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ABSTRACT This paper presents a low-profile magneto-electric (ME) dipole antenna with an enhanced
impedance bandwidth realized by the loading of shorting parasitic elements. The antenna contains a
horizontal planar electric dipole antenna, a I'-shaped shorted patch antenna, a pair of parasitic L-shaped
shorted patches, and a direct feed. By loading of the parasitic L-shaped patches such that they are shorted to
the ground, the proposed antenna attains a significant bandwidth enhancement while maintaining excellent
broadside radiation characteristics. An antenna prototype with a low profile of only 0.11X( was fabricated and
tested (¢ is the free-space wavelength referring to the center frequency). The antenna achieves a measured
impedance bandwidth of 75.64% (1.34-2.97 GHz) for a voltage standing wave ratio (VSWR) of less than 2.
Within the operating band, the measured gain ranges from 6.23 to 8.49 dBi. Additionally, stable radiation
patterns on both E- and H-planes with a high front-to-back ratio of more than 20.5 dB are achieved.

INDEX TERMS Bandwidth enhancement, low profile, magneto-electric (ME) dipole, shorting parasitic

element, wideband.

I. INTRODUCTION

A magneto-electric (ME) dipole antenna is a type of comple-
mentary antenna that consists of an electric dipole (formed
by a horizontal planar half-wave dipole) and a magnetic
dipole (formed by a vertical shorted quarter-wave patch)
placed orthogonally. It is common knowledge that the elec-
tric dipole antenna has a radiation pattern in the shape of a
Figure-8 on the E-plane and in the shape of a Figure-O on
the H-plane, whereas, the magnetic dipole has a Figure-O
radiation pattern on the E-plane and a Figure-8 radiation
pattern on the H-plane [1], [2]. Therefore, when these two
sources with equal amplitudes and phases are combined
and simultaneously excited, the resultant ME dipole antenna
exhibits identical and symmetrical radiation patterns on both
the E- and H-planes. Moreover, as the electric dipole mode
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and magnetic dipole mode operate in adjacent frequency
ranges, the ME dipole antenna achieves a wide impedance
bandwidth, a stable and high gain, low back radiation, and low
cross-polarization across the entire operating band [2], [3].
Given these excellent features, the ME dipole antenna has
been widely studied and applied in modern wireless commu-
nication systems, especially in wireless base stations [4]-[7].
The conventional ME dipole antenna as initially presented
in [8], however, is associated with the disadvantage of its
relatively high profile of around 0.251¢ (X is the free-space
wavelength at the center frequency), resulting in inconve-
nience in some practical applications. Therefore, designing a
wideband ME dipole antenna with a low profile has become
a major concern in recent years.

To reduce the height of the ME dipole antenna, several
techniques have been proposed [9]-[17]. By folding verti-
cal shorted quarter-wave patches into different shapes along
the z-axis [9], [10], the heights of the ME dipole antennas
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were decreased to 0.1731 and 0.169A(, while the impedance
bandwidths (IBW5s) in cases for which VSWR < 1.5 for these
antennas were 54.8% and 53.6%, respectively. A metamate-
rial loading technique was also introduced [11], helping to
reduce the volume of the ME dipole antenna effectively with-
out any degradation of the antenna performance, but its height
was still 0.1961¢ and its IBW for VSWR < 2 was 44.1%. An
ME dipole antenna with a height of 0.15A¢ was realized by
loading with a high-permittivity dielectric substrate instead
of an air substrate between two vertical shorted quarter-wave
patches [12], achieving an IBW of 48.7%. In other work [13],
by introducing an obtuse-triangular structure to act as a
magnetic dipole, the height of the ME dipole antenna was
reduced dramatically to 0.097X1p; however, the achievable
IBW of this antenna was also reduced to 28.2%. Several
low-profile substrate-integrated ME dipole antennas were
also investigated [14], [15]. In those studies, the correspond-
ing heights of these antennas were reduced to 0.111¢ and
0.08210. However, these antennas achieved the IBWs of less
than 20%. Recently, an ME dipole antenna with a low profile
of 0.116)¢ that utilizes a pair of I"-shaped shorted patches
was presented, reportedly showing an IBW of 43.6% [16]. In
another study [17], a defected ground structure was applied to
an ME dipole antenna in order to enhance its IBW to 86.9%,
but its height was increased to 0.23)¢. Clearly, it is very
challenging to design an ME dipole antenna that can achieve
a low-profile structure and a broad IBW simultaneously.

