IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 65, NO. 6, JUNE 2017

3221

Communication
Omnidirectional Dual-Polarized Antenna With Sabre-Like Structure
Peiqin Liu, Yue Li, Zhijun Zhang, and Zhenghe Feng
Abstract— In this communication, a sabre-like dual-polarized antenna
with omnidirectional patterns in the azimuthal plane is presented for
low wind drag airborne applications. The proposed antenna consists of
a thin cavity for the horizontal polarization and a coplanar waveguidefed monopole for the vertical polarization. The colocated thin cavity and
the monopole construct a compact sabre-like structure with low wind
drag, and it is suitable for airborne use. Especially, a hybrid-feeding
structure, including a capacitive slot-coupled microstrip line and an
inductive probe, is proposed for impedance matching of the thin cavity to
provide omnidirectionally horizontal polarization. In order to verify the
proposed design, a prototype is fabricated and tested with the dimensions
of 42 × 29 × 9 mm3 . (0.42λ0 × 0.24λ0 × 0.07λ0 , λ0 is the free-space
wavelength at 2.44 GHz.) The measured −10 dB reflection coefficient
bandwidths of the two ports are 2.38–2.51 and 2.28–2.53 GHz. The
measured gain variation in the azimuth plane is less than 3.60 and 3.45 dB
for horizontal polarization and vertical polarization.
Index Terms— Antenna diversity, hybrid-feeding cavity, omnidirectional patterns, sabre-like structure.

I. I NTRODUCTION
In multiple-input multiple-output and polarization diversity systems, dual-polarized antennas are widely exploited to enhance the
channel capacity and solve the polarization mismatch issues [1]–[5].
In the past decade, several dual-polarized antenna researches, such
as probe-fed patch antennas [6], [7], slot-coupled planar antennas [8]–[10], and the bow-tie dipole antenna [11], are published
for multiple antenna system applications. Recently, dual-polarized
antennas with omnidirectional patterns are proposed to cover a larger
service area in the azimuthal plane for any polarizations [12]–[17].
To achieve the omnidirectional patterns for both polarizations, different methods are employed. For example, a modified low-profile
monopole and a circular planar loop are combined in [12], an orthogonal dipole array around a dielectric cylindrical barrel is reported
in [13], and the combination of a circular patch and a printed
dipole array is presented in [14] to design the omnidirectional
dual-polarized antennas. The cylindrical dielectric resonator [15] is
also used to provide omnidirectional dual-polarizations. In order to
reduce the antenna volume, several omnidirectional dual-polarized
antennas are proposed by using colocated slots wrapped on slender
column [16], [17]. However, for some special applications, e.g., drone
and aircraft, the dual-polarized antennas with omnidirectional patterns
are required to avoid the polarization mismatching at different flight
attitude. What is more, the dual-polarized antennas with small cross
section in front are needed for low wind drag in high-speed case.
Therefore, to achieve such a dual-polarized antenna with omnidirectional patterns is still a challenge.
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Fig. 1. General scenario of the airborne application for the proposed antenna.

Fig. 1 shows the general scenario when the antenna is installed on
top of an aircraft. Omnidirectional patterns in the azimuthal plane are
very important for communication in all directions. The dimensions
of aircraft antennas are limited by the demand of low wind drag.
The low-profile inverted-L antenna [18], modified monopole antenna
with blade type [19], and cylindrical cavity-backed antenna [20] are
reported in the past few years for low wind drag airborne applications.
However, those omnidirectional antennas can only provide vertical
polarization in the azimuthal plane which limits their potential
applications in the multiple antenna systems. In this communication,
a dual-polarized saber-like antenna is proposed with omnidirectional
radiation patterns in the azimuthal plane. The sabre-like structure is
utilized to reduce cross section in front for low wind drag airborne
applications. First, a thin cavity is presented to provide omnidirectional pattern for horizontal polarization in the azimuthal plane.
To excite the thin cavity, we use a hybrid-feeding structure which
includes a capacitive slot-coupled microstrip line and an inductive
probe. Second, to achieve vertically polarized omnidirectional pattern
in the azimuthal plane, a monopole is colocated with the thin cavity
and constructs a sabre-like structure. The measured gain variations
(the difference between the maximum gain and the minimum gain) in
the azimuthal plane are less than 3.6 dB for both polarizations. The
proposed sabre-like dual-polarized antenna has a compact structure
of 42 × 29 × 9 mm3 (0.42λ0 × 0.24λ0 × 0.07λ0 , λ0 is the freespace wavelength at 2.44 GHz) and a small cross section in front
of 42 × 9 mm2 .
II. A NTENNA D ESIGN
The configuration of the proposed antenna is illustrated in Fig. 2.
The antenna consists of a thin cavity and a monopole. The perspective
view of the antenna is shown in Fig. 2(a). The antenna is supported
by four FR4 substrates (εr = 4.4, tan δ = 0.01). The orange
area represents the copper, and the gray area represents the FR4
substrate. The thickness of the FR4 substrate is 1 mm, and the four
FR4 substrates are named by Side1–Side4. The expanded view of the
proposed antenna is shown in Fig. 2(b). The orange area represents
the front side, and the black area represents the back side. The
white circles represent the feeding probe (on Side1) and shorting
vias (on Side2).
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Fig. 2. Configuration of the proposed dual-polarized and saber-like antenna.
(a) Perspective view. (b) Expanded view.
TABLE I

