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CHAPTER I

INTRODUCTION

1.1 Background of problems

Nowadays, wireless communications have been developed for entertainment,
education, economic, health, industry, and so on. The most popular wireless
communication technology is the mobile communication system, especially mobile
phones. It is an electronic instrument, where communication with a mobile base
station is by using the radio wave. Mobile communications have changed dramatically
during the last decades due to the growth of mobile capabilities. The first generation
(1G) cellular systems for mobile communication had only analogue voice facility.
These were replaced by second generation (2G) digital phones with added fax, data,
and messageing services. The 2G systems have been developed to support higher data
rate using HSCSD (High Speed Circuit Switch Data), GPRS (General Packet Radio
Services), and EDGE (Enhanced Data rates for Global Evolution) technologies.
The third generation (3G) system has added multimedia facilities to 2G phones, that
are presently utilized in Thailand. The applications of 3G are mobile TV, video on
demand, video conferencing, telemedicine, GPS (Global Positioning System), and so
on. In addition, the 3.9G is developed to use in Thailand at 2.1 GHz, it is pre-4G
technology which provides an information transfer rate of 42 Mbps. The advantage of
3.9G technology is to provide a higher speed internet than 3G technology. Moreover,
the fourth generation (4G) mobile technology is expected to make available more

advance features such as all-IP packet-switched networks, mobile ultra-broadband



(gigabit speed) access, and multi-carrier transmission. The data rates are expected to
grow up to around 100 Mbps. For that reason, mobile base station antenna techniques
also have been rapidly developed to keep up with the increased number of users
within a service area. The antenna requirement for these system properties are high
gain and high efficiency. Therefore, the proposal of this research is to design a high
gain antenna for mobile base stations. Futhermore, the proposed antenna should have
high power handing capability and coverage of a broad area.

Dual polarization antennas with sector-shaped radiation patterns are often
required for mobile communication systems. To radiate the dual polarized wave,
two dipole antennas need to be used with dual feeding (Liu, et. al, 2004; Mak, Wong,
and Luk, 2007; Abas, et. al, 2013). They are placed at +45° angle and arrayed to
improve the gain, but it is hard to fabricate the feed system. However, the dipole
antenna is still interesting in wireless communication systems because it has an
elementary structure, simple concept, and broadband characteristics (Han, et. al, 2012;
Azad and Ali, 2008; Zhang, et. al, 2004). If the dipole is bent to half curved, it has
a wider beamwidth than a straight dipole (Fhafhiem, et. al, 2009). One solution to
enhance the antenna gain of an antenna is to use a metallic reflector which is located
at the back of dipole with the gap as a quarter wavelength (Thumvichit and Takano,
2006; Zhan and Rahmat-Samii, 2000). Unfortunately, the main disadvantage of an
antenna on a metallic plane is that it results in the overall size of the antenna too big
and bulky for the low frequency range of operation. Besides, the reflector plane
cannot suppress the surface wave, so the antenna gain and efficiency will then be

greatly decreased.



In recent years, metamaterials based on electromagnetic band gap (EBG)
structures have been widely investigated in the antennas domain to enhance gain and
radiation efficiency (Yang, F. and Rahmat-Samii, 2008). The metamaterials classified
by a permittivity and permeability are primarily dependent on the geometrical
properties of an inclusion shape and mutual distance between the lattices constant.
The EBG can be applied to grating, frequency selective surface (FSS), and so on. It is
not only used as a reflector plane (Grelier M., et. al, 2012; Nakano H., et. al, 2009),
but also adapted for a superstrate of the primary radiator with the reflector plane
(Rodes, et. al, 2007; Hajj, et. al, 2009; Fhafhiem N., et. al, 2013; Trentini G. V.,
1956). The main advantage of the EBG resonator is enhancing gain and efficiency.
In any case, there are only a few papers that have really proposed the EBG structures
for polarization adjustment (Lin Peng, et. al, 2010; Wu, et. al, 2013).

In this thesis, the high directive gain of the dual and circularly polarized
antenna for mobile base station is presented. The proposed resonator antenna consists
of two main components, a curved strip dipole as a primary radiator mounted on a
U-shaped reflector plane and the metallic rod type metamaterial as a superstrate.
The gain and polarization of the antenna are adjusted by using the metallic rod type
metamaterial demonstrated a double positive medium behavior which acts as partially
reflective surface. If the horizontal polarization of the EBG (in x axis) is placed above
a primary radiator, it can only improve the gain in horizontal polarization. Therefore,
the gain in vertical polarization is improved by using the vertical polarization of the
EBG (in y axis). Consequently, two layers of the metamaterial, in horizontal and
vertical polarizations, are combined for the dual polarized antenna with high gain

enhancement. In addition, the polarizer is added and placed on the top of the EBG



polar H and V, it is possible to generate a 90° phase shift between the electric field in
x and y axises. The circularly polarized resonator antenna could be obtained as

revealed in Figure 1.1.

Figure 1.1 Circularly polarized resonator antenna using an EBG material.

1.2 Research objectives

The objective of this research is organized as follows:

1.2.1 To study mobile base station antenna at the frequency band of 2.1 GHz.

1.2.2 To design and simulate the dual and circularly polarizations of a
resonator antenna by using a 45° oriented curved strip dipole and metallic rod type

metamaterial.



1.2.3 To verify the performance of the antenna, the prototype is fabricated

and tested.

1.3 Scope and limitation of the study

1.3.1 To characterize circularly polarization antenna by using a curved strip
dipole antenna and electromagnetic band gap.

1.3.2 To simulate the resonator antenna by using CST Microsoft Studio.

1.3.3 To develop and design the antenna for mobile communication systems

at 2.1 GHz.

1.4  Expected Benefits

1.4.1 To enhance the performance of mobile base station antenna at 2.1 GHz.

1.4.2 To achieve a prototype of the antenna at 2.1 GHz.

1.5 Thesis organization

The remainder of this thesis is organized as follows. Literature review is
discussed in Chapter 2. This chapter presents several types of antenna for wireless
communications found in the literatures from text book and academic publications.
In addition, we briefly overview the dipole antenna, electromagnetic band gap, dual
polarization antenna, and circularly polarization antenna.

Chapter 3 presents the principle of cellular systems and choosing a mobile
base station antenna. Furthermore, the theory of dipole antenna and metamaterials are
described.

In Chapter 4, the analysis and design of the base station antenna is presented.

The dual and circularly polarization of resonator antenna is studied by using CST



Microwave Studio. A 45° oriented curved strip dipole and metallic rod type EBG is
considered.

Having confirmed the validity of this base station antenna approach,
the antenna prototype is fabricated and tested which are given in Chapter 5. Then, the
performances obtained from experimental results are compared with the ones from
simulation results.

In the last chapter, chapter 6 provides conclusions of the research work and

suggestion for future studies.



CHAPTER 11

LITERATURE REVIEW

2.1 Introduction

Due to the rapid development of mobile communication systems, the study of
an antenna design for cellular system has been improved. The aim of this thesis is as
follows: the dual polarized resonator antenna is designed by using a 45° oriented
curved strip dipole on reflector plane and double polarizing metallic EBG layers.
Furthermore, the circularly polarized resonator antenna is improved from the dual
polarized resonator antenna by simply adding the metallic EBG which is called
polarizer. This antenna is applied for 3™ and 4™ generations of cellular network.
Therefore, the open literature about the antenna for mobile communication systems,
electromagnetic band gap evolution for antenna design, dual polarized antenna and

circularly polarized antenna are researched at the present moment.

2.2  Literature research
2.2.1 Dipole antenna in mobile communication systems

In mobile communication systems, the bridge between user terminal
and the Base Station Controller (BSC) is a base station antenna. The development of
antennas with new performances becomes currently imperatively essential for the new
services and network of telecommunication. To achieve the requirements, the basic
antenna such as the dipole antenna is widely applied in the cellular mobile
communication systems because it has elementary structure, simple concept, and
broadband characteristics. Firstly research, the literature about modified shape of
dipole antenna is researched. In 2004, a dipole antenna was remodeled for S-shaped

(Elkamchouchi and Abu Nasr, 2004) as shown in Figure 2.1. An S-shaped dipole



antenna has wide beamwidth and it radiates elliptically polarized waves. In addition,
the optimum shape of a symmetrical wire antenna for maximum directive gain has
been obtained by using a pricewise parabolic approximation (Cheng and Liang, 1982)
as displayed in Figure 2.2. Apart from this, the various structures of VV-shaped dipole
are compared and shown in Figure 2.3. When the arm of dipole is optimized and the
dipole is turned to upside down. Its side lobe is reduced (Paez, 2009). The next
technique of the gain enhancement is a V-shaped antenna using two arc-curved
dipoles located on the reflector plane (Krishnan and Leong, 2005) as denoted in
Figure 2.4. In (Thumvichit and Takano, 2007; Dubost, 1981), a straight dipole is
closed to the reflector plane for high gain. In addition, a curved dipole is shorted ends
on reflector plane for wide beamwidth and gain enhancement. The structures are
demonstrated in Figure 2.5. All of above mentioned, a dipole antenna is popularly

applied for various shapes in wireless communication.

Figure 2.1 S-shaped dipole antenna.
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Figure 2.5 Antenna on conductor plane (a) the strength dipole antenna
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Furthermore, this thesis attentively presents the papers about base

station antenna trend that the initial 3G sector antenna is maintained the performance

(Stephen, et. al, 2003). The dipole antenna has become one of the most common and

widely used in base station antennas such as a wideband dipole antenna for 3G base
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station, consisting of two dipole arms which are only connected through a parallel
strip line as shown in Figure 2.6 (Wu Di, et. al, 2005). Moreover, the novel dual-
broadband planar antenna is proposed for 2G/3G/LTE base station. This antenna
consists of one element for the lower band and two elements for the upper band,
making it possible to be arrayed as shown in Figure 2.7 (YueHui Cui, et. al, 2013). In
addition, the dipole linear arrays that are aligned in parallel with compact size was
presented for next generation mobile communication base station application (Young
Bae Jung, 2013) as shown in Figure 2.8. All above literatures seem that the dipole
antenna is most commonly used for mobile base station antenna and the average
directive gain is around 10 — 18 dBi. At the frequency band of 1.92 — 2.17 GHz, the
broadband dipole and the dual polarization techniques were presented (Zhen Qi Kuai,
2005) for WCDMA base station as appeared in Figure 2.9. If we could design the
antenna to increase the directive gain, it will have more efficiency for field radiating.
Therefore, many new technologies have appeared in the current antenna design and
one exciting discovery is the development of Electromagnetic Band Gap (EBG)

structures as illustrated in next topic.
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Figure 2.6 Wideband dipole antenna for 3G base station.
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Figure 2.8 Multi-band reconfigurable base station antenna.
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Figure 2.9 Broadband printed dipole base station antenna.

2.2.2 Antenna with Electromagnetic Band Gap (EBG)

The EBG structures applications in the antenna designs have become a
thrilling topic for antenna engineering. It is a matter of the EBG structure technology,
a new technology for the improvement of the antenna performances, applicable on an
extremely wide frequency spectrum covering from the acoustic to the optical
frequencies. In addition EBG structures, also known as photonic crystals, are also
used to improve the performance of the antenna. The EBG can be applied to grating,
frequency selective surface (FSS), and so on. Moreover, the EBG is not only used to a
reflector plane (Fhafhiem, et. al, 2010; Huan Yi and Shi-Wei, 2013; Abkenar, et. al,
2011) as shown in Figure 2.10, but also adapted for a superstrate of the primary
radiator with reflector plane (Rodes, et. al, 2011; Hajj, et. al, 2009; Pirhadi A., et. al,

2007; Farahani H.S, et. al, 2010) as shown in Figure 2.11.
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Figure 2.10 The antenna over EBG reflector plane (a) curved strip dipole, (b) printed

dipole, and (c) straight dipole.
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When EBG is performed as a reflector plane, it can control the
reflection phase to become a low profile antenna and moderately improve gain
performance, when EBG is used to superstrate on excitation feed with reflector plane.
The advantage of an EBG resonator antenna is that it increases the gain of the antenna
and can vastly increase the radiation efficiency (Yuehe Ge, et. al, 2012) because it is

the resonator antenna as illustrated in Figure 2.12.

Radiating
EBG material aperture
Cavity
PEC Excitation feed
(a)
EBG or PRS
Dipole
feed
Cavity
/ FSS
Lower ~ (===<e=<=cccccccccccccc-c :
Reflective wall { *
PEC
(b)

Figure 2.11 EBG superstrate on excitation feed (a) patch antenna, (b) dipole antenna,

(c) HIS and patch antenna, and (d) arrayed patch antenna.
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Figure 2.11 EBG superstrate on excitation feed (a) patch antenna, (b) dipole antenna,

(c) HIS and patch antenna, and (d) arrayed patch antenna (cont.).
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Figure 2.12 High gain resonator antenna.

2.2.3 Dual polarization antenna

Dual polarization antennas with sector-shaped radiation pattern are
often required for mobile communication systems. To radiate the dual polarized wave,
a microstrip patch antenna is excited by using two SMA connectors for orthogonal
polarization and also added double layer printed orthogonal dipole arrays for the gain
enhancement (Moghadas, et. al, 2011). In this letter, the feeder has complicated
mechanisms: similarly, a dual polarization patch antenna double fed by an L-shaped
probe (Yong-Xin, et. al, 2002). Figures 2.13 and 2.14 show the mechanism of feeder
which is radiated dual polarization. Additionally, a dual polarized dipole antenna is
designed by using two pairs of radiating arms providing orthogonally polarized

radiator (Ying Liu, et. al, 2013) as shown in Figure 2.15.
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Figure 2.13 Dual-band and dual polarized microstrip antenna fed

by two SMA connectors.
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Figure 2.14 Feed system of dual polarization patch element for cellular phone

base station.
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2.2.4 Circularly polarization antenna

The circularly polarized antenna has various types in wireless
communication system. For example, a low profile single dipole antenna radiating
circularly polarized wave (Yang and Rahmat-Samii, 2005) and a novel design of
circularly polarized sectoral M-PRS antenna (Hajj, et. al, 2010) are studied. Firstly,
a dipole antenna is used for exciting feed and placed on EBG reflector plane. It is
placed on EBG at a 45° angle. When a gap between dipole and EBG is proper high,
the reflected field becomes perpendicular to the directly radiating field with a 90°
phase difference. Therefore, a right hand circularly polarization electromagnetic wave
is obtained. The geometry is illustrated in Figure 2.16. Secondly, a circular
polarization is occurred by using a collaboration between a patch microstrip antenna
and an EBG because of a patch microstrip antenna fed on its diagonal for controlling
and switching horizontal and vertical polarizations as exhibited in Figure 2.17.
Furthermore, the gain is escalated by using EBG polar H and V, so two perpendicular

electromagnetic plane waves are equal and 90° phase different.
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Figure 2.16 Circularly polarized antenna by using dipole antenna with 45° angle

on EBG reflector plane.
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Figure 2.17 Circularly polarized antenna by using dual feeder.
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2.3 Chapter summary

The content of this Chapter presents information about the shape modification
of dipole antenna in wireless communication and 3G sector antenna performance.
Moreover, the design of the high gain, dual polarization, and circular polarization are
studied and discussed. Therefore, we conclude that when a 45° oriented dipole
antenna is placed on EBG reflector plane, it has unsuitable gain for mobile base
station antenna. If we use a patch microstrip antenna with dual feed, the circularly
polarization antenna is rather complicated feeding, when compared to one feeder.
Therefore, this research presents a curved strip dipole antenna placed on the metallic
reflector plane at 45° angle. Furthermore, the primary radiator enhances the gain in x
and y axis by using EBG. The elementary aim, a dual polarization resonator antenna
using EBG material is occurred. Finally, when the EBG polarizer is placed on the top
of double layers EBG, it is possible to generate a 90° phase shift between the electric
field in x and y axis. Hence, this antenna is said to be a high directivity circularly
polarized antenna. All above the prediction is researched in Chapter 3 and also will be

simulated in Chapter 4.



