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ABSTRACT A compact wideband dual-polarized omnidirectional antenna with good isolation for the
fifth generation/wireless local area networks communication is presented in this paper. The dual-polarized
characteristic of the proposed antenna is achieved by combining a vertical polarization (VP) monopole
antenna and horizontal polarization (HP) cross bow-tie antenna, which is excited by a 50 2 Sub-Miniature-A
(SMA) connector and a broadband feeding network, respectively. The size of the proposed antenna is only
0.381x0.381x0.27A (with A being the wavelength of the lowest frequency). The simulated isolation of the
proposed dual-polarized omnidirectional antenna is below —38dB in the bandwidth from 2.3 GHz to 3.7 GHz
(about 46.7%, |S11] < —10 dB), taking no account of the commercial RF-Balun and SMA connectors.
Moreover, the measured isolation of the proposed antenna with a feeding network is about —20 dB. The
gain variations at the center frequency in the horizontal plane are 1.6 dB for VP element and 2.4 dB for HP
element. And the lowest peak realized gains of the proposed cross bow-tie shaped antenna and the monopole
antenna are about 4 dB and 2 dB, respectively. A prototype of the proposed dual-polarized omnidirectional
antenna was fabricated to verify the simulated results, and the measured results are in a good agreement with

the simulated ones.

INDEX TERMS Cross bow-tie, dual-polarized omnidirectional antenna, monopole, WLAN, 5G.

I. INTRODUCTION
The fifth generation (5G) wireless communication sys-
tems attract ours eyes on the deployment of commercial
5G systems, especially sub-6 GHz (around 3.5/4.5 GHz)
band [1]-[3]. The 3.4 GHz to 3.6 GHz range was identified
for International Mobile Telecommunication (IMT) at the
World Radio-Communication Conference (WRC-15), and
this spectrum is available globally, while the availability
of the other parts of 3.3 GHz to 4.2 GHz varies for dif-
ferent regions and countries [4]. The 5G technology brings
opportunities to development in the big Earth Village for the
researchers and companies that are engaged in the study, and
with many challenges. For modern 5G wireless communica-
tion systems, a compact wideband dual-polarized omnidirec-
tional antenna and good isolation is indispensable.

Over the past decades, a series of dual-polarized anten-
nas have been studied and designed [5]-[14], [16]-[19].

The feeding techniques are commonly used for dual-
polarized antennas. Generally, the feeding probes, coupling
slots and modified direct feeding structure [5]—[7] are usually
employed in the feeding techniques. Moreover, the combi-
nation of vertical polarization (VP) antenna and horizon-
tal polarization (HP) antenna [9]-[13], [16]-[19] is also an
effective method to achieve dual-polarization. By integrat-
ing three polygonal radiation patches and three wideband
slot loop structures, the design in [11] could operate from
1650 MHz to 2900 MHz for HP, and from 780 MHz to
2700 MHz for VP, respectively. And the gain variations are
3 dB for VP element and 2.5 dB for HP element. In [13],
a wideband dual polarized antenna for spectrum monitor-
ing systems from 190 MHz to 850 MHz was proposed,
but the gain variations of the antenna need to be improved
to meet the further requirement of applications. In order
to improve the impedance matching and gain variations,
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a design composing interconnected cross bow-tie antenna for
HP was proposed [16]. However, the impedance bandwidth
of the antenna may need to be broadened for serving in 5G
communication systems and the isolation between ports need
to be improved for the communication systems.

In this paper, a wideband dual-polarized omnidirectional
antenna with good isolation based on the one in [16] is pro-
posed for SG/WLAN communication systems. The antenna
achieves a compact structure by integrating an inverted-cone
monopole antenna for VP and a cross bow-tie antenna for HP
by using a small circular ground, which located in the middle
of the cross bow-tie shaped antenna. In order to ameliorate
the impedance matching and the omnidirectional radiation
pattern of the HP cross bow-tie antenna, a semi-oval petal is
designed to be a part of the arms of each bow-tie. Compared
to the design in [16], the proposed antenna in this paper would
have the following enhancements:

1) The omnidirectional operating frequency band covers
2.3 GHz-3.7 GHz, which can be used in the 2.4 GHz
WLAN and 5G communication systems,

2) The isolation of proposed dual-polarized omnidirec-
tional antenna can be below —38 dB across the operat-
ing band without taking the influence of RF-Balun and
SMA connectors into consideration, and the measured
isolation of the proposed antenna with the feeding net-
work is about —20 dB across the operating band.

