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Abstract: In this paper, a novel low-profile magnetoelectric (ME) dipole antenna with wideband is
presented. The conventional vertical fixing structure is bended four times from the center to the
sides. The Γ-shaped feeding structure is bended two times to lower the height of the antenna step
by step. The effect of three kinds of vertical wall is discussed to show their influence on boresight
gain. Through comparison, only one vertical wall is erected on the left side of the ground to decrease
the boresight gain drop at 2.2 GHz. Both simulation and analysis are made to sufficiently explain
the working principle. At last, the proposed ME dipole antenna has only 0.095λ0 (λ0 is the center
operating wavelength in free space) in height, and the wideband property is still maintained. By
simulation, the relative bandwidth for VSWR < 2.0 is 47.9% (from 1.35 to 2.2 GHz). The boresight gain
ranges from 8.1 to 9.6 dBi in the operating band. The measured relative bandwidth for VSWR < 2.0 is
50.3% (from 1.34 to 2.24 GHz), and the boresight gain ranges from 7.38 to 8.73 dBi. The gain drop on
boresight is less than 1.4 dBi. Radiation patterns show a unidirectional characteristic in the whole
operating band. Additionally, the cross-polarization level is less than −25 dB on boresight. The
simulating and measuring results agree well with each other. Therefore, the proposed antenna is
suitable for applications of limited height and wideband.

Keywords: low profile; wideband; ME dipole; multiple bending; unidirectional

1. Introduction

To meet the increasing requirement of wireless communication systems, wideband
equipment is widely designed and produced by suppliers. Traditional narrow band
antennas are no longer suitable for current wideband and ultra-wideband (UWB) wireless
applications [1]. Conventionally, two methods are adopted to satisfied the wideband
communication: the first one is to use multiple narrow band antennas that worked at
a continuous frequency band to realize a wideband operation. The second one is to
design a wideband antenna to cover the whole operating band. For the first method, the
multiple antennas will occupy much installation space, and lots of cables will be needed to
connect to the input port of each antenna element. This inevitably increases the complexity
of the whole system. Therefore, to adopt a wideband antenna to realize the wideband
communication is feasible and rational.

To save the installation space and decrease the wind drag, a low-profile antenna is
widely adopted in lot of scenarios, such as the surface of aircraft, vessel, building, and so
on. Up until now, lots of low-profile antennas were designed in the literature. In [2], an
ultralow-profile patch antenna was designed with only 0.01λ0 in height by using the slot-
loading technique. In [3–5], three kinds of metamaterial loaded methods were adopted to
realize a low profile. In [6], a filter antenna has a profile of 0.026λ0 but with single-frequency
point operation. Recently, a multimode technique was taken to broaden the bandwidth
of a low-profile antenna. In [7], with a profile of 0.07λ0, three modes (TM10, TM12, and
antiphase TM22) were excited simultaneously to realize a relative bandwidth of 26.2% for
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S11 < −15 dB. In [8], based on multiple mode partial aperture, a microstrip antenna is able
to work at the bandwidth of 57.3% with a profile of 0.044λ0.

In recent years, the ME dipole antenna, which was first proposed by Alvin Chlavin [9]
and developed by Luk [10], has attracted lots of research. This kind of antenna has the
advantages of wideband, stable unidirectional radiation, low front–back ratio, and equal E
and H planes [11–14]. To reduce the profile of the ME dipole, many methods were proposed
in the literature [15–19]. In [15], the author utilized an obtuse triangular structure to reduce
the antenna thickness to 0.097λ0, and an impedance bandwidth of 28.2% was achieved.
In [16], by using a pair of vertically oriented folded shorted patches, the antenna height is
reduced from 0.25λ0 to 0.116λ0. In [19], the magnetic dipole mode of ME dipole antenna
was formed by the slot-aperture between patches. Therefore, the height of the antenna can
be as low as 0.11λ0, and the impedance bandwidth is 27.6% for S11 < −15 dB.

