetimleri ile incelenmigtir. Daha sonra c¢ift kutuplu antenler ele alinmig ve
anten parametrelerinin 1gimim performansina (izolasyon) etkileri aragtirilmigtir.
Bu gozlemlerin 1s181nda, yiikseltilmis genig seritlerle elektromanyetik gekilde uya-
rilan ¢ift kutuplu genis bant yama antenler i¢in tasarim yonergeleri sunulmutur.
Bu yonergelerin kullanimini gostermek amaciyla onerilen tasarim adimlar ile
farkli frekans bandinda ¢aligan bir anten tasarlanmigtir. Son olarak 6énceden baz
istasyonu i¢in tasarlanmis iki elemanl dizi anten i¢in giris 6zdireng ve 1s1mnim
oriintii 6l¢iimleri gerceklestirilmistir. Benzetim ve 6lgiim sonuglart kargilagtiril-
mig ve tartigilmigtir. EM benzetimleri Sonlu Eleman tabanh tam dalga analizi
yapabilen Ansys firmasima ait HF'SS yazilimi ile gergeklegtirilmigtir.

vii



Anahtar Kelimeler: Genis Bant, Cift Kutuplu, Istiflenmis yama, Yiikseltilmis
besleme

viil



to my fiancé and my dear family

X



ACKNOWLEDGEMENTS

First and foremost, I would like to thank my supervisor Assoc. Prof. Dr. Lale
Alatan for her exhaustless support and guidance throughout this period.

I am very grateful to Aselsan Inc. for providing me the opportunity and moti-
vation to pursue my research. Also I would like to thank all to my colleagues for
their contributions. Especially, I would like to thank Furkan Aral TUNC and
Sercan SAKLICA for their help carrying on work like a clock during my master
study.

Finally, I would like to thank my family and my dearest love for their endless
encouragement and support through my whole life.



TABLE OF CONTENTS

ABSTRACT] . . . . ... v
IQ_Zl ....................................... Vil
ACKNOWLEDGEMENTS X
TABLEOF CONTENTS| . . . ... .. ... xi
.............................. Xiv
LISTOFFIGURES . . ... ... ... ... .. XV

LIST OF ABBREVIATIONS xix

CHAPTERS

(2.1 Analysis and Design of a Single Rectangular Patch with |

a oingle Electromagnetically Coupled Feed| . . . . . .. 9

[2.1.1 Parameters and Parametric Analysis of a Single
Rectangular Patch with a Single Electromagnet-
ically Coupled Feed| . . . . . . ... ... ... 17

2.1.1.1 Eftects of Radiating Patch Length |
| (Lpatcn1) Variations| . . . . . . . .. 17

2.1.1.2 Effects of Radiating Patch Width (W utcn1 )
[ Variations . . . . . ... .. ... 18

X1



[2.1.1.3 Effects of Radiating Patch Height (hpatcn1) |

Variationsl . . . . .. ... .. ... 19

[2.1.1.4 Effects of Feed Patch Length(L fecqr) |

Variationsl . . . . .. ... .. ... 20

[2.1.1.5 Effects of Feed Patch Width (Wcedr) |

Variationsl . . . . .. ... .. ... 21

[2.1.1.6 Effects of Feed Patch Height (A eeqr) |

Variationsl . . . . .. ... .. ... 22

[2.1.1.7 Effects of Feed Patch Offset (yor7set) |

Variationsl . . . . .. ... .. ... 23

[2.1.1.8 Fttects of Relative Feed Position Along |

X-axis(Z feeq1) Variations| . . . . . . 24

[2.1.1.9 Fftects of Relative Feed Position Along |

y-axis(yreecq1) Variations . . . . . . 25

[2.2 simulations and Results for a Single Feed Single Patch |
Configuration for a Different Frequency Band| . . . . . . 27
[2.3 DUIMIMATY| « « o v v v v e e e e e e e e 33
TIONS . . o o 35
[3.1 Analysis and Design of a Single Rectangular Patch with |
wo Orthogonal Electromagnetically Coupled Feed| . . . 35
[3.2 Analysis of a dSingle Rectangular Patch with 'Two Orthog-
onal Electromagnetically Coupled Feed and an Isolation
Walll . . . ... 39
[3.2.1 Effects of Isolation Wall Width (W;,,) Variations| 40
[3.2.2 Effects of Diagonal Position Offset (Piso.offset) |
Variations| . . . .. ... ... .. ... ..., 42
[3.3 otacked Antenna Configuration| . . . . . . . .. . .. .. 43

X1l



xiil



LIST OF TABLES

TABLES

Table 2.1 Design Parameters for Single Rectangular Patch with a Single |
Electromagnetically Coupled Feed| . . . . . . . . ... ... ... .. 17
Table 3.1 Design Parameters for Single Rectangular Patch with Two Or- |
| thogonal Electromagnetically Coupled Feeds . . . . . ... ... .. 36
Table 3.2 Design Parameters for Single Rectangular Patch with Two Or- |
39

| thogonal Electromagnetically Coupled Feeds| . . . . . . .. ... ..

Xiv



LIST OF FIGURES

FIGURES

Figure|[l.1 Microstrip Patch Antenna Configurationl . . . . .. .. ... 2
Figure[1.2 L-shaped and T-shaped Probe Feeds [1] . . . . . . . ... .. 4
Figure [1.3 3D Transmission Line Feed Model, Herscovici Design [2] . . . 4
Figure [1.4 Radiation Pattern at 4.7 GHzin 3] . . . . . ... ... ... 5
Figure (1.5 L-shaped Wide Strip [4]|. . . . . ... .. ... ... ... .. 6
Figure [2.1 Structure and Parameters of a Single Rectangular Patch with |
| a vingle Electromagnetically Coupled Feed| . . . . . . . .. ... .. 10
Figure 2.2 Only Feed and Single Rectangular Patch with a Single Elec- |
| tromagnetically Coupled Feed 57; Characteristics] . . . . . . . . .. 10
Figure 2.3 Co-Polarization(Red) and Cross-Polarization(Blue) Radiation |
| Patterns for 1500 MHz and 2300 MHz at ¢=0° . . . . . . . ... .. 13
Figure 2.4 Co-Polarization(Red) and Cross-Polarization(Blue) Radiation |
| Patterns for 1500 MHz and 2300 MHz at ¢=90° . . . . . .. .. .. 14
Figure 2.5 Co-Pol Radiation Patterns for 1500 MHz, 2300 MHz and 2800 |
| MHz at ¢=90° . . . . . . . . . 15
Figure 2.6 Surface Current Representations on Feed and Patch at 1500 |
................................... 15
Figure [2.7 Surtace Current Representations on Feed and Patch at 2240 |
................................... 16
Figure 2.8 Effects of L,q,1 Variations to Return Loss Characteristics of |
| oingle Rectangular Patch with a Single Electromagnetically Coupled |
CTFeedl .. ... . 18

XV



Figure 2.9 Effects of W41 Variations to Return Loss Characteristics ot [
| a vingle Rectangular Patch with a Single Electromagnetically Coupled |

Figure [2.10 Effects of A1 Variations to Return Loss Characteristics of a [
| oingle Rectangular Patch with a Single Electromagnetically Coupled |

Figure [2.11 Effects of L..q1 Variations to Return Loss Characteristics of a |

| oingle Rectangular Patch with a Single Electromagnetically Coupled |

Figure|2.12 Effects of W41 Variations to Return Loss Characteristics of a |

| Single Rectangular Patch with a Single Electromagnetically Coupled [

Figure [2.13 Effects of hf..q1 Variations to Return Loss Characteristics of a |
| oingle Rectangular Patch with a Single Electromagnetically Coupled |

Figure[2.14 Effects of y,f¢se¢ Variations to Return Loss Characteristics of a [
| single Rectangular Patch with a Single Electromagnetically Coupled |

Figure [2.15 Effects of 2 f..q1 Variations to Return Loss Characteristics of a |

| single Rectangular Patch with a Single Electromagnetically Coupled |

Figure [2.16 Effects of y..q1 Variations to Return Loss Characteristics of a [
| oingle Rectangular Patch with a Single Electromagnetically Coupled |

CTFeedl . . . .. o 25
Figure [2.17 Frequency Band and Physical Dimension Transformations - |
I Scaled Viewl . . . . . . .. e 27
Figure 2.18] . . . . . . . 29
Figure [2.19 A Single Rectangular Patch with a Single Electromagnetically |
| Coupled Feed 577 Characteristics for 3 GHz - 5 GHz Design|. . . . . 30
Figure [2.20 After Initial Design Optimization Results w.r.t Weear, Lifeear [
| and L., Modifications|. . . .. ... ... 30
Figure [2.21 After Design Optimization - 3D and Top Views|. . . . . . . . 31

Figure [2.22 Return Loss After Size Limitation Optimization - Smaller |
| Wreeqr - 3D and Top Views|. . . . ... ... ..o 000 32

xXvi



Figure [2.23 Return Loss for Dual Layer Design- 3D View and Sy, 33
Figure [3.1 Structure of Single Rectangular Patch with Two Orthogonal |
[ Electromagnetically Coupled Feed| . . . . . . .. .. ... ... ... 36

