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ABSTRACT In this paper, a novel compact, dual-polarized, dual-broadband shared-aperture antenna
array unit consisting of one lower-band (LB) element and four upper-band (UB) elements underneath is
proposed for 5G mobile communications. L-shaped parasitic branches are introduced in the LB to broaden
the bandwidth while reducing the mutual coupling between the LB element and UB elements. Compared
with the traditional lower-band dipole, the proposed LB element has far less influence on the electric
field of the UB array, thus preserving their radiation patterns. To verify its performance, the antenna array
unit is fabricated and experimentally demonstrated to achieve the bandwidth of 32.7% (0.69-0.96 GHz)
in the LB and 45.5% (1.7-2.7 GHz) in the UB with a voltage standing wave ratio (VSWR) of lower than
1.5. High port isolation and stable radiation patterns are attained in both the LB and UB as required for
dual-band base station antennas.

INDEX TERMS Cross-band decoupling, dual-polarized, interleaved scheme, 5G mobile communications,
base station antennas.

I. INTRODUCTION

SINCE the emergence of the first generation of mobile
communication in the 1970s, mobile communications

technology has been evolving rapidly for meeting the strin-
gent requirements from industries. As more and more
frequency bands are being used in mobile communications,
one of the major trends of base station antenna development
is to achieve dual-band dual-polarization operation and wider
bandwidth within each band. However, when combining ele-
ments operating at different bands, the mutual cross-band
coupling between elements would often lead to the cross-
band port isolation distortion, radiation pattern distortion,
and impedance mismatch. The mutual coupling problem is
an incendiary challenge in dual-band antenna arrays.

Recently, various ways to design dual-polarized, dual-
band base station antennas have been proposed. It is the
first time for the embedded structure to be proposed in [1].
A dual-band dual-polarized base station antenna using an
embedded scheme is proposed in [2], which is composed
of four LB dipoles placed vertically around a UB element.
In order to suppress a strong mutual coupling caused by
this embedded structure, different from the external decou-
pling network in [3], a method to introduce filtering stubs
in the feeding balun is proposed in [4]. In [1] and [5],
the metal UB dipole is placed inside the bowl-shaped LB
element. Many metal bars are added to ensure the stabil-
ity of radiation patterns, which increases the complexity of
the antenna. For a better grating lobe performance, two LB
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elements with different sizes are employed in [6]. Only one
UB element is placed in the smaller LB element, while two
UB elements are nested in the larger LB element. In [7], a
UB-ground-LB stacked structure was used to design anten-
nas operating in 0.69 to 0.96 GHz and 3.5 to 4.9 GHz bands.
However, the profile and cost of the antenna are relatively
high. A frequency selective surface was introduced by [8] in
place of the ground, which resulted in a slightly lower pro-
file height of the LB element. In [9], two subarrays of UB
elements are placed on the left and right sides of the LB ele-
ments to form the dual-band base station antenna. However,
because the high-order modes on the LB are easily excited
at the high-frequency band, the effects of mutual coupling
can not be ignored, which tends to spoil the port isolation,
impedance matching, and the radiation pattern at the high-
frequency band. In order to reduce the mutual coupling,
the UB and LB elements need to be sufficiently separated
and metal walls are added to prevent deterioration of the
radiation pattern, which increases the width of the antenna
size. Similarly, the side-by-side structure is not conducive to
miniaturization [10].
To reduce the width of the antenna array, the researchers

