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A novel uniplanar wideband
magneto-electric dipole antenna element

chen-yang shuai, guang-ming wang and ya-wei wang

A novel uniplanar wideband magneto-electric dipole antenna element is proposed in this paper. The proposed antenna is
composed of the conventional bow-tie radiation patch as an electric dipole, a semi-circular loop, which works as a magnetic
dipole, a coplanar ground plane, two directors with different lengths for enhancing gain, and a microstrip-to-coplanar stri-
pline transition balun. The designed antenna adopts a small-size coplanar ground plane to achieve a uniplanar structure.
Consequently, this method reduces the space size immensely and makes the antenna suitable for the array application. In
addition, a tapered slot structure is utilized to improve impedance matching. The prototype of the proposed antenna was fab-
ricated and measured. The measured results keep in good accordance with the simulated ones. The simulated results show
that the proposed antenna obtains a broad impedance bandwidth of 60.5% from 2.25 to 4.20 GHz (voltage standing wave
ratio [VSWR] ≤ 2) which can be applied for wireless local area network (WLAN) (2.4–2.484 GHz), worldwide interoperabil-
ity for microwave access (WiMAX) (2.5–2.69/3.4–3.69 GHz), and long term evolution (LTE) (2.5–2.69 GHz). Meanwhile, the
stable gain, low cross-polarization, stable unidirectional radiation patterns, and low back lobe are obtained within the
operating frequency band. The array composed of the proposed antenna elements is also investigated in this paper.
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I . I N T R O D U C T I O N

With the fast development of the mobile communication
system, multiple systems such as 3G, 4G, wireless local area
network (WLAN), worldwide interoperability for microwave
access (WiMAX), and long term evolution (LTE) will coexist
in the future. Consequently, the number of the base station
antenna is increasing immensely and the structure of base
station antenna becomes more and more complicated. In add-
ition, the increasing demands for base station antennas are put
forward, including wideband, good unidirectional radiation
patterns, stable gain, low cross-polarization, miniaturization,
low cost, and so on. In order to meet these demands, a new
magneto-electric (ME) dipole antenna was designed by Luk
and Wong in 2006 [1]. Over the operating frequency band,
this type of antenna has not only a broad bandwidth, stable
gain, low cross-polarization, and wide half-power beamwidth,
but also the identical radiation patterns in E- and H-planes.

Due to the notable advantages of the ME dipole antenna,
many researchers have made further researches and many
novel ME dipole antennas with good electrical characteristics
were proposed [2–8]. In [2], the designed antenna obtains
wideband and dual-polarized characteristics. In [3], via intro-
ducing a wideband 908 Schiffman phase shifter, a circularly
polarized ME dipole antenna is presented. In [4], a novel
ultra wideband ME dipole antenna is proposed. In [5], a

new band-reconfigurable antenna is designed by using ME
dipole technology. However, almost all the ME dipole anten-
nas have a bulky three-dimensional structure, especially the
large reflector. This drawback makes the conventional ME
dipole antennas uneasy to be installed. Furthermore, due to
the restriction to space size of the array element, they are
also unsuitable for beam steering in array application.

In order to reduce the space size of the ME dipole antenna,
plenty of effective methods were proposed in recent litera-
tures. In [9], the proposed antenna adopts the vertically
oriented folded shorted patches to obtain a low-profile struc-
ture of 0.173l in thickness. In [10], the antenna’s thickness
achieves 0.097l by introducing an obtuse-triangular structure
as a magnetic dipole. Paper of Idayachandran and Nakkeeran
[11] directly changes the square ground into minimum
ground and this method reduces the height of the horizontal
radiation patch. These above antennas have acquired a
certain effect, but they still have a three-dimensional structure
and cannot meet the restriction to space size (close to 0.5l) for
array elements. Therefore, Tang and Xue [12] proposed a
novel vertical planar printed ME dipole antenna and its
space size is reduced immensely. But this antenna only obtains
an impedance bandwidth of 17.1% and it still has a large ver-
tical ground plane. Furthermore, in [13], the designed antenna
is completely printed on the both sides of the substrate, and
achieves a planar structure and quasi-omnidirectional radi-
ation patterns. However, the radiation patterns of the pro-
posed antenna in the H-plane are unstable over the
operating frequency band.