Figure|3.2 Max Impedance Bandwidth and Best [solation for Single Rect-

[ angular Patch with Two Orthogonal Electromagnetically Coupled Feeds| 37

Figure [3.3 Effects of Zeeq1 and yyreeqo Variations to 5;; and 59 Charac-

[ teristics of Single Rectangular Patch with Two Orthogonal Electro-

[ magnetically Coupled Feeds| . . . . . . ... ... .. ... .. ... 38
Figure [3.4 Structure of Single Rectangular Patch with Two Orthogonal |
[ Electromagnetically Coupled Feed and an Isolation Wall . . . . . . . 39
Figure 3.5 Max Impedance Bandwidth and The Best Isolation for Single |
| Rectangular Patch with 'T'wo Orthogonal Electromagnetically Cou- |
| pled Feeds and an Isolation Wallf . . . . . ... ... ... ... ... 40
Figure 3.6 Eftects of W,,, Variations to S;; and S;5 Characteristics of |
| Single Rectangular Patch with Two Orthogonal Electromagnetically |
[ Coupled Feeds and an Isolation Wall|. . . . . . ... ... ... ... 41
Figure|3.7 Effects of Ps, 07¢se¢ Variations to S;; and 532 Characteristics of |
| single Rectangular Patch with Two Orthogonal Electromagnetically |
| Coupled Feeds and an Isolation Wall|. . . . . ... ... ... ... . 42
Figure [3.8 3D Views of Dual Polarized Single, Dual and Triple Layered |
| Patch Antenna Configurations| . . . . . . . . . ... ... ... ... 43
Figure 3.9 Effects of Stacks to 5;; and Si5 Characteristics| . . . . . . .. 44
Figure |3.10 Effects of Stacks to Radiation Pattern Characteristics| . . . . 45
Figure 4.1 3D View ot Array Structure] . . . . .. .. ... .. ... .. 47
Figure|d.2 'Two-Element Array Design Parameters of Dual Polarized Stacked |
[ Patch Antenna -1 . . . . . . . ... ... ... ... ... ... 48
Figureid.3 'Two-Element Array Design Parameters of Dual Polarized Stacked |
[ Patch Antenna -2 . . . . . . . . ... ... 49
Figure(d.4 'Two-Element Array Design Parameters of Dual Polarized Stacked |
[ Patch Antenna -3l . . . . . ... ... oo 49



Figure[d.5 5q; and 515 Comparison of Measurement and Simulation Data
| for Dual Polarized Electromagnetically Excited Stacked Patch "I'wo-

| Element Array | . . . . . ..o 50
Figure 4.6 Measurement Setup for Dual Polarized Electromagnetically

| kxcited Stacked Patch Two-Element Array |. . . . . .. ... .. .. 51
Figure 4.7 Two-Element Array Structure with Probe Projections|. . . . 52

Figure 4.8 Eip at ¢=0° and 90° for 1700 MHz, 2000 MHz and 2170 MHz 53

Figure 4.9 L4, Ep and E;pq when array is excited from Port 1 at ¢—45° |
| and 135° for 2000 MHZ . . . . . . . . . .. ... 54

| and 135° for 2000 MHz . . . . ... oo 55

XViil



LIST OF ABBREVIATIONS

€ Relative Permittivity

FDTD Finite Difference Time Domain

FEM  Finite Element Method

GHz Giga Hertz

GPS Global Positioning System

HFSS  High Frequency Structural Simulator

A Wavelength

MHz Mega Hertz

MoM  Method of Moments

UMTS Universal Mobile Telecommunications System
WiMAX Worldwide Interoperability for Microwave Access
WLAN Wireless Local Area Network

XX



XX



CHAPTER 1

INTRODUCTION

Due to the rapid development in the field of satellite and wireless communi-
cation there has been a great demand for low cost, light weight, compact, low
profile antennas that are capable of maintaining high performance over a large
spectrum of frequencies. Many of the antenna applications for satellite links,
mobile communications, and wireless local-area networks, impose constraints on
compactness, dual frequency operation, frequency agility, polarization control,
and radiation control. Compact microstrip antennas capable of dual polarized
radiation are very suitable for applications in wireless communication systems
that demand frequency reuse and polarization diversity[5]. As shown in Fig. [L.1]
a microstrip antenna in its simplest configuration consists of a radiating patch
on one side of a dielectric substrate and a ground plane on the other side. The
patch conductors normally made of copper or gold, can assume virtually any
shape, but regular shapes, such as rectangles and circles, are generally used to
easily predict the performance of the antenna by using simple analytical meth-
ods. In literature, there are numerous type of substrates (2.2 < ¢, < 12) that

can be used to design microstrip antennas.

Early microstrip antennas were fed either by a microstrip line or a coaxial probe
through the ground plane. There are lots of ways that can be used to feed
microstrip patch antennas. These methods can be classified into two categories,
contacting and non-contacting. In the contacting method, the RF power is fed
directly to the radiating patch using a connecting element such as a microstrip

line or a coaxial probe. In contacting microstrip line feeding, both the patch
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) / Ground Plane
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Figure 1.1: Microstrip Patch Antenna Configuration

and the line are located on the same substrate. In coaxial probe feed, the
inner conductor of the coaxial line is attached to the radiating patch while the
outer conductor is connected to the ground plane. Both the microstrip line feed
and the coaxial probe feed have inherent asymmetries which generate higher
order modes that produce cross-polarized radiation. To overcome some of these
problems, non-contacting feeding schemes are introduced. In the non-contacting
scheme, electromagnetic field coupling is used to transfer power between the
microstrip line and the radiating patch, which are printed on different dielectric
substrates. The most popular ones are the aperture coupled (or slot coupled),
and proximity coupled (or electromagnetically coupled) patches. The aperture
coupling consists of two substrates separated by a ground plane. On the bottom
side of the lower substrate there is a microstrip feed line whose energy is coupled

to the patch through a slot on the ground plane between the two substrates.

A rectangular or circular patch antenna with a single feed provides linear polar-
ization or circular polarization through some perturbations in the shape of the

antenna. Dual polarization can be achieved by two orthogonal feeds.

Microstrip patch antennas are preferred when the issues like ease of manufac-
turing, low cost, ease of integration and ease of forming arrays are considered.
On the other hand, when evaluating the use of microstrip patch antennas, one
should be aware of their disadvantages like impedance bandwidth limitations,

excitation of surface waves and radiation performance limits.



Narrow impedance bandwidth is one of the most problematic issue for microstrip
patch antennas. In order to increase impedance bandwidth, thicker substrates
with low dielectric constant should be used to enhance the fringing fields that
account for radiation. A microstrip structure with the line and the patch on
the same level cannot be optimized simultaneously as an antenna or as a trans-
mission line because the specific requirements for both are contradictory. A low
dielectric constant is needed for the efficient radiation from the patch. How-
ever, it will result in spurious radiation from line and step discontinuities. To
reduce the radiation from the microstrip line if we use high dielectric constant
substrate, it will degrade the radiation efficiency of the patch and increase the
surface wave loss. Therefore, non-contacting feeding structures which allow in-
dependent optimization of the feed mechanism and the radiating element should
be preferred in the design of microstrip antennas. Typically, a dielectric mate-
rial with high permittivity is used for the feed substrate, and thick low dielectric
constant material for the antenna substrate. In slot-coupled microstrip antennas
the bandwidth can be further increased by tuning additional resonance intro-
duced by the slot close to the resonance of the patch. By using slot-coupled
feeding technique bandwidths on the order of %30-35 can be achieved for sin-
gle polarization [0] [7]. However, as the thickness of the antenna substrate is
increased to increase the bandwidth, the length of the slot becomes larger to
achieve proper coupling. Depending on the required bandwidth, the design of
the dual polarized antennas may become impossible due to difficulties associated
with positioning two orthogonal long slots. To eliminate this problem, the use
of slot shapes other than rectangular is proposed. In [§] dual polarized anten-
nas with %20 bandwidth are designed by using H-shaped slots. When larger
bandwidths are required, low isolation between orthogonal ports starts to be a
problem. Hence other feeding techniques should be explored for the design of

dual polarized wide band antennas.

When bandwidths as large as %40-50 are required conventional proximity cou-
pled feeding structures are not suitable candidates either. Because, as the thick-
ness of the antenna substrates increases the coupling between the microstrip line

and the patch becomes weaker, and the antenna cannot be excited efficiently.



Consequently, coaxial probe feeding is left as sole alternatives. However, for
this choice, the input impedance matching becomes problematic due to the high
inductance introduced by the long probe required for the thick substrate. Hence
some modifications in the shape of the feed probe is proposed to decrease this
inductive effect. One of these modifications is bending the probe in L-shape
or T-shape as shown in Fig. [I.2] to compensate the high inductance of the
long probe with the capacitance associated with the electromagnetic coupling
between the probe and the antenna. A dual polarized antenna with L-shaped

probe feed is proposed in [9] and %23.8 bandwidth is achieved.

ground
Y /plane \ y
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(a) top view (b) side view

Figure 1.2: L-shaped and T-shaped Probe Feeds [I]

Another alternative for modifying the shape of the probe feed was proposed
by Herscovici [3]. He demonstrated that %64 bandwidth (2.2 GHz - 4.3 GHz,
almost octave bandwidth) can be obtained by using wide metallic strips instead

of a thin inner conductor of the probe as shown in FiglT.3|

Supporting post —__ _,,;:

T ———

c::"7/m%
GND-

Figure 1.3: 3D Transmission Line Feed Model, Herscovici Design [2]
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However, another problem arises when the bandwidth of the antenna starts
to approach octave band. When the cavity model is considered the dominant
mode of the antenna is TM;y; mode, which results in broadside radiation. As
the frequency approaches to twice the operating frequency of this mode TMy
mode starts to be excited which results in a null in near broadside direction,
Fig[l.4L Hence, even though a large impedance bandwidth is obtained, the
antenna cannot be considered wide band due to this deficiency in radiation

characteristics.

