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Communication
Dual-Polarized, High-Gain, and Low-Profile Magnetic Current Array Antenna
Yijing He , Yue Li , Wangyu Sun , and Zhijun Zhang
Abstract— In this communication, a dual-polarized 36-element
(3 × 6 × 2) magnetic current array antenna is designed without using
complex feeding network. Instead, a pair of differential feeds is adopted to
excite the overall dual-polarized array within a low profile. Such a simple
feeding strategy is achieved by using the TM90 mode of a microstrip
antenna, which is loaded by 3 × 4 identical half-wavelength slots for
each polarization. In this configuration, an in-phase 3 × 6 element singlepolarized magnetic current array is achieved for high gain, but with
narrow bandwidth due to the high-order mode. By trivially 90° rotating
and combining, the proposed dual-polarized, high-gain, and low-profile
magnetic current array is designed, constructed, and measured. Within a
total size of 2.92λ0 × 2.92λ0 × 0.085λ0 (λ0 is the free-space wavelength at
the center frequency), the measured maximum gain is 15.5 dBi, also with
the merits of low profile, low sidelobes, simple feeding, and high port
isolation, exhibiting promising usage in MIMO and diversity applications.
Index Terms— Differential feed, dual polarized antennas, magnetic
current array, microstrip antennas, TM90 mode.

I. I NTRODUCTION
High-gain antenna has been widely desirable and applied in various
modern wireless applications such as radar system, satellite communication, base station backhaul, and so on. To achieve high-gain
antenna, many methods and techniques have been developed [1]–[24].
For example, an optical approach has been utilized to achieve various
high-gain antennas such as reflector antenna (including reflected
array) [1]–[4] and lens antenna (including transmitted array) [5]–[8].
These antennas usually require externally positioned feed source with
a distance away from the radiating aperture. For designing a highgain antenna in a volume-limited or planar integrated system, planar
microstrip antenna array is often employed owing to its merits of
low profile, easy integration, and low cost [9]. Microstrip antenna
array usually needs complex feeding network to achieve excitations
for all radiating elements, such as series feed or parallel feed. Seriesfed network is suitable for the linear arranged microstrip antenna
array [10]–[14]. For 2-D array configuration, parallel-fed network
is often adopted [15]–[23], and the transmission losses must be
considered when the array scale is large, thus limiting the gain
improvement and decreasing the efficiency of the whole array.
Furthermore, dual-polarized property is usually required by highgain antenna array owing to the merits of enhancing spectrum
efficiency and increasing channel capacity [24]–[28]. The design
complexity of the dual-polarized feeding networks is also greatly
enhanced. The existing antenna array schemes achieving high gain
and dual polarizations are usually equipped with complex feeding
networks. It is a challenge to achieve high-gain and dual-polarized
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Fig. 1.
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General structure of the proposed dual-polarized magnetic current

microstrip antenna array by using a simple feeding structure, which
is the motivation of this communication.
Here, in this communication, we have proposed a high-gain, lowprofile, and dual-polarized microstrip magnetic current array antenna
with a pair of simple differential feeds. The simple feeding strategy
is achieved by utilizing the TM90 mode of a microstrip antenna.
Each polarization of the proposed antenna is loaded with 3 × 4
identical half-wavelength slots. By 90° rotation and combining, a
dual-polarized magnetic current array antenna can be realized with
the merits of high gain, low profile, simple feed, and high port
isolation.
II. A NTENNA D ESIGN
A. Antenna Configuration and Evolution
Fig. 1 shows the general structure of the proposed dual-polarized
magnetic current array antenna. Identical half-wavelength slots are
loaded on the patch with nearly half-wavelength spacing between
two adjacent elements. The proposed antenna is excited with a pair
of differential feeds which utilize two Wilkinson 3 dB power dividers.
The black arrows in Fig. 1 represent the 3 × 6 × 2 element equivalent
magnetic current array as the dual-polarized antenna. The proposed
antenna is fabricated using the standard PCB process. Taconic TLX-8
dielectric substrate is used with a relative permittivity of 2.55, loss
tangent of 0.002, and thickness of 1.524 mm. All the simulations of
this communication were performed using the Ansoft high-frequency
structure simulator.
The outstanding signature of the proposed antenna lies in that
it achieves high gain using simple differential feeds instead of the
complex and lossy feeding network in the conventional design.
Fig. 2 illustrates the design evolution of the dual-polarized magnetic
current array antenna, mainly containing three major steps. First,
by etching four identical half-wavelength slots on a TM90 -mode
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TABLE I
D IMENSIONS OF THE P ROPOSED A NTENNA 1 (U NIT: M ILLIMETERS )

