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Abstract
Two sets of feeding networks are usually needed to
achieve a dual-polarized high-gain planar antenna, not only
leading to a complicated conﬁguration but also to reduced
eﬃciency. A simple feed structure and strategy are therefore
in high demand for dual-polarized high-gain planar antennas.
Directed at this requirement, we ﬁrst present a series-fed
dual-polarized slot array with a single-layered substrate.
Two orthogonal magnetic-current arrays were positioned
at the opposite sides of a single-layered substrate, leading
to high gain and high port isolation. A novel scheme to
achieve dual-polarized, high-gain, and low-proﬁle antennas
using the higher-order-mode microstrip antenna was then
demonstrated. By loading half-wavelength slots at the
electric-ﬁeld nulls of a higher-order-mode microstrip
antenna, a multiple-element in-phase magnetic-current
array was constructed within a low-proﬁle cavity with a
simple feeding strategy. As a proof of the concept, two
dual-polarized high-gain microstrip magnetic-current
array antennas, utilizing the TM50 and TM90 modes of
a microstrip antenna were investigated. These magneticcurrent array antennas had the merits of having a low
proﬁle, simple feeding, and high isolation, promising a huge
potential in diversity and MIMO applications.

1. Introduction

F

ifth-generation (5G) communication has raised
increasing demands on the capacity, reliability, and
spectrum eﬃciency of wireless-communication systems
[1-3]. Under this scenario, antennas with dual-polarized
operation are drawing great interest, because of their
capability to boost the data transmission rate and to
better resist multipath fading via polarization diversity
[4]. Diﬀerent types of dual-polarized antennas have been
reported in the literature, including crossed dipoles [5-7],
magneto-electric dipoles [8-10], slot antennas [11, 12], and
microstrip antennas [13-17]. The key point to designing a
dual-polarized antenna lies in keeping high isolation between
the two excitation ports, which beneﬁts the polarization
purity. Another aspect favored by modern antenna systems is
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high-gain performance that can be employed to compensate
for path loss and add coverage range [17-22]. An antenna
with high directivity can also be employed in satellite-toground communications [23, 24] and radar systems [25].
Furthermore, in the emerging technique of massive MIMO,
a high-gain antenna array or lens serves the purpose of
directing the beam to diﬀerent sectors [26].
Nevertheless, there still remain great challenges
in realizing high-gain antennas with dual-polarization
operation. To a large extent, this stems from the high
insertion loss and prohibitive cost of the complex feeding
networks. Additionally, traditional schemes for arranging
the radiating apertures and feeding lines at diﬀerent layers
[27-30] inevitably yield high proﬁles and inconvenience
for integration with planar circuits. To address these thorny
problems, we suggest a new scheme [31-33]: magneticcurrent arrays, which oﬀer dual-polarized and high-gain
performance on single-layer substrates. In previous work
[32], two orthogonally placed E-shaped slot arrays were
series fed by coplanar waveguides connected to the same
ground, while in [33] and [34] the high-order mode of a
thin cavity was employed to excite the in-phase radiation of
a magnetic-current array. Decent isolation levels between
two polarizations were realized via the proper arrangement
of radiating elements or feed lines. With compact structures
and robust performance, the proposed magnetic-current
arrays may open a new horizon for dual-polarized and
high-gain antennas deployed in high-speed reliable wireless
communications.

2. Dual-Polarized MagneticCurrent Array Antenna Using
Series-Fed Slot Array
In this section, a dual-polarized slot antenna array
etched on only a single layer of substrate is described,
capable of being two-dimensionally scaled [32]. The
geometry of this array is shown in Figure 1a. Two identical
single-polarized slot arrays were arranged orthogonally on
two sides of the substrate layer, which are represented in the
ﬁgure by two diﬀerent colors. Each row of elements on the
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Figure 1a. A single-layer two-dimensional scalable dual-polarized series-fed slot array: the
geometry and detailed view of the proposed array.

Figure 1b. A single-layer two-dimensional
scalable dual-polarized series-fed slot array: a photograph of the proposed array.

Figure 1c. A single-layer two-dimensional scalable dual-polarized series-fed slot array: the
simulated and measured S parameters of the
proposed array.