In this paper, a new uniplanar wideband ME dipole
antenna with stable unidirectional radiation patterns is
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proposed. The conventional bow–tie antenna with the tapered
slot works as an electric dipole, and the semi-circular loop
operates as a magnetic dipole. For obtaining good impedance
matching, a microstrip-to-coplanar stripline transition balun
is adopted. Additionally, two directors are utilized for higher
and more stable gain. By introducing a small-size coplanar
ground plane, the proposed antenna achieves a uniplanar
structure, which is easily fabricated and manufactured at a
low cost. Meanwhile, the uniplanar structure is suitable for
the H-plane beam steering in array application.

I I . A N T E N N A D E S I G N A N D
G E O M E T R Y

The geometry of the proposed antenna is shown in Fig. 1. The
overall size of the proposed antenna is W × L. The designed
antenna is printed on the single-layer Duroid 5880 dielectric
substrate with the permittivity of 2.2 and thickness of
0.787 mm. The antenna consists of four portions, including
a ME dipole, ground plane, a microstrip-to-coplanar stripline
transition balun, and two directors. Figure 1(a) depicts the top
layer of the proposed antenna. The conventional bow–tie radi-
ation structure with the flare angle of u is adopted as an elec-
tric dipole for wideband. The slot in the middle of the bow–tie
patch is modified into a tapered structure for widening the
bandwidth and improving the impedance matching. The
minimum width of the tapered slot is finally chosen to be
s ¼ 4 mm. The semi-circular loop together with the ground
between the loop works as a magnetic dipole. When an electric
dipole and a magnetic dipole are excited simultaneously, a ME
dipole comes into being. Compared with the traditional verti-
cal ground plane, the modified coplanar ground reduces the

space size of the proposed antenna immensely and achieves
a uniplanar structure. This modification decreases the cost
of the manufacture and fabrication and has a high application
value for array design. Additionally, a microstrip-to-coplanar
stripline transition balun supplies a broad impedance band-
width for the proposed antenna. Two directors with different
lengths are adopted to obtain higher and more stable gain,
which are based on the idea of Quasi-Yagi antenna design.
Figure 1(b) shows the bottom layer of the proposed
antenna. We can see that G-shaped strip feeding structure is
printed on the back of the substrate for coupling the electro-
magnetic energy to the tapered slot. At the same time, a
sub-miniature-A connector is connected to G-shaped strip
for transmitting the excitation signal. The input characteristic
impedance is chosen to be 50 V.

All the dimensions of the proposed antenna in detail are
depicted in Table 1.

I I I . S I M U L A T I O N A N D
M E A S U R E M E N T

The prototype of the proposed antenna shown in Fig. 2 is fab-
ricated and measured. The simulated results are obtained by
using Ansoft HFSS. The antenna prototype is measured in
an anechotic chamber.

Figure 3 presents the evolution process of the proposed
antenna. The initial design named antenna I is shown in
Fig. 3(a). By introducing a tapered slot, antenna II shown in
Fig. 3(b) comes into being. Further, antenna III depicted
in Fig. 3(c) adds on a director. Based on antenna III, the pro-
posed antenna shown in Fig. 3(d) adds on the second director.
Figure 4 illustrates the simulated voltage standing wave ratios

Fig. 1. Geometry of the proposed antenna: (a) top layer; (b) bottom layer.

Table 1. Dimensions of the proposed antenna.

