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CURVED STRIP DIPOLE ANTENNA/ELECTROMAGNETIC BAND GAP/

RFID TECHNOLOGY

With the advances of wireless communication technology, the radio frequency
identification (RFID) is esteeming alike, it is used for identifying objects warehouse
supply chain management, service logistic, control, and other automation process.
In addition, the antenna is component in RFID reader that is important to obtain the
highest efficiency of the system. Therefore, the desired features of the proposed
antenna for RFID reader are sufficiently high gain, wide coverage area, and high
power handing. Moreover, this antenna should be relatively simple in concept,
structure easy, inexpensive, and so on. The dipole antenna has some qualifications that
are prominent point which its shape could be change easy and variety. Unfortunately,
the basic antenna has a low gain and the half power beamwidth in E-plane is
78 degree. From the objectives, the antenna is applied for the RFID reader, which is
used for an electronic toll collection on expressway. However, most kinds of this
antenna has omnidirectional pattern, therefore, it is not suitable for field radiating
because of the power loss in unnecessary directions. In this work, the structure of
dipole is improved to unidirectional pattern. First, the strip dipole was bended to be a

half of annular with feed point at the center for yielding wider beamwidth. Next, it’s



mounted over the dielectric for durable. Finally, the curved strip dipole is appropriated
located horizontally on electromagnetic band gap (EBG) reflector which is capable of
suppressing a surface wave for high directive gain. In this case, the curved strip dipole
antenna on EBG can be covered wide service area and reduce the traffic jam on high

way.
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A Shorted-End Curved Strip Dipole on
Dielectric and Conducting Plane for Wireless LANs

"N, Fhathiem, P, Krachodnok, M, Uthansakul, and R, Wongsan
School of Telecommunication Engineering, Suranaree University of Technology
Nakhon Katchasima, 30000, Thailand, Email: m3140732/@g.sut.ac.th

1. Introduction

Wireless local area noetwork (WLAN) system has  boon  extonsively uvsed  for
wommunizalions in wido range of the service area. The antenna is important for devalop WLANs, it
applied for high frequency 2,45 GHz, In addition the anterma has been sullicient gain, il required
cither unidirectional or omnidirectional beam coverage abroad area and high power handing.
Moreover, the antennas are relatively simple in concept, structure easy, and inexponsive. The dipole
amtenna has some gualification that prominent point, its shape could be change easy and variety.
This antenna will ba usually plaged at the wall of rooms or buildings. However, most kinds of this
anlennas hos omaidirectional patiern, therelore, they are not suitable Tor ield radiating m the large
room becnuse of power loss in unnecessary directions such as outside of room. Alao, this paper is
interosted that qualification. This argues, i wo can design an amtenna 1o illuminate a prodofined
wide coverage aren. it will have more efficient for figld radiating,

The related hicratures o the shape or cuived q'l"lpn-li.' stiucture have been reporied by acveral
authors, Kirshnan et al, [1] presenied a V-shape wire leop that struciure liked buticrily, it had
alliptically radiation pattern. Dubost [2] presented the sntenna which is shorteds=cirouited dipole
parallel on porfeet reflector plane. Tumvichit o al. [3] prosented a halfrwave dipole with a
gomdugtor plang at a distinee much smaller than a quarter wavelength, the operating frequency s 2
CiHE, Feed |‘.m|"|'|i of the anienna 1w Ted "l:li.l.g'l'l the coaxial cable on the backside of the conducior
plang, it had the half poweor boamwidth is 85.5% in tho E-plane and 87% in tho H-plana. Bosides
thoso, Pimpol and Wongsan [4] presentad the impodanca analysis of a shorted=ond curved dipolo on
vellector plane, A cwrved dipole conaiste of curved wire dipole and shorted their both end on
metallic rellector plane apphied Tor the broadeasting station (UTHE TV}, As far as we know, there s
o information about curved step dipole which s necessary Tor the structure that requires the simple
in concept, simple feeder high power handing, small strocture, and used for high frequency that is
roquirad. Since impodance s the important charactoristic that determines officioncy of antonna.
Therelore, this paper locuses on the impedance and parameter that wsed for design of o shorted-gnds
curve atrlp dipole, Numerical result of this antenna will be simulated by Computer Simulation
Technology (C5T) Software.

At first. we prasent aboul sonfiguration geomatry of propose urved strip antenna {Seat. 2).
Mext, curregnt dintributions, mpul mpedanee, return loss, and epdiation paticms gre imbroduced with
gompulational resulis i Sgel, 3, Finally, the conglusions arg miven in Segl, 4,

2. Conflguration of the Proposed Antenna

A shorted=ond curved dipole antonna is constructed of a eurved strip dipole that it is
mountad over a dielectric which has permittivity { &) is 3.6. The both ends of curve strip dipole are
walded conneation on a metallic conductor plane as shown in Figs. 1 and 2. The parameters of
amtenna conwist of the total length and wide of cwrved sirip dipole oxpressed by [, and w,
respectively, and the radius & is aligned along @ =direction at which the feed center of this curved
strip is connected ot @ = /2, In addition, the dimension of the agquare reflector plane s £« W The

langth 7.y is half-wavelength strusture at eurved strip dipole.
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Figure 1: Configuration of the Curved Strip Figure 2: Model of a Horizontal Curved Strip
Dipole on Dielectric and Conductor Plane Dipole on Dielectric and Conductor Plane

3. Numerical Results

The objective of this paper is to match the constructed antenna with a 50 ohms coaxial feed
at a desired frequency. The curved sirip dipole antenna was designed for 2.45 GHz (A= & e¢m).
From calculations, it is found that the half-wavelength of curved strip dipole is L,= 7 a. In order to
tune the center frequency of the constructed antenna to 2.45 GHz, we analyze the antenna model by
using the CST software, In the computation, L, w, L, and ¥ are varied. From optimize analysis, the
good matching and the proper gain of this antenna could be obtained. The data of the antenna
geometry is summarized in Table 1.

3.1 Current Distribution, Input Impedance, and Return Loss

For illustrated in Fig. 3, it found that the appropriate length of this curved strip dipole
should be 0.47 A because a dielectric is affected to decrease a few length of curve strip dipole.
Also, the current magnitude at the both ends is zero and at the feed point current is most. As shown
in Fig. 4, the length of curved strip dipole and size of conductor plane is the important parameter to
characterize the impedance characteristic. After optimize analysis, we have obtained good
impedance matching with 50 ohms at 2.45 GHz, and the excellent return loss i1s -15.42 dB as
illustrated in Fig, 5.

Table 1: The Data of the Antenna Geometry bonz :EE;EEEEEE‘
Parameters Electrical Size oo e
w 0.04 4 3 oo
Ld 0.47 4 P
w 0424 : oo
L 0.504 vonah
a OI 17 ’1 %‘.’s Dlltl O‘ZI ﬁ‘f 'C: _ch O‘J l\lJ.‘ s

Langth of Dipaks (in wavelangth)

Figure 3; Current Distribution of Curved Strip
Dipole on Dielectric and Conductor Plane
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Figure 5: Return Loss of Curved Strip
Dipole on Dielectric and Conductor Plane

3.2 Radiation Patterns

The radiation patterns are shown in Figs. 6 and 7 which E- and H-plane of the antenna
correspond to the xy-plane and yz-plane, respectively. The maximum radiation oceurs in the normal
direction to a reflector plane. We have achieved a maximum gain of 6.21 dB which is higher than
that of a traditional half-wave dipole. Moreover, it had the hall’ power beamwidth E- and H-plane
are 80° and 90°, respeetively, that is wide because the antennn is bended to curved and also
sideward along the plane in a small amount. The results of gain, HPBW, and patierns are well
agreement of anienna for wireless local area (WLAN) system. In application that wanted

unidirectional beam and high gain, which is wider than straight dipole,
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Figure 6: Radiation Pattern in xv -Plane
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4. Conclusion