try to place the cross-band elements closer by introducing
coupling suppression features into the antenna. The inter-
leaved scheme with coupling suppression characteristic is
presented. In recent years, methods of suppressing mutual
coupling between cross-band elements have been proposed.
A dual-polarized LB dipole with an integrated low-pass filter
in the balun was proposed in [11], which can suppress the
UB (1.69-2.69 GHz and 3.3-3.8 GHz) harmonics. In [12],
a spiral choke was used as a low-band radiator, which can
also work for scattering suppression. This spiral-choked LB
element covering 1.71-2.26 GHz bands and four UB ele-
ments covering 3.3-3.7 GHz bands are interlaced to form a
dual-band base station antenna array. An LB radiator com-
posed of periodic split-ring resonators is proposed in [13]
to reduce the scattering properties of UB. The LB element
in [14] based on the wide-angle bandpass frequency selec-
tive surface has little effect on the UB radiation pattern.
By introducing chokes in the LB radiator, UB scattering
currents were significantly suppressed [15]. To reduce the
cross-band scattering effect, some methods to improve the
LB element radiator have been proposed, such as adding
some branches [16] and loading shorted patches [17].
In this paper, an LB element with coupling suppression

function is proposed, and it is placed in the middle of the four
UB elements to design a dual-band base station antenna. The
measured and simulated results show that the presented LB
and UB elements operate normally at the 0.69-0.96 GHz and
1.7-2.7 GHz frequency bands, respectively, without affecting
each other. The main contributions of this article are as
follows.
1) A novel dual-broadband, dual-polarized interleaved

shared-aperture base station antenna array unit is designed.
The operating bandwidth exceeds most of the existing
dual-band dual-polarized base station antennas.

FIGURE 1. Main structures of dual-band antenna array. (a) Embedded scheme.
(b) Side-by-side scheme. (c) Interleaved scheme. (d) Stacked scheme.

2) An unblocked LB radiator is proposed to reduce the
blocking of UB radiation waves. By loading the L-shaped
branches, the UB-induced current on the LB radiator is sup-
pressed. A low-pass filtering balun is used to excite the LB
radiator, and an L-shaped stub is introduced on the �-shaped
feeding line to improve cross-band ports isolation.
3) Integrating the LB element into the 2 × 2 UB array,

the proposed LB element has a negligible effect on the UB
electric field. Thus, the preservation of the UB radiation
pattern is achieved.

II. ANTENNA ELEMENTS DESIGN
A. PRELIMINARY OF DUAL-BAND ANTENNA
STRUCTURES
The approaches to designing a dual-band antenna by com-
bining the upper and lower band elements mainly rely on the
embedded scheme, side-by-side scheme, interleaved scheme,
and stacked scheme, as shown in Fig. 1. The embedded
scheme shown in Fig. 1(a) has high space utilization and
can greatly reduce the size. But it will lead to aggrava-
tion of cross-band coupling. Compared with the traditional
side-by-side structure shown in Fig. 1(b), the interleaved
structure in Fig. 1(c) can reduce the size of the antenna.
The interleaved structure has a lower cost in mass produc-
tion compared with a stacked structure which consists of
UB element, LB-pass surface, and LB element, as shown in
Fig. 1(d). Therefore, the interleaved structure is a relatively
ideal dual-band antenna array scheme.

B. UPPER-BAND ELEMENT
Fig. 2 shows the structure of the UB element, which mainly
consists of two perpendicular die-cast dipoles supported by
a balun connector, two �-shaped probes, a parasitic patch,
and a reflector. A Y-shaped branch is added to the square
loop dipoles to extend the bandwidth. As illustrated in
Fig. 2(a), two coaxial cables are used to excite the two
�-shaped probes at Port 1 and Port 2. The outer conductor
of the coaxial cable connects with the corresponding balun
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FIGURE 2. Configuration of the proposed UB element. (a) 3D view. (b) Top view.
(c) Side view. (d) The feeding structure.

connector of one square loop, the inner conductor connects
with �-shaped probe and this probe connects with the other
square loop of the same dipole at the other end. Fig. 2(b) is
the top view of the square loop dipoles. As shown, dipoles 1
and 2 produce +45◦ and −45◦ polarizations, respectively.
Fig. 2(c) is the side view of the proposed UB element, where
Arlon blocks are selected as PTFE AD270 to fix �-Shaped
feed probes. Fig. 2(d) shows the construction of the feed-
ing probe. This probe works as a quarter-wave impedance
transformer. The input impedance of the antenna can be
adjusted by tuning the line width of this structure, so as to
achieve better impedance matching. A parasitic metal patch
is suspended above the dipole to extend the bandwidth and
enhance impedance matching. The antenna is simulated and
optimized in HFSS, and the optimized parameters are shown
in Table 1.