Fig. 2.

Design evolution of the proposed magnetic current array antenna.

Fig. 4. Snapshot of electric vector field distribution on an ordinary microstrip
antenna operating at TM90 mode (The black dotted circles mark the locations
of the etched slots in Fig. 3).

Fig. 3. Geometry of single-polarized subarray (Ant 1 shown in Fig. 2)
operating at TM90 mode.

patch with nearly half-wavelength spacing, the electric fields on
these slots and the two radiating apertures of the patch will oscillate in phase within a single resonant cavity. The four radiating
slots and the two radiating apertures of the patch comprise a sixelement microstrip magnetic current array antenna illustrated as
Ant 1. Compared with conventional microstrip antenna operating
at fundamental mode, Ant 1 can achieve a gain enhancement in
broadside and simultaneously low sidelobes without using complex
feeding network. Then, the second step is aimed to design a singlepolarized antenna with further gain enhancement and simple feed
based on Ant 1. Creatively, through arranging three subarrays as
Ant 1 along the H-plane with spacing smaller than the width W1
of Ant 1, they can be merged into one complete patch structure with
single differential feed, as Ant 2. The final step achieves from the
single-polarized case to the dual-polarized case. As shown in Fig. 2,
by combining Ant 2 and its orthogonal one with a common center, a
dual-polarized antenna containing 36 magnetic currents is constructed
within a low profile.
B. Operating Principle
The operating principle and detailed geometry parameters of Ant 1,
Ant 2, and the proposed dual-polarized antenna are discussed here.
Fig. 3 presents the detailed structure of Ant 1, and Table I lists the
geometry parameters of Ant 1. Ant 1 is based on a conventional
microstrip antenna operating at TM90 mode. Fig. 4 shows the
snapshot of the vector electric field distribution on the conventional
microstrip antenna operating at TM90 mode. It can be observed that
the electric field direction is alternating, and nine nulls exit along
the y-direction of the patch. Then, four identical slots are etched
on the positions of electric field nulls of the patch, whose locations
are presented with four black circles. By these arrangements, strong
radiating fields are generated in-phase with the two edges of the patch.

Fig. 5. Geometry of single-polarized array (Ant 2 shown in Fig. 2) made of
three subarrays in Fig. 3 operating at TM90 mode.

Therefore, a six-element equivalent magnetic current array antenna
as Ant 1 in Fig. 3 can be constructed within a single cavity using
a single probe fed. The simple feeding structure benefits from the
high-order mode of the microstrip antenna.
Then, by merging three subarrays as Ant 1 along the H-plane
direction into one with identical array spacing d, Ant 2 in Fig. 5
can be constructed with differential feed. It should be noted that the
subarray spacing d between the three subarrays is slightly smaller
than the width W1 of Ant 1. The detailed parameters of Ant 2 are
presented in Table II. Although formed by three merged subarrays,
here, Ant 2 is still operating at TM90 mode. In addition, due to the
enlarged radiating aperture, the differential feeding technique must
be employed to guarantee the whole antenna can be excited with
near uniform-strength and in-phase property. Including the radiating
edges on both ends of patch, a 3×6 element single-polarized magnetic
current array antenna is formed with high gain and low sidelobes. The
black arrows in Fig. 5 represent the equivalent 3×6 magnetic currents
array. The simulated directivity of Ant 1 is shown in Fig. 6 with
the red curve. The maximum directivity of Ant 1 reaches 12.5 dBi
at 12.52 GHz. The black curve depicts the simulated directivity
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TABLE II
D IMENSIONS OF THE P ROPOSED A NTENNA 2 (U NIT: M ILLIMETERS )

Fig. 7. Detailed geometry of the proposed dual-polarized magnetic current
array antenna.

