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Abstract: This paper presents a broadband linearly polarized magneto-electric dipole antenna (MEDA) fed by a
microstrip line through an aperture-coupled slot. This antenna abandons the traditional rectangular electric
dipole patch and I'-shaped probe feed; instead, the proposed design utilizes a trapezoidal electric dipole plate
with arc-shaped slots and a vertical magnetic dipole plate to form the radiating structure. The antenna is excited
by a microstrip feedline and a rectangular coupling aperture etched on the substrate. This feeding structure
effectively improves the impedance matching and radiation characteristics, thereby significantly enhancing the
overall antenna performance. Simulation results indicate that the antenna's impedance bandwidth (|S;;|<-10 dB)
reaches 82.6% (2.89-6.96 GHz), with a maximum in-band gain of 9.49 dBi and a cross-polarization level below
-30 dB.
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1. Introduction

As a front-end core component of wireless communication systems, the performance of an antenna directly
affects the system's transmission efficiency and operational reliability. With the rapid development of wireless
communication technology, the demand for antennas with broad bandwidth and high gain has become
increasingly prominent, forming a key focus of current research.

To meet the critical performance requirement for high gain in modern communication systems, microstrip
patch antennas have been extensively studied. Utilizing a novel metamaterial region, reference [1] designed a
microstrip high-gain bow-tie antenna for H-band applications, achieving a peak gain of 10.21 dBi at 7.5 GHz,
demonstrating the potential of metamaterials for gain enhancement. By vertically embedding eight modified
peacelogo planar metamaterials (MPLPM) and two two-sided MPLPMs (TSMPLPM) into the azimuth plane of
a multiple-input multiple-output (MIMO) antenna, reference [2] achieved a return loss better than 10 dB over
the 34.5-45.5 GHz frequency band and a peak gain of 15.5 dBi at 40 GHz, representing a significant
improvement over the antenna structure without the metamaterial loading. Furthermore, reference [3] proposed
a compact, high-gain, high-isolation wideband MIMO antenna, which achieved a peak gain of 17.1 dBi and an
isolation of 36.7 dB through the use of a metamaterial superstrate and sidewall structures. However, such
metamaterial antennas exhibit a relatively limited impedance bandwidth, making it difficult to simultaneously
satisfy the performance requirements for both wide bandwidth and high gain.

Against this backdrop, magnetoelectric dipole antennas have demonstrated significant advantages. In 2006,
based on the complementary principle, K. M. Luk first proposed the magnetoelectric dipole antenna [4], which
achieved a 43.9% relative impedance bandwidth and possesses notable advantages such as wide impedance

Copyright ©2025 Xinyi Li, et al.

DO https://doi.org/10.64897/ieet.2025v1i1.003

This is an open-access article distributed under a CC BY license
(Creative Commons Attribution 4.0 International License)
https://creativecommons.org/licenses/by/4.0/

Volume 1 Issue 1]2025| 31 Insights of Electrical Engineering and Technology



bandwidth, stable symmetric radiation patterns, and low cross-polarization, making it an ideal choice for new-
generation communication systems. In recent years, scholars worldwide have conducted multifaceted research
on magnetoelectric dipole antennas based on the complementary principle. Regarding low-profile design,
references [5-7] significantly reduced the antenna's profile height and expanded its application scenarios by
introducing folded vertical metal walls and improving the probe feeding structure. Reference [8] further
proposed a compact wideband dual-polarized MEDA, which employs cross-differential feeding and integrates
the radiating elements with the feeding network on a single metal layer, achieving a 39.4% impedance
bandwidth from 26.3 to 39.1 GHz, effectively addressing the issues of narrow bandwidth and integration
difficulties associated with traditional dual-polarized antennas in the millimeter-wave band. For bandwidth
extension, reference [9] etched C-shaped slots on the surface of the electric dipole metal patch, increasing the
antenna's impedance bandwidth to 55.4%; Reference [10] introduced a trapezoidal electric dipole structure and
replaced the conventional probe feeding with microstrip line aperture-coupled feeding, further improving the
antenna's bandwidth performance; Reference [11] embedded an improved feeding structure into the metal layer
of the printed circuit board, achieving a low profile and good impedance matching. Furthermore, references
[12,13] utilized the modes of dielectric resonators to equivalently function as magnetic and electric dipoles,
effectively reducing the antenna size. To enhance antenna gain, reference [14] loaded a director above the
magnetoelectric dipole antenna, increasing the maximum gain to 13.51 dBi; References [15-17] introduced
parasitic elements to simultaneously optimize both bandwidth and gain performance. In terms of array design
and MIMO applications, the magnetoelectric dipole antenna also demonstrates outstanding performance.
Reference [18] designed a 4x4 magnetoelectric dipole antenna array excited by a microstrip line feeding
network; this array achieved a 64.08% impedance bandwidth from 19.43 to 37.75 GHz, with a peak gain of up
to 15.76 dBi. Reference [19] developed a four-port MIMO antenna based on a sequentially rotated circularly
polarized array, achieving a 28.6% impedance bandwidth and a 21% axial ratio bandwidth, with a peak gain of
12.2 dBic, demonstrating promising application prospects in millimeter-wave communication systems. However,
most antennas in the aforementioned studies feature complex structures, high fabrication difficulty, and elevated
manufacturing costs, which limit their practical engineering applications.

