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ABSTRACT A compact wideband dual-polarized antenna for base station application is proposed. The
antenna element consists of a main radiator, two baluns, and a reflector. Two methods are used to
enhance bandwidth and improve the port-to-port isolation. Firstly, by integrating the parasitic elements
to traditional dipoles, new resonant modes are introduced to realize broadband, which can be controlled
flexibly. Subsequently, part of the parasitic elements is removed to form asymmetric dipoles. Due to the
asymmetry construction of the design, the polarization isolation of the antenna achieves more than 30 dB in
the whole working band with stable radiation patterns. In addition, the specially designed parasitic elements
achieve enhanced bandwidth without increasing the size of the radiator. The Simulation and measurement
results show that the antenna has an impedance bandwidth of 32.7% (690-960 MHz). Moreover, a stable
half-power beamwidth (HPBW) of 68°+5° and a high gain of 8.5£0.3 dBi is achieved. To verify the
performance of the antenna, a compact high-gain base station array was designed and manufactured.
The good performance of the proposed antenna makes it a promising candidate for 4G/5G base station

application.

INDEX TERMS Base station antenna, broadband, dual-polarized, asymmetric dipole.

I. INTRODUCTION
‘x J ITH the development of wireless communication
technology, the operation bands of the base station
system have been widely extended, more antenna subarrays
with enhanced bandwidth need to be deployed for different
applications [1]-[5]. Since the volume of the base station
system 1is limited, newly deployed antennas must have a
compact size [6]-[9]. On the other hand, the mutual cou-
pling has been a serious issue due to the compact spacing
between different antenna subarrays [10]-[13]. Designing the
base station antenna which can solve the above problems has
become a research hotspot.

At present, a large number of broadband antennas have
been proposed for base station applications [14]-[19]. The
most common manner to increase its bandwidth is to inte-
grate parasitic elements. In [14], parasitic cross dipoles are
embedded into the gap of the crossed loop dipoles, thus a
broadband dual-polarized antenna achieved a relative band-
width of 54.5% (1.68-2.94 GHz). In [17], 4 layers of circular
parasitic patches were added to the top of the U-shaped
slot dipoles, a relative bandwidth of 67% (1.39-2.8 GHz)
is obtained. Since the parasitic elements are mostly loaded
around or above the radiator, this will not only increase the
size of the antenna but also introduce new scattering sources
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to the antenna system and cause stronger mutual coupling.
Another method is to create the magneto-electric (ME) reso-
nance in the dipole radiator. The ME dipole designed in [18]
has a stable radiation pattern covering the 1.7-2.7 GHz
frequency band but its design process is quite complicated.

For base station application, it is also critical to effectively
reduce the volume of the antenna which normally relies on
the special structure design of the radiators [20]-[22]. For
example, in [20], multiple resonance points are generated
through the connecting line to meet the design requirements
on size and bandwidth. In [21], it proposed a compact broad-
band antenna by introducing spline-edged bowties as the
radiator, which widened the current path to achieve enhanced
bandwidth and shrinked size. However, these antennas often
require complicated designs and cannot flexibly control their
resonance modes.

In this paper, a compact wideband base station antenna is
proposed, which aims to achieve broad impedance band-
width in LB with low complexity as well as improved
port-to-port isolation. The cross dipoles are chosen as the
initial design because this structure can easily achieve £45°
polarization, and the radiation arm of the antenna is small,
which can effectively reduce the shielding of the HB ele-
ments in the array. However, the antenna is limited by its
bandwidth and can not cover LB. Therefore, the parasitic
elements were introduced to the cross dipoles to flexibly
control two resonant modes. Subsequently, we remove part
of the parasitic elements to form asymmetric dipoles, which
significantly improve the polarization isolation without beam
squint. In addition, the specially designed parasitic elements
only expand the bandwidth of the antenna and do not intro-
duce new scattering sources and affect the radiation patterns.
Moreover, due to the proposed antenna is made of alu-
minum, in the simulation, its radiation efficiency is close
to 100%. Simulation and measurement results show that
the antenna achieves an impedance bandwidth of 32.7%
(690-960 MHz). Moreover, a stable half-power beamwidth
(HPBW) of 68° 4 5° and a high gain of 8.54+0.3 dBi is
obtained. A compact high-gain base station array was fabri-
cated to verify the radiation performance and design freedom
of the proposed antenna.

