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Communication
A Wideband Dual-Polarized Dielectric Magnetoelectric Dipole Antenna

Zhen-Yuan Zhang and Ke-Li Wu

Abstract— A new wideband ±45◦ dual-polarized metal loop dielectric
resonator magnetoelectric antenna is proposed in this communication.
The antenna consists of two orthogonal dielectric bars that support two
orthogonal electric dipoles and two cross interlaced metal semi-loops that
are equivalent to two orthogonal magnetic dipoles above the ground.
With a legitimate combination of the electric and magnetic dipoles,
a unidirectional radiation with low backward radiation and equal E-plane
and H-plane radiation patterns can be achieved. The antenna can be made
of a monolithic dielectric block with simple installation. To validate the
new antenna configuration, a prototype is designed, manufactured, and
measured. The prototype antenna using ceramic with the electrical size
of 0.33λo × 0.33λo × 0.21λo demonstrates that an impedance bandwidth
of 11.4% (|S11| < −15 dB) in the 3.5 GHz frequency band can be
achieved with the measured forward/backward ratio of better than 22 dB.
The proposed antenna is suitable as antenna element for massive-MIMO
array antennas, where a large number of antenna elements need to be
installed in a compact space.

Index Terms— Dielectric resonator antennas (DRAs), differential-fed
antennas, low backward radiation, magnetoelectric dipole (ME dipole)
antenna, ±45◦ dual-polarized antennas.

I. INTRODUCTION

With the diverse requirements for various communication systems,
innovative antenna element forms and configurations have gained
a considerable attention in past two decades. In a traditional base
station for 3G and 4G systems, the dual-polarized half-wavelength
dipole antenna as a basic element in an antenna array is the most
prevalent antenna configuration [1], [2]. Half-wavelength dipolelike
antennas have many attractive features, including wide bandwidth,
broadside and stable radiation patterns, metal-cast manufacturability,
and steady mechanical structure. The dual-polarized dipole antenna
with ±45◦ inclination can be readily constructed in a complementary
arrangement for base station applications. Since a traditional antenna
array only needs to provide a wide angle sector coverage in azimuth
direction and a shaped beam in elevation direction, the antenna array
usually is 1-D and the size of antenna elements is not very critical.
However, for future wireless communication systems, the massive-
MIMO (M-MIMO) technology is considered to be a compulsory
means to increase spatial multiplexing [3]. 2-D array antennas will
be employed for base stations. Clearly, the number of antenna
elements will be increased by tens of times as compared to the
conventional base station antennas for 4G systems. The greater the
number of antenna elements, the higher the spatial multiplexing gain
and channel capacity. To confront the forthcoming challenges in size
and cost reduction for array antennas, new antenna configurations
that are more suitable for M-MIMO array antennas need to be
developed. A compact antenna element allows potential reduction of
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the overall array size and alleviates the pressure on mutual coupling
among the antenna elements [4]. Therefore, a compact yet wideband
dual-polarized antenna element that radiates broadside with a high
forward/backward (F/B) radiation ratio is always desirable. Typically,
an F/B ratio of greater than 18 dB is required for reducing the
interference from the backside and the neighboring array antennas.
F/B ratio is usually defined as the ratio of the antenna gains in the
forward and backward directions within the angle of ±30◦.

By intuition, dielectric resonator antenna (DRA) is a good candi-
date for reducing the antenna size. To achieve a wideband or multi-
band characteristic of a DRA, a popular method is to excite multiple
resonant modes in a dielectric resonator in the frequency band of
interest [5]–[10]. Another common method to broaden the impedance
bandwidth is to use a coupled feeding structure [11]–[14]. However,
a poor F/B ratio is always a weakness for most of the DRAs.

To improve the F/B ratio for a broadside antenna element while
achieving a wide impedance bandwidth, the antenna configurations
with the built-in feature of low backward radiation have drawn a
great deal of attention in recent years. A wideband magnetoelectric
dipole (ME dipole) antenna with a low cross polarization and
low backward radiation is proposed in [15]. The pioneer work is
followed by a number of variations including dual-polarized ME
dipole antennas [16]–[21], a waveguide-based dual-polarized ME
dipole antenna [21], and a differentially fed dual-polarized ME dipole
antenna with improved port-to-port isolation and bandwidth [20].
However, the dimensions of these antennas are typically on the order
of 0.6λo × 0.6λo × 0.25λo, where λo is the free-space wavelength at
the center frequency, which is too large for M-MIMO array antennas.
A linearly polarized broadside DRA with a low F/B ratio and its
extension to a circularly polarized antenna are reported in [22]. Since
the ground plane of the antenna acts as an electric dipole, it is difficult
to use in an M-MIMO array antenna with a large ground plane.