To address the aforementioned issues, this paper undertakes multifaceted improvements and innovations
based on the MEDA with microstrip line aperture-coupled feed proposed in reference [20]. In contrast to the
rectangular electric dipole plate used in [20], this work employs a combined radiator structure comprising a
modified trapezoidal plate and a rectangular plate with arc-shaped slots. This novel geometry achieves superior
broadband performance and more stable radiation characteristics. Furthermore, the incorporation of a
rectangular reflector cavity enhances the antenna gain. The main contributions of this work are summarized as
follows:

1. A novel broadband linearly polarized MEDA is proposed, which utilizes a microstrip line aperture-coupled
feed mechanism. This design abandons the traditional I'-shaped probe feed and adopts a microstrip feedline
printed on a dielectric substrate, excited through a rectangular coupling slot. Despite its relatively simple
structure, the proposed antenna offers optimized impedance matching and radiation performance.

2. To improve impedance matching, a modified trapezoidal electric dipole plate with arc-shaped slots is
introduced to replace the conventional rectangular dipole. This modification effectively excites multiple
resonant modes, thereby broadening the impedance bandwidth, and also contributes to more stable gain and
lower cross-polarization levels.

3. The use of the low-loss Rogers 6002 substrate reduces overall loss and improves antenna efficiency. In
combination with the rectangular reflector cavity, this approach increases the overall gain by approximately
2 dBi, further enhancing the radiation performance.

2. Antenna Structure and Technical Description

As shown in Figure 1, the proposed broadband linearly polarized MEDA with microstrip slot-coupled feed
consists of three components: a dielectric substrate, rectangular reflecting cavity, and magneto-electric dipole
radiator. A square Rogers 6002 dielectric substrate with a dielectric constant of 2.94 and a loss tangent of 0.0012
was employed, with side length Gy, and thickness T. The upper surface of the substrate serves as ground plane,
containing a rectangular slot of length L, and width W3 centered along the X-axis. The feeding microstrip line is
attached to the substrate's bottom surface, extending from the edge to orthogonally intersect the slot, with length L,
and width W4. The rectangular reflecting cavity is fixed on the ground plane, constructed by four identical
rectangular metal plates with length Gy and axial height Gn. The magneto-electric dipole radiator comprises two
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identical radiating elements vertically placed on both sides of the ground plane's rectangular slot with symmetry,
spaced by distance Si. Each radiating element consists of a horizontally oriented trapezoidal metal plate and a
vertically placed rectangular metal plate, where the trapezoidal plate has upper base W, lower base W1, and height
L, with an arc-shaped slot of width S; removed at distance L from both ends of the lower base, dividing it into two

sections, while the rectangular plate has height H and width W>. The antenna's detailed dimensions are listed in
Table 1.

