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A planar 2 × 2 microstrip array antenna with dual circular polarisation
(CP) is presented. This array can be reconfigured and operated with
either the right-handed (RH) or left-handed (LH) CP by controlling
the input state of the branch-line coupler. A prototype has been fabri-
cated with a 0.4 mm-thick FR4 top layer for radiating elements and a
0.8 mm-thick FR4 bottom layer for a feeding network, where a
5 mm air spacing is inserted between them. Wide operating frequency
ranges for RHCP and LHCP states can be achieved at about 1.55 GHz
and 1.54 GHz, respectively. Good radiation properties across the
operating band are also obtained so that the proposed array antenna
is suitable for WLAN and WiMAX applications.

Introduction: In recent years, microstrip antennas have been widely and
rapidly developed in various modern wireless communication systems.
Compared with ordinary linear polarisation (LP) arrays can mitigate
the effects caused by the multipath owing to their polarisation diversity.
However, lower radiation performance will be expected as these CP
arrays radiate with narrow operating bandwidth and half-power beam-
width. To address this problem, many designs for CP arrays have been
reported in [1–5] to achieve better performance. By properly adding a
ring structure with two paths of 908 difference, the single feed microstrip
CP array was achieved to reduce array size [1]. Research investigating
how to widen the operating bandwidth [2–4] and half-power beamwidth
[5] suitable for CP applications has also been carried out.
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Fig. 1 Geometry of proposed dual CP microstrip array antenna

a Top view
b Cross-sectional view
c Bottom view

In this Letter, we propose a single feed 2 × 2 microstrip array antenna
that can provide a reconfigurable property to realise dual CP for WLAN/
WiMAX operations. A feeding network, consisting of a 908 branch-line
coupler and two Wilkinson power dividers, is used in this work to make
good impedance matching and axial-ratio across the operating band for
both right-handed (RH) and left-handed (LH) CP operations. Hence the
CP state of the proposed array can be switched flexibly. Details of the
array design are presented and analysed, and a prototype of the proposed
array has been constructed and experimentally studied.

Antenna design: Fig. 1 indicates the whole geometry with detailed
design parameters of the proposed reconfigurable microstrip array

antenna, which has a proper size of 200 (L) × 150 (W) mm. This
array was fabricated with a 0.4 mm-thick FR4 top layer for 2 × 2 radiat-
ing elements and a 0.8 mm-thick FR4 bottom layer for a feeding
network, where a 5 mm air spacing was designed to be inserted
between them. Also note that the FR4 substrate has dielectric constant
1r ¼ 4.4 and loss tangent tand ¼ 0.02. For the radiator structure, d1

and d2 are about 106 and 72 mm, which are respectively equal to the
horizontal length along the y-axis and vertical length along the x-axis,
among the 2 × 2 radiating elements, as shown in Fig. 1a. Moreover,
in such a structure, each element of the array has been designed with
a radius of d0 ¼ 30 mm. Thus, the linear radiation directions for those
array elements can be determined by the x- and y-axes for the lower
and upper elements, respectively.

Fig. 2 Photograph of implemented prototype for proposed array
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Fig. 3 Simulated and measured return losses of proposed array

a RHCP with port 1 feeding and port 2 matching
b LHCP with port 2 feeding and port 1 matching

To further attain the CP operation for the array, the feeding network
shown in Fig. 1b was developed with a wideband 908 branch-line
coupler and two 3 dB Wilkinson power dividers, which was capable
of providing not only good impedance matching over the operating
band but also equal input power for each element. The design parameters
optimised for the array are indicated in Figs. 1b and c, where the elec-
trical characteristics with respect to the branch-line coupler are Zc ¼

47 V, Zc1 ¼ 105 V, Zc2 ¼ 66.8 V, and w ¼ 908. Hence the RHCP
and LHCP states can be flexibly created and controlled by exciting
ports 1 and 2, respectively.

Results and discussion: As shown in Fig. 2, a fabricated prototype for
the proposed array antenna was constructed and implemented. The
measured results were performed by using a vector network analyser
(Agilent PNA 8362B). Fig. 3 shows the simulated and measured
return losses against frequency for the array, where fairly good agree-
ments between them have been achieved. As shown, the measured impe-
dance bandwidths with 10 dB return loss for ports 1 and 2 excitations are
about 1.81–3.36 GHz and 1.82–3.36 GHz, corresponding to 60 and
59.5%, respectively. In such a wideband design, the undesirable
effects such as frequency shifting caused by the array to be integrated
within various transceiver modules can be well reduced. Hence the pro-
posed design achieves not only the WLAN band of 2.4–2.483 GHz, but
also the authorised WiMAX band of 2.5–2.69 GHz.

Fig. 4 shows the measured far-field radiation patterns in the xz-plane
for frequencies of 2.45 and 2.6 GHz, respectively. Fairly good RHCP
and LHCP patterns, generated by feeding the ports 1 and 2, can be
attained with appreciable gain, whose 3 dB beamwidths are also about
29 and 288, respectively. To evaluate the CP performance, a simulated
axial-ratio against frequency for the array was performed using HFSS,
as shown in Fig. 5. Referring to 3 dB axial-ratio, the operating frequency
ranges for RHCP and LHCP have been determined to be about 2.37–
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2.89 GHz and 2.51–2.99 GHz, respectively. We can also observe that
the LHCP state has a higher frequency range than the RHCP one.
Better CP performance in the lower frequency band for the LHCP
state can be obtained by retuning the structure of the branch-line
coupler. Fig. 6 shows the measured radiation efficiency against fre-
quency of the proposed array. As seen, the array efficiency varies
from 35 to 51% for the WLAN system at 2.4–2.483 GHz. Results
given in the WiMAX band of about 2.5–2.69 GHz indicate that the effi-
ciency is from 46 to 69% in our design. These medium efficiencies are
mainly due to the dielectric loss of the feeding network, which may be
improved significantly by using a low loss substrate.
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Fig. 4 Measured radiation patterns of proposed array
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Fig. 5 Simulated axial-ratio of proposed array
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Fig. 6 Measured efficiency of proposed array

Conclusions: A novel microstrip array antenna with dual circular polar-
isation has been presented and investigated in this Letter. Compared to
other designs, this array is rather simple, and also achieves a wider oper-
ating frequency band for both RHCP and LHCP operation. By control-
ling the input state of the branch-line coupler, polarisation diversity of
the array may be achieved flexibly. Simulated and experimental results
also show that the array has good radiation properties in terms of the pat-
terns and axial-ratio. For these reasons, the proposed array antenna is
well suited to applications in WiMAX and WLAN systems.
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