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ABSTRACT: This paper proposes a broadband dual-polarized (DP) magneto-electric dipole antenna (MEDA) loaded with parasitic ele-
ments. The antenna structure comprises a rectangular reflecting cavity, four corner-truncated and optimized horizontal electric dipoles,
eight vertically arranged magnetic dipoles, and four triangular parasitic elements embedded in the truncated corners of the electric dipoles.
An orthogonal Γ-shaped feeding network is employed to excite dual-polarized modes, ensuring stable bandwidth and gain performance.
Experimental measurements demonstrate an overlapping impedance bandwidth (|S11| and |S22| ≤ −10 dB) of 84.7% (1.92–4.74GHz)
for both ports, with an in-band peak gain of 11.69 dBi and port isolation exceeding 27 dB. This design provides a compact high-isolation
dual-polarized antenna solution for 5G multi-band communication systems.

1. INTRODUCTION

With the continuous development of wireless communi-
cation technology, higher demands are placed on high-

speed and high-capacity transmission. Dual-polarized anten-
nas, due to their orthogonal polarization characteristics, can ef-
fectively reduce multipath interference, improve channel ca-
pacity, and support multiple-input multiple-output (MIMO)
technology, leading to their widespread application in wireless
communication systems in recent years.
In 2006, an MEDA based on the complementary princi-

ple was designed [1]. This antenna used vertical metal plates
and horizontal radiating patches to form magnetic and electric
dipoles, respectively, and employed a Γ-shaped probe for cou-
pling feed. The radiation pattern of the electric dipole in such
antennas resembles the number “8” in the E-plane and the let-
ter “O” in the H-plane. Conversely, the magnetic dipole’s pat-
tern appears as the letter “O” in the E-plane and the number
“8” in the H-plane, demonstrating significant complementar-
ity in their radiation patterns. Additionally, these antennas ex-
hibit characteristics such as wide bandwidth, high gain, and low
cross-polarization levels. In 2008, a new variant of DP-MEDA
was introduced [2], which achieved an overlapping impedance
bandwidth of 65.9% across its two ports and amaximum gain of
9.5 dBi. With further research, scholars have conducted exten-
sive studies on low-profile, high-isolation, and wideband high-
gain DP-MEDAs. In [3], the impedance matching of an an-
tenna was enhanced by shaping an electric dipole into a bowtie
configuration. Ref. [4] utilized a small-gap equilateral triangu-
lar cavity as the magnetic dipole, leading to a lower antenna
profile. Ref. [5] designed a broadband high-isolation MEDA
using low-temperature co-fired ceramic technology, achieving
over 55 dB isolation by leveraging anti-phase coupling from the
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grounded feed slot to another excitation port. Ref. [6] achieved
a low profile of 0.1λ0 (λ0 is the free-space wavelength at the
center frequency) and 40% impedance bandwidth using multi-
layer dielectric integration and microstrip slot-coupled feeding
technology. Ref. [7] significantly enhanced the antenna gain
across the operating band by loading a director above the ra-
diator. Refs. [8, 9] optimized the feeding structure. Refs. [10–
13] introduced parasitic structures to achieve outstanding band-
width and gain. However, these antennas exhibit complex
structures, incur high manufacturing costs, and demonstrate
high sensitivity to environmental interference, making them
prone to interference from nearby metallic structures or other
wireless devices, which adversely affects their performance.
To address the aforementioned issues, this paper proposes a

wideband DP-MEDA loaded with parasitic elements. The an-
tenna features chamfered horizontal metal plates, and the width
of the vertical metal plates of the radiator is adjusted based on
the chamfer length. An orthogonal Γ-shaped feeding structure
is used to excite the antenna, and by incorporating triangular
parasitic elements, the design achieves stable bandwidth and
gain while maintaining a compact structure.