1. ANTENNA CONFIGURATION

The Configuration of the proposed antenna is shown in
Fig. 1. It can be seen that the antenna is composed of a radia-
tor, two baluns, a bedframe, and a reflector. All the structures
are made of aluminum. Fig. 2 shows the special design of
the radiator. As depicted, the radiator consists of two pairs of
bent asymmetric dipoles. Different from the traditional half-
wavelength dipole, only one arm of the asymmetric dipole
are integrating with a pair of parasitic elements. This spe-
cial structure can not only realize good radiation performance
with enhanced bandwidth but also achieve more than 30 dB
polarization isolation compared to normal dipoles. In addi-
tion, the shrinked size of the radiating arm provides more
design freedom in array fabrication. The detail of the baluns
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FIGURE 2. Detail of (a) top view and (b) side view of the radiator, Hp = 8.5mm.

is shown in Fig. 3. The two pairs of baluns are fed by two
50 € coaxial cables at the bottom. The baluns are made of
aluminum, which can reduce feeding loss, ensuring high radi-
ation performance. Fig. 4 shows the details of the bedframe,
which is used to fasten the baluns to the reflector. After
parameter optimization, a compact antenna with excellent
radiation performance is proposed.

lll. PARAMETRIC STUDY

In this section, an antenna composed of traditional dipoles
that has a single resonating mode leads to a narrow
impedance bandwidth is designed, firstly. Then, four pairs of
rectangular parasitic elements are integrating to the dipoles,
thus, a new resonating mode is introduced and the two res-
onating modes can be flexibly controlled by tuning the length
and width of the parasitic elements to realize enhanced band-
width. Moreover, two pairs of parasitic elements are removed
to achieve better polarization isolation. Finally, a three-
dimensional asymmetric cross dipole with miniaturization
aperture is proposed.

Firstly, a dual-polarized base station antenna that works
in the desired band is designed. As shown in Fig. 5(a), two
pairs of simple cross dipoles form the radiator, the length
of the dipoles is 181 mm, which is half-wavelength of the
center frequency of the base station’s low-frequency band.
According to the simulated S-parameters with different L
values shown in Fig. 5(b), the initial design has only one res-
onating mode in the working band. Its resonance frequency
changes with the values of L accordingly. Due to the sim-
ple structure design, the impedance bandwith of the initial
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FIGURE 4. Detail of the bedframe.

design is limited. In addition, the polarization isolation of
the antenna is quite poor, therefore, several effective meth-
ods must be taken to improve the overall performance of the
initial design.

To enhance the bandwidth of the antenna, a new res-
onating mode must be introduced. Therefore, an improved
design which two pairs of rectangular parasitic elements
are added to each dipole is shown in Fig. 6(a). The simu-
lated S-parameters with different parameters of Lp and Wp
are shown in Figs. 6(d) and (e), respectively. As depicted,
through changing the length of the rectangular parasitic
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FIGURE 5. (a) The detail of the initial cross dipoles. (b) The simulated S-parameters
with different L of the dipoles.
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FIGURE 6. (a) The detail of the improved cross dipoles. (b) The current distribution
of the first resonance mode. (c) The current distribution of the second resonance
mode. (d) The simulated S-parameters with different Lp of the dipoles, Wp = 12.5 mm.
(e) The simulated S-parameters with different Wp of the dipoles, Lp = 18 mm.

element, the second resonance mode was introduced and
the impedance bandwith of the antenna might be improved.
On the other hand, the frequency of the first resonance mode
moves to the second one with the decrease of Wp. Therefore,
optimize the length and width of the rectangular parasitic ele-
ments at the same time can bring the two resonating modes
closer to achieve desired bandwidth. To prove the concept,
the surface current distribution of two modes are shown in
Figs. 6(b) and (c). However, no matter how to optimize the
parameter combinations, the polarization isolation around
the first resonating frequency of the design will always be
degraded, this can be considered to be the introduction of
parasitic elements that strengthened the resonance of this
mode, resulting in the strong coupling. Therefore, special
methods need to be adopted to design the parasitic ele-
ments efficiently without modifying the antenna’s radiation
performance.
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FIGURE 7. (a) Surface current distribution of the improved dipole at 720 MHz.

(b) Surface current distribution of the improved dipole at 800 MHz. (c) The simulated
S-parameters with different Wp of the asymmetric dipoles, Lp = 18 mm. (d) Surface
current distribution of the asymmetric dipole at 720 MHz.