CHAPTER 111

BACKGROUD THEORY

3.1 Introduction

The antenna is a device for converting electromagnetic radiation in space into
electrical currents in conductors, depending on whether it is being used for receiving
or transmitting. The majority of the antenna characteristics such as its radiation pattern
and gain are important to study. In this chapter describes the antenna characteristics
for mobile communication system. In addition, a dipole theory, matching technique,
metamaterials classification, electromagnetic band gap, electromagnetic wave

propagation, and polarization of plane wave are illustrated in this chapter.

3.2 Antenna in cellular system

Antennas are a key in a cellular phone system; an antenna converts guided
radio wave energy to energy that is radiated into free space. An antenna also does the
reverse, it receives radio waves from the air and feeds them into the devices that
detect, decode and amplify them. In cell phone system, there are one antenna in the
handset and another in the base station tower. Both of these antennas transmit and
receive waves. Base station antennas are the rectangular devices, usually in groups of
three, mounted high on a base station tower. The base station can be thought of as the
command center that both sends and receives signals to the consumer’s hand set.
The base station performs a router function to property direct incoming and outgoing

calls, and a repeater function to enable the consumer to communicate from cell to cell
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within the terrestrial cellular network. The base station antenna is mounted on tall
towers because from this high point it is easier to stay in communication with cell
phone users, who are often near the ground.

When designing cellular phone antennas, especially balance several different
Is concerned. The first, all transmitting antennas radiate energy in a particular pattern
that depends on the shape of the antenna and other factors. It is the best for a cellular
system if the pattern is roughly parallel to the ground, where most cell phone users are
located. Another important concern is called gain, which refers to the fact that an
antenna does not transmit (or receive) waves from every direction with equal
sensitivity. A third factor is physical size, because of an antenna have to be placed
along roads and in other public places. They cannot be too tall and large. A cellular
handset antenna is the small component embedded in the handset case and is not
visible to the user. The cell phone handset antennas pose a different set of the problem
than the base station. Since a cell phone user is constantly changing his or her position
and moving from cell to cell, the mobile phone requires an antenna that transmits and
receives equally well in all direction.

All of above mentioned a mobile base station antenna is important for

efficiency of mobile cellular system.

3.3 Choosing a mobile base station antenna

An antenna is a communication system bridge between a user terminal and
base station control equipment, widely applying to cellular mobile communication
system. As the communication technology is developing, antennas will be on progress

consequentially. The mobile communication system in the seventies adopted
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omnidirectional antennas or angle reflector antenna, for the reason that a few carriers
and base stations can meet the demands of few users in a mobile communication
system of a city. As the economy goes forward, the amount of mobile terminals,
whose demands cannot be met by the old base stations, is boosting so rapidly.
Especially as the development of digital cellular technology goes, new antennas are
required to be configured to improve the multi-path fading, site assignment and multi-
channel network in metropolis. Therefore, the several options to choose mobile base
station typical antenna base on the following principles:

1) Properly choosing half-power beamwidth and gain of an antenna based
on the number of base station sectors, traffic density and coverage requirements.

2.) Adopting duplexer to save antenna locations

3) Adopting dual polarization antennas in the dense urban areas.

Furthermore, the main lobe direction and angle of tilt of the directional
antennas should be properly adjusted to the traffic distribution and communication
quality requirements. When setting antennas, the isolation between antennas should
meet the requirements of horizontal and wvertical isolation to avoid interference.
The setting height of antenna is up to the coverage, interference, isolation, and future
development requirements. The antennas used in mobile base station, whose
requirements are as follow:

- Sector antenna gain : 13 — 18 dBi

- Sector antenna half power beamwidth : 60 - 65 degree

- Impedance : 50 Ohm
When the cell is usually divided into six sectors, the base station demands six

antennas for covering the cell side. So, the antennas should be set in a cell. However,
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too many antennas will result in many problems, such as high setting cost. In addition,
the optimum diversity reception antennas set, saying nothing of that the antennas are
unable to be set in some base stations. In that case, the technology of dual polarized
antennas emerges as the time require. Besides, the technology of circularly polarized
antennas is required too.

In 3G phase, as the wireless technology grows and the signal detection varies,
the cellular network should be adjusted and optimized, which demands new base

station antenna, such as self-adapting control antenna and intellectualized antenna.

3.4 Dipole antenna

The dipole is the most widely used antenna for wireless communication
systems because it has elementary structure, simple concept, and broadband
characteristics (L. Han, 2012).

3.4.1 Basic dipole antenna

Figure 3.1(a) shows the dipole antenna consists of two conductive
elements such as metal wires or rods which are fed by a signal source or feed energy
that has been picked up to a receiver. The current on radiating element vary along the
length of the dipole. This occurs because standing waves are set up along the length of
the radiating element and as result peaks and troughs are found along the length.
The current fall to zero at the end and rises towards the middle. The current on the
dipole antenna vary in a sinusoidal manner, meaning that there may be other peaks
and troughs along the length of the radiating sections dependent upon their length as

indicated in Figure 3.1(b).
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Figure 3.1 Basic dipole antenna (a) antenna section and (b) current distribution.

An interesting type of dipole antenna is an inverted V dipole, it is a
dipole with both legs slanting down towards the ground in the shape of an upside
down V. The obvious advantages of this design, it takes up less horizontal space than
a horizontal dipole. Therefore, a strip dipole antenna is bended to half curved, it can

be increased the antenna beamwidth.
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3.4.2 Dipole antenna polarization
In addition, we study the dipole antenna polarization, which the electric
and magnetic fields radiate from the dipole in the manner shown in Figure 3.2.
The magnetic field always surrounds the conductors and is perpendicular to them. The
electric field is parallel to the conductors. In right hand of Figure 3.3, the conductors
of the dipole are horizontal to the earth, it is an electric field. For that reason, we call
this a horizontally polarized antenna. The dipole in left hand of Figure 3.3 is located in

vertical to the earth. It is the vertically polarized antenna.

Dipole antenna

l

Figure 3.2 Electromagnetic field of dipole antenna.
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Figure 3.3 Polarization of dipole antenna.

In this research, a dipole antenna is applied for a circularly polarized
antenna by using 45° slant dipole antenna on reflector plane with multi layers of

metamaterials based on metallic rod EBG.

3.5 Coaxial balun

The original of the word balun is balance and unbalance. A balun is used to
balance an unbalanced systems, it is a device that joins a balance line to unbalance
line. A balanced line is one that has two conductors with equal currents in opposite
directions such as dipole antenna. On the other hand, an unbalance line is one that has
just on conductor and ground plane such as coaxial cable. Since, the disparate
characteristic of dipole and coaxial is produced balance and unbalance current mode,

respectively. Figure 3.4 displays the current flow, when the currents on both arms of
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the dipole should be equal in magnitude. A coaxial cable is connected directly to the
dipole; however, the currents are not necessary equal. The current on the center
conductor (I;) flows along the dipole arm that is connected from the center conductor.
The current on inside surface of the shield has two directions, they flow down the
outside surface of the shield (I3) and flow up to an antenna feed point (Iy).
Consequently, the maximum magnitude of the current is only occurred on the left
arm. On the right arm, a magnitude of the current is reduced because this is an

unbalance system.

Dipole antenna —»|

Coaxial cable |
2

Figure 3.4 Unbalance to balance system.
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Figure 3.5 Parallel conductor balun.

Enter the balun to solve an unbalance system is illustrated in Figure 3.5. This

balun is used the coaxial line with length of 1/4, it is placed parallel with the 31/4
coaxial line. The end of 1/4 parallel coaxial line is connected to inner conductor of

31/4 coaxial line and the other one side is connected to outer shield. If Z; is a balun

impedance which is infinity, the current is flown into only parallel line. In addition,

the currents (I;) are equal and have opposite direction, so, it is called 1:1 balun.

3.6 Metamaterials

Metamaterials are artificial structures to have properties that may not be found
in nature. All natural materials such as glass, diamond, and such have positive
electrical permittivity, magnetic permeability and an index of refraction. It comprises
of periodic or non-periodic structure. Metamaterials are generally specified by the
parameter of structure design. The characteristic of metamaterials are shown in the
effective macroscopic behavior. Early stage researchers researches a negative
refraction index, based on super lens technique. It can magnify a picture that its
resolution is higher than a limited of general lens. In addition, negative refraction

index is also called left hand metamaterials. Moreover, the antenna is another possible



31

application which uses metamaterials to increase performance of the antenna system.
The metamaterials are classified by permittivity (¢) and permeability (u), the
equivalent permittivity and permeability are primarily dependent on the geometrical
properties of an inclusion shape and mutual distance between the lattices constant.
Therefore, it is possible to tailor the electromagnetic response of the inclusions almost
arbitrarily and achieve exotic values of equivalent permittivity and permeability that
cannot be found in nature. A part from natural double-positive materials (DPS), there
are also materials that have either negative permittivity or negative permeability
(SNG). Whereas, the negative permittivity materials are called epsilon negative
medium (ENG) and the negative permeability materials are called mu negative
medium (MNG). Furthermore, zero refractive index or near zero refractive index

materials are described in antenna engineering that are classified in three types.

LA
Single Negative Material Bouble Pgsmve
(SNG) Material
(DPS)
e<0,u>0 e>0,u>0
Suppressed wave Propagation wave
>
E
Double Negative Material Single Negative Material
(DNG) (SNG)
e<0,u<0 e>0,u<0
Propagation wave  / Suppressed wave
Epsilon Near Zero (ENZ)
Mu Near Zero (MNZ)

Figure 3.6 Classification of metamaterials.
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1) When a permeability greater than or equal to one (1 > 1), this case is
called epsilon near zero (ENZ).
2) When a permittivity greater than or equal to one (e > 1), this case is called
mu near zero (MNZ).
3) When a permeability and a permittivity are zero (L = ¢ = 0), this case is
called double zero index or mu-epsilon near zero.
The classification of metamaterials is illustrated in Figure 3.6. Beside this the
electromagnetic band gap and partially reflective surface based on electromagnetic
metamaterials are studied.
3.6.1 Electromagnetic band gap (EBG)

EBG is a periodic structure, consists of dielectric and metallo-
dielectric materials. It is capable of the radiation deterrence in a specific direction and
frequency. The diversity of the EBG structure that is applied for the antenna
application can be also divided in three categories.

3.6.1.1 High impedance surface

High impedance surface is a new type of metallic
electromagnetic structure. It is a planar array of continuous metallic periodic cell
surfaces able to suppress surface waves, which case multipath interference and
backward radiation in a narrow bandwidth near the cell resonance. This structure is
referred to as the 2D structure that can be applied with a microstrip antenna to

suppress the surface wave, as shown in Figure 3.7 (Agi, et. al, 2005).
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Figure 3.7 2D electromagnetic band gap and microstrip antenna.

3.6.1.2 Artificial surface
Artificial surfaces are artificial magnetic conductors (AMC)
and reactive surfaces to design low profile antenna, as shown in Figure 3.8 (Alireza

Foroozesh and Lotfollah Shafai, 2011).
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Figure 3.8 Fabricated VMAs over reduced-size AMC.

3.6.1.3 High Directive resonator antenna

A resonator antenna are designed base on the basis of creating
detects in a uniform EBG structure. It is composed of a complex artificial surface and
a metallic ground plane. Moreover, a primary radiation source such as microstrip
patch antennas, horn antennas, dipole antennas, and so on, the EBG structure can be
configured as a superstrate. The main goal of using EBG is to improve the primary
radiating efficiency. The structure of various forms of EBG can be used in the design
of high directive gain resonator antenna. For example, multiple layers of metallic
dielectric and multiple layers of frequency selective surface (FSS) are shown in

Figures 3.9 (Weily, et. al, 2005) and 3.10 (Young Ju Lee, et. al, 2005), respectively.
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Figures 3.9 Woodpile EBG.

Dielectric aluminium rods

Metallic
ground plane

Figure 3.10 1D EBG using dielectric aluminium rods.

3.6.2 Partially Reflective Surface (PRS)
Whenever the EBG becomes one of the several aluminium rod
functions, it works as a medium in form of a superstrate. Figure 3.11 demonstrates the

propagation of electromagnetic fields which are passed through the medium, the
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reflection and refraction wave occurs. In this case, the electromagnetic waves
propagates along x direction. To concern about the polarization mode where the
medium is worked of partially reflective surface (PRS), it has two polarization modes

as follow.

Transmission

E:

»X
—_—
Wave Propagation
Hr

A

E, Reflection

Figure 3.11 Electromagnetic propagation when passed the medium.

3.6.2.1 Transverse electric polarization (TE) mode
Figure 3.12 indicates the transverse electric polarization mode.
The metamaterials based on EBG rod are set up along y axis, so the electromagnetic
waves propagate in y direction. Because of a dipole antenna is located along x axis,
the electric field direction is propagated along x axis. Therefore, TE polarization
mode have only magnetic field in the direction of EBG polarization. In this case, the

propagation of transmitted wave can be propagated more than reflected wave.
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Figure 3.12 Simulation of transverse electric polarization mode (a) structure and

(b) near-field distribution.

3.6.2.2 Transverse magnetic polarization (TM) mode
The metamaterials based on EBG rod are set up along x axis,
so the electromagnetic waves propagate in x direction. Futuremore, the electric field
of a primary radiator is propagated along x axis because a dipole antenna is placed
along x direction. Consequently, the direction of EBG polarization has only electric
field, it is the transverse magnetic polarization mode as shown in Figure 3.13. In this

case, the propagation of transmitted wave can be propagated less than reflected wave.
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Figure 3.13 Simulation of transverse magnetic polarization mode (a) structure and

(b) near-field distribution.

From the theory above, the wave propagation is obstructed wave
propagation by the metamaterial based on EBG rods along x and y directions in TE
and TM polarization mode, respectively. If electric field of a primary radiator is
propagated along the direction of EBG polarization-mode, the minority of wave can
be transmitted and the wave propagation is mostly reflected. In this case, if
metamaterials based on EBG rods are used as superstrate and metallic plate is applied
to reflector plane, the high directive gain resonator antenna can be obtained at the

resonant frequency band of EBG and primary radiator.

