IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 62, NO. 4, APRIL 2014

2323

Design of Omnidirectional Dual-Polarized Antenna in
Slender and Low-Profile Column
Yue Li, Zhijun Zhang, Zhenghe Feng, and Magdy F. Iskander

Abstract—In this communication, a dual-polarized diversity antenna
with azimuthally omnidirectional patterns is designed inside a slender
and low-profile columnar structure. The proposed antenna is composed
of a cavity-backed notch for horizontal polarization and a folded slot for
vertical polarization. The most important contribution of this communication is to reduce the antenna dimension, maintain high port isolation,
broaden impedance bandwidth, and generate azimuthally omnidirectional radiation patterns. The overall volume of the proposed antenna is
. A prototype
of the proposed antenna is built and measured for 2.4-GHz wireless local
area network (WLAN) applications to validate the idea.

Fig. 1. Geometry and dimensions of the proposed antenna: (a) 3-D view;
(b) expanded view.

Index Terms—Antenna diversity, antenna minimization, antenna radiation patterns, slot antennas.
TABLE I
DETAILED DIMENSIONS (UNIT: mm)

I. INTRODUCTION
Dual-polarized antennas are studied for the merit of high-spectrum
efficiency, and employed as polarized multiple-input-multiple-output
(MIMO) antennas, instead of two spatially separated antennas with
single polarization [1]–[3]. The isolation between the two polarizations is an important quality, and can be achieved by different radiating
and feeding structures [4]–[14]. We also pay our attention to the radiation patterns and dimensions of the dual-polarized antennas. For the
small-volume applications, such as access points and mobile repeaters,
antennas with omnidirectional radiation pattern and compact dimension are more preferred.
Recently, our research group was focusing on the topic of smallvolume multiple antenna system design [15], [16]. In the columnar
structure, co-located monopole and slot are used for vertical and horizontal polarizations. For the 2.4-GHz WLAN application, the volume
and the isolation is lower than 36 dB [15]. To
is
achieve omnidirectional patterns in the azimuthal plane, two co-located
slots are employed for dual polarizations [16]. For the same operating
WLAN band of 2.4–2.48 GHz, the volume is only
and the port isolation is higher than 33.5 dB. Additionally, the azimuthally omnidirectional patterns are achieved for both of the polarizations with measured gain variations less than 2.9 dB and 2.1 dB.
However, in order to match the impedance of the cavity-backed vertical slot, the slot length is tuned to 73 mm, which makes the overall
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height quite large. The antenna in [16] is difficult to be mounted on a
mobile device due to its high profile.
In this communication, we have presented a modified antenna
structure for dual polarizations and omnidirectional patterns. A
cavity-backed notch is employed instead of the cavity-backed slot
that is given in [16]. We have also examined the effect of the backing
cavity on the notch performance. The volume of this new antenna
, which is
is
only 60% of the antenna volume in [16] for the same operation band.
In order to validate the design idea, we have built a prototype of the
proposed antenna at 2.4 GHz WLAN band. We also have tested the
antenna and discussed the results.
II. ANTENNA DESIGN
The geometry of the proposed antenna is shown in Fig. 1. Four walls
of the metallic column are named as Side1 to Side4. A vertical notch is
etched along Side2, and a horizontal slot is etched on Side1, Side3, and
Side4. The four metallic walls are on the outer side of a central-hollow
,
). The slot and the
1-mm-thick FR4 substrate (
notch are fed by two 50-Ohm microstrip lines, which are on the inner
side and shown in the expanded view (Fig. 1(b)). The horizontal slot is
fed through Port1 for vertical polarization and the vertical notch is fed
through Port2 for horizontal polarization. Ansoft high-frequency structure simulator (HFSS) is used to simulate the antenna structure, with
the optimized design parameters listed in Table I. The overall antenna
(
,
is
volume is
the wavelength in free space at 2.4 GHz, with the value of 125 mm).
A. Notch for Horizontal Polarization
In the previous design [16], a cavity-backed slot is used for horizontal polarization. Two important qualities, the gain variation in the
azimuthal plane and the impedance bandwidth, are systematically
studied and tuned. As discussed in [16], for this slender column, the
omnidirectional pattern is determined by the parameter , and the gain
variation in the azimuthal plane deteriorates drastically with increase
in . Under a small value of , we have to increase the slot length
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Fig. 2. Simulated gain variation in the azimuthal plane (
ferent values of .
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-plane) with dif-