3) The lowest peak realized gain of the proposed cross
bow-tie shaped antenna and the monopole antenna are
about 4 dB and 2 dB, respectively.

Il. ANTENNA GEOMETRY AND DESIGN

A. ANTENNA GEOMETRY

The geometry of the proposed wideband dual-polarized
omnidirectional antenna is depicted in Fig. 1. The design
combines a monopole antenna with a cross bow-tie antenna.
Fig. 1(a) illustrates the whole configuration of the proposed
antenna and the structure of feeding line with symmetry. The
inverted-cone monopole antenna and the proposed antenna’s
substrates are shown in the Fig. 1(b).

For the VP element, it consists of an inverted-cone tube
with a small circular ground integrated into the middle of
the substrates and a cross bow-tie shaped antenna. It should
be mentioned that the small circular ground and cross bow-
tie shaped antenna act as the ground plane for VP antenna
simultaneously. Moreover, the HP element is made up of a
cross bow-tie shaped antenna (for this case, as a radiator),
which each bow-tie arm consists of semi-oval petal, as shown
in Fig. 1(c). Furthermore, a conductor ring with four corners
are added in the cross bow-tie shaped antenna to ameliorate
the impedance matching, and the symmetric feeding lines
printed on the Rogers 4350B substrates are employed to
improve the isolation of ports 2 and 3.

As shown in Fig.1, the dimension of the cross bow-tie
shaped antenna are determined by the L, Lz, W, and Ws.
L, L, denotes the size of conductor ring with four cor-
ners located around the cross bow-tie shaped antenna.
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FIGURE 1. (a) The whole configuration of the proposed wideband
omnidirectional antenna, the feeding structure of the proposed bow-tie
shaped antenna, where only the feeding structure of the port 2 is shown
since the symmetry of ports 2 and 3; (b) The structure of the proposed
antenna’s substrates and the geometry of the inverted-cone monopole
antenna; (c) The proposed bow-tie shaped HP element surrounded by
conductor ring with four corners.

The dimensions of substrate and feeding line are determined
by the Wy, W, W3, Wy, Ws, L3, Ly, respectively. The thick-
nesses of the Rogers 4350B substrates are denoted by D1, Ds.
The thicknesses of the FR4 substrates are denoted by Dy, D3,
and D4. And we have L = 41.4mm, L, = 36mm, L3 = 4mm,
Ly = 10mm, H = 28.2mm, H; = 15.6mm, H = 9mm, R =
9.58mm, b = Imm, W = Smm, W; = 32mm, W, = 19.4mm,
W3 = 15.4mm, W4 = 6.5mm, Ws= 6mm, D; = 0.508mm,
Dy=2mm, D3 = 3mm, D4= 1mm, D5 = 0.254mm.

B. ANTENNA DESIGN

In order to obtain a dual-polarized omnidirectional antenna,
the proposed antenna consists of a VP element and a HP ele-
ment. The inverted-cone monopole antenna acts as a VP ele-
ment. Compared with the concerning design in [16], this
proposed design extends the radius and reduces the height
to achieve a wider bandwidth and compact size. The out-
ward travelling waves generated by its feed produce a verti-
cally polarized radiation in the horizontal plane. In addition,
the cross bow-tie shaped antenna surrounded by a conductor
ring is designed to generate an omnidirectional HP radiation
wave. The HP element is fed by a broadband feeding system

14267



IEEE Access

L. Zhao et al.: Wideband Dual-Polarized Omnidirectional Antenna for 5G/WLAN

with a 90° phase difference and the same amplitude. In order
to compact the dimension of the proposed antenna, a modified
cross bow-tie acts not only as a HP element but also as a
part of ground of VP element by using the small circular
ground located in the middle of the substrates. And when the
VP element is excited and HP element (ports 2 and 3) is con-
nected to a matching load, the currents flow from the small
ground to the cross bow-tie shaped arms, which excite the
ground current distributions of the typical monopole antenna
on cross bow-tie arms, which greatly compact the structure
of the proposed antenna.
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FIGURE 2. Simulated input impedance of port 2 and radiation pattern of
the HP element in the horizontal plane with and without the conductor
ring with four corners. (a) Input impedance of port 2. (b) Radiation
pattern of the HP element.