In this communication, a new type of wideband ±45◦ dual-
polarized metal loop dielectric resonator ME (MLDR-ME) dipole
antenna with low backward radiation and symmetrical E-plane and
H-plane radiation patterns for a broadside array is proposed. This
differentially fed MLDR-ME dipole antenna is comprised of two
perpendicular metal semi-loop radiators and a cross-shaped dielectric
resonator. The metal semi-loops serve as the feeding structure for
the two orthogonal modes in the dielectric resonator, as well as two
magnetic dipole antennas, whereas each of the resonant modes in
the dielectric resonator creates an electric dipole. With appropriate
balance in magnitude, the backward radiation of the two types of
dipoles can be canceled in a great extent while their forward radiation
is superposed in phase.

To validate the proposed antenna, a prototype with ceramic material
of dielectric constant 12 is designed and fabricated. The electrical
dimension of the prototyped antenna is 0.33λo × 0.33λo × 0.21λo,
where λo is the wavelength at 3.5 GHz. The measured F/B ratios
of the prototype antenna are better than 22 dB with the ground
plane size of 1.15λo × 1.15λo. It is worth mentioning that the mea-
sured maximum and minimum radiation efficiencies of the prototype
antenna over the operating frequency band are better than 96% and

0018-926X © 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

https://orcid.org/0000-0002-8099-8071


IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 66, NO. 10, OCTOBER 2018 5591

Fig. 1. (a) Configuration of a proposed differentially fed linear-
polarized MLDR-ME dipole antenna. (b) Structure of the dielectric resonator.
(c) Structure of a metal semi-loop (Ld = 40, Wd = 25, Hd = 17, Ls = 36,
Ws = 3.4, Hl = 17, and Ll = 24.6, unit: millimeter).

Fig. 2. Simulated characteristics of a linearly polarized MLDR-ME dipole
antenna. (a) Reflection coefficient and (b) radiation patterns at 3.5 GHz.

86%, respectively. With the attractive features of a compact size,
monoblock structure, wideband, high F/B ratio, and stable radiation
patterns in a wide frequency band, the prototype antenna has demon-
strated a promising potential for M-MIMO array antenna applications.
Detailed features and experimental results will be presented in the
following sections.

II. ANTENNA CONFIGURATION AND WORKING MECHANISM

A. Linearly Polarized Prototype and Working Mechanism

In this section, the working mechanism of the MLDR-ME dipole
antenna will be explained. Since a dual-polarized cross-shaped
dielectric resonator is formed by two linearly polarized DRAs, to have
a full understanding of the dual-polarized antenna, a linearly polarized
MLDR-ME dipole antenna with the relative permittivity of 6.85 is
simulated using ANSYS HFSS. Fig. 1 illustrates the configuration
of a differentially fed linearly polarized MLDR-ME antenna. The
linear antenna consists of a rectangular cylindrical dielectric resonator
and a metallic semi-loop, both of which are installed on a square
ground plane of size 100 mm2. The simulated reflection coefficient
and the radiation patterns at 3.5 GHz are shown in Fig. 2. As
shown in Fig. 2(a), the 10 dB return loss bandwidth spans from
3.2 to 3.7 GHz, which is achieved by an appropriate coupling between
the dielectric resonator and the metal semi-loop. It can be seen from
Fig. 2(b) that back-lobe cancelation is achieved.

To explain the working mechanism, Fig. 3(a) and (b) shows the
electric field distribution on an xy plane and an xz plane at 3.3 GHz,
at which the metal semi-loop resonates with the electric current
distribution shown in Fig. 3(c) when “port −” and “port +” are
excited with the same magnitude but opposite phases. With the image
current induced by the ground plane, the current loop is equivalent

Fig. 3. (a) E-field distribution on an xy plane at 3.3 GHz. (b) E-field
distribution on an xz plane at 3.3 GHz. (c) Current distribution on a semi-loop
and its equivalent magnetic dipole when port− and port+ are excited.

Fig. 4. (a) H -field distribution on an xy plane at 3.6 GHz. (b) H -field
distribution on a yz plane at 3.6 GHz. (c) Sketch of rotational H -field and its
equivalent electric dipole when port− and port+ are excited.