180

Figure 1.4: Radiation Pattern at 4.7 GHz in [3]

Recently, a different feeding structure is proposed by Hizal [4], that combines the
advantages of two aforementioned feeding techniques. As shown in Fig[I.5] the
proposed feeding structure is an L-shaped wide strip. The L-shaped electromag-
netically coupled feed proposed in [I] is combined with the wide strip proposed
in [3], and consequently wide strip L-shaped feeding structure is formed. The
main advantage of this feeding structure is the radiation due to the feed struc-
ture. As it will be demonstrated in the following chapters, the radiation from

the feed eliminates the null at the near broadside direction occurring for TMyg



mode.

Patch
antenna

Feed
element

Transition

Microstrip Parasitc = FR4  Ground
line element substrate plane

Figure 1.5: L-shaped Wide Strip [4]

In this study, with the contributions of all information given previously, analysis
and design of a dual-polarized wideband patch antenna which is electromagnet-
ically excited with elevated wide strips are presented. The effects of antenna
parameters on the input impedance and radiation performance of the antenna
is studied through parametric analysis. During the analysis of dual polarized
antennas the cross-polarization of the orthogonal ports is also considered as a
performance measure. Besides, an explanatory guideline is also introduced in
order to guide antenna engineers during the design of similar antennas. Addi-
tionally, previously designed and manufactured two-element array consisting of
dual polarized stacked patch antennas is simulated and measured. Comparison
of simulation and measurement results are presented and discussed. Antenna
characteristics like impedance bandwidth, return loss and port isolation are all

analyzed with a finite element based EM simulation tool HFSS by ANSYS.

Chapter [2| provides simulation results and discussions for parametric analysis
are also presented. A design procedure for wideband patch antennas proximity
coupled with elevated wide strips is introduced. An application of the introduced
design guidelines is provided through a design example at a different frequency

band.

Chapter [3| includes simulation results of the dual polarized structure and cor-

responding comments on newly introduced port and isolation issues due to the

6



second port.

Chapter [4] compares simulation and measurement results of a two element array
of proximity coupled dual polarized stacked patch antennas. The effects of
stacked patches on the input impedance bandwidth and isolation of the antenna

are discussed.

Chapter |5 summarizes all the important observations and results from previous

chapters.






CHAPTER 2

SIMULATIONS AND RESULTS FOR SINGLE FEED
SINGLE PATCH CONFIGURATION

In this chapter, we provide an example in order to demonstrate the ability of
designing wideband electromagnetically coupled patch antenna. In order to show
the effects of parameters used during the design procedure, a single patch with
a single elevated electromagnetically coupled feed configuration is studied. All

the analysis is done in ANSYS HFSS simulation software.

In the first part, the characteristics of an elevated wide strip and maximum
impedance bandwidth with this feed and single patch antenna are introduced.
Then the effects of parameters on a single patch antenna electromagnetically
excited with an elevated wide strip are observed. In this configuration, guidelines

for single patch design are introduced.

In the second part, an example of a demonstration of guidelines that are given in
the following sections is presented by transforming the design from 1.5 GHz - 2.5
GHz band to 3 GHz - 5 GHz band. The steps used during this transformation

is explained and corresponding results are presented and discussed.

2.1 Analysis and Design of a Single Rectangular Patch with a Single
Electromagnetically Coupled Feed

In this section, parametric analysis of a single rectangular patch antenna with

a single electromagnetically coupled feed is given. Structure and parameters of

9



the antenna are shown in Fig. 2.1} To be noted that, in order to provide a good
visibility of the antenna structure, the ground plane and the dielectric substrate

is removed.

W atchl

l-Jp'atchl

Lfee(ll/,,

hfeedl

Xfeedl, Yfeedl

Figure 2.1: Structure and Parameters of a Single Rectangular Patch with a

Single Electromagnetically Coupled Feed

To estimate the initial dimensions for the patch antenna cavity model is utilized.

Only Feed and Single Feed Single Patch Max Bandwidth Results Comparison
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%5 =151
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o]
2
-§_207 -+-Only Feed
s —Antenna
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Frequency(MHz)

Figure 2.2: Only Feed and Single Rectangular Patch with a Single Electromag-
netically Coupled Feed S7; Characteristics

The antenna proposed in [4] is optimized through a couple of HFSS analysis to
obtain the best possible input impedance bandwidth. The input return loss of
the optimized antenna is shown in Fig[2.2)(solid blue line). The antenna provides
a %54 bandwidth between 1.468 GHz and 2.558 GHz. The corresponding design
parameters which maximize the impedance bandwidth are given in Table [2.1]
Then to better understand the radiation mechanism and the double resonance
behavior of this wideband antenna the feed structure is analyzed without the

patch antenna and the results are also presented in Fig[2.2 (dashed red line) for

10



comparison. From Figf2.2)it can be observed that the resonance around 2.3 GHz
is due to the feed structure. In order to explore whether the resonance around
1.6 GHz belongs to the patch or not, the cavity model is utilized to estimate
the resonance frequency of the patch only. In this model the microstrip antenna
is modeled as a cavity bounded by electric walls at top and the bottom, and
magnetic walls at side peripheries. In this analytical model it is assumed that the
antenna substrate is very thin with respect to wavelength, such that the electric
field does not change along z-direction. With this assumption the boundary
value problem is solved and the resonance frequency of a cavity mode is given

as [10]:

1 \/ mr > nr \?
(f?")mn - 271—\//E <Lpatch) * <Wpatch> (21>

When the feed is located at the center of the edge along x-direction as shown in

Fig., the resonance frequency of the fundamental mode (TM;y) becomes

=g | ()
e 2m e Lpatch (22)
C
_2Lpatch\/a

where ¢ is the speed of light in free space, €, is the dielectric constant of the
substrate. Even though the peripheral of the patch is assumed to be PMC,
in practice, fringing fields occur. Therefore, the length of the patch needs to
be extended by AL to account for these fringing fields. Moreover, since the
dielectric medium does not extend above the patch, effective dielectric constant
(€refp) of the geometry should be used instead of €,. Hence Eq takes the

following form with the above corrections.

C

(f7”>10 - 2(LpaLtch + 2ALpatch)\/€reff

AL and €,.¢s can be calculated by using the following formulas[10].
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W(ZC
(érefs +0.3) ( pateh | O.264>

ALpanfch — 0.412 hpatch (2 4)
h ' w ‘
patch (éresr — 0.258) (7 + 0.8)
Wpatch > 1
hfpatch (2 5)
€ + 1 + €r — 1 1+12 hpatch e .
Ereff = —_—
1 2 2 Wpatch

For this optimized design Lygic,=57mm, hyeen—=21.4mm, since the antenna uses
air substrate €,.;y—1. Hence by using Eq the resonance frequency of the
patch calculated to be 1.5 GHz. Consequently, the resonant frequencies around
1.6 GHz and 3.3 GHz are considered to be associated with the radiating patch

and elevated feed respectively.

In addition to impedance bandwidth analysis, co-polarization and cross-polarization
characteristics of the optimum design are presented in Fig. and [2.4] for two
principal planes, $=0° and ¢$=90° respectively.

If we compare the patterns at Fig. and [2.3p, it can be observed that as
frequency changes from 1500 MHz to 2300 MHz, the cross-polarized field levels
increase. This observation supports the claim that the resonance around 2.3
GHz is due to the feed structure. Because the feed structure may be considered
as a top-loaded monopole and the far field of this monopole is expected to exhibit
a similar characteristic as the blue lines Fig. [2.3] Hence, the contribution of
the cross-polarized field increases as we approach to the resonance frequency
of the feed. At ¢=90° plane, due to the huge difference between co-pol/cross-
pol levels and the range of the graphs in Fig are also very large (70 dB).
In order to make a better comparison of the co-polarized field patterns at two
different frequencies, they are presented on the same graph(Fig)2.5)) with smaller
scale (30 dB) to observe small changes. According to Fig. it is observed
that a null like drop (-17 dB) occurs at 40°.This is probably due to the out-
of-phase cancellation of the radiated fields from the patch and feed structure.

