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Abstract

Nowadays, the radio frequency identification (RFID) technology has been
developed for an electronic toll collection on expressway. The compositions of RFID
system are the communication between the reader and the tags, which is achieved by
modulated back scattering of the reader’s carrier wave signal, while the tag consists of
microstrip for gathering the data of objects that will be identified and antenna for
communicating to the reader by radio wave. Therefore, the antenna is an important
component, which has been developed to obtain the highest efficiency for the RFID
system. This paper is presented the designation of array curved strip dipole antennas on
mushroom-like electromagnetic band gap (EBG) reflector plane. The proposed antenna
consists of four strip dipoles that constructed of a metallic sheet and they were bended
to be a half of annular with feed point at the center for yielding wider beamwidth.
Furthermore, the resonant EBG technology has been used to be reflector for directive
gain increment by utilizing the good performances of EBG structure, which is capable

of providing a constructive image current within a certain frequency band.
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E(X)=E,e ™ +Ee™ (3.6)

H(X)=H,e ™ +H_e"™ (3.7)
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Eiow(x=0) _

_7. (3.8)
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H ()| [Hy (0] P (3.9)
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Joe,E, = ax (3.15)

. 8Hy

Joe,E, = P (3.16)
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MMA0UMBANMIN (3.14) az (3.15) 3z 1d
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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.

’4‘ L —J ‘4 Curved Strip Dipole Feed Point
e Mt !+. " . / B> /,/
B ' S Vi % \;\ x i
) ' ) ‘ P b W
5 . ; y
S BN / / #
T | | /" EBG Reflector Plane 4
. < . > Ay el
— //
P
Substrate ___Patch .
4 I
Viss  PEC ground plane
(@) (b) ®)

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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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
1x2 elements and 2+1 elements on EBG, which the return loss is shown in Fig. 3. The return loss of
1+2 array clement case is shown in Fig. 3(a), the length between two clement 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 retumn 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.

0 AR * = 0 Tkl T
-10 m“
= = R%
e S Z gl {t
z 301 & O40wavelengih : 1655 dB 2 . | ®040vavelength: 68948 \ '
T V] 0 sswavelength - 1726 an T 301" 4 0 44wavelength :-17.91 dB
S ® 0.47wavelength : -22.56 4B i E ®0.47wavelength : -20.14 dB
< & 0.50wavelength : -23.20 4B 4 #0.50wavelength : -20.87
+ 0.SSwavelength  -32.16 dB : elength
=501 o 0.58wavelength : -36.64 dB : -507"0-0.58wavelength : -22.63 B "
5 0.60wavelength - -32.20 dB $ 245 GHz| [245 Gna]
i 2 3 - 2
Frequency (GHz) Frequency (GHz)
(a) ®)

Figure 3: Return Loss (a) 12 Array Elements and (b) 2%1 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 2~1 elements array antenna on EBG surface at the resonant frequency 2.45 GHz. The results of
near-field, found that the near-field 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 2 and 0.55 4 of 1x2
clements and 21 elements 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) 1 <2 Array Elements and (b) 21 Array Elements.
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Figure 5: Far-field Radiation Pattern (a) 1+2 Array Elements and (b) 2<1 Array Elements.

Table 2: The Directive Gain and HPBW of Array Antennas

) : HPBW degree)
Array Antenna Type d(A) Gain (dB) Fonlsns Tlang
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 clements 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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Abstract-This paper is pr ted the d tion of array
curved strip dipole ant on mushr like electromagnetic
band gap (EBG) reflector plane for the reader of the radio
frequency identification (RFID) system. The proposed antenna
consists of four strip dipoles that constructed of a metallic sheet
and they were bended to be a half of annular with feed point at
the center for yielding wider beamwidth. Furthermore, the
resonant EBG technology has been used to be reflector for
directive gain increment by utilizing the good performances of
EBG structure, which is capable of providing a constructive
image current within a certain frequency band. In this study,
four difference lattice configurations of four curved strip dipole
antennas are appropriated located horizontally on r t EBG
reflector plane that is simulated by CST Microwave studio 2009.
The optimal designation of array antenna, the simulation
beamwidth in E- and H-planes are 40.3 degree and 43 degree,
respectively, frequency bandwidth is 2.30-2.85 GHz and directive
gain is 13.2 dB at 2.45 GHz.