This paper proposes curved strip dipole on dielectric and reflecior plane antenna which is
ulilized 1o usually placed at the wall and eeiling for wireless communication system al 2.45 GHa.
Daxign and analysis of propose antenna use Computer Simulation Technology (C58T) Software, 1t
hay  boon  structure  uncomplicated and in exponwive that was  demand on equipment for
communication aysiem, In addition, 1 has been enough beamwidih Tor wircless local arca network
{ WLAN) syatem and high directive gain and then, it had developed simple dipole 1o curved dipole
feed point at conter of curved. This antenna obviated back lobe by conductor plane and have »
small size due to pormittivity of diclectric.
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High Directive Gain Antenna Using Shorted-end Curved Strip
Dipole on Electromagnetic Band Gap

N. Fhathiem, P. Krachodnok, and R. Wongsan
3chool of Telecommunication Engineering, Institute of Engineering
Suranaree University of Technology, Nakhon Ratchasima, Thailand

Abstract— This paper presents a curved strip dipole constructed of a metallic sheet that is
bended to a half annular and the both ends are short circuited on electromagnetic band gap
(EBG) ground plane. The EBG surface iz capable of providing a constructive image current
within a certain frequency band, resulting in good radiation efficiency. The proposed antenna is
guitable to apply for wireless communications at 2.45 GHz and it will be usually placed at the
wall and ceiling of large rooms or buildings. The maximum gain occurs in the normal direction
to a reflector plane that direct to service area. The numerical results are given by Computer
Simulation Technology (CST) software. From the numerical results, the frequency response of
return losz and radiation patterns can be investigated. The simulation results show a maximum
gain of 9.7dB, it has maximum gain higher than a curved strip dipole which iz mounted over a
conductor plane.

1. INTRODUCTION

With the rapid development of the wireless communications and the communication industry, the
antenna is important to develop wireless local area network (WLAN) and worldwide intercperability
for microwave access (WiMAX]), it is applied for high frequency 2.45 GHz. In addition, the antenna
has been sufficient gain and it required either unidirectional or omnidirectional beam, coverage
abroad area, and high power handing. Moreover, the antenna is relatively simple in concept,
structure easy, and inexpensive. The dipcle antenna has some qualifications that are prominent
point, its shape could be change easy and variety. However, the dipole antenna has low gain and
the half power beamwidth (HPBW) in the E-plane is about 78 degree. This argues, if we can
design antenna to illuminate a predefined wide coverage area, it will have more efficiency for field
radiating. The related literatures to the shape or curved dipole structure have been reported by
several authors. Krishnan etal. [1] presented a V-shape wire loop that structure like butterfly.
Dubest [2] presented the antenna which shert circuited dipole parallel on perfect conductor plane.
Tumvichit etal. [3] presented a half-wave dipole with a conductor plane at a distance smaller than
a quarter wavelengths. Pimpel and Wongsan [4] presented the impedance analysis of a shorted-
end curved dipole on reflector plane. Fhathiem etal. [5] presented shorted-end curved strip dipole
antenna on conductor plane for 2.45 GHz. In this paper, shorted-end curved strip dipole antenna
on EBG designed form extremely attractive solutions for wireless communication are presented. A
strip dipcle is bended to curve for wider HPBW and it is mounted over a curve dielectric for durable
of the antenna. In recent years, the EBG structures have been developed in fields of antenna, and
it is exhibit high impedance characteristic on a certain frequency range and in-phase reflection
characteristics for the incident wave [6]. Therefore, the EBG surface is capable of providing a
constructive image current within a certain frequency band, resulting in pood radiation efficiency.
For this reason, we are attractive solutions about EBG for the ground plane of curved strip dipole
antenna. This antenna has achieved the maximum gain more than the antenna on conductor plane.
In the same time, it could be cover bandwidth of IEEE standard {802.11b/g).

2. ANTENNA DESCRIPTION AND DESIGN GEOMETRY

The geometry of the curved strip dipole antenna. short circuited both ends on EBG ground plane
with detailed dimensions is shown in Fig. 1. The antenna is constructed of a metal plate (a 1 mm
thick perfect conductor plate), it is mounted over an inexpensive curve polyvinyl chloride (PVC)
with the dielectric constant of 3.4. The thickness and wide of dielectric are 1 mm and 30 mm,
respectively. The parameters of antenna consist of the total length and wide of curved strip dipole
expressed by Ly and wy, respectively, and the radius a is aligned along ¢-direction. The feed
center of this antenna is connected at ¢ = 7/2. In addition, the analysis models of EBG reflector
plane consist of square metal patches on ground plane. The EBG structure, has 5 x 5 unit cell
and an overall dimensions of 142.68mm x 142.68mm, uses a 1.6 mm thick FR4 substrate with a
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permittivity of 4.5, The pateh width (W) is 25.885mm. The radius of the vias (r) is 1458 mom and
the gap width iz 3.32mm.

3. NUMERICAL SIMULATIONS RESULTS

3.1. The Curved Strip Dipole Antenna

The chjsctive of this paper is increased directive gain of simple dipole to application in the
WLAN and WIMAX environment. The curved strip dipole antenna iz designed for 2.45GHz
(Ag = 82.55mm) as shown in Fig. 2, it s curved strip dipole antenna without reflector plane,
The half-wavelength of curve strip dipole is Ld = na and it is mounted on dielectric. The data of
the curved strip dipole antenma gecmetry is surmmarized in Table 1. In the computations, Lz and
wn are varied, From optimized analysis, the good matching of this antenna could be obtained, the
input impadance is matched to a 50 Ohme transmission line [5]. From the resulting, the antenma
has a low gain of 1.5dB and return loss is illustrated in Fig. 2(b). The HPBW in E-plane is 95.3°,
The curved strip dipole antenna will be usually placed at the center of large rooms but it has
ormnidirestional radiation pattern. The power may be loss to unnecessary place,

3.2, The Curved Strip Dipole Antenna Separated by 1/4 Wavelength from the Conductor
Plane

From our objective, the antenna could be unidirectional antenna. The curved strip dipole antenna
is located on the perfect electric conductor (PEC) as shown in Fig. 3a). The present of a reflector
radirecta half of the radiation into the opposite direction, improving the antenna gain, and partially
shielding objects on the other side. Unfortunately, if the antenna is too close to the conductive

. Fecd Point
w l'ulch @

'Lmun:l Planc

fa) (k)
Figure 1; Configulation of the propose antenna, (a) front view and (b) side view,

s
p— = 0 -

Frapary 00

{a) stne e (b retwrnl s (2) E-plane (d) H -plane
Figure 2: Curved strip dipole antenna without reflector plane,

Tahle 1: The data of the curved strip dipale.