3.7 Polarization of plane wave

Polarization is the orientation of an electric field. An electromagnetic wave
can be polarized to restrict its electric field to one direction; this principle is also

behind polarized sunglasses, which block all light wave components that are oriented
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in a certain direction. The polarization is categorized into three types, which are linear
polarization, circularly polarization, and elliptical polarization.

Consideration on wave polarization, an electric field has a component in x and
y axises and electromagnetic field is propagated in +z direction. So, wave equation is

defined by
E = (B8, +E, 084, p 76/ = (E /74, +E el 773 ) (3.1)

Where ¢ is phase different between E _and E, and, E,, and E , are an amplitude

of E, andE,, respectively.

And also display a magnetic field equation is
H(z)= E(— E,od, +E, 074, femeiet. (3.2)
n

Hence, the real part of electric field is

E =E,qcos(at— f)a, +E,, cos(at — Sz +p)a,, (3.3)
or E, = E,, cos(at — fz), (3.4)
and  E,=Ecos(at—fz+p). (3.5)

From law of cosine, it seem that cos (A+B) = cos A cos B —sin A sin B, is capable of
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E, = E,qcosf(at — fz)+p]=E,, cos(wt — fz)cos o — E,, sin(wt — fz)sing. (3.6)

When sinA = 1 — cos®A, equation (2.4) can be arranged as follow;

E

X0

sin(at - fz)= 1—[ EX] . (3.7)

So, the electric field in y direction is

Eyo Ex ’ :
E, = £ E,cosp—E .1 = sing. (3.8)

x0

Finally, the polarization equation could be achieved,

2 2
E E E
sinzgo:[ EXJ —Z#COSW{—VJ . (3.9)
E EEyo Eo

Consideration of equation (3.9) concludes that the polarization type is depended on

the phase (¢ ) and amplitude (E,, and E ;).

3.7.1 Linear polarization

From equation (3.9), if the phase differentis ¢ =0or ¢ =tnx,
2
0=EZE2+2E,E E,E, +EZE? =(E oE, +E,.E, ) (3.10)

E,oE, =+E,E, (3.11)
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Equation shows linearly polarization, which is displayed in Figure 3.14. In addition,

E
o= tan‘l(—y) .
EX

Figure 3.14 Linear polarization.

3.7.2 Circularly polarization

From equation (3.9), if E,, =E , and the phase different is goi%,

2

EZ E
1= e +E—§O or E2+E2=(E,, ) =(E, ) (3.12)

Equation (3.12) is circular equations, its middle point is (0,0) and the radius is

E,o = E,,. Figure 3.15 plots the circularly polarization.

X
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S

- ExO = _EyO Exo = Eyo

<
<

Figure 3.15 Circular polarization.

Consideration of the left and right hand circularly polarization, assume

that the phase convention is looked at the direction of propagation and note from

phasors that a factor of j is equivalent to a +90 degree phase shift. For RHCP, E,
“lags” E,, and a factor of j would rotate the phasor of E, onto that of E,. Another
way of looking at it is that after a quarter wavelength of propagation, E, would have

the phase that E,_ start with, as revealed in Figure 3.16 (traveling of wave in the

positive z-direction). Hence,

E. =E, - jE, (3.13)

and

E =E, +JE,, (3.14)
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when E; is a Right Hand Circular Polarization (RHCP : clockwise) and E, is a Left

Hand Circular Polarization (LHCP : counter clockwise).

Y Y
N +7)2 *\(”:_77/2
E E
« » X « > X
—-Eon=-E Ew=E,, —Ewxw=-Eyp Eso =Eyo
(a) (b)

Figure 3.16 (a) Left-hand circular polarization and (b) right-hand circular polarization.
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Figure 3.17 Elliptical polarization.
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3.7.3 Elliptical polarization

In this polarization can be divided into two cases, Figure 3.17(a)

demonstrated the elliptic polarization when phase different =0 or go;ti% and
E, # E, . It describes that the elliptic is not located in major and minor axis. Beside

this is shown in Figure 3.17(b), if phase different (p:i% and E, #E,, the elliptic

is located in major and minor axis.

3.8 Chapter summary

In this chapter, several theories have been proposed to improve the
performance of mobile base station antenna. Firstly, the antenna in cellular system has
been proposed and how to choose a mobile base station antenna is discussed. From
the review literature the dipole antenna is widely used to modify the performance, so,
the basic theory of the dipole antenna is considered in this Chapter. Moreover, coaxial
balun is studied to join a dipole antenna to coaxial feed line. After that the EBG rod
based on metamaterials is researched and EBG superstrate is discovered to enhance
the gain performance. To achieve the dual and circularly polarization, the polarization
of plane wave is also studied. All above theories are important understanding to

design the proposed antenna.



CHAPTER IV

ANTENNA DESIGN AND ANALYSIS

4.1 Introduction

In a previous work, an antenna design of high directive gain using a curved
strip dipole on electromagnetic band gap (EBG) was studied (Fhafhiem, Krachodnok,
and Wongsan, 2010). The resonant EBG structure was been used as a reflector for
directive gain increment by utilizing the good performance of a mushroom-like EBG
structure, which is capable of providing a constructive image current within a certain
frequency band. Therefore, when a wide beam curved strip dipole is appropriated
located horizontally on a resonant EBG reflector, high directive gain can be obtained
of 7.6 dBi for RFID reader. The purpose of this thesis is to design the antenna for
mobile base station, so the antenna performance is developed to perform the resonator
antenna by using EBG structure. In this design, the EBG structure can partially reflect
the wave of a primary radiator. This chapter proposes the design and analysis of the
circularly polarized resonator antenna by using curved strip dipole placed on
U-shaped reflector plane and multi layers EBG. The results indicate that the antenna
can also generate a circular polarization. The proposed antenna has a beamwidth
covering the frequency range of 1.85 — 2.23 GHz, the gain is increased up to 15.53

dBi. In addition, an interesting sectoral 60° pattern is presented in horizontal plane.



46

4.2  Curved strip dipole antenna design
At the desired frequency of 2.1 GHz, the initial dimension of a curved strip
dipole antenna is calculated based on the total length (Lg) of /2, then radius (a) is

found from (4.3):

L=16r/2, (4.1)

when the length of semicircle is

L=ra. (4.2)
Therefore,
a= (/12.lGHz / 2)/ T (4.3)

The geometry of a curved strip dipole is mounted over an inexpensive curved
polyvinyl chloride (PVC) with the dielectric constant of 3.4 as shown in Figure 4.1(a).
The radius of PVC is determined by 18, 20, 24, and 34 mm, consequently the curved
strip dipole with various radius of PVC is simulated. It seems that when the length of
the curved strip dipole is decreased from 0.5 1, the Sy; is varied as plotted in Figures
4.1(b) and (c). Consideration of the radius and width of the curved strip dipole are 34
mm and 15 mm, respectively, these results can obtain a good match with 50 ohms
transmission line. The optimal parameters are concluded in Table 4.1. Referring to
Figure 4.1(d) that is illustrated the best performance of a curved strip dipole antenna.
It has the maximum gain of 2 dBi and S;; is -14 dB at the resonant frequency of 2.1
GHz. The omnidirectional pattern of the curved strip dipole in E-plane provides the
half power beamwidth (HPBW) around 92.4°because the dipole is bent to be a half

annular.
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Table 4.1 Parameters of curved strip dipole antenna

Parameters Size (mm)
a : radius of curved strip dipole 34
L : length of curved strip dipole 82.81
ws : width of curved strip dipole 15
w, : width of PVC 30

Curved strip dipole

—.—a=18mm.
—— a=20mm. N
- a=24mm.
— a=34mm. .

25
Frequency (GHz) )

(b)

Figure 4.1 Simulated results of curved strip dipole antenna (a) structure, (b) S;; when

a is varied, (c) S1; when wy is varied, and (d) radiation pattern.
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10
Wy =5mm |
o / wy =10 mm
%-20 ';'/ — —-w;=15mm
» ;. ———w;=20mm
|
-30| i I ]
g
0. ! |
_50 Il Il
1 2 3 4
Frequency (GHz)
(c)

Figure 4.1 Simulated results of curved strip dipole antenna (a) structure, (b) S;1 when

a is varied, (c) S;1 when wy is varied, and (d) radiation pattern (cont.).

One solution to enhance the gain of an antenna is using metallic reflector plane
as shown in Figure 4.2 (a). The metallic reflector is located at the back of a dipole

antenna with gap as a quarter wavelength. Usually, the main disadvantage of an
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antenna on metallic plane is that it makes the overall size of the antenna too big and
bulky for the low frequency range of operations. Moreover, the reflector plane cannot
suppress the surface wave, so an antenna gain and efficiency will then be greatly
decreased. Figure 4.2(b) shows radiation patterns of a curved strip dipole on reflector

plane in E- and H- plane with the maximum gain of 7.6 dBi at 2.1 GHz.

45 degree oriented curved strip dipole

Figure 4.2 Simulated results of curved strip dipole on reflector plane with gap as

a quarter wavelength (a) structure and (b) radiation pattern.
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Consideration of the gain of the curved strip dipole on reflector plane
concludes that it is unsuitable to be utilized in mobile base station systems owing to
the face that base station antenna must have unidirectional pattern, high directive gain,
and wide beamwidth in horizontal plane, and dual polarization. The technique to meet
the requirement is the resonant antenna using the resonant metamaterials structure as a

superstrate of the curved strip dipole which is located on PEC reflector plane.

4.3  Study of metallic rod type metamaterials

To design the EBG superstrate for resonator antenna the image theory is
applied. A cavity consisted of the EBG superstrate and its image will resonate at the
same frequency as the antenna. Because the size of the exciting feed is considered
much smaller than that the EBG superstrate and the reflector plane, the effect of the
small feed antenna on the resonant cavity can be ignored (Ge, Essellec, and Bird,
2010). Therefore, a unit cell is surrounded by four periodic boundaries and a unit cell
model is shown in Figure 4.3(a). This model can be used to evaluate the transmission
and reflection amplitude and phase of the EBG, under the normal incidence. Figure
4.3(b) illustrates the cavity model that it has a single cell of the periodic superstrate
and its image surrounded by four periodic boundaries. For normal incidence, the
periodic boundaries surrounding the unit cell or the unit cavity can be replaced by the
PEC (perfect electric conductor) and PMC (perfect magnetic conductor) walls.

In the case shown in Figure 4.3(a), a metallic rod performs as a unit cell. The
boundary perpendicular to axis x should be set as PEC walls and those perpendicular
to axis y should be PMC walls. Waveguide ports are located on two sides of the

model. To analyze the transmission and reflection coefficient through the equivalent
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cavity model, shown in Figure 4.3(b), the EBG and its image are included in the

cavity model.

Port 2 z Port 2

-y -

—~ PBC boundaries Unit image —|

Unit cell\

¥

>

PBC boundaries <—

e

Port 1

(@) (b)

Figure 4.3 (a) A unit cell model for the EBG and (b) a cavity model composed

of a unit cell and its image.

Furthermore, metallic rod unit cell is classified in three cases which are single
layer, double layers, and three layers as follows.
4.3.1 Single layer of metallic rod
Unit cell of metallic rod is a primary simulation of the metamaterials
design as shown in Figure 4.4. A unit cell defined by parameters Ay, go, and to and an
aluminium rod is surrounded by four periodic boundaries. The parameters are
optimized as plotted in Figure 4.5 to analyze the reflection phase that can be reflected
partial wave, so Ao, Qo, and toare 0.09%, 0.25 4, and 0.54, respectively. It seems that the

resonant frequency is determined by the parameter of the aluminium rod structure,
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especially by the Ay and go of rod structure. This model can be estimated the
transmission and the reflection coefficient of the aluminium rod structure as plotted in
Figure 4.6. Consideration of S;; and Sy; at 2.1 GHz concludes that the aluminium rod
can be partially reflected wave. The reflection phase in Figure 4.6(b) is performed that

the allowed bandwidth is mostly narrow, thus limiting the EBG antenna bandwidth.

1 unit cell
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Figure 4.4 A unit cell of single layer.



53

180 [ [ [ [ [

[N

D

o
]

H
o
o

=
N
o

Reflection phase (degree)

-
o
o

801 15 2 2.5 3 3.5 4
Frequency (GHz)
(a)
180 [ [ [ [ [

160

140

Reflection phase (degree)

[
2.5 3 3.5 4
Frequency (GHz)

N —

1 15

(b)

Figure 4.5 Optimization of EBG parameters (a) Ao, (b) go, (C) to, and (d) thickness.
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Figure 4.5 Optimization of EBG parameters (a) Ao, (b) go, (C) to, and

(d) thickness (cont.).
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Figure 4.6 S-parameter of single layer (a) magnitude and (b) phase.

More interestingly, the S-parameters are used to calculate the

permittivity (&), permeability (), and refraction index (n) of the aluminium rod
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structure, and the results. Initially, the basic equations used to determine the &, u,
and n are shown below (Majid, et. al, 2009):

2 1-y

~ 4.4

‘T d L, 44
2 1-v,

~ 4.5
H jkod 1+v, (45)
n=+/gu (4.6)

where:

v, = S21"'5117
V, = S21 - S117
k, =w/c,

o = radiation frequency,
d = dielectric thickness,

c = speed of light.

The permittivity and permeability at the resonant frequency of this
structure is depicted in Figure 4.7 with the value of 11.46 and 1.4, respectively. The
aluminium rod is classified in a medium with both permittivity and greater than zero
(e>0, u>0). Referring to Figure 4.7 (c) concluded that the refraction index is 4.01.
Therefore, the wave propagation incident upon a plane surface separating two media

is refracted upon entering the second medium if the incident wave is oblique to the
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surface. The incident angle is related to the refraction angle by the simple relationship

known as Snell's law.
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Figure 4.7 Calculated results of single layer unit cell aluminium rod

(@) &, (b) £ ,and(c)n.
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Figure 4.7 Calculated results of single layer unit cell aluminium rod

@ ¢,,(b) £, ,and (c) n (cont.).

One characteristic. of the. EBG material is to prohibit the wave
propagation whose frequency belongs to the material band gap. The second
characteristic property is to allow electromagnetic modes to exist within the forbidden
frequency band by using the cavity model. Let us now analyze the transmission and
reflection coefficient, assuming the cavity height (h) is adjusted to control the band
gap of EBG which is 67.46 mm. This S-parameter is plotted in Figure 4.8 and

indicated that the cavity resonance frequencies is 2 GHz to 2.1 GHz.



59

10 |
Band Gap

o — a—

S-parameter (dB)

'501 15 2 2.5 3 3.5

Frequency (GHz)

Figure 4.8 The band gap of single layer.