2. ANTENNA STRUCTURE AND DESCRIPTION
As shown in Figure 1, the proposed wideband DP-MEDA
loaded with parasitic elements consists of four parts: a rect-
angular reflecting cavity, a magneto-electric dipole radiator, an
orthogonal Γ-shaped probe feed, and parasitic elements. The
rectangular reflecting cavity has a length of Gb and height of
Gh. The orthogonal Γ-shaped probe feeding structure consists
of Probe 1 and Probe 2, orthogonally positioned at the center of
the rectangular reflecting cavity. The magneto-electric dipole
radiator consists of four identical radiating elements, which are
vertically placed around the orthogonal Γ-shaped probe feed,
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FIGURE 1. Schematic diagram of the antenna structure. (a) Three-dimensional view of the antenna; (b) Antenna top view; (c) Front view of the
antenna.

forming four pairs of 360◦ rotationally symmetric magneto-
electric dipole radiators. The distance among the four radiating
elements is P . Each radiating element comprises a horizontal
metal plate and two vertical rectangular metal plates. The rect-
angular plates are vertically aligned along the inner edges of
the horizontal plate. The horizontal plate, with both length and
width ofW1, is positioned at a heightH above the ground plane
of the rectangular reflecting cavity, with two isosceles right tri-
angles of side length L removed. The rectangular plates have
a width ofW2 and a height ofH . The parasitic unit consists of
four triangular metal plates with a base length ofW4 and height
of W3. These plates are centrally positioned within the cham-
fered gaps of the four horizontal electric dipole metal plates,
secured to the rectangular reflecting cavity via nylon screws at
a height H above the ground plane. Detailed antenna dimen-
sions are provided in Table 1.

TABLE 1. Antenna dimension parameters.

Parameters Gb Gh P Pd Ph PK W1

Value (mm) 142 30 6 16 9 4 21
Parameters W2 W3 W4 H h1 h2 L

Value (mm) 14 7 14 22 3 18 7

3. ANTENNA ANALYSIS

3.1. Antenna Design Process
As shown in Figure 2, the design evolution process of the
antenna proposed in this paper is illustrated. The reflection
coefficient and gain curves of the three antennas are shown
in Figure 3, where the left vertical axis represents the reflec-

FIGURE 2. Evolution of antenna design plot.

tion coefficient, and the right vertical axis represents the an-
tenna gain. Antenna 1 is a traditional DP-MEDA structure
with an impedance bandwidth (|S11| ≤ −10 dB) of 68.4%
(2.26–4.61GHz) and a maximum in-band gain of 10.74 dBi.
By chamfering the horizontal metal plate of the Antenna 1 ra-
diator and optimizing the width of the vertical metal plates ac-
cordingly, Antenna 2 was obtained. As shown in the reflec-
tion coefficient curve of Figure 3, Antenna 2 exhibits a reflec-
tion coefficient exceeding −10 dB in the mid-frequency band,
indicating impedance mismatch. Building upon Antenna 2’s
radiator configuration, Antenna 3 was developed by integrat-
ing triangular parasitic elements into the chamfered gaps of
the horizontal metal plates across four radiators. This antenna
achieves an impedance bandwidth (S11| ≤ −10 dB) of 85%
(1.95–4.83GHz) with a maximum in-band gain of 12.28 dBi.
The reflection coefficient and gain curves in Figure 3 demon-
strate that the introduction of the parasitic elements optimizes
the antenna’s impedance matching, achieving stable bandwidth
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FIGURE 3. Comparison of reflection coefficients and gains of three
antennas.

and gain within the operating frequency band, thereby endow-
ing the proposed antenna with excellent performance.

3.2. Working Principle of the Proposed Antenna
Figure 4 illustrates the equivalent circuit models of the mag-
netic dipole and electric dipole [14]. Herein, the parallel LC
circuit represents the magnetic dipole, while the series LC cir-
cuit corresponds to the electric dipole. When these two reso-
nant circuits are connected in parallel, the input admittance of
the equivalent circuit is given by Equation (1).