FIGURE 3. Top view of the reference antennas and the proposed UB antenna.

TABLE 1. Dimensions of the proposed UB element.

FIGURE 4. Simulated VSWR of the reference antennas and the proposed UB
antenna.

In order to better illustrate the design mechanism of the
UB element, the simulated results of the proposed UB ele-
ment and two reference antennas are compared and analyzed.
A top view of the reference antennas and the proposed UB
antenna are shown in Fig. 3. Ant 1 is a simple square loop
structure without a parasitic patch and Y-shaped branches
inside the loop. Ant 2 adds Y-shaped branches in the loops
of the basic Ant 1 structure. The comparison of results of the
simulated VSWR of the three antennas is shown in Fig. 4.
It can be seen that the introduction of Y-shaped branches

and a parasitic patch makes the first resonant point of the
antenna move to the high frequency, while the second res-
onant point remains unchanged. The maximum value of
VSWR of Ant 1 within 1.7-2.7 GHz is about 2.2. With
the addition of Y-shaped branches, the maximum VSWR of
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FIGURE 5. Comparison of antennas’ surface current distributions.

FIGURE 6. Simulated (a) S parameters, (b) Realized gain and HPBW, and
(c) Radiation patterns of the UB element.

the antenna decreases to 1.75. The addition of the parasitic
patch can further enhance the antenna impedance matching.
With the addition of the parasitic patch, the VSWR of the
antenna drops below 1.5 within the operating band.
Fig. 5 shows the surface current distribution of the ref-

erence antennas and the proposed UB antenna operating at
2.1 GHz. It can be seen that the Y-shaped branches can excite
the induced current in the same direction as the dipole surface
current, which enhances the radiation of the current in this
polarization. The parasitic patch is mainly used to improve
the impedance matching, and then enhance the bandwidth.
Fig. 6(a) shows the S-parameters of the proposed UB

antenna. This antenna element can operate at 1.7-2.7 GHz
band with |S11| < −14 dB and |S12| < −30 dB. In Fig. 6(b),
the average gain of 9.2 dBi and the HPBW of 60◦−63.7◦
of the UB antenna are obtained. The radiation patterns are
presented in Fig. 6(c). It shows that the UB antenna has
stable radiation performance at the high-frequency band.

TABLE 2. Dimensions of the proposed LB element.

C. LOWER-BAND ELEMENT
Fig. 7 shows the configuration of the LB element. As shown,
the LB element is mainly composed of two perpendicular
square loop dipoles with L-shaped branches, two pairs of
baluns and a reflector. The dipoles are printed on the top
side of the FR4 substrate, and 6 L-shaped branches are
added inside the square loop, which can be used to widen
the bandwidth and reduce the UB radiation distortion. In
order to clearly illustrate the role of L-shaped branches, we
divide the L-shaped branches into two parts, called branches
1 and 2 as shown in Fig. 7(b). The geometry of the baluns is
detailed in Fig. 7(d). Two coaxial cables are used to excite
the two baluns at the feed points. To construct the baluns,
two vertically placed substrates with permittivity of 3, loss
tangent of 0.003 and thickness of 1.52 mm are set per-
pendicular to each other. A microstrip line and a slot line
are printed on the front and the back sides of the substrate,
respectively. The grooves of the two substrates are staggered
to each other for easy fixation. The balun proposed in this
paper follows the basic design principles [18], [19], [20]. The
difference is that an L-shaped stub is added on a �-shape
microstrip line, connecting with the rear of the substrate by
metal via, which is used to enhance the cross-band ports
isolation.
To better explain the role of the branches, three reference

antennas are proposed and simulated. As shown in Fig. 8,
they are named LBant 1, LBant 2, and LBant 3. LBant 1 is
a square loop dipole antenna without any branches. LBant
2 adds branch 1 on the basis of LBant 1, and LBant 3 adds
branch 2 on the basis of LBant 2. The proposed LB antenna
adds coupling lines on the back of LBant 3.
Fig. 9 shows the induced current distribution of LBant 2

and LBant 3 at 2.5 GHz when the UB element is excited. In

586 VOLUME 3, 2022



FIGURE 7. Configuration of the LB element. (a) 3D view. (b) Top view and (c) bottom
view of the radiator. (d) Structure of the baluns.