In this paper, a novel wideband low-profile ME dipole antenna is presented. To
decrease the height of the traditional ME dipole, a multi-bending technique is introduced.
Both the fixing structure and Γ-shaped feeding structure are bended to lower the profile
step by step. Additionally, the effect of three kinds of vertical wall is discussed, and only
one vertical wall is erected on the left side of the ground to avoid the gain drop on boresight
at last. Finally, the total height of the proposed ME dipole antenna is only 0.095λ0, and the
measured relative bandwidth is up to 50.3%.

2. Technique and Geometry
2.1. Low-Profile Technique

Ahead of this design, four kinds of ME dipole antennas are depicted in Figure 1 to
show the current low-profile technique [15]. Antenna 1 is the traditional ME dipole with a
profile of 0.25λ0. For antenna 2, the vertical fixing structure is bended and the height can
be lowered to 0.2λ0. For antenna 3, an obtuse-triangular structure is introduced to lower
the antenna height to 0.16λ0. For antenna 4, the feeding line is moved to the outside of the
fixing structure, and the final height is 0.116λ0.

Figure 1. A depiction of the current low-profile techniques for an ME dipole antenna. (a) antenna 1;
(b) antenna 2; (c) antenna 3; (d) antenna 4.

2.2. Evolution of the Proposed Antenna

To demonstrate the current low-profile technique, an evolution of the proposed ME
dipole is depicted in Figure 2. Here, five evolution processes (type 1, type 2, type 3, type
4, and type 5, respectively) are depicted. Type 1 is the normal ME dipole designed by
Luk [10]. By bending the vertical portion of type 1, type 2 is obtained on the right-top in
Figure 2. Furtherly, type 3 and type 4 are formed by an oblique extension and a meandering
process for the bending portion of type 2, as shown on the left-center and right-center in
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Figure 2, respectively. Finally, the proposed antenna (type 5) is obtained through bending
the Γ-shaped feeding structure of type 4 to the right side.

Figure 2. The evolution of the proposed low-profile ME dipole.

2.3. Realization of the Proposed Low-Profile ME Dipole

In this part, the structure of the proposed low-profile ME dipole is presented. The
front view and top view are demonstrated in Figure 3a,b. As shown in Figure 3a, the
proposed ME dipole takes the multi-bending technique as presented in Figure 2. On the
one hand, the fixing structure (in blue) is bended from the center to the side four times
and erected on the ground. On the other hand, the traditional Γ-shaped feeding line is
bended two times to guarantee a good impedance matching to a 50 ohm coaxial line at a
low-frequency band. The feeding line passes through the bended fixing structure on the
right side by a rectangular slot, as depicted in Figure 3c. The detail of the feeding line is
shown in Figure 3d. Finally, a vertical wall with height H is erected on the left side of the
ground. The optimized sizes of the structure are listed in Table 1.

Figure 3. Cont.
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Figure 3. The structure of the proposed low-profile ME dipole. (a) Front view, (b) top view, (c) bended
fixing structure, (d) feeding line.

Table 1. Parameter size of the low-profile ME dipole antenna (unit: mm).

L0 L1 L2 L3 L4 L5 L6 W0 W1 W2

162
(0.97λ0)

52
(0.31λ0)

12
(0.07λ0)

20
(0.12λ0)

7
(0.04λ0)

23
(0.14λ0)

7
(0.04λ0)

140
(0.84λ0)

91
(0.54λ0)

32
(0.19λ0)

W3 W4 W5 T t t_0 H H0 H1 H2

22
(0.13λ0)

4
(0.02λ0)

10
(0.06λ0)

4
(0.02λ0)

6
(0.04λ0)

2
(0.01λ0)

16
(0.095λ0)

16
(0.095λ0)

13
(0.08λ0)

3
(0.018λ0)

a b Delta

20
(0.12λ0)

12
(0.07λ0)

3
(0.018λ0)

In this design, the electric dipole and the magnetic dipole is realized by the top hori-
zontal sheet and the space between the bended fixing structure and the ground, respectively.
The schematic diagram is demonstrated in Figure 4. The red arrow denotes an electric
dipole and the blue arrow denotes a magnetic dipole. The combination of the electric dipole
and magnetic dipole forms an ME dipole antenna.

