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Abstract

Nowadays, wireless communications are developing rapidly, which highlights the importance of
increasing the transmission efficiency of antennas. The main responsibility towards mobile users is
that the antenna should be totally free of error, irrespective of which way the receiving antenna is
directed. For this reason, a circularly polarized antenna is widely required. Therefore, this research
designs the base station antenna for 3.9G technology, which the antenna should have high gain. In
consideration of high frequency at 2.1 GHz, the path loss between transmitting and receiving antennas
are increased. The antenna consists of two main components, (1) a curved strip dipole, with advantages
such as its wide beamwidth, economical and simple design, (2) electromagnetic band gap (EBG)
which has practical use for high gain antenna. When a curved strip dipole is fed and placed an between
EBG and conductor plane, it is called a resonator antenna. Furthermore, the circularly polarized
antenna is created by an EBG polarizer and a curved strip dipole placed on a conductor plane at 45°.
The antenna was designed and analyzed by using a computer simulation technology (CST), S11, axial
ratio, radiation pattern and gain are displayed. The designed technique has been confirmed by
measurement results from our prototype antenna corresponding to simulation results. The proposed
antenna has a bandwidth covering the frequency range of 1.87 — 2.17 GHz, the gain of the antenna

increases up to 15.11 dB.
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Dielectric aluminium rods
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3.6.2.1 suuueumsIwarlsasanad Wi mueang (Transverse Electric Polarization Mode)
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3.6.22 HUULEUMSINA I sHaeimanmNYNa
(Transverse Magnetic Polarization Mode)
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Abstract

The mushroom-like electromagnetic band gap (EBG) is capable of providing a constructive
image current within a certain frequency band. And. the curved strip dipole antenna has a wide
beamwidth but it has low gain. Therefore. the one common technique to redirect the back radiation
forward is to place a PEC reflector at the proper position from feeder of radiating element but the
PEC cannot suppress the surface wave [1]. Accordingly. the EBG structure is used to reflector of
curved strip dipole antenna array, the proposed antenna has the good radiation efficiency for RFID
antenna reader. This work describes a suitable position that the array antennas are mounted over
EBG reflector plane. Moreover, we show the comparison of the distance between radiating element
that it has the effect for the antenna’s performance.

Keywords : Curved Strip Dipole Antenna. Electromagnetic Band Gap, Array Antenna

1. Introduction

In recent years, the communication community showed a very particular interest of a new
technology for the improvement of the performances of antenna. Its matter of the technology of
EBG structure application of providing a constructive image current periodical cell composed of
metallic and dielectric elements. The mushroom-like EBG is applied to ground plane for the dipole
antenna that the radiating element is bended to half curved for wide beamwidth. When the EBG
structure is excited by external source, it can be suppress the surface wave and will be coupled the
wave out from the slots, which is equivalent to the leaky wave radiation [2]. This paper is a sequel
[3] and describes an array composed of curved strip dipole elements. The array is analyzed using
the CST Microwave studio 2009. The appropriate position of the array radiating elements is
presented and discussed. In addition, the proposed antenna is usually placed at the top of pole on
expressway that the way has the bad field of vision such as foggy. smoke and raining.

At first, we present about configuration geometry of propose curved strip dipole antenna
and EBG structure (Sect. 2). Next, the positions study of the radiators array with two elements on
EBG surface in Sect. 3. Finally, the conclusions are given in Sect. 4.
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Figure 1: The Compositions of Antenna Array (a) Curved Strip Dipole,
(b) Mushroom-like EBG Structure and (¢) 3D View of Curved Strip Dipole on EBG.
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2. Geometry of a Curve Strip Dipole Antenna and Mushroom-like EBG

The curved strip dipole structure designed with rectangle PEC (at 1 mm thickness) on the
polyvinyl chloride (PVC) with the dielectric constant of 3.4 is shown in Fig. 1(a). The resonant
frequency is 2.45 GHz which the initial parameters of curved strip dipole antenna are illustrated in
Table 1. The feed point of curved strip dipole is connected at the center of dipole (¢ =7/2) and the
spacing between two arms of dipole is assumed that it has minimum width. In addition, Fig. 1(b)
shows the EBG structure which is compose of mushroom-like elements and it is designed to have a
reflection phase of zero at 2.45 GHz. Moreover, we optimize the reflection phase value that is
proper with the /2 parameter. The physical dimension of 44 elements EBG structure fabricated on
1.6 mm thickness FR-4 substrate with dielectric constant 4.5, which the parameter of EBG are
concluded in Table 1. From previous paper [2]. the distance between radiating element and EBG
surface is /2 = 0.24 A which is shown in Fig. 1(c).