In this paper, a low-profile and broadband ME dipole
antenna loading with shorting parasitic elements is proposed
to address the above-mentioned problem. Based on the orig-
inal design as available in the literature [16], a pair of par-
asitic L-shaped shorted patches is introduced to broaden
the IBW significantly. The features of the proposed antenna
are initially investigated using the ANSYS HFSS full-wave
simulator and are validated experimentally through a fabri-
cated prototype. Reasonable agreement is observed between
the simulated and measured results. The measured IBW is
75.64% from 1.34 to 2.97 GHz with a maximum realized gain
of 8.49 dBi at 2.75 GHz. Compared to an earlier design [16],
the IBW of the proposed antenna is increased by a factor
of 1.7 from 43.6 to 75.64% while maintaining an antenna
profile of approximately 0.11X¢, hence achieving a wideband
and low-profile design. In addition, the antenna exhibits sta-
ble radiation patterns, high FBRs, and low-cross polarization
levels across the entire operating bandwidth.

The organization of this paper is as follows. Section II
presents the antenna configuration, design procedure, oper-
ating principle, and the parametric studies. In Section III,
the experimental results of the fabricated prototype are
summarized and described, followed by the conclusion in
Section V.

Il. ANTENNA DESIGN

A. ANTENNA CONFIGURATION

Figure 1 shows the configuration of the proposed ME dipole
antenna with detailed dimensions. All dimensions of the
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FIGURE 1. Configuration of the proposed low-profile wideband ME
dipole antenna. (a) Three-dimensional view. (b) Plan view. (c) Side view.

proposed antenna, as optimized in a simulation, are listed
in Table 1. The antenna consists of a pair of horizontal planar
patches, a pair of I'-shaped shorted patches, a pair of parasitic
L-shaped shorted patches, a direct feed, and a rectangular
ground plane. As shown in Figure 1, the two horizontal
planar patches together operate as an electric dipole, whereas
the open end at the center between the two vertical patches
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TABLE 1. Dimensions of the proposed ME dipole antenna.

Parameter W, Lg wo lo Wy
Value/mm 110 140 78 31.5 16.25
0.79X0 1.0X\o 0.56)\¢ 0.23)\¢ 0.12)¢
Parameter lp w1 wo w3 w g
Value/mm 100 32 40 29.5 3
0.72X0 0.22)9 0.29¢ 0.21)9 0.022)\o
Parameter s S0 S1 So ho
Value/mm 12.2 8.5 9.2 3 14
0.088)\g 0.061)¢ 0.066)\g 0.022)¢ 0.1X0
Parameter h1 ha t
11.7 14 1
Value/mm — 6e050 0.0 0.007X0

Ao is the free space wavelength at the center frequency of 2.155 GHz.

operates as a magnetic dipole. The vertical patch is folded into
a I'-shaped form, which effectively reduces the overall height
of the ME dipole [16]. The two parasitic L-shaped shorted
patches are symmetrically located on two sides of the ME
dipole antenna at a distance of s, from the horizontal planar
patches. Each parasitic L-shaped shorted patch consists of
one vertical rectangular plate and one horizontal rectangular
plate. To excite the antenna, a direct feed is employed. The
feed consists of a segment of 50-€2 coaxial cable and an air
microstrip line. The coaxial cable goes through the ground
plane and extends to one horizontal planar dipole. The outer
conductor of the coaxial cable is connected to both the
ground plane and one horizontal planar dipole. Meanwhile,
the inner conductor of the coaxial cable is elongated along the
+z-direction and is connected to one end of the horizontal air
microstrip line at a distance of ¢ from the horizontal planar
dipole. The air microstrip line extends along one arm of the
planar dipole, across the center gap, and then folds to connect
to the other dipole arm directly. This feeding structure makes
the antenna direct current (dc) grounded, which satisfies the
requirement in some practical applications, such as the design
of antennas for outdoor environment. The width of the feed
line portion at the center is widened for better impedance
matching.

