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Abstract-In this paper, a low-profile broadband antenna is
proposed for future S5G millimeter-wave cellular wireless
networks. The proposed antenna is a modified Magneto-Electric
(ME) dipole, which consists of four metallic plates, grounded
vias, an aperture fed, a ground plane, and a microstrip line feed.
The antennas are built on RT/Duroid 5880 substrates and have
been realized by the printed circuit board technique. A single-
element with an overall of 10x10x1.04mm’ (~1.26,%1.2641,%0.134,
at 38GHz) exhibits an impedance matching of 27.9% (32.2-
42.8GHz) for |S;1|<-10dB and a realized gain up to 7.5dBi over
the frequency band. The usefulness of these antennas as
beamforming radiators is demonstrated by a 1x4 element linear
array. Also, a wide-band excitation is applied for the linear ME
dipole array to realize a broadband array. The simulated results
proved the proposed array can operate in a frequency band
spreading from 31.4GHz to 42.1GHz with a gain of 12.5dBi and a
side-lobe of -13dB.
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1. INTRODUCTION

The fourth generation (4G) Long Term Evolution (LTE) of
cellular communication has been successfully implemented in
many countries and areas. With a carrier frequency spectrum
ranging from 700MHz to 2.6GHz, today’s cellular providers
attempt to deliver high quality, low latency video and
multimedia applications for wireless devices. However, the
rapid increase of mobile data and the use of smartphones is
creating unprecedented challenges to the wireless service
providers. To address this, there has been a growing interest in
cellular systems for the so-called millimeter-wave (mmW)
bands, between 30 and 300GHz, where the available
bandwidths are much wider [1]. Next generation of wireless
cellular networks, which are known as fifth generation (5QG),
will make better use of the mmW bands [2, 3]. Despite the
absence of official standard for the 5G, antennas for 5G cellular
wireless networks have received much attention from the
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research community. It is well known that the path loss at the
mmW bands is significant as compared to microwave bands
due to the higher frequencies of mmW transmissions and the
atmospheric absorption at the mmW frequency range. To
mitigate the path loss at the mmW frequency range,
beamforming has been proposed as an enabling technology for
the 5G cellular wireless networks [4, 5]. In general, an antenna
for beamforming must be small, lightweight, low-cost, low-
mutual-coupling in array environment, with pure polarization
and high radiation efficiency, and easy to fabricate. On the
other hand, magneto-electric (ME) dipole antennas, exhibiting
wide impedance bandwidth and stable gain, have been
presented for base stations in mobile communications [6, 7].
The basic design of the ME dipole consists of a magnetic
dipole and an electric dipole, which are excited simultaneously
to achieve a radiation having equal E- and H-plane patterns and
low back-radiation. Recently, the ME dipole antennas [8-11]
have been scaled for 60GHz mmW communications. The
mmW ME dipole antennas are easily realized by using Printed
Circuit Board (PCB) technology. However, these antennas
were not characterized in an array environment. In addition,
their magnetic dipoles are performed by two vertical quarter-
wavelength shorted patch antennas, thus, the antenna height is
large.

This paper proposes a low-profile ME dipole antenna for
use in 38GHz future 5G cellular wireless networks. The
antenna is fed by an aperture slot, which ensures the excitation
of the ME dipole antenna and achieves low-profile. Also, with
wide-band excitations, the arrays yielded a wide bandwidth and
side-lobe level better than —13dB.

II.  SINGLE ELEMENT DESIGN

This part presents the configuration of the proposed ME
dipole antenna and analyzes its principles by investigating the
current distribution. The optimization process is provided in
detail to show the final design of the ME antenna.
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A. Antenna Geometry

Figure 1 shows the geometry of the antenna. The ME dipole
antenna was designed on a substrate #1, which is a WgapXLanp
RT/Duroid 5880 sheet with 2.2 relative permittivity 2.2, 0.0009
loss tangent, 0.7874mm thickness, and 17um copper thickness.
The antenna consists of 4 metallic plates, 8 metallic posts, and
a ground plane. The metallic posts with a diameter of 0.1mm
were realized by plated through-hole technology. The aperture
slot was etched on the ground plane of the substrate #1. A 50Q
microstrip line for feeding through the aperture was built on the
substrate #2 that is a RT/Duroid 5880 sheet with thickness of
0.254mm.
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Fig. 1. Geometry of the proposed antenna: (a) perspective view, (b) cross-
sectional view, (¢) top view.

