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ABSTRACT: This paper proposes a magneto-electric dipole antenna with broadband, good directivity, and high gain. By changing the
shape of the radiating patch and loading the T-slot to improve the impedance matching ability of the antenna, the bandwidth is effectively
expanded. Low cross-polarization and high gain are achieved by using a square metal reflective cavity and a hollow metal cylinder
loaded on top of the antenna. Test results show a relative impedance bandwidth (].S11| < —10dB) of 94.4% (1.32 GHz-3.68 GHz) with
a maximum gain of 10.7 dBi. The antenna has excellent performance and has applications in wireless communication systems.

1. INTRODUCTION

ith the increasing demand of 5G/6G communication
Wsystem, antenna is developing in the direction of wide
bandwidth, high gain, low cross-polarization, and low back-
radiation. In 2006, Luk and Wong proposed a magneto-electric
dipole antenna for the first time [1], and the relative band-
width reaches 43.8%, which can meet the requirements of
wireless communication systems and has good application
value. Broadband antenna can support more communication
frequency bands and higher data transmission rate, which
better supports the development of wireless communication
system.

Magneto-electric dipole antennas have received considerable
attention from the academic community due to their excellent
performance. To achieve a wider bandwidth, this is usually
achieved by changing the shape of the radiating patch, load-
ing parasitic cells, or changing the feed structure. For exam-
ple, by loading one or more slots in the electrical dipole surface
and using an inverted U-shaped feed line [2—4], the impedance
bandwidth is effectively increased by more than 15%. A dumb-
bell shape patch magneto-electric dipole replaces the traditional
rectangular antenna so changing it to a circular structure [5],
which makes the equivalent electrical length of the antenna
longer and effectively improves the impedance bandwidth of
the antenna (93.3%). Using a combination of equivalent mag-
netic and electrical dipole patches created by a bowtie patch an-
tenna [6], the impedance bandwidth is increased to over 60% by
adjusting the spacing or shape of the bowtie patches. In [7, 8],
the bandwidth is greatly increased by loading a bowtie slit in
the horizontal sheet metal. A new broadband directive antenna
consists of a bowtie patch antenna and a dipole [9, 10], where
the bandwidth of the antenna is extended to more than 80%
by adding a parasitic patch on top of the electric dipole patch.
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The impedance bandwidth is boosted by a rectangular elec-
tric dipole patch with a rectangular parasitic structure loaded
on a curved microstrip feed line [11], resulting in a relative
impedance bandwidth of 88% at reflection coefficients less than
—15dB. A relative impedance bandwidth of 75.9% is achieved
by exciting the antenna with a trident-type feed line in the case
of an asymmetrically structured electric dipole [12]. The use
of a low-loss printed ridge-gap waveguide feed network to ex-
cite magneto-electric dipoles achieves a wider bandwidth in the
high-frequency range from 30 GHz to 50 GHz and above [13—
16]. An ultra-wideband impedance matching method is pro-
vided by using a parallel double L-shaped differential feed
structure [17]: a rectangular cavity instead of a metallic ground
plane, achieving an impedance bandwidth of 111.4%. By us-
ing a coplanar waveguide with a parallel strapline transition as
a feed source [18], a magneto-electric dipole antenna with a
wide bandwidth in the millimeter-wave band is obtained, which
achieves a bandwidth of 75.76%. The above studies focus on
improving the impedance bandwidth of the magnetic dipole;
however, the antenna structure is more complex, and the gain is
decreased. Therefore, a better balance between bandwidth and
gain needs to be considered when broadband magneto-electric
dipole antennas are designed.

In order to solve these problems, this paper designs a sim-
ple broadband high gain magneto-electric dipole antenna. This
antenna introduces a simple defective ground structure on the
original vertical rectangular magnetic dipole patch and etches
a T-shaped slot on the horizontal patch. These improvements
enhance the radiation capability of the electric dipole and ex-
pand the bandwidth of the antenna. Meanwhile, the structural
design of square metal reflective cavity and hollow metal cylin-
der significantly improves the antenna gain, which makes the
antenna have a more stable radiation direction map, low cross-
polarization, as well as low back flap.
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FIGURE 1. Schematic diagram of magneto-dipole antenna structure. (a) 3D view. (b) Side view.