Parameter Size
iy 10 mm
T Hmm
Ly 52,77 mm
a 16.8mm
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surfnee, the fnee of the impinging wiwve is reversed upon refleetion, resulting in destrootive interfers
ance with the wave emitied in the other direction. Also, the image currents in the conductive sheot
enneel the current in the antennn and the surfiee wive in electric and magnetie field of conductor
planie i not auppressed, Th aolve this problem, the radlating element |8 separated from the meflector
Ap/4, The total round trip phase ahift from the ewrved strlp dipole, te the aurface, and back to the
antenna, equals one complete cycle, and the waves add constructively aa shown in Fig 3(), The
return loss of the surved strip dipole 8 —11dB, The HPBW E- and H-plane are 73,1% and 99°,
respeatively, nnd directive prin s 7.52 48, The nntennn rndintes afficiently, bul the sntire struoture
requires nominimum thickness of Ag/4. In this cnse, the nntennn is not durnble for applientions,

&4, The Cuarved Birlp Dipole Antonna Separatod by |/4 Wavalonglh from Lhe ERBG Grouand
Plana

A line of thought, the EBG structure presented in Fig. 4 s inephose reflection chareteristio, it s
placed far from foed point of eurved strip dipele AD/4, It is suitable to ground plane of curved
strip dipole beenuse the existence of the EBG structure enn suppress the propagntion of surface
waves aa shown in Fig, 4(b), The high-impedance aurface reflocts all of the power juat like a
metal sheet, but it reflects in-phase, rather than out-of-phase, allowing the radiating element to be
direstly adjacont to the surlace, In the sther hand, the direction of the image currents results in
constructive interference, nllowing the nntennn to radinte efliciently. The simulntion results hove
gnin of 7348 nnd return loss of —233d48. The HPBW in £ nnd Heplone wre 53° and 123.3°,
respectively, Howover, the structure of antennn s not strong, For this purpose, curved strip dipoles
will b ahaort cirenited both onda on BEBC ground plane for a durable of atructure, T'he data of the
ERC ground plane geometry la asummarized In Table 2,

e s
(31}
0
L]
1L
{E1]
1L
af.i
([ 8]
L]
£ fieh H ficld
(@} Blrugture (h) surface wave
) e i 1
= , e .
N . T ™ s " a 1 -
J =[7 "ul_ '!-' W : A
| | I'. g | i
\ A CSPT
= r r . . m ™ - cl
fisplane H =plane
{€) return loss {d} the radiation paltern

Fliure & Curved strlp dipole on conductor plane,

Taksle 3 The dain of the BRG ground plane,

Papam eter Size
W 25,88 mm
i 332mm
F 1L4A8mm
[4 1.6 mm
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4, THE SHORT-CIRCUITED END CURVED STRIP DIPOLE ON EBG GROUND PLANE

From overall solutions, the shortecirouited end curved sirip dipole on EBG ground plane is illus-
troted in Fig. 5. 1t found that the exeellent gnin of proposed antennn is 0.6dB and the return
loss is —20,68dB, The E- and H-plane radiation patterns are shown in Fig, -Flﬁf.l). The maximum
radiastion occurs in the normal direction to ground plane. We have achioved o maximum gain
which s higher than that of a radiating element on conductor plane and on EBG ground plane,
Maoreover, ite HPBW in F- and H-plane are 47.8° and 60,47, respeciively, For the illuatraied in
Fig. 5(h), the surfnee waves in electrie and magnetie field could be isolated. It is performed that
the EBG atFictire has “”H.I”l!'.!l.l,lllh L3 hlll'}l'll\"l' ﬂn.m aof antenna angd ta reduce the Back labe, The
results of gnin, HPBW, and putterns are woll agreement of the antennn for WLAN nnd WiMAX
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applications that wanted unidirectional beam and high gain. In addition, the 0-dB beamwidth in
E- and H-plane are 96° and 150°, respectively.

5. CONCLUSIONS

This paper proposes a shorted-end curved strip dipole on EBG ground plane antenna which is
utilized usually to place at the wall and ceiling for wireless communication system at 2.45 GHz. The
antenna is designed by using Computer Simulation Technology (CST) software, it has successfully
improved the gain of 9.7 dB because of the qualifications of EBG structure. The surface wave could
be suppressed from EBG ground plane, therefore, the back lobe are obviated. Moreover, it has been
structure uncomplicated and inexpensive that demand on equipment for communication system.
The band of frequency can be improved furthermore.
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The Study of A Curved Strip Dipole Antenna Parameters
On EBG Reflector Plane for RFID Applications
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Abstraet: Topics from this study is the impact caused by the dimensions of the curved sirip dipole that can affoct the
performance ol this alenna mounted over the EBG ground plane for operating wircless signal in the RFID
technology, by using the two gquarter curved strip conducior placed on PVC dielectric, The boil ends are very close to
the EBG surface. The feed system is excited at the edge of cach one. For appreciate resulis, the parameiers of a curved
plrip dipele are considered and adjusted the structures for wse with the good performance EDRG surface. The
consgguense of, he low profile antenna in the band of 2,27-2,63 GHz are below =10 dB retum loss that is the desired
band. It also can demonateate the best return loss and the radiation patterns ot the required frequency. In detail, the
return loss {s =23 dBy with the most gain of 7.5 dB and the unidirectional pattern has the E= and Hehalf power beamwith
of 78.3% and 84.5°, respectively. Finally, this paper also has created a prototype antenna for comparison, which resulis

in gonpistent with the simulation part,

Key-Wards: - Curved Sirdp Dipole Antenna, Eleciromagnetic Band Gap (EBG), RFID Technology

1 Introduction

Nowadays, the radio frequency identification (RFI)
technology has boen developed for an clecironic tall
collection on expressway, In addition, RFID weehnology
can be used for example in ldentifving objecis
warchouse supply chain management, service logistios,
control, and other automation process. The frequency
bands of this technelogy divided into Tour bands arg low
frequency (100200 KHz), high Irequency (10-15 MHz),
ulirn high frequency (830:939 MHz), and microwave
frequoncy (2.4-2.88 GHz). The compositions of RIFID
syslem, the communicalion between the reader and the
tag i achieved by modulated back scattenng ol the
render's carrer wave slgnal. The responsibillty of the
tag Is gather data which s adjacent with the objects. Tag
gonwists of microchip and the antenna. The roader
communicated with the tag by radio wave, i1 consist of
receive and send radio signal, control par, and anicnna,
‘Therefore, the anienna is an imporiant component thai
tho RIID system should be develop for the efficiency of
them, In this case, the anlenna is applicd for 2,45 Gz,
The design of the anteinna has been sullicient gain,
coveinge aboard nren, and high power handing, Pesides
this, it relatively simple in concept, structure easy, low
gost, and ®o on. The microsirip patch antenna ix
altractive and popular anlenna dug o their natural
advaniages such as light and weight, conlormability, and

inexpensive, 11 operating at 2.45 GHz has a peak gain of

3.8 dBi [1], Moreover, the dipole antenna is omsy to

IS8N: 1700-2780
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fabricated and variety [2-3] From the advantage of the
basic anlenfias, we proposcd a shorted-end ¢urved sirip
dipole  sntenna  on  conducior plane [4] and on
electromagnetic band gap ground plane. The strip dipole
antenna is installed in the proximity of a conductor plane
and gut in a quarter-waveglength gach to form o half
antiilar, and connecled through a hole 10 a feeding
neiwork under the conducior. Ii's both ends of dipole are
clegirically shorted on the surface of square perfec
glechic condustor (PECY and EBG reflector plang. The
projose anlenia s very usclul to find the aplimum
malcling condinon by simply adjusting the widih and
the lengih of curved strip dipole. In the results, the
maximum gain and bandwidih were obtained 6.21 di
and 2.44-2.46 band of frequensy in PEC gag, On the
olher hand, the ERG case can improve direciive gain o
4.7 dB. Also, the EBG structure is capable of providing
a consiructive image current within a corfain frequency
bandd, resulting in good  radialion  efficiensy and
bandwidih of 2,4-2,45 GHz, Our related lieratures (o
cuived  stip  dipole on  fellector pane hive @
problematical about bandwidth which is not enveloping
the entire microwave fregquency band.