Figure 1d. A single-layer two-dimensional scalable
dual-polarized series-fed slot array: the simulated
and measured normalized radiation pattern at
2.4 GHz.

horizontal polarized slot array was series-fed by coplanar
waveguide (CPW), and all the rows were excited by the
power divider. Perpendicularly, the vertical polarized array
was also series-fed using the same method. The unit cell of
the whole slot array is shown in the detail view of Figure 1a.
It was composed of slot elements, coplanar waveguide
feeds, and a coplanar waveguide-based crossover. The
half-wavelength slot element was grooved on the outer
conductor of the coplanar waveguide, which was designed
as an H-shaped slot due to size restrictions. Two adjacent
slot elements on the one side were at a distance of one
guided wavelength at 2.4 GHz. All elements could thus
be excited in-phase at 2.4 GHz, so that each group of slot
elements operated as a standing-wave array. This design
eliminated the open stop band and rejected the absorbing
loads at the end. At the intersection of two color areas, that
is, the front and back sides of the unit cell, four lines of
vias were designed to connect two sides of the substrate
board and to make all the slots equipotential. By using the

vias and the coplanar-waveguide-based crossover, the unit
cell a achieved lower reﬂection coeﬃcient ( S11 ), higher
transmission coeﬃcient ( S21 ), and better port isolation (
S31 and S41 ).
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To prove the proposed structure as shown in Figure 1b,
a 12-element slot array with a 3×2 element array for each
polarization was processed and measured. Figure 1c shows
the simulated and measured S parameters of the proposed
array, where Port 1 was excited and the other ports were
loaded. In the WLAN band, a reﬂection coeﬃcient lower
than 18 dB was achieved, with a transmission coeﬃcient
from 2.6 dB to 3.2 dB. Apart from this, the isolation
of all of the ports was lower than 20 dB in the frequency
band of 2.4 GHz to 2.48 GHz. To excite the proposed array,
a 1-to-2 divider was used to feed through Port 1 and Port 3.
The simulated and measured normalized radiation patterns
in the xoy-plane at 2.4 GHz are shown in Figure 1d, in which
bidirectional patterns were obtained with a sidelobe level
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Figure 2b. A sketch of sectional electric vector ﬁeld distribution
of the dual-mode stacked microstrip antenna as in [31] for the
antenna in Figure 2a.

Figure 2a. The proposed dual-polarized,
high-gain, and low-profile microstrip
antenna based on the hybridized higherorder TM 50 mode: a top view of the
structure and the geometry.

Figure 2c. A sketch of the electric vector ﬁeld distribution of the
proposed antenna shown in Figure 2a.

Figure 2d. The fabricated prototype and measured S
parameters for the antenna in Figure 2a.
lower than 10 dB. The radiation eﬃciency was 97.7%
that getting rid of the mismatch, which could be reduced
using a matching network. Compared with the structure
of a conventional of dual-polarized array, this design used
only one substrate board and coplanar-waveguide-based
crossovers for compact construction, and can be twodimensionally expanded without additional complexity.

3. Dual-Polarized MagneticCurrent Antenna Using the TM50
-Mode Microstrip Antenna
In this section, a higher-order TM50 mode was excited
to obtain a dual-polarized microstrip antenna with signiﬁcant
gain enhancement [33], especially when compared with
those conventional microstrip antennas operating at the
TM10 mode. The geometry of this antenna is shown
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Figure 2e. The simulated and measured eﬃciency and
gain of the two feeding ports for the antenna in Figure 2a.
in Figure 2a. It was composed of a pair of orthogonal
patches, four etched slots, and a single-layer grounded
substrate. The operating principle is described through
Figures 2b-2c. Because the dual-polarized antenna had a
symmetric structure, only the polarization along the y-axis
was analyzed as an example. Staring from a hybrid-mode
single-polarized stacked microstrip antenna, inspired from
the design concept in [31], the side view and a sketch of
the sectional electric vector ﬁeld distribution are shown in
Figure 2b. The lower patch operated in the TM50 mode, and
the upper suspended patch operated in the TM10 mode. It
can be seen from the E-ﬁeld distribution that the radiating
edges of the two patches had in-phase superposition, which
resulted in gain enhancement in the broadside direction. To
modify the dual-layer structure into a single-layer structure,
as shown in Figure 2c, two slots were etched on the lower
patch to replace two radiating magnetic-currents of the
upper patch, and a four-element in-phase single-polarized
magnetic-current array was achieved. In the proposed
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Figure 3a The proposed dual-polarized, high-gain,
and low-proﬁle magnetic-current array antenna
based on a TM 90 -mode microstrip antenna: the
general structure and working principles.