LBant 2, strong currents are induced and distributed on the
chamfer edge and branch 1, which will excite new electro-
magnetic waves and interfere with the electromagnetic waves
radiated by the UB element, resulting in cross-band scatter-
ing and blockage effect. For the LBant 3, The induced current
is significantly reduced. In this case, the induced current on
the LB radiator is concentrated on the branch 2 far from
the UB unit, while the current on the branch 1 and chamfer
edge close to the UB unit is greatly suppressed, resulting in
radiation cancelation, thus greatly reducing the influence on
the UB radiation. This shows that the branch 2 can reduce
the blockage effect on the UB radiation, keeping the UB
radiation pattern stable. In addition, adding coupling lines
on the back of the LBant 3 can slightly reduce the VSWR

FIGURE 8. Top view of the reference antennas and the proposed LB antenna.

FIGURE 9. The surface current distribution of LBant 2 and LBant 3 at 2.5 GHz.

of the UB antennas when forming an array. It is helpful to
both UB and LB antennas’ cross-polarization suppression as
well.
In order to reduce the blockage effect of LB element

on the radiation of UB array, the presented antenna with
branches and coupled lines replaces the traditional low-band
dipole LBant 1. For verification, Fig. 10 compares the dis-
tribution of E-field in the XOZ-plane in three cases: case (1)
UB array working alone; case (2) UB array with LBant 1;
case (3) UB array with the proposed LB element. Obviously,
when LBant 1 is placed above the UB array, it blocks the
propagation of the electromagnetic wave from the UB array.
Therefore, the electric field distribution of the UB array is
greatly disturbed. Fortunately, this blockage effect is signif-
icantly reduced in case (3). It can be seen that the proposed
LB element is almost transparent to the UB array, and the
electric field is also restored as in free space. Fig. 10(b)
shows the XOZ-plane radiation pattern in three cases within
the operating band, which is consistent with the situation
presented in Fig. 10(a). Using LBant 1 will make the main
beam of the UB radiation pattern sag or tilt, while the
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FIGURE 10. Comparison of (a) E-field cuts and, (b) Normalized UB radiation
patterns in the XOZ-plane in the cases of i) UB array alone, ii) UB array with LBant 1,
and iii) UB array with the proposed LB element.

proposed LB element has almost negligible influence on
the radiation pattern of the UB array.
The simulated S parameters of the LB element are illus-

trated in Fig. 11(a). The operating band is 0.72-0.96 GHz
with |S11| of less than −15dB. |S12| is less than −25 dB,
indicating that the LB element has high isolation between
two polarization ports. The simulated gains of the proposed
LB antenna are shown in Fig. 11(a) as well. As shown, the

FIGURE 11. Simulated (a) S parameters and Realized gain, and (b) Radiation
patterns of the LB element.

FIGURE 12. Configuration of the dual-band antenna array unit. (a) 3D view of
simulation model, (b) 3D view of prototype, (c) Top view of simulation model, (d) Top
view of prototype.

average simulated gain in the operating band is about 7.8
dBi. In addition, the XOZ-plane and YOZ-plane radiation
patterns of the LB element at 0.69 GHz, and 0.96 GHz are
shown in Fig. 11(b). Due to the symmetry of the antenna
structure, only the radiation patterns for +45◦ polarization
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FIGURE 13. Measured scenario of the proposed base station antenna array unit: (a)
the rotating pole with antenna array unit (without radome) on the roof of building, (b)
the rotating pole with antenna array unit (with radome) on the roof of building, (c)
far-field antennas measurement system in the room of the building.

are presented here. HPBWs are in a range of 60◦-70◦ in LB.
Obviously, the proposed LB antenna element has a wide
operating bandwidth, stable radiation pattern in-band and
transparent transmission characteristics at high frequencies.