Table 1: The Parameters of Curved Strip Dipole on EBG Ground Plane

Antenna Parameters Electrical Dimension (mm)
Length of curve strip dipole (Lg) 0454
Radius of curved strip dipole (a) 0174
Distance between antenna and EBG surface (/1) 0.24 4
Width of curved strip dipole (w;) 0.031
Distance between patch (g) 0.044 4
Width of PVC (w>) 0.16 4
Width of patch (J7) 0.2034 4
Radius of vias () 0.005 4
Length of vias (1) 00134
i+ v i ‘
/ + +i ‘
14 ‘ i
| |
(a) (®)

Figure 2: Feed Center of Radiator (a) 1<2 Array Elements and (b) 21 Array Elements.

In this simulation, a curved strip dipole antenna is arrayed with 1x2 elements and 2x1
clements as shown in Fig. 2. the feed center of radiating elements are placed over EBG ground in
the location between EBG patches where is position A in Fig. 1(b) [4]. For optimized the distance
of two array elements, the parameter J is begun of 0.6 1. and then, it is reduced from 0.6 4
1004 4.

3. The Positions Study of Curved Strip Dipole Array on EBG Surface

On the basis of array antenna, the distance between the two elements of curved strip dipole
antenna (d) is 0.54. In this study, d is changed for the proper length EBG surface. When,
d=041.0444,0472,054,0551,0.584 and 0.6 A, the simulation results are shown in
next sub-headings. These are return loss. near-field levels and radiation patterns.
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3.1 Return Loss

In [4], the locations where the radiating element is located from Fig. 1(b). the return loss
may change a bit for each radiator. When, the two elements of curved strip dipole are arrayed with
1+2 elements and 2x1 elements on EBG, which the return loss is shown in Fig. 3. The return loss of
1x2 array element case is shown in Fig. 3(a), the length between two element will be adjusted. It
obvious that, all of lengths are matching but the length of 0.58 4 is the appropriate distance that
yields the minimum return loss at -36.64 dB. In addition, Fig. 3(b) shows the return loss of 2x1
array element case. Since, the current at the both ends of curved strip dipole is not zero, and the
ends of each radiating elements are very close. Accordingly, the mutual coupling is occurred a lot.
The length of 0.55 4 is the is the appropriate distance that yields the minimum return loss at -22.63
dB, it has poor performance more than 1x2 array element case.

N R e . N

* 0.40wavelength : 16

& 0.47wavele
" & 0.50wavelengt

Retumn Loss (dB)

+ 0.55wavelengih
=501 o 0.58wavelengt
= 0.60wavelength : -32.20 dB. |:4s(im

Return Loss (dB)
;
N T .

[245 GHz]

1 3 4 = 1 2
Frequency (GHz) Frequency (GHz)

(C)) ®)

Figure 3: Return Loss (a) 142 Array Elements and (b) 21 Array Elements.
3.2 Near-fields Distribution on Ground Plane
This section is illustrated the near fields that occurred on ground plane with 1x2 elements
and 2x1 elements array antenna on EBG surface at the resonant frequency 2.45 GHz. The results of
near-field, found that the near-ficld levels at the ends of EBG surface will be increase if the length d
is increased. Anywise, if the distance between two radiating clements is decreased, the mutual
coupling will be increase. From simulation, when the distance d is 0.58 A and 0.55 4 of 1x2

elements and 2x1 clements array antenna, respectively, the near-field levels has the maximum
values which are shown in Fig. 4.
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Figure 4: Near-fields on EBG surface (a) 12 Array Elements and (b) 2x1 Array Elements.
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Figure 5: Far-field Radiation Pattern (a) 12 Array Elements and (b) 2x1 Array Elements.

Table 2: The Directive Gain and HPBW of Array Antennas

: HPBW degree)
Array Antenna Type d(A) Gain (dB) Erplane Henlans
1x2 0.58 9.65 70.7 49.7
2x1 0.55 9.19 47.3 87.0

3.3 Radiation Patterns

As mentioned previously, the goal in this study is the good gain and wide beamwidth of
curved strip dipole which is array on EBG ground plane. It has the uni-directional radiation patterns.
The pattern of the both array radiating elements are shown in Fig. 5, where it is clearly seen that the
radiated power is increased. The directive gain and the HPBW of antenna are shown in Table 2. For
an clectronic toll collection on expressway. the antenna reader is instated in variety position.
Therefore, the appropriate gain and the HPBW are chose.

