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Abstract. A compact design of a circularly-polarized (CP)
microstrip antenna to achieve dual-band behavior for
WiMAX applications is presented. A single-layered feed is
used to excite a single square patch integrated with a novel
asymmetrical slot and two different truncated corners to
achieve CP polarization in both bands. Besides its struc-
tural simplicity, ease of fabrication and low cost, the pro-
posed antenna features a satisfactory impedance band-
width of 7.2 % in the lower band (2.53 GHz) and 3.6 % in
the upper band (5.73 GHz). The measured radiation pat-
tern of the proposed antenna demonstrates directional
patterns in both E- and H-planes with a 3 dB axial ratio of
2 % and 3.2 % in the lower and upper band, respectively.
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1. Introduction

In recent years, the evolution in wireless communica-
tions necessitates dedicated and compact antennas. The
limitation of the transmitter-to-receiver orientation can be
effectively solved when antennas with circular polarization
(CP) are utilized [1]. Moreover, it is of great importance to
design CP microstrip antenna structures with a single-feed
mechanism to keep the configuration compact. In the past
decade, various single- and dual-band CP patch antennas
have been investigated. In [2], a single-feed square patch
was truncated at its corners to obtain CP, which typically
results in narrow axial-ratio bandwidths. This design in-
volves four slits incorporated into a square patch for circu-
lar polarization at 2.2 GHz with an axial ratio bandwidth of
about 1.62 %. In [3], another truncated-corner antenna with
the aid of several slits produced CP and an axial ratio band-
width of around 1.45 % at 2.45 GHz. This structure offers
a size reduction of about 36 % compared to conventional
truncated corner CP antenna designs. A new C-type single
feed introduced in [4] successfully enhanced the axial ratio
bandwidth to about 13.5 % at 5.4 GHz. Meanwhile, in [5],
a new dual-band CP slot antenna design inserted with

metallic strips was introduced. CP was obtained by loading
the square slot with a T-shaped strip and two microstrip T-
junctions. This resulted in an axial ratio bandwidth of about
19.6 % at 2.54 GHz. In [6-8], variations of the U-slot were
introduced as a new technique to achieve CP, besides
simultaneously broadening the impedance bandwidth. On
the other hand, researchers in [9] investigated a set of
single-feed, corner-truncated patch antennas with various
thicknesses. The U-slot patch with an L-probe effectively
improved impedance matching to 28.1 % and the CP band-
width to 14 %. To achieve dual-band CP, most of the pre-
viously proposed structures utilized two patches [6], [10],
[11]. In [10], for instance, to obtain a dual-band CP an-
tenna, two different truncated-corner square patches are
stacked. The result showed an impedance bandwidth of
3.43 % and 4.91 % at 2.45 GHz and 5.7 GHz, respectively.

To achieve simultaneous dual-band CP and a wide
impedance bandwidth, researchers in [6] proposed the
asymmetrical U-slot. Axial ratio bandwidths of 1% and
3.1 % in lower and higher bands were achieved in. A larger
4 % single-band CP bandwidth is obtained using this simi-
lar structure at 2.4 GHz in [7]. In [12], a compact, aperture-
coupled, stacked CP antenna structure was presented.
A perturbed square loop resonator was applied to excite
dual- and orthogonal-modes simultaneously, achieving the
desired CP at 2.42 GHz with 2.5 % axial ratio bandwidth.
Asymmetrical slits incorporated in the diagonal direction of
a single, square patch in [13] enabled a compact antenna
size, a measured impedance bandwidth of 2.5% and
an axial ratio bandwidth of 0.5 %. Therefore, the asymmet-
ric slit structure has been found to effectively realize com-
pact, circularly polarized microstrip patch antennas.

