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Abstract—This paper presents a circular ring antenna fed by two
perpendicular probes, both of which are placed above the square
reflector. The antenna is employed to radiate unidirectional beam for
polarization diversity reception. A linear isolator is added to improve
the isolation between the two probes. The antenna is proposed for
the point-to-point communication of Wireless Local Area Network
(WLAN) system according to the IEEE 802.11a standard in which
the allocated frequency band ranges from 5.150 GHz to 5.825 GHz.
The proposed antenna is compact and suitable for mass production.
Without the dielectric material, the antenna is free of dielectric loss and
capable of high power handling. The prototype antenna was fabricated
and measured to verify the theoretical predictions. At the center
frequency, the unidirectional pattern with the measured half-power
beamwidths in two principal planes of 65 and 75 degrees is achieved.
The front-to-back ratio is 31 dB, and the antenna gain is 7.42dBi. The
|S11| and |S21| are respectively —23.09 dB and —33.99 dB; the obtained
bandwidth is 23.64%. Based on the aforementioned characteristics, the
antenna is a potential candidate for polarization diversity of WLAN
applications.
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1. INTRODUCTION

Presently, wireless communications are essential for human activities
in various aspects. The Wireless Local Area Network (WLAN) system
plays an important role in connecting users in the community of a
given service area [1]. Based on IEEE 802.11a standard, the operating
frequency band covers 5.150 GHz to 5.825 GHz, of which the center
frequency is 5.5GHz [2]. Typically, the communication network of
WLAN system can be classified into two topologies, i.e., point-to-
multipoint and point-to-point connections. The point-to-multipoint
connection is the typical topology in which the root or base station
is able to communicate to a number of clients located around it.
In this configuration, the omnidirectional antenna is suitable for the
base station [3-9]. For the point-to-point connection topology, the
unidirectional antenna is a promising candidate [10-12]. In the case
of only line of sight (LOS) situation, the signal can be directly
propagated from the transmitter to the receiver. However, in some
environments in which the transmitter and receiver are obstructed by
various objects, the multipath signal occurs due to obstacles, such
as buildings and trees, which cause the signal to reflect and diffract.
The multiple components of transmitted signal reach the receiver
at slightly different time points, thereby producing multipath fading
which not only varies with time and physical motion but also affects
the channel performance and thus reduces the data rate [13]. To
mitigate the fading problem, the diversity reception techniques have
been applied [14,15]. A number of diversity antennas have been
discussed in the existing literature [16,17]. The space diversity with
proper spacing between two antennas is the simplest geometry [18].
However, since large spacing is required, the overall antenna dimension
needs to be relatively large [19]. The polarization diversity with two
orthogonal excitations in the same antenna body has been proposed to
minimize the whole antenna size [20-23]. The polarization diversity
antenna with unidirectional pattern is very useful for base station
applications such as WLAN system [24-35]. This paper presents
the unidirectional antenna for polarization diversity of WLAN system
following IEEE 802.11a standard with the operating frequency band
between 5.150 GHz and 5.825GHz. The antenna evolution starts
from the circular ring excited by a probe that radiates bidirectional
pattern in two opposite directions along two ring apertures with single
polarization. This structure is located above the square reflector
to confine the main beam to single direction. The excitation with
two perpendicular probes is introduced for polarization diversity. To
improve the isolation between two excited probes, the linear isolator
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with proper angle is added. The antenna characteristics in terms of
the reflection (|S11| and |Sa2]), isolation (|S21| and |Si2|), radiation
pattern, and gain are presented. The simulation was performed using
CST Microwave Studio [36]. The prototype antenna was fabricated
and measured to confirm the theoretical principle.

The organization of this paper is as follows. The proposed antenna
structure and its associated parameters are discussed in Section 2.
Section 3 addresses the design principle and parametric study and in
Section 4 the measured results are presented. The conclusions are
drawn and detailed in Section 5.

