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A Dual-Polarization Slot Antenna Using a Compact
CPW Feeding Structure
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Abstract—A dual-polarization coplanar waveguide (CPW)-fed
slot antenna is proposed in this letter. By exploiting the even and
odd modes of a CPW structure, two orthogonal polarizations can
be excited in a slot aperture by the same feeding CPW, which
results in a compact dual-polarization antenna design with very
good isolation between the ports. The —10-dB reflection coeffi-
cient bandwidths of two polarizations are 670 MHz (27.9%) for
one polarization and 850 MHz (35.4%) for the other, and the
isolation between the two ports in the WLAN band is better than
—32.6 dB. The radiation pattern and efficiency of the proposed
antenna are also measured, and radiation pattern data are com-
pared with simulation results.

Index Terms—Compact, dual polarization, isolation, slot

antenna.

I. INTRODUCTION

N MANY multiple-antennas practical applications in-
I cluding those for diversity implementation and mul-
tiple-input—multiple-output (MIMO) systems applications,
it is desirable to accommodate several antennas to increase
the channel capability. One attractive solution is using mul-
tiple-polarization antennas [1]-[6], which can generate two or
three orthogonal polarizations on a single antenna element,
maintaining reasonable isolations between ports.

A tripolarization antenna was proposed in [1], but isolations
between some ports were not sufficient and were hence unac-
ceptable in high-performance applications. In resent research,
several techniques have been published in [2]-[6] to improve
isolations in similar antenna applications. Square patch an-
tennas fed by a pair of coupled microstrip lines through a
pair of crossed slots to excite two orthogonal modes for dual
polarization were reported [2]. An air bridge, which is utilized
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in the cross part of two feedings for high isolation, was also
proposed in [2], [3]. Different feed mechanisms, feed by probe
and coupling through aperture, were used in [4] for high input
isolation. In a study by Chen et al. [5], two vertical metallic
sidewalls were used to provide multiple reflections for cross
polarization, whose phases are altered by a modified feeding
network and cancel each other. Another isosceles triangular
slot antenna is proposed for wideband dual-polarization ap-
plications in [6]. TE;9 and TE(; modes are excited by two
orthogonally arranged microstrips. It should be emphasized
that in much of the earlier work [2]-[6], dual feeding structures
were used to excite dual-polarization, thus making the feed
structure quite complex. Even the use of the air bridge in [2]
and [3] brought insertion loss and occupied more space.

In order to simplify the feeding structure and save space, a
coplanar waveguide (CPW) approach, which supports two or-
thogonal modes, was adopted in [7]. Two different radiators
were utilized, one was a monopole and the other was an equiv-
alent dipole. The isolation reported in this paper was —15 dB,
which is sufficiently acceptable in some practical applications.

To meet the specification of wide bandwidth, simplicity, and
high isolation, a dual-polarization CPW-fed slot antenna is pro-
posed in this letter. Slot antennas are known to have wide band-
width [8]. In the proposed design, the horizontal and vertical
polarizations of a slot antenna are excited by the odd and even
modes of a single CPW feed line. Measured performance of
the developed antenna includes —10 dB reflection coefficient,
with the bandwidths of 670 (27.9%) and 850 MHz (35.4%) for
the two polarizations. The isolation between two ports in the
WLAN band is better than —32.6 dB.

II. ANTENNA CONFIGURATION AND DESIGN

Fig. 1 shows the geometry of the proposed antenna. The
overall dimensions of the antenna are 100 x 80 mm?. The
antenna is made of FR4 (¢, = 4.4, tand = 0.01), whose
thickness is 1 mm. A 52 x 50 mm? slot, etched in the front
side (light region), serves as the radiation aperture. In the back
side (dark region), an L-shaped microstrip line is fed from
port 1. The front-side metal serves as the ground plane of the
microstrip line. The CPW is fed from port 2 in the front side.

It is well known that a square slot can support two inde-
pendent modes, horizontal and vertical polarization modes, as
shown in Fig. 2(a) and (b), respectively. To excite the two polar-
izations simultaneously, two orthogonal feedings must be used.

As shown in Fig. 3(a), when feeding from port 1, an odd mode
is excited in the CPW structure, which generates a horizontal
polarization mode inside the slot. When feeding from port 2, as
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Fig. 1. Geometry and dimensions of the proposed antenna.
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Fig. 2. Electric field distribution in slot: feeding in (a) port 1 and (b) port 2.
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Fig. 3. Electric field distribution in CPW: feeding in (a) port 1 and (b) port 2.

shown in Fig. 3(b), the mode in the CPW is a normal even mode,
which can excite a vertical polarization mode inside the slot.

Dimensions of g and Wg determine the resonant frequen-
cies of the vertical mode and horizontal mode, respectively. The
Lj3 is the tuning parameter for matching port 1. To match port 2,
dimensions of Wy, L5 and Lg need to be optimized. The final
values of each parameter are listed in Table I.

Due to the symmetric and antisymmetric characteristics of the
two modes in CPW, high isolation can be achieved between two
ports. As a result, the feeding structure is compact and can ex-
cite both polarization modes simultaneously and independently.
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Fig. 5. Measured and simulated S-parameter of proposed antenna.

