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Dual-Band Dual-Polarized Circular Microstrip Patch Antenna
with the Curved Slots on the Ground

Dan Yu, Shu-Xi Gong”, Yun-Xue Xu, and Yang-Tao Wan

Abstract—A center-feed dual-band dual-polarized circular microstrip antenna employing the curved
slots on the ground is proposed. The proposed antenna radiates y-polarization by introducing 10 units
of curved slots symmetrically on the ground and #-polarization by the coaxial probe at the center. The
measured results show that the proposed antenna provides two resonant bands, TMy; and TMy2 modes,
covering the frequency bands of the WLAN (2.4-2.484 GHz) with an omnidirectional right-handed
circular polarized (RHCP) radiation pattern and the WiMAX (3.3-3.6 GHz) with an omnidirectional
horizontal polarized radiation pattern, respectively. In addition, the effects of the unit number of
the curved slots and the width of the slots on the frequency ratio of these two resonant frequencies
are studied. Furthermore, for the low profile of 0.056)\y and good omnidirectional characteristic, the
antenna is suitable for the modern multi-band wireless communication systems.

1. INTRODUCTION

With the development of multi-band wireless communication systems such as WLAN and WiMAX, the
demand for antennas with dual-band dual-polarized characteristics is increasing. Especially, horizontal
polarizations have more advantages over that with vertical polarizations in the indoor wireless
communication systems [6]. Recently, several studies have been published to design dual-frequency
and dual-polarized antenna [1-5]; however, these antennas radiate either dual-band unidirectional CP
patterns or omnidirectional vertical polarized patterns.

A number of printed monopole antennas with circularly or linearly polarized radiation pattern are
designed for such applications [1-5]. In [1, 2], the printed monopole antennas radiate the unidirectional
CP patterns, which causes the decrease of signal coverage. In [3-5], the monopole antennas radiate only
vertical polarized patterns.

To overcome these disadvantages, a circular microstrip patch antenna with 10 units of curved slots
embedded on the ground plane and a coaxial probe fed at the center is proposed in this paper. The 8- and
p-polarizations are provided by the coaxial probe and the curved slots on the ground plane. Operating at
both the TMy; and TMge modes, the antenna radiates omnidirectional RHCP and horizontal polarized
patterns, respectively. The operation principles of the two resonant modes of the proposed antenna
are analyzed in details. The prototype is fabricated and measured. The measured results show that
the proposed antenna operates at 2.5 GHz and 3.5 GHz with 10-dB impedance bandwidths of 9.6%
(2.38-2.62 GHz) and 14.9% (3.22-3.74 GHz), respectively. In addition, the frequency ratio of both the
resonant modes can be easily turned by changing the number of slots and width of slots. Details of the
proposed antenna are described, and both the simulated and measured results are presented.
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2. ANTENNA CONFIGURATION AND OPERATING PRINCIPLE

The geometry of the proposed antenna is shown in Fig. 1(a). A circular metallic patch with the radius
of Ry is printed on a cylindrical substrate of relative permittivity 2.65 (loss tand = 0.0025) with the
radius of R3 and the thickness of H = 7Tmm. A single coaxial probe is placed at the center of the patch
to coupling feed the antenna through the annular ring slot with an outer radius of R4 and inner radius
of Rs on the patch. By adjusting the annular ring slot, both the TMy; and TMgp modes can get a
better impedance matching. For obtaining the omnidirectional p-polarization, 10 units of curved slots
are symmetrically loaded on the circular metallic ground which has a radius of R;. A unit of curved
slot is made up of two curves, curve 1 and curve 2, with their centers at O; and Os, respectively. The
distances of these two points from the ground center (O) are (Rg + R7), and the two segments, 00,
and 002, have an angle of 7, which can be used to change the frequency ratio between the two resonant
modes. Also, these two curves have the same radius of Ry.