2. ANTENNA STRUCTURE

The antenna configuration consists of a circular ring with radius rq,
length d and thickness ¢ as shown in Fig. 1(a). The center of the
ring is located at the origin of yz-plane. This ring is excited by two
identical probes in the radial direction of the length [; and radius
r¢ via 50- SMA connector. The first probe (Probel) is aligned on z-
axis to generate vertical polarization whereas the other probe (Probe2)
is oriented along y-axis to create horizontal polarization. The linear
isolator of the length [, and radius r, is situated inside the ring in the
radial direction between two probes. The position of the isolator is
at an angle «a relative to the Probel. This structure is placed above
the square reflector of size L. The spacing between the ring and the
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Figure 1. The proposed antenna structure. (a) Perspective view.
(b) Side view.
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Figure 2. An initial antenna structure. (a) Perspective view. (b) Side

view.

reflector is denoted with A as illustrated in Fig. 1(b). The radiation
pattern of this antenna is unidirectional with the beam peak pointing
x direction.

3. DESIGN PRINCIPLE AND PARAMETRIC STUDY

The antenna structure is designed to operate along the frequency range
of 5.150 GHz to 5.825 GHz, of which the center frequency is 5.5 GHz.
The principle of the antenna design starts with the conventional
circular ring as shown in Fig. 2, with the initial radius (r,)\/2 of
the center frequency, which is equal to 2.727cm. The ring is excited
by a single probe of the length (If)A/4 or 1.363cm. It is noted that
the ring in this paper is made of aluminum with the thickness ¢ of
3mm. The ring length d of 1.527 cm (0.28)\) and probe radius r; of
0.65mm (0.011)) are selected and used throughout the design due to
its ubiquity as fabrication material. The ring length (d) affects to
the directivity of the antenna. The guideline for the selection of d
for the desired directivity can be found in [37]. To keep the antenna
as compact as possible, the size of the square reflector is chosen to
be 8cm with the spacing between the circular ring and the square
reflector h of 1.418 cm (0.26)A). In addition, the influence of the size
of the square reflector and the spacing between the circular ring and
the square reflector will be clarified in this section. It is noted that
the infinitesimal gap between the circular ring and the linear isolator
is separated with dielectric supporter. There is no electrical contact
between the circular ring and the linear isolator.
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Figure 3. The gain at boresight Figure 4. The |S11| versus

direction versus ring radius r, frequency for various probe radii

(lf =136cm and ry = 0.65mm). ry (r, = 2.18cm and [y =
1.36 cm).

To determine the proper antenna dimensions that meet the
optimum characteristics and are of compact size, the antenna
parametric study will be carried out. Fig. 3 illustrates the gain at
the boresight direction (0 = 90°, ¢ = 0°) of the circular ring antenna
excited by the single probe above the square reflector for various ring
radii r,. It is evident that the radius of 0.4\ yields the maximum gain.
Therefore, the ring radius r, of 2.18 cm (0.4)) is selected as the design
parameter.

To obtain the good matching condition with efficiently wide
bandwidth, the probe radius is adjusted in an incremental fashion
of 0.1mm. Fig. 4 shows the |S11| at single probe excitation versus
frequency of the proposed antenna for various probe radii ry. It is
obvious that the probe radius affects the frequency of the minimum
|S11]. For r¢ = 0.65 mm, the |S11] is unacceptable due to the reflection
level greater than —10dB throughout the desired frequency band.
When 7y is increased to 0.75mm or higher, the level of the minimum
|S11| at 5.5 GHz is less than —15dB. To achieve the minimum |[Si]
at the center frequency, ry of 0.75mm is selected. The bandwidth
coverage is from 5 GHz to 6 GHz.

To develop the circular ring antenna above square reflector for
polarization diversity reception, two perpendicular excitation probes in
z direction (Probel) and y direction (Probe2) are introduced as shown
in Fig. 1. By adding Probe2 inside the ring, the reflection at each probe
(in terms of |S11| and |S92|) is degraded compared with when merely
Probel excitation is employed. Fig. 5 illustrates the frequency response
of the reflection of each probe (in terms of |S;;|) and the isolation
between two probes (in terms of |.S;;|). It is noted that |S11| and |Sas]
are identical because of their symmetrical structure while |Sa;| and
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Figure 5. The reflection (]S;|) and the isolation (]S;;]) versus
frequency with and without linear isolator (1, = 2.18 ¢cm, Iy = 1.36 cm,
ry=0.75mm, [, = 1.60cm, 7, = 2.50 mm, and o = 45°).

