
 
 
 
 

Heriot-Watt University 
Research Gateway 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

A Dual-Band Dual-Polarized Base Station Antenna Using a Novel
Feeding Structure for 5G Communications

Citation for published version:
Hua, Q, Huang, Y, Alieldin, A, Song, C, Jia, T & Zhu, X 2020, 'A Dual-Band Dual-Polarized Base Station
Antenna Using a Novel Feeding Structure for 5G Communications', IEEE Access, vol. 8, pp. 63710-63717.
https://doi.org/10.1109/ACCESS.2020.2984199

Digital Object Identifier (DOI):
10.1109/ACCESS.2020.2984199

Link:
Link to publication record in Heriot-Watt Research Portal

Document Version:
Publisher's PDF, also known as Version of record

Published In:
IEEE Access

Publisher Rights Statement:
This work is licensed under a Creative Commons Attribution 4.0 License.

General rights
Copyright for the publications made accessible via Heriot-Watt Research Portal is retained by the author(s) and /
or other copyright owners and it is a condition of accessing these publications that users recognise and abide by
the legal requirements associated with these rights.

Take down policy
Heriot-Watt University has made every reasonable effort to ensure that the content in Heriot-Watt Research
Portal complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact open.access@hw.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 07. Jul. 2022

https://doi.org/10.1109/ACCESS.2020.2984199
https://doi.org/10.1109/ACCESS.2020.2984199
https://researchportal.hw.ac.uk/en/publications/9483259f-dddf-496b-83b8-5541d12e3634


SPECIAL SECTION ON ANTENNA AND PROPAGATION FOR 5G AND BEYOND

Received March 12, 2020, accepted March 20, 2020, date of publication March 30, 2020, date of current version April 15, 2020.

Digital Object Identifier 10.1109/ACCESS.2020.2984199

A Dual-Band Dual-Polarized Base Station
Antenna Using a Novel Feeding Structure
for 5G Communications
QIANG HUA , YI HUANG , (Senior Member, IEEE), AHMED ALIELDIN , (Member, IEEE),
CHAOYUN SONG , (Member, IEEE), TIANYUAN JIA , AND XU ZHU , (Senior Member, IEEE)
Department of Electrical and Electronics, University of Liverpool, Liverpool L69 3GJ, U.K.

Corresponding author: Yi Huang (yi.huang@liverpool.ac.uk)

ABSTRACT A dual-band dual-polarized base station antenna for the fifth-generation (5G) mobile system
is presented in this paper. The proposed antenna covers the frequency bands from 3.3 to 3.8 GHz (the lower
band) and from 4.8 to 5.0 GHz (the upper band) with good isolation between its ports (≥ 20 dB). It consists of
two double-oval-shaped dipoles, two double-oval-shaped feeding lines and a cavity reflector. In this design,
parts of the dipole antenna structure are used as the feeding lines and it is found that using one arm of the
dipole to feed the whole antenna can improve impedance matching. The dual-band performance is achieved
by integrating a small oval-shaped loop within the large oval-shaped loop without increasing the size of the
radiating patch. The size of the radiating patch is only 0.26λ0 × 0.26λ0 (λ0 is the free-space wavelength at
3.3 GHz). The cavity reflector improves the gain performance and reduces the overall size of the antenna,
which is only 0.66 λ0 × 0.66λ0 × 0.2λ0. The antenna has an average realized gain of 7.56 dBi in the lower
band and 7.42 dBi in the higher band. Meanwhile, for both bands, the radiation pattern is stable, and the half
power beamwidth is within 65◦ ± 5◦. Both simulated and measured results demonstrate that the antenna is
a very good candidate for 5G mobile base stations.

INDEX TERMS 5G, base station antenna, coupling feeding, dual-band, dual-polarized.

I. INTRODUCTION
With the rapid development of mobile communication tech-
nologies, there is a high demand for base station antennas
with better performances to support mobile communication
networks. The dual-polarized antenna with high port-to-port
isolation and low cross-polarization levels is widely used
to increase the signal-to-noise ratio, and channel capacity,
combat multipath fading as well as reduce space require-
ment and installation cost [1]. A general method to cre-
ate dual-polarization is to use crossed dipoles. To obtain ±
45◦ dual-polarization, it is only required to put the crossed
dipoles on the diagonals, and it can guarantee the isolation
between the antenna units [2]. Furthermore, an increasing
number of mobile wireless communication systems use dif-
ferent frequencies, and it is required to use dual or multi-
band antennas to reduce occupied space and fabrication cost.
It is common that two operating frequency bands are real-
ized at the same antenna [3]–[5]. Quite a few dual-band
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dual-polarized antennas have been proposed [6]–[8]. They
are mainly designed and applied for 2G/3G/LTE applications.
With the rapid increase of communication data capacity,
the fifth-generation (5G) mobile communication system is
being deployed from this year. In 2016, the European Com-
mission (EC) declared that the band from 3.4 to 3.8 GHz
would be used for 5G trials. In 2017, China’s Ministry
of Industry and Information Technology (MIIT) officially
announced that 3.3 – 3.4 (indoor only), 3.4 – 3.6 and 4.8 –
5.0 GHz bands were allocated for 5G services [9]. Therefore,
it is essential to design a dual-polarized base station antenna,
which covers the bands of 3.3 – 3.8 GHz and 4.8 – 5.0 GHz.