I.  INTRODUCTION

Nowadays, the radio frequency identification (RFID)
technology has been developed for an electronic toll collection
on expressway. The compositions of RFID system are the
communication between the reader and the tags, which is
achieved by modulated back scattering of the reader’s carrier
wave signal, while the tag consists of microstrip for gathering
the data of objects that will be identified and antenna for
communicating to the reader by radio wave. Therefore, the
antenna is an important component, which has been developed
to obtain the highest efficiency for the RFID system. The
dipole antennas are widely used in various application because
of low profile, low cost, light-weight and relatively simple in
concept. However, dipole antennas have many disadvantages.
One of them is low gain because it has the omni-directional
pattern. Therefore, the power lose in space where is not in
used. There are some authors presented the dipole antenna,
which is mounted over on a perfect conductor plane to
improve the directive gain [1-2]. These antennas have a low
profile configuration, however, the image current has the
opposite direction and cancels the radiation from the original
current. In our previous paper [3], it improved directive gain
by EBG reflector plane. The EBG structure is capable of
providing a constructive image current within a certain
frequency band. Therefore, the curved strip dipole which is
located on EBG structure is resulting in good radiation
efficiency. Normally, a curved strip dipole on EBG has gain of
7.6 dB. In this paper, the four of curved strip dipoles are

The 8th Electrical Engineering/ Electronics, Computer,
Telecommunications and Information Technology (ECTI)
Association of Thailand - Conference 2011

appropriated located horizontally on resonant EBG reflector
with variation lattice forms for optimal highest gain.

In this study, we have focused at the four curved strip dipole
antennas with EBG ground plane. In section II, the array
antenna geometry will be mentioned, while the optimal
located of four curved strip dipole antennas on EBG reflector
will be explained in section III. Finally, the conclusion will be
discussed in section I'V.

(2)
T . . .
cl
Wig
ceat . . . Weee
. . .
Patch Diclectric
N\ ¥
s A2r =45 | JoE -
4 / 2
vias Ground Plane

(b)
Figure 1. The component of antenna geometry, (a) single curved strip dipole
(b) “Mushroomlike” EBG 3 X 3 elements
II.  THE ARRAY ANTENNA DESIGN GEOMETRY

The curved strip dipole antenna as shown in Fig. 1(a)
constructed of a metal plate (a 1 mm thickness perfect
conductor plate) and mounted on an inexpensive curved
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polyvinyl chloride (PVC) with the permittivity of 3.4 was
designed to resonate around 2.45 GHz, which the initial
parameters of the curved strip dipole antenna are illustrated in
Table 1. The feed point of curved strip dipole is connected at
the center of dipole (77 /2) and the spacing between two arms
of dipole is assumed that it has minimum width. In addition,
Fig. 1(b) shows the configuration of “mushroomlike” EBG
that is used to be a reflector of curved strip dipole, which
consists of three parts that are PEC ground plane, dielectric,
and patches. The conducting patches are connected to PEC
ground plane with small pins, which are called vias. For the
EBG reflector, it must be designed to resonate with the same
resonant frequency in microwave band. The physical
dimension of 7x 7 elements EBG structure fabricated on a 1.6
mm thickness FR4-substate with dielectric constant of 4.5,
which the parameter of EBG are illustrated in Table 1.

Curved Strip Dipole Feed Point

'/ EBG Reflector Plane

v,
x

Figure 2. 3D of curved strip dipole on EBG surface.

TABLE I
THE PARAMETER OF CURVED STRIP DIPOLE GROUND PLANE
Antenna Parameters Dimif:il(:;c?:nm)

Length of curve strip dipole (L) 0454
Radius of curved strip dipole (a) 017 4
Distance between antenna and EBG surface (/) 024 A
Width of curved strip dipole (w,) 0.034
Distance between patch (g) 0.044 4
Width of PVC (w2) 0.16 A
Width of patch (W) 0.2034 4
Radius of via (r) 0.005 4
Length of via () 0.0134

From the previous paper [3], we found that # and g have
the effect to the reflection phase of the EBG structure that is
inform the resonant frequency band. The composition of
curved strip dipole is placed over the EBG reflector plane in
the proper position where the leaky wave will be radiated
through the gap in each unit cell. These regions are proper
positions where located the both ends of a curved dipole.
Hence, the distance between radiating element and EBG
surface is 4 = 0.24 A which is shown in Fig. 2.

In this simulation, a curved strip dipole antenna array with
2x 2 elements as shown in Fig. 3, the feed point of radiating

The 8th Electrical Engineering/ Electronics, Computer,
Telecommunications and Information Technology (ECTI)
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antennas are placed on EBG reflector plane in varied lattices
on EBG.

! =
e BC +
d 2t
S b O
(a) (b)
4" ,/"
P P i
d,
’1/ /,”
5t # »* ﬁ\
d. /
3 *3
(©) (d)

Figure 3. The feed point of four radiating antennas are placed on EBG
reflector plane with square and skew lattice which are (a) type A
(b) type B (c) type C and (d) type D.

