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SIRIPINYA A-SA : A PLANAR RESONATOR ANTENNA USING
FOLDED DIPOLE WITH REFLECTIVE WALLS FOR WIMAX
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WIMAX/ RESONATOR/ EBG/ FOLDED DIPOLE/ CAVITY

The wireless communication technology is used widely in term of education,
industry, polities, etc, and the requirements of increasing communication efficiency
have been existed. The broadband wireless or WiMAX (Worldwide Interoperability
for Microwave Access) has gained lots of attention nowadays as it is able to support
unbound wireless communication, which can provide the service in a better distance.
As these technologies need high speed data transmission, an antenna characteristics
such as gain and bandwidth are importantissues in WiMAX systems. This is because
resonator antenna based on Fabry-Perot (FP) cavity, a low-profile directive radiator is
suitable for high-gain application. The design of highly directive cavity-type antenna
has used the electric field distribution on the top surface above a superstrate that
occurs edge diffraction to determine its shape and size. In addition, the directivity that
varies with frequency and phase variation in the aperture is considered. Although the
resonator antenna is more extensive, two ofthe major disadvantages are narrow
bandwidth and large structures.Therefore, this thesis considers the problem of
enhancing the directivity of folded dipole antenna covered by Electromagnetic Band
Gap (EBG) materials for the superstrate. Researcher begins to study the receive-mode

characteristics of the FP resonator, determine the satisfying size of the ground plane to



improve the bandwidth of folded dipole. After that, the dimension of the cavity, the
distance between the back side metal plate, the substrate, and the superstrate, is
analysed to occur the maximum E-field at the desired frequency. Finally, it has been
found that the antenna size is small and both the directivity level as well as the
bandwidth could be further enhanced by using superstrate with upper surfaces and
side reflective wall, while maintaining a low superstrate profile. The proposed
antenna is suitable for WiMAX base station based on IEEE 802.16j standard, enabling

the delivery at a far distance.
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E (z,t)= \/EEXO cos(ot — kz) (3.42)
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A Planar Resonator Antenna Using Folded Dipole with Reflective
Walls

S. A-Sa, P. Krachodnok, and R. Wongsan
School of Telecommunication Engineering, Suranaree University of Technology
Nakhon Ratchasima 30000, Thailand

Abstract— A resonator antenna using a planar folded dipole with reflective walls is presented.
A planar antenna comprising two back-to-back folded dipoles printed on a dielectric substrate
and separated by a narrow rectangular ground plane is operated resonance frequency at 5.8 GHz.
A highly directive radiation pattern is created due to the angle-dependent attenuation of the
resonator antenna coupling to free space. The complete reflection phase for reflective walls is
investigated through cavity height calculation. The simulation results found that the cavity height
of 0.58cx is most direction gain of 12.97dB. Effect of reflective walls height on the performance
of the proposed antenna is also studied.

1. INTRODUCTION

Antennas having a highly directive radiation pattern can cover a large area and very attractive for
applications in wireless communications. For this purpose,several promising antenna designssuch
as the cylindrical patch array antenna [1,2] and the planar back-to-back dipole antenna [3-7] have
recently been reported. However, the construction cost of the former design using cylindrical patch
radiators is usually high,because the patch radiators need to be made conformal to a cylindrical
ground surface.As mentioned above, for the paper design, the dipole antenna can easily be fabricated
by printing or etching on a planar dielectric substrate, leading to a low fabrication cost for the
antenna.On the other hand, the half-wave folded dipole antenna has low gain [8-12].

In this paper, we propose the planar resonator antenna using the folded dipole and reflective
walls. The antennas main characteristics, namely its gain and radiation pattern will be determined
by the properties of the reflective walls. However, efficient of these antenna can seem in term of
gain versus compactness.In fact, for gain greater than 12.97 dB which is effect of reflective walls on
the performance antenna is presented.

Parameters | Size ()
4
w 0.348\
L 1.315A
13 0.305A
W, 0.096) i
Wa 0.096)
i 1.5
s 1.5 274 transformer_ || i
- (hine 2) i i
g ¥ d (b
d 32,5 i
[} tis
da 19.7 e -

50-0 microstrip hine (line 3)
front view back view

Table 1: Design parameters of folded dipole antenna. ~ Figure 1: Geometry of the folded dipoleantenna.
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Figure 2: The reflective walls. Figure 3: The radiation pattern of the folded dipole.

Table 2: The optimizing of cavity height.

h (mm) | Gain (dB)
10.0 6.886
20.0 7.386
30.0 12.97

200

EBG+Folded dpole
e
E e EBG-+Plane wave
é [

5 5.2 54 56 58 6
Frequency / GHz

Figure 4: The reflection coefficient phase of upper reflective wall using folded dipole and plane wave.