Fig. 5. Superposition of radiation patterns of the electric and the magnetic
dipoles.

to a magnetic dipole along the axis of the loop. Fig. 4(a) and (b)
depicts the magnetic field distribution inside the dielectric resonator
at 3.6 GHz, at which the dielectric resonator is in resonance. Fig. 4(c)
sketches the H -field lines in a yz cutting plane at the middle of the
dielectric resonator, which is equivalent to an electric dipole.

The semi-loop plays two roles: to realize a magnetic dipole and to
excite an electric dipole inside the dielectric resonator. The electric
and magnetic dipoles are polarized perpendicularly. Therefore, the
semi-loop should resonate at the right frequency and provide a good
matching to the resonant mode in the dielectric resonator.

As shown in Fig. 5, it is understandable that the electric dipole has
an “8-shaped” radiation pattern in the E-plane and an “O-shaped”
pattern in the H-plane, whereas the magnetic dipole has an
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Fig. 6. (a) Configuration of the differential fed ±45◦ ceramic dual-polarized
MLDR-ME dipole antenna. (b) Structure of the dielectric block. (c) Two
orthogonal metal loops. (d) Differential feeding networks.

Fig. 7. Simulated reflection coefficients of linearly polarized MLDR-ME
antennas and dual-polarized MLDR-ME antenna.

Fig. 8. (a) Photograph of the differential-fed ±45◦ dual-polarized MLDR-ME
dipole antenna with ceramic material. (b) Photograph of the feeding networks.

“O-shaped” radiation pattern in the E-plane and an “8-shaped”
radiation pattern in the H-plane. With an appropriate weighting of
the strength of the electric and magnetic dipoles, the backward
radiated electric fields from the two dipoles can be canceled each
other whereas the forwarded radiated electric fields are superposed
in phase, leading to a broadside radiation pattern with low backward
radiation [23].

B. Configuration of the Dual-Polarized MLDR-ME Antenna

The detailed configuration of the proposed dual-polarized
MLDR-ME antenna is illustrated in Fig. 6(a). The antenna is com-
prised of two major parts: a cross-shaped dual-metal semi-loop and
a cross-shaped dielectric resonator. Assume a finite-ground plane
is with the size of L × L . Fig. 6(b) shows the structure of the
dielectric block with the length, width, and height of Ld , Wd , and Hd ,
respectively. Chamfered corners with the size of Wc are provided
to protect the corners from breaking. The chamfered corners do
not affect the performance of the antenna too much. A monoblock

TABLE I

DIMENSIONS OF THE PROTOTYPE ANTENNA

Fig. 9. Simulated and measured S-parameters of the ceramic dual-polarized
MLDR-ME dipole antenna.

Fig. 10. Simulated and measured gain and efficiency of the ceramic dual-
polarized MLDR-ME antenna with port 1 excited and port 2 terminated.

structure with a cross slot is a convenient choice for mass production.
The structure of the crossed dual-metal loops and its dimensions are
shown in Fig. 6(c). The dual loops serve as the feeding structure to
the dielectric resonator dipole antenna as well as two perpendicular
magnetic dipoles. The metal structure can be formed by stamping
a copper sheet with the thickness of 0.5 mm. The total length of
each semi-loop is approximately 0.5λo, where λo is the wavelength
of operating frequency. The height of the semi-loops is a design
parameter for impedance matching. The resonance of the semi-loop
depends on the size of the dielectric resonator. The two ends of each
semi-loop are soldered to a 50 � transmission line on the other
side of the ground plane, on which four ports, namely, port 1−,
port 1+, port 2−, and port 2+, are defined. As shown in Fig. 6(d),
two differential feeding networks are designed to feed the two cross-
polarized antennas. By feeding the differential ports of the two
perpendicular antennas, two orthogonal modes inside the dielectric
resonator can be excited. Ports 1+–1− excite the mode with the
polarization along +45◦ direction, while ports 2+–2− excite the
mode polarized along −45◦ direction. The cross-shaped semi-loop
and dielectric block can be configured simply by duplicating the
linearly polarized dipole orthogonally. Fig. 7 shows the reflection
coefficients of two linearly polarized MLDR-ME dipole antennas
fed by ports 1 and 2, respectively, and the dual-polarized MLDR-ME
dipole antenna. It can be seen from Fig. 7 that by duplicating another
arm, the operating frequency does not change too much, while
the −10 dB impedance bandwidth is shrunk after duplicating the
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Fig. 11. Simulated and measured radiation patterns of port 1 at 3.3, 3.5, and 3.7 GHz. (a)–(c) E-Plane. (d)–(f) H-Plane.

semi-loop and dielectric block. A fine tuning of the dual-polarized
antenna is needed with the help of a parametric study.