In this siwdy, the EBC structure in oblaingd that ¢an
operate over the frequency tange available, The
elecirically is mounted on it thai can be supprossed the
surface wave, This reason, the proposed antonna is
achioved high directive gain, We oplimize the distance
(/) between the both ends of radiating anlenna to EBG

|G OF 80004 Fa171-F
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surface and radivg of surved (&) that can be impaet for
peak goin, wide beamwidih, and cover resonant
frequency of bandwidih,

We Begin with a close look al the single curved sirip
dipole antenna, this antenna on ERG ground plane, and
their foatures in section 2, Mext, seetion 3 discuss on the
parameier study of proposed antenna and the resulis.
Having confirmed the validity of this approach, the
antening  protolype s Tabwicated,  tested  and
experimentally in section 4. Section 3 summarizes and
soneludes,

2 Antennn Design
The detailed geometiy and initial paramelsts  are
illusiratad in Fig.1 and Tablel, respectively. First of all,
the curved stiip dipole antenna was designed to resonate
arpund 2,45 GHz, which 1 microwave band (242,58
GHz) of RFID system. The curved sirip dipole is
conaliugled of o metal plate (0 1 mm thick perlect
conductor plate), and then, it s mounted over an
inexpensive curved polyvinyl ehloride {(PVC) with the
permiiitvity of 3.4, The widih of PV {8 wy (0 2 mm
thick PVC substraic). The antenna is designed of the
tiral length and width of metal, which expressed by Ly
and wy, respectively, The radius o aligned along ghe
direotion. The feed center of thiv antenna is connecting
al b = w2 it haw oepace botween two arme as minimal
widih, The halfswavelength of curved stelp dipole of Ly
na. In addition, the reflector of the radisting antenna is
EBG structure and it is matehed with resonant Iregquency
of micrownve oo, Fig,1(a) shows the  physical
dimensions of various EDG structure, has 3=3 unit cells,
and uses & 1.6 mm thick FR4 subsirnie wiih diglecirie
constant of 4.5 where # is the patoh width, g is the gap
widih, 7 is the submtrate thickness, and ris radius of vias,

Finality, the radiating antenng 14 mounicd over the op ol

the EBG surlace with the distange / from fod,

3 The Study of A Curved Strip Dipole
Purnmeters on EBG Reflector Plune

In order to wne the senter frequency of the construglgd
antenna to 2.4% GHz for RFID system, we analyzed the
antenna maedel by using the C5T software which is an
electiromagnernc simulator for the analysis antenna, The
procedure of feeder iv fed by discreie port al the conter
of both similar plate that are bended o hall’ curve,
mounted over PVC and the antenna is placed over EBG

refloctor plana. It is suitable bocause the one unit of

EBRG ia chaiacieriatic of the LO7 parallel reaonant ciieuir,
Al the resonant frequency that s satisfled with the
curved sirip dipole, the active power will be coupled oul
of the slot that is eguivalent 1o the leaky wave radiation,

1S8H; 17002708
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Fig.1 Geomeiry of curved sirip dipole on
EBG ground plane.

Tublel The initial parametors of curved sirip dipole on
ERG ground plang,

Antenim Electricnl Physleal
Pirimeters IMmenslon [Hmension
L “.5?\! A8 il 61,22 mm
i {1 5:'!].11 iz 18 mm
fi 0.35;\: AN ik 30,6 mm
W (3.03?‘1 AN ik 4 mm
¥ (0,044 ?‘q A8 G 5,30 mm
W (LMP‘H- iz 20 mm
W “.20.‘4)-1,.;,1 iillz 24,86 mm
r 0.0058 45 e (1.6 mm
f 0.0 32 a1 o 1.6 mm
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The EBO surface 14 exeied from exlernal soufce,
which s the feeder of curved sinp dipole. For this
purpede, the distance between the antenni and lop
surfige of RRO w the parameter that s impartant, In
other words, if' the radiating element is far from EBG
wurfige of hya ond3. the BBO surface s nol reverse a
phase. Henoe, total round trip phase shilt from the
tichating element o the aurliee and back 1o the antenia
equals one complete, But the distance from the rdinting
element 14 nol equinl Ay ans/2 all thiough clement when
the high impedance surfaee hos some element that outs
of-phase, the ground plane has wave al edge or corner
that is oceur many back lobe and docroane the directive
gain. Therefore, the height of the both ends of curved
steip dipole over the op of the EBO ground plane is A
that is varied for the excellent charnoteristio retum loss
ol the antenna, Furthermaore, iF we will mateh requency
band for the curved strip dipole on EBG, it has more
case where are performed below,

Firgt of all. the original of & curved sirip dipole

antenna 18 caloulnted base on the total length (Lq) of

05 by an oo Theen raclivg (o) in found from (3)

L™ haas e 2, ()

r'|I i, (:)
therefore,

= (hpa3 i/ 2V (3)

The proposed antenna was simulated and optimized,
From the C3T aimulated the feed point & very endy thit

it diserete port, it is gonneeted from another one arm of

ourved sirip dipole to other side which the both ends
Hates were pliced on ERO rellection, Fulure interesl i

changing dipole parameter form. The size values of

curvid sirip dipole before adjustment are collected s
shown in Tablel above, Furthermore. the BIG ground
pane siges in same mble were selected ailer n detniled
parametric study for good performance. This is the
impagt caused by the overall size of the ourved strip
dipale that gon afTeet the performanes of the antenna, By
mean of, the radius, distance and length will be adjusted
1o get the hawt antenna hased an the BRE denign

31 The Effective of a Radius (@)
Where, the length of the strip dipole (8 0544 gie a0d
the height of the feed radinting antenia over the ERO
surfaoe is 0254 45 ane While Ags gy 18 the free space
wavelength at 245 QHz The fiest case, il a fadiug ia
variod from 0143 00 g 10 017300 e, 50, the both
ends are trimmed for characteristie of halfawavelength
dipole antenna,

Fig. 2 compares the simulated return loas of eurved
atrip dipole antenna, 1Uobvinte that the radiating elemenl
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on the resonant ERG reflestor surfhee onn match wall
from 2.0 10 263 dHz Alio, the good matching 18
achioved with the radius 01 Fagan g Howover, that is
not cover the microwive band of destred applications,

3.3 The Effective of Helght ¢h) from the Feeder
The ralmted wection shows the maximum return loss at
223 GHZ o 00 Thyas gine and 0,50 45 g o fadiud and
length  of curved atrip dipole,  respectively, These
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caleulations, the EBG are also the same performance
too. In order to find this operational frequency band of a
radiating <lement as illustrated in Fig.d In the second
atmulaied cose fa the return loss view point when the
distance between both anienna components 18 changed,
The results view resonates at vieinal range of frequency,
and can be gover all of migrowava band that on demand.
Considering in the curve of a spegially dipole, its cousg
of the reflection phise s nol in almost clement that is
why the / parameter is not satisfied of EBG reflection
phase theory. It can see the approprinte height of
0.07%.4s on: The minimum return loss lower than =10
dB is -23.3 dB. The distance is offeet lo decrense or
ncieane Hqu‘ri because (he rellechion {ilhing averall l,“".lﬂ]l.‘l
elements is suitable. Fig 3 is the most gain ot difference
distance from foed point, it is obvious that i = 0,184 4
aie 1% oxeellont gain of 7.5 dB. To this end, the curve
sirip paramelors were in the botter way,