Yin =

[
1

Re
+

1

Rm

]
+ j

[(
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1
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)
1

R2
e

−
(
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where ω denotes the antenna’s operating frequency, when both
magnetic and electric dipoles achieve resonance at the same fre-
quency point, the resonant frequencies of the magnetic dipole’s
parallel oscillating circuit and electric dipole’s series oscillating
circuit become identical. This leads to the imaginary part of the
above equation being zero, yielding:

CeLe = CmLm (2)

R2
e =

Le

Cm
(3)

FIGURE 4. Equivalent circuit of magnetoelectric dipole.

From the perspective of the entire circuit, the synergistic in-
teraction between magnetic and electric dipoles enables the
antenna to exhibit stable equivalent impedance characteristics
over a broad frequency range, which contributes to achieving
exceptional bandwidth and gain performance. Under ideal res-
onance conditions, the imaginary component of the antenna’s
input admittance can be reduced to zero, indicating that the cir-
cuit has attained an optimal resonant state.
DP-MEDA is based on the orthogonal structure and electro-

magnetic complementary characteristics of electric dipole and
magnetic dipole. The electric dipole usually adopts a pair of
metal patches, forming dipole current distribution under excita-
tion, mainly producing directional electric field radiation, while
the magnetic dipole uses shorted metal walls or loop structures
to form magnetic current loops, producing magnetic field ra-
diation, whose electromagnetic complementary characteristics
make the E-plane and H-plane radiation patterns show good
symmetry. By orthogonally arranging two pairs of electric and
magnetic dipole structures and independently feeding them,
two orthogonally polarized radiation modes can be formed to
achieve the DP characteristics of the antenna.

FIGURE 5. Four-port network circuit of dual-polarized antenna.

Figure 5 shows the four-port network circuit of the DP an-
tenna. DP generally refers to two mutually orthogonal polar-
izations. The orthogonal radiation from the two ports of DP
can form multiple independent channels in communication, re-
ducing signal fading and increasing channel capacity. Port 1
in the figure represents radiation in one polarization direction,
while Port 3 represents radiation in the orthogonal direction to
this polarization. Port 2 represents radiation in another polar-
ization direction, and Port 4 represents radiation in the direction
orthogonal to this polarization. When the two feeding ports of
the DP antenna operate separately, S11 indicates the return loss
at one input port, and S22 indicates the return loss at the other
input port. These two parameters respectively represent the re-
turn loss between different ports. The isolation between the two
ports of the DP antenna is represented by S12 and S21.
At 3.3GHz, the simulated surface electric field distribution

of the antenna radiating patch is shown in Figure 6. Figure 6(a)
shows the surface electric field distribution when port 1 is ex-
cited, and Figure 6(b) shows the surface electric field distribu-
tionwhen port 2 is excited. FromFigure 6(a), it can be observed
that at t = 0, the current is mainly distributed along the edges
of the radiating patch slots in the X-axis direction, and at this
time the radiator operates in magnetic dipole mode; at t = T/4,
the electric field distribution is stronger across the entire radi-
ator surface, and at this time the radiator operates in electric
dipole mode. From Figure 6(b), it can be observed that under
port 2 excitation at t = 0, the electric field around the Y -axis di-
rectional slots on the radiator surface is very strong, indicating
magnetic dipole mode; at t = T/4, the electric field distribu-
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FIGURE 6. Surface electric field distribution simulated by antenna ra-
diation patch at 3.3GHz, (a) port 1; (b) port 2.

tion across the entire radiator surface becomes stronger, demon-
strating electric dipolemode. Therefore, this antenna can be ob-
served at both ports to alternately operate in two dipole modes
within each cycle, while maintaining a 90◦ phase difference ex-
citation, consistent with the complementary characteristics of
MEDA. Meanwhile, by loading triangular parasitic elements
at the gaps of the horizontal electric dipole metal plates, the
surface electric field distribution is optimized, reducing edge
current scattering loss and thereby improving antenna radiation
efficiency.