4.3.2 Double layers of metallic rod
In this thesis double layers of EBG superstrate are divided into two
cases which are cross polarization of EBG and co-polarization of EBG.
Case 1 : Cross polarization of EBG
Both the EBG polar'H and EBG polar V are considered and
shown in Figure 4.9. This model can estimate the transmission and the reflection wave
of the EBG structure as plotted in Figure 4.10(a). It concludes that the aluminium rod
can be partially reflected wave. The reflection phase in Figure 4.10(b) is performed
that the allowed bandwidth is mostly narrow. Referring to Figure 4.11 that shows the
aluminium rods which are classified in a medium with epsilon near zero (ENZ). The
permittivity and permeability at the resonant frequency are 0.14 (0<e<l) and 6.5,
respectively, so the reflection index of double layers EBG with cross polarization is

about 0.95. From Equation (4.5), if the permittivity is near zero and the reflection
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index is closed to zero, so the directivity enhancement in this medium is based on the
phenomenon of geometrical optics and Snell's law (R. Zhou, et. al, 2010). The exiting

ray from the substrate will be normal to the surface.

<«—— EBG polarV

<«<—— EBG polarH

¥

A

z

Figure 4.9 A unit cell of double layers with cross polarized EBG.
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Figure 4.10 S-parameter of a cross polarized double layer EBG
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Figure 4.11 Calculated results of the double layers with cross polarized EBG
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Figure 4.11 Calculated results of the double layers with cross polarized EBG

@ é&,, (b) ¢, ,and (c)n (cont.).
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Figure 4.12 The band gap of double layers with cross polarization
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The band gap of the cross polarized EBG is obtained by using
the cavity model. Assuming the cavity height (h) is adjusted to control the band gap of
EBG which is 60 mm. This S-parameter is plotted in Figure 4.12 and shown the band
gap at frequency 2.21 GHz to 2.31 GHz.

Case 2 : Co-polarization of EBG

‘7 EBG polar V

Figure 4.13 A unit cell of double layers with co-polarization.

The double EBG polar -V is considered, a unit cell is
surrounded by four periodic boundaries as shown in Figure 4.13. This model can
estimate the transmission and the reflection wave of the EBG structure as plotted in
Figure 4.14(a) Consideration of S;; and S;; at 2.1 GHz concludes that the aluminium
rod can be partially reflected wave. The reflection phase in Figure 4.14(b) is
performed that larger phase inversion has been obtained, thus the allowed bandwidth
can be increased. Referring to Figure 4.15 denoted that the aluminium rods are
classified in a medium with epsilon near zero (ENZ) with the permittivity,
permeability and refraction index of 0.01, 22.29 and 0.47, respectively. The band gap

of the co-polarized EBG is obtained by using the cavity model. Let us now analyze
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the transmission and reflection coefficient, assuming the cavity height (h) is adjusted
to control the band gap of EBG which is 60.3 mm. The band gap is covering the

frequency of 1.83 GHz to 2.25 GHz.
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Figure 4.14 S-parameter of double layers with co-polarization (a) magnitude

and (b) phase.
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Figure 4.15 Calculated results of the double layers with co-polarization
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Figure 4.16 The band gap of double layers with co-polarization.




68

4.3.3 Three layers of metallic rod

e

EBG polar V

<—— EBG polar H

Figure 4.17 A unit cell of three layers.

Three layers are considered and a unit cell is surrounded by four
periodic boundaries as shown in Figure 4.17. This model can estimate the
transmission and the reflection wave of the EBG structure as plotted in Figure 4.18(a)
Consideration of Si; and Sy; at 2.1 GHz concludes that the aluminium rod can be
partially reflected wave. The reflection phase in Figure 4.18(b) is performed that
larger phase inversion has been obtained, thus the allowed bandwidth can be
increased. Figure 4.15 illustrates the electromagnetic properties of three layers EBG, it
is classified in a medium with epsilon near zero (ENZ) with low refraction index of
2.6. The band gap of the three layers EBG is obtained by using the cavity model. Let
us now analyze the transmission and reflection coefficient, assuming the cavity height
(h) is adjusted to control the band gap of EBG which is 60.31 mm. This S-parameter
is plotted in Figure 4.20, indicate one partially reflected band gap at frequency 1.65
GHz to 2.5 GHz. This band is satisfied for mobile base station in 3G and 4G

technology.
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Figure 4.18 S-parameter of three layers (a) magnitude and (b) phase.
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Metamaterial antenna is a class of antennas which use metamaterials to
enhance or increase performance of the system. In this study, thirteen aluminium rods
are arrayed in y axis that it is EBG horizontal polarization (EBG polar H) as shown in
Figure 4.21(a). The EBG polar H structure is fed by using the plane wave with the gap
as a half wavelength to concentrate the reflection phase parameter. The parameters are
optimized by using CST microwave studio as concluded in Table 4.2 and the

reflection phase of EBG polar H (¢ggg,,1.,1) 1S Plotted in Figure 4.21(b). This result

can be applied for the EBG resonator antenna that will be described in next section.

Table 4.2 Parameters of EBG horizontal polarization

Parameters Size (mm)
A; : width of EBG polar H 13.26
01 : gap between EBG polar H 29.83
t; : length of EBG polar H 530
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Figure 4.21 Simulation of the EBG horizontal polarization (a) structure

and (b) reflection phase.

4.4  The linearly polarized resonator antenna

This section shows EBG resonator antenna, which consists of three

components. There are a superstrate, a reflector plane, and a curved strip dipole



74

antenna for the excitation source. The superstrate forms a 1-D EBG structure where
periodic conducting pattern is metallic rods. It behaves as a PRS array at the antenna
operating frequencies. A curved strip dipole antenna is placed between PEC reflector
plane and 1-D EBG as shown in Figure 4.22. The radiation of feeding antenna has a

center point at P, whereas the radiation pattern of a curved strip dipole antenna is

f((‘)). In addition, the distance between the PEC reflector plane and EBG is h, and

reflection coefficient of EBG is ye”’m J

wave#l

wave#3

Figure 4.22 Reflection wave between PEC and EBG.

Assume that the transmission is lossless, the amplitude of the direct wave 1 is

\J1—»?, the amplitude of the once-reflected wave 2 is »,/1—»? , in the same way the

amplitude of the twice- reflected wave 3 is y?,/1— 5, etc. Therefore, summation of

electric field is examined from
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E=Y (0, J1- el (4.6)
n=0

where, Ag is the phase variations. When the phase difference between wave 2 and

wave 1 is

2 : 2z 2h
Ag, :72htan95|n6?—7@—(ppEC + Qs 4.7)

the phase difference between wave 3 and wave 1 is

2 . 27 4h
A@z 274h tan 93"’]9—7@—2@”5(: +2¢)EBG . (48)

If the direct wave has n number, so the phase difference is
A7
Ap, = n[—TCOSQ ~ Prec T Perc :| | (4.9)

When 7 <1, we obtain

0 ) n 1
nZ_(;(?e‘A“’) Sl (4.10)

Therefore, we can represent the electric field as followed;

1—]/2
El=|E|f(& 4.11
E]=[Es ()\/1+;/2—2;/cosAgo’ (4-11)
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and the power pattern is

2

5= 1oy

Z £2(0). (4.12)
1+y% -2y cos(goEBG — Qpec — 77[ hcos 49)

However, the amplitude () and phase (@g;) of the EBG reflection

coefficient are a function of the angle 8. Maximum power in the normal direction is

obtained, when

4
Pesc ~ Prec _7h =0, (4.13)

so, the distance between PEC reflector plane and EBG is
hE(LJ(‘PEBG _¢PECJ+N£, (4.14)

where, N=0, 1,2, 3, ...

From equation (4.14), the cavity height (h) depends on the resonant frequency
which can be calculated by choosing the reflection phase in section 4.3 as plotted in

Figure 4.23.
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Figure 4.23 Cavity height (h;) between the reflector plane and EBG.

The resonator antenna is classified in 2 cases through following the
polarization, Transverse Electric (TE) polarization resonator antenna and Transverse
Magnetic (TM) polarization resonator antenna.

4.4.1 Transverse Electric (TE) polarization resonator antenna

Chapter 3 shows that if the electric field of primary radiator does not
propagate in the direction of EBG polarization, an antenna is proposed of TE
polarization mode. Figure 4.24(a) shows the TE polarization resonator antenna model,
which consists of the several aluminium rod array and PEC reflector plane. Moreover,
a curved strip dipole antenna is fed between the cavity walls. A 1-D the several
aluminium rod arrays is a simple example of PRS that can be employed for this design
method afterward. For illustration, let us consider the single-layer EBG polar H. The
several aluminium rods have a thickness of 1 mm and the unit cell has initial
dimensions of 530 mm x 13.26 mm x 1 mm. The distance between aluminium rods
(91) i1s 29.83 mm. When the reflection phase of the EBG polar H is 160° at 2.1 GHz,
the cavity height (h;1) be obtained depended on the frequency can of 67.46 mm. Figure

4.24(b) shows the Si; value, it confirm that this antenna can be resonated in a band of
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frequencies between 1.93 GHz and 2.16 GHz. The radiation patterns are illustrated in
Figure 4.24(c), the HPBW in the vertical and horizontal plane is 103.7° and 69.5°,
respectively. Furthermore, the near-field level is shown in Figure 4.8(d), the
magnitude over EBG polar H is around 30.6 VV/m. It seems that the transmitted wave
occurs more often than the reflected wave because the reflection in the cavity walls is
low. So, the simulation directive gain has a low of 8.5 dB, it is close to the gain of a

curved strip dipole over PEC reflector plane.

Metallic EBG Material R

(a)
0
_5 L
o
=
A
_10 L
-15; ) 3 4
Frequency (GHz)
(b)

Figure 4.24 Simulation results of transverse electric polarization resonator antenna

(@) structure, (b) S11, (c) radiation pattern, and (d) near-field distribution.
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Figure 4.24 Simulation results of transverse electric polarization resonator antenna
(a) structure, (b) S11, (c) radiation pattern, and (d) near-field

distribution (cont.).

4.4.2 Transverse Magnetic (TM) polarization resonator antenna
On the other hand, if the resonator antenna is set in TM polarization
mode, it does not have a magnetic field in the direction of propagation waves, where
the TM polarization antenna model is shown in Figure 4.25(a). In this case, we are
unable to consider the S;; value because the reflection occurred in the cavity walls.

Thus, the maximum gain at a varied frequency is plotted in Figure 4.25(b) together
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with gain of 18 dBi. At -3 dB bandwidth, the TM polarization resonator antenna will
resonate in a band of frequencies between 2.08 GHz and 2.2 GHz. Figure 4.25(c)
shows the HPBW, which is 18.4° and 71.5° in vertical and horizontal planes,
respectively. In consideration of the reflection wave, the magnitude over EBG polar H
is around 20 V/m as shown in Figure 4.25(d). It seems that the transmitted wave

occurs less than the reflected wave.

Metallic EBG Material '0.

—
o

Gain (dBi)

1 1
1.8 1.9 2U 2.1 2.2 2.3 2.4 25
Frequency (GHz)

(b)

Figure 4.25 Simulation results of transverse magnetic polarization resonator antenna

(a) structure, (b) S11, (c) radiation pattern, and (d) near-field distribution.
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Figure 4.25 Simulation results of transverse magnetic polarization resonator antenna
(a) structure, (b) S11, (c) radiation pattern, and (d) near-field

distribution (cont.)

4.5 Dual polarized resonator antenna

In all the above results, the directive gain of TM polarization mode is suitable
for a mobile base station. But it is linear polarization because the magnitude of the
electric field in the vertical polarization less than the horizontal polarization as shown

in Figure 4.26.
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Figure 4.26 Electric field of transverse electric polarization resonator antenna.

This problem is resolved by using a 45° oriented curved strip dipole on PEC
reflector plane. According to expectations of the high gain dual polarized antenna,
EBG polar V is added to the lower reflective wall to increase the magnitude of the
electric field in the vertical polarization. When the cavity height (h,) between EBG
polar V and PEC reflector plane is fixed of 60 mm, the reflection phase of EBG polar
V is calculated of 122.4°. Furthermore, the EBG polar V is designed as shown in
Figure 4.27(a) and the parameters are optimized by using CST microwave studio as
concluded in Table 4.3. In this design, double layers EBG with 45 slant curved strip
dipole on reflector plane does not include in TM and TE polarization mode. The
primary wave from excitation feed is mostly reflected from the EBG superstrate. For
this reason, the magnitude of the reflection coefficient is dramatically increased to
achieve a high extra gain (Tomislav D., et. al, 2010). Referring to the reflection phase
of the EBG polar V is plotted in Figure 4.27(b), it is satisfied with the calculation
result. In addition, Figure 4.11(c) is illustrated the cavity height of the EBG polar V

when the resonant frequency is varied.
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Table 4.3 Parameters of EBG vertical polarization
Parameters Size (mm)
A; : width of EBG polar V 3.85
g1 : gap between EBG polar V 46.42
t; : length of EBG polar V 530
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Figure 4.27 Simulation of the EBG vertical polarization (a) structure

and (b) reflection phase.
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Figure 4.27 Simulation of the EBG vertical polarization (a) structure

and (b) reflection phase (cont.).

This section presents that there is a relationship between a 45° oriented curved
strip dipole with double EBG layers and the electric field level in x- and y-axis is
presented. The antenna can radiate the dual polarization. Almost all the parameters
are taken from the antenna constructed for the experiment. Only the reflector plate
size is assumed to be infinite and the geometry is shown in Figure 4.28. The
calculated current is weak enough on the peripheral area out of 3Ax3A. As the
simulated gain, it is around 18.9 dBi at the frequency of 2.1 GHz as shown in Figure
4.29(a). In addition, over the whole frequency band (2.04 — 2.18 GHz), the -3 dB
directive gain could be obtained. The near-field distribution behavior on the EBG
surface of the dual polarization square antenna is studied and indicated in Figure
4.29(b). Studying the electric field behavior between superstrate and primary radiator

with reflector plane reveals that waves are refracted and reflected by EBG surface;
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therefore, the antenna can generate the high electric field level. The simulated
radiation pattern of square resonator antenna is shown in Figure 4.29(c), which has
low side lobes. Figure 4.30 shows the electric field in x and y axises where have the

equivalent amplitudes.

PRS polar H

PRS polar V

45 degree oriented
curved strip dipole

| l«—PRS polar H
Tl:l O 0000 OO O O O«PRs polar vV

hy 45 degree oriented

Feed point e
l flz h curved strip dipole

(b)

Reflector y

Figure 4.28 Configuration of dual polarization resonator antenna

(@) 3D view and (b) side view.
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Figure 4.29 Simulated results of dual polarization resonator antenna (a) gain,

(b) near-field distribution, and (c) radiation pattern.
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Figure 4.30 Maximum electromagnetic field of a dual polarized resonator antenna.

4.6  Circularly polarized resonator antenna

This paper studies the circularly polarized antenna, so two perpendicular
electromagnetic plane waves are equal amplitude and 90° phase difference. From
section 4.5, two perpendicular electromagnetic plane waves are equal. Therefore, the
EBG polarizer is designed in this section to adjust the phase difference between two

perpendicular electromagnetic plane waves as illustrated in Figure 4.31.