Figure 4. The schematic diagram of electric dipole and magnetic dipole.
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3. Simulation, Comparison, and Analysis
3.1. VSWR for Different Evolutions

To show the low-profile property of the proposed ME dipole antenna, three types of
evolution antennas (ANT 1, ANT 2, and ANT 3) are simulated and compared in this part
and are shown in Figure 5. For the sake of fairness, all the antennas have the same height
(H0 = 16 mm) and are well optimized. As shown in Figure 5a, these antennas from top
to bottom correspond to type 2, type 4, and type 5 in Figure 2, respectively. The fixing
structure for ANT 1 is only bended one time. The fixing structure for ANT 2 is bended
four times. Both the fixing structure and Γ-shaped feeding line are bended for ANT 3.
The optimized VSWR for the above three antennas are depicted in Figure 5b and marked
by blue, black, and red, respectively. For ANT 1, the impedance bandwidth ranges from
2.25 to 3.3 GHz for VSWR < 2. For ANT 2, the impedance bandwidth ranges from 2.05
to 2.95 GHz. However, the optimized impedance bandwidth (VSWR < 2) ranges from
1.35 to 2.2 GHz for ANT 3. Furthermore, the impedance of above three antennas is also
plotted in Figure 5c for comparison. Obviously, ANT 1 has a small resistance in the band of
1.35–2.2 GHz. ANT 2 has a small resistance in the band of 1.35–1.8 GHz and has a large
resistance and reactance around 1.9 GHz. This leads to ANT 1 and ANT 2 being hard
to match a pure 50 Ohm resistance at the input port. Meanwhile, ANT 3 increases the
resistance and moderates the reactance by bending the feeding structure. It is seen that
the resistance and reactance of ANT 3 is around 50 Ohm and 0 Ohm, respectively, in the
band from 1.35 to 2.2 GHz. Therefore, ANT 3 can operate at a lower band and also keep the
wideband characteristic when compared with ANT 1 and ANT 2 after the evolution.

Figure 5. Cont.
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Figure 5. (a) The structure of ANT 1, ANT 2, and ANT3; (b) VSWR of ANT 1, ANT 2, and ANT3;
(c) impedance of ANT 1, ANT 2, and ANT 3.

3.2. Effect of Different Grounds

The antennas with three types of ground are discussed in this section. The first type
is the one with two symmetric vertical walls, as shown in Figure 6a. The second type
is shown in Figure 6b. This antenna has a flat ground. The third one is our proposed
antenna, which has only one vertical wall on the left side of the flat ground, as shown in
Figure 6c. The above three types of antennas are named antenna 1, antenna 2, and antenna
3, respectively. The simulated VSWR and boresight gain of them are depicted in Figure 6d
for comparison, simultaneously. Obviously, the impedance bandwidth (VSWR < 2) of
antenna 1 and antenna 2 ranges from 1.35 to 2.25 GHz (50%) and from 1.75 to 2.2 GHz
(22%), respectively. The boresight gain ranges from 6.6 to 9.7 dBi and from 9.04 to 9.6 dBi,
respectively. From the red curve in Figure 6d, it is seen that a significant drop on boresight
gain happens at 2.2 GHz for antenna 1. The frequency is at the upper side of the operating
band. Here, we point out that this drop at 2.2 GHz for antenna 1 is due to the maximum
radiation direction in E plane deviating from the boresight, as depicted in Figure 6e. The
angle of deviation is θ = 10◦. However, from the purple curve in Figure 6d, antenna 2 has
a good boresight gain without drop but a bad VSWR at the lower band. To maintain the
advantages of the impedance bandwidth of antenna 1 and the boresight gain of antenna
2 simultaneously, a method to erect only one vertical wall on the side of the ground is
taken. Firstly, a single vertical wall is erected on the right side of the ground. However, the
radiation field deviates from the boresight to the right side more seriously, as shown in
Figure 6f. At this step, the angle of deviation is up to θ = 21◦. Therefore, an idea of only
erecting a single vertical wall on the left side of the ground is adopted. As the radiation
field shows in Figure 6g, the maximum radiating direction is close to the boresight when
the single vertical wall was erected on the left side. The angle of deviation is θ = 4◦ at this
time. From the black curves in Figure 6d, the impedance bandwidth (VSWR < 2) of antenna
3 ranges from 1.35 to 2.2 GHz (47.9%) and the boresight gain ranges from 8.1 to 9.6 dBi.
As mentioned above, antenna 3 indeed keeps the bandwidth and avoids the gain drop of
antenna 1.
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Figure 6. Cont.
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Figure 6. The structure of the antenna with (a) two symmetric vertical walls; (b) only flat ground
plane; (c) one vertical wall; (d) the VSWR for different ground; (e) the radiating E field at 2.2 GHz for
antenna 1; (f) the radiating E field at 2.2 GHz for the antenna with the single vertical wall on the left
side; (g) the radiating E field at 2.2 GHz for antenna 3.