B. The ME Dipole Antenna Operation

ANSYS Academic Research HF was used for all
simulations of the proposed antenna. In order to realize an ME
dipole antenna, the electric dipole and magnetic dipole should
be excited simultaneously [4]. The metallic plates acted as the
half-wavelength electric dipole antennas (L,~A/2). In general,
the magnetic dipoles are performed by two vertical quarter-
wavelength shorted patch antenna [5-7]. In particular, due to
the presence of the aperture slot fed, the magnetic dipoles are

mainly performed by the slot edges between the shorted patch
antennas. Therefore, the excitation of the ME dipole antenna
can be obtained with a lower antenna height. This is
demonstrated by the proposed antenna, which has a 0.7874mm
(~0.154,; at 38GHz) distance from the metallic plates to the
ground plane. The ME dipole antenna operation can be seen in
Figure 2, which shows the current distribution on the proposed
antenna at 38GHz for different phase angles. At the phase
angle of 0°, the currents on the slot edges between the shorted
microstrip patches attain maximum strength, which means that
the magnetic dipoles are excited. At the phase angle of 90°, the
currents on the planar electric dipoles attain maximum strength
at the surround edges, which means that the electric dipoles are
excited. At the phase angle of 180°, the magnetic dipoles are
excited again with opposite direction to the currents at the
phase angle of 0°. At the phase angle of 270° the electric
dipoles are excited again with opposite direction to the currents
at the phase angle of 90°. These indicate that the electric and
magnetic dipoles are excited with 90° phase difference
consequently, the antenna obtains good broadside pattern and
low back radiation [12].

180°

Fig. 2. Current distribution on the ME dipole antenna at 38GHz for
different phase angles.

The resonant frequency of the proposed ME antenna can be
optimized by changing its dimensions. In this case, the gaps
between the metallic patches (g; and g») are fixed at 0.3mm
while changing the length of ME dipole L,. Figure 3 presents
the S11 simulated with different values of L, As can be
observed from this Figure, the resonant frequency of the ME
antenna decreases while its length L, increases. The antenna
shows a resonance at the desired frequency of 38GHz when the
length of the antenna (L,) is equivalent to 3.46mm. Next, the
input impedance of the antenna is verified to obtain the
impedance matching. Due to the aperture fed, the ME dipole
antenna’s impedance mainly belongs to the length of the
aperture slot while the width of the slot almost does not affect
the input impedance of the proposed antenna, therefore, it was
necessary to modify the length for getting a desired impedance
matching. The length of the aperture slot L, is investigated
when its width W, is fixed at 0.4mm. As can be seen in Figure
4, the return loss of the antenna changed when the length L,
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changed. Furthermore, the resonant frequency of the antenna
was hardly unchanged. This means that the input impedance of
the ME antenna can be easily optimized for matching with the
impedance of the microstrip line at the input. It is shown that
the antenna yields a very good impedance matching as
L,~2.05mm.
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Fig. 3. S11 simulated results with different ME dipole length L.
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Fig. 4. Impedance matching investigation with different values of L,.
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Fig. 5. Simulated S11 of the proposed ME antenna.

Figure 5 shows the optimized S11 of the ME antenna. It can
be observed that the antenna has a wide bandwidth ranging
from 32.2GHz to 42.8GHz with a center frequency of 38GHz.
The final design parameters of the antenna were: Wgyp=10mm,
Loyp=10mm,  W/~346mm, L/~346mm, W,~=0.733,
L,=59mm, W,=04mm, L~=2.05mm, g;=0.3mm, g,=0.3mm,
and S,=0.6mm. The radiation pattern simulated result of
proposed ME antenna at 38 GHz is given in Figure 6. It can be
seen that the antenna yielded a directional radiation in xz plane
with a peak gain of 6.09dBi while posessing an omnidirectional
radiation in the xy plane.

xz plane
= = =Xy plane

-----

300
270

240 120

180

Fig. 6. Simulated radiation pattern of the proposed ME antenna at 38GHz.

III.  ANTENNA ARRAY

In this section, the ME antenna array design is divided into
two parts. Firstly, the feeding network using T-junction power
dividers is designed. The gradual transformer was used to
realize a wide-band excitation. Then, 4 optimized ME antennas
were integrated in a designed feeding network to form a 4-
element antenna array. Figure 7 presents the realized gain of
the proposed ME antenna in its frequency band. It can be seen
that the ME antenna has a realized gain up to 7.5dBi across the
whole bands.

Realized gain (dBi)
5

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Frequency (GHz)

Fig. 7. Simulated realized gain of the single ME antenna.