/i

Figure 4.31 Metallic rods polarizer.
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Therefore, 1-D metallic EBG is designed for the third layer of superstrate,
which is called polarizer as shown in Figure 4.32(a). The transmission phase of

polarizer is plotted as ¢, .rier 2POUL -6.24° as shown in Figure 4.32(b), and also the

transmission phase of EBG polar H and EBG polar H are plotted as 53.65° and -
15.74°, respectively. Figure 4.33 shows the structure of EBG which is worked
together with the polarizer. The requirement of phase difference is 90°, where it is

given by
kOd + ¢321EBGp0IarH + (DSMEBGpoIarV + (0521polarizer = 900' (415)

. : i .2
where d is the distance between the EBG polar V and the polarizer and K, is Tﬂf

o
d= 90° — (DSZIEBGpoIarH + ¢821EBGp0larV + ¢821po|arizer

5 , (4.16)

4 90°-53.65 —(;;52-74 )=(-6.249) _ g i
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Figure 4.32 Simulation result of the metallic rods polarizer (a) structure and

(b) transmission phase.
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Figure 4.33 EBG superstrate.
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Figure 4.34 Simulation result of circularly polarized resonator antenna
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When EBG and the polarizer structure are used for superstrate of a curved
strip dipole antenna, which is placed on reflector plane at a 45° angle, the circularly
polarized resonator antenna is achieved as shown in Figure 4.34(a). Figure 4.34(b)
illustrates an axial ratio, which d is 23.14 mm. It seems that an axial ratio is unable to
cover the frequency band because the mutual coupling between EBG layers occurs,
so the d parameter is varied to optimize an axial ratio close to 0 dB at resonant
frequency band. Consideration of Figure 4.35 concludes that at the gap between EBG
polar V and the polarizer is 30 mm, an axial ratio close to O dB at 1.94 — 2.18 GHz
because the phase difference is adjusted to 90°. The maximum gain of 20.11 dBi
could be achieved and the HPBW in vertical and horizontal plane are 18° and 18.1°,
respectively, as shown in Figure 4.36(a). Moreover, the electromagnetic vector is left-
handed polarization because in Figure 4.36(b) the vector is circulated to left at the

frequency of 2.1 GHz.
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Figure 4.35 Simulation result of circularly polarized resonator antenna

when d is varied (a) phase different and (b) AR.
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4.7  The effective directivity of resonator antenna using curved

strip dipole

This section presents the optimum shape of a curved strip dipole antenna for
maximum directive gain, which is used for excitation source of the circularly
polarized resonator antenna. In this study, two difference shapes of curved strip
dipole antenna located on conductor plane at 45° angle are appropriated, they have
begotten the circularly polarized antenna. The curvature of a curved strip dipole have
an effect on the efficiency of the circularly polarized resonator antenna, where a
curved strip dipole is divided into two case studies, overturned and upturned curved
strip dipoles. From previous section, an overturned curved strip dipole was studied
and Figure 4.37(a) shows the circularly polarized resonator antenna using upturned
curved strip dipole feeding. Figure 4.37(b) shows the simulated axial ratio for
overturned and upturned curved strip dipole on conductor plane. As shown on this
graph, the 3 dB AR at 2.1 GHz is found in the both cases. When the gain was plotted
in varied frequency as shown in Figure 4.37(c), it found that the maximum gain of a
resonator antenna using upturned curved strip dipole is 20.56 dBi at 2.1 GHz. In the
other case, the gain is 20.11 dBi. Considering in a bandwidth of both cases, the
resonator antenna using upturned curved strip dipole has a smaller band than the
overturned curved strip dipole. From the radiation pattern simulation results in Figure
4.37 (d), the side lobe is reduced when the curved strip dipole is upturned. The
radiation wave at the ends of curved strip dipole has high level because the electric
field at the ends is closed. When the curved strip dipole is overturned in cavity wall,
the reflection wave is too high. Moreover, the electromagnetic vector is left-handed

polarization because in Figure 4.37(f) the vector is circulated to left.
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Figure 4.37 Simulation result of circularly polarized resonator antenna using an

upturned curved strip dipole (a) structure, (b) AR, (c) gain,

(d) xz plane, (e) yz plane, and (f) electromagnetic vector.
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Figure 4.37 Simulation result of circularly polarized resonator antenna using an
upturned curved strip dipole (a) structure, (b) AR, (c) gain, (d)

xz plane, (e) yz plane, and (f) electromagnetic vector (cont.).
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The optimum shape of a curved strip dipole antenna for maximum directive
gain could be obtained. It shows that the shape of exciting source of resonator
antenna can change the antenna performance. Moreover, the cavity wall, which
consists of superstrate and conductor plane, improves the gain of traditional antenna
from around 2 dBi to 20.11 dBi. In addition, the side lobe is reduced when the curved
strip dipole is upturned the structure down on conductor plane.

Because of the high requirements on base station antenna in cellular network,
the most popular choices are the antennas with horizontal half power beamwidth of
60°. The optimum horizontal and vertical beamwidth is decided by the network

architecture and propagation environment.

4.8  Sector antenna design

As the square antenna is not suitable and does not meet the requirements of
the sector antenna element, in this section; the antenna is reduced in size and the
vertical walls in yz plane for wide beamwith in horizontal plane are added. First study
is applied the square dual polarized antenna from section 4.5 to radiate the sectoral
radiation pattern.

Consideration of Figure 4.38(a) concludes that if the resonator antenna size
(t) is reduced to 400 mm because the near-field level is faded away at the width, the
HPBW in horizontal plane of the resonator antenna is wider. While the pattern in
horizontal plane is improved, the directive gain of the resonator antenna is certainly
down. Simulated gain and HPBW in xz plane are concluded in Table 4.4. Although
the pattern is symmetric at t; = 400 mm, the HPBW is not sufficient for the base

station antenna. Therefore, the horizontal HPBW of 58.9° when t; = 300 mm is used.
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A side from this the yz radiation pattern is plotted in Figure 4.38(c); it has been
already symmetric. To solve a problem in xz plane, the U-shaped reflector is installed
as shown in Figure 4.39 with parameter h of 50 mm. Five and nineteen metamaterial
rods of EBG polar H and V structure, respectively, are used for a superstrate. To
improve the directive gain, the length of antenna in y axis (t,) is increased. Figures
4.40(a) and (b) show the radiation pattern when t, is varied. It illustrates that the
HPBW and the gain are suitable for the sector antenna, when t; is 950 mm, the

simulated gain and HPBW in xz plane are concluded in Table 4.5.

Figure 4.38 Simulated results when t; is varied (a) current distribution
on reflector plane, (b) radiation pattern in xz plane, and (c)

radiation pattern in yz plane.
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Figure 4.38 Simulated results when t; is varied (a) current distribution
on reflector plane, (b) radiation pattern in xz plane, and (c)

radiation pattern in yz plane (cont.).



Table 4.4 Simulated results when t; is varied.

101

t; (mm) Gain (dBi) HPBW (degree)
530 20.11 18
400 16.1 33.7
350 14.8 48.9
300 14.0 58.9
250 12.5 67.9

Figure 4.39 Dual polarization sector antenna structure.

Table 4.5 Simulated results when t, is varied.

t; (mm) Gain (dBi) HPBW (degree)
530 13.3 58.9
650 14.2 56.2
750 143 97.5
850 141 60.1
950 15.0 59.0
1050 14.2 59.6




102

180
...... t, =530 mm— - t; = 650 mm
— t, =750 mm— — t; =850 mm
....... t; =950 mm — - —t, = 1050 mm

300 mm

(@)

180
444444 t, =530 mm— -t = 650 mm
— t,=750mm—— t,=850mm 300 mp,
....... t, =950 mm — - —t, = 1050 mm

(b)

Figure 4.40 Radiation pattern when t; is varied (a) xz plane and (b) yz plane.
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Nl

Figure 4.41 3D simulated radiation patterns of dual polarization antenna with U-

shaped reflector plane at (a) 1.92 GHz, (b) 2.1 GHz, and (c) 2.17 GHz.

Horizontal plane Horizontal plane Horizontal plane
— — = Vertical plane — = = Vertical plane — — = Vertical plane
—— ~——— B

Figure 4.42 2D simulated radiation pattern of dual polarization antenna with
U-shaped reflector plane at (a) 1.92 GHz, (b) 2.1 GHz, and

(c) 2.17 GHz.
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To reveal the radiation characteristic of dual polarization antenna in the whole
operating bandwidth, the 3D radiation patterns of the proposed antenna at 1.92 GHz,
2.1 GHz, and 2.17 GHz are also simulated and shown in Figures 4.41 and 4.42. The
antenna beam in horizontal plane (xy plane) is wide. These results illustrate the
excellent sectoral properties of the antenna. In the vertical plane the radiation is
directive with low side lobe, and in the horizontal plane these figures present an
interesting sectoral pattern of 60°. The simulated gain is around 15 dBi at the
frequency of 2.1 GHz as shown in Figure 4.43. In addition, over the whole frequency
band (1.92-2.17 GHz), the -3 dB directive gain could be obtained. Moreover, the
vertical walls can control the surface wave at the edge and corner, therefore the wave

Is redirected to the z direction, as shown in Figure 4.44.

[EEN
[EEN
(op]

o
T
~\
.
.
.
.
.
)
.
,
.
’
:
)
.
H
[}
L]
L]
L]
L]
20
Eo
=5
|
[E=Y
o1

: 114
. . 5
8'2* "l N .. E
E "I ST Leeo T B 13.5
&3 SN T &
RN 112
_47 o Seo
_5: """" |‘l ':l *11
- “: | | | | | | | | 10
1.8 1.85 19 1.95 2 2.0 1 2.15 2.2 2.25 2.3

5 2
Frequency(GHz)

Figure 4.43 Simulated gain and S;; of the dual polarization antenna

with vertical walls.
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Figure 4.44 Near-field distribution of the dual polarization antenna

with vertical walls.

Furthermore, the circularly polarized sector antenna is created base on the
dual polarized sector antenna by using the EBG polarizer. The EBG polarizer is
placed over the double EBG layers with the gap (d;) of 30 mm as shown in Figure
4.45. To reveal the radiation characteristic of circularly polarization antenna in the
whole operating bandwidth, the 3D radiation patterns of the proposed antenna at 1.92
GHz, 2.1 GHz, and 2.17 GHz are also simulated and shown in Figures 4.46 and 4.47.
The antenna beam in horizontal plane (xy plane) is wide. These results illustrate the
excellent sectoral properties of the antenna. In the vertical plane the radiation is
directive with low side lobe, and in the horizontal plane these figures present an
interesting sectoral pattern of 60°. The simulated gain is around 15.53 dBi at the
frequency of 2.1 GHz as shown in Figure 4.48. In addition, over the whole frequency
band (1.92-2.17 GHz), the -3 dB directive gain and axial ratio could be obtained.
Moreover, the vertical walls can control the surface wave at the edge and corner,
therefore the wave is redirected to the z direction, as shown in Figure 4.49. Moreover,
the electromagnetic vector is left-handed polarization because in Figure 4.50 the

vector is circulated to left.
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Figure 4.46 3D simulated radiation patterns of circularly polarization antenna with
U-shaped reflector plane at (a) 1.92 GHz, (b) 2.1 GHz, and

(¢) 2.17 GHz.
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Figure 4.47 2D simulated radiation pattern of circularly polarization antenna with

U-shaped reflector plane at (a) 1.92 GHz, (b) 2.1 GHz, and

() 2.17 GHz.
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Figure 4.48 AR and gain of sectoral circularly polarization antenna structure.
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Figure 4.49 Near-field distribution of sectoral dual polarization antenna structure.
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Figure 4.50 Electromagnetic vector of sectoral dual polarization antenna structure.
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4.9 Chapter summary

This chapter presents analysis and design of a resonator antenna by using
curved strip dipole to originate the exciting power over U-shaped reflector plane and
three layers metallic rod EBG to improve the antenna performance. At the beginning,
a previous feeding antenna is designed and it is placed over the reflector plane to
enhance the directive gain. The antenna polarization and gain are unsuitable for
mobile base station, though. Secondary design, when the metallic rod EBG is added
with transverse magnetic polarization mode (TM mode), the antenna gain is extremely
increased. Therefore, a curved strip dipole antenna is placed on the U-shaped
conductor plane at a 45° angle to have a dual polarization. In this proposed antenna,
the directive gain is increased in x and y axises by using double layers metallic rod

EBG and the circular polarization is generated by using the EBG polarizer.



CHAPTER V

MESUREMENT AND DISCUSSION

5.1 Introduction

Having understood most of the general background and theory behind the
resonator antenna, the development of a design procedure for the fabrication of dual
and circularly polarized resonator antenna that meets the requirements of a mobile
communication system will be conducted in this chapter, which dedicates to the
overall development process of the resonator antenna by using the metamaterial
superstrate. The fabrication of the antenna prototype will be measured and discussed.
Table 5.1 depicts the required specifications of the antenna, which will be followed by
achieving the performance required to construct the mobile base station antenna for

Six sectors.

Table 5.1 Design specification for antenna design

Parameters Specification
Operating frequency (fo) 2.1 GHz (1.92 - 2.17 GHz)
Polarization Dual and Circular
HPBW (degree) 60 — 65 degree
Gain (dBi) 13 - 16 dBiI
Antenna type Directional antenna
Diamention (mm) 1200 x 300 x 100
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In Chapter 3, a 2.1 GHz sectoral antenna using aluminium rods type
metamateral was designed, and its predicted performance was discussed. The further
simulations of key parameters such as radiation pattern, gain and half power
beamwidth can also be evaluated. To verify the simulated results, the radiation
patterns of antenna are tested under real circumstance using vector network analyzer

HP8722D.

5.2 The proposed antenna components

5.2.1 How to fabricate a curved strip dipole antenna prototype

The first step in designing a curved strip dipole antenna is to choose an
appropriate material such as copper plate and polyvinyl chloride (PVC). From
simulated results of a curved strip dipole, the antenna prototype is fabricated by using
the parameters size from chapter 4. A curved strip dipole antenna prototype is shown
in Figure 5.1 and the parallel conductor balun is constructed to connect with both arms
of curved strip dipole for feeder system. The configuration of the curved strip dipole
antenna consists of two copper plates which are bent and upturned on half curved
PVC. This provides the basis for the start of the design but finer adjustments have to
be made to compensate and determine the best possible result. It can be seen
invariably from Equation (4.3) that the resonant frequency is affected by the dipole

length.
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Figure 5.1 Upturned curved strip dipole antenna prototype.

5.2.2 A 45° oriented curved strip dipole separated by 1/4 wavelength
from U-shaped reflector plane prototype
In this section a 45° oriented curved strip dipole antenna is placed on an
aluminium reflector plane with thickness of 1.6 mm while the reflector plane is
shaped up sectoral antenna. The metallic reflector is located at the back of a 45°
oriented curved strip dipole antenna for dual polarization antenna with gap as a

quarter wavelength as shown in Figure 5.2.
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Upturned
curved
strip dipole

U-shaped
Reflector plane

Figure 5.2 A 45° oriented upturned curved strip dipole antenna

on reflector plane prototype.