In order to investigate whether a null occurs at the near broadside direction

12



Co-Pol/Cross-Pol Radiation Patterns Single_Layer_ProximityCoupled ...
0 Curve Info

Freq 1?(—5”2 Phi='0Odeg’
Fr dB(rE’o’&Hz Phi= 'Odeq

m1 -10.0000 4.4669
m2 -10.0000-15.4242

-180
(a) Co-Pol/Cross-Pol for 1500 MHz at ¢=0°
Co-Pol/Cross-Pol Radiation Patterns Single_Layer_ProximityCoupled ,4..
0 Curve Info

Freq (£E3C£Hz Phi='0deg’
Fr dB(ﬁEB-@Hz Phi='0Odegd’

Name Ang Mag
m1 -10.0000/4.0505
m2 -10.0000]-7.5625

-180
(b) Co-Pol/Cross-Pol for 2300 MHz at ¢=0°

Figure 2.3: Co-Polarization(Red) and Cross-Polarization(Blue) Radiation Pat-
terns for 1500 MHz and 2300 MHz at ¢=0°

for higher frequencies, the radiation pattern in this plane is calculated for 2.8
GHz and plotted on the same graph. It can be observed that, even at 2.8 GHz,
which is almost twice the starting frequency of the band, a null problem close
to broadside direction does not occur. This may be due to the fields radiated by

the feeding structure. Hence, even though the radiation from the feed structure
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0 Curve Info
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m1 -10.0000 4.7641
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(a) Co-Pol/Cross-Pol for 1500 MHz at ¢=90°
Co-Pol/Cross-Pol Radiation Patterns Single_Layer_ProximityCoupled _4..
0 Curve Info

Freq (5E3C-mz Phi='90deg’
Fr qu(ﬁEGé-]Hz Phi= '90deq

-20. Name
-60 mi° -10.0000 4.5071
m2 -10.0000/-64.1303

-120 120

(b) Co-Pol/Cross-Pol for 2300 MHz at ¢=90°

Figure 2.4: Co-Polarization(Red) and Cross-Polarization(Blue) Radiation Pat-
terns for 1500 MHz and 2300 MHz at ¢=90°

deteriorates the radiation performance at ¢=0° plane by increasing the cross-

polarization level, it improves the performance at ¢p=90° plane.

In addition to impedance bandwidth and radiation pattern analysis, surface
currents for elevated strip and radiating patch are also analyzed. The current

distributions at 1500 MHz and 2240 MHz are shown in Figl2.7] and Fig[2.6]
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Figure 2.5: Co-Pol Radiation Patterns for 1500 MHz, 2300 MHz and 2800 MHz
at »=90°

respectively.
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Figure 2.6: Surface Current Representations on Feed and Patch at 1500 MHz

As it can be seen from Fig[2.7 and [2.6], current flow is in the direction of feed and
patch length respectively. However, at 2240 MHz, a current flow in the opposite
direction on the back extension of the feed is observed. This is simply because

of the T-Shaped structure of the feed patch and transition. The current coming
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from the vertical strip of the feed distributes both to the left and to the right
of the feed patch at the junction. As expected, distribution of Jg,s is higher
on radiating patch than the distribution of J,, s on feed at 1500 MHz, which is
the resonant frequency of the radiating patch. Oppositely, distribution of Jg,, ¢
is higher on feed than the distribution of J,,, s on radiating patch at 2240 MHz,
which is the resonant frequency of the feed. Besides, due to the radiation from
feed structure, there occurs diffraction from the edge of the radiating patch,

which yields surface current on the feed side edge of the patch, as shown in [2.7.

JsurflA_per_n] JIsurflA_per_n]

ﬁ \ =
(a) Jsurf, feed, Magnitude (b) Jsurf,feea, Vector
!
\ T
¥
(¢) Jsurs,pateh, Magnitude (d) Jsurs,paten, Vector

Figure 2.7: Surface Current Representations on Feed and Patch at 2240 MHz

Ideally microstrip patch antennas are polarized along the feed direction, which
means surface currents are along feed direction. In our case it is in y-direction
and because of that the structure is called y-polarized. However, due to the
diffraction from the feed side edge, there occurs surface currents along the
x-direction, which can be counted as one of the primary source of the cross-
polarization. Hence the current distribution results also support the discussions

about the radiation patterns.
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2.1.1 Parameters and Parametric Analysis of a Single Rectangular

Patch with a Single Electromagnetically Coupled Feed

The parameters used to analyze the given antenna, Fig. 2.1} are shown in Ta-
ble 2.1} These parameters have an effect on the resonant frequency of feed and
radiating patches, bandwidth and feed’s electromagnetic coupling level. Para-
metric analysis is done by varying only one of the parameters within the range
defined in Table [2.1fs Range column. To be noted that, unless otherwise stated,
optimum values are indicated with "0 mm" value of corresponding variables in

legends.

Table2.1: Design Parameters for Single Rectangular Patch with a Single Elec-
tromagnetically Coupled Feed

Parameters Description Range Nominal Value
Lpaten Length of the Patch 1 [63mm, 61mm]| 5Tmm
Woatent Width of the Patch 1 [63mm, 61mm]| 5Tmm
hpatent Height of the Patch 1 [19mm, 25mm| 21.4mm
Licear Length of the Feed 1 [12mm, 16mm| 14mm
Wteean Width of the Feed 1 [18.5mm, 24.5mm] 21mm
hfeed Height of the Feed 1 [14mm, 18mm] 16mm

Offset intersection of feed patch
Yof fset and elevation patch [Omum, 14mm] dmm
Position relative to patch in
T feedl direction [-15mm, 15mm]| Omm
Yreed: Position relative to patch in [-4mm, 10mum] Amm,

y-direction

2.1.1.1 Effects of Radiating Patch Length (L,..1) Variations

As shown in Fig, maximum impedance bandwidth is achieved when Lyqtcn1 =
57mm and the other design parameters stated in Table[2.1|are at nominal values.
However, in order to understand the effects of patch length to input return loss,

+4mm variation is applied. The corresponding results are shown in Fig[2.8]

As previously mentioned, in single elevated feed with a single patch design, there
exists two resonant frequencies. One of them is radiating patch related (left most

of the Fig. [2.8), the other is elevated feed patch related (right most of the Fig.
7%)

According to the Fig. there exists frequency shift to the left, i.e. as Lygscn1 in-
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Figure 2.8: Effects of Lpun1 Variations to Return Loss Characteristics of Single

Rectangular Patch with a Single Electromagnetically Coupled Feed

creases, the resonant frequency of the radiating patch decreases. This frequency

shift can easily be determined from Eq. 2.1 and Eq. 2.2}

Besides, Ljyqcn1 variations not only affect the radiating patch resonance, but
also it shifts the resonant frequency of the feed to the left. Practically, if the
feeding mechanism is something like a coaxial probe fed or edge fed type, the
right most resonant frequency is not expected to be there. However, because
of the proximity coupled feeding technique that is used in this study, as Lpaicn1
increases, coupling between feed patch and radiating patch changes. And this
yields a slight frequency shift to the left like radiating patch resonant frequency

does.

In addition to these, as Ljqcn1 increases, matching levels within the frequency
band changes as well. As indicated in Fig. 2.8 while return loss characteristics
around 1600 MHz is getting better with increasing Lypgtcn1, it is getting worse
around 2300 MHz. While trying to tune the antenna by adjusting Lpsscn1 this
behavior should be kept in mind.

2.1.1.2 Effects of Radiating Patch Width (W,.,1) Variations

As shown in Fig maximum impedance bandwidth is achieved when Wp,icn1

= 57 mm and the other design parameters stated in Table [2.1] are at nominal
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values. However, in order to understand the effects of patch width to input
return loss, =4mm variation is applied. The corresponding results are shown in

Fig.9

It is well known that patch width variations do not affect the radiating patch
resonant frequency. This fact can be observed from Figf2.9) as well. The reso-
nance around 1.6 GHz remains almost unchanged with respect to the variations
in Wpaicn1. However, due to the coupling effect between feed structure and the
radiating patch, Wp,n1 has an impact on return loss characteristics around
2300 MHz. As Wucn1 increases, resonance around 2300 MHz slightly shifts left
resulting in a slight decrease in overall impedance bandwidth. Consequently, it
may be concluded that W a1 is not an important parameter that affects the
characteristics of the antenna. Therefore, it can be simply chosen to be equal

to Lpaten1 for a dual polarization operation.

S11 vs. Frequency Single_Layer_ProximityCoupled
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Figure 2.9: Effects of Wpaen1 Variations to Return Loss Characteristics of a
Single Rectangular Patch with a Single Electromagnetically Coupled Feed

2.1.1.3 Effects of Radiating Patch Height (h,u.n1) Variations

As shown in Fig2.2, maximum impedance bandwidth is achieved when hpascn1
= 21.4 mm and the other design parameters stated in Table are at nominal

values. However, in order to understand the effects of the height of the patch
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from ground to input return loss, £3mm variation is applied. The corresponding

results are shown in Fig2.10]

S11 vs. Frequency Single_Layer_ProximityCoupled 4
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Figure 2.10: Effects of hpeeni Variations to Return Loss Characteristics of a

Single Rectangular Patch with a Single Electromagnetically Coupled Feed

If we look at Fig. @, there exists two major effects caused by hyan1 variation.
The very first one is the matching level around the resonant frequency of the
feeding structure (2300 MHz). As the height of the patch increases the matching
level gets worse. Moreover, the behavior around the resonance frequency of the
patch (1600 MHz) implies that the height of the patch changes the coupling
level between the patch and the feed. Closely positioned patch results in over
coupling and distant patch gives rise to under coupling. Therefore, the optimum

height should be chosen accordingly.

2.1.1.4 Effects of Feed Patch Length(L..4) Variations

As shown in Fig., maximum impedance bandwidth is achieved when L4
= 14 mm and the other design parameters stated in Table 2.1] are at nominal
values. However, in order to understand the effects of feed patch length on the

input return loss, +2mm variation is applied. The corresponding results are

shown in Figl2.T1]
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Figure 2.11: Effects of L. Variations to Return Loss Characteristics of a
Single Rectangular Patch with a Single Electromagnetically Coupled Feed

As expected, if the length of the feed increases, the corresponding resonant
frequency around 2300 MHz decreases. Due to the coupling, this variation also
moves the radiating patch resonant frequency to the lower frequencies. Besides,
the length of the feed also affects the coupling level resulting in a variation in

the return loss level of the first resonance.