Fig. 6. Simulated directivity of the single-polarized microstrip antennas
shown in Figs. 3 and 5, respectively.
TABLE III
D IMENSIONS OF THE P ROPOSED D UAL -P OLARIZED
A NTENNA (U NIT: M ILLIMETERS )

Fig. 8. Complex electric current distribution of the proposed array when
only the horizontal differential ports are fed at 12.52 GHz.

of Ant 2 with the ideal nondispersive differential excitation. The
maximum value is 16.3 dBi at 12.52 GHz. Compared with Ant 1,
3.8 dB directivity enhancement is achieved for Ant 2.
Based on the proposed single-polarized magnetic current array as
Ant 2, a dual-polarized antenna can be developed by combining Ant 2
with its orthogonal one. The structure feasibility of the dual-polarized
antenna lies in that both the spacing between two neighboring slots
along the E-plane and H-plane directions are almost half-wavelength.
Moreover, due to space orthogonality, the operating modes of
the two polarizations of the antenna are almost independent with
each other, ensuring the low cross-polarization property. The detailed
structure and dimension of the proposed dual-polarized magnetic
current array antenna are shown in Fig. 7, and the parameters
listed in Table III. The complex current distribution in a whole
period at 12.52 GHz is presented in Fig. 8, obtained when only
the horizontal differential feeding port is fed. It can be observed
that nine electric current maximums, i.e., nine electric field nulls
exit along the horizontal direction, indicating the TM90 operating
mode. Strong current distributions with half-wavelength mode can
be clearly seen on all vertical slots. However, the horizontal slots are
with very weak current distributions, implying the cross-polarization
caused by these horizontal slots is small. This phenomenon explains
why the operating modes of the two polarizations can keep almost
independent though the two polarizations share the common structure.
The orthogonality of the operating modes can lead to the high port
isolation between the two polarizations.

Fig. 9 shows the perspective view of the final proposed dualpolarized magnetic current array antenna. The antenna contains two
layers of dielectric substrate, with the upper layer supporting the
radiating patch and the lower layer printed with two 3 dB Wilkinson
differential feeds. Microstrip delay line is used to produce the
antiphase excitation for each polarization. In addition, four metallic
pins are used to achieve the transition from the microstrip line to
the coaxial probe. The feeding positions of the four feeding probes
are rotationally symmetric about the center of the antenna. Four
circular clear holes with the diameter Dr = 2.0 mm are loaded
on the middle metallic ground plane for the electrical connection of
the four feeding pins from the lower feeding networks to the upper
radiating patch. The diameter of these clear holes has been optimized
to obtain good impedance matching. The lower substrate employs
Taconic TLX-8 dielectric substrate with relative permittivity of 2.55,
loss tangent of 0.002, and thickness of 0.508 mm. Fig. 10 presents
the detailed structure of the two 3 dB Wilkinson differential feeding
networks in the lower substrate. Here, two standard 100  resistors
are used to enhance the isolation between the differential feeding
probes and absorb the reflected power. Moreover, the two differential
feeding networks have identical quarter-wavelength impedance transformer structure. The 50  microstrip feeding lines have a chamfered
length of 1.3 mm, and the quarter-wavelength impedance transformers
have a chamfered length of 0.4 mm. The detailed parameters of the
two feeding networks are listed in Table IV.
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Fig. 9. Perspective view of the proposed dual-polarized magnetic current
array antenna with the differential feeding network.
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Fig. 12.