III. ANTENNA ARRAY UNIT
Based on the above analysis, the simulation model of a base
station antenna array unit composed of 1 LB element and 4
UB elements is designed, as shown in Fig. 12 (a), (c). To
validate the design method, the prototype of the antenna array
unit shown in Fig. 12 (b), (d) is fabricated. The measured
scenario is shown in Fig. 13.
Considering the symmetry of the proposed antenna array

unit, for brevity, six UB ports (#1-#6) and two LB ports
(#1’ and #2’) marked in Fig. 12(c) are mainly analyzed. The
measured VSWR of #1-#6 ports is given in Fig. 14(a). For
comparison, the simulated VSWR is also displayed. As the
results show, the simulated VSWR of the proposed UB array

FIGURE 14. Simulated and measured (a) VSWR and (b) Radiation patterns
(XOZ-plane, port #1 and port #3 are excited) of the UB array.

is less than 1.5 in the frequency range of 1.6-3 GHz, while
the measured impedance bandwidth is 45.5% (1.7-2.7 GHz).
Fig. 14(b) presents the simulated and measured XOZ-plane
radiation patterns of the UB array (port #1 and port #3
are excited) at 1.7 GHz, 2.0 GHz, 2.5 GHz, and 2.7 GHz.
Obviously, the measured radiation patterns are in good agree-
ment with the simulated ones. However, the symmetry of the
radiation patterns at 2.5 GHz and 2.7 GHz are slightly weak-
ened. This is resulting from the mutual coupling between the
UB elements. The simulated and measured cross-polarization
discriminations (XPDs) are greater than 20 dB and 19 dB,
respectively.
As illustrated in Fig. 15(a), the measured VSWR of the

proposed LB element is in good agreement with the simu-
lated one. The simulated VSWR of the LB element is less
than 1.5 in the frequency range of 0.7-0.96 GHz, while the
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TABLE 3. Comparison between existing dual-band dual-polarized antennas and this work.

FIGURE 15. Simulated and measured (a) VSWR and (b) Radiation patterns
(XOZ-plane, port #1’ is excited) of the LB element.

measured 1.5-VSWR band is from 0.69 GHz to 0.96 GHz.
The radiation patterns of the LB element (port #1’ is excited)
at 0.69 GHz and 0.96 GHz are given in Fig. 15(b). The mea-
sured radiation patterns are as symmetrical and stable as the
simulated ones in the lower band. The simulated XPD of
the proposed LB element is 19 dB, and the measured XPD
reaches 20 dB.

FIGURE 16. Simulated and measured gain and HPBW. (a) UB array (port #1 and port
#3 are excited). (b) LB element (port #1’ is excited).

The gain and half-power beamwidth at the upper and lower
bands of the proposed antenna unit are depicted in Fig. 16 (a)
and (b), respectively. The measured results show that the gain
of the UB array is 11.3±0.7 dBi, and the HPBW is 60◦±6.5◦;
the gain of the LB array is 7.6±0.6 dBi, and the HPBW is
in the range of 76◦±8◦. Figs. 17 and 18 reveal the simulated
and measured isolation coefficients of the proposed antenna
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FIGURE 17. (a) Simulated and (b) measured isolation coefficients in upper band.

array unit operating in the upper and lower bands, respec-
tively. It can be seen from Fig. 17 that, at the 1.7-2.7 GHz
band, the measured isolation coefficients of the UB element
and any other antenna element are less than −19 dB. The iso-
lation coefficients of the LB element are given in Fig. 18.
The simulated and measured isolation coefficients of the
|S1′2′ | ports are less than −23 dB and −19 dB, respectively,
and the processing error and the interference of the coaxial
feeder are the main reasons for this. The isolation between
the LB element and any UB array element is lower than
−33 dB, which verifies the cross-band coupling suppres-
sion capability of the proposed antenna array unit. Table 3
summarizes the performance comparison of existing dual-
band dual-polarized antennas, where λU and λL represent the
free-space wavelength of the center frequency of upper and
lower bands, respectively. It can be seen that the proposed
LB element has a relatively small size. Different from
other reference antennas, the proposed antenna unit exhibits
a satisfactory bandwidth performance in both upper and
lower bands.