2.1.1.5 Effects of Feed Patch Width (W} ) Variations

As shown in Fig maximum impedance bandwidth is achieved when W ..
= 21 mm and the other design parameters stated in Table are at nominal
values. However, in order to understand the effects of feed patch width to input
return loss, =£3mm variation is applied. The corresponding results are shown in

FigP.12

As we increase Wyeeq1, the resonance of the feed shifts slightly to lower frequen-
cies and matching level at the resonance of the patch changes due to the change

in the coupling level.
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Figure 2.12: Effects of Wy..q1 Variations to Return Loss Characteristics of a
Single Rectangular Patch with a Single Electromagnetically Coupled Feed

2.1.1.6 Effects of Feed Patch Height (hf..q1) Variations

As shown in Fig maximum impedance bandwidth is achieved when hy..q
= 16 mm and the other design parameters stated in Table 2.1] are at nominal
values. However, in order to understand the effects of patch height to input
return loss, £2mm variation is applied. The corresponding results are shown in
Fig.13|
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Figure 2.13: Effects of hyeq1 Variations to Return Loss Characteristics of a
Single Rectangular Patch with a Single Electromagnetically Coupled Feed

It is observed from Fig. that, there exist two major effects caused by hyecqn

variation. The very first one is the change in matching level of the resonance at
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the feeding structure. There isn’t a directly or inversely proportional variation
with the change in the height of the feed. The matching level gets worse for
very small height values because the tapered transition from the feed line to the
feed patch becomes very abrupt. Similarly, the matching level also gets worse
for very high thickness values due to the increase in the capacitive coupling as
the feed patch gets close to the radiating patch. Therefore, the height should
be optimized for the best matching. The second major effect is seen as a fre-
quency shift on radiating patch resonant frequency. As hyc.qi increases, there
is a frequency shift to the left, which is the opposite of radiating patch height
effect on radiating patch resonant frequency, as in Fig[2.10] This shift in the
resonance frequency is due to the change in the coupling level between the patch
and the feed. The change in the coupling level also effects the matching level at

the resonance of the patch.

2.1.1.7 Effects of Feed Patch Offset (y,frs:) Variations

As shown in Fig., maximum impedance bandwidth is achieved when y,f e =
4 mm and the other design parameters stated in Table are at nominal values.
However, in order to understand the effects of feed patch offset to input return
loss, [0m, 14mm| variation is applied. The corresponding results are shown in

FigP.14

As y,r7set increases, two resonance frequencies get closer to each other resulting
in an improvement in the matching level for the frequencies between these two
resonant frequencies. Therefore, this parameter can be optimized if the return
loss is observed to be above -10 dB for the frequencies between these two resonant
frequencies. It should be noted that the bandwidth becomes narrower as the

two resonance frequencies get closer.
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Figure 2.14: Effects of y,fts¢ Variations to Return Loss Characteristics of a
Single Rectangular Patch with a Single Electromagnetically Coupled Feed

2.1.1.8 Effects of Relative Feed Position Along x-axis(zf.q1) Varia-

tions

As shown in Fig2.2] maximum impedance bandwidth is achieved when Xjcea1
= 0 mm and the other design parameters stated in Table are at nominal
values. However, in order to understand the effects of feed position along x-axis

to input return loss, £15mm variation is applied. The corresponding results are

shown in Figf2.15]

According to the simulation results shown in Fig. [2.15] as the distance from the
center of the edge (|7 fecq1|) increases, the resonant frequency around 2300 MHz
is not affected, but the return loss level decreases, which means there occurs
mismatch. Besides, as (| feeq1|) increases, the feed comes close to the corners of
the radiating patch. Because of this physical state, coupling between feed and
radiating patch decreases. This situation yields a tiny effect on the resonant
frequency of the radiating patch. From Fig. [2.15] as it is expected the response
of the position variation along the patch width direction is symmetric relative to

the center of the edge, so only 4 different plots are observed due to the symmetry.

24



S11 vs. Frequency Single_Layer_ProximityCoupled 4

0.00

-12.50

£10:0000

S11 [dB]

[ CurveInfo  Min. Freq(-10) Max. Freq.(-10) :
— xp="15mm’ 1.4371 216526 =
Al— xp="-10mm’ 1.4512 2.6286

— xp="-5mm' 1.4633 25774

—|— xp='"0Omm’ 1.4680 2.5580

— xp="Smm’ 1.4636 2.5787

Al— xp="10mm’ 1.4507 26272

3750 — xp="15mm’ 1.4363 2.6489
1.00 1.25 1.50 1.75 2.00 225 2.50 2.75 3.00

Freq [GHZz]

Figure 2.15: Effects of xe.q1 Variations to Return Loss Characteristics of a
Single Rectangular Patch with a Single Electromagnetically Coupled Feed

2.1.1.9 Effects of Relative Feed Position Along y-axis(yse.q1) Varia-

tions

As shown in Fig[2.2] maximum impedance bandwidth is achieved when y fecq1 =
4 mm and the other design parameters stated in Table [2.1] are at nominal values.
However, in order to understand the effects of feed position along y-axis to input

return loss, [-4mm, 10mm)| variation is applied. The corresponding results are

shown in Fig
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Figure 2.16: Effects of yfeeq1 Variations to Return Loss Characteristics of a
Single Rectangular Patch with a Single Electromagnetically Coupled Feed
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When yfeeq1 = -4mm, almost all of the feeding structure is out of extend of
the patch. Therefore, the antenna is excited very weakly. On the other hand,
the edge of the feeding patch coincides with the edge of the patch (i.e. feed
is completely under the patch) when yfeeq1 = 8mm. AS yjfeq1 increases the
capacitive coupling between the patch and the feed structure changes and this
affects the matching level at the resonance frequency of the feeding structure.
Similarly, both the resonance frequency and the matching level of the patch also

changes due to the variations in the coupling.

In the light of the observations made during the parametric analysis, a step-by-
step guideline in order to start a similar design for a desired frequency band |fr,
fr] is proposed. According to the analysis done in previous sections(in our case

frpaten=1500 MHz and f; f..q=2300 MHz), following steps could be helpful for

antenna engineers:

1. Specity €, frpaten (in MH2z), hparen (in cm) and hyeeq (in cm)

e,=1 (due to air substrate),

i fr,patch: 1-1*fL7 f'r,feed = Og*fH,
)\feed
10 -

A
., “\patch ~
e Choose hpgten = ————, hfeea =

10

2. Determine the effective relative permittivity(e,.ss) using Eq.

3. Determine the length of the patch using Eq2.3]

)\patch

[ ] Lpatch + QAL — 2

4. Choose AL = hpaten,

5. Determine the length of the feed by assuming that the feed is monopole
A
f length —.
of length -

e The total length of the feed assumed to be Lfceq 4 R peca 50;

)\feed
4

- Lfeed + h'feed —

6. Choose Wyatch as Lpgier, in order to use this patch configuration for the

dual polarized structure.
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7. Initially calculate Wyc.q from the following ratio: %, which is determined

from optimized structure dimensions in previous sections.

By the help of this step-by-step guide, the initial design parameters can easily

be determined.

2.2 Simulations and Results for a Single Feed Single Patch Configu-

ration for a Different Frequency Band

In order to show the results for application of guidelines between 3000 MHz -
5000 MHz frequency band, a single patch with a single elevated electromagnet-

ically coupled feed configuration is designed and analyzed.

Design transformation of a single patch with a single elevated electromagneti-
cally coupled feed configuration from 1.5 GHz - 2.5 GHz band to 3 GHz - 5 GHz
band is performed. The steps used during this transformation is explained and

corresponding results are presented and discussed.

According to the guideline and with some basic formulas, new design parameters

for the new frequency band is obtained.

Operating Frequency Operating Frequency
1.5 GHz-2.5 GHz 3 GHz -5 GHz

’ i ‘ ;«-

Figure 2.17: Frequency Band and Physical Dimension Transformations - Scaled

View

As shown in Fig. due to the operating frequency change to a higher fre-
quency band, physical dimensions of the structure gets smaller. For the new

frequency band, as the frequency is doubled compared to the previous design,
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corresponding electrical length is halved. However, this scaling is used to de-
termine the initial values of the parameters that are not discussed in proposed

design guidelines.

A= (2.6)

°
f

According to the guideline presented in Section 2.1} following steps are followed:

1. Specity €., fr(in MHz), fg(in MHz)

L 67":17
e Set f, — 3000 MHz and f5—5000 MHz

— frpaten = L.1*fr = 3300 MHz,
— frjeea = 0.9% fg = 4500 MHz

)\ alcC )\ ee
e Choose hpgicn, = pl—oth, Nfeea = chOd'

- hpatch: 0.9cm (Qmm), hfeed: 0.66cm (66mm)

2. Determine the effective relative permittivity(e,.ss) using Eq.
e Due to air filled substrate €,.¢r=1

3. Determine length of the patch using Eq2.3]

/\feed

L Lpatch + 2ALpzztch -

— Lpatch + QALpatCh:45-45 mim
4. Choose ALpater, = hpater, = 0.9cm (9mm)

5. Determine length of the feed by

>\feed
4

- Lfeed + hfeed = 16.16mm

L Lfeed + hfeed —

6. Find Lpaten, and Leeq

o Initial L4 can be chosen as 27 mm from Step 3

e Initial L. can be chosen as 10 mm from Step 5
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10.