Simulated and measured S-parameters of the prototype in Fig. 11.

Fig. 13. Measured and simulated gain, and simulated radiation efficiency of
the prototype in Fig. 11.
TABLE IV
Fig. 10. Detailed parameters of the two 3 dB Wilkinson differential feeding
networks.

Fig. 11. (a) Top view and (b) bottom view of the fabricated prototype of
the proposed dual-polarized magnetic current array antenna.

III. E XPERIMENTAL R ESULTS
To validate the high-gain signature of the proposed dual-polarized
magnetic current array antenna, a prototype was fabricated and shown
in Fig. 11. Fig. 11(a) and (b) shows the top and the bottom view of the
fabricated prototype. Two 50  coaxial SMA connectors were used
to fed the two ports of the dual-polarized antenna. The S-parameters
were measured with a vector network analyzer (Agilent E5071B),

D IMENSIONS OF THE D IFFERENTIAL F EEDING
N ETWORKS (U NIT: M ILLIMETERS )

and the radiation patterns were measured in the far-field anechoic
chamber.
The simulated and measured S-parameters of the proposed dualpolarized microstrip magnetic current array antenna are shown
in Fig. 12. The simulated and measured results agree well with each
other, and the measured reflection coefficients of the two ports are
almost identical. The simulated −10 dB impedance bandwidth is from
12.38 to 12.72 GHz for both polarizations, and the measured one
ranges from 12.39 to 12.68 GHz. The measured isolation between
the two feeding ports almost keeps consistent with the simulated
one, remaining lower than −27 dB. The high isolation between the
two ports has verified the orthogonality of the two polarizations. The
slight difference between the simulated and experimental results may
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measured sidelobes are around −15 and −11 dB, respectively. The
cross-polarization level is 20 dB lower than the copolarization level
in the broadside. In addition, a size and performance comparison
between the proposed antenna and other previously reported highgain antennas using complex feeding networks is presented in Table V
to highlight the merits of the proposed design. The comparison is
performed in term of antenna structure, size, maximum gain, and
the ratio of gain to area (which reflects the utilization ratio of the
aperture). The effectiveness and scientificity of the gain to area have
been well summarized in [29]. Moreover, the size here only includes
the profile of antennas above the metallic reflector. It can be seen
that though the proposed antenna is with relatively narrow bandwidth
due to employing the higher order mode, it has the obvious higher
ratio of gain to area compared with other designs using complex
feeding networks. More importantly, the proposed antenna has the
simple feeding network, which is less lossy and easy to design. The
proposed method achieving high gain with simplified feeding network
may be extended to a larger scale. In addition, the proposed design
can be applied to dual-polarized operation with high isolation, which
becomes even more difficult to realize for other high-gain antenna
designs using complex feeding networks.
IV. C ONCLUSION

Fig. 14.
Simulated and measured normalized radiation patterns of the
proposed dual-polarized array fed through (a) Port 1 in xoz plane (b) Port 1
in xoy plane (c) Port 2 in xoy plane (d) Port 2 in xoz plane at 12.52 GHz.
TABLE V
C OMPARISONS B ETWEEN P ROPOSED D ESIGN AND R EPORTED W ORKS

This communication presents a high-gain, low-profile, and dualpolarized microstrip magnetic current array antenna. The main contribution of this communication is to achieve a high-gain (e.g., 15.5 dBi)
magnetic current array antenna using simple differential feed. The
novelty of such magnetic current array is using the slot-loaded TM90
mode of microstrip antenna and expanded into the dual-polarized
configurations. By properly arranged the loaded slots, high ports
isolation and low cross-polarization are achieved within a relatively
low profile of 0.085 free-space wavelength at the center frequency,
but with a narrow impedance bandwidth of 12.39 ∼ 12.68 GHz. The
proposed dual-polarized antenna exhibits promising usage in MIMO
and diversity systems.
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