In this paper, a new configuration to achieve dual-
band circular polarization is presented. Unlike previous
designs, the proposed structure uses a simple microstrip
feed to excite the microstrip patch to enable dual band
resonance on a single layered structure. Moreover, the
antenna is optimized to resonate in two WiMAX bands, i.e.
at 2.53 GHz and 5.73 GHz with simultaneous circular po-
larization at both frequencies. Its low-cost and compactness
makes it especially easy to be embedded into portable de-
vices such as WiMAX routers. It may also be integrated
into larger handheld devices such as smart phones and
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portable WiMAX video/TV receivers. The paper is organ-
ized as follows. The next section will first introduce the
antenna topology, presents its design procedure and details
its optimized dimensions. The following section 3 analyzes
and discusses the results for electric and magnetic fields,
resonance frequencies, axial ratios, and radiation patterns.
Our concluding remarks are summarized in section 4.
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Fig. 1. Geometry of the circularly-polarized antenna.

2. Antenna Design

The geometry is shown in Fig. 1. The asymmetrical
structure is realized through the use of various slots and
two truncated corners. Once integrated onto the square
patch, two orthogonal modes with a quadrature phase for
CP generation are enabled. A 55 x 55 mm® (denoted as
L x L mm®) FR4 substrate with a relative permittivity, & of
4.5, loss tangent, tand of 0.019 and height, 4 of 1.6 mm is
used, with a fully-metalized reverse side as its ground. To
enable a 50 Q input impedance, two microstrip lines
dimensioned at [, xw;=5x3mm’> and L Xxw,=
13 x 1 mm’, respectively, are combined to feed a square
patch sized at ws; x w;=25.5x%25.5 mm’. As shown in
Fig. 1, a quasi T-shape slot is used to tune the resonant
frequencies as well as to enable circular polarization.

A good CP bandwidth is also effectively enabled by
the conventional technique of edge-chamfering at the two
resonator patch corners. It is observed from simulations
that creating asymmetrical corners facilitates the lowering
of the axial ratio. Moreover, the corners are also utilized to
reverse the negative effect of the parasitic slots on the axial
ratio, where their angle optimization enabled the highest
possible CP bandwidth for this structure. The widest si-
multaneous axial ratio bandwidth within the two bands is
achieved by cutting a corner length of /s=4 mm and angle
of 6,=37° for the bottom right chamfer, and a corner
length of /;p=4 mm and angle of #,=55° for the top left
chamfer. The antenna is designed to have an LHCP radia-
tion in the lower band and an RHCP pattern in the higher
band. The CP orientation can be controlled by changing the
truncated corners and asymmetrical slots /s and /.

13 14 16 17 18 19 ll]
8.7 7.5 5 8 3.5 3 10
l12 i3 l14 Iis Wy Ws We
12.3 7 12 12.1 0.8 0.5 2.8

Tab. 1. Optimized slot dimensions (in millimeters).

To enable CP at both frequencies, asymmetrical slots
and the truncated corners are introduced onto the radiator.
Results from our parametric investigation indicated that CP
at the lower frequency is facilitated by the center asymmet-
rical T-slot and two diagonally-located, truncated corners.
On the other hand, two vertical slits located at the bottom
right and top left corners of the patch radiator, besides the
truncated corners are imperative elements in allowing CP
in the upper band. Meanwhile, LHCP and RHCP orienta-
tions can be controlled by first changing the truncated cor-
ner's angle and length. Next, a steady symmetry increase to
the two vertical T-slot arms at the patch center will also
enable control of the antenna's CP characteristics. The opti-
mal slot dimensions enabling the best impedance matching
and axial ratio are shown in Tab. 1.

3. Results and Discussion

Simulations of the proposed antenna were conducted
using CST Microwave Studio, while return loss and
radiation pattern measurements were obtained using
a Vector Network Analyzer and an anechoic chamber. The
simulated and measured antenna return loss, optimal at
2.53 GHz and 5.73 GHz, is shown in Fig. 2. As observed,
the antenna shows a dual-band impedance bandwidth and
measurements are in good agreement with simulations. The
antenna features a measured impedance bandwidth of
186 MHz between 2.494 GHz and 2.680 GHz for the lower
2.53 GHz band. Meanwhile, an impedance bandwidth of
206 MHz is generated for the higher 5.73 GHz WiMAX
band, between 5.610 GHz and 5.816 GHz. Tab. 2 shows
the comparison between measured and simulated
impedance bandwidth at both resonant frequencies.