Fig. 3. Simulated normalized radiation patterns for horizontal polarization
in the azimuthal plane with different values of l3 at 2.44 GHz. The inserted
panel is the perspective view of the probe-fed cavity.

O PTIMIZED D IMENSIONS (unit: mm)

As shown in Fig. 2, Sides 1–3 are utilized to construct a thin cavity
which provides horizontal polarization in the azimuthal plane. The
thin cavity has three open ends and generates equivalent magnetic
current in the aperture. Compared with previous omnidirectional
antennas, the thin cavity has smaller cross section in Side2 and it
is more suitable for low wind drag airborne applications. In order
to excite the thin cavity, a hybrid-feeding structure including an
inductive probe and a capacitive slot-coupled microstrip line is proposed. Moreover, as shown in Fig. 2(b), the slot-coupled microstrip
line is shorted by a via. For vertical polarization, a monopole at
Side4 is colocated with the thin cavity. The monopole is fed by
coplanar waveguide which is transformed from a microstrip line
by two vias, as shown in Fig. 2(b). By rotating the monopole
downward, the height of the whole antenna is reduced and a sabrelike structure is constructed. The detailed analysis about the rotation
will be presented later. The commercial software of Ansoft HFSS
is utilized to optimize the dimensions of the proposed antenna.
The detailed values of the parameters are listed in Table I. Both
of the thin cavity and monopole are feed by 50- microstrip line
through Port 1 and Port 2, respectively. The volume of the proposed
antenna is 42 × 29 × 9 mm3 , and once again, the sabre-like structure
is potential for low wind drag airborne applications.

between bandwidth and small cross section, the optimized value of l2
is 30 mm. Moreover, the variations of l1 and l2 have no obvious effect
on the gain variations in the azimuthal plane. The effect of l3 on gain
variations is shown in Fig. 3. When l3 increases from 7 to 11 mm,
gain variation increases and the omnidirectional characteristic of the
cavity deteriorates. On the other hand, as l3 decreases, the Q factor
of the cavity increases and the bandwidth decreases. So there is a
tradeoff between radiation property and bandwidth. We choose l3
as 9 mm and then the dimension of the thin cavity is determined.
B. Hybrid-Feeding Structure for the Thin Cavity
In order to excite the cavity, we try to use a simple probe feeding
method. Fig. 4 illustrates the simulated results of the probe-fed
cavity with different positions of the probe. As shown in Fig. 4,
l6 represents the location of the feeding probe, and the variation of l6
has little effect on radiation pattern of the thin cavity at 2.44 GHz.
However, as shown in Fig. 4(b), by tuning l6 , the thin cavity cannot
be successfully excited at the desired band of 2.4–2.48 GHz.
As shown in Fig. 5, we propose a hybrid-feeding structure for
the first time, including a capacitive slot-coupled microstrip line and
an inductive probe. Fig. 5(a) illustrates the geometry of the hybridfeeding cavity. The inductive feeding probe is connected with the
microstrip line, and a capacitive slot is introduced in Side2. One
end of the slot-coupled microstrip line is shorted by a metallic
via. Therefore, we use this capacitive slot-coupled microstrip line
to mitigate the previous mentioned mismatch issue. The width of
the microstrip line is w1 = 1.9 mm and the width of slot is
w2 = 2.4 mm. The parameter l7 represents the location of bending
structure, illustrating in Fig. 5(a). As shown in Fig. 5(b), by tuning l7 ,
the input impedance of Port 1 can successfully match at the desired
band of 2.4–2.48 GHz, and the optimized value of l7 is 23 mm.