The conductor ring with four corners around the bow-tie
shaped antenna plays the important roles in two aspects: one
is to improve the impedance matching; the other is to enhance
gain variation of the omnidirectional radiation pattern. Since
the symmetry of ports 2 and 3, only the input impedance of
port 2 with and without conductor ring with four corners is
depicted in Fig. 2(a). The inductive components of the con-
ductor ring with four corners can compensate the capacitive
components caused by the cross bow-tie dipole to improve
the input impedance matching. As the impedance ratio
(secondary/primary) of commercial RF-Balun (MTX2-73)
used in the proposed antenna is two. In order to normalize the
primary impedance to 50 €2, the designed conductor ring with
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four corners is proposed to make the impedance (secondary)
matching close to 100 €2, which is beneficial to the design
and fabrication of the proposed antenna with commercial
RF-Balun. Furthermore, Fig. 2(b) illustrates that the conduc-
tor ring with four corners can enhance the gain variation of
omnidirectional radiation pattern in the horizontal plane. The
gain variations are reduced from 2.9 to 2.6 dB at 2.45 GHz
and from 5.5 to 4.8 dB at 3.6 GHz.
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FIGURE 3. Simulated |S;;| and gain values of the proposed inverted-cone
monopole and the mutual coupling between the VP and HP elements.
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FIGURE 4. Simulated radiation patterns of the VP element at 2.45 and
3.6 GHz.

C. ANTENNA PERFORMANCE

The proposed antenna is designed and simulated according
to the geometry of antenna and design principle discussed
above using the ANSYS. As commercial RF -Baluns cannot
be simulated in the ANSYS, the RF- Baluns need to be
assumed as ideal devices and 50 €2 lumped ports with the
same amplitude and a 90° phase difference are used for
the HP element excitation. Fig. 3 illustrates the simulated
reflection coefficient |S1;| and gain values of the proposed
VP element. As shown in Fig. 3, the VP element obtains a
good impedance matching within a wide frequency range and
the impedance bandwidths of |S;;| < —10dB is 1.4 GHz
(from 2.3 GHz to 3.7 GHz, about 46.7%), and the lowest peak
realized gain of the proposed VP element is about 2 dB in
the operating bandwidth. The simulated radiation patterns of
the VP element at 2.45 and 3.6 GHz are depicted in Fig. 4,
which show that the gain variations of the VP element in the
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horizontal plane are 0.8 and 1.2 dB at 2.45 and 3.6 GHz,
respectively.
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FIGURE 5. Simulated |S,;|, |S33| and gain values, isolation of two ports
of HP element.
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FIGURE 6. Simulated radiation patterns of the HP element at
2.45 and 3.6 GHz with the excitations of the same amplitude and a
90° phase deviation.

When the cross bow-tie shaped antenna (HP element) is
excited with the same amplitude and a 90° phase difference,
the simulation S-parameter results and omnidirectional radi-
ation in the horizontal plane can be achieved and shown
in Figs. 5 and 6, respectively. It is obvious to know the
operating frequency (10 dB return loss) of the cross bow-tie
shaped antenna is from 2.2 GHz to 3.7 GHz for | S>> | and | S33],
and the lowest peak realized gain of the proposed HP element
is about 4 dB within the operating bandwidth. Fig. 6 dis-
plays the radiation patterns at 2.45 and 3.6 GHz, showing a
good omnidirectional radiation patterns are obtained in the
horizontal plane.

D. PARAMETER ANALYSIS

Since the cross bow-tie shaped antenna is fed by a 90° phase
difference feeding network to radiate a horizontally polar-
ized omnidirectional pattern by rotating the electric field,
the phase information plays a vital role on the omnidirectional
radiation pattern of the HP element. A parametric study on
phase information is implemented to analyze the influnces on
the radiation performance which is usefull for the practical
design of a cross bow-tie shaped antenna. The simulated
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omnidirectional patterns of the HP element under excitations
with different phase deviations ( from 80° to 100°, step 5°)
at 2.45 and 3.6 GHz in the horizontal plane are displayed in
the Fig. 7. According to the Fig. 7(a), the gain variations are
1.5, 0.8, 2.2 dB at 2.45 GHz under the excitation of 80°, 90°,
and 100° phase deviation, and the gain variations are 5.7, 4.8,
5.8 dB at 3.6 GHz under the excitation of 80°, 90°, and 100°
phase deviation, as shown in Fig. 7(b), respectively.
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FIGURE 7. Simulated omnidirectional radiation patterns of the HP
element under different excitations at 2.45 and 3.6 GHz in the horizontal
plane. (a) 2.45 GHz. (b) 3.6 GHz.
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FIGURE 8. Photographs of the proposed antenna. (a) 3D view. (b) Top
view. (c) Side view. (d) Bottom view.