B. OPERATING PRINCIPLE

The effect of the parasitic L-shaped shorted patches on the
antenna performance is investigated. Figure 2 shows a com-
parison of the simulated VSWRs and input impedances of
an antenna with parasitic L-shaped shorted patches (pro-
posed antenna) and an antenna without parasitic L-shaped
shorted patches (reference antenna). As shown in Figure 2(a),
the reference antenna has an IBW (for VSWR < 2) of only
39.14% (1.87-2.78 GHz). Meanwhile, upon loading with
parasitic L-shaped shorted patches, the impedance matching
of the proposed antenna is significantly broadened, resulting
in a broad IBW of 76.15% (1.35-3.01 GHz). An increase of
approximately 1.9 times in the IBW is achieved by simply
loading the parasitic L-shaped shorted patches. In addition,
the starting operating frequency is significantly reduced from
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FIGURE 2. Effect of parasitic L-shaped shorted patches on the antenna
performance. (a) VSWRs. (b) Input impedances.

1.87 GHz in the reference antenna to 1.35 GHz in the pro-
posed antenna, indicating that a significant size reduction
can also be achieved. To illustrate the inner resonance char-
acteristics more clearly, Figure 2(b) presents the simulated
input impedances of the two antennas. It can be observed that
the parasitic L-shaped shorted patches contribute to attaining
resonance in the lower frequency range. This additional struc-
ture introduces an equivalent inductive reactance load, which
counteracts the large capacitive reactance in the reference
antenna at frequencies below its operating band. Moreover,
the input resistance of the proposed antenna at low band
increases to nearly 50-Q2. As a result, the proposed antenna
achieves good impedance matching over a wider frequency
range.

To clearly explain how the lowest resonance at 1.4 GHz
is generated, we studied the E-field distribution of the
proposed antenna. The simulated E-field distribution at
1.4 GHz in the y-z cutting plane is shown in Figure 3. As
observed, the E-field densities are mainly concentrated on
two gaps between the horizontal planar dipole and the par-
asitic L-shaped shorted patches, thereby, the radiation at the
lowest resonant frequency of 1.4 GHz is mainly from these
two gaps. In addition, the E-field vectors on two gaps are in
the same direction, hence producing the broadside radiation.
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FIGURE 3. Simulated E-field distribution in the y-z cutting plane at
1.4 GHz.
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FIGURE 4. Current distributions of the proposed ME dipole antenna at
different times.

As shown in Figure 4, the time-varying current distribu-
tions at 2.2 GHz are investigated to explain the working
principle of the proposed ME dipole antenna. At time ¢ =
0, the horizontal currents on two horizontal planar dipole
arms dominate and are in one direction, while the vertical
currents on two ['-shaped shorted patches are minimized.
Accordingly, the y-directional electric dipole mode is mainly
excited at r = 0. Attime t = T/4, where T is a period of time,
the horizontal currents on two horizontal planar dipole arms
become weak, while the vertical currents on two I'-shaped
shorted patches become strong and are in opposite directions.
Therefore, the x-directional magnetic dipole mode is strongly
excited at t = T/4. At time t = T/2, the electric dipole mode
is mainly excited again with the current direction is opposite
to that of the mode at r = 0. At time ¢ = 37/4, the magnetic
dipole mode is strongly excited again with the current direc-
tion opposite to that of the mode at t = T'/4. Therefore, it can
be concluded that a typical ME dipole antenna is established.

C. PARAMETRIC STUDIES

To understand how the parasitic L-shaped shorted patch
affects the performance of the antenna, a parametric study
was conducted. Three parameters are selected for the para-
metric study: the gap s, between the parasitic L-shaped
shorted patch and the horizontal planar dipole, the length of
the parasitic L-shaped shorted patch /,, and the height of
the parasitic L-shaped shorted patch h;. As one parameter
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FIGURE 5. Simulated VSWRs and gains versus the frequency with
different s, values.

is investigated, the others are assigned with the optimized
values reported in Table 1.