3.3. Key Parameter Study of the Antenna
To thoroughly analyze the impact of key antenna parameters on
its performance, this paper conducts detailed parameter scan-
ning using the electromagnetic simulation software HFSS. The
antenna employs an orthogonally placed Γ-shaped probe feed-
ing structure, with Port 1 and Port 2 exhibiting similar param-
eter characteristics. Therefore, this paper only presents the pa-
rameter scanning results for Port 1 operation, while the corre-
sponding results for Port 2 operation are not shown.
L represents the side length of the chamfered corner of the

horizontal metal plate in the proposed antenna radiator. The im-
pact of varyingL on antenna performance is shown in Figure 7.
From the reflection coefficient curves in the figure, it can be
observed that as L increases, the curves gradually shift toward
higher frequencies. When L = 8mm, the antenna exhibits
impedance mismatch around 3.5GHz. Therefore, considering
the overall impedance matching of the antenna, the best match-
ing effect is achieved at L = 7mm, with an impedance band-
width of up to 85%.
W3 represents the height of the triangular parasitic element

in the proposed antenna. Since the triangle is isosceles, both its
height and base length affect the reflection coefficient. How-
ever, since the base lengthW4 changes together with the height
W3, only the influence of W3 on the reflection coefficient is

FIGURE 7. The influence of parameter L on reflection coefficient.

FIGURE 8. The influence of parameterW3 on reflection coefficient.

shown here, as illustrated in Figure 8. From the reflection co-
efficient curves in the figure, it can be observed that as W3 in-
creases, the impedance bandwidth gradually decreases. It can
also be observed that the antenna exhibits a wider impedance
bandwidth whenW3 = 6mm. However, around the center fre-
quency of 3.3GHz, the antenna withW3 = 7mm demonstrates
better impedance matching across the entire operating band.
Therefore, considering both the impedance matching perfor-
mance and the practical fabrication of the antenna,W3 = 7mm
is selected.

4. ANTENNA FABRICATION AND MEASUREMENT
RESULTS

4.1. Antenna Fabrication
The proposed antenna model was fabricated using precision
machining, and its performance parameters were measured in
a microwave anechoic chamber. As shown in Figure 9, the
antenna prototype consists of a rectangular reflecting cavity,
a magneto-electric dipole radiator, and triangular parasitic el-
ements, all made of 2mm thick aluminum plates, while the
Γ-shaped probe is fabricated from 1mm thick copper sheets.
The triangular parasitic elements are secured to the rectangu-
lar reflecting cavity with 1.5mm radius nylon studs, and the
probe base is linked via an SMA connector, ensuring conve-
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FIGURE 9. Photograph of the antenna prototype. FIGURE 10. Photograph of microwave anechoic chamber measurement.

FIGURE 11. Simulated and measured S-parameter plots. FIGURE 12. Simulated and measured gain plots.

nient assembly and disassembly of the antenna components.
Figure 10 shows the antenna measurement in a microwave ane-
choic chamber.

4.2. Antenna Measurement Results

The measured and simulated results of the proposed antenna
are shown in Figure 11. The simulated impedance bandwidths
(|S11| and |S22| ≤ −10 dB) for the two ports are 85% (1.95–
4.83GHz) and 83.1% (1.95–4.72GHz), respectively. The mea-
sured impedance bandwidths (|S11| and |S22| ≤ −10 dB) are
86.9% (1.9–4.82GHz) and 84.7% (1.92–4.74GHz), respec-
tively. The overlapping bandwidths between measurement
and simulation are 84.7% (1.92–4.74GHz) and 83.1% (1.95–
4.72GHz), respectively. Across the operating frequency range,
the port isolation exceeds 27 dB. The measured and simulated
gains are shown in Figure 12. The measured peak gains for
the two ports are 11.69 dBi and 11.51 dBi, respectively. De-
spite limitations in machining precision, the measurement re-
sults demonstrate good agreement with simulations, indicating
practical applicability.
The measured and simulated radiation patterns at 2.6GHz,