Figure 3c. The fabricated prototype and the measured
and simulated S parameters for the antenna in Figure 3a.
structure, a higher broadside gain was therefore realized by
combining the radiating ﬁelds of two slots and the TM50
-mode patch. The polarization along the z axis operated under
the same mechanism, and the dual-polarized antenna was
easily constructed by combining these two polarizations.
The proposed antenna was fabricated. Its top view
is shown in the inset of Figure 2, which also presents the
simulated and measured S parameters. Two polarizations
both achieved a 10 dB bandwidth of 5.88 GHz to
6.06 GHz, and obtain a good isolation of less than 14 dB.
As shown in Figure 2, it was observed that the measured
peak broadside gain of this antenna was 10.9 dBi, which is
much higher than that of conventional microstrip antennas.
Providing the merits of dual polarization, high broadside
gain, simple feeding, and a single-layer structure, the
proposed microstrip antenna using the slot-loaded TM50
mode has obvious potential applications in MIMO and 5G
communication systems.
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Figure 3b. The amplitude of the surface-current distribution for the antenna in Figure 3a.

Figure 3d. The measured and simulated gains and
eﬃciencies for the antenna in Figure 3a.

4. Dual-Polarized MagneticCurrent Array Using the TM90
-Mode Microstrip Antenna
In this section, a dual-polarized high-gain microstrip
magnetic-current array antenna based on the higher-order
TM90 mode is described [34]. Figure 3 shows the structure
of the proposed dual-polarized high-gain antenna fed by
two simple orthogonal diﬀerential ports. As can be seen in
Figure 3a, 3×4×2 slots were located at the maximum point
of the current on a patch antenna operating with the TM90
mode to achieve an in-phase 3×6 magnetic-current array for
single-polarized high-gain radiation. By rotating the slotted
patch 90° and combining together these two antennas, a
dual-polarized high-gain antenna could be constructed.
The antenna was fed by a simple feeding network with two
diﬀerential pairs. Each pair contained a Wilkinson power
divider and a microstrip delay line to generate two anti-phase
excitations. The operating principle could be explained
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through the current distribution shown in Figure 3b. Fed
by port 1, the patch was excited at its TM90 mode. At the
edges of the patch were the maximums of the electric ﬁelds,
and two equivalent magnetic currents were formed. 3×4
slots, each of a half wavelength, were located perpendicular
to the current at the nulls of electric ﬁelds, producing an
additional 12 magnetic currents. A 3×6 magnetic-current
array could therefore be excited by port 1, which was also
compliant with the vertical feeding situations.
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A prototype of the antenna was fabricated and
measured. A photo of this prototype and the measured
S parameters are depicted in Figure 3c, which shows
agreement with simulated results. The impedance
bandwidths of the two polarizations were from 12.38 GHz
to 12.72 GHz. The gain and eﬃciency of the antenna is
shown in Figure 3d. The maximum gain was 15.5 dBi at
12.52 GHz, and the radiation eﬃciency was above 90%
over the operating bands.

4. R. G. Vaughan, “Polarization diversity in mobile communications,” IEEE Trans. Veh. Technol., 39, 3, 1990,
pp. 177-186.

5. Conclusion
In this paper, two diﬀerent kinds of dual-polarized
high-gain low-proﬁle magnetic-current array antennas with
a simple feeding strategy have been presented. For the ﬁrst
kind, by positioning two sets of coplanar waveguide-fed slot
arrays orthogonally on opposite sides of a single substrate,
a 2×3×2-element dual-polarized magnetic-current array was
achieved with the merits of two-dimensional scalability,
a simple feed, a single substrate layer, and high isolation.
For the second kind, by loading half-wavelength slots on
the electric-ﬁeld nulls of a higher-order-mode microstrip
antenna, a multiple-element in-phase magnetic-current
array could be formed within a low-proﬁle cavity with
a simple feed and high isolation. As a validation for the
proposed method, a dual-polarized 2×4-element in-phase
magnetic-current array operating at 5.8 GHz was then
designed using a TM50 -mode microstrip antenna, with
the merits of a single feed, a single-layered conﬁguration,
and high isolation. The maximum gain reached 10.9 dBi
within a compact volume of 1.65 0 × 1.65 0 × 0.04 0 .
Last but not least, a dual-polarized 36-element (3×6×2)
magnetic-current array antenna with a simple diﬀerential
feed was experimentally implemented within a total size
of 2.92 0 × 2.92 0 × 0.085 0 . This antenna achieved
high isolation – better than 25 dB – and a maximum gain
of 15.5 dBi within an operating bandwidth of 12.39 GHz
to 12.68 GHz. In summary, these proposed antennas have
the advantages of a low proﬁle, a simple feed, and high
isolation, exhibiting promising applications in diversity
and MIMO systems, and in 5G communications.
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