Figure 5 shows the effect of the gap s, on the VSWR and
the gain performance. Figure 4 shows the effect of the gap
s2 on the VSWR and the gain performance. As observed
from this figure, the gap s, determines both the frequency of
the first resonance and the antenna gain. When s, decreases,
the first resonant point moves toward a lower frequency and
the antenna gain is also reduced. However, the VSWR at
frequency of approximately 1.6 GHz exceeds 2 and the IBW
splits when s; is decreased to less than 1.5 mm. Thus, 55 =
3.0 mm is finally selected for a wider IBW and better in-band
matching.

Figure 6 demonstrates the effect of the width w, on the
VSWR and the gain performance. It is found that as w),
increases, the IBW reduces and slightly moves to lower fre-
quency range. The starting operating frequency also slightly
shifts to a lower frequency and the gain at high frequencies
decreases when increasing wy,. Therefore, considering the
tradeoff of the wide IBW and reduction of the starting operat-
ing frequency, the value of w), is finally chosen as 16.25 mm.

Figure 7 depicts the VSWR and gain with different values
of [,. When increasing /,, the IBW is slightly extended to a
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FIGURE 6. Simulated VSWRs and gains versus the frequency with
different wp values.
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FIGURE 7. Simulated VSWRs and gains versus the frequency with
different Ip values.

higher frequency and the gain in the middle frequencies is
slightly increased. However, at frequencies above 3.0 GHz,
the gain drops dramatically as [, is increased to more than
100 mm. This occurs because these frequencies are more
than twice the first resonance frequency, meaning that the
higher order mode becomes the dominant mode, resulting in
an increase of the cross-polarization level. Considering the
wide IBW and good gain within the entire operating band,
the optimal value of , is set to 100 mm.

The variations of the VSWR and gain with different val-
ues of hy are illustrated in Figure 8. It is found that as Ay
increases, the first resonance shifts to a lower frequency and
the gain decreases slightly. Meanwhile, there is little effect
on the second and third resonances. To achieve the widest
IBW, the value of A; is finally optimized to 14 mm, which is
also equal to the height i of the proposed ME dipole antenna,
hence maintaining the low profile characteristic.
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FIGURE 8. Simulated VSWRs and gains versus the frequency with
different h, values.

Ill. EXPERIMENTAL RESULTS AND DISCUSSION

Based on the optimized design parameters listed in Table 1,
a prototype of the antenna was built to verify the pro-
posed design. Figure 9 shows a photograph of the fabricated
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FIGURE 10. Measurement setup in an anechoic chamber.

antenna. The ground plane and vertical walls are made of
aluminum with a thickness of 1 mm, while all other parts
except the connector are made of copper with a thickness
of 0.2 mm. Antenna components are combined using metal
screws to assemble the final structure. A semi-rigid cable is
used to realize the coaxial cable modeled in the simulation.
The fabricated antenna is 110 x 140 x 15.2 mm?3 in size,
corresponding to 0.79 x 1.0 x 0.11 Ao>. In the measurement,
the VSWR is determined by an Agilent 8510C vector net-
work analyzer, and the antenna gain and radiation patterns
are measured in a microwave anechoic chamber, as shown
in Figure 10.

Figure 11 shows a comparison between the simulated and
measured VSWRs. The measured IBW for VSWR < 2 is

6 ; ; ; ;
--- simulation
—— measurement
5 L 4
o 47
%)
> 3l
,
’
’
2

1.2 1.4 1.6 1.8 20 22 24 26 2.8 3.0 3.2
Frequency (GHz)

FIGURE 11. Measured and simulated VSWRs versus the frequency of the
proposed ME dipole antenna.
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FIGURE 12. Measured and simulated gains and total efficiencies versus
the frequency of the proposed ME dipole antenna.

TABLE 2. Measured 3-dB Beamwidth and front-to-back ratio (FBR).

3-dB Beamwidth

Frequency E-plane H-plane FBR (dB)
1.4 GHz 80° 87° 24.4
2.2 GHz 75° 87° 232
2.8 GHz 54° 53° 20.5

TABLE 3. Comparison between the proposed low-profile wideband ME
dipole antenna and existing designs.