3.3 The Effective of a Length (£y)
The lawi parameter is ihe iotal lengih which is uied 1o
adjust the linal because it can be matching casicni, Thin
method is cutting the end of' the two side by side equally,
Similarly in last section, the EBG surface and the best
possiblo valuas tosl are fixed when tho length is not a
hall’ wavelength, Figd desgribe the elfest of mljusting
the length, {£.;) which the 0,534 gu. of length decrense
to 0.43h 4 g In addition, the appropriste length is
moving up another run all the other frequencies. The
rosults gonsisl with the faet that, if the size of the larger
anlgnng and frogquency will decrome wherems itf's smaller
and ihe freguency will inciense, Nevertheless, the dipole
has boen fined shape and also be placed on PVC
dieleetric van make the half=wavelangth can be change.
Ultimately, the radiating dipole antonna langth has
the mosl effest to efliciensy of { how antenna cased, Dug
to the lenpth of free space dipole depend on the apecch
light per a desired frequency band. The appropriate
timensions are summarized in Table2,

dd  The Perfect Antenna on ERBG Ground Plane
The desired antenna is low profile, coverage aboard
arga, wover the froquency require band, and high gain,
Formerly, 1he curve nlrip i,lipnlu don't have all of
qualifications but it can be modify easy and variety, To
appreciate this point, the surfice wave frequency band
gap is designed for cover the frequency band of 2.d-2.58
GITz and ity advantages are supprossing the surfige
Wiy,

Fig.6 shows the resizing o cuive atrip dipole over an
EBG or a PEC reflector plane that their size with
0. 743 45 one =0Tk s s Moreovar, the both results are

IGEN: 17090-2708
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Table2 The appropriate parameters of curved sirip

dipole.
Antenni Electrieal Physieal
Parnmeters Dimension Dimension
L “.'”J\.; A% il 61,22 mm
i 0,173 43 cite 18 mm
i 0.1 8 4 it 0.6 mm
¥
7
H
5 i
i
i
i
i 1 4 b B

I {wavelengihi

Fig. 5 Maximum gain,
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} - & Hiiwjile Cuirved Suiip Dapale
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0 }
s '

Freguency (GH2)

Fig. 6  Return Loss of the curved strip dipole, this
antenna is over the PEC and EBG ground plane,

1 2

Froqueny (CHlY

Iig. 7 Simulated the EBG refloction phase resulls,

compared with a former antenna. The helght of the feed
antenna over the top surface of EBG ground plane is
following the trial ko that PEC case has samo overall
heipht, With the PEC surface an the ground plane, 1in
return loss fs only <14 diB, ‘This i because the PEC
aurfhee redirect phase of 180°, o that the direction of
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image ourrent iv opposite to that of the original curve
sirip dipole, The reverse image current impedes the
efficiency of the radiation of the dipole, resulting poor
rolurn loss more than single surved strip dipole. The one
untt of EBG {4 charncteristio of the L6 parallel resonant
cirguit. At the mode resonant frequency, each row of
metal patchen han opposite electrie field, and the surlace
wive propagaitng along ihe ERG surface will be irapped
in the savity and form the standing waves, which resulis
in the surface waves suppression band gap. But the
active power will be goupled out from the slot, which is
giquivalent 1o the leaky wave radiation | 5], Since, mount
over the reference aniennn on (hé EBG 1a achleved the
bowt return loks of =23 dI3, the hall power beamwidth in
E- and H-plane arg 75,32 snd 84,50, respectively, and the
exncellent gain ol 7.5 dB,

Moreover, the reflection phase of an B¢ structure is
impertant characteriatic o improve the lieguency hasd,
Fig. 7 shows the reflection phase results of the EBG
wirugturg  weing  dispersion  diagram  [6] that it s
caleilated by CRT simulation, As a result, the [requency
region from 1.9-2.7 Gz is sorved ax the ground plane in
acertain freguency ol Thia sty

4 Experimental Validation
To veiily the simulation resulls, o protalype of the
curvad strip dipole antenna on EBG ground plane is
fabricated as shown in Fig.B, When the cwved strip
dipole antenna Is passed the matching test, It {8 mounted
over the EBG ground plang with & = 0184 ane The
Teed mechaimisin as showi in Fig, 1, it 18 composed ol the
inner and owter foed line. The twe quarter annular motals
plate form a curved strip dipole, coupled by a SMA
connector to produce a current along the edge of one
plate by the inner, the outer is ground with the other
aide, The retuin loas 18 meanured by using an HPRT220
Wolwork Analyzer. The antenna is trimmed equal bith
endds ofl for matehing impedange, Therelore, the length
of antenna prototype Is decrense that {s a good offect for
the low profile antenma.

Fig,® o ahowi the measure et loas, the anteina
in the bandwidih of 2.06-2.59 GHz are bolow =10 i
that s gover all of irequency bimd for the RFID
microwave frequency band (2.4:2.58 Gllz). Fig® s
shown the comparison of the simulated and measurad
resulis for the iotal far<lield radiation patierms which is
corresponds to the yez plane (¢ = 90°) and yez plane
{gh = 0" The resulting, the measured hall power
Beamwidih in E- and H-plane are about 100° and 1107,
reapectively, that the measurement is performed In the

simulation results. The maximum gainis 7.4 D that it is
sullicieni for the antenna of REID antenna reader in

wircloss communications.
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§ Conclusions

The curved sirip dipole antenna is wider beamwidth than
sirgnpth wire dipole because of curved of dipole, It has
been atructure uncomplicated and ineXpensive that was
demand on equipment for RFID svatem, The curved
strip dipole on EBG ground plane is utilized fo place at
the REID reader. Therefors, the curved strip dipole
antenng is mounted over EBG ground plane, The ERG
ground plane redivect hall' of the fadiation in (o the
opposite direction, improving the antenna gain to 7.3
dB. The distance beiween the fed and reflector, the
raclive of curve, and the length of strip dipole is effoctad
1o changed the resonant frequeney, Therelore, this sty
inoptimal overnll pamameteis of dipole [or the
appropriation with the frequency band of EBG. When
the antenna and ground plane are satisfied, it has a high
glliciensy, Morgover, the proposed antenna can be apply
lor anoiher band by adjust the thice ol parameier and
ahift a phase of EBG to resonant frequency band.
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Absivact: This paper prosented the study and design the eurved sirip dipole on Electromagnetic Band Gap (EB(G)
reflestor plane that can be affected the performance of the proposed antenna for RFID applisation. The proposed
antenna consinta ol a sirip dipole that construgted ol a metallic sheer and it was bended 1o be a hall of annular with
feed point ai the center for yielding wider beamwidil, Normally, a curved strip dipole antenna without the reflector
provides low gain of 1.5 dB, due to s features of radiation patterss, both in azimuth and elevation planes. In our cnse,
the resonant EBG technology has been used to be a reflector for directive gain increment by wiilizing the good
performances of TG structure, which is capable of providing a constructive image current within a cortain froquency
hand, Therelore, when this curved dipole is appropriated located horizontally on a resonant EBG reflector, the low
profile antenna that provides good performance such s large beamwidih, wide bandwidtl, and high divective gain can
be oblained, consequenily. The first curved strip dipole antenna with 3=3 slements and the second one with §=4
dlomenis of EBG roflectors, respoctively, hiave boon fabricated and their R performances have boon measured. For
d=3 elements of EBG reflector, the measured beamwidih in E- and H-planes are 100° and 110° respectively,
frequency bandwidth is 2,062,539 GHz and directive gain i 7,45 dBi a1 2,45 GHe, In case of 5=3 elements ol EBG
tellector, the measured beamwidth in E- and H-planes are 657 and 120, reapecnvely, frequency bandwidih 1 2.06-
2.62 Gillz and directive gain is 7.65 di¥ at 2.45 Gz From simulation and experimental results, it's obvious that many
applications can bo conceived for o curved sirip dipole on EBG reflector plane due fo ik goometrical and
slectromagnelic foatures,

Kay=Wards: - Curved Strip Dipole Antenna, Electromagnetic Band Gap (EBG), REID Tochnology