A. Study of the Cavity for Horizontal Polarization
In the azimuthal plane, the horizontally polarized pattern is provided by the thin cavity. The dimension of the cavity is l1 × l2 × l3 .
The perspective view of the thin cavity is inserted in Fig. 3, and the
FR4 substrates are hidden for simplicity. According to the resonant
cavity theory, the parameter l1 determines the resonant frequency
of the thin cavity. The optimized value of l1 is 29 mm, which is
approximately a quarter of operating wavelength in the free space
(30.7 mm at 2.44 GHz). The parameter l2 can be tuned according to
the Q factor, bandwidth, and volume of the cavity. As l2 increases,
the Q factor of cavity decreases and bandwidth increases. But for the
airborne application, there is a requirement for small cross section in
Side2 which requires small value of l2 . For the tradeoff consideration

C. Study of the Monopole for Vertical Polarization
In the azimuthal plane, a monopole is colocated with the cavity
to provide vertical polarization and without obvious effect on the
performance of horizontal polarization. Fig. 2 illustrates the length
of the monopole is l4 = 24 mm, which is approximately a quarter of
operating wavelength at 2.44 GHz. In order to reduce the cross section
in Side2 of the dual-polarized antenna, the monopole is rotated
downward to design a sabre-like structure antenna. The perspective
view of the proposed antenna is inserted in Fig. 6. Fig. 6(a) illustrates
the parameter θ represents the rotation angle between the monopole
and the +z axis. Besides reducing height and cross section in
Side2 of the proposed antenna, Fig. 6(a) indicates that increasing
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Fig. 4. Simulated results of simple probe-fed cavity with different value of l6 .
(a) Normalized radiation patterns for horizontal polarization in the azimuthal
plane at 2.44 GHz. (b) Magnitude of the reflection coefficient. The inserted
panel is the perspective view of the probe-fed cavity.

Fig. 5. (a) Perspective view and expanded view of the thin cavity with
the hybrid-feeding structure. (b) Simulated |S11 | of the cavity with different
values of l7 .

θ can improve omnidirectional characteristic of vertical polarization
in the azimuthal plane with the effect of the thin cavity. However, as
shown in Fig. 6(b), as θ increasing from 30° to 75°, it is more and
more difficult to match the input impedance of the monopole at the
desired band of 2.4–2.48 GHz. The reason for the mismatch issue
is owing to the parasitic capacitive effect of cavity to the monopole.
Therefore, the optimized value of θ is chosen as 60° according to
the tradeoff consideration between the overall height of the structure
and impedance matching for vertical polarization.
Figs. 7 and 8 show the magnitude distributions of the surface
current at 2.44 GHz for horizontal polarization and vertical polarization, respectively. As shown in Fig. 7, a quarter-wavelength mode
with minimum current at the open aperture is observed in the
thin cavity at 2.44 GHz. These phenomena agree with the analysis
of l1 , which determines the resonant frequency of the thin cavity.
As shown in Fig. 8, the current distributions along the monopole have
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Fig. 6. Simulated results of the proposed antenna with different values of θ .
(a) Normalized radiation patterns for vertical polarization in the azimutha l
at 2.44 GHz. The inserted panel is the perspective view of the proposed
antenna. (b) Magnitude of the reflection coefficient.

Fig. 7. Complex magnitude of surface current distributions of the horizontal
polarization mode fed through Port 1 at 2.44 GHz. (a) Perspective view.
(b) Side view.

a current null at the top edge of Side4. The monopole is operating
at the quarter-wavelength mode. Importantly, these two modes can
be integrated in a compact structure with good isolation between
polarizations, due to nearly symmetrical position of the monopole.
III. M EASUREMENT R ESULTS
In order to verify the proposed design, a prototype antenna is
fabricated, as shown in Fig. 9. Ferrite rings are utilized to prevent
surface current on the feeding coaxial cables. Fig. 10 shows the
results of S-parameters, and good agreements are achieved between
simulation and measurement. The measured −10 dB impedance
bandwidths of S11 and S22 are 2.38–2.51 and 2.28–2.53 GHz,
respectively. The impedance bandwidth of both two ports covers the
desired band of 2.4–2.48 GHz. The measured isolation between two
feeding ports is lower than −16.2 dB. Comparing with the simulated
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Fig. 8. Complex magnitude of surface current distributions of the vertical
polarization mode fed through Port 2 at 2.44 GHz. (a) Perspective view.
(b) Side view.