At the moment, many dual-polarized base station anten-
nas have already been designed and fabricated using dif-
ferent feeding lines for 2G/3G/LTE applications, and then
a wider impedance bandwidth can be achieved, such as
Y-shaped feeding lines [10], T-shaped feeding lines [11],
branch-shaped feeding lines [12] and arc-shaped feeding
lines [13]. Therefore, choosing a suitable feeding line should
be considered in the design process. In this design, part of
the dipole antenna structure is utilized as the feeding lines to
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FIGURE 1. The geometry of the proposed antenna. (a) 3-D view. (b) Front view and back view of the radiator. (c) Detailed structure of radiating patches.

feed the complete dipole. Meanwhile, it is found that using
one arm of the dipole to feed the whole antenna can achieve
an optimum impedance matching.

In this paper, a dual-band dual-polarized antenna for
5G base station is proposed. The two operating bands are
achieved by a double-oval-shaped dipole radiator. By putting
two crossed dipoles on the diagonal lines, the ± 45◦ dual
polarization is easily achieved. In addition, the double-
oval-shaped feeding line is utilized to achieve an optimum
impedance matching. The proposed antenna achieves a stable
radiation pattern and half power beamwidth (HPBW) over the
two operation bands. Moreover, the radiating patch is only
0.26λ0 × 0.26λ0, which is small for the frequency band.
The organization of this paper is as follows. The configura-

tion and optimization of the proposed antenna are introduced
in Section II. The simulated and measured results are pre-
sented and discussed in Section III. Finally, conclusions are
drawn in Section IV.

II. ANTENNA DESIGN
A. THE GEOMETRY OF THE PROPOSED ANTENNA
The geometry of the proposed antenna is shown in Fig. 1,
and the optimum parameters related to antenna design are
listed in Table 1. The antenna is composed of two double-
oval-shaped dipoles, two double-oval-shaped feeding lines
and a cavity reflector. The dipoles and feeding lines are
printed on a thin (0.8 mm) FR-4 substrate with a relative
permittivity of 4.4 and a loss tangent of 0.02 around 3 GHz.
Two crossed double-oval-shaped dipoles are printed along the
diagonals of the substrate to achieve± 45◦ dual-polarization.
Each double-oval-shaped radiating patch includes two parts,
an outer oval-shaped loop and an inner oval-shaped loop.
The inner oval-shaped loop is used to control the operating

TABLE 1. Parameters of the proposed antenna.

frequency of the upper band, while the outer oval-shaped loop
is used to control the operating frequency of the lower band.
Each dipole and its corresponding feeding line are printed on
the opposite sides of the substrate, as shown in Fig. 1. Utiliz-
ing this configuration, the intersection between the feeding
lines is avoided, which makes it easy for fabrication and
provide high isolation between the feeding ports. Each dipole
is fed by a coaxial cable. For the horizontal dipole, the inner of
the coaxial cable is connected to one arm of the dipole, and the
outer of the dipole is connected to the corresponding feeding
line through the substrate. For the vertical dipole, the inner of
the coaxial cable is connected to the corresponding feeding
line, and the outer of the coaxial cable is connected to one
arm of the dipole through the substrate. Therefore, two holes
are drilled in the substrate for connection. Instead of using
a square-shaped reflector, a cavity reflector is chosen in
the proposed antenna to achieve higher gain and reduce the
overall size of the antenna.

B. IMPEDANCE MATCHING
To describe the principle of the impedance matching more
conveniently, the impact of the coupling between the two
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FIGURE 2. The equivalent circuit of the proposed antenna.

dipoles are ignored here. The circuit is obtained by divid-
ing the whole antenna into three parts, including the inner
oval-shaped loop, outer oval-shaped loop and feeding line.
The inner and outer oval-shaped loop can be considered
as two parallel dipoles. They are simply represented as Z1
and Z2. The feeding line consists of both inner and outer
oval-shaped loop, each loop can be represented as the induc-
tance (L3 and L4) and they are parallel connected. There is a
coupling (C4) between the two loops. The coupling between
the dipole antenna and the feeding line is considered as Z3.
Therefore, the equivalent circuit of proposed antenna can be
obtained as shown in Fig. 2.