1 Introduction important component, which has heen developed 1o
With the advances of the wircless communication obitain the highest elliciency o the RFIL systei, [iv this

technalogy and the communicalion industry, (he antenna |m1m|'. the antenna has been deslgned at 2.45 Gl iz for
becomes an important pant of eleetrical deviees i RIID applications in microwave frequency band. The

wireless  communication  after late 1888 [1:3),  dosired foaturos of the proposed antenna are sufficiently
Nowadays, the radio froquency ideniification (RFID)  Migh gain, Wide coverage arca, and high power handing,
technology has been developed for an clectronic foll [0 addition, economically, this antenna should be
collection on expressway, In addition, RFID technology  olatively simplo in concopl, oasy structure, low cost,
can be used for any examples in identifying objects  And %o on. With xome features of the microstrip patch
warchouse supply chain management, servico logistics, ~ #tenna, which are attractive and popular dug to their
control, and other aulomation process, The froqueney  DAMUEAl advantages auch ax light weight, confoimability,
bands of this technology divided into four bands are low  inexpensive, and peak gain about 3.8 dii [4], while the
frequency {100-200 EHz), high frequency (1013 MHz), tH[!ﬂl!\! antenna is CUIRY 10 hll!rilunlu and ?'uriullv |5-{:|.

ulira high frequency (830959 MHz) and microwave From such advantages of two basic antennas, there
frequency (2.4:2.38 Gllz). The compositions of RFI)  are some authors preseated the dipole antenna, which is
svstom are the communication botween the reader and  Mounied aver on a perfect conductor plane io inprove
the tags, which is achieved by modulated back scauering  he directive gain [7). In addition, some  authors
of the reader’s carvier wave signal, while the tag consists  Prosented the related literatures, the dipole antenna is
of microchip for gathering the data of objecis that will  installed in the proximity of a conductor plang and cul in
be identified and antenna for communicating fo the @ suarter-wavelength cach to form a hall’ annular, and
reader by radio wave. Therefore, the antenna is an  Connected thiough a hole to o feeding network under the
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gondugtor, while its both ends of dipole are electrically
shotied on the surface of wquare perfeet eloctic
conductor [89], These antennas have o low profile
configuration. However, the image current has the
opposite dircction and cancels the radiation from the
original current. Thus, the EBG structure is gapable of
providing a construclive image current within a certain
frequency band, resuliing I good radiation efficiency
[10], Unforiunately, the curved sirip dipole on reflector
plane for wireless communication has a problem about
handwidth which is not enveloping the entire microwave
frequeney bamdd, In this sludy, the EBG struglurg w
ablaned that able 1o operate coverng the lequensy
range available, Moreover, when the radiator is mounied
on EBG surface, ity composition ean eliminate the
surface wava at the edge of reflector. Thus, the proposad
anlenna gim b achiwved the direelive gain higher than
dipole with the traditional PEC rellector. Our study, we
have l}]'lll'rrlll'.li.nd the radius of cumed ull"'l]'l dl']'luln. the
spucing distance between the feed point of radiating
antenna and EBG surface, and finally, the total longth of
eurvad strip dipole, which can be altected for peak gain,
large heamwidth, and covering resonant frequency of
handwidth,

In this paper, we have focused at the single curved
strip dipole antenna with EBG ground plane‘reflector. In
section 2, the EBG configuration and design will bo
mantionad. while the parsmeters study of urved sirip
dipole loeating on EBG rellector will he explained in
section 3, Having confirmed ihe validity of this
approach, the antenna prototype has been fabrieated and
lestad in segtion 4. Finally. the conclusion will ba
diseussad in section 5.

2 Curved Dipole Antennan and EBG
Configurations
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Fig.1 Front and side view of EBG structure,
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Fig:l shows the gonfiguration of “mushroomlike”
ERG that s used Lo be a rellector ol eirved nl:'ll|'.~ |.l|'|':-u|:.
which conaints of thiee parts that are PEC ground plane,
dielectrie, and patches. The conducting patches are
connected to PEC ground plane with small pins, which
arg gillad vias. For EBG strueture, the patches array will
e loaked 1o be the umit cell by considering via by via,
which s smaller than the resonant  wavelength,
However, the EBG struciure could be described using
lumpeds=circuit elements as illustrated in Fig.2.

, - 9
h.A..?...A..J
{a) {h)

]'.IIH,z I".|,|I.Ihl'u||;rll pacallel resonant L etvenit for EBG
atructure: (n) origin of the equivalent cireuit
elements and (b) & parallel £ cireuit.

1t infroduces an inductor (£), which results from the
current flowing through the vies, and a capaeitor (€),
which ik dug to the gap elfect betwean adjagent patchas,
The caleulation of the pateh widih (1), gap widih (@),
substrate thickness (1), and dielectric constant (£, ), the
values of inductor and eapacitor can be approximated by
the following formulas [ 11].
L= gl (1)

Wi, (142, )m“h (2 + g
m &

c {2)
where 4, and £, ore the permenbility and permittivity

of l'1':||:-n|'ulu:. |l::||'|:||.‘ﬂ\f:||y. The loeal resonant l'i‘m|l.l:rlr.'y
and the effective surfuce impedance can be obtained by

a, = Jfl,l" . (6]
anl y

7= l.ﬂx},c- ' @
reapegtively,

However, the formulas only vield an approximation
al the resanant lrequency singe the eieets lrom metallic
vina in the EBG design are not comidered, Firt, the
curved strip dipole antenna constructed of a metal plate
{a 1 mm thizkness perfeet conductor plate) and mounted
on an nexpensive surved polyvinyl shlonde (PYC) with
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the permittivity of 3.4 was designed to resonate around
2,45 Gz, which is In microwave band of RFIL} sysicm
as illustrated in Figd, The total length and steip's widih
of curved dipole nre expressed by Ly omnd wy,
respectively, and the radius @ aligned along ¢ -direction,
The feed point of this antennn is connected ut the center
of dipole (¢ = w/2). The spacing between two arms of
dipole is nssumed that it has minimum width, The hali=
wavelength of curved sirip dipole is Ly = ma and the
width of PVC (2 mm thickness PYC substrate) is
expressed with wy, For the EBG reflector, it must be
designed to resonate with the same resonant frequency
in microwave band, The physical dimensions of' 323
elements EBG stucture fabricated on a 1.6 mm
thickness FRdssubstrate with dielectric constant of 4.5
wiis previoualy illustrated in Fig, 1,

W

Fig.3 The structure of a curved strip dipole without
reflector plane.
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Fig.4 'The unit cell model for the square EI3G structure.

Finally of this section, Fig4 shows the unit eell
model of square EBG structure with 3x3 elements of
paiches, On the EBG surfaee, the leaky wave will be
radinted through the slots in ench unit cell. These regions
ure the proper positions where locnied the both ends of n
vurvad dipole. However, the mitial parameters of the
proposed antenna are illustrated in Table 1.

3 The Parameters Study of Curved Strip
Dipole on EBG Reflector Plane

In order 1o have got the good performunce of the
propased atteting, i this section, the CRT software will
be utilized to study and analyze the important
parameters, which impact the feniures of this antenna, In
Fig.5, the proposed amtenna has been desighed 10 operae
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at center frequency of 2.45 GHz for RFID system. The
model of anienna 8 fed with the external source by
diserete porl at the middle pomt of a steap dipole that i
hended similurly to a half=cireular shape and mounted on
PVC atrip, Next, this composidon of curved dipole i
pliced over the EBG reflector plane in the proper
position where wias mentioned in the previous section,
Since the one unit of EBO has the characteristic of the
L paralle] resonant circuit, therefore, if it is resonated
at the same resonant frequency of curved strip dipole,
the active power will be coupled out of the slot that »
equivalent to the lenky wave mdintion by exeiting from
extetinal souree, which sent from the curved sirip dipole
to EDG surfhee,

Curvesd strip dipale Foed point
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Fig.5 Geatietry of curved sirip dipole on EBG groutd
plane: {n) 313 view and (b) Front and side view.