C. Design of Differential Feeding Network

The dual-polarized antenna can be treated as a four-port network
with port 1−, port 1+, port 2−, and port 2+, as defined in Fig. 6(d).
Due to the symmetry of the antenna structure, the scattering matrix
of the four-port antenna can be expressed as

Sa =

⎡
⎢⎢⎣

� T1
T1 �

T2 T1
T1 T2

T2 T1
T1 T2

� T1
T1 �

⎤
⎥⎥⎦ (1)

where � is the reflection coefficient of each port and T1 is the
mutual coupling between adjacent ports, such as ports 1− and 2−,
and T2 is the mutual coupling between the same pair of ports, such
as ports 1− and 1+. The feeding network splits the power with the
same magnitude but opposite phase. With the matched condition,
the scattering matrix of each feeding network can be expressed as

Sn =

⎡
⎢⎢⎢⎢⎢⎢⎣

0 − j√
2

e− jϕ j√
2

e− jϕ

− j√
2

e− jϕ −1

2
e− j2ϕ −1

2
e− j2ϕ

j√
2

e− jϕ −1

2
e− j2ϕ −1

2
e− j2ϕ

⎤
⎥⎥⎥⎥⎥⎥⎦

(2)

where ϕ is the phase shift for the signal traveling between the
common port and a differential port. Assume ϕ1 and ϕ2 are the
phase shift for feeding networks 1 and 2, respectively. The scattering
matrixes of the two antennas and the two feeding networks can
be cascaded with each other. It is straightforward to find that the
cascaded scattering matrix can be written as

Sd =
[

(� − T2) e−( j2ϕ1+π) 0
0 (� − T2) e−( j2ϕ2+π)

]
. (3)

Obviously, a high isolation between the two orthogonal antennas
is naturally guaranteed. However, the magnitude of the reflection
coefficients depends on the difference between � and T2. In order to

TABLE II

MEASURED 3 DB BEAMWIDTH OF THE PROTOTYPE ANTENNAS

match the antenna ports, the antenna has to be optimized to minimize
the difference in a wideband sense.

III. PROTOTYPE ANTENNA

To validate the proposed antenna, a ceramic prototype antenna is
designed, fabricated, and fully tested. In the design, the operating
frequency band is chosen to be in the range of 3.3–3.7 GHz, a popular
frequency band for 5G. In the prototype, the ground plane size is
100 mm × 100 mm. All the radiation properties are measured using
the SATIMO SG-128 spherical scanner in an in-house ISO17025
accredited laboratory.

Fig. 8(a) shows a photograph of the finished prototype antenna. The
permittivity of the ceramic material is 12. The physical dimensions
of the fabricated prototype antenna are listed in Table I, and the
electrical size is 0.33λo ×0.33λo ×0.21λo, where λo is the free-space
wavelength at 3.5 GHz, with the feeding networks shown in Fig. 8(b).
The simulated and measured S-parameters of the prototype antenna
are shown in Fig. 9. The bandwidth of 15 dB return loss spans from
3.3 to 3.7 GHz, within which the isolation between the two ports is
better than 30 dB.

The simulated and measured gain and the measured radiation
efficiency are superimposed in Fig. 10. It can be seen that the 1 dB
gain bandwidth extends from 3.2 to 4 GHz. The measured peak total
radiation efficiency of the prototype antenna is better than 96%. Due
to the symmetry, only the simulated and measured radiation patterns
of port 1 at 3.3, 3.5, and 3.7 GHz are shown in Fig. 11. The simulated
and measured peak gain at the broadside direction over the operating



5594 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 66, NO. 10, OCTOBER 2018

TABLE III

COMPARISON OF THE PROPOSED ANTENNA WITH EXISTING DUAL-POLARIZED ANTENNAS

frequency band is about 7 dBi. The measured 3 dB beamwidth and
F/B ratio at 3.3, 3.5, and 3.7 GHz are listed in Table II.

A comparison of antenna performance between the proposed
MLDR-ME antenna and other broadside radiation dual-polarized
antennas is listed in Table III. With a comparable antenna gain to
those of conventional ME dipoles, the electrical dimension of the
ceramic MLDR-ME dipole antenna is the smallest. Comparing with
the existing dual-polarized DRAs, the F/B ratio of the proposed
antenna is improved by more than 10 dB, and the flatness of the
antenna gain is significantly improved. Here, the F/B ratio is defined
as the ratio of the antenna gains in the forward and backward
directions within the angle of ±30◦.