Parameters W L W1 W2 W3

Values (mm) 85 (0.91l) 75 (0.81l) 7.25 (0.078l) 10 (0.10l) 20 (0.21l)
Parameters R1 R2 R3 L1 L2

Values (mm) 36.8 (0.40l) 17 (0.18l) 26 (0.28l) 26 (0.28l) 7 (0.075l)
Parameters h h1 h2 h3 h4

Values (mm) 31.5 (0.34l) 10.4 (0.11l) 16.8 (0.18l) 8.8 (0.094l) 5 (0.053l)
Parameters r u a b c
Values (mm) 12.2 (0.13l) 648 9 (0.096l) 2 (0.021l) 17 (0.18l)
Parameters d s g m
Values (mm) 2 (0.021l) 4 (0.043l) 2.3 (0.024l) 4 (0.043l)

l is the free-space wavelength at the center frequency.

Fig. 2. Prototype of the proposed antenna: (a) top layer; (b) bottom layer.
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(VSWR) and gains of the four antennas above. It is obvious
that the simulated impedance bandwidth of the antenna II
is from 2.30 to 4.16 GHz (VSWR ≤ 2), which is wider than
the simulated bandwidth of antenna I from 2.20 to
3.85 GHz. Therefore, the tapered slot improves the initial
antenna’s impedance matching, especially in the high fre-
quency. The proposed antenna achieves a wide bandwidth
of 60.5% from 2.25 to 4.20 GHz (VSWR ≤ 2), which can
cover WLAN (2.4–2.484 GHz), WiMAX (2.5–2.69/3.4–
3.69 GHz), and LTE (2.5–2.69 GHz). Additionally, from
Fig. 4, we can see that antenna II, antenna III, and the pro-
posed antenna have the almost identical bandwidths,
whereas the gains of three antennas are obviously different

in the corresponding frequency bands. Antenna II obtains
the simulated gain from 3.8 to 4.8 dBi. The gain of antenna
III is 3.9–5.1 dBi. The proposed antenna finally achieves the
gain of 5 + 0.5 dBi over the operating frequency band. Via
introducing two directors, the antenna gain is increased by
0.7 dBi and becomes more stable. In theory, the more the
number of directors is, the more the gain of the antenna is

Fig. 3. Evolution process of the proposed antenna: (a) antenna I; (b) antenna
II; (c) antenna III; (d) the proposed antenna.

Fig. 4. Simulated VSWRs and gains of the four antennas.

Table 2. Simulated parameters of the radiation patterns of the antennas
with the different number of directors.

Style Gain (dBi) 3-dB beamwidth Back lobe (dB)

E-plane H-plane

No director 3.8–4.8 1318–1598 1178–2208 ≤213.6
One director 3.9–5.1 1298–1488 1258–2168 ≤214.3
Two directors 4.5–5.5 1228–1448 1208–2108 ≤215.4

Fig. 5. Simulated surface current distribution at 2.8 GHz.

Fig. 6. Geometry of the linear array.

Fig. 7. Mutual coupling between the four ports.

a novel uniplanar wideband me dipole antenna element 3

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1759078717000861
Downloaded from https://www.cambridge.org/core. Australian Catholic University, on 16 Aug 2017 at 02:40:03, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1759078717000861
https://www.cambridge.org/core


increased. However, we finally choose two directors added on
the antenna instead of three or more, mainly because by
further simulation, it is found that when the third director is
added on the antenna, the antenna gain is almost unchanged.

To investigate the effects of the number of the directors on
the radiation patterns, the simulated parameters of the radi-
ation patterns of the design antennas with the different
number of directors are listed in Table 2. It can be seen that
the number of the directors has a significant effect on the
gain and 3-dB beamwidth of the radiation patterns of the
designed antennas. As the number of the directors increases,
the 3-dB beamwidth in the E-plane gradually decreases,
whereas in the H-plane the 3-dB beamwidth is changed
slightly. Therefore, by introducing the directors, the antenna
directivity is enhanced. Ultimately, after comprehensive con-
sideration, two directors are chosen to add on the proposed
antenna. The simulated results show that over the operating
frequency band, the 3-dB beamwidth in the E-plane ranges
from 1228 to 1448, while the 3-dB beamwidth in the
H-plane ranges from 1208 to 2108.