Therefore, the total round trip phase shift from the curved strip dipole, to the
surface, and back to the antenna, equals one complete cycle, and the waves add
constructively. The width of a metallic reflector is 300 mm while the other side that is
length and the height of vertical wall are 950 mm and 50 mm, respectively. The

antenna radiates efficiently, but the directive gain is not durable for applications.
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5.2.3 Aluminium rod type metamaterial superstrste layers
An aluminium material is chosen to be metamaterial superstrate
because it has light weight. Also, it is hard enough to be arranged to form a rod of tiny
diameter. The fabricated prototype of aluminium rods are shown in Figure 5.3. A real

structure based on the previous concept has been built.

Figure 5.3 Aluminium rod type metamaterial.

For the design studied here, both lower EBG polar V and EBG polar H
layers have been arranged as appeared in Figure 5.4(a). The lower EBG polar V layer
is made up of five aluminium rods 'of 3.85 x 950 mm? and 6 mm periodicity. The
upper EBG polar H layer is composed of nineteen aluminium rods of 300 x 13.26
mm? and 1 mm periodicity. Furthermore, the polarizer layer is constituted of five
aluminium rods of 3.85 x 950 mm? and 2.4 mm periodicity and it has been located on

the both layers as appeared in Figure 5.4(b).
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EBG polar H

EBG polar V

(b)
Figure 5.4 Superstrate layers (a) both layers of EBG polar V and H and

(b) EBG polarizer positioned on both layers of EBG polar V and H.
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5.3 Dual polarized resonator antenna prototype

A real structure based on the previous concept has been built to verify the
performance of the antenna. A dual polarization sectoral antenna prototype has been
fabricated as shown in Figure 5.5, operating at 2.1 GHz by using a 45° oriented
upturned curved strip dipole antenna on reflector plane, lower EBG polar V and upper
EBG polar H layers. The dual polarized resonator antenna was designed using the
components in Section 5.2. The both layers are mounted over reflector plane with the

gap between reflector and upper layer about 60.4 mm.

EBG polar HE

EBG polar V

Figure 5.5 Photographs of dual polarized resonator antenna prototype.
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5.4 Circularly polarized resonator antenna prototype

After the dual polarized resonator antenna was built, the circularly polarized
resonator antenna was determined. The superstrate composes of EBG polar V, EBG
polar H and EBG polarizer is positioned over reflector plane with the gap between
reflector and upper layer of 62 mm. Also, the additional component that is EBG
polarizer has the distance from EBG polar VV of 30 mm. In this case, the feed system
of the circularly polarization antenna is conveniently fabricated because it has only

one feed point with a good matching coaxial balun as indicated in Figure 5.6.

Figure 5.6 Photographs of circularly polarized resonator antenna prototype.
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5.5 Antenna measurement

5.5.1 Far-field distance

The evaluation of the key antenna parameters such as radiation pattern,
directivity, polarization, and gain can be performed in an outdoor or indoor antenna
range, in either the near-field or far-field of the Device Under Test (DUT) (Balanis,
1997). In the far-field measurements, the DUT is illuminated by a uniform plane
wave. This requirement is achieved when the distance between the DUT and TX,
included distance R, meet the far-field criterion given by Equation (5.1). This is also
called the Rayleigh distance, where D is the largest dimension of the DUT as viewed

from the measurement point.
D (5.1)
R>2—" .
A

In general, there are two basic types of far-field antenna ranges such as
reflection and free space ranges (Wiley-Interscience, 1979). Of these, the most
accurate far-field antenna range is an indoor anechoic chamber (Evans, 1990). The
reflection errors are minimized by lining the walls of the chamber with radar
absorbing material, and its shielding properties prevent external RF energy to enter
the chamber. Nevertheless, the usage of this far-field chamber is limited by the
physical size of the DUT and the lowest usable frequency. In this thesis, because the
DUT is an antenna for a mobile base station, it has a much larger dimension than the
general antenna, the far-field range is a long space. Of these, the durable far-field
antenna range is the bare area (outdoor). The reflection errors are moderately occurred

by the other base station.
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To measure the performance of an antenna, we focused on four
fundamental parameters such as the radiation pattern, the HPBW, the polarization,
and the gain of the antenna (DUT).

5.5.2 Radiation pattern

The antenna radiation pattern is the display of the far-field radiation
properties of the antenna in spherical coordinates at a constant radial distance and
frequency. This pattern is usually three-dimensional, however, because it is not
pragmatic to measure this, a number of two-dimensional patterns, or cuts plane, are
recorded by fixing one angle and varying the other (Balanis, 1997).

The testing of the dual and circularly polarization polarized resonator
using the bare area in an outdoor environment, is depicted in Figure 5.7. The
maximum antenna dimension of the proposed antennas are 950 mm, thus the far-field
conditions are met as Equation (5.1) of 12.63 m. At the outdoor area, a transmitting
conventional dipole antenna at 2.1 GHz is fixed at a certain position, while the dual or
circularly polarization polarized resonator is in receiving mode. The DUT is installed
on a turntable with the Raleigh distance R far from transmitting antenna. Pending the
measurements, the proposed antennas were illuminated with uniform plane wave and
their receiving characteristic were measured. Elevation plane measurements, or H-
plane patterns in this configuration, were taken as previously appeared in Figure 5.7.

Specifically, 6 was fixed at 90° and 4 was varied from 0° to 360°. Consideration of

Figure. 5.7 that is the measurement set up of the proposed antenna which is installed

on turntable wood pillar for measurement.
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Network Analyzer HP 8722D

Figure 5.7 Measurement set up of the radiation pattern.

55.3 Gain
The power gain of an antenna in s given direction is the radio of the
power radiated by the antenna in that direction to the power which would be radiated
by a lossless isotropic radiator with the same power accepted as input. This is the
reason why the antenna gain is specified as “dBi” in antenna datasheets - “dB” refers

[1332)
1

the ratio or gain and signifies relative comparison to an isotropic antenna. An
isotropic antenna is a hypothetical antenna that radiates with equal intensity in every
direction without any losses. There are two basic methods to measure the gain of
antenna: absolute gain and gain comparison technique (Balanis, 1997). For either

method, the theory is based on the Friis transmission formula Equation (5.2), which

can be applied when two polarizations matched antennas aligned for the maximum
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directional radiation, and separated by a distance R that meet the far-field criteria, are

used for the measurement.
2
P _cg [LJ (5.2)

where
P, is the measured power received (W)
Py is the measured power transmitted (W)
G; is the gain of the receiving antenna
Gt is the gain of the transmitting antenna

AV, .
— | s the free space propagation loss
(47sz pace propag

R is the far-field distance

The absolute gain method requires no a priori of the transmitting or
receiving antenna gain. If the receiving and transmitting antennas are identical, only

one measurement is required and Equation (5.2) can be clarified to Equation (5.3).

1 47R P
G =G ==|20log—— +10log— 5.3
2{ 9——+ gp} (5.3)

t

The gain comparison method, or direct comparison method, commonly
used in antenna ranges. Since ideal isotropic antennas mostly do not exist, recalibrated
standard gain antennas are used to determine the absolute gain of the DUT. With this
manner, two identical regular dipoles are used as transmitting and receiving antennas.

The received signal level is plotted over the operating frequency, and, since the two
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dipoles are identical, the result of Equation (5.3). Secondly, the receiving standard
gain is replaced by the DUT and the measurements resume using the same
geometrical arrangement and power level.
5.5.4 Bandwidth

The bandwidth of an antenna is classified actually as the range of
utilizable frequencies within which the performance of the antenna conforms to a
specified standard and may be limited by impedance mismatch or pattern
degeneration. Even though, there are new bandwidth enhancement techniques to
overcome the limited operational bandwidth of the patch antenna. The bandwidth can
be the range of frequencies on either side of a center frequency where the antenna
characteristics such as input impedance, pattern, beamwidth, polarization, side lobe
level, gain, beam direction or radiation efficiency, are within an acceptable value of
those at the center frequency (Balanis, 1997).

The fractional bandwidth of an antenna is a measure of how wideband
the antenna is. If the antenna operates at center frequency f. between lower

frequency fiower and upper frequency fiower (Where fe=( fiower + fiower)/2), then the

fractional bandwidth FBW is given by Equation (5.4).
Bandwidth (%) = [(Fupper = fiower )/ f: [x100% (5.4)

The bandwidth of the antennas in this thesis is specified by the standard

of mobile communication system.
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5.5.5 Polarization

To perform the measurement, the DUT is used as the source. Then a
linearly polarized antenna is used (typically a half-wave dipole antenna) as the receive
antenna. The linearly polarized receiver antenna will be rotated, and the received
power recorded as a function of the angle of the receive antenna. In this manner, the
information on the polarization of the test antenna could be obtained. This received
information only applies to the polarization of the test antenna for the direction in
which the power is received. For a complete description of the polarization of the
DUT, the test antenna must be rotated so that the polarization can be determined for
each direction of interest. The basic setup for polarization measurements is shown in
Figure 5.8. Suppose now that DUT was radiating a circularly polarized wave, the
normalized (make the peak output power equal to one for simplicity) output power
would resemble circle. Because a circularly polarized wave has equal amplitude
components in two orthogonal directions, the received power is constant for a rotated
linearly polarized antenna. Note also that the received power is the same whether or
not the test antenna is left hand (LHCP) or right hand (RHCP). As a result, this
method can determine the type of polarization, but cannot determine the sense of

rotation for the polarization.
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=

Network Analyzer HP 8722D

N

Figure 5.8 Measurement set up of the circularly polarization.

5.6 Experimental results

The measured results is divided into four parts as an upturned curved strip
dipole, the radiating element on U-shaped, the dual polarized resonator antenna, and
circularly polarized resonator antenna. The above mentioned details are the procedure
of the antenna characteristic measurement, also, in this section is determined the
performance of our proposed antennas.

5.6.1 An upturned curved strip dipole

The measured S;; and SWR of the curve strip dipole antenna are
shown in Figures 5.9(a) and (b), and the match frequency for Ly = 53.38 mm is less
than 2.1 GHz. Therefore, the antenna is trimming both ends a few while the center
frequency is 2.1 GHz, the excellent return loss of -17.42 dBi. The frequency

bandwidth is covered 1.92 GHz to 2.32 GHz that is sufficient for mobile
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communication systems. Figures 5.9(c) shows impedance, denoted the higher than 51
ohm. Moreover, the measured far-field patterns in E- and H-planes for a curved strip
dipole antenna at the resonant frequency of 2.1 GHz are illustrated in Figures 5.9(d)
and (e). This figure shows the comparison with the simulated patterns and measured
patterns. The half power beamwidth in E- plane is 96.2 degree and the maximum gain

is 1.47 dBi. The measurement is performed in the simulation results.
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Figure 5.9 Measured results of an upturned curved strip dipole antenna (a) S,

(b) SWR, (c) smith chart, (d) E-plane, and (e) H-plane.
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Figure 5.9 Measured results of an upturned curved strip dipole antenna (a) Si1,

(b) SWR, (c) smith chart, (d) E-plane, and (e) H-plane (cont.).
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Figure 5.9 Measured results of an upturned curved strip dipole antenna (a) Si1,

(b) SWR, (c) smith chart, (d) E-plane, and (e) H-plane (cont.).
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5.6.2 The radiating element on U-shaped reflector plane

When a curved strip dipole antenna is tested, it is mounted over the U-
shaped reflector plane and fed from the center of the curved strip dipole to the back
side of the reflector at a quarter wavelengths. The return loss, SWR and impedance
are measured as shown in Figures 5.10(a) to (c). As a result, the return loss is about
16.84 dB, SWR is about 1:1.3, and impedance is about 47.9 ohm. This means that this
antenna can work very well in practice. Figures 5.10(d) and (e) show the comparison
of the theoretical results with measurements for the total far-field radiation patterns on
the resonant frequency of 2.1 GHz, while the resulting of the half power beamwidth in
E- and H-plane are about 87.2 and 94.3 degree, respectively. The maximum gain is

7.8 dBi that it is satisfied with the antenna model form CST software.
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Figure 5.10 Measured results of feeding antenna on U-shaped reflector (a) S;1,

(b) SWR, (c) impedance, (d) E-plane, and (e) H-plane.
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Figure 5.10 Measured results of feeding antenna on U-shaped reflector (a) S;1,

(b) SWR, (c) impedance, (d) E-plane, and (e) H-plane (cont.).
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Figure 5.10 Measured results of feeding antenna on U-shaped reflector (a) Si1,

(b) SWR, (c) impedance, (d) E-plane, and (e) H-plane (cont.).
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5.6.3 Dual polarized sector antenna

Figure 5.11(a) shows the measured gain of the proposed antenna. It can

be seen that the gain of the antenna is around 14 dBi for either polar V or polar H at

working range of frequency. The similar radiation and gain enhances the efficiency of

mobile communication systems. In this manner, the normalized output power would

be resembled in Figs. 5.11(b) and (c). This plot shows the agreement between the

measured and the simulated results in both horizontal and vertical plane patterns. The

measured HPBWs in horizontal and vertical plane are 60° and 17.9° at 2.1 GHz,

respectively. The half-power beamwith in horizontal plane is suitable for mobile base

stations.
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Figure 5.11 Measured results of dual polarized sector antenna (a) realized gain

(b) horizontal plane, and (c) vertical plane.
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Figure 5.11 Measured results of dual polarized sector antenna (a) realized gain

(b) horizontal plane, and (c) vertical plane (cont.).

5.6.4 Circularly polarized sector antenna

The evaluation of the key antenna parameters such as radiation pattern,
polarization, and gain were measured by using Network Analyzer. Figure 5.12(b)
illustrates an axial ratio close to 0 dB at the resonant frequency band, covering the
uplink and downlink band of mobile base station. Figure 5.12(a) shows the measured
gain of the proposed antenna. It can be seen that the gain of the antenna is around
15.11 dBi at working range of frequency. Furthermore, the measured realized gain
and AR are continually measured to confirm the antenna performance. After that the
proposed antenna is rotated and the measured radiation pattern of the antenna is
plotted together with the simulated pattern as shown in Figs. 5.12(c) and (d),
respectively. This plot shows agreements between the measured and simulated results
both in horizontal and vertical plane patterns. The similar radiation and gain enhance

the efficiency of mobile communication systems. When the transmitted antenna
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(dipole) is rotate 360° clockwise, the normalized output power would resemble that of

Figure 5.12(e). Note

that the test antenna was radiating as a circularly polarized

waves.
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Figure 5.12 Measured results of circularly polarized sector antenna (a) realized gain,

(b) AR, (c) horizontal plane, and (d) vertical plane (e) output of

measurement when the test antenna is circularly polarized.
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Figure 5.12 Measured results of circularly polarized sector antenna (a) realized gain,
(b) AR, (c) horizontal plane, and (d) vertical plane (e) output of

measurement when the test antenna is circularly polarized (cont.).
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5.7 Chapter summary

In this chapter, the antenna prototype was fabricated on aluminium to verify
the antenna performance. The beam patterns, gain, and AR are measured according to
the BS antenna currently utilized nowadays. All above results can conclude that a 45°
oriented curved strip dipole fed between the muti layers EBG and the U-shaped
reflector plane produce the circularly polarization and the sectoral radiation pattern
(HPBW around 60°) can be obtained by reducing the size of the antenna in xz plane.