IV. DESIGN GUIDELINE

To investigate a design guideline of the proposed MLDR-ME
dipole antenna, a parametric study on the linearly polarized prototype
shown in Fig. 1 is conducted. The study shows how the key
dimensions affect the matching condition of the antenna. The size
of the ground plane is also perturbed in the HFSS model to show
that the back-lobe cancelation has nothing to do with the ground
size. The estimation of the dimensions of the dielectric block and the
metallic loop will be included in the design guidelines.

A. Parametric Study

It can be seen from Fig. 2(a) that there are two resonances within
the operational bandwidth. The parametric study is focused on which
parameter controls the resonant frequencies. Fig. 12 shows that the
upper resonance is largely controlled by the width of the dielectric
resonator. Fig. 13 suggests that the lower resonance heavily depends
on the total length of the semi-loop. In fact, the total length of the
semi-loop is approximately 0.5λo long. Since the lower resonant
frequency is mainly controlled by the semi-loop, the length Lt is
slightly longer than 0.5λo.

EM-simulated reflection coefficients for the antenna prototype with
different slot lengths are illustrated in Fig. 14(a). It can be obviously

Fig. 12. Input impedance versus width of the dielectric resonator Wd .

Fig. 13. Input impedance versus total length of the semi-loop Lt .

seen that the length of the slot plays a role of adjusting the matching
condition and the operating bandwidth of the antenna. When the
slot is short, the operational bandwidth is narrow, or other way
around. Fig. 14(b) shows the simulated radiation patterns of the
copolarization electric field in the E-plane with different sizes of the
ground plane. Although the ground size changes from 100 mm ×
100 mm (1.15λo × 1.15λo) to 60 mm × 60 mm (0.69λo × 0.69λo),
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Fig. 14. (a) Simulated reflection coefficients versus the slot length Ls .
(b) Simulated radiation patterns of copolarization in the E-plane with different
sizes of the ground plane.

the back-lobe cancelation still works, which justifies that the working
principle of the back-lobe cancelation.

B. Design Guideline

A proper design guideline is given as follows. Assume the free-
space wavelength of the center frequency fo is λo and the operating
bandwidth spans from flower to fupper.

Step 1—Determine the Length of the Semi-loop: The total length
of the semi-loop can be selected slightly larger than 0.5λo.

Step 2—Determine the Dimensions of the Dielectric Resonator:
First, the resonant frequency fd of a dielectric resonator can be
determined by the eigenmode calculator of an EM simulator. The
corresponding dimensions of the dielectric resonator can be used as
a good starting point. Since the dimension of dielectric resonator
controls the upper resonance of the antenna, the final value of fd is
usually larger than fupper. Then, duplicating the semi-loop and the
rectangular dielectric resonator in the orthogonal direction.

Step 3—Final Tuning: To achieve the back-lobe cancelation, a fine
tuning of dimensions of the semi-loop and the dielectric resonator
needs to be applied to achieve the best performance of matching and
back-lobe cancelation in the operating frequency band.

V. CONCLUSION

A novel wideband ±45◦ dual-polarized MLDR-ME dipole antenna
with low backward radiation is proposed. The proposed antenna
structure is a legitimate combination of DRAs and metal semi-loop
antennas. Two orthogonal dielectric bars support two orthogonal
electric dipoles above the ground whereas the two orthogonal metal
semi-loops can be equivalent to two orthogonal magnetic dipoles
above the ground. As a result, each antenna port excites a pair of
orthogonal electric and magnetic dipoles. With an appropriate design
of the two types of dipoles, two resonances can be created in the
operating frequency band and the backward radiation from the two
types of orthogonal dipoles cancel each other, resulting in a wideband
compact antenna with low backward radiation. A prototype antenna is
designed, manufactured, and fully measured to validate the proposed
antenna configuration. The ceramic prototype antenna can achieve
a bandwidth of 11.4% for reflection coefficient lower than −15 dB
and the peak gain of more than 7 dBi. The prototype antenna is very
compact with electrical dimensions of 0.33λo × 0.33λo × 0.21λo
with a high F/B ratio. With the attractive features of simplicity
in structure, compactness in size, wide frequency band, and low
backward radiation, the proposed antenna can find many applications
in M-MIMO array antennas for future wireless systems.
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