To optimize the demred perforimanee. the witial
vilugs of important parameters before ndjustment ns
illuatrated in Table 1,
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EBG reflector as shown in this table were selected after
a detailed parametmnc study for good performance.

Table 1 The initial parameters of curved strip dipole on

EBG ground plane.
Antenna Electrical Physical
Parameters Dimension Dimension
(Azas Gibix) (mm)
Ls 0.5 61.22
a 0.15 18
fi 0.24 30
Wy 0.03 4
g 0.044 539
w3 0.16 20
W 0.2034 24.86
F 0.005 0.6
; 0013 1.6

At first, the distance of spacing between the radiating
element and the surface of EBG will be considered since
the shape of proposed dipole is similar to a half annular.
In case of a straight dipole is the radiating element and is
placed over the EBG structure with distance of 1/2, then
phase of coupling waves on the EBG surface will be not
reversed. Consequently, the total round trip of phase
shift from the radiating element to the surface and back
to such element will be completely equal one
wavelength of that resonant frequency. Otherwise, if
such distance from the radiating element is not equal
W2, the coupling waves on some elements will be ount-
of-phase, thus the surface waves occur at edge and
comer of the ground plane. For our case, the radiating
element 1# curved dipole, therefore, the proper height of
the radiator has to consider between feed point and the
top surface of EBG ground plane, which 18 different
from the distance measured a1 the end of each arm.
However, the proper height of curved dipole has been
optimized, while the effects of radive of anmular and the
length of curved dipole have also been analyzed to meet
the required performance.

At the desired frequency of 2.45 GHz, the initial
dimension of a curved strip dipole antenna is calculated
base on the total length ¢L;) of A2, then radius (a) is
found from {7):

La=hoasomi2, (&)

Li=na, ®)
therefore,

a= (A5 il TV, ]
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In the first step, a curved strip dipole haz been
separately computed without EBG reflector by varying
Ly and w; to obtain the good matching with 50 chms
transmission line. From the resulting that illustrated in
Fig.6, the best performance of single curved stnp dipole
antenna has a maximuom gain of 1.7 dBi and retusn loss
ig -14 dB at 245 GHz It i¢ found that the
omnidirectional pattern of this antenna in E-plane
provides the half power beamwidth is around 92.4°,
because of dipole is bended to be a half annular, With
radiation features, it's not proper to utilize in RFID
gystem, especially, reader antenna that need
unidirectional pattern, high directive gain, wide
beamwidth and large bandwidth. To meet requirement,
the resonant EBG structure iz applied to be a reflector
plane of this curved strip dipole.

Fig.6 A curved strip dipole antenna: (a) return loss and
{b) far field radiation pattem.

Fig.T shows the reflection phase results of the EBG
structure using dispersion diagram [12] calculated by
CST simulation. As a result, the frequency region of EGB
from 1.9 GHz to 2.7 GHz can be served for the ground
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planeiiellector m a cortain fiequensy of the dowired
bandwidih of the proposed antenna, Aller this, we will
study the impacts of the radius and total length of the
curved stinp dipole together with the spacing distange
between (oed point of curved dipole and EBG surfage,
which can alleet the required perlormance,

-] T

Vit {41140

Fig,7 The ERG reflection phase results,

3.1 The Effective of an Annulur Rudlus (@)
Initially, the length of a curved sivip dipole s specilicd
at 0,55 and the helght of the feed point over the ERG
surlace i 0,234, when J is the free space wavelengih of'
renonant frequency al 243 GHz, When the radius of' a
half aniular of dipole s varied from 0,145, to 0,174, tis
condition i aimilar 1o the both ends of curved dipole are
trimining 10 oblam the proper dipoles length, good
matching and sulficlem bandwidth, In Figh, the
simulated results of the return loss of curved sirip dipole
antenna, at the different radll, on the ERG reflector are
illustrated comparatively. It's obvious that, although the
specified radii of curved dipole on the resonant EBG
reflector surface are different, but they could be matehed
well from 2.0 GHz to 2.63 GHz. Nevertheless, the bost
matching can be achieved with the radius 0,174
However, when the radius is decreased smaller than
0,17, the proposed antenna still covers the dewired
frequency band. But it has the minimum retumn loss at
2.43 GHz of the desired frequeney.

T
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2 The Effective of Height (4) of the Feeder

From the previous subscgtion, now, the minimum return
loss at 2,23 GHez has beon oceurred with 0,175 of the
annular radivs and 0,5 of the curved dipole length, In
order 10 oblain (he desired resonant Trequency and
operational bandwidih of the proposed anienna, the
distance between radiating clement and ERG wurlace
will be adjusied as illusirated m Fig9, 10 obvious that
al every distances of /i provide the vienal range of
frequency, which can be covered all microwave band as
requirement, Considering the curve of a specialty dipole,
ita eause of the reflection phase is not in almost elements
that is why the A pamameter i not satified 1o the
theoretical ERG  reflection  phase s mentioned
previously. However, we found that the height of 0.07%
i the appropriate distance between the both ends of
curved atrip dipole and EBG surface that yields the
minimum return loss at =233 dB. In addition, such
distance will affect 1o decrement or increment of the
antenna gain if the reflection phase of overall dipole
clement i not suitable. The simulated result in Fig.11
shows the gain varintion at different distances from feed
point of eurved dipole. This antenna provides the
axcollent gain of 7.5 dBi at & = 0.24%, whilo the resonant
frequengy has bean shifted to the desired position.

Frogueoney ((1Hz}

Fig,? Return loss of curved steip dipols on ERG,
the height A varying from 0,174 to 0,244,
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Fig. 10 The effects of the antenna gain due to
the haight of feed point.
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3.3 The Effective of a Length of dipole (Ly)

The last parameter, the total length of curved dipele will
be finally adjusted for the best matching. This
simulation i assumed that the both ends of curved
dipole are trimmed equally. Similarly in previcus
section, the EBG surface and the optimized values are
fixed when the length of curved dipole is not equal to a
half wavelength,
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Fig.11 Return loss of curved strip dipole on EBG,
the length varying from 0.43Ato 0.54,

Fig.11 shows the effect of adjusting the length of
curved dipole, which is varied from 0.5 of the
theoretical length decreasing to 0434, while the
frequencies are applied from 1 GHz to 4 GHz of each
given length. With this radiator is not either a theoretical
wire or straight dipole, but it 1s bended to be a half
annular curve and also be fabricated on PVC dielectric,
Therefore, a half-wavelength will be change to be the
exact electrical wavelength according to its composition.
We found that when the total curved dipole length of
0.45h 1s selected, the best matching at the desired
resonant frequency of 2.45 GHz is obtained. Finally, the
optimized dimensions of a curved strip dipole, as
mentioned above, have been summarized in Table 2.

Table 2 The optimized parameters of eurved strip dipole.

Antenna E_Ieclril_:ﬂl l.’llysic-nl
Parameters Dimension Dimension
(a3 oa) (mm)
Lg 0.45 61.22
a 017 18
h 0.24 30

3.4 The Curved Strip Dipole on EBG Reflector
The desired anterma 15 low profile that provides ugh
gain, large area coverage, and required frequency band.
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Formerly, the curve strip dipole does not have all of
qualifications but it can be modified easily and variably.
To appreciate this point and suppress the surface waves
at the edges and corners of reflector, the frequency band
gap is designed to cover the band of 2.4 GHz -2.58 GHz.
Generally, when a cwved strip dipole antenna is
horizontally placed close to PEC ground plane, the
antenna will generate the surface waves onto the ground
plane that its size is always finite as shown in Fig.12
(a). Otherwise, when the tradition ground plane is
replaced and intead with EBG structure exciting with the
external source from curved strip dipole into it, so, the
surface waves are suppressed as shown in Fig.12 (b). It
is seen that at the resonant frequency mede, each row of
the metal patches has the opposite electric field and form
the standing waves, which results to elimmate the
surface waves in the designed band gap. But the active
power will be coupled out from the slots, which is
equivalent to the leaky wave radiation [13].