3.3. Working Mechanism

The working mechanism of the proposed antenna is analyzed by plotting the distribu-
tion of surface current. Here, it is pointed out that the proposed ME dipole antenna has its
ME mode at 1.4 GHz. Therefore, the surface current in one period (1T) is given at 1.4 GHz
and is shown in Figure 7. For simplicity, let t = 0 when the antenna is initially excited. As
shown in Figure 7a, the surface current on the whole antenna is very weak at t = 0 and
large current is just going through the feeding port to the antenna. However, the current
on the top sheet, the bended surface, and the ground between these bended surfaces are
strong at t = T/4, as shown in Figure 7b. The current flow is marked by a red arrow. At
t = T/2, the surface current is similar to the case at t = 0 except for a reverse current flow, as
shown in Figure 7c. At t = 3T/4, the current on the top sheet, the bended surface, and the
ground between these bended surfaces become strong again, as shown in Figure 7d. From
the principle of the ME dipole antenna shown in Figure 4, it is concluded that the electric
dipole and magnetic dipole work simultaneously at t = T/4 and 3T/4 while they do not
work at t = 0 and T/2.

Figure 7. Cont.
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Figure 7. The distribution of electric current in one period. (a) at t = 0, (b) at t = T/4, (c) at t = T/2,
(d) at t = 3T/4.

3.4. Parameter Analysis

To demonstrate the sensitivity of the structure parameters, four key parameters are
discussed in this section. Firstly, W3 is chosen and analyzed. As shown in Figure 8a, with
the decrease in W3 (meaning the slot on the bent structure is narrower), the VSWR on
the middle and upper band becomes larger, while it becomes better around 1.45 GHz.
As shown in Figure 8b, the operating band moves to a lower frequency slightly with the
increase in L2. The in-band matching becomes better when L2 ranges from 4 to 12 mm.
Therefore, L2 is a key parameter to make a fine tuning to the impedance matching in the
operating band. As shown in Figure 8c, the VSWR on the lower band becomes better
with the increase in a. However, the middle and upper bands deteriorate. As shown in
Figure 8d, with the increase in b, the VSWR on the lower band also becomes better while the
middle and upper bands deteriorate again. To compromise the low-profile characteristic
and wideband operation, these parameters of W3 = 22 mm, L2 = 12 mm, a = 20 mm, and
b = 12 mm are chosen for the proposed antenna.

Figure 8. Cont.



Electronics 2022, 11, 1156 10 of 14

Figure 8. The parameter analysis for (a) W3, (b) L2, (c) a, and (d) b.

4. Fabrication and Measurement

To validate the feasibility and correctness of the proposed low-profile ME dipole
antenna, a prototype has been fabricated and tested. The bended fixing structure and
ground were made of aluminum. The feeding structure and the top horizontal patch were
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made of a thin copper sheet. To prevent the waggle of the top patches (namely, the electric
dipole), two foams are adopted to support them. Finally, the prototype was tested in a
microwave chamber as a receiving antenna. An ultra-wideband ridged horn (working
from 500 MHz to 18 GHz) acted as a transmitting antenna, which directed to the receiving
antenna, as shown in Figure 9.

Figure 9. The measurement of proposed antenna.