2. ANTENNA DESIGN

2.1. Antenna Structure

The structure of the antenna is shown in Fig. 1. It consists of
five main parts: horizontal patches, vertical patches, a I'-shaped
probe feed, a hollow metal cylinder, and a square metal reflec-
tive cavity. Horizontal patches are electric dipoles, and vertical
patches are magnetic dipoles.

Firstly, the rectangular electric dipole is designed as a trape-
zoidal structure with the lengths of the upper and lower bottom
edges as W and C, respectively. A T-slot of length L and width
St is etched on the trapezoidal patch. The magnetic dipole
patch has a height of ho and a width of W and introduces a
defect ground structure on the perpendicular magnetic dipole
patch [11]. In this way, two electric dipole patches are com-
bined with two perpendicular magnetic dipole patches to form
a complementary magneto-electric dipole antenna. Secondly,
a coaxial line combined with a I'-shaped probe feed is used for
feeding. The I'-shaped probe feed is divided into three parts.
The first part is connected to the coaxial wire probe to transmit
energy to the second part which is placed horizontally; the sec-
ond part couples the energy above the magneto-electric dipole;
and the third part is the end of the I'-shaped probe feed which is
parallel to the first part. Finally, four vertical rectangular metal
plates were used around the metal ground plane to form a square
metal reflective cavity, and a hollow metal cylinder was loaded
on top of the antenna. The four rectangular metal reflectors are
the same, with a side length of G, a wall height of h;, and
a thickness of 2 mm; the hollow metal cylinders have a height
of hy, an outer diameter of dy, and an inner diameter of ds.
The hollow metal cylinder is fixed directly above the antenna
with two brackets; the bracket is made of Teflon with a dielec-
tric constant of 2.1, a width of 4 mm, a length of 24 mm, and a

TABLE 1. Antenna geometry.

Parameters Gp L W «a b d g
Value/mm 180 27 55 9 8 15 2 4
Parameters hi1  h2 hs ha di do S
Value/mm 31 32 6 10 13 9 15

thickness of 1 mm. The hollow metal cylinder is at a height of
hs from the antenna. The specific dimensions of this antenna
are shown in Table 1.

2.2. Antenna Design Theory

A magneto-electric dipole antenna is a special antenna structure
that generates radiation through the current distribution on the
surface of the antenna element. Fig. 2 demonstrates the current
distribution on the surface of the horizontal trapezoidal electric
dipole and vertical magnetic dipole during one period of the an-
tenna. From Fig. 2, it can be seen that the surface currents of the
electric and magnetic dipoles are the strongest at t = 0 as well
ast = T/2; whent = T /4 as well as t = 3T'/4, the electric
and magnetic dipole surface currents become weak. It can be
seen that the electric and magnetic dipoles are excited simulta-
neously in one period [19], realizing the working principle of
the magneto-electric dipole antenna.

Similarly, the hollow metal cylinder is excited at the same
time as the magneto-electric dipole is excited at ¢ = 0 and
t =T/2. Att =0, an electric field is excited by the magneto-
electric dipole, and the energy is coupled to the hollow metal
cylinder. Thus, the hollow metal cylinder is excited. When
the frequency is close to the intrinsic frequency of the hollow
metal cylinder, the inner electro-magnetic field of the antenna
will resonate. It is shown that the loading of the hollow metal
cylinder enables the effective focusing of energy, which is di-
rected and concentrated along the Z axis. This focusing effect
enhances the gain, allowing it to achieve optimal impedance
matching and maximum impedance bandwidth.

Figure 3 shows the comparison of the bandwidths and gains
of the antenna with and without loading the hollow metal
cylinder. In the case of loading a hollow metal cylinder, the
gain is increased by 2-3 dBi at high frequency and low fre-
quency. Although the gain at the center frequency is decreased,
it also reaches more than 7.2 dBi, and the impedance band-
width reaches 98.4% (|.S11| < —10dB). On the contrary, the
bandwidth is only 31% (|.S1;| < —10dB) without the hollow
metal cylinder. The simulation results can verify that the hol-
low metal cylinder can increase the antenna gain in the oper-
ating band and can expand and stabilize the whole passband.
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FIGURE 3. Comparison of reflection coefficients and gains of antenna
with and without hollow metal cylinders loading.