No surface wave

(b)
Fig.12 The radiator on reflector plane: (a) surface waves
radiating at PEC surface edges and (b) surface
wave suppression on an EBG surface.

InFig.13, the comparison of near-fields that ocourrad
on the different ground plane: PEC and 3x3 elements
EBG surfaces, respectively, at the same resonant
frequency of 2.45 GHz. The near-field levels both in E-
and H-planes of EBG surface are around 1,444 V/m and
288 A/m, respectively, while the near-field levels of
EBG surface 18 around 1,627 Vim and 10.8 A/m in E-
and H-planes, respectively. The difference of field levels
due to the surface wave, which is suppressed by the
EBG surface. Fig.14 shows the return loss of resizing
curve strip dipole when it operated with the EBG and
PEC reflector respectively (with the same ground size of
0.7 x 0.74% and the same height of feed point), and
without reflector. With the PEC reflector, its return loss
is only -14 dB because the PEC surface redirect phase of
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1807, no that the direction of image curient is opposile
that of the original curve strip dipole. The reverse image
current impedes the efficioncy of the radiation of curved
dipole, resulting poor reiurn loss more than of eurved
strip dipole without reflector.
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Fig, 13 Near-fields distmbiition on rellecton,

{a) the PEC reflector and (b) the 323 clemanis
ERG reflesior,
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Fig, 14 Retum loss of the curved strip dipole, the antenna
with the PEC and EBG reflecior and withou reflector,
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lig.13 Input impedance of a curved strip dipole on EDG
rellector with the height of 0,243,

From the rosults, it obvious that the curved sirip
dipole mounting on the ERG ground plane with the
optimized parameters con be achleved the return fons
and the exeellent pain of <23 dB and 7.5 dBiQ;
fenpechvely, Accoidhing 1o the result 1 Fig, 15 that yielda
impedance of the proposed antenna very close 30470
ohme at 2,45 GHz, The simulation resulis for HPBW in
Ex and Heplanes are 75.3" and $4.3°, respeciively, s

shown in Fig,19, Furthermore, 1he near<field levels of

the curved strip dipole on %<3 clements EBG surfage
has also been ealoulnted ns shown in Figlé, The
lovols both in - and Tl-fiolds are 2,160 Vim and 17.1

Am, renpestively,

T

Iialia B, Valifa B, Jufe 2010




130

WHIAS TRANSACTIONS on COMMUNICATIONS

/R

17.1
7.20
6.13
.
400
2.02
1.87
a.80
| [ ]

H held

Fig.16 Noar<fialds distribution of the 55 ERG roflactor.

4 Experimental Validation

To varily the simulation results, a prototype of the
curved sirip dipole anfenna on EBG pround plane (s
fabricated as shown in Fig.17, After the good matching
of curved sirip dipole antenna without the reflector is
qualified, next, it will be mounted ahove the center
element of EBG reflector with & = 0,248 from feed
point. The feed mechanism is composed of the inner and
outer of 50 ohms (Fansmission line and conneeled to
SMA coneetor. The retirn loss and impedange of the
prototype antenna ar¢ measured by using an HP87221
Network Analvzer, Not only the proposed antenna with
3= clements ERG structure has been fnbricated and
fasted for validation, but nlso wa have been fubricated
und monsured this antennn with ¢85 gloments ERG
ativigiure.

d.1 Cuse of 323 Elements EBG Reflector

The mensured return loss of 0 curved strip dipole with
33 alements EBG reflector is shown in Fig. 18, where
frequeney bandwidth for -10 dB retum loss {5 around
530 MHz (206 - 2.59 GHz). It covers all of frequency
band for the RFID microwave frequency band
(2.4 - 238 GiHz), At 2,45 GHz, the excellent return loss
of =19.82 dB and the mensured guin of 7.45 dBi are
confirmaed for the prototype antenna. The radiation
patiorns wora measurad in the Esplane and the Heplang
of antennu which correspond to the y-z plane { ¢~ 907)

and x-2 plang (¢= 0% in Fig.19, respectively, The
mensured HPRW in E-pline is nbout 100° and in [

plang is about 1107, respectively, However, they are
slightly larger than the simulatod rosults.

I55H: 1108:2742
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Fig.17 The prototype of the proposed amtenna with
33 alomants EBG rofloctor.
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Fig. 18 Measuied return Joss Lo a eurved sirip dipole
wiih 3= Jelemenis EBG rellecior,
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Fig.19 Comparison of the far-field radiation patterns of
the proposed antenna with 33 elements EBG
reflector in: (a) E-plane and (b) H-plane.

42 Case of 5%5 Elements EBG Reflector

In addition, the number of patches of EBG structure is
increased to 3x5 elements for the additive study of
antenna efficiency, the fabricated anterma as shown in
Fig.20. In this case, when the total size of reflector is
1.24% = 1.24), the frequency bandwidth for 10 dB
return loss is around 560 MHz (2.06 - 2,62 GHz), It still
covers all of frequency band for the RFID microwave
frecuency band, It 15 observed that, the band gap region
1s not shifted, when the size of reflector 15 changed. In
Fig 20, at 2.45 GHz, the measured return loss of -25 dB
and the measured gain of 7,65 dBi are confirmed for the
impossibility to increase the anterma efficiency. The
radiation patterns were measured in the E-plane and the
H-plane of anterma in Fig.21, respectively. The
measured HPBW in E-plane is about 65° and in H-plane
is about 120°, respectively. However, the measured
radiation pattern in the backward direction is higher than
of the simulated results.

Fig.20 The prototype of the proposed antenna with
5%5 elements EBG reflector.
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Fig.20 Return loss of the antenna with the 5x5 elements
EEG reflector.
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Fig 21 Comparison of the far-field radiation patterns of
the proposed antenna with 55 elements EBG
reflector in: (a) E-plane and (b) H-plane.
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& Conclusion

The curved strip dipole antenna with the resonant EBG
ground plane/reflector his baen studied thearetically and
experimentally with CST software in laboratory, This
antenta provides the wider beamwidth than straight wire
dipole on the PEC reflector, The strusture of antenna 18
not complicated and inexpensive that was demand on
seuipment for RFID system, The eurved sirip dipole on
ERG reflector can be utilized 1o install at the RFIG
reader system. Since the curved strip dipole s mounted
over the EBG atructure, which redlrecis the hall powver
of the radiation into the opposiie direction improving the
antenna gain fo 7.45 dBi and 7.65 dBi for 343 ¢lomenis
and §=5 clements EBG rellectom, respeetively, The
denlred performance of this anienna could be nchieved
by adjusting the appropriate values of the distance

between the feed point and reflector, the radius of

annular eurve of dipole, and the tolal length of curved
dipole. Furhermore, the overall parameters of ihis
antennn have been optimized appropriniely with the

froquency band of EBG. Whenever all values of

parameters of anterma and reflector are satinfied, the
antenng composition will provide the pood performance
8 we fequired. However, the proposed antenna can be
applied for another band by adjusting three imporiani
parameters of curved sirip dipole and the reflection
phiase of EBG to the desired resonant frequency band,
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