From Fig. 2, we can get

Z1 =
1

jωC1
+ jωL1 + R1 (2-1)

Z2 =
1

jωC2
+ jωL2 + R2 (2-2)

Z3 =
1

jωC3
(2-3)

Z4 =
jωL3 · (jωL4 +

1
jωC4

)

jωL3 + jωL4 +
1

jωC4

(2-4)

Zin =
Z1 · Z2 · (Z3 + Z4)

Z1 · Z2 + Z1 · (Z3 + Z4)+ Z2 · (Z3 + Z4)
(2-5)

where Z1 is the impedance of the outer oval-shaped loop
dipole, Z2 is the impedance of the inner oval-shaped
loop dipole, Z3 is the coupling between the feeding line
and the dipole, Z4 is the impedance of the feeding line,
and Zin is the input impedance of the antenna. The resonant
frequency is determined by the inner and outer oval-shaped
loop of the dipole (Z1 and Z2). The feeding line can be
considered as a capacitive feed method, which can improve
the impedancematching of antenna significantly. The parallel
inductances (L3 and L4) and capacitance (C4) have been
optimized to broaden the bandwidth of the proposed antenna
by changing the length of the feeding line, which will be
shown later.

FIGURE 3. The coupling feeding structure (with reflector).

FIGURE 4. The effect of x4 on the reflection coefficient illustrated by
reflection coefficient and Smith chart.

C. OVAL-SHAPED FEEDING LINE
In this design, a new feeding structure is introduced. Instead
of considering the structure of the feeding line, the new
feeding line looks like part of the dipole, is utilized to couple
the whole dipole, as shown in Fig. 3. The inner of the coaxial
cable is connected to the metal strip through the substrate,
which is part of the feeding line. The length of the oval-shaped
feeding line is represented as x4. With the increase of x4,
the resonant frequency moves to the lower band, and the
bandwidth of the operating frequency almost keep the same,
as shown in Fig. 4. Meanwhile, x4 also determines the cou-
pling between the dipole and feeding line and hence affects
the input impedance of the antenna. As shown in the Smith
chart in Fig. 4, it is obvious that the input impedance becomes
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FIGURE 5. The geometry and reflection coefficient of Antenna 1 and
Antenna 2.

FIGURE 6. The evolution of the proposed antenna.

more inductive when the length of x4 gets closer to the
length of one arm of the dipole and vice versa. The optimum
impedance matching is achieved when the length of x4 is
the same as the length of one arm of the dipole. In addition,
the reflection coefficient is less than −15 dB within the
desired frequency band.

D. EVOLUTION OF THE PROPOSED ANTENNA
Fig. 5 shows the geometry of Antenna 1 and Antenna 2.
Antenna 1 is a simple dipole, and Antenna 2 is two crossed
dipoles. For crossed dipoles, when one dipole is driven,
the other dipole works as a parasitic element and can improve
the impedance matching through the coupling, as shown
in Fig. 5. Therefore, when designing the elements for crossed
dipoles, both driven dipole and un-driven dipole should be
considered.

The evolution of the proposed dual-band antenna is pre-
sented in Fig. 6. Initially, the dipole antenna only con-
sists of an outer oval-shaped loop. The outer oval-shaped
loop provides a resonant frequency for the lower band. The
main parameters of the oval shape are the semi-major and
semi-minor axes. When ignore the influence of the coupling
between two dipoles, the resonant frequency of the dipole is
affected by the length of semi-major axis, when the length
of the semi-minor axis is fixed, as shown in Fig. 7. To be
specific, the resonant frequencymoves to the lower frequency
band with the increase of the length of semi-major axis,
while the bandwidth keeps the same. When the length of
the semi-major axis is fixed, the bandwidth of the antenna

FIGURE 7. The influence of the length of semi-major axis on reflection
coefficient (with reflector).

FIGURE 8. The influence of the length of semi-minor axis on reflection
coefficient (with reflector).

FIGURE 9. The reflection coefficient of the Antenna 2, Antenna 3 and
Proposed antenna.

is broadened with the increase of the length of semi-minor
axis. Meanwhile, it has little effect on the resonant frequency,
as shown in Fig. 8. Therefore, there is a trade-off between the
size and the bandwidth.

Antenna 2 cannot provide resonant frequency between
4.8 and 5.0 GHz, as shown in Fig. 9. Therefore, an inner
oval-shaped loop is introduced and integrated within the
outer oval-shaped, which is shown as Antenna 3 in Fig. 9.

VOLUME 8, 2020 63713
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FIGURE 10. The current distribution (a) port 1 is driven at 3.55 GHz.
(b) port 2 is driven at 3.55 GHz. (c) port 1 is driven at 4.9 GHz. (d) port 2 is
driven at 4.9 GHz.

FIGURE 11. Two different shapes of the reflector. (a) square-shaped
reflector. (b) cavity reflector.