IV. CONCLUSION
In this paper, a novel dual-polarized dual-broadband base sta-
tion antenna array unit with cross-band decoupling feature
is designed. In the upper band, the radiation cancels out by

FIGURE 18. (a) Simulated and (b) measured isolation coefficients in lower band.

generating current on L-shaped branches which is opposite
to that on the square dipole, so as to reduce the coupling
and the deterioration of high-frequency radiation patterns.
The simulated and measured results show that the antenna
array unit has good impedance matching, high polarization
isolation and cross-band isolation, stable radiation pattern
and cross-band coupling suppression in the lower bands of
0.69 to 0.96 GHz and the upper bands of 1.7-2.7 GHz,
thus the presented antenna array unit can be used as a
dual-band shared-aperture base station antenna array for 5G
mobile communications. Although the proposed base sta-
tion antenna array unit only includes one LB element and
four UB elements, other array units can also be studied by
selecting various combinations of elements so that milti-
band or all-spectrum-access base station antennas can be
reconfigured in terms of frequency, bandwidth, and radiation
pattern.

REFERENCES

[1] Y. He, Z. Pan, X. Cheng, Y. He, J. Qiao, and M. M. Tentzeris, “A
novel dual-band, dual-polarized, miniaturized and low-profile base
station antenna,” IEEE Trans. Antennas Propag., vol. 63, no. 12,
pp. 5399–5408, Dec. 2015.

VOLUME 3, 2022 591



HE et al.: NOVEL CROSS-BAND DECOUPLED SHARED-APERTURE BASE STATION ANTENNA ARRAY UNIT

[2] H. Huang, Y. Liu, and S. Gong, “A novel dual-broadband
and dual-polarized antenna for 2G/3G/LTE base stations,”
IEEE Trans. Antennas Propag., vol. 64, no. 9, pp. 4113–4118,
Sep. 2016.

[3] L. Zhao, K.-W. Qian, and K.-L. Wu, “A cascaded coupled resonator
decoupling network for mitigating interference between two radios
in adjacent frequency bands,” IEEE Trans. Microw. Theory Techn.,
vol. 62, no. 11, pp. 2680–2688, Nov. 2014.

[4] Y. Liu, S. Wang, N. Li, J.-B. Wang, and J. Zhao, “A compact dual-band
dual-polarized antenna with filtering structures for sub-6 GHz base
station applications,” IEEE Antennas Wireless Propag. Lett., vol. 17,
pp. 1764–1768, 2018.

[5] R. Wu and Q.-X. Chu, “A compact, dual-polarized multiband array
for 2G/3G/4G base stations,” IEEE Trans. Antennas Propag., vol. 67,
no. 4, pp. 2298–2304, Apr. 2019.

[6] F. Jia, S. Liao, and Q. Xue, “A dual-band dual-polarized antenna
array arrangement and its application for base station anten-
nas,” IEEE Antennas Wireless Propag. Lett., vol. 19, pp. 972–976,
2020.

[7] Y. Chen, J. Zhao, and S. Yang, “A novel stacked antenna con-
figuration and its applications in dual-band shared-aperture base
station antenna array designs,” IEEE Trans. Antennas Propag., vol. 67,
no. 12, pp. 7234–7241, Dec. 2019.

[8] Y. Zhu, Y. Chen, and S. Yang, “Decoupling and low-profile design
of dual-band dual-polarized base station antennas using frequency-
selective surface,” IEEE Trans. Antennas Propag., vol. 67, no. 8,
pp. 