For explaining the principle of the proposed antenna
further, the simulated surface current distribution at

2.8 GHz is shown in Fig. 5. The current distribution of the
bow–tie patch presents a linear distribution and is similar to
the half-wave dipole antenna. Hence, the bow–tie patch is
equivalent to an electric dipole. Moreover, the current distri-
bution of the semi-circular loop presents a ring-like current

Fig. 8. Simulated radiation patterns of four-element array at 2.6, 3.3, and 4.0 GHz.

Fig. 9. Simulated radiation patterns of eight-element array at 2.6, 3.3, and 4.0 GHz.

Fig. 10. Simulated and measured VSWRs and gains of the proposed antenna.
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distribution; therefore, the semi-circular loop together with
the ground between the loops works as a magnetic dipole.
When the electric dipole and magnetic dipole are excited sim-
ultaneously, the complementary radiation patterns come into
being.

In order to investigate the array composed of the proposed
antenna elements, we use HFSS to simulate the four-element
array. The geometry of the linear array for the H-plane
beam steering is shown in Fig. 6. From the picture, we can
see that the array has four ports. For obtaining the low side
lobe and low mutual coupling between the elements, the dis-
tance between the elements is chosen to be G ¼ 50 mm. At the
same time, the G of 50 mm maintains the acceptable

impedance matching within the whole operating frequency
band. Figure 7 shows the mutual coupling between four
ports. Over the operating frequency band, all the mutual cou-
plings between elements are below 220 dB. Figure 8 depicts
the simulated radiation patterns at 2.6, 3.3, and 4.0 GHz. It
is seen that the radiation patterns of the E-plane keep stable,
whereas the radiation patterns of the H-plane obtains a
narrow beamwidth. Furthermore, the side lobe level of the
H-pane increases with the frequency. But the side lobe level of
the H-plane is less than 212 dB. The cross-polarization level
is below 223 dB and the back lobe level is less than 215 dB.
In the entire operating frequency band, the simulated gain of
four-element array varies from 10.5 to 12.5 dBi. To further

Fig. 11. Simulated and measured radiation patterns of the proposed antenna at: (a) 2.6 GHz; (b) 3.3 GHz; (c) 4.0 GHz.
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validate the array performance of the proposed antenna, the
eight-element array is investigated under the circumstance
of keeping the same value of the distance between elements,
G ¼ 50 mm. The simulated radiation patterns of the eight-
element array at 2.6, 3.3, and 4.0 GHz are shown in Fig. 9.
It can be seen that the antenna directivity in the H-plane is
further enhanced. Furthermore, the cross polarization level is
less than 222 dB, and the back lobe level is below 214 dB.
Meanwhile, the side lobe level of the H-plane is less
than 213 dB. Ultimately, the simulated gain of the eight-
element array ranges from 14.6 to 18.5 dBi over the operating
frequency band. Hence, it is demonstrated that the proposed
antenna element is suitable for the H-plane beam steering in
array application.

The simulated and measured VSWRs and gains of the pro-
posed antenna are presented in Fig. 10. The measured results
keep in good accordance with the simulated ones. As we can
see, the measured bandwidth is 60.6% from 2.22 to
4.15 GHz (VSWR ≤ 2). The measured gain is stable and
varies from 4.4 to 5.2 dBi, which is more than sufficient to
cover the region of interest. Figure 11 illustrates the simulated
and measured radiation patterns of the designed antenna at
2.6, 3.3, and 4.0 GHz. It is obvious that over the operating fre-
quency band, the antenna obtains stable unidirectional radi-
ation patterns with wide half-power beamwidth, low
cross-polarization, and low back lobe. The measured cross-
polarization level is less than 221.3 dB, and the measured
back lobe level is below 214.3 dB. Moreover, by measure-
ment, the proposed antenna achieves the broad 3-dB beam-
widths in the E-plane (1258–1408) and in the H-plane
(1238–2068) within the impedance bandwidth. Over the oper-
ating frequency band, the simulation agrees well with the
measurement. The detailed parameters of simulated and mea-
sured radiation patterns of the proposed antenna are listed in
Table 3.