|S12| are identical due to reciprocal property. The solid line indicates
the |S11| and |Sa2| when two perpendicular probes are employed. It
is noted that |Si;| is taken into account when Probel is excited and
while Probe2 is terminated with the matched load. Meanwhile, | S22 is
the result of excitation at Probe2 whereas Probel is matched with the
dummy load termination. As illustrated by the solid line in Fig. 5, |S1]
worsens with merely one probe excitation due to the coupling effect
from Probe2. In terms of |S;;| of the isolation (inverse of coupling)
where ¢ # j, it could be observed from the dotted line that |Sa1] is
around —14 dB along the frequency band. The isolation in this case is
relatively low and insufficient for practical applications. To improve the
isolation, the simple linear isolator is symmetrically oriented between
the two probes at an angle o of 45°. The linear isolator is made of
the copper rod. It is a resonant component that is used to block the
surface current from Probel to Probe2. Note that the infinitesimal
gap between the circular ring and the linear isolator is separated with
dielectric supporter to prevent the electrical connection. The current
from Probel will be stored by this linear isolator. By considering the
dashed line and dash-dotted line in Fig. 5, the |S11| and |S91| with the
linear isolator included are remarkably improved. However, the |Si1]
and |Sa1| are not optimum at the center frequency.

The parametric study of the probe length [, isolator length [,
and angle o between the isolator and Probel will be the focus of this
section. Fig. 6 shows the |S11| and |S21| along the frequency range of
5.0-6.5 GHz for different probe lengths /;. The probe length influences
both the frequency and the level of minimum |S1;1]|. To obtain the
minimum |Sy;| at the center frequency of 5.5 GHz, Iy of 1.25cm is
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Figure 6. The |Si11| and [S21| versus frequency for various probe
lengths Iy (rq = 2.18cm, 7y = 0.75mm, [, = 1.60cm, r, = 2.50 mm
and a = 45°).
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Figure 7. The |S11| and |S21| versus frequency for various angles
a between the isolator and Probel (r, = 2.18cm, Iy = 1.25cm,
ry=0.75mm, [, = 1.60cm and r, = 2.50 mm).

explicitly chosen. However, when the probe length is varied, the level
of |So1| only slightly changes. In particular, at the center frequency,
|Sa1| of different probe lengths are almost identical. The level of S|
is around —30dB; therefore, [; of 1.25cm is the optimum length.

The angle o between the linear isolator and Probel is another
parameter to be investigated. Fig. 7 shows the |S11| and |Sa1| versus
frequency for various angles a.. It is noted that the |Sii| of angle «
between the isolator and Probel and the |Sa2| of angle 90° — a between
the isolator and Probe2 are identical because Probel and Probe2 are
perpendicular to each other. It is found that |S11| at « of 45° has
the minimum |S7;| of —21.25dB. When the isolator is located offset
from the middle between two probes, |S11| becomes worse. The angle
between the isolator and the probe has no influence upon the isolation.
Therefore, o = 45° is chosen as the design parameter.
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Figure 8. The |Sii| and |S21| versus frequency for various isolator
lengths I, (r, = 2.18cm, Iy = 1.25cm, ry = 0.75mm, r, = 2.50 mm
and a = 45°).

The isolator length [, is subsequently varied to achieve the
optimum reflection and isolation. Fig. 8 shows the |Sii| and [Sa1]| of
the antenna for various isolator lengths. It is apparent that the isolator
length has affected the level of minimum |S1|. For |Ss;| characteristic,
when the isolator length is increased, the frequency of minimum |So;| is
lower. To achieve the minimum |S2;| at 5.5 GHz, the isolator length [,
of 1.43 c¢m is selected. At the center frequency of 5.5 GHz, the obtained
|S11| and |S91| are respectively —22.79 dB and —46.54 dB. It is explicit
that the added linear isolator can significantly improve the isolation
between the two probes with good reflection at each probe.