A. Feeding Network

To realize the wide-band excitation, a feeding network
composed of several equal T-junction power dividers was
implemented, as shown in Figure 8. The feeding network was
built on an RT/Duroid 5880 sheet with a thickness of
0.254mm. Equal T-junction power dividers were implemented
based on microstrip lines. To avoid the tiny width of the
microstrip line with high characteristic impedance, each power
divider contains a 50Q to 25Q transformer. The gradual
transformer is inserted between the 50Q and 25Q microstrip
lines to increase the impedance matching and reduce the losses
at the corner of 25Q lines. All corners of the divider are cut
with an angle of 45° in order to reduce reflection. Furthermore,
the V-shaped cuts are also etched at the middle points of T-
junction dividers for decreasing the reflected power. Figure 9
shows the simulated scattering parameters of the power divider.
It can be seen that the divider shows a wide bandwidth
spreading from 17GHz to 44GHz corresponding to all the
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transmission coefficients changing from 6.1 to 6.8dB. Thus, the
proposed power divider is suitable for a wide-band array
antenna design.

Fig. 8. Feeding network of wide-band excitation (all dimensions in mm).
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Fig. 9. Simulated S-parameters of the proposed wide-band excitation

using T-junction power dividers.

B. Four Element Array Antenna
In this work, four identical ME dipole antennas were

integrated with the feeding network to create a higher gain
antenna, as presented in Figure 10.

Fig. 10.  Geometry of the proposed 4-elment array antenna.

The mutual couplings between two ME dipole antennas
were studied for different values of center-to-center spacing.
The final design was optimized with 6mm spacing (0.7510 at
38GHz). Besides, the length of the gradual transformer was
also investigated for optimizing resonant frequency. For the
best center frequency of the antenna, the length of gradual
transformer was chosen as 2.8mm. The performance of the 4-
element array with equal-magnitude excitation at all elements
is given in Figures 11-13. It can be observed from Figure 11
that the array can operate through the impedance bandwidth

spreading from 31.4GHz to 42.1GHz with a center frequency
of 38GHz. Figure 12 shows the simulated results of the
radiation patterns of the array at 38GHz. As can be seen from
this Figure, the array yielded a gain of 12.5dBi and a side-lobe
of -13dB at Phi=90°, as shown in Figure 13.
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Fig. 11.  Simulated S11 of the 4-element array.
0
154 xz plane
104 = = =xyplane
5 d
o] 0/
-5
-104
15270 920
-104
-5
01 240%™ TUTT " 120
104
154

180

Fig. 12.  Simulated radiation patterns of the 4-element array at 38GHz.

The simulated result of the realized gain of the array over
the frequency band is depicted in Figure 14. As can be seen in,
the array antenna exhibits a stable realized gain from 10.8 to
12.5dBi in the operational frequency band. The comparison
results between the proposed 4-element ME array antenna with
the related works can be seen shown in Table I. The ME dipole
antenna reported in [11] has a wider bandwidth as well as
maximum realized gain compared to proposed ME dipole.
However, the model in [11] has a complex structure since the
mushroom-like EBG structures were used as a high impedance
ground plane for increasing the bandwidth as well as the gain
of the antenna. The 2x2 ME array proposed in [13] yielded a
high directivity. But this antenna also has a complex structure
by using a layer corporate-feed network based on Ridge Gap
Waveguide.

TABLE 1. COMPARISON BETWEEN THE PROPOSED AND REPORTED
ME DIPOLE ANTENNAS
Ref. ME antenna Ba(néil\_?lv;()ith gl::]fl(l;f;:) Structure
[11] Single 234-415 8.2 Complex
[13] Array (2x2) 24-30 15.4° Complex
Proposed Single 322-42.8 7.5 Simple
Array (1x4) 314-412 12.5 Simple

“ directivity of the ME antenna.
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Fig. 13.  Simulated broadside realized gain of the 4-element array.

IV. CONCLUSION

A modified magneto-electric (ME) dipole antenna has been
proposed for mmW use in this paper. The proposed antenna
consists of four metallic plates which are connected to a ground
plane via metallic posts. The antennas are fed by a microstrip
line through an aperture slot to widen the bandwidth. The
single-element shows a good impedance matching up to 27.9%
and a maximum realized gain up to 7.5dBi. A 4-element array
has been designed for beamforming. The simulation results
show that the array can operate in a frequency band ranging
from 31.4GHz to 42.1GHz and yielded a gain of 12.5dBi with
-13dB-side lobe. The proposed ME antenna and its array can be
a good candidate for applications in mmW systems.
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