Fig. 9.

Fig. 10.

Photograph of the proposed prototype antenna.

S-parameters of the proposed dual-polarized saber-like antenna.

isolation, the deteriorations of measured isolation are owing to the
manual fabrication errors.
The normalized radiation patterns of the proposed antenna at 2.4,
2.44, and 2.48 GHz (i.e., the lowest, center, and highest frequencies
in the required band) are illustrated in Fig. 11. Over the whole desired
band, the simulated gain variations i.e., the difference between the
maximum gain and the minimum gain, in the azimuthal plane, are
1.28 dB for horizontal polarization and 2.67 dB for vertical polarization. For measured results, the gain variations, in the azimuthal
plane, are 3.60 dB for horizontal polarization and 3.45 dB for
vertical polarization. For the edge frequencies, the gain variation
deteriorate approximate 1.2 dB, which are acceptable for practical application. The measured results confirm that omnidirectional
patterns are achieved for both polarizations in the azimuthal plane
(xoy plane) over the whole desired band. The difference between
the simulated and measured results contributes to the handmade
fabrication errors and the unwanted scattering from the feeding cables
in the measurement.
The comparison between simulated and measured efficiency
and peak gain is illustrated in Fig. 12. In the desired band
of 2.4–2.48 GHz, for the horizontal polarization (fed through Port 1),
the simulated gain is 0.05–0.54 dBi due to nearly isotropic radiation

Fig. 11.
Normalized radiation patterns of the proposed antenna
at (a) 2.4 GHz, (b) 2.44 GHz, and (c) 2.48 GHz.

pattern, and the measured gain is −0.93 to −0.10 dBi, agree well
with the simulation. For the vertical polarization (fed through Port 2),
the simulated and measured gain are 1.84–2.09 and 1.30–1.50 dBi,
respectively.
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Fig. 12. Efficiency and peak gain of the proposed dual-polarized saber-like
antenna.
TABLE II
Q UALITY C OMPARISONS

As an important merit of this communication, the small cross
section in front reduces the wind drag as the antenna mounting on
a drone or airplane. In the field of fluid dynamics, wind drag (or air
resistance) is a force acting opposite to the relative motion of any
object moving with respect to a surrounding fluid. Drag is a function
of cross section in Side2 given by [21]
1 2
(1)
ρv C D A
2
where FD is the drag force, ρ is the density of the fluid, v is the
speed of the object relative to the fluid, A is the cross section in front,
and C D is the drag coefficient (a dimensionless number). According
to (1), reducing cross section can decrease the wind drag. We compare
the cross section in Side2 of the proposed antenna with the cross
sections in front of [19] and [20], as listed in Table II. Compared
with [19] and [20], the proposed antenna is with 58% and 25%
reduced cross section in front, as an advantage of this communication.
FD =

IV. C ONCLUSION
In this communication, a dual-polarized sabre-like antenna is
proposed with omnidirectional patterns and low wind drag characteristic for airborne applications. The dual-polarized sabre-like
antenna utilizes a thin cavity to provide horizontal polarization and a
monopole to provide vertical polarization. A hybrid-feeding structure
is proposed for the first time for the impedance matching of the thin
cavity. The monopole is rotated downward to reduce the cross section
in front. The −10 dB impedance bandwidth of both polarizations
is able to cover the desired band of 2.4–2.48 GHz. The measured
gain variations in the azimuthal plane for both polarizations are
less than 3.6 dB. The whole volume of the sabre-like antenna is
42 × 29 × 9 mm3 (0.42λ0 × 0.24λ0 × 0.07λ0 , λ0 is the free-space
wavelength at 2.44 GHz), exhibiting potential ability to reduce wind
drag in airborne applications.
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