Choose Wpyaten, as Lpgeer, in order to use this patch configuration for the

dual polarized structure.

. Initially calculate Wye.q from the following ratio: Lieed therefore we know

ered ’

Lfeednew from Step 4 and initial value can be found from % = %,%L": as 15

min.

As we know Lygten, from Step 6, yofse¢ value can also be calculated from the

ratio 10’ which is determined from optimized design in previous sections.

4
e From — — Yof fset

0= 102 yoffset7 Yoffset can be calculated as 2.85 mm.
The distance between the intersection of transition and feed structure and
projection of the radiating patch’s edge to feed, as shown in Fig[2.18] can
be found from the ratio of resonance frequencies of patch: the distance is

inversely proportion with the ratio of resonance frequencies.

§ 5 10 (mm)

Figure 2.18

1.5GH
° 3.3GH2 = lr:m’ where 1 mm is the optimized distance for 1.5 GHz.

e The distance can be found as 0.45 mm

The parameters determined from above steps are used to obtain initial design

for a single patch single feed configuration operating between 3 GHz - 5 GHz

frequency band. The corresponding simulation results for new design can be

seen from Fig. 2.I90 It can be easily examined that there are two resonant
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Figure 2.19: A Single Rectangular Patch with a Single Electromagnetically Cou-
pled Feed S;; Characteristics for 3 GHz - 5 GHz Design

frequencies as previous design, which are around 3.4 GHz and 4.7 GHz related
to radiating and feed patches, respectively. Obviously these parameters are for
initial design, and they should be optimized in order to get widest impedance

bandwidth within -10 dB return loss criteria.

S11 vs. Frequency e
Curve Info |
m1 m2—" ]
40.00 é Name X Y
- m2 [5.1216/-10.0000
4500550 250 3.00 350 4.00 450 5.00 5.50 6.00
Freq [GHZz]

Figure 2.20: After Initial Design Optimization Results w.r.t Wycear, Lyeeq1 and
Lyater, Modifications

As proposed in Section [2] after getting initial design parameters and simulation
results, there is applied some optimization to feed dimensions such as, Lycean,

eredl and Lpatchl‘

The optimization procedures are applied to Weeqr, Lifeeq1 and Lygieni, because

it is seen that there is a region that return loss is not below -10 dB threshold
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value between the desired frequency band. In order to shift overall frequency
characteristic to the left, Wy.q is chosen 1 mm smaller, Lfceq is chosen 0.5
mm bigger and Lpgcn1 is chosen 2 mm bigger. Ljfeeq1 and Lpgeni is chosen
bigger, because due to the cavity model, as the length of the patch increases,
the resonance frequency gets smaller. The corresponding acceptable return loss

result is shown in Fig

(a) 3D View (b) Top View

Figure 2.21: After Design Optimization - 3D and Top Views

Even the corresponding result is seen to be acceptable, if the Fig[2.2Th and b
is examined, design could not be accepted due to the Wy..q1 size, which limits
the positioning of the second port for the dual polarization operation. In order
to deal with this limitation, W¢..q; should be reduced. However, if W .41 gets
smaller, although there occurs a slight shift in feed resonance, and no change in
radiating patch resonance, as it can be seen from Fig[2.22, return loss becomes

larger than -10 dB for frequencies between 3.5 GHz and 4.2 GHz.

The return loss can be reduced below -10 dB level by making the resonant fre-
quency of the patch and the feeding structure closer to each other. However, this
will result in a narrower bandwidth. In order to achieve matching throughout

the desired frequency band stacked patch configuration is tested.

In order to decrease the return loss value around 4 GHz, another parasitic patch
with a resonance frequency around 4 GHz is put on top of the radiating patch.
The resonance length of the patch is calculated by assuming that the radiating
patch acts like the ground plane of this additional patch. This additional reso-
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(a) 3D View (b) Top View

S11 vs. Frequency e
0.00 Curve Info |

m1 M/X/

15.00
20.00 —|
25.00 - Name X Y

4 m1 [2.9447]-10.0000

] m2 ]5.0041]-10.0000
30.005 %50 250 3.00 3.50 4.00 450 5.00 5.50 6.00

Freq [GHz]
(c) S

Figure 2.22: Return Loss After Size Limitation Optimization - Smaller W eeq; -
3D and Top Views

nant frequency makes our design acceptable within the required return loss value,
and widens the impedance bandwidth as shown in Figl2.23] From Fig[2.23] it
can be seen that the overall design procedures are applied to have an antenna
structure that operates at a different frequency band. For further improvement
in return loss characteristic, additional modifications, i.e. iteratively tuning an-

tenna parameters, could be applied as well.
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(a) 3D View

S11 vs. Frequenc .
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4500 . m2 5.0815 -10.0000
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(b) Su1

Figure 2.23: Return Loss for Dual Layer Design- 3D View and Sy,

2.3 Summary

In this chapter, an example of wideband electromagnetically excited patch an-
tenna is analyzed and optimum design parameters are achieved with parametric
analysis. The effects of physical parameters to impedance bandwidth are exam-
ined, co-polarization/cross-polarization analysis is done for optimum design and

possible guidelines are reported.

Additionally, a demonstration of the guideline given in this chapter is performed.
As given in guideline, two pre-calculated resonant frequencies are observed in

return loss characteristic. Herein, it can be said that, given frequency bands
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you can determine initial configuration parameters. However, in order to get
the desired response for impedance bandwidth, optimization of the parameters

needs to be done.
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CHAPTER 3

ANALYSIS OF DUAL POLARIZED ANTENNA
CONFIGURATIONS

In this chapter, the ability of designing dual polarized wideband antennas by us-

ing the antenna structure, which is studied in previous chapter, is demonstrated.

In the first part, an orthogonal feed is introduced. Because of the second port,
the isolation between two ports is also examined. The effects of variations in

the location of the feeds on the isolation are investigated.

In the second part, in order to improve the isolation between two orthogonal
ports, an isolation wall is introduced and the effects of the isolation wall are

analyzed.

In the last part two more patch elements are stacked above the radiating patch

antenna to observe the performance of the stacked configuration.

3.1 Analysis and Design of a Single Rectangular Patch with Two
Orthogonal Electromagnetically Coupled Feed

The structure of a single rectangular patch antenna with two identical orthogonal

electromagnetically coupled feeds is given in Fig[3.1]

All the parameters of the antenna are kept fixed at the values presented in
Table Only position of the feeds (Z feed1,Y fecd1 T fecd2,Yfecaz) are optimized

to improve the return loss and isolation characteristics of the dual polarized
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Figure 3.1: Structure of Single Rectangular Patch with Two Orthogonal Elec-
tromagnetically Coupled Feed

antenna. The optimized values are presented in Table as nominal values.
The return loss and the isolation performance of the antenna are presented in
Fig [3.2] respectively.

Table3.1: Design Parameters for Single Rectangular Patch with Two Orthogonal
Electromagnetically Coupled Feeds

Parameters Description Range Nominal Value
T feedl POSIZ?;;ECIESZGO?}GI;?;% m [-5mm, 15mm] 10mm
Yfeedl POSi?iE;%ZSZGO?}eI;ZTh n [-4mm, 10mm] 5mm
Py | oo relative fe pareh | L, 10w Simm
e | otOn relative o 2t Lo, 15mm] | 10mm

As given in Fig3.2] maximum impedance bandwidth and the best isolation level
are achieved when Xfeeq1 = 10 mm and yfeeq2 = 10 mm and the other design
parameters stated in Table and are at nominal values. However, in order
to understand the effects of feed positions along x-axis and y-axis for feed; and
feed, respectively to input return loss and isolation of ports, these parameters
are varied in [-4mm, 15mm| range. The corresponding results are shown in

Fig[B3

According to the simulation results in Fig. [3.3h, as the orthogonal feeds run
apart, red arrow, impedance bandwidth widens. In single feed configuration,

analyzed in Chapter 2] the same variation does not have a significant effect on
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Figure 3.2: Max Impedance Bandwidth and Best Isolation for Single Rectangu-
lar Patch with Two Orthogonal Electromagnetically Coupled Feeds

impedance bandwidth. However, in this case there occurs considerable band-

width enhancement in Sy;.

By introducing the second port, we have to take isolation between ports into
account in order to get better results, including radiation efficiency, polarization
and radiation pattern. Fig. [3.3b represents the isolation between two ports.
Practically, if electromagnetically excited feeds are used for wide band applica-
tions, 20-25 dB isolation would be sufficient to get better polarization purity [11].
Due to the feeding technique that we use, if two orthogonal ports come close
to each other, coupling between these ports would increase, which also means
that the isolation level decreases, as shown in Fig. [3.3p with blue arrows. It is
observed that by introducing the second port, S;; gets better and wider with
respect to the single feed configuration, but isolation in that operating band is

insufficient. Although the isolation gets better while the distance between two
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ports increase, the frequency region that isolation is more effective is shifted

to unwanted regions too. That’s why the problem should be solved with some

additional isolation techniques.