It provides an operating frequency band covering 4.8 –
5.0 GHz. Then, the dual-band antenna is achieved without
increasing the size of the antenna. Finally, a circular ring is
introduced and integrated with one arm of the dipole. It is
utilized to provide enough space for soldering the coaxial
cable with the antenna, and it has little effect on the antenna
performance, as shown in Fig. 9.

Fig. 10 depicts the current distribution of the proposed
antenna at different frequencies when the two ports are
driven. For the lower band, the outer oval-shaped loop of
driven dipole has the major current intensity distribution. For
the upper band, the inner oval-shaped loop of driven dipole
has the major current intensity. For both two bands, the other
dipole, which is not driven works as a parasitic element and
has less current intensity distribution.

E. CAVITY REFLECTOR
Fig. 11 shows two different structures of the reflector,
and they are square-shaped reflector and cavity reflector.
Normally, the reflector used for base station antennas is
square-shaped because it is easy for fabrication. In this
design, the cavity reflector is used to decrease the size of the
whole antenna. Meanwhile, it can also improve the realized
gain of the proposed antenna, especially for the higher fre-
quency band, as shown in Fig. 12. This happens because the
beamwidth of the proposed antenna becomes narrow by using
the cavity reflector, which is more obvious for the higher
frequency band, as shown in Fig. 12. However, it is still

FIGURE 12. The realized gain and beamwidth of the square-shaped and
cavity reflector.

FIGURE 13. The fabricated antenna and antenna under measurement.

FIGURE 14. The simulated and measured reflection coefficient.

acceptable for base station applications. In addition, the cav-
ity reflector provides a good radiation pattern for both lower
and higher band, which will be shown later.

III. ANTENNA PERFORMANCE
The simulation results were obtained using CST microwave
studio. To verify the simulation results, the proposed base
station antenna was fabricated and measured, as shown
in Fig. 13. Fig. 13 also depicts the setup of the measurement;
it is accomplished in an anechoic chamber using a Vector
Network Analyzer (VNA). Finally, the measurement results
of S-parameters, gain, and radiation pattern are obtained.

Fig. 14 illuminates the simulated and measured reflec-
tion coefficients of the proposed antenna. The reflection

63714 VOLUME 8, 2020
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FIGURE 15. The simulated and measured port-to-port isolation.

FIGURE 16. The simulated and measured realized gain and radiation
efficiency.

coefficients for the desired frequency bands 3.3 – 3.8 GHz
and 4.8 – 5.0 GHz are less than −10 dB. The deviation
between the simulated and measured reflection coefficients
may be due to fabrication tolerance and soldering problem.

Fig. 15 shows the simulated and measured port-to-port
isolation of the proposed antenna. Both the simulated and
measured port-to-port isolation are better than 20 dB, which
provide good isolation for the base station applications.

The simulated and measured realized gain and radiation
efficiency are shown in Fig. 16. The lower band has an aver-
age gain of 7.56 dBi, and the higher band has an average gain
of 7.42 dBiwithin the frequency band.Meanwhile, the overall
radiation efficiency of proposed antenna is around 90%.

The simulated and measured co- and cross-polarized radi-
ation patterns at the start and end frequencies of each band in
H-plane (XZ plane) and V-plane (YZ-plane) are illuminated
in Fig. 18. It shows a good agreement between the simu-
lated and measured results. Moreover, the radiation pattern is
stable for both bands. The cross-polarization discrimination
ratio (XPD) at boresight is better than 25 dB for both bands.
The HPBW for both bands is within 65 ± 5◦, as shown
in Fig. 19, which is suitable for base station applications.

A comparative study between the proposed antenna and
previous designs is given in Table 2. The proposed antenna

FIGURE 17. The simulated and measured HPBW.

FIGURE 18. The simulated co- and cross-polarized radiation pattern in
(a) V-plane. (b) H-plane.

can be easily fabricated and provide a dual-band perfor-
mance with a relatively small size. It also has a good
cross-polarization and with acceptable gains and isolation.
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TABLE 2. Comparison of various characteristics of the proposed antenna with several antennas.

IV. CONCLUSION
In this paper, a novel dual-band dual-polarized antenna for
5G base station has been designed, made and tested. Using
a double-oval-shaped dipole, the dual-band performance has
been achieved without increasing the size of the antenna.
A new feeding structure has been introduced, which uses part
of the dipole antenna as feeding lines, to couple the whole
dipole and provides an improved impedance matching. The
cavity reflector has been employed to offer a higher gain and
reduce the overall size of the antenna. In addition to easy
fabrication and low profile, the proposed antenna also has
a stable gain, high XPD and high isolation between the two
ports. The proposed antenna has been fabricated and mea-
sured. The measured results have shown a good agreement
with the simulated results and demonstrated that the proposed
antenna is indeed a very good candidate for 5G mobile base
stations.
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