Simulated Measured
Freq Su BW BW Freq Sut BW BW
(GHz) | (dB) | (MHz) | (%) | (GHz) | (dB) | (MHz) | (%)
2.53 -20 127 5 2.50 -27 186 7.2
5.73 -17 246 4.20 5.73 -17 206 3.6

Tab. 2. Simulated and measured return loss and bandwidth.

As shown in Fig. 3, measurements indicated a dual-
band CP operation with good axial ratio bandwidths within
the antenna's operating bandwidth. For the lower band,
about 52 MHz of 3 dB axial ratio bandwidth is achieved
from 2.50 GHz to 2.557 GHz, while for the upper band,
a 180 MHz bandwidth is observed between 5.610 GHz and
5.790 GHz. Note that this design is concentrated on achiev-
ing a dual-band CP performance rather than widening the
axial ratio bandwidth in each of the bands. To investigate
the role of the slots and truncated corners in facilitating the
dual-band CP, surface current densities of the proposed
antenna are given at 2.53 GHz and 5.73 GHz.
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Fig. 3. Measured versus simulated axial ratio at (a) 2.53 GHz,

and (b) 5.73 GHz.

Fig. 4 shows the surface current densities for the two
resonant frequencies of 2.53 GHz and 5.73 GHz. In
Fig. 4 (a), it is observed that the current density in the
asymmetrical T-slot and the two connected horizontal slits
to its right and left are stronger. In addition, they have

a higher density in the vertical slot.
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Fig. 4. Surface current distribution for the proposed antenna

at: (a) 2.53 GHz and (b) 5.73 GHz.

In parallel Fig. 4(b) shows stronger surface currents in
the vertical parts of the asymmetrical T-slot. This enables
a low axial ratio level at the higher resonant frequency be-
cause the slots have equal electrical length with quadrature
phase difference. The surface currents show more density
at the two vertical slits at the opposite diagonal corners
(bottom left and top right). Based on our observation,
although truncated corners enable a lower axial ratio, the T-
asymmetrical slot arms are the main enabling factor for the
antenna to radiate circular waves at both resonant frequen-
cies. The fabricated antenna prototype is shown in Fig. 5.
An SMA connector is soldered to the microstrip line.

Fig. 5. Photograph of the fabricated prototype.
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Fig. 6 illustrates the measured and simulated radiation
pattern of the proposed antenna at 2.53 GHz and 5.73 GHz.
A directional antenna radiation pattern is seen in both E-
and H-planes, with good agreements in both bands. On the
other hand, the gain is slightly reduced in the upper band
due to the expected additional FR4 losses at higher fre-
quencies especially for a dual-band, single-patch antenna
[14]. As shown in Figs. 6(a) and (b), the measured 3-dB
beamwidths at the lower resonance for the y-z (E-plane)
and x-z (H-plane) planes are about 90°. From Figs. 6(c) and
(d), the measured 3-dB beamwidths at the upper resonance
for E- and H-plane are 38° and 52°, respectively. It can be
clearly observed that for ¢ = 0° and 90°, the cross-polariza-
tion is 10 dB below the co-polarization for both E- and H-
planes at 2.53 GHz. Meanwhile, for 5.73 GHz in both x-z
and y-z plane, the co-polarization at broadside is around
8 dB above the cross polarization. The maximum measured
gain at the resonant frequencies is around 5 dBi and 4 dBi
in the lower and upper band, respectively.
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Fig. 6. Measured versus simulated radiation patterns at:
(a) 2.53 GHz (E-plane), (b) 2.53 GHz (H-plane),
() 5.73 GHz (E-plane), (d) 5.73 GHz (H-plane).

4. Conclusion

A new configuration for a single feed, dual-band,
circularly-polarized patch antenna is presented. The use of
the novel asymmetrical slot generated 2 % and 3.2 % CP
axial ratio bandwidth in two desired bands, 2.53 GHz and
5.73 GHz. Besides, the slot has also facilitated impedance
bandwidth broadening starting from a conventional, single-
patch topology. Two orthogonal modes are produced to
allow circular polarization through the optimization of the

slot and chamfer dimensions. Moreover, the CP can be
easily controlled through minor slot and slit modifications.
Besides featuring a simple and compact topology, the an-
tenna is also low-cost and suited for WiMAX applications.
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