III. THE POSITIONS STUDY OF A CURVED STRIP DIPOLE
ANTENNA ARRAY WITH FOUR ELEMENTS

A.  Return Loss

From our previous result that is shown in Fig. 4, the best
performance of single curved strip dipole which the feed point
is placed at the center of 7X7 elements EBG, has a maximum
gain of 7.8 dB and return loss is -18 dB at 2.45 GHz. In the
design of single dipole on EBG ground plane, the coupling
occurred between radiating element and EBG. To provide
extremely high gain, the array theory is applied in this paper.
When the four curved strip dipole antennas are latticed on
EBG surface, the coupling between pre-radiating element and
add-radiating elements is occurred. Especially, the current at
the ends of curved strip dipole which is not zero, has impact to
the array antenna. The array antenna is appropriate located on
EBG reflector plane in four different lattice configurations that
is shown in Fig. 3. The 2X2 square array antenna (type A) is
shown in Fig. 3(a), the distance d; and d, are 0.5A4.
In addition, Fig. 3(b) and (c) are type B and C, respectively,
which are skew array antennas, d; and d, are 0.5 4. Moreover,
Fig.3 (d) is type D which is skew array antennas, and the
distance between elements is 0.7 4. All of types are matching
at 2.45 GHz. As illustrated in Fig4, the return loss of array
antenna is different from single element because of the
coupling between pre-radiating element, add-radiating
elements and EBG. The return loss in type D is satisfied more
than another type, which is -16.1 dB for antenna#1 and #3,
and -20.7 dB for antenna#2 and #4.
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Figure 4. Return loss of curved strip dipole array on EBG (a) the radiating
antenna #1 and #3 (b) the radiating antenna #2 and #4, that comparison with
single curved strip dipole on EBG.

B.  Near-Fields Distribution on Reflectors

Fig. 5 shows the near-fields that occurred on ground plane
with varied lattice type. At the same resonant frequency 2.45
GHz, the near-field levels both in E- and H-plane of type A
are around 802 V/m and 5.91 A/m, respectively, while the
near-field levels of type D is around 1,014 V/m and 8.47 A/m
in E- and H-plane, respectively. The comparison of the near-
field levels, found that the antenna type D has the highest
levels at the center of ground plane. However, the near-field
levels at the ends of EBG surface in type D has high levels,
because the curved strip dipoles are near the edges of ground
plane.

C.  Radiation Patterns

The radiation patterns are shown in Fig. 6, which are the E-
and H-plane, respectively. It is the comparison of the far-field
radiation patterns between the single curved strip dipole and
the array antenna which are located on 7X7 EBG ground
plane. The directive gain and the HPBW of antenna in the are
shown in Table 2. For an electronic toll collection on
expressway, the antenna reader is instated in variety position,
therefore, the appropriate gain and HPBW are choosing. For
example, the antenna type D has the HPBW less than other
types, however, it has the most gain of 13.2 dB, which is
suitable for the foggy road.
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Figure 5. Near-fields distribution on reflectors in (a) type A
(b) type B (¢) type C and (d) type D.

TABLE II
THE DIRECTIVE GAIN AND HPBW OF ANTENNA
i HPBW (degree)
Antenna type
(dB) E-plane H-plane
Single curved dipole on EBG 7.80 78.3 91.8
A 11.40 47.6 53.2
B 11.39 38.8 724
(& 11.08 73.4 41.7
D 13.20 40.3 43.0
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Figure 6. Comparison of the far-field radiation patterns of the antennas in
(a) E-plane (b) H-plane.

V. EXPERIMENTAL VALIDATION

To confirm the proposed concept, a prototype of the curved
strip dipole antennas array on EBG ground plane in type D is
fabricated as shown in Fig. 7. The feed mechanism of each
element is composed the inner and outer of 50 ohms
transmission line and connected to SMA connector. In
addition, the measured return loss of each element is shown in
Fig. 8, where the resonant frequency is good matching.

Figure 7. The prototype of the proposed antenna.
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Figure 8. The Measured return loss for a curved strip dipole antenna #1, #2,
#3 and #4, respectively, on EBG ground plane of type D.

V. CONCLUSION

The curved strip dipole antennas array with the resonant
EBG ground plane has been studied with CST software at 2.45
GHz. The radiating antenna array on EBG reflector can be
utilized to install at the RFID reader system. Since, the curved
strip dipole with 2X2 elements is collocated over EBG surface
varied lattice type. In addition, the polarization of the curved
strip dipole antenna array on EBG is linear polarization. The
highest gain is 13.2 dB in type D because the antennas
coupling less than another types. Moreover, type B and C have
the most HPBW, which are wide beam in H- and E-plane,
respectively. The performances of the array antenna are
sufficient for RFID reader on expressway that is up to the
reader position and the traffic on expressway.
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