Fig. 4. Reflection coefficient of the proposed antenna fed through Port2 with
different values of .

Fig. 3. Complex magnitude of magnetic field distributions of the proposed antenna at 2.44 GHz: (a) fed through Port2; (b) (a) fed through Port1.

for impedance matching. The vertical slot in [16] is operating at half
wavelength mode but with a large length of 73 mm.
In order to reduce the overall length, we use a notch instead of the
slot. The omnidirectional radiation pattern is less sensitive with different values of , as shown in Fig. 2. The difference between gain
and
is less than 1.6 dB, which is
variations at
different from that in [16]. The reason can be explained from the complex magnitude of the magnetic field distribution shown in Fig. 3(a).
The notch is operating at a quarter wavelength mode with magnetic
field null on the top edge of Side2. Therefore, strong electric current
appears on the four top edges, with contribution to the azimuthally omnidirectional pattern.
Similar as [16], the back-cavity also affects the notch length tuning.
Different values of are studied and shown in Fig. 4. The notch is
with optimized length of 39 mm and should resonate at the frequency
much lower than 2.4 GHz. Larger makes the notch to be less affected
by the neighboring metallic walls and with better impedance matching.
Therefore, the value of is tuned by considering both the gain variation in the azimuthal plane and the impedance bandwidth, and 12 mm
is selected with the desired performance. With a reduced length of the
notch, the overall dimension of the proposed antenna is much smaller
than the antenna in [16].
B. Folded Slot for Vertical Polarization
For vertical polarization, a horizontal slot is arranged in the middle
of the column. This horizontal slot is folded on Side1, Side3, and Side4

to achieve omnidirectional pattern in the azimuthal plane. Fig. 3(b)
shows the complex magnitude of the magnetic field distribution of the
proposed antenna fed through Port1 at 2.44 GHz. The horizontal slot
operates at the half wavelength magnetic field mode with a null in the
middle. Therefore, the operating frequency of the horizontal mode is
. Although the operating
mainly determined by the slot length
frequency of the horizontal folded slot is the same as the slot in [16],
the length of the slot is different. The length of the metallic column affects the input impedance of the horizontal slot. However, this effect
and
can be compensated by tuning the values of . When
, the best impedance matching is tuned into the WLAN
band of 2.4–2.48 GHz. For the feeding microstrip line fed through
is also tuned for 50-Ohm input impedance, and is tuned
Port1,
for impedance matching.
Compared with the horizontal slot in [16], the gain variation of the
vertical polarization in the azimuthal plane is larger. In [16], the horizontal slot is cut on all the four surfaces. In this communication, the
horizontal slot is cut on Side1, Side3 and Side4. The gain is lower in
the direction of Side2 (+x axis). Due to the small value of , the gain
variation is still acceptable, and validated by measurement in the following section.
C. Isolation Discussion
Ports isolation is another key quality for the dual-polarized antennas.
For the proposed antenna, the vertical notch and the horizontal folded
slot are arranged to be spatially orthogonal. The currents are also
found to be spatial symmetric, introducing high isolation between the
ports, which can be explained from the electric current distribution.
The vector current distributions of the proposed antenna fed through
Port1 and Port2 at 2.44 GHz are depicted in Figs. 5 and 6.
As shown in Fig. 3(b), the horizontal folded slot operates at the half
wavelength magnetic field mode. There are magnitude field nulls in the
middle of the slot. The peak current at the slot ends on Side1 and Side3
are in-phase. The currents coupled to the vertical notch edges on Side2
are also in-phase. No electric field exists in the notch due to the equal
potential along the two edges. Therefore, little energy can be coupled to
Port2 from Port1. As shown in Fig. 6, the currents along the two edges
of the vertical notch are out-of-phase. The coupled currents to the horizontal folded slot are also shown in Fig. 6. Along the upper and lower
edges of the folded slot, the currents are also in-phase. Therefore, little
energy can be coupled to Port1 from Port2. We also can observe the currents on Side2 (in Fig. 5) are almost orthogonal to those on the same
surface (in Fig. 6). Theoretically, high ports isolation can be achieved
.
in such a small volume of
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Fig. 8. Measured and simulated S parameters of the proposed antenna.
Fig. 5. Vector electric current distribution of the proposed antenna fed through
Port1 at 2.44 GHz, (a) Side1 and Side2, (b) Side3 and Side4.