4. Conclusion

The curved strip dipole antenna is wider beamwidth than strength wire dipole. However, it
has low gain of 1.5 dB. Therefore. the curved strip dipole antenna is mounted and arrayed over
EBG reflector plane. The array of curved strip dipole with difference center locations has been
simulated to test the position effect of the array antenna model. It seems that the position has an
effect a bit, but the distance between radiating element has more effect
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Gain Improvement of Curved Strip Dipole Using EBG Resonator

N. Fhafhiem, P. Krachodnok, and R. Wongsan
School of Telecommunication Engineering, Suranaree University of Technology
Nakhonratchasima 30000, Thailand

Abstract— In this work, the electromagnetic band gap (EBG) and metallic reflector plane are
used for cavity wall of a curved strip dipole. The reflection phase of cavity walls is important for
the cavity height (k) calculation, which has an effect on the antenna characteristic. The simulation
results found that the cavity height of 0.63A is most direction gain of 9.3dB. The HPBW in E-
and H-plane are 59.1° and 71.4°, respectively. Moreover, the patterns have low side lobe, so we
can estimate that the structure volume is well designed. The proposed antenna covers bandwidth
of 2.2 GHz-2.85 GHz that suitable for wireless communication and RFID system.

1. INTRODUCTION

With the rapid development of the wireless communication, the antenna is an important to develop
the radio identification (RFID) technology. This technology can be used for example in identi-
fication objects in warehousing supply chain management, service logistics, control, and author
automation process. The RFID system consists of the radio frequency transponder (tag), inter-
rogator (reader), and data processing system, which the communication between the tag and the
reader is achieved by modulated back scattering of the reader’s carrier wave signal. The antenna
is designed for the RFID system which have different requirement for diverse applications. To
design the antenna’s reader the traditional antenna type can be designed by the classic theory of
microstrip antenna [1,2]. Because the RFID reader at 2.45 GHz is applied for the electronic toll
collection on expressway, the antenna design has been sufficient gain, coverage aboard area, and
high power handing. The curved strip dipole antenna has some qualifications that are pertinent
point, its beamwidth is wide and its shape could be change easy [3]. However, the curved strip
dipole antenna has low gain. This argues, if we can design the antenna to work well due to bad
weather on motorway such as fog and heavy raining,it will have more efficiency for field radiating.
In previous paper [4], we proposed a short-end curved strip dipole antenna on conductor plane
for 2.45 GHz that the HPBW is wider than straight dipole, which is necessary for the structure
that requires the simple in concept, simple feeder, and used for microwave frequency. Moreover,
there are many papers that presented radiating antenna with cavity wall which is composed of
electromagnetic band gap (EBG) and frequency selective surface (FSS) [5,6]. The cavity wall has
a positively effect on direction, improving the antenna gain. In this paper, the EBG and conductor
plane are used for cavity wall of a curved strip dipole antenna. The proposed antenna designed
from extremely attractive solutions for check point at the high-way that collect fees from many cars
at 2.45 GHz is presented.

2. ANTENNA DESCRIPTION AND DESIGN GEOMETRY

The geometry of the curved strip dipole uging EBG resonator with detailed dimensions is illustrated
in Fig. 1. The curved strip dipole antenna is designed to resonate around 2.45 GHz, which is the
microwave frequency used in RFID transportation application. The radiating is constructed of
metal plate (a 1-mm thick perfect conductor plate). Tt is mounted over an inexpensive polyvinyl
chloride (PVC) with the dielectric constant of 3.14. The thickness and the wide (ws3) of PVC are
1-mm and 30-mm, respectively. The parameters of the antenna consists of the total length and the
wide of the curved strip dipole expressed by L; and wj, respectively, and the radius of the curved
is a. The half wavelength of the curved strip dipole is L; = wa. Furthermore, the analysis model of
the cavity wall consists of the metallic EBG and a conductor ground plane. The structure of EBG
has five metallic elements and uses a 9.3-mm rod thickness. The rod width (W) is 9.3-mm and the
gap (g) width is 22-mm, which the EBG structure geometry is summarized in Table 1. Besides, the
overall dimensions of PEC ground plane is the overall size of EBG. Finally, the curved strip dipole
antenna is placed between the EBG and the conductor plane with cavity height (ko) of 76.8-mm,
which is shown in Fig. 2.
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strip dipole using EBG resonator.