Rectangular Reflective Cavity
/ Radiator

(a) Three-dimensional view of the antenna

G,

(b) Bottom view of the antenna

G 1

(c) Front view of the antenna

Figure 1. Schematic diagram of the antenna structure

Table 1. Antenna Dimension Parameters

Parameters Go Gn Wi W2 W; Wy T
Value(mm) 80 20 40 34 0.8 1.8 0.762
Parameters L L L Ls Si Sa H
Value(mm) 15 49 39 6.065 3.65 2 14
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3. Antenna Design Process

As clearly illustrated in Figure 2, the design evolution of the proposed antenna is demonstrated.
The reflection coefficients and gain curves of three antenna prototypes are shown in Figure 3, where the
left vertical axis indicates reflection coefficient (S11) and the right axis represents antenna gain. Ant.1 is
a MEDA configuration comprising two trapezoidal electric dipole plates and two vertical magnetic
dipole plates, fed via microstrip aperture coupling, achieving 65.3% impedance bandwidth (|S;;|<-10
dB) from 3.51-6.91 GHz with peak in-band gain of 6.46 dBi. Ant.2 incorporates a rectangular reflecting
cavity based on Ant.1's design, As evidenced by Fig. 3's curves, the added reflecting cavity enables, an
enhanced 85.7% impedance bandwidth (|S;;|<-10 dB) spanning 2.78-6.95 GHz, with improved peak gain
of 9.43 dBi. Ant.3 modifies Ant.2's radiator by introducing a 2 mm arc-shaped slot on the trapezoidal
horizontal electric dipole, dividing it into two segments, achieving a final impedance bandwidth (|S;;|<-
10 dB) of 82.6% (2.89-6.96 GHz) with peak in-band gain of 9.49 dBi. The reflection coefficient and
gain curves in Fig. 3 demonstrate that this arc-slot introduction beneficially affects impedance matching,
while ensuring stable bandwidth and gain performance across the operating spectrum.

(a) Ant.1 (b) Ant.2 (c) Ant.3

Figure 2. Evolution of antenna design plot

25 3.0 35 40 45 50 55 60 65 7.0 75
Frequency(GHz)

Figure 3. Comparison of S1; and Gain for Three Antennas

4. Working Principle of The Proposed Antenna

Figure 4 shows the equivalent circuit of the magnetic dipole and electric dipole [21]. In this circuit,
an LC parallel circuit represents the magnetic dipole, while an LC series circuit represents the electric
dipole. From the perspective of the entire circuit, the synergistic interaction between the magnetic and
electric dipoles enables the antenna to achieve stable impedance matching over a broad frequency range,
thereby contributing to excellent broadband and high-gain performance.
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Electric Dipole

Figure 4. Equivalent circuit of the magnetoelectric dipole

Figure 5 illustrates the cavity magnetic dipole's electric field distribution and the radiator's
equivalent current distribution. Fig. 5(a) demonstrates that the cavity's electric field primarily distributes
along the y-axis direction. According to the equivalent current formula (1) in Reference [22]:

J,=-nxE (D

The equivalent magnetic current density J, of the open cavity is derived as shown in Figure 5Sb.
Figure 5b reveals that the magnetic current components along the z-axis exhibit opposite phases and
equal amplitudes, resulting in canceled radiation fields. When the cavity width S; is smaller than the
free-space wavelength &, (where A, corresponds to the center frequency), the cavity behaves as an

equivalent magnetic current source. The conduction current J. on the horizontal metal plate forms an
equivalent electric dipole, making this radiator a magneto-electric dipole structure.
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(a) Cavity Magnetic Dipole Electric Field Distribution (b) Radiator Equivalent Current Distribution

Figure 5. Cavity Magnetic Dipole Electric Field Distribution and Radiator Equivalent Current Distribution

At 4.9 GHz, the current distribution on the antenna radiator at different time instants within one
period is shown in Figure 6. At t=0, the horizontal current on the horizontal metal plate of the
magnetoelectric dipole radiator is predominantly in the -y direction, while the current on the vertical
rectangular metal plate is weak, indicating that the electric dipole mode is excited at this moment. At
t=T/4, the surface current on the horizontal metal plate of the magnetoelectric dipole radiator is weakest,
while the currents on the two vertical metal plates dominate and flow in opposite directions. These
currents, together with the ground plane they are attached to, form current loops equivalent to magnetic
dipoles, thereby exciting the magnetic dipole mode. At t=T/2, the electric dipole mode is excited again,
with the current direction mainly along the +y direction, opposite to the direction at t=0. At t=3T/4, the
magnetic dipole mode is excited again, with the current direction opposite to that at t=T/4. This
demonstrates that the magnetoelectric dipole radiator achieves radiation through the alternating
operation of both electric and magnetic dipole modes.
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Figure 6. Current distribution of the proposed antenna at different time instants within one cycle at 4.9 GHz