Fig. 6. Vector electric current distribution of the proposed antenna fed through
Port2 at 2.44 GHz, (a) Side1 and Side2, (b) Side3 and Side4.
Fig. 9. Simulated and measured radiation patterns of the proposed antenna fed
though Port1 at 2.44 GHz, (a) -plane, (b) -plane, (c) -plane.

Fig. 7. Photographs of (a) antenna in [16], (b) antenna proposed in this communication.

III. ANTENNA MEASUREMENTS
A prototype of the proposed antenna was built for 2.4-GHz WLAN
application and shown in Fig. 7. The antenna in [16] is also shown
in Fig. 7 for comparison. Although operating in the same frequency,
the antenna proposed in this communication is almost half the volume
of the antenna in [16]. Ferrite rings are used to eliminate the surface
current on the feeding cables.

The measured and simulated S parameters are shown in Fig. 8. The
10 dB bandwidths of the reflection coefficient are 2.34–2.72 GHz
for vertical polarization when the antenna is fed through Port1, and
) for horizontal po2.39–2.49 GHz (shown in Fig. 4, where
larization when the antenna is fed through Port2. The discrepancy becan be attributed to fabrication
tween the measured and simulated
error and the modeling error. The horizontal slot is cut on three sides.
The right-angle corner formed by any two of the adjoining side walls
can affect the results. The port isolation is also illustrated in Fig. 8.
is higher than 32.5 dB in the band of 2.4–2.48 GHz, agreeing well with
the simulated result.
Figs. 9 and 10 illustrate the measured normalized radiation patterns
for both of the polarizations at 2.44 GHz. In the -plane, the radiation patterns for both of the polarizations are omnidirectional. In simulation, the gain variation (maximum gain minus minimum gain) in the
-plane is 3.5 dB for vertical polarization and 2.1 dB (shown in Fig. 2,
) for horizontal polarization. The measured gain
where
variations in the -plane are 4.5 dB for vertical polarization and 2.4
dB for horizontal polarization. Directivity deteriorates due to manual
fabrication error and the unwanted radiation of the feeding cables.
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In the WLAN band, the maximum gain of the vertical polarization
is 2.78 dBi, fluctuating within 0.65 dB. The maximum gain of the horizontal polarization is 1.35 dBi, with a fluctuation of less than 0.65 dB.
An average gain difference of 1.6 dB exists between the two polarizations because they are different in pattern directivity and radiation
efficiency.
IV. CONCLUSION
In this communication, a compact dual-polarized antenna with omnidirectional radiation pattern in the azimuthal plane is proposed. By
using a notch instead of the slot in [16], 40% volume reduction is
achieved without obvious performance deterioration. The comparisons
between the antenna in [16] and the proposed antenna are summarized and listed in Table II. The dimension of the proposed antenna
, only 60% of the volume in [16] for the same
is
frequency. The omnidirectional performance is worse than the antenna
in [16], but still acceptable for practical usage.
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