2.3. Parametric Analysis

The dimensions of each part of the antenna are the main factors
that affect the performance of the antenna. In order to explore
the effect of each factor on the performance of the designed
antenna, the important factors are scanned, and the results of
the scanning are shown as follows.

L is the length of the slit parallel to the X axis, and the ef-
fect of L on the antenna performance is shown in Fig. 4. It
can be seen that when L = 20 mm, the low-frequency reso-
nance point moves toward higher frequencies. As the length
L increases, the low-frequency resonance point progressively
moves to lower frequencies, resulting in a wider bandwidth.
However, when L is equal to 30 mm, Sy; is up to —9dB at
2.5 GHz, resulting in a narrower impedance bandwidth for the
antenna. In order to realize good impedance matching, L =
27 mm is chosen.

~

0,(b)t=T/4,(c)t =T/2,(d)t = 3T /4.

S, is the width of the slit parallel to the Y axis, and the effect
of Sy, on the antenna performance is shown in Fig. 5. It can
be found that with the increase of S, the resonance point at
the high frequency will be shifted upward, and similarly, S,
is also worse. When S7, = 4 mm, the reflection coefficient is
the optimal performance at both the low-frequency and high-
frequency resonance points.

hs is the vertical height of the hollow metal cylinder from
the electric dipole patch, and the effect of h3 on the antenna
performance is shown in Fig. 6. It can be seen that no matter
hs is greater or less than 6 mm, the resonance point at the high
frequency moves to the low frequency, making the bandwidth
narrower. At the same time, the gain at the low frequency in
the band is slightly increased with the increase of h3. When
hs = 6 mm, antenna has the best results in the whole band.
Therefore, h3 = 6 mm is chosen to achieve high gain with good
impedance matching.

d is the outside diameter of the hollow metal cylinder, and
the effect of d; on the antenna performance is shown in Fig. 7.
The inside diameter remains unchanged when the outer diam-
eter is varied. It can be seen from Fig. 7 that the bandwidth
fluctuates as the outside diameter of the hollow metal cylin-
der increases, and both the high and low frequency resonance
points are shifted upward so that most of the frequency points
are greater than —10 dB. Meanwhile, the gain decreases with
the increase of d;. Therefore, d; = 13 mm is chosen to achieve
high gain with good impedance matching.

3. PROCESSING AND DISCUSSION

3.1. Antenna Processing

In order to verify the validity of the antenna design, a prototype
antenna is fabricated as shown in Fig. 8. The radiator of the
antenna (magneto-electric dipole patch) and the square reflec-
tive cavity are made of aluminum alloy of the same thickness
(2mm). The hollow metal cylinders are made of the same alu-
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FIGURE 4. Antenna reflection coefficient variation with L.
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FIGURE 6. Antenna reflection coefficient and gain variation with hs.

FIGURE 8. Antenna prototype.

minum alloy. The square reflective cavity is cut and bent from a
single aluminum plate to avoid the unevenness that may result
from the assembly of four sidewall reflectors. The magnetic
dipole patch is secured to the metal ground plane with 8 stain-
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FIGURE 5. Antenna reflection coefficient variation with Sp.
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FIGURE 7. Antenna reflection coefficient and gain variation with d; .

less steel screws. The hollow metal cylinder is on top of the
antenna and is glued to the Teflon mount. Four holes are made
on the surface of the two electric dipole patches, and two cylin-
ders with the diameter of 1 mm are located at the bottom of each
support; the cylinders of the supports are inserted into the holes
of the electric dipole patches and glued together.

3.2. Bandwidth and Gain

Figure 9 shows the reflection coefficient and gain curves of
the magneto-electric dipole antenna simulated and measured in
this paper. As shown in Fig. 9, the relative impedance band-
widths (]S1;1] < —10dB) of the antenna simulated and mea-
sured are 98.4% (1.21 GHz-3.55 GHz) and 94.4% (1.32 GHz-
3.68 GHz). The simulated and measured gains in the operat-
ing band are above 7.2 dBi and 7.9 dBi, and the peak gains are
11.39dBi and 10.7 dBi for simulation and measurement. The
measured relative bandwidth is slightly narrower than the sim-
ulated one, and the measured peak gain is 0.3 dBi smaller than
the simulated one, and these deviations are within the error tol-
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erance. These deviations are related to both the processing ac-
curacy of the antenna and the measurement error.