TABLE 1
DETAILED DIMENSIONS OF THE PROPOSED ANTENNA

Parameter L [Ls|Ls| Lo | Li | Ly L; Ly
Value(mm) [ 100 | 50 [ 36 | 15 [ 15| 32 | 12.5 | 25.5
Parameter Ls [ Le | W | Ws | W | Wo| § S,
Value(mm) | 9.5 | 19|80 | 52 [19] 6 |035]| 0.5

The antenna is an attractive candidate for multiple antenna ap-
plications that require polarization diversity and also for some
of the MIMO systems applications.

III. MEASUREMENT RESULTS

To validate the design, the S-parameters of the proposed
antenna are simulated using Ansoft High Frequency Structure
Simulator (HFSS). The antenna has also been fabricated and
measured. The front and back views of the antenna prototype
are shown in Fig. 4.

Fig. 5 shows the measured S-parameter of the proposed
antenna (solid lines) compared to the simulated ones (dash
lines). As shown in the figure, the center frequencies of the dual

Authorized licensed use limited to: Tsinghua University Library. Downloaded on April 28,2010 at 15:25:23 UTC from IEEE Xplore. Restrictions apply.



LI et al.: DUAL-POLARIZATION SLOT ANTENNA USING COMPACT CPW FEEDING STRUCTURE 193

0 —e—E¢» measurement 0

330 30

/

240 \ "N AAAT 120

—a—Ep measurement 0
-o--- E¢ simulation
G TR AT A E6 simulation

[ER

+&looy -Y270
J '

/

—e—FE¢$ measurement
—aA—E@ measurement
~o--- E¢ simulation
~A--- E6 simulation

2 . A/ 120
x<-1 "Rz

330

300

Fig. 7. Measured and simulated radiation patterns when feeding from port 2 at 2.4 GHz: (a) xy plane and (b) yz plane.

polarizations are both 2.4 GHz. The bandwidths of —10-dB
reflection coefficient are 670 (1.96-2.63 GHz, 27.9%) and
850 MHz (1.93-2.75 GHz, 35.4%) for port 1 (horizontal
polarization) and port 2 (vertical polarization), respectively.
Throughout the WLAN frequency band (2.4-2.484 GHz), the
worst case of reflection coefficient value for ports 1 and 2 is
—19.2 dB. The isolation between two ports in the required band
is lower than —32.6 dB. These results show that the proposed

antenna has almost the same performance as the antennas in
[2]-[6], but the structure is simpler and more compact, and
higher isolation values were achieved.

The radiation patterns of the proposed antenna when feeding
from ports 1 and 2 are shown in Figs. 6 and 7. For port 1, the
horizontal polarization is the dominant polarization. The 3-dB
beamwidths are 60° and 180° in E-plane (xy plane) and H-plane
(yz plane), and cross-polarization levels are lower than 8.9 and
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Fig. 8. Measured radiation efficiency of the proposed antenna.
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Fig. 9. Measured gain of the proposed antenna.

15.2 dB in E- and H-plane, respectively. For port 2, the ver-
tical polarization case, the 3-dB beamwidths are 100° and 70°
in E-plane (yz plane) and H-plane (xy plane), and cross-polar-
ization levels are lower than 22.3 and 5.6 dB in E- and H-plane,
respectively. From these results, it may be noted that the cross
polarization in xy plane is worse than what was achieved in ear-
lier designs as values for cross polarization are not lower than
—15 dB. From the radiation patterns, however, we can observe
that the poles of E, and Ey are almost corresponding to the
maximum of each other, which means the integration of the two
patterns is close to zero. In other words, the signals of co- and
cross polarizations are almost uncorrelated. In the yz plane, the
cross-polarization level is sufficiently low to be ignored. From
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the above discussion, we may conclude that the signals received
by the two ports are uncorrelated, so dual polarization in single
antennas can be treated as two independent antennas.

The radiation efficiency and gain of the proposed antenna are
also measured. The results are shown in Figs. 8 and 9, respec-
tively. In the WLAN band of 2.4-2.484 GHz, the efficiency
is better than 84.4% and 91.2% for ports 1 and 2; the gain is
better than 5.21 and 3.85 dBi for ports 1 and 2. When exciting
from port 1, the vertical strip inside the slot aperture does have
some impact on the radiation pattern, which can be observed in
Fig. 6(b). The radiation pattern slightly tilts toward the +z-direc-
tion, which explains why the horizontal mode has higher gain.

IV. CONCLUSION

In many multiple-antenna applications including those based
on diversity implementation and MIMO systems, it is desirable
to develop a one two-port dual-polarization antenna with wide
bandwidth and high isolation between ports. To meet these spec-
ifications, this letter proposes a dual-polarization CPW-fed slot
antenna. The dual-polarization radiation can be excited by the
odd and even modes of the same CPW feed line. The antenna
has been designed, and a prototype has been built and tested.
Obtained results show bandwidths of the two polarizations are
670 (27.9%) and 850 MHz (35.4%) for both polarizations with
reflection coefficient better than —10 dB. The isolation between
two ports in the WLAN band is lower than —32.6 dB. From
simulated and measured radiation patterns, the signals received
by the two ports are proved to be uncorrelated. The radiation ef-
ficiency is better than 84.4% and 91.2%, and the gain is better
than 5.21 and 3.85 dBi.
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