Good agreement between simulated and measured results is achieved.



CHAPTER VI

THESIS CONCLUSION

6.1 Conclusion

Nowadays wireless communications have been developed for the
entertainment, education, economic, health, and industry. Mobile technology is the
most popular wireless communication which has progressed rapidly from 1G to 4G.
The development of antennas with new performances becomes currently imperatively
essential for the new services and network of telecommunication. Therefore, the
purpose of this thesis is to design a high gain antenna for a mobile base station. Also,
the antenna requirements are as follow

- Sector antenna gain : 13 — 18 dBi

- Sector antenna half power beamwidth : 60 - 65 degree

- Impedance : 50 Ohm
As the demands of cellular networks have been dramatically increased, the
performance of the sector antenna is concentrated by antenna engineering.
Consequently, an analysis of a sector antenna for base station of mobile phone is
studied in this thesis. A curved strip dipole is applied for the feeding antenna, placing
on U-shaped reflector plane at 45° angle and increasing its gain by using double layers
metallic rod EBG. New technique to generate the circularly polarization is to add a
metallic rod EBG polarizer for differing in phase by 90° of two orthogonal electric
fields. The CST Microwave Studio is used to simulate the proposed antenna for

details on the design and analysis is discussed in Chapter 5. Furthermore, Table 6.1
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summarizes the characteristic of the antenna design. It seems that good agreement

between simulated and measured results is achieved.

Table 6.1 Specification of the proposed antenna.

Antenna Simulation resglts Measurement re§ults
Dual Polarized Cl.rcularly Dual Polarized Cl.rcularly
type Polarized Sector Polarized Sector
Sector Antenna Sector Antenna
Antenna Antenna
Material Aluminium Aluminium Aluminium Aluminium
Frequency
band 2100 2100 2100 2100
(1920-2170) (1850-2230) (1920-2200) (1870-2170)
(MHz)
HPBW
H:60 V:17.9 H:60.1 V:12.3 H:60 V:20 H:60 V:14.4
(degree)
Gain (dB) 15 1553 14.06 15.11
Antenna
. 950x300x71 950x300%99 950x300x71 950x300%99
size (mm)
Antenna
weight ) i 27 33
(kg)

6.2 Remark for future studies

For future work, the allowed bandwidth can be increased by the use of a new

kind of EBG material combining the similar polarization. The combination of multi-

layers of metallic rod EBG in the upper interface of the resonator antenna, with

respect to some criteria such as the partially reflective surface nature and the distance
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between EBG has been shown advantageous in term of bandwidth. In particular, the
option of a low layer EBG more reflective than the EBG display in the high layer can
participate to the information of a double layer material with positive slope reflection
phase. The increased phase profile realized in a local frequency band will allow
satisfaction of the resonance condition of the EBG cavity in a wide frequency band,
consequently increasing the antenna radiation bandwidth. In addition, the antenna has
been improved the radiation bandwidth by the use of broadband primary radiating
such as a magneto-electric dipole. It is a kind of complementary antenna which has
excellent electrical characteristics including wide impedance bandwidth, low cross

polarization and low back lobe radiation.
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Al 3G 1710-2170MHz 15dBi Sector Antenna/Repeater

Antenna/Base Station Antenna (GW-SA1710-2170-15D)

Figure A.1 Base station antenna model : GW-SA1710-2170-15d.

Product Feature:

ELECTRICAL
Frg%‘r’]zgcy 1710-1880-MHz | 1850-1990-MHz 1920-2170-MHz
Bandwidth 170-MHz 140-MHz 250-MHz
Gain 14.5-dBi 14.5-dBi 15-dBi
Beamwidth H:68° E:16° H:65° E:15° H:62° E:14°
VSWR <1.5
Polarization Vertical
Max power 100 -W
Nominal 50 -0
Impedance
MECHANICAL
Dimension 550%x180x80-mm
Weight 3-KG

* SHENZHEN GREETWIN TECHNOLOGY CO., LIMITED




A.2 1710-1880/1850-1990/1920-2170 MHz 65°X-Pol

(Model:PB17/21-18-65XTO0)

A =
I
)

W
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Figure A.2 Base station antenna model : PB17/21-18-65XTO.

Product Feature:
ELECTRICAL
Frequency Range 1710-1880-MHz | 1850-1990-MHz | 1920-2170-MHz
Bandwidth 170-MHz 140-MHz 250-MHz
Gain 18-dBi
Beamwidth H:68° E:9° H:65° E:8° H:63° E:7°
VSWR <1.5
Polarization +45°
Max power 100 -W
Nominal Impedance 50 -Q
MECHANICAL
Dimension 1300x180%100-mm
Weight 8-KG

* http://www.nhmicrowave.com/
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Design of a Dual Polarized Resonator Antenna for
Mobile Communication System

N. Fhafhiem, P. Krachodnok, R. Wongsan

Abstract—This paper proposes the development and design of
double layver metamaterials based on electromagnetic band gap
(EBG) rods as a superstrate of a resonator antenna to enhance
required antenna characteristics for the mobile base station. The
metallic rod type metamaterial can partially reflect wave of a primary
radiator. The antenna was designed and analyzed by a simulation
result from CST Microwave Studio and designed technique could be
confirmed by a measurement results fiom prototype antenna that
agree with simulation results. The results indicate that the antenna
carl also generate a dual polarization by using a 43° oriented curved
strip dipole located at the center of the reflector plane with double
layer superstrate. It can be used to simplify the feed system of an
antenna. The proposed antenna has a bandwidth covering the
frequency range of 1920 — 2200 MHz, the gain of the antenna
increases up to 14.06 dBi. In addition, an interesting sectoral 60°
pattern is presented in horizontal plane.

Keywords—Metamaterial,
polarization, resonator antenna.

electromagnetic band gap, dual

1. INTRODUCTION

UAL polarization antennas with sector-shaped radiation

pattern are often required for the mobile communication
systems. To radiate the dual polarized wave, two dipole
antennas need to be used with dual feeding. They are placed
on a reflector plane at £45° angle and arrayed to improve the
gain [1]-[4]; however, it is hard to fabricate the feed system.
Even though the dipole antenna is still mteresting in wireless
communication systems, it has elementary structure, simple
concept, and broadband characteristics [5]-[7]. One solution to
enhance the gain of an antenna is using metallic reflector
plane as shown in Fig. 1 (a). The metallic reflector 1s located
at the back of a dipole antenna with gap as a quarter
wavelength. Usually, the main disadvantage of an antenna on
metallic plane is making the overall size of the antenna too big
and bulky for the low frequency range of operations.
Moreover, the reflector plane cannot suppress the surface
wave, so an antenna gain and efficiency will then be greatly
decreased [8]{10]. Figs. 2 (a) and 3 (a) show radiation
patterns of a curved strip dipole on reflector plane. Due to a
45° oriented primary radiator located over the reflector plane,
its polarized waves values are equal in both x (horizontal) and
v (vertical) axis with the maximum gain of 7.6 dBi at 2100
MHz. In this case, when a 45° oriented curved strip dipole on
reflector plane has a positive effect on the pattern, it is leaving

N. Fhathiem, P. Krachodnok, and R. Wongsan are with the School of
Telecommunication Engineering, Suranaree University of Technology,
Nakhonratchasima 30000, Thailand (e-mail: m5140732(@g.sut.ac.th,
priam@sut.ac.th, rangsan@sut.ac.th, respectively).

the beam at its centre.

In recent years, metamaterials based on electromagnetic
band gap (EBG) structures have been widely investigated in
the antermas domain to enhance gain and radiation efficiency.
The metamaterials classified by a permittivity and
permeability are primarily dependent on the geometrical
properties of an inclusion shape and mutual distance between
the lattices constant. EBG is not only used to a reflector plane
[11]-[13], but also adapted for a superstrate of the primary
radiator with reflector plane [14]-[17]. The main advantage of
the EBG resonator is enhancing gain and efficiency. To
confirm the advantage of the EBG resonator, we presented the
radiating curved strip dipole antenna with cavity wall which is
composed of single layer EBG as a superstrate and metallic
reflector [18]. Unfortunately, few papers were proposing the
EBG structures for polarization adjustment [19], [20].

In this paper, the metallic rods are used to a partially
reflective surface (PRS) of a 45° oriented curved strip dipole
located at the center of the reflector plane. The horizontal
polarized partially reflective surface (PRS polar H) is placed
above a primary radiator as shown in Fig. 1 (b). Not only it
can improve the gain in horizontal polarization (as seen m Fig
2 (b)), but also the gain in vertical polarization is improved by
using the vertical polarized partially reflective surface (PRS
polar V) as shown in Figs. 1 (¢) and 2 (c). A part from this,
both of superstrate layers contribute to symmetrical radiation
pattern of the antennas demonstrated in Figs. 2 (b), 2 (c), 3 (b)
and 3 (¢). Two layers of metallic rod type metamaterials,
horizontal and vertical polarizations, are combined for dual
polarization with high gain However, the square antenna is
not suitable and does not meet the requirements of the sector
antenna element, in this paper; the antenna is reduced in size
and added the vertical walls in yz plane for wide beamwith in
horizontal plane.

II.PARTIALLY REFLECTIVE SURFACE STRUCTURE

In this paper, we firstly simulate the umt cell of
metamaterial, a unit cell defined by parameters aq, gp, and #,
shown in Fig. 4 (a). Aluminium rod is surrounded by four
periodic boundaries. This model can be used to estimate the
transmission and the reflection of the aluminium rods structure.
The resonant frequency is determined by the parameter of the
aluminium rod structure, especially by the width and thickness
of rod structure. An aluminium rod structure is divided into
polarized groups which are PRS horizontal polarization (PRS
polar H) and PRS vertical polarization (PRS polar V). The
PRS polar H and V structures resonating at 2100 MHz are
designed and denoted in Figs. 4 (b) and 4 (¢). The parameters
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are optimized by using CST microwave studio. The Whenever the electromagnetic band gap becomes one of the
aluminium rods are 1 mm and 6 mm thick, respectively, and  several alummnium rods’ functions, it works as a medium in
the parameters are as follows: 4, =13.26 mm, 4, = 3.85 mm, the form of a superstrate. Figs. 5 (b) and 5 (c) demonstrate the
g =2983 mm, g, = 46.42mm and ¢, = £, = 530 mm. The S-  propagation of electromagnetic fields which is passed through
parameters of the unit cell are simulated and then the Sj; and  the medium. When the electromagnetic field propagates on the
851 can be plotted in Fig. 5 (a). These results indicate that PRS ~ medium, the reflection and refraction wave oceur.

structure 1s partially reflective surface, as shown m Fig. 5 (b).

PRS polarT1
L4 FRS polar ¥

Reflector

Ralligtor [‘ (‘ Refloctor [ .x /
N ¥

(a) () ©

Fig. 13 D radiation patterns and structures of a 45° oriented curved strip dipole placed (a) over reflector plane with quarter wavelength,
(b) between reflector and PRS polar H, and (c) between reflector and PRS polar V

i 2 —Gain - Gain
crusonl polarization 0 —— ~Horizontel polarization d lariromal palarization
ertical polar ation — 7 ¥ erical polarization B rival polanization

(@ &) ©

Fig. 2 The xz plane of a 45" oriented curved strip dipole placed (a) over reflector with quarter wavelength, (b) between reflector and PRS polar
H, and (c) between reflector and PRS polar V

Guin z —— i Guin
Hotirenlal plarition A = = =Tlorizanal polarization N T {loriveud plariation
o Verlival polurizalion Ty Verlieal polariztion

Fig. 3 The yz plane of a 45" oriented curved strip dipole placed (a) over reflector with quarter wavelength, (b) between reflector and PRS polar
H, and (c) between reflector and PRS polar V
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Fig. 5 (a) the S-parameters of PRS, (b) wave propagation of PRS. and (c) near-field distribution
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Fig. 7 The reflection (a) amplitude and (b) phase of PRS
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C ity height (mim)

2
|

Fig 8 Cavity height between the ground plane and superstrate

IIT. DESIGN OF DUAL POLARIZED RESONATOR ANTENNA

Fig. 6 shows the dual polarized resonator antenna which is
excited by a curved strip dipole. It 1s onented along ¢ = 45°
direction and placed over the reflector plane with the height
(a) of 0.24. The antenna is designed to work at 2100 MHz
which is the same resonant frequency of PRS design in the last
section. The appropriate parameters are w; = 15 mm, w; =30
mm. @ = 34 mm. and L = 82.81 mm. Besides. the cavity wall
consisting of the reflector plane and double PRS layers in
polar V and H. is necessary for the two transmitted
components to process the equally amplitude. The reflection
coefficient amplitude and phase of the PRS polar H and V
versus the frequency are shown in Fig. 7. The cavity height (k)
depends on the frequency which can be obtained through
following relations (1),

L_m_ .

- (€)]
27 360°

h
where. the variables c, f ¢, . and @, are the speed of

light, resonant frequency, and the reflection coefficient phase
of reflector and EBG, respectively. Due to the relationship

B ()

S

©

between the reflection phase and (1), so the height /; is chosen
to be 67 mm for the resonant frequency of 2100 MHz.
According to our expectations of the dual polarized antenna.
PRS polar V 1s added to the lower reflective wall with fix the
cavity height (/2;) of 63 mm. If the cavity height (% parameter)
1s changed, Fig. 8 denotes that the resonant frequency is
varied.

IV. RESULTS AND DISCUSSION

This section presents that there is a relation between a
curved strip dipole with double PRS layers and the electric
field level in x- and y-axis 1s presented. The antenna therefore
can radiate the dual polarization. Almost all the parameters are
taken from the antenna constructed for the experiment. Only
the reflector plate size is assumed to be infinite. The calculated
current 1s weak enough on the penpheral area out of 31=3%.
As the simulated gain. 1t 1s around 18.52 dBi at the frequency
of 2100MHz as shown in Fig. 9 (a). In addition. over the
whole frequency band (2040 — 2180 MHz), the -3 dB directive
gain could be obtained. The near-field distribution behavior on
the PRS surface of the dual polarization square antenna 1s
studied and indicated in Fig. 9 (b). Studying the electric field
behavior between superstrate and primary radiator with
reflector plane reveals that waves are refracted and reflected
by PRS surface; therefore, the antenna can generate the high
electric field level. The simulated radiation pattern of square
resonator antenna is shown in Figs. 9 (¢} and 9 (d), which has
low side lobes. Because of the high requirements on base
station antenna 1n cellular network, the most popular choices
are the antennas with horizontal half power beamwidth of 60°.
The optimum honzontal and vertical beamwidth is decided by
the network architecture and propagation environment.