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

Parameter | Size (X)
7 0.082x
wg 0.25X
La 0.425X

a 0.159x

0.075X
g 0.179x
k1l 0.248%
h2 06271
iy 1.141x
b 1.164x

3. NUMERICAL SIMULATIONS RESULTS

The objective of this paper is to increased directive gain of the curved strip dipole for application in
RFID technology at 2.45 GHz. From optimized analysis, the good matching of this antenna could
be obtained. As the resulting, the curved strip dipole antenna has a low gain of 1.5 dB and the
HPBW in E-plane iz 95.3%, It has omnidirectional radiation pattern, so the power may be loss
to unnecessary place.In order to solve such problems, the cavity wall is used for improve the gain
of the curved strip dipole antenna. The first step consists in designing an EBG with a resonant
frequency corresponding to the microwave band around 2.45 GHz. Fig. 2 is illustrated the reflection
coefficient phase of the upper and lower reflective wall by using the periodic boundary condition [7].
The cavity height has a relations with reflection coefficient of cavity wall, where is based on the

following reaction (1)
¢ |:¢PEG‘ + ¢‘EBG:|

= 27 3600 (1

where, the variables ¢, 7, ¢prpo, and ¢ppo are the speed of light, resonant frequency, and the
reflection coefficient phase of PEC and EBG, respectively. Because the combination of phase
should be 2nw, so the cavity height could be obtained. Fig. 3 shows the height variations versus the
frequency. It appears that a cavity height of 56.8-mm is proper resonant frequency which complies
with the requirements of RFID reader for ETC,

We can calculate the A parameter is 56.8-mm because the upper and the lower reflective wall
are simulated separately by using the periodic boundary condition. Fig. 4 shows the return loss at
h = 56.8-mm, which is mismatch between the curved strip dipole antenna and the cavity, In case
of the specialty dipole, the effect of reflection coefficient phase is not only in almost feed center but
also in two arms of dipole, the A parameter is adjusted the gain as shown in Table 2. The cavity
height of 76.8-mm has the most directive gain of 9.3dB. In Fig. 4, we found that the proposed
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Figure 3: Calculation of cavity height.
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Figure 4: Return loss.

Figure 5: Radiation pattern.

Table 2: The optimizing of cavity height.

D il Gain (A5 Lo ot Sreree)

E-plane | H-plane
56.8 7.6 7l 104.8
61.8 8.13 s 91.1
66.8 8.6 67.8 80.9
71.8 9.1 62.8 7d.1
76.8 9.3 59.1 714
31.8 9.2 57.1 7183
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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 RFID reader for checkpoint at high-way that
collects fees from many cars at 2.45 GHz. Then the modeling software (CST Microwave Studio),
it is successful to improve the gain of 9.3dB 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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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.

Mectallic EBG Material

EBG polar V

Figure 1. The proposed antenna.

=5

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 0.22 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 8.4x591x10 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:L|:¢’='H"'+¢1”f"]. )
2 360°

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 S, 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°and 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.
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Figure 2. The reflection phase of the EBG polar H and polar V.
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ACKNOWLEDGMENT

The authors gratefully financial support for this research
project from the Telecommunications Research and Industrial
and Development Institute (TRIDI), National
Telecommunications Commission (NTC) Fund, Thailand.

REFERENCES

[1] M. Hajj, T. Monediere, B. Jecko and R. Chantalat, “A novel design of
circularly polarized sectoral M-PRS Antenna,” Antenna Technology and
Applied Electromagnetics & the American Electromagnetics Conference
(ANTEM-AMEREM), 2010 14th International Symposium, Canada. pp.
1-4. July 2010.

[2] Y. Fan and Y. Rahmat-Samii., “A low profile single dipole antenna
radiating circularly polarized waves,"/EEETran. Antennas Propag.. Vol.
53. pp. 3083-3086. September 2005.

[3]1 E. Arnaud. R. Chantalat, M. Koubeissi, T. Monediere M. Thevenot and
B. Jecko. “Improved Self Polarizing Metallic EBG Antenna.” Antennas
and Propagation, EuCAP 2009. 3rd European Conference, Germany,
pp.3813-3817, 2009.



| ER LT L)Y

a 4 @ £ A 4 @ o < a J o a
wer.ag.densal Hadan Maio 9 Pueteu 2517 dUSANTANYIIAINTINAAASTuda
a a a [ = A A A J YR
191351380358 InsauuIan MU Inedema Tu Tadgsuis el 2540 uazaouladnun
o =y "9 [ = Y a I L4 a [ ~
szaufSyan Indeatenuduaiuguanuasamayiue1nsdvenmImerdoma lulaggs-
o < a 4 @ a a 4
w13 Tasd1u5an1sany1daInssuaaasumitaga a1wdainssy i Awdrdears) a1n
P A o A~ Yo = A P A o a a
PaINsaiuMIINe1de uaziiol 2550 lTaduanisAn1ignssusndasquuudia d19133
a a o =) ~ Y] I o ) a
AanssuInsanuay nuIIneIdema lulaggsuis Joguuwiuernisdlszirarviin
a o v Aa = -4 = [ Aa o {
FenssuInsanuiay d1INIIAINTIUAIEAT HIINeIdema TuTaggsuis MuIdenaule

Taun maluTadaneeima