Ill. EXPERIMENTAL RESULTS AND DISCUSSION

In order to verify the proposed wideband dual-polarized
omnidirectional antennna with good performance, a proto-
type of the proposed antenna is fabricated, shown in Fig. 8.
A 5022 SMA connector is soldered on the inverted-cone
monopole and inner probe is embedded in the small circu-
lar ground. For feeding the cross bow-tie, two 50 2 SMA
connectors are soldered on the feeding striplines printed onto
the Rogers 4350B substrates. Meanwhile, two commercial
RF-Balun (MTX2-73) are soldered onto its top and bottom
feeding striplines. The measured and simulated S-parameters
of the VP and HP elements are shown in Fig. 9(a) and (b).
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FIGURE 9. Simulation and measured results of the proposed antenna.
(a) VP element and its mutual coupling with the HP element and
(b) HP element.

When the VP element is excited, the simulated impedance
bandwidth (|S1;] < —10dB) of the VP element is from
2.3 GHz to 3.7 GHz (46.7%) and from 2.25 GHz to 3.8 GHz
(51.2%) for the measured one, respectively. Fig. 9(b) displays
the impedance bandwidth of the HP element which is from
2.2 GHz to 3.7 GHz for |S22| and |S33|, whereas the measured
bandwidth is from 2.5 GHz to 3.8 GHz for |Sy;| and 2.2 GHz
to 3.8 GHz for |S33| when the HP is excited.

In order to verify the proposed omnidirectional HP ele-
ment experimentally, a broadband feeding network which
consists of a power divider and a 90° phase shifter is utilized
to integrate ports 2 and 3 to achieve a HP omnidirectional
radiation pattern, which are in Fig. 10(a). The return loss
of the power divider and phase shifter is about 10 dB and
phase deviation of the phase shifter is within 5°. The mea-
sured results agree well with the simulated ones within the
required band. The measured S-parameters of the proposed
dual-polarized antenna with the feeding network is presented
in the Fig. 10(b). It is obviously that the proposed antenna
obtains a desired bandwidth (impedance bandwidth), which is
from 2.2 GHz to 3.7 GHz for the VP element and 2.2 GHz
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FIGURE 10. (a) Configuration of the proposed antenna with a broadband
feeding network. (b) Measured S-parameters of the proposed antenna
with a broadband feeding network.

TABLE 1. Performance comparison of existing dual-polarized
omnidirectional antennas.

Sizes (M) (A at Type of Bandwidth Gain
Ref. the Lowest polarization (10-dB variation
Frequency) Return Loss)
B 057x0.43%0.43 VP 35% 0.5dB
HP 30% 1.5dB
[10]  0.45%0.45%0.31 VP 17.4% <l.5dB
HP 35% <1.5dB
HP 41.5% 2.3dB
ThlS 0.38%0.38%0.27 VP 46.7% 1.6 dB
work HP 50.8% 2.4dB

to 3.6 GHz for the HP element. The measured S-parameters
of the VP and HP element are a little beyond —10 dB,
which is caused by the SMA connectors and the commercial
RF-Balun. Additionally, the isolation between the VP and
HP ports keeps about —20 dB. In addition, Fig. 11(a) shows
the measurement environment of the proposed antenna. The
measured and simulated radiation patterns of the proposed
antenna are presented in Fig. 11(b) and (c), which show a
good omnidirectional radiattion patterns for VP and HP.
Since the standard circularly polarized horn antenna was
unavailable for the measurement system used, radiation
pattern of the HP element were not measured directly.
The radiation pattern is synthesized by measuring two lin-
ear polarization components of the HP element with the
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FIGURE 11. (a) Measured environm of the proposed antenna and
simulated and measured radiation patterns of (b) HP element and
(c) VP element.

postulation of a 90° phase deviation for the two ports. There-
fore, the effects of the conductor ring with four corners
could not be taking into account in the synthesized radiation
pattern. Table 1 summarizes the performance comparison of
existing dual-polarized omnidirectional antennas. Compared
to other dual-polarized omnidirectional antennas, our pro-
posed antenna exhibits the advantages in return-loss band-
width. And the antenna size, gain variation also have a good
performance.
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IV. CONCLUSION

A wideband dual-polarized omnidirectional antenna with
good isolation was presented for SG/WLAN applications.
For enhancing the impedance matching, the semi-oval petals
are designed and optimized for the crossed bow-tie antenna.
Combining a monopole antenna for VP and a cross bow-
tie shaped antenna with the symmetric feeding structure
for HP, the proposed antenna obtains good isolation. The
measured results perform good agreement with the simulated
ones, which illustrates that the proposed dual-polarized omni-
directional antenna has achieved a good isolation, a wide
bandwidth.
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