To my knowledge, there are many previous works investi-
gating on the 3-dB beamwidth of the ME dipole antenna.

Hence, for validating the performance of the proposed
antenna further, the experimental results are compared with
the previous literatures [14, 15] in Table 4. From the table,
it can be seen that the proposed antenna obtains a broader
impedance bandwidth from 2.25 to 4.20 GHz (60.5%) with
VSWR ,2. Meanwhile, the wider 3-dB beamwidths in the
E- and H-planes are also obtained over the operating fre-
quency band. Although the gain of the proposed antenna is
less than the gains of the previous antennas, the gain of 5 +
0.5 dBi is more than sufficient to cover the region of interest.

In this portion, the proposed antenna is compared with the
similar works in [12, 16]. The proposed antenna has made a
modification from the works in literatures [12, 16]. By intro-
ducing a coplanar ground plane, the ME dipole and ground
plane are integrated into one planar and the proposed
antenna achieves a uniplanar structure which belongs to the
two-dimensional structure. Hence, the space size of the
antenna is reduced immensely and the antenna is easy to be
fabricated and suitable for mass production. However, the
antennas in [12, 16] both have a bulky vertical ground plane
which makes them become the three-dimensional structures
and cover larger space. Moreover, compared with the anten-
nas in [12, 16], the proposed antenna obtains the much
wider 3-dB beamwidths in the E-plane (1258–1408) and in
the H-plane (1238–2068) over the operating band and can
achieve a broad beam scanning in array application. In [16],
the antenna uses lots of the H-shaped units, so the structure
is relatively complicated. In [12], the antenna has a narrow
bandwidth of 17.1%, whereas the proposed antenna achieves
a wider bandwidth of 60.5%. Ultimately, by adopting a
tapered slot and the directors, the proposed antenna achieves
a wide bandwidth and stable gain, respectively.

I V . C O N C L U S I O N

In this paper, a novel uniplanar wideband ME dipole antenna
is fabricated and measured. The ME dipole is composed of
conventional bow–tie patch as an electric dipole and the semi-
circular loop as a magnetic dipole. Moreover, the modified
coplanar ground plane decreases the space size of the pro-
posed antenna and makes the entire antenna achieve a uni-
planar structure. Therefore, the designed antenna is easily
fabricated and manufactured at a low cost. The experimental
results show that the proposed antenna obtains a broad
bandwidth of 60.5% (2.25–4.20 GHz), which can be applied
for WLAN (2.4–2.484 GHz), WiMAX (2.5–2.69/3.4–
3.69 GHz), and LTE (2.5–2.69 GHz). Furthermore, the pro-
posed antenna obtains stable gain and symmetrical unidirec-
tional radiation patterns with the wide 3-dB beamwidths in
the E- and H-planes, low cross-polarization, and low back
lobe. With these advantages above, the proposed antenna

Table 3. Detailed parameters of the simulated and measured radiation
patterns.

Frequency
(GHz)

3-dB beamwidth Back
lobe (dB)

Cross-polarization
(dB)

E-plane (88888) H-plane (88888)

Simulated radiation patterns
2.6 144 210 215.4 ≤225.0
3.3 131 200 218.4 ≤225.7
4.0 122 120 215.6 ≤223.4
Measured radiation patterns
2.6 140 203 214.3 ≤223.9
3.3 130 206 218.0 ≤221.9
4.0 125 123 214.7 ≤221.3

Table 4. Comparison with the previous works.

Bandwidth (GHz) Gain (dBi) 3-dB beamwidth Back lobe (dB)

E-plane (88888) H-plane (88888)

[14] 2.37–3.76 (45.4%) 6.7+0.35 68–78 113–123 ≤215
[15] 1.52–2.40 (46.1%) 5.6+0.4 74–80 144–162 ≤28
Proposed 2.25–4.20 (60.5%) 5+0.5 122–144 120–210 ≤215.4
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element is a good candidate for wireless communication and
array design.
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