To improve the polarization isolation, we first studied
the surface current distribution of the improved dipole at
720 MHz and 800 MHz which are shown in Figs. 7(a)
and (b), respectively. The isolation deterioration occurs at
720 MHz, which is the resonance frequency of the half-
wave dipole, the current distributed at the radiation arms is
weakened, the unwanted current is coupled from the feeding
port to another port, resulting in deterioration of isolation.
At 800 MHz, the surface current mainly distributes at the
radiation arms, which realizes good polarization isolation.
Therefore, to solve the polarization isolation degradation
problem, a pair of rectangular parasitic elements are removed
from each dipole to shift the current at the resonance
frequency. The simulated S-parameters with different Wp
of the rectangular parasitic element are shown in Fig. 7(c).
It is obvious that varying the width of the rectangular para-
sitic elements can still improve the impedance matching of
the first resonance mode. When the width of the rectangular
parasitic elements is Wp = 8.5 mm, the polarization isola-
tion of the antenna in the operating band exceeds 30 dB.
The surface current distribution of the modified dipole at
720 MHz is shown in Fig. 7(d). It can be noticed that after
removing rectangular parasitic elements, the surface current
mainly concentrated on the radiating arms at the resonance
frequency. In other words, the current coupling to the other
port has been reduced, thus the polarization isolation in the
working band has been increased to more than 30 dB.

Although the asymmetric dipole enhances the polarization
isolation of the antenna, this asymmetry may damage the
radiation performance. For this reason, analysis of HPBW
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FIGURE 8. (a) Simulated Gain and HPBWs of the improved dipole (Ant2) and
asymmetric dipole (Ant3), Wp = 8.5 mm, Lp = 18 mm. Normalized +45°-plane
radiation patterns of Ant3 with different values of Wp at (b) 700 MHz, (d) 800MHz, and
(f) 900 MHz. Normalized —45°-plane radiation patterns of Ant3 with different values of
Wp at (c) 700 MHz, (e) 800MHz, and (g) 900 MHz.

and gain should be taken, and the results are shown in
Fig. 8(a), where Ant2 refers to the improved traditional
dipole and Ant3 refers to the asymmetric dipole. As can be
seen, after removing a pair of parasitic elements from the
arm of the dipole, the gain has dropped slightly, but HPBW
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FIGURE 9. (a) The simulated S-parameters with different Hp of the proposed
antenna. (b) The simulated Gain and HPBWs of the proposed antenna.

is very stable, almost the same as before. To further study
the role of parasitic elements, we compare their radiation
patterns at different frequencies by varying Wp, the results
are shown in Figs. 8(b)—(g). As depicted, varying the width
of parasitic elements has almost no effect on the radiation
performance of the antenna. It can be proved that the asym-
metric dipole can maintain good radiation performance while
improving polarization isolation. This can also be proved by
studying the current distribution in Fig. 6. The current is
mainly distributed at the center of the dipole. Therefore,
the asymmetric dipole introduces a new resonance mode
to expand the bandwidth and avoids the deterioration of
isolation caused by the introduction of parasitic elements.

Since parasitic elements added to the LB antennas will
block the HB antennas in a LB-HB array, we tried to bend
and extend the parasitic elements downward to reduce the
obstruction in the final design as shown in Fig. 2. The sim-
ulated S-parameters with different Hp of the final design is
shown in Fig. 9(a), and the simulated gain and HPBWs of
the proposed antenna is shown in Fig. 9(b). As depicted, for
Hp = 8.5 mm, the antenna has achieved an enhanced band-
width of 690-960 MHz (|S11] < —10 dB) and more than
30 dB in-band polarization isolation. Moreover, the stable
HPBWs of 68+5°, the gain of 8.5+£0.3 dBi are obtained
over the operating band.

IV. RESULT AND DISCUSSION

The proposed antenna is manufactured and measured to
verify the simulation result. Fig. 10 shows the simulated
radiation patterns of the proposed antenna while port-1 is
excited. As depicted, within the —60° < 6 < 460° region,
a XPD (cross-polar discrimination) > 5 dB is obtained, and
the cross-polarization within the main lobe is smaller than
26 dB at the broadside direction (6 = 0°).