The proposed antenna introduces curved slots on the ground plane for obtaining ¢-polarization,
while the currents on the coaxial probe radiate #-polarization. Both the currents on the ground plane
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Figure 1. Geometry and photograph of proposed antenna. (a) The structure of the proposed antenna
with the parameters: Ry =43 mm, Ry = 38 mm, R3 = 38 mm, R4 = 6.5mm, R5; = 4.4mm, Rg = 8 mm,
R; = 17.7mm, n = 15°, H = 7Tmm, &, = 2.65. (b) Photograph of the proposed antenna.
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Figure 2. The currents distributions on the coaxial probe and the ground plane at both the two
resonant modes.
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and the coaxial probe at the two resonant modes are shown in Fig. 2. With reference to the figure, the
currents on the coaxial probe are in the direction of —Z, and the currents on the ground are mainly in
the direction of —¢p, at the TMy; mode. Therefore, the proposed antenna radiates the RHCP waves on
the azimuth plane with the naturally guaranteed phase difference of 90° which is demonstrated in [7],
when the two orthogonal polarizations have equal amplitude. Furthermore, the proposed antenna can
also radiate LHCP when the curved slots bent in the anticlockwise. For the TMgys mode, the currents
on the coaxial probe are still in the direction of —Z, but the currents on the ground are in the direction
of +p. Moreover, the currents in the direction of +¢ increase rapidly, and the maximum radiation
direction shifts downwards due to another half wave current on the ground plane, which can be clearly
observed in Fig. 2. In addition, the maximum radiation direction shifts upwards when the curved slots
are loaded on the patch.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The effects of the curved slots width (1) and the unit number of the curved slots on the frequency ratio
of TMp; and TMg2 modes are studied. Fig. 3(a) shows |S11| of the proposed antenna with different unit
numbers. With the increase of the unit number of curved slots, the lower band (TMp; mode) changes
little while upper band (TMge mode) shifts upward obviously. Adjusting the curved slots width (n),
the frequency ratio can also be changed. In order to get a better impedance matching of both resonant
modes, other parameters Ry, Rs and R7 are also adjusted. As shown in Fig. 3(b), with the increase of
7, the lower band (TMy; mode) decreases while the upper band (TMge mode) shifts upward. It should
be mentioned that the antennas in Fig. 3 radiate omnidirectional RHCP and ¢-polarization at TMg;
and TMpe modes, respectively. The ability of changing the frequency ratio easily makes the proposed
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Figure 3. Simulated |S11| for (a) different unit numbers of the slots and (b) the curved slot width 7.
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Figure 4. Simulated and measured results. (a) [S11]; (b) ARs at TMy; mode and gains at both the
TMp; and TMgs modes.
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Figure 5. Measured radiation patterns of the proposed antenna. (a) 2.5 GHz. (b) 3.5 GHz.

antenna design more convenient.

To verify the design, the proposed antenna with the parameters shown in Fig. 1(a) was fabricated
and measured. A photograph of the proposed antenna is shown in Fig. 1(b). Fig. 4(a) shows the
simulated and measured |S71| of the prototype antenna. The measured results show that the proposed
antenna operates at 2.5 GHz and 3.5 GHz with 10-dB impedance bandwidths of 9.6% (2.38-2.62 GHz)
and 14.9% (3.22-3.74 GHz), respectively, which are a little higher than the simulated results of 9.1%
(2.4-2.63 GHz) and 12% (3.27-3.66 GHz) because of the inaccuracies in the fabrication process. Fig. 4(b)
shows that the measured 3-dB AR bandwidth is about 12% (2.36-2.66 GHz) which agrees well with the
simulated result of 11.3% (2.36-2.64 GHz). It should be noted that the measured 3-dB AR bandwidth
can completely cover the 10-dB impedance bandwidth at the TMp; mode, indicating that the entire
impedance bandwidths are usable. Fig. 4(b) also shows that the measured gains at both the TMy; and
TMgo resonant bands of the prototype are about 0.3 and 2.5dB in average, respectively, which are a
little lower than the simulated results for the greater loss in the measurement. Both the ARs and the
gains were also simulated and measured at other values of ¢ with 8 = 90° at TMg; mode and 6 = 135°
at TMp2 mode, respectively, and similar results were obtained, showing that it is a good omnidirectional
antenna. The measured radiation patterns at both the TMp; and TMgye modes are shown in Fig. 5.
At TMy; mode, an omnidirectional RHCP monopole radiation pattern is obtained with the peak gains
about 0.5 dB, as shown in Fig. 5(a). At TMg2 mode, an omnidirectional p-polarized monopole radiation
pattern is obtained with the peak gain about 2.5dB at 6 = 135° for the major radiator of ground, as
shown in Fig. 5(b). All these radiation characteristics reveal that the proposed antenna is competent
for the WLAN/WiMAX applications.

4. CONCLUSION

A dual-band dual-polarized circular microstrip patch antenna with 10 units of curved slots embedded
on the ground plane is designed and fabricated. The frequency ratio of the two resonant bands can be
easily changed by adjusting the width of the curved slots (1) and the unit number of the curved slots.
The measured results show that the antenna operates at TMg; and TMge modes with the bandwidths of
9.6% and 14.9% and radiates the RHCP and p-polarized patterns, respectively. The proposed antenna
overcomes the disadvantages of the conventional printed monopoles with only unidirectional CP or 6-
polarized radiation pattern. Therefore, with the lower profile of 0.056\ the proposed antenna will be
a better candidate in the modern wireless communication systems such as WLAN and WiMAX.
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