. Bandwidth Profile Peak Gain
Ref. (%] [o/AL] (dBi] FBR [dB])
[11] 44.1 0.196/0.152 8.5 >15.3
[12] 48.7 0.15/0.113 8.6 >12.9
[13] 28.2 0.097/0.086 10.3 >13
[16] 43.6 0.116/0.091 9.6 >13
[17] 86.9 0.23/0.13 8.4 >10
[18] 52.7 0.084/0.062 8 >15.6
[19] 36 0.1/0.082 9.6 >20
[20] 24.5 0.06/0.053 7.8 >11
[21] 55 0.06/0.043 7 > 10
This 75.64 0.11/0.068 8.49 > 20.5
work

Ao is the wavelength at the center frequency of the IBW in free space.
A is the wavelength at the lowest frequency of the IBW in free space.

75.64% from 1.34 to 2.97 GHz. The simulated and mea-
sured gains and total efficiencies are given in Figure 12. As
observed from this figure, the measured gain of the antenna
exceeds 6.23 dBi across the entire operating frequency band
with a maximum measured gain of 8.49 dBi at 2.75 GHz.
The corresponding simulated gain is from 6.48 to 8.56 dBi.
Figure 12 also shows a comparison between the simulated and
measured total efficiencies. The average measured efficiency
of the antenna is approximately 85.7% in the bandwidth from
1.34 to 2.97 GHz.

Figure 13 plots the simulated and measured normalized
radiation patterns at 1.4, 2.2, and 2.9 GHz. Reasonable agree-
ment was noted between the simulated and measured results,
with some discrepancies mainly caused by fabrication imper-
fections and experimental tolerances. The antenna exhibits
good unidirectional radiation patterns. Almost equal radiation
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FIGURE 13. Simulated and measured normalized radiation patterns of the
proposed ME dipole antenna at (a) 1.4 GHz, (b) 2.2 GHz, and (c) 2.8 GHz.

patterns on the xz-plane (H-plane) and yz-plane (E-plane) are
achieved across the operating frequency band. The measured
cross-polarization level is below -21 dB over operational
frequency range. It should also be noted that the simulated
cross-polarization levels on the E-plane are less than -40 dB,
which cannot be illustrated in the graphs. Table 2 summarizes
the measured 3-dB beamwidth and front-to-back ratio (FBR).
As observed, the 3-dB beamwidth becomes narrower when
the frequency moves higher. The measured FBR is more than
23 dB at lower frequencies and drops slightly to 20.5 dB at
2.8 GHz.

A comprehensive comparison of the proposed low-profile
wideband ME antenna and typical examples in the literature
is carried out, with the results presented in Table 3. Compared
to previous ME dipole antennas [11]-[13], [16], the proposed
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antenna exhibits a much wider IBW and a higher FBR
while maintaining a very low profile of only 0.114(/0.068A .
Although one earlier design [17] has a wider IBW, its height
is nearly twice that of the proposed antenna. Compared to the
other low-profile wideband antennas, such as a slot-loaded
patch antenna [18], a slot-fed dipole-patch antenna [19],
a hybrid metasurface antenna [20], and a differentially-fed
patch antenna [21], the proposed antenna has the advan-
tages of wider IBW and higher FBR. In addition, the pro-
posed antenna also yields an acceptable gain for a common
low-profile wideband antenna.

IV. CONCLUSION

A bandwidth-enhanced low-profile ME dipole antenna was
presented in this paper. The proposed ME dipole antenna can
be considered as an upgraded design of an earlier antenna [16]
incorporated with a pair of parasitic L-shaped shorted patches
to broaden the operating bandwidth significantly. In order
to verify the performance of the antenna, a prototype was
designed, fabricated, and examined. The experimental results
demonstrated an impedance bandwidth of 75.64% from
1.34 to 2.97 GHz, a realized gain ranging from 6.23 to
8.49 dBi, a front-to-back ratio exceeding 20.5 dB, and stable
radiation patterns. Moreover, the antenna has a low profile
of only 0.11Ag. With these advantages and inherently dc
grounded property, the proposed wideband low-profile ME
dipole antenna is suitable to be used in outdoor environment.
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