5. Key Parameter Study of The Antenna

To more clearly understand the antenna's operational states under parameter variations, parametric
scanning and analysis were conducted using the electromagnetic simulation software HFSS, by adjusting
these critical parameters, their impacts on antenna performance can be better understood.

Gn represents the height of the rectangular reflecting cavity, and its impact on antenna performance
is shown in Figure 7. The return loss curves demonstrate a low-frequency shifting trend as Gn increases,
though its influence on impedance bandwidth remains limited. Simultaneously, both low and high
frequency return loss curves elevate with larger Gn, ultimately causing the low-frequency reflection
coefficient to exceed -10 dB, indicating impedance mismatch. Therefore, Gy=20 mm is selected to
achieve optimal impedance matching.

W denotes the upper base length of the trapezoidal electric dipole plate, and Figure 8 illustrates its
impact on antenna performance. As shown, increasing W shifts the low-frequency portion of return loss
curves toward higher frequencies while moving the high-frequency portion toward lower frequencies,
resulting in gradual reduction of the impedance bandwidth. At W>=34 mm, the antenna achieves optimal
impedance bandwidth coverage across the entire frequency range. Therefore, W>=34 mm is selected to
maximize the impedance bandwidth.

Sz is the width of the arc-shaped slot removed from the trapezoidal electric dipole plate, and Figure
9 demonstrates its impact on antenna performance. As shown, the antenna's return loss curves exhibit a
trend of shifting toward higher frequencies with increasing S;. At S;=2 mm, the antenna achieves
relatively wide impedance bandwidth and excellent impedance matching across the entire band.
Therefore, S>=2 mm is selected based on comprehensive impedance matching evaluation.

Insights of Electrical Engineering and Technology 36 | Xinyi Li, et al



__30_

—4(0 4

25 3.0 35 40 45 50 55 60 65 70 75
Frequency(GHz)

Figure 7. Effect of Gn Variation on Antenna Performance
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Figure 8. Effect of W> Variation on Antenna Performance
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Figure 9. Effect of S; Variation on Antenna Performance

Volume 3 Issue 12024| 37 Insights of Electrical Engineering and Technology



6. Antenna Simulation Results

Figure 10 shows the simulated reflection coefficient and gain curves of the proposed antenna. To
comprehensively evaluate the antenna performance, this study employed two full-wave simulation
software, HFSS and CST, for collaborative verification and comparison. Regarding impedance
bandwidth, the HFSS simulation yielded an antenna impedance bandwidth (|S;;|<-10 dB) of 82.6% (2.89
-6.96 GHz), while the CST results showed an antenna impedance bandwidth (|S;;|<-10 dB) of 80.8%
(2.93-6.90 GHz). A minor discrepancy exists between the two in terms of impedance bandwidth,
primarily stemming from differences in discretization strategies and boundary condition handling
between the Finite Element Method (FEM) and the Finite Integration Technique (FIT) for broadband
simulations, yet they still demonstrate good consistency. Regarding gain performance, both software
simulations yielded an in-band maximum gain of 9.49 dBi, indicating highly consistent predictions of
radiation characteristics and further validating the effectiveness of the simulation models. Collectively,
the simulation data from HFSS and CST mutually support each other, indicating the reliability of the
antenna's broadband performance and radiation characteristics.