2. ANTENNA DESIGN

A resonator antenna consists of a planar folded dipole and two reflective walls.We apply a similar
geometry as in the planar folded dipole structure [13], for the design of a resonator antenna at
5.8 GHz. The folded dipole antenna,as shown in Fig. 1, is printed on FR4 substrate with the
dielectric constant of 4.5 and the thickness of 1.6 mm, respectively. The optimizing of parameter is
illustrated in Table 1. The analysis model of reflective walls structure is illustrated in Fig. 2. The
upper reflective wall is printed on FR4 substrate with the width (w) and length (L). Concerning
the Partially Reflecting Surface (PRS), the structure has three metallic elements, the metallic line
and the wide are68 mmand 16.8 mm, respectively, interspaced by 30.8mm. The lower reflective
wall is a metallic sheet with the dimension of 68 x 16.8 mm.

3. SIMULATION RESULTS

The simulated results,as shown in Fig. 3, show that the gain of the folded dipole at 5.8 GHz is
5.691dB and its radiation pattern is bidirectional. A mechanism to enhance the directivity of
radiating sources is to enclose its inside a cavity formed between an optimally design reflective wall
and a ground plane. The configuration of the model is shown in Fig. 2, the folded dipole is placed
between the upper reflective walland a ground plane.Because of the folded dipole, the metamaterial
reflective wall modifies the resonant condition of the cavity as shown in Fig. 4, increasing the
resonantfrequency. Table 2 and Fig. 5 shown the optimizing of cavity height to resonance at the
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40 BN =

\/

Return Loss (dB)
=

i \ - h=10mm
\ " h=20mm
3 + h=30mm
) N
40
H 55 6 65
Frequency / Gz
Figure 5: The return loss. Figure 6: The radiation pat-
tern of the proposed an-
tenna.

center frequency, it can be clearly seen that the Sj; are lower than —10dB at 5.8 GHz. The
bandwidth is covered between 5.07-6.13 GHz. The cavity height has effect of directive gain. The
simulated result shows that the gain at 5.8 GHz is 12.97 dB at the height of 30 mm.

4. CONCLUSION

This papers presented the design of planar resonator antenna at 5.8 GHz with modeling software
(CST Microwave Studio), it is successful to improve the gain of 12.97 dB because of the qualifications
of reflective walls. Therefore, the proposed antenna has high gain which demands on equipment
for wireless communication system.
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Abstract—A new design of pact EBG to

improve a directivity is introduced in this paper. The antenna is

composed of two back-to-back folded dipoles as a feed for a

and reflective walls. The single-resonant

metalllc EBG as a superstrate was designed. A highly directive

radiation pattern is created due to the angle-dependent

ion of the ling to free space.

Effect of reflective walls height on the performnnce of the
proposed antenna is also studied.

Key d: cavity r s electr

bandgap(EBG) mutenal, folded dipole antenna.

L INTRODUCTION
In recent years, microwave applications on el ic

band gap (EBG) structure have attracted sngmﬁcam attention
[1-2]. An important application of EBG is the realization of
high-gain and low profile antenna with a resonator. More
recently, some structures have been proposed where the EBG
superstrate has been replaced by a metallic partially reflective
surface (PRS) at the antenna operating frequency [3-4]. The
advantages of EBG are simplicity, low cost, ease of fabrication
an ease of mounting. It is easy to change their properties, such
as the reflection magnitude and phase, and by optimizing them,
EBG resonator antennas with good performance can be
realized.

In this paper, we propose the EBG resonator antenna using
two back-to-back folded dipoles with the reflective walls. The
’s main ch istics, namely its gain and radiation
pattern will be determined by the properties of a feed element
and the reflective wall. However, efficient of these EBG
resonator antenna can be seen in term of gain versus cavity
height. In fact, the gain of 15.1 dB which is effect of side
reflective walls on the performance antenna is presented.

II. EBGRESONATOR ANTENNAS DESIGN

A resonator antenna has the general structure as shown in
Fig.1, cc g of a feed an EBG layer (or PRS),
and a ground plane. The PRS and the ground form a resonant
cavity. If the cavity resonance condition is satisfied by the
following relation (1), the maximum gain of the related

will be achieved. The cavity condition is
associated with the reflection phase from the PRS and the
ground, the propagation phase through the cavity (h), and the
operating frequency.

978-1-4673-2025-2/12/$31.00 ©2012 IEEE

EBG or PRS
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Figure 1: Geometry of an EBG resonator antenna.