S11 vs Frequency Single_Layer_ProximityCoupled 4

0.00 Curve Info  Min. Freq.(-10) Max. Freq.(-10)
— xp="-5mm’ 4992 2.5714
— xp="0Omm' 1.4755 2.6597
— xp="5mm' 1.4405 2.6586
— xp="10mm'’ 1.4081 2.7307
1.3936

10.0000]

2.25 250 2.75 3.00

1.00 1.25 1.50 1.75 2.00
Freq [GHZ]
(a) S11

Single_Layer_ProximityCoupled 4

512 vs Frequency
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' — xp=:-5mm'
-40.00 - — DT
- — xp="5mm
N — xp="10mm’
— xp="15mm’

1.00 1.25 1.50 1.75 Fre(z].P(gHZ] 2.25 250 2.75 3.00

(b) Si2

Figure 3.3: Effects of Zfeeq1 and ygeeqe Variations to Sy and S;2 Characteristics
of Single Rectangular Patch with Two Orthogonal Electromagnetically Coupled

Feeds
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3.2 Analysis of a Single Rectangular Patch with Two Orthogonal
Electromagnetically Coupled Feed and an Isolation Wall

In order to increase isolation level between two ports in the desired frequency
band, an isolation wall is placed between two ports, as shown in Figf3.4 This
metallic blade is under the radiating patch and aligned with respect to the
diagonal of the patch.

Piso,offset

b hiso

Isolation Wall

Figure 3.4: Structure of Single Rectangular Patch with Two Orthogonal Elec-
tromagnetically Coupled Feed and an Isolation Wall

Width(W,s,) and the diagonal position offset(Pjsooffset) Of the isolation wall are
optimized and optimized values are given in Table [3.2 Height of the isolation
wall (h;s,) is set as the height of the radiating patch (hpgten1). To observe the
effects of these parameters parametric analysis is done by varying only one of
the parameters within the range defined in Table [3.2]s Range column.

Table3.2: Design Parameters for Single Rectangular Patch with Two Orthogonal
Electromagnetically Coupled Feeds

Parameters Description Range Nominal Value
Wiso Width of the isolation wall [25mm, 45mm]| 29mm
Diagonal position offset w.r.t
Piso,of fset center of XY coordinate system [-10mm, 10mu] —2mm
hiso Height of the isolation wall hpatent hpatent

The optimum design is determined with the combination of widest impedance
bandwidth at which the best isolation is achieved. The return loss and isolation

performance of the antenna for the optimized values are shown in Fig. [3.5h and
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b respectively. Fig. shows that, the isolation wall has a significant effect on
the isolation between two ports with respect to the configuration without that
wall.

S11 vs Frequency SingleLayer_ProximityCoupled .
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Freq [GHz]
(a) S11
S12 vs Frequency SingleLayer_ProximityCoupled 4.
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|— psp=-2mm' __ 1.5779 2.0096

-40.00 | ! ‘ |
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(b) S12

Figure 3.5: Max Impedance Bandwidth and The Best Isolation for Single Rect-
angular Patch with Two Orthogonal Electromagnetically Coupled Feeds and an
Isolation Wall

3.2.1 Effects of Isolation Wall Width (W;,,) Variations

As given in Fig[3.5] maximum impedance bandwidth and the best isolation are
achieved when W,,, = 29mm and the other design parameters stated in Table
and [3.2 are at nominal values. However, in order to understand the effects of

diagonal isolation wall width to input return loss and isolation of ports, [Omm,
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10mm)| variation is applied. The corresponding results are shown in Fig.
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Figure 3.6: Effects of W;,, Variations to S;; and S;5 Characteristics of Single
Rectangular Patch with Two Orthogonal Electromagnetically Coupled Feeds and

an Isolation Wall

Variation on isolation wall width(W;,,) does not have a significant effect on
both return loss and isolation. However, as W,,, increases, even if there is no
frequency shift at resonant frequencies of both radiating patch and feed patch,
there is still some considerable matching change at higher frequencies, Fig. [3.6h.
This variation also affects the isolation strength around 1800 MHz. There occurs
two different optimum points of where the isolation is the high but has a narrow

band, and where the isolation is a little bit lower but has wider bandwidth.
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According to the parametric analysis, optimum design parameters are reached,

as stated in the beginning of Section [3.2]

3.2.2 Effects of Diagonal Position Offset (P, .ffst) Variations

As given in Fig[3.5| maximum impedance bandwidth and the best isolation are
achieved when P orfsec = -2 mm and the other design parameters stated in
Table and are at nominal values. However, in order to understand the
effects of diagonal isolation wall position offset to input return loss and isolation

of ports, £10mm variation is applied. The corresponding results are shown in

Fig 3.7}
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Figure 3.7: Effects of Pisorfser Variations to Si; and S;o Characteristics of
Single Rectangular Patch with Two Orthogonal Electromagnetically Coupled
Feeds and an Isolation Wall
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According to the simulation results in Fig. [3.7h, as the isolation wall runs apart
from the feeds, red arrow, there occurs considerable bandwidth enhancement in
Si1. As it can be seen, the widest bandwidth is reached when the isolation wall
is the farthest point from the feeds. However, at that point isolation level is
neither in the considerable frequency region nor at the desired level. Therefore,

the limiting factor for this structure is the best isolation point.

If we examine Fig. , as Piso offset Varies the effective isolation region oscillates
and at some points, lower frequencies have better isolation and at some points,
higher frequencies have better isolation. However, between the nearest and
farthest point there exists an optimum point that has the best isolation level
between two ports. At the offset value where the best isolation level achieved
the design has only 430 MHz S5 bandwidth(due to the -20 dB requirement) and
1.05 GHz Sq; bandwidth(due to the -10 dB requirement). But still the limiting

factor for the design is isolation level.

3.3 Stacked Antenna Configuration

In this section, the stacked configurations shown in Fig[3.8| are studied in terms

of their input return loss, isolation and radiation characteristics.

(a) Single Layer 7 (b) Dual Layer (c) Triple Layer
Figure 3.8: 3D Views of Dual Polarized Single, Dual and Triple Layered Patch

Antenna Configurations

The corresponding design parameters for related analysis are acquired from a
previously designed and measured stacked patch antenna configuration. The

corresponding input return loss and isolation graphs are shown in Fig[3.9]
According to the simulation results shown in Fig[3.9h and b, it is observed that
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Sﬁ Comparison of Single, Dual and Triple Layered Antenna Configurations
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Figure 3.9: Effects of Stacks to S1; and S5 Characteristics

even though the overall characteristics of S;; has changed as the number of
stacks increases, impedance bandwidth of Sq; for a given threshold value, -10
dB, is not affected so much. On the other hand, there is a considerable effect
of stack number on the isolation level, Si5, between two orthogonal ports. As
the number of stacks increases, as patches for higher resonant frequencies are
introduced, the isolation between ports gets better over the frequency band,
and thus the overall impedance bandwidth of the structure gets better as well.
This improvement could be because of the field cancellations due to the opposite

phase components of the related fields or physical blocking effect of second and

third patches with the air substrate.
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In this part, the effects of number of stacked elements on the radiation char-
acteristics are examined and the corresponding radiation patterns are shown in

Fig{3.10

Radiation Pattern Comparison of Single, Dual and Triple Patch for Freq=2.0 GHz and ¢=0°
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Figure 3.10: Effects of Stacks to Radiation Pattern Characteristics

According to the simulation results shown in Fig[3.10] it can be said that apart
from a slight decrease on the beamwidth of the antenna, no significant effect of
additional parasitic patches are observed on the radiation characteristics of the

antenna.
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CHAPTER 4

COMPARISON OF SIMULATIONS AND
MEASUREMENTS OF TWO-ELEMENT ARRAY

In this chapter, a two element array, Figd.I| formed by using dual polarized
stacked patch elements are measured and the measurement and simulation re-

sults are compared.

Figure 4.1: 3D View of Array Structure

All the parameters of the two element array are shown in Fig[d.2] 4.3 4.4 The
matching stubs on the feed lines are inserted to tune the frequency band of the

manufactured array to the desired band.

Simulation and measurement results for the return loss characteristic and iso-
lation are compared in Fig. In both Fig. and [£.5b, solid blue lines

correspond to the measurement data of the fabricated array structure. The leg-
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140 mm

Y

Figure 4.2: Two-Element Array Design Parameters of Dual Polarized Stacked
Patch Antenna -1

end tag ’Simulation - Single’ represent the simulation data for a single element.
The last tag ’Simulation - Array’ stands for the simulation data obtained for the

array structure.

As shown in Fig. [£.5h, in lower frequencies, overall characteristic of the return
loss for array structure is very similar in simulation and measurement wise. A
slight resonance is seen in simulation data around 2050 MHz like in measurement
data. However, as frequency gets higher, simulation and measurement data
takes apart from each other. If we look at the 'Sy, - Simulation - Array’ in Fig.
[4.5p, measurement data is something like a squeezed version of simulation data,
except the deep isolation around 1850 MHz. This may be because of an out
of phase cancellation around that frequency in fabricated structure. Besides,
it is observed that the ’S;;Simulation - Single’ has exactly same behavior with
the 'S;; - Measurement’ at higher frequencies. This behavior is valid for 'Sy, -
Simulation - Single’ as well. This differentiation may occur because of the small

dimension errors or material that is used for simulation and fabrication.