The spacing between the circular ring and the square reflector (h)
is another parameter that is necessary to be appropriately determined.
Fig. 9 shows the |Sii| and |S21| of the proposed antenna versus
frequency for various spacing between the circular ring and the square
reflector h. The reflection and isolation of the antenna are changed
with the variation of h. To achieve the optimum [S;1| and [S21], h of
1.41cm is obviously chosen. When h is smaller, the |S11]| is slightly
lower, but the minimum |S7;| is occurred at the higher frequency. The
isolation of the smaller h is drastically lower. For h of larger than
1.41 cm, the reflection and isolation become worse.

The unidirectional beam is achieved by placing the circular ring
above the square reflector. The square reflector size must be selected
according to the compact size and good electrical characteristics. The
|S11| and |S91| for various sizes of the square reflector is illustrated
in Fig. 10. It is apparent that the reflection and isolation are not
significantly sensitive with the size of the square reflector. To obtain
the optimum |S7;| and |S21|, the square reflector size of 8cm is
chosen. Generally, the square reflector size has impacted on the
radiation pattern especially the front-to-back (F/B) ratio. Fig. 11
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Figure 9. The |S;| and [S2:1| versus frequency for various spacing
between probe and reflector h (r, = 2.18cm, Iy = 1.25c¢m, ry =
0.75mm, r, = 2.50mm, o = 45° and [, = 1.43cm).
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Figure 10. The |S11| and |S21| versus frequency for various square
reflector size L (r, = 2.18cm, Iy = 1.25cm, ry = 0.75mm, 7, =
2.50mm, a = 45° and [, = 1.43cm).

shows the radiation pattern of the antenna in xy- and xz-plane for
either Probel or Probe2 excitation. The unidirectional pattern with
similar beamwidth is obtained with the square reflector size of 6 cm,
8cm and 10cm. As expected, the F/B ratio is lower when the square
reflector size is smaller. To obtain the compact size with F/B ratio
higher than 20dB, the square reflector size L of 8 cm is accordingly
chosen.

Based on the parametric study results, the design parameters of
the proposed antenna are tabulated in Table 1.

The radiation pattern of the antenna in two principal planes
for excitation of Probel and Probe2 is illustrated in Figs. 12(a)
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Figure 11. The radiation pattern at 5.5 GHz for various L (r, =
2.18cm, Iy = 1.25cm, ry = 0.75mm, [, = 1.43cm, r, = 2.50 mm and
a = 45°). (a) Probel excitation in zy plane. (b) Probel excitation in
xz plane. (c) Probe2 excitation in zy plane. (d) Probe2 excitation in
xz plane.
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Table 1. The design parameters.

Parameter | Electrical size | Physical size line at 5.5 GHz
L 1.466 8.000 cm
Ta 0.400)\ 2.181cm
d 0.280\ 1.527 cm

0.055X 3.000 mm
h 0.260X 1.418 cm
ly 0.229\ 1.250 cm
rf 0.013X 0.750 mm
lp 0.262\ 1.430 cm
Tp 0.045X 2.500 mm
@ 45°

—— Probe 1 —— Probe 1
-=--- Probe 2 ---- Probe 2
(a) (b)

Figure 12. The radiation pattern at 5.5GHz (r, = 2.18cm, [y =
1.25cm, ry = 0.75mm, [, = 1.43cm, 7, = 2.50mm and o = 45°).
(a) zy plane. (b) zz plane.

and 12(b) in which the radiation patterns in xy-plane and xz-plane are
respectively shown. The solid line represents the excitation of Probel
whereas the dashed line is for Probe2 excitation. The unidirectional
pattern is achieved for either Probel or Probe2 excitation. It is noted
that the pattern in zy-plane for Probel excitation is identical to that in
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xz-plane for Probe2 excitation due to the symmetrical configuration in
two principal planes. The half-power beamwidths (HPBW) in zy-plane
for excitation of Probel and Probe2 are 60 degrees and 80 degrees,
respectively. The F/B ratio in both planes is 26 dB.

4. MEASURED RESULTS

To verify the antenna principle, the prototype antenna with the design
parameters tabulated in Table 1 was fabricated as depicted in Fig. 13.