Fig 9 Simulated results of square resonator antenna (a) gain and Sy;. (b) near-field distnbution, (c¢) radiation pattern in xz plane,
and (d) radiation pattern in 3z plane
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TABLEI
SIMULATED RESULTS WHEN #; IS VARIED
h Gain HPBW
(mm) (dBi) (degree)
400 161 337
350 148 489
300 14.0 589
250 125 679
TABLEI
SIMULATED RESULTS WHEN £2 IS VARIED
t Gain HPBW
(mm) (dBi) (degree)
530 133 589
650 142 56.2
750 143 575
850 141 60.1
950 150 59.0
1050 142 59.6

Consideration of Fig. 10 (a) concludes that if the square
resonator anterma is reduced of 4 = 400 mm, the pattern is
rather symmetric and the beamwidth is wide. Therefore, f

100 mm——:

®)

150, 3
< 2
Momm 4

Gmm— - —g; 230 mm -

parameter is reduced and has an effect on HPBW in horizontal
plane, as shown in Fig. 10 (b). Because of the finite size of
surface waves generated by the antenma on reflector plane, the
maximum gain of the antenna is lower than square resonator
antenna. Simulated gain and HPBW in xz plane are concluded
in Table I. Although the pattern is symmetric at # = 400 mm,
the HPBW is not sufficient for the base station anterna.
Therefore, the horizontal HPBW of 58.9° when # = 300 mm is
used. A side from this the yz radiation pattern is plotted in Fig.
10 (¢); it has been already symmetric. To solve a problem inxz
plane with & = 50 mm, vertical walls are installed in yz plane
as shown in Fig. 11 (a). The parameters of PRS structure are
described in section II. Five and nineteen metamaterial rods of
PRS polar H and V structure, respectively, are used for a
superstrate on reflector plane with vertical walls. To improve
the directive gain, the length of antenna in y axis (f) is
increased. Figs. 11 (b) and 11 (c) show the radiation pattern
when £, 18 varied. It illustrates that the HPBW and the gain are
suitable for the sector antenna, when # is 950 mm, the
simulated gain and HPBW in xz plane are concluded in Table
IL.

WY X
2 @

18y <
1= 400 mm—— £ 350t 8

5 300 mm = =y, = 250 mm

©

Fig. 10 Simulated results (a) current distribution on reflector plane at 2100 MHz, (b) radiation pattern in xz plane, and (¢) yz plane when # is
varied

— 1 Tham——
oS mm— —

()

1051 mm

1w
G0
—gstmm Oy

©
Fig. 11 (a) the geometry of sector antenna, (b) radiation pattern in xz plane, and (c) yz plane at 2100 MHz when £, is varied
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(c)

Fig. 12 3D simulated radiation patterns of dual polarization antenna with vertical walls at (a) 1920 MHz, (b) 2100 MHz, and (c)

2170 MHz
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Fig. 13 The xz plane simulated radiation pattern of dual polarization antenna with vertical walls at (a) 1920 MHz, (b) 2100 MHz,
and (¢) 2170 MHz.
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Fig. 14 The yz plane simulated radiation pattern of dual polarization antenna with vertical walls at (a) 1920 MHz, (b) 2100 MHz,
and (c) 2170 MHz
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Fig. 15 Simulated gain and Sy, of the antenna with vertical walls
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Fig. 16 Near-field distribution of the proposed antenna
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Fig. 17 Photographs of the fabricated antenna

To reveal the radiation characteristic of dual polarization
antenna in the whole operating bandwidth, the 3D radiation
paterns of the proposed antenna at 1920 MHz, 2100 MHz,
and 2170 MHz are also simulated and shown in
Figs. 12-14. The antenna beam in horizontal plane (zy plane)
it wide. These results illustrate the excellent sectoral
properties of the antenna. In the vertical plane the radiation is
directive with low side lobe, and in the horizontal plane these
figures present an interesting sectoral pattem of 60°. The
simulated gain is around 13 dBi at the frequency of 2100 MHz
ag shown in Fig. 15. In addition, over the whole frequency
band (1920-2170 MHz), the -3 dB directive gain could be
obtained. Moreover, the vertical walls can control the surface
wave at the edge and corner, therefore the wave is redirected
to the z direction, as shown in Fig. 16.

To verity the performance of the antenna, an antenna
prototype has been fabricated as shown in Fig. 17.
Comresponding radiation patterns and realized gains of the
proposed antenna were measured in the anechoic antenna
chamber located at the Suranaree University of Technology
(3UT). In this manner, the normalized output power would be
resembled in Fig. 18. This plot shows the agreement between
the measured and the simulated results in both horizontal and
vertical plane pattems. The measured HPBWs in horizontal
plane are 51.1°, 60°, and 50° at 1920 MHz, 2100 Mz, and
2170 MHz, respectively. Moreover the measured HPBWs in
vertical plane are 30.8°, 17.9°, and 32.5° at 1920 MHz, 2100
MHz, and 2170 MHz, regpectively. The half-power beamwith
in horizontal plane is suitable for 3G mobile base station. Fig.
19 shows the measured gain of the proposed antenna. It can be
seen that the gain of the anterma is around 14 dBi for either
polar V or polar H at working range of frequency. The similar
radiation and gain enhance the efficiency of mobile
communication systems.

In addition, some specifications from experiment are
compared with the ones from simulation as shown in Table ITL
As we can see, the experiment results have a good agreement
with the ones from simulation results. Also, the proposed
antenna obtained half-power beamwidth in horizontal and
vertical planes and directive gain.

TABLEII
SPECIFICATION OF THE PROFOSED ANTENNA

Electrical Data Simulaticon Measurement
Material Aluminium Aluminium
Frequency band (MHz) (19220120170) (19223-%0200)
Polarization dual dual
HPEW (degree) H60V:17.9 H:40 .20
Gain {dBi) 15 14.06
Antenna size (mm) 450x300x50 950x 300= 50
Antenna weight (kg) - 27

o —— lorznial plins

(©

o —&— Horizancal plane
o —a—Vertical planc

E: —a— lorizomal plane
» gy e e

Fig, 18 Measured radiati on pattern of the proposed antenna with
vertical walls at (a) 1920 MHZ, (b) 2100 MHz, and (<) 2170 MHz
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Fig. 19 Measured gain of the proposed antenna

V.CONCLUSIONS

Dual polarized resonator antenna using double polarizing
metallic EBG layers with reflector plane and the vertical wall
have been developed. It is found that using the double layer of
metallic rod type metamaterials above a 45" oriented curved
strip dipole provides a dual polarization antenna with the gain
of 14.06 dBi. Attractively, if vertical walls are placed along yz
plane, a symmetrical and sectoral radiation pattern (HPBW
around 60°) can be obtained. Moreover. the proposed antenna
has a simple structure and low cost. it is generally required in
mobile communication systems.
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Abstract—The high gain circularly polarized antenna has been
investigated, using double polarizing metallic EBG and excitation
with a 45° oriented curved strip dipole placed on a ground plane.
The electromagnetic band gap (EBG) characteristic is partially
reflecting surface (PRS) in x and y axis, which is improved on the
electric field of the both polarizes. In this paper consisted in
improving the antenna design and characteristics, Ultimately, an
antenna was studied at 2.5 GHz with the 19.04 dB gain. The axial
ratio remains lower than 3 dB at the resonant frequency.

Keywords-curved strip dipole; circularly polarized antenna;
cavity wall; electromagnetic band gap

I.  INTRODUCTION

With the rapid development of the wireless communication,
the requests for circularly polarized antenna have increased.
Many different designs of circularly polarized antenna have
already been studied and there are currently developed in
antenna research laboratories. To design the circularly
polarized antenna the traditional antenna type is designed by
the classic theory of microstrip antenna with two feed probes
[1]. Moreover, the dipole can be oriented along ¢ =45
direction on EBG ground plane [2] or with polarizer and
metallic EBG antenna [3]. In this paper, the double polarizing
metallic EBG layers and conductor plane are used for the
cavity model of the curved strip dipole antenna, improving the
radiation field in Polar V and Polar H.

Metallic EBG Matcrial

EBG polar H

EBG polar V

Figure 1. The proposed antenna.

978-1-4673-0668-3/12/$31.00 ©2012 IEEE

1. THE CIRCULARLY ANTENNA DESIGN

The radiation mechanism of the circularly polarized
resonator antenna which is excited by a curved strip dipole is
shown in Fig. 1. the dipole is oriented along ¢ = 45" direction

and its height of 0.24 over the PEC ground plane is vary small.
Furthermore, the analysis model of the cavity wall consists of
the PEC ground plane and double EBG layers in polar V and
polar H. This half EBG material has to fulfill the necessary
conditions to obtain a polarizing effect and an EBG effect at
the same time. Another one is necessary for the two transmitted
components to process the same amplitude. The metallic EBG
Polar H is made up of 13 metallic rods of 591x13.3x10 mm’
and the gap between rods is 29.8 mm. The metallic EBG polar
V is composed of 13 metallic rods of 8.4x59110 mm® and the
gap between rods is 34.6 mm. Finally, the cavity height which
is the distance between the upper and the lower reflective wall
of 55-mm is illustrated in Fig. 3.

1. SIMULATION AND DISCUSSION

In this work, we used an excitation of a 45° oriented curved
strip dipole cooperated double polarizing metallic EBG to
design the circularly polarized antenna as illustrated in Fig. 1.
Because the metallic EBG redirect the partially of field,
moreover, the partially of fields are transmitted, so it is
optimized at center frequency to have a high directivity and the
total field is very well.

When the 45° oriented curved strip dipole antenna is
positioned in the center of the PEC ground plane and the single
layer of the EBG polar V is used to the upper partially
reflective wall. the reflection coefficient phase of the EBG
polar V versus the frequency are shown in Fig. 2, The cavity
height depend on the frequency can be obtained through
following relations (1),

h= i[‘fﬁ:ﬁn‘ +¢'m;'(' ] ) m
271 360°

So, the height /4, is chosen to be 57 mm for the resonant
frequency of 2.5 GHz. According to our expectations of the
circularly polarized antenna, EBG polar H is added to the upper
reflective wall, which we fix the cavity height (/) of 55 mm.
Therefore, the reflection phase of EBG polar H is calculated of
143° and then the upper wall is designed. With the self-
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polarizing EBG, it is possible to generate a 90° phase shift after
transmission through the structure and the two transmitted
components are processed the same amplitude thus generating
circular polarization from the linear one. The simulated antenna
gain is shown on Fig. 3. As desired, it is around 19.04 dB at the
frequency of 2.45 GHz. On the same figure, the Sy, is dreadful,
as can be expected with this kind of antenna. It is therefore
absolutely necessary to use a matching system which won’t
affect the electromagnetic characteristics. In addition, Fig. 4
shows the axial ratio of the antenna. Over the whole frequency
band (2.43-2.61 GHz), the 3 dB axial ratio could be obtained.
The E- and H-plane radiation patterns at 2.5 GHz are shown in
Fig. 5, which the HPBW in the vertical and horizontal planes
are around 18%nd 18.5°, respectively. The patterns have low
side lobes, so we can estimate that the antenna is circularly
polarization.

IV.  CONCLUSION

The simulation results of a 45° oriented curved strip dipole
using the cavity wall, double polarizing metallic EBG layer and
PEC ground plane, for circularly polarized antenna is presented
improvably directive gain. It is successful to improve the gain
of 19.04 dB because of the qualifications of cavity wall. The
EBG polar V and polar H redirect the partially of field,
moreover, the partially of fields are transmitted, so the total
field is very well.

# Polar H
¥ PolarV

Frequency (GHz)

. The reflection phase of the EBG polar H and polar V.

- Gain (di3)

==== S dB)

in (dB)

Gai

i | " i " L
25 23 235 4 245 15 58 26
Froquency (GHlz)

Figure 3. Simulated antenna gain and §;,.
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24 24 2
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Figure 4. Axial Ratio.
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-180

Figure 5. Radiation Patterns.
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Figure 1. Configuration of the curved Figure 2: The reflection eoefficient.
strip dipole using BBG resonator.

Table 1: The data of the curved strip dipole using EBG resonator.

Parameter | Size ()
" 0,082
g 0.2BX
La 0,428

@ 0,169
W 0.075X%
3 0.179%
k1 0,248
by 0,627
L 1141x
la 1.164x

3. NUMERICAL SIMULATIONS RESULTS

The objective of this paper iz to increaged directive gain of the curved strip dipole for application in
RFID technology at 2.45 GHz From optimized analysiz, the good matching of this antenna could
be obtained. As the resulting, the curvad strip dipole antenna has a low gain of 1.5 dB and the
HFBEW in E-plane iz 953" It has omnidirectional radiation pattern, so the powsr may be lcas
to unnecessary place. In order to golve such problems, the cavity wall is used for improve the gain
of the curved strip dipole antenna. The first step congzigts in degigning an EBG with a resonant
frequency corresponding to the mictowave band around 245 GHz. Fig. 2 iz illustrated the reflection
coefficient phase of the upper and lowsr reflective wall by using the periodic boundary condition [7].
The cavity height haz a relations with reflection coefficient of cavity wall, where iz bazed on the
following resction (1)

A i[épgcﬂ-égsa}

o7 3600 (1)

where, the variables ¢, f, ¢pra, and dppo are the speed of light, rezonant frequency, and the
reflection coefficient phage of PEC and EBG, respectively., Because the combination of phage
should be 2nm, 8o the cavity height could be obtained. Fig. 3 showa the height variations veraus the
frequency. It appears that a cavity height of 56,8 mm iz proper rezonant frequency which complies
with the requirements of RFID reader for ET'C.

We can calculate the A parameter iz 56.8-mm becauge the upper and the lower reflective wall
are gimulated geparately by using the periodic boundary condition, Fig. 4 shows the return loss at
h = 86.8-mm, which iz mismatch between the curved strip dipole antenna and the cavity. In cagse
of the apacialty dipole, the effect of reflection coefficient phase iz not only in almest feed centar but
alzo in two arms of dipole, the & parameter iz adjusted the gain az shown in Table 2. The cavity
height of 76.8-mm hag the most directive gain of 8.3dE. In Fig. 4, we found that the proposed
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Table 2: The optimizing of cavity height.

b frm) | Gain (dB) |_EE [degree)

E-plane | H-plane
56.8 78 771 104.2
61.8 213 7.7 91.1
66.8 26 7.8 30.9
71.8 91 2.8 7d.1
76.8 9.3 59.1 714
81.8 9.2 57.1 713
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antenna still exhibits a return loss batter than —10dB in resonant frequency band. The E- and
H-plane radiation patterns at 2.45 GHz are shown in Fig. 5, which is directive. The patterns have
low side lobe, so we can estimate that the structure volume is will dimensioned.

4. CONCLUSION

The simulation results of curved strip dipole by using the cavity wall for improve the gain have been
presented in this paper. It is utilized to place at the RFTD reader for checkpoint at high-way that
collects fees from many cars at 2.45 GHz. Then the modeling software (CST Microwave Studio),
it ig successful to improve the gain of 9.3 dB because of the qualifications of cavity wall. The PEC
redirects half of the radiation into the opposite direction. In addition, the EBG wall increases
the gain and redirects the radiation too, as far as the radiation can be radiate to the user’s zone.
Moreover, it has been structure uncomplicated and inexpensive that demand on equipment for
wireless communication system. The band of frequency is covered 2.2-2.58 GHz in microwave
frequency band.
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