The VSWR was tested by an Agilent vector network analyzer N5230A. Both simulated
and measured results are plotted in Figure 10 for comparison. Obviously, the tested
bandwidth for VSWR < 2 ranges from 1.34 to 2.24 GHz with a relative bandwidth of 50.3%.
Considering the center operating frequency of 1.79 GHz, the profile of the antenna is only
0.095λ0. In the impedance bandwidth, the tested boresight gain ranges from 7.38 to 8.73 dBi.
The gain drop in the whole band is less than 1.4 dB. Additionally, both simulated and
measured normalized radiation patterns are plotted in Figure 11 at 1.4 GHz, 1.8 GHz, and
2.2 GHz for comparison. The E plane and H plane are the xoz plane and yoz plane in
Figure 3, respectively. It is obvious that the radiation at the above three frequency points
maintains a unidirectional property, and the cross-polarization level on boresight is less
than −25 dB. Both tested and simulated patterns agree well with each other.

Figure 10. The comparison of simulated VSWR and boresight gain.
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Figure 11. The simulated and measured radiation patterns at (a) 1.4 GHz, (b) 1.8 GHz, (c) 2.2 GHz.

Finally, a performance comparison between the proposed ME dipole and other pub-
lished ME dipoles is listed in Table 2. For reference [10], which is the classical ME dipole
antenna, the profile is up to 0.25λ0 together with an average gain of 8 dBi. With the de-
velopment of different low-profile techniques, the profile can be reduced to 0.097λ0 in
reference [15]. However, the relative bandwidth is only 28.2%. In reference [17], the relative
bandwidth is up to 54.8%, while the profile is only 0.173λ0. In reference [19], the antenna
has a profile of 0.11λ0, but the bandwidth is only 27.6%. Among these ME dipole antennas
in Table 2, the one proposed in this work is a competitive candidate in low-profile and
wideband applications due to the thickness of 0.095λ0 and relative bandwidth of 50.3%.
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Table 2. The performance comparison between the proposed antenna and other ME dipoles.

Reference Profile Center
Frequency Bandwidth Average

Gain Gain Drop Lateral
Dimension

[10] 0.25λ0 2.37 GHz 43.8% 8 dBi 0.7 dBi 0.95λ0 × 0.95λ0

[13] 0.11λ0 5.495 GHz 18.74% 7 dBi 0.4 dBi 0.66λ0 × 0.66λ0

[15] 0.097λ0 1.945 GHz 28.2% 9.2 dBi 2.2 dBi 0.99λ0 × 0.99λ0

[16] 0.116λ0 2.315 GHz 43.6% 9 dBi 7.4 dBi 0.88λ0 × 0.88λ0

[17] 0.173λ0 2.59 GHz 54.8% 8.6 dBi 2 dBi 0.97λ0 × 0.97λ0

[18] 0.169λ0 1.68 GHz 45.6% 8.1 dBi 1.6 dBi 1.04λ0 × 1.04λ0

[19] 0.11λ0 3.75 GHz 27.6% 8.2 dBi 2.2 dBi 0.75λ0 × 0.75λ0

Proposed 0.095λ0 1.96 GHz 50.3% 8.06 dBi 1.4 dBi 0.96λ0 × 0.83λ0

5. Conclusions

To realize a low profile for a traditional ME dipole antenna, a multi-bending technique
is proposed. Both the fixing structure and the feeding structure are bended four and
two times, respectively. A profile of only 0.095λ0 in height is achieved. The effect of
three different grounded antennas is analyzed and compared. At last, only one single
vertical wall is erected on the left side of the ground to eliminate the gain drop at 2.2 GHz.
To validate the feasibility and correctness, a prototype is fabricated and measured. By
measurement, the relative bandwidth for VSWR < 2 is 50.3% (from 1.34 to 2.24 GHz). The
boresight gain ranges from 7.38 to 8.73 dBi. The difference in gain is less than 1.4 dB
in the whole operating band. Both the simulated and measured radiation patterns are
compared at 1.4 GHz, 1.8 GHz, and 2.2 GHz to show a stable boresight radiation. The
cross-polarization level on boresight is less than −25 dB. Therefore, the proposed ME dipole
antenna has the advantages of lower profile and good electrical characteristics and can be
used in the future low-profile applications.
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