A feed d at i y of 5.8 GHz
consists of two back-to-back folded dxpoles . The plana.r folded
dipoles as shown in Fig.2 which we apply a similar geometry
[6]. It is printed on FR4 substrate with dielectric constant of 4.5
and the thickness of 1.6 mm, respectively. The optimizing of
parameters is illustrated in Table.1.

Figure 2: Geometry of the folded dipole antenna.
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TABLE L ‘THE PARAMETERS OF THE FOLDED DIPOLE
Parameters Size (mm)
w 18
L 68

i 15.8
wg 5
Wa 5

t 1.5

s 15

g 1
d; 325
d, 19.7

Figure 3: Structure of the EBG as superstrate.

The superstrate form an EBG structure where periodic
conducting is printed on both of its surface. The aluminum
sheet is modified in U-shaped as a lower reflective walls and
reflective side wall. Concerning the PRS, the structure is
composed of two principal parts as shown in Fig.3:

1) a cavity located between the PRS and reflective walls;
2) the EBG structure made by periodic metallic elements.

In our design, we use a rectangular patch in the TE
polarization which is made up of ten rods with the metallic line
and the wide are 120 mm and 4.6 mm, respectively,
interspaced by 5.3 mm as shown in Fig.3. The U-shaped
reflective wall is the aluminum sheet with the dimension of
99x126 mm and the height of 40 mm. The distance between the
EBG superstrate and lower reflective wall will be determined
by the cavity height. The resonant frequency will be
determined by the following relation, where the phases

correspond to the reflection coefficient of the two walls
defining the cavity:

h

_L(AEBG+APEC] -

T2f 360°

III.  SIMULATION RESULTS

The radiation pattern of the planar folded dipole designed
resonant frequency at 5.8 GHz is shown in Fig.4, the directive
gain is around 5.691 dB and its radiation pattern is
bidirectional.

Figure 4: The radiation pattern of the folded dipole.

In order to understand the behavior of the EBG, a
parametric study has been performed based on the unit-cell by
using CST Microwave Studio, the configuration of the model is
shown in Fig.2, the folded dipole as feed element is placed
between the EBG and the reflective walls. Because of the
microstrip line feed of folded dipole, the metamaterial
reflective wall modifies the resonant condition of the cavity as
shown in Fig.5. The unit-cell was approximated for the EBG
with an infinitely large diameter and the structure can be
analyzed using a rectangular unit-cell. First, we look at the
effect of the number of element in the EBG on the return loss
characteristic. Fig.6 shows the return loss versus frequency for
different number of elements, the ten elements have been
observed with the optimizing of return loss. The bandwidth is
covered between 5.08-6.26 GHz.
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Figure 6: The return loss of metallic elements. Figure 8: The return loss of length EBG.
Next, we investigate the effects of cavity height as shown L i
in Table.2 and Fig.7, the optimizing of cavity height is
operating at the center frequency and it has effect of the
directive gain at the height of 30 mm. In addition, we study the ]
effect of the length of EBG versus the directive antenna. The £ :“zfm"'“
optimizing of its length is shown in Fig.8, it can be clearly seen i il
that the S;; are -15.26 dB with the length of 120 mm. The é
directive gain is determined by the cavity height and the length
of PRS as shown in Fig.10, it can also be seen that the radiation
pattern is directive with the gain of 12.64 dB, however, the side
lobe levels are 15 dB. In fact, that can be proved the reflecti:
sidewalls as shown in Fig.9 and Table.3, the optimizing of ! i ; m‘: - s g L
height reflective sidewalls of 40 mm has the directive gain of Figure 9: The return loss of reflective sidewalls height.
15.1 dB. Simulation results are in good agreement with
measurements as shown in Fig.11.
TABLE IIL ‘THE OPTIMIZING OF HEIGHT SIDE.
TABLE I THE OPTIMIZING OF CAVITY HEIGHT
h; (mm) Gain (dB)
h; (mm) Gain (dB)
30.0 12.64
20.0 6.256 40.0 15.10
250 8.386 50.0 14.31
300 12.64
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(b) H-plane

Figure 10: The radiation pattern of the resonator antenna
without reflective sidewalls.

at 5.8 GHz with modeling softy

(a) E-plane

(b) H-plane
Figure 11: The radiation pattern of the proposed antenna.

IV. CONCLUSIONS

This paper presented the design of EBG resonator antenna
(CST Mi Studio),

it is successful to direction gain of 15.1 dB because of the
qualifications of reflective ‘walls. Therefore, the proposed
antenna has high gain which demands on equipment for
wireless communication system.
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