L10
Lo
105
=2
=
L2038
-30 —S1I(HFSS) 30
S11(CST)
——Gain(HFSS)
—40+ 2 Gain(CST) 40

25 3.0 35 40 45 50 55 60 65 7.0 75
Frequency(GHz)

Figure 10. Simulated reflection coefficient and gain curves

The radiation patterns at 3.9 GHz, 4.9 GHz and 5.9 GHz are presented in Figure 11. The E-plane
and H-plane radiation patterns exhibit excellent symmetry across the entire operating band, such
symmetry being a crucial figure-of-merit for magneto-electric dipole antenna designs, demonstrating
stable radiation performance at different frequencies. On the E-plane, the cross-polarization level at 4.9
GHz is below -35 dB, indicating excellent cross-polarization suppression. H-plane cross-polarization
remains below -30 dB across the band, reaching under -40 dB at 4.9 GHz, demonstrating minimal cross-
polarization that effectively reduces interference and enhances signal quality.

The performance comparison between the antenna proposed in this paper and published MEDAs is
shown in Table 2. Based on the traditional magnetoelectric dipole, reference [23] reduced the antenna
height and altered the current path by folding the radiating arms, while changing the feeding method to a
metal-embedded PCB structure. This design achieved a cross-polarization level of 40 dB, but its
impedance bandwidth was only 45% (1.7-2.7 GHz) with a maximum gain of 7.87 dBi, both lower than
the performance of the antenna proposed in this paper. Reference [24] increased the maximum gain to
13.51 dBi by loading a magnetoelectric dipole director above the MEDA, however its impedance
bandwidth (|S;;|<-10 dB) was only 29.21% (1.90-2.55 GHz), while also increasing the antenna profile
height, limiting practical application scenarios. Reference [25] reduced the antenna's profile height by
designing the horizontal patch into an E-shape and folding the vertical shorting patch, achieving a 66.7%
impedance bandwidth and 8.6 dBi peak gain, but both its bandwidth and gain performance are lower
than the antenna scheme proposed in this paper. Reference [26] employed a novel ridged waveguide
aperture-coupled feeding technique to excite the MEDA, achieving a 104% ultra-wideband impedance
bandwidth, but the antenna structure is relatively complex, difficult to fabricate, and has low gain,
making it hard to meet the high-gain requirements of modern communication systems. Reference [27]
constructed a 4x4 MEDA array using a three-layer segmented patch (SEP) structure and excited it
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through a microstrip line feed network, achieving a peak gain of 18.2 dBic. However, the impedance
bandwidth of this array antenna is only 36.1%, and it suffers from high cross-polarization issues. The
comparison results indicate that the antenna proposed in this paper can balance both impedance
bandwidth and gain-two key antenna performance metrics-while also offering the advantage of low
cross-polarization, making it better suited to meet the requirements of modern communication systems.
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Figure 11. Simulated radiation patterns of the antenna at 3.9 GHz, 4.9 GHz, and 5.9 GHz, including both

®— ¢o-polarization and ™~ - - cross-polarization components
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Table 2. The Antenna Proposed is Compared to Other Antennas

Ref. Imp. BW(%) Imp. BW(GHz) Size Maximum Gain Cross-pol
[23] 45 1.7-2.7 0.46 Lo x 0.3 ko % 0.057 o 7.87 dBi 40 dB
[24] 29.21 1.9-2.55 1.748 o x 1.748 ho % 0.775 ko 13.51 dBi 25 dB
[25] 66.7 1.8-3.6 \ 8.9 dBi 28 dB
[26] 104 1.99-6.14 1.12 ho % 1.12 A9 x0.76 Ao 7.5 dBi 20 dB
[27] 29.7 29.15-42.0 320%3.2h0%0.22 %o 18.2 dBic 15 dB
Prop. 82.6 2.89-6.96 1.31 2% 1.31 X0 %0.33 X0 9.49 dBi 30dB

7. Conclusion

This paper proposes a broadband linearly polarized MEDA fed by microstrip line aperture coupling.
Compared with traditional linearly polarized MEDAs, this antenna uses a trapezoidal electric dipole
metal plate with arc-shaped defects and a vertically placed magnetic dipole metal plate to form the
radiator, and employs microstrip line aperture coupling for feeding, demonstrating good integration
characteristics. Simulation results show that the proposed antenna achieves an impedance bandwidth
(IS111=-10 dB) of 82.6% (2.89-6.96 GHz), a peak gain of 9.49 dBi, and a cross-polarization level below -
30 dB. Furthermore, the antenna features a simple structure and flexible design, showing high
application potential in sub-6GHz band communication systems.
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