3.3. Radiation Efficiency

Figure 10 shows the radiation efficiency plot of the antenna.
It can be seen that the radiation efficiency of the antenna de-
signed in this paper stays above 0.9 throughout the passband
and is relatively stable, showing its excellent energy conver-
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FIGURE 9. Reflection coefficient and gain curves obtained from simu-

lation and measurement.
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sion efficiency and ensuring stable performance from low to
high frequency.

3.4. Radiation Pattern

Figure 11 shows the simulated and measured radiation direc-
tion plots of the proposed antenna at 1.3 GHz, 2.4 GHz, and
3.4 GHz. It is shown in Fig. 11 that the measured antenna ra-
diation direction plots are in high consistency with the sim-
ulation results. The E-plane and H-plane have good sym-
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FIGURE 10. Antenna radiation efficiency plot.
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TABLE 2. Comparison of important indicators.

Papers BW/GHz  Relative Bandwidth/%  Maximum Gain/dBi Size
[2] 2.45-3.92 46.2 10.19 1.39X0 * 1.23X0 * 0.079 X0
[5] 1.94-4.72 933 8.03 111X % 1.11 X % 0.3 )Xo
[20] 1.38-3.5 86.9 724+1.2 1.44X0 * 1.44 0 * 0.224 )¢
[21] 2.2-5.1 79 9 1.46X0 * 1.46 A0 * 0.21 )
[22] 1.85-3.65 65 6.28 NA
This work  1.32-3.68 94.4 10.7 1.4400 * 1.44) % 0.384 1o

* Ao is the wavelength at the center frequency in air

metry and no obvious distortion in the whole operating fre-
quency band. The measured and simulated cross-polarizations
at 1.3 GHz and 2.4 GHz are less than —30 dB, and the mea-
sured cross-polarization at 3.4 GHz is higher than that of the
simulation results, but it is still less than —20 dB. The above
results show that the antenna presented in this paper exhibits a
low cross-polarization and low back-flap unidirectional radia-
tion characteristic.

The main parameters such as relative bandwidth and gain of
the present antenna are compared with the 5 references shown
in Table 2. From Table 2, it can be seen that paper [2] has a
narrower bandwidth than the present antenna although the pro-
file height is smaller than the present antenna, and the relative
bandwidth is only 48.2%. The gain of paper [5] is 8.03 dBi,
which is lower than the gain of the present antenna, although it
has a smaller size and a relative bandwidth of more than 90%.
Compared to [20] and [21], where the dimensions are similar,
the present antenna not only improves the relative bandwidth
by more than 10%, but also improves the maximum gain by 1—
2 dBi. Paper [22] merely obtained a relative bandwidth of 65%
(1.85-3.65 GHz), which is about 30% lower than the present
antenna, and the maximum gain is lower than the present an-

tenna by about 4 dBi. In conclusion, the present antenna ex-
hibits a better performance in terms of bandwidth and gain.

4. CONCLUSION

In this paper, a broadband high-gain magneto-electric dipole
antenna is proposed, in which the bandwidth of the antenna is
improved by changing the shape of the magneto-electric dipole
and introducing a T-slot, and the gain in the frequency band is
sharply increased by introducing a square metal reflective cav-
ity and a hollow metal cylinder. The test results of the antenna
prototype show that the results of bandwidth and gain are basi-
cally consistent with the simulation data, and the impedance
bandwidth is about 94.4% when |S};| < —10dB; the gains
are all kept above 7.9 dBi, and the maximum gain in the band
reaches 10.7dBi. The antenna obtains symmetric and stable
radiation direction diagrams with low cross-polarization in the
operating band, which proves the validity of the antenna de-
sign. The magneto-electric dipole antenna has excellent perfor-
mances such as broadband, high gain, low cross-polarization,
and low back-flap, which is promising for application.
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