Radiation pattern measurements are carried out in Aselsan Inc. Antenna Labs

with Satimo Starlab Near Field Measurement System.
As shown in Fig[l.6h and Fig[d.6b, the measurement setup consists of a near
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Figure 4.3: Two-Element Array Design Parameters of Dual Polarized Stacked
Patch Antenna -2

28.8 mm ] . 23.8 mm

Figure 4.4: Two-Element Array Design Parameters of Dual Polarized Stacked
Patch Antenna -3

field scanner and a remote control system. The near field scanner has the ability
of measuring both vertical and horizontal polarizations with a '+’ sign shaped

probe.
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811 Measurement and Simulation Results Comparison
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Figure 4.5: S;; and S;5 Comparison of Measurement and Simulation Data for
Dual Polarized Electromagnetically Excited Stacked Patch Two-Element Array

Measurement is carried out with the following properties:

Frequency Range : 1 GHz - 3 GHz

Step size : 5 MHz (401 points)

Spatial Resolution : 11.25° grid size

Antenna Diameter : 0.4 m

Second port, corresponding to the other polarization, is terminated with

5012

After the setup activity is completed, the measurement is started. To be noted,

according to the alignment of the antenna, the projection of the topmost scanner
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(a) Measurement Setup - 1

(b) Measurement Setup - 2

Figure 4.6: Measurement Setup for Dual Polarized Electromagnetically Excited
Stacked Patch Two-Element Array

probe is seen for in Figl.7] for ¢=0° and ¢=+45° planes. When the receiver
probe on the measurement system is aligned with the polarization of the antenna,
as in Fig. [£.7b, we can talk about co-polarized and cross-polarized components.
This alignment enables us to examine co-polarization at ¢=45° with ¢ compo-
nent and at ¢p=135° with 6 component. Cross-polarization analysis can also be

performed with the other way around with respect to co-polarization, such as

at ¢—45° with 0 and at ¢—135° with ¢.

After measurement is completed, the overall measured data is filtered out to
analyze Eoq1, Eg, Eg. First of all, E;pt at ¢—=0° and ¢—=90° planes are obtained
from the measured data, and presented in Figld.8l Since the polarizations of

the antenna and receiver probe are not aligned in these planes, only E;y.; is
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45°

(b) at ¢p=-+45°

Figure 4.7: Two-Element Array Structure with Probe Projections

considered. It is seen in Fig[4.§| that, the simulated and measured radiation
patterns are in a good agreement for given frequencies except a slight shift.
This shift between measured and simulated radiation pattern may be because
of measurement of dimensional errors. According to the alignment with mea-
surement setup, E4 and Eg at ¢—0° and 90° are not the data that enable us to
discuss about co-polarization and cross-polarization. However, in order to deal
with that, a simple rotation trick is applied, as shown in Fig[d.7b. After that,

receiver probe and feeds are aligned and this yields to talk about co-polarization
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and cross-polarization.

Radiation Pattern, excited from Port 1 Freq=1.70 GHz and ¢=0° and ¢=90°
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15 : ‘
—E, oy (@B) - $=0° - Measured
10r +-E,; (d4B) - $=0° - Simulated
—~ 5 Etota‘ (dB) - $=90° - Measured
m E O_ H
o (dB) - $=90" - Simulated
o 0
o
2
€ -5 J
(o]
©
= 101 8
-15
- ¥ 1 L L 1 1 1
?900 -150 -100 -50 0 50 100 150 200
0(degrees)
(¢) 2170 MHz
Figure 4.8: E;p1 at ¢=0° and 90° for 1700 MHz, 2000 MHz and 2170 MHz

The measurement data of Ey, Ey and E;pe at ¢—=45° and 135° for 2000 MHz

are presented

in Figld.9] and
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Radiation Pattern, excited from Port 1 Freq=2.00 GHz and ¢$=45°
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Figure 4.9: E;, Egy and E;p when array is excited from Port 1 at ¢—=45° and

135° for 2000 MHz

As expected, it is seen that at ¢=45°, Fig. and [£.10p, co-polarization is
related with E4 for Port 1 and E, for Port 2, and cross-polarization is opposite
in port vise, Ey for Port 1 and E4 for Port 2. In addition to this, it is observed
that cross-polarization suppression is more than 15 dB at 2000 MHz. Besides,
it is also observed that measured and simulated radiation patterns for excita-
tion from both port 1 and port 2 have nearly the same characteristics around
broadside direction of the antenna. However, when the analysis frequencies are

set below 1700 MHz or above 2170 MHz, degradations in co-polarization and

cross-polarization patterns are observed, as in Fig[d.11]
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Radiation Pattern, excited from Port 2 Freq=2.00 GHz and $=45°
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Figure 4.10: E;, Ep and E;y; when array is excited from Port 2 at ¢=45° and
135° for 2000 MHz

As it is seen in Fig[d.11p, which is for higher frequency(2500 MHz), around 6-—-
25°, co-polarized component drops and cross-polarized component dominates.
Note that, the excitation of cross-polar component at 2300 MHz was also ob-
served in the simulation results. This was attributed to the radiation of the feed
structure that becomes more dominant at frequencies closer to the resonance
frequency of the feeding structure. This is generally an unwanted situation
for polarization sensitive applications, such as data transfers from both polar-
ization for bandwidth enhancement. This means that, when you receive data

from #=-25°, especially it belongs to the other polarization. As a result, this
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Radiation Pattern, excited from Port 1 Freq=1.40 GHz and ¢=45°
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Figure 4.11: Pattern and Cross-Polarization Degradation for 1400 MHz and 2500

MHz

cross-polarization is related with this antenna structure and should be carefully

investigated when considering the use of this structure in polarization sensitive

wireless communication systems.
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CHAPTER 5

CONCLUSIONS

In this thesis, analysis and design of a dual polarized wideband microstrip patch
antenna, which is electromagnetically excited with elevated wide strips, are stud-
ied. The main objective of this thesis is to understand the effects of antenna
parameters to the input impedance and the radiation performance of the an-
tenna and provide a guideline to guide antenna engineers for designing similar

antennas.

In Chapter [2| an example of an air filled patch antenna excited with an elevated
strip is investigated and optimum design parameters are achieved with paramet-
ric analysis. The effects of antenna parameters on input impedance bandwidth,
as well as return loss, are examined. For the optimized antenna structure, %54
impedance bandwidth is achieved. From these examinations, a proper guideline
to obtain initial design parameters for the antenna type, which is used in this
study, is presented. The demonstration of this guideline stated in this chap-
ter for a different frequency band is provided. The design guideline is followed
step-by-step and the desired antenna design parameters are obtained for 3 GHz
- 5 GHz frequency band. It is shown that, for a given proper frequency band,
the antenna design parameters could be obtained from the guideline provided.
Design and the simulation of a new antenna is done and corresponding results
are reported. According to the results, it is shown that %53.6 input impedance
bandwidth is achieved. However, it is seen that in order to get the desired

impedance bandwidth, tuning of the parameters needs to be done.

In Chapteifd] in addition to the Chapter 2] the ability of designing a dual po-
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larized antenna structure is demonstrated. Effects of the orthogonal feed on
isolation between two ports are examined. It is seen that, by introducing second
port, there occurs %10.4 input impedance bandwidth enhancement, which is im-
proved from %54 to %64.4. However, due to the second port, isolation between
two ports is also taken into account for better results. In this chapter, it is also
observed that, without any precaution, isolation between two ports within the
operating band would be insufficient. Therefore, in order to increase the isola-
tion level between two ports, an isolation wall is placed. It is seen that, by the
help of this metallic blade, a considerable amount of improvement in isolation
level is achieved. However, even though the isolation wall is placed between two
ports, the level of isolation within the operating band is still insufficient. In
order to increase the isolation between ports, there should be some additional
techniques used, which are demonstrated and reported in Chapter 4 Besides, in
this chapter the effects of stacked patches on impedance bandwidth, radiation
efficiency and radiation pattern is also examined. For this particular analysis,
it is seen that even though the overall characteristics of return loss has changed
as the number of stacks increases, impedance bandwidth of for a given thresh-
old value, -10 dB, is not affected so much. However, it is observed that as the
number of stacked patches increases, isolation between two ports gets better,
which is approximately %17 isolation bandwidth improvement with respect to
single patch configuration. Additionally, it can be said that no significant effect

of additional parasitic patches are observed on the radiation characteristics.

Finally in Chapter[d], a two element array, formed by using dual polarized stacked
patches are measured and comparison of simulation and measurement results is
made. It is observed that, in lower frequencies, the return loss behavior is very
similar for measurement and simulation data for array geometry. However, it is
seen that as frequency gets higher simulation and measurement data takes apart
from each other, but for a single element case, the return loss characteristic of
simulation data is almost same as the measurement data. Besides, co-polarized
and cross-polarized components are also examined from the measurement data,
which obtained from a near field scanner. It is seen that, the cross-polarization

suppression is more than 15 dB around 2 GHz. However, it is observed that as

o8



the frequency gets higher(i.e. 2.5 GHz), the cross-polarized component domi-
nates the co-polarized component within the desired beam-width region. For this
type of degradation, it is noted that this should be carefully investigated when

considering the use of this structure in polarization sensitive applications.
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