The reflection (in terms of |S11|) and isolation (in terms of |Sa;|)
were measured using an HP872C Network Analyzer. It is noted
that |S11]| was measured at input port of Probel while Probe2 was
terminated with matched load. Fig. 14 illustrates |Sii| and |Sa]
compared between the simulated and measured results. The solid and
dashed lines represent the simulated and measured results, respectively.
The simulated and measured results are in reasonable agreement. At
the center frequency, the simulated and measured |S11| are respectively
—22.79dB and —23.09 dB, whereas the simulated and measured |Sa; |
are —46.54 dB and —33.99 dB, respectively. The impedance bandwidth
(IS11] < —10dB) from the simulation is 15.16% (5.12-5.96 GHz), and
that from the measurement is 23.64% (5.11-6.48 GHz). The obtained
bandwidth can cover the requirement of WLAN system according to
the IEEE802.11a standard. In addition, the isolation is relatively high.
It thus can be concluded that the proposed antenna can be efficiently

1S @B)
ISl @B)

«...measurement
50 -50
5.0 55 6.0 6.5
Frequency (GHz)

Figure 13. Photograph of the Figure 14. The comparison of
prototype antenna. |S11] and |S21| between simulation
and measurement.
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Figure 15. Simulated and measured radiation patterns with Probel
excitation. (a) xy-plane. (b) zz-plane.

applied to polarization diversity reception.

The radiation patterns of the antenna were also measured. The
measurement was carried out in two cases. The first case is performed
for Probel excitation while Probe2 is terminated with a matched load.
The measured results in xy-plane and zz-plane are superimposed with
the simulated results as shown in Fig. 15. The second case is similar
except that the antenna is excited at Probe2 while Probel is terminated
with a matched load. The results are illustrated in Fig. 16. The
solid and dashed lines represent the simulated and measured results,
respectively. For both cases, the unidirectional pattern is achieved.
From the symmetrical structure, the pattern with Probel excitation
in xy-plane coincides with the excitation by Probe2 in xz-plane. The
good agreement between the simulation and measurement is achieved.
The simulated HPBW for Probel excitation in zy-plane and xz-
plane are 60 and 80 degrees, respectively. For the measured results
the HPBW are 65 and 75 degrees, respectively. The simulated and
measured F/B are 26 dB and 31dB, respectively. From the obtained
results, it is apparent that this antenna possesses the good radiation
pattern for polarization diversity of point-to-point communication.

The antenna gain was measured and compared with the simulated
results as shown in Fig. 17. Both results display an identical trend with
less than 2dB difference. This discrepancy is due to the imperfect
fabrication compared with the ideal simulation. For example, the loss
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Figure 16. Simulated and measured radiation patterns with Probe2
excitation. (a) zy-plane. (b) zz-plane.
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Figure 17. The simulated and measured gains.

tangent from the plastic rod that is used as the dielectic supporter
between the circular ring and the square reflector was not taken into
account in the simulation. It is obvious that the simulated (solid
line) and measured (dashed line) gains at the center frequency are
8.35dBi and 7.42 dBi, respectively. The variation of the gain along the
bandwidth of 5.150-5.825 GHz is around 1dB. This antenna thus has
sufficient gain for point-to-point communication of WLAN system.
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5. CONCLUSIONS

A unidirectional antenna for polarization diversity of WLAN system
is achieved by using the circular ring excited by two perpendicular
probes above the square reflector. The isolation is improved by adding
a linear isolator at an angle of 45 degrees between two probes. The
antenna principle is uncomplicated and the design straightforward. In
addition, the prototype antenna is readily fabricated and conveniently
produced on a mass scale. At the center frequency, the HPBW in
two principal planes are 65 and 75 degrees, and the F/B is 31dB.
The obtained gain is 7.42dBi. The antenna provides good radiation
characteristics suitable for the point-to-point communication. |Si1]
and |S91| are —23.09dB and —33.99 dB, respectively. The bandwidth
can cover 5.11-6.48 GHz. It can be concluded that this antenna
is appropriate for polarization diversity of WLAN system according
to the IEEE802.11a standard. Furthermore, based on the antenna
principle and design, the antenna parameters can be varied to realize
the polarization diversity antenna of point-to-point communication in
other wireless communication systems.
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