For application, a compact high-gain base station array is
fabricated, which composes of the proposed antennas and
HB elements whose radiation performance are similar to
the HB elements reported in [23], detail of the array is
shown in Fig. 11(a), the photograph of the array is shown in
Fig. 11(b). The array composes of a column of 11-unit LB
elements and two columns of 12-unit HB elements. The LB
elements spacing 250 mm, approximately 0.69 A, and the
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FIGURE 11. (a) The layout of the base station array. (b) The photograph of the base
station array.

HB elements spacing 125 mm, approximately 0.92 Ag. The
width of the array is 390 mm, which has a very compact
width for the base station application.

The measured result of the array is shown in Fig. 12. As
depicted in Figs. 12(a) and (b), the measured S-parameters
of the proposed antenna show broad impedance bandwidth
of 32.7% (690-960 MHz) for VSWR<1.3 and polarization
isolation of more than 29 dB in the operating band. Besides,
the 11-unit LB elements achieve a stable HPBWs of 63£5°
and a high gain of 16.4+0.9 dBi. On the other hand, the
HB elements also realize a good radiation performance. As
depicted in Figs. 12 (c) and (d), a broad impedance bandwidth
of 44.5% (1710-2690 MHz) for VSWR <1.4 and polarization
isolation of more than 29 dB in HB are obtained. Moreover, the
radiation performance of a column of 12-unit HB elements is
also measured, it has stable HPBWs of 63£9° along with high
gain of 1841 dBi. Therefore, a compact high-gain base station
array with good performance is fabricated and measured.

To further illustrate the advantages of the proposed
antenna, the comparison between the proposed antenna and
the other antennas in terms of size, bandwidth, gain, HPBW,
and polarization isolation is shown in Table 1. The compar-
ison results show that the proposed antenna element has
smaller radiating arm size which achieves smaller aperature.
In [5], parasitic elements are loaded around the radiator to
enhance bandwidth, but this method will increase the size
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TABLE 1. The comparison of various parameters between the proposed antenna and other antennas.

Ref. Size(Ao°,without reflector) Broadband technique Bandwidth(Gain,VSWR<1.5) Gain(dBi) HPBW (H-plane) Isolation(dB)
[4] 0.4400x0.44 09 x0.24)\0 Slot 1.68-2.74(48%) 8.2 62.5°+3.5° >22
[5] 0.51A0x0.51 Mg x0.26 Ao Parasitic element 1.7-2.9(52%) 8.5 65°£5° >25
[17] 0.46M0x0.46)0 x0.35X\0 Parasitic element 1.39-2.8(67%) 9 68°+4° >30
[21] 0.5400%0.541p x0.24X0 None 1.42-2.9(68%) 8 65°+11° >20
This work 0.5X0%0.5X0 x0.21\g Parasitic element 0.69-0.96(32.7%) 8.5+0.3 68°+5° >30
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FIGURE 12. (a) The measured S-parameters of the array in LB. (b) The measured
Gain and HPBWs of the array in LB. (c) The measured S-parameters of the array in HB.
(d) The measured Gain and HPBWs of the array in HB.

of the radiator, and this work does not further improve the
port-to-port isolation. Moreover, the form of differentially fed
will increase the required feed ports. In [17], the bandwidth
is enhanced by stacking four layers of parasitic elements,
and the isolation also meets the application requirements.
However, it should be noted that this method will greatly
increase the height of the antenna which does not meet the
needs of reducing the volume of the antenna. Compare with
the above results, the proposed antenna only uses parasitic
elements to realize enhanced bandwidth without increas-
ing the size of the radiator and maintain good radiation
performance, demonstrated how to use parasitic elements to
complete a low-complexity broadband LB antenna. Finally,
although the size of the antenna does not show significant
advantages, its cross structure can minimize the shielding for
high-frequency elements in the base station array, thereby
providing more freedom in array design.

V. CONCLUSION

In this paper, a compact wideband dual-polarized base sta-
tion antenna using asymmtric dipole is proposed. With the
integration of parasitic elements, two resonating modes are
realized to achieve broad impedance bandwidth. Compared
with symmetrical dipoles, asymmetrical dipoles achieve
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station array is fabricated to verify the performance of the
proposed antenna, a broad impedance bandwidth of 44.5%
(1710-2690 MHz) for VSWR< 1.4 and polarization isolation
of more than 29 dB in HB are obtained. good measurement
results indicate that the designed antenna has achieved the
expected performance. Thus, it is a good candidate for the LB
element of side-by-side multi-band multi-array base station
antennas.
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