3.3GHz, and 4.0GHz are shown in Figure 13. The mea-
sured and simulated radiation patterns demonstrate good agree-
ment, with both E-plane and H-plane patterns exhibiting ex-

cellent symmetry, aligning with the radiation characteristics
of MEDA. Within the operating frequency range, the mea-
sured and simulated front-to-back ratios of the proposed an-
tenna both exceed 20 dB. The cross-polarization levels in the
E-plane and H-plane are below −20 dB. Therefore, the pro-
posed dual-polarized antenna exhibits excellent radiation char-
acteristics.
A performance comparison between the proposed antenna

and previously published DP-MEDAs is presented in Table 2.
Ref. [15] achieved a low-profile design using composite dielec-
tric and metal patches, but the realized impedance bandwidth
is narrow. Moreover, the precise stacking structure of com-
posite dielectric and metal patches increases fabrication com-
plexity and production costs. Ref. [16] reduced electromag-
netic wave scattering and enhanced far-field radiation by opti-
mizing the magneto-electric dipole radiator structure and inte-
grating a rectangular reflecting cavity, achieving stable band-
width and gain. However, the dual-polarized antenna pro-
posed in this work demonstrates more competitive bandwidth
and gain performance. Ref. [17] introduced annular slots on
the ground plane to implement filtering functionality, reduc-
ing insertion loss and overall size. However, its peak gain of
merely 7 dBi fails tomeet the high-gain requirements ofmodern
communication systems. Ref. [18] introduced four symmetri-
cal rectangular slots to the traditional dual-polarized magneto-
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FIGURE 13. Simulated and measured radiation patterns of the antenna. (a) E-plane at 2.6GHz; (b)H-plane at 2.6GHz; (c) E-plane at 3.3GHz; (d)
H-plane at 3.3GHz; (e) E-plane at 4.0GHz; (f)H-plane at 4.0GHz.

electric dipole and improved the Γ-shaped probe structure to
make the antenna more compact. However, the complex radia-
tor and probe design increased the difficulty of mechanical fab-
rication. Ref. [19] optimized the traditional magneto-electric
dipole structure and incorporated parasitic elements, achieving
an impedance bandwidth of 101.7% and a high gain of 11.5 dBi.
However, the proposed antenna in this work demonstrates su-
perior frequency coverage and port isolation.

In summary, the proposed wideband DP-MEDA with par-
asitic elements demonstrates excellent performance, achieving
extended operating bandwidth while maintaining gain stability.
However, due to the small size of the parasitic elements, the re-
quired mechanical fabrication precision is increased. Further
research is needed to optimize the parasitic element structure
and reduce the antenna’s manufacturing complexity.
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TABLE 2. The antenna proposed is compared to other antennas.

Ref. Size (λ3
0) Frequency Band (GHz) Overlapped BW (%) Peak Gain (dBi) Isolation (dB)

[15] 0.61× 0.61× 0.09 3.3–4.0 19.2 7.5 −20

[16] 0.82× 0.82× 0.16 3.2–6.6 69 10.3 −25

[17] 1.02× 1.02× 0.27 1.55–3.54 78.03 7 −17

[18] 0.57× 0.57× 0.16 3.06–5.28 53.2 9.6 −22

[19] \ 1.18–3.62 101.7 12.5 −20

This work 1.56× 1.56× 0.33 1.92–4.74 84.7 11.69 −27

5. CONCLUSION
This paper proposes a wideband DP-MEDA with loaded para-
sitic elements. The DP antenna employs orthogonally arranged
Γ-shaped feeding structures to drive improvedmagneto-electric
dipole radiators integrated with parasitic elements, thereby at-
taining stable operational bandwidth and high port isolation.
Measurement results show that the overlapping impedance
bandwidth (|S11| and |S22| ≤ −10 dB) for both ports is 84.7%
(1.92–4.74GHz), with an in-band peak gain of 11.69 dBi and
port isolation greater than 27 dB. Therefore, this DP antenna
demonstrates promising application prospects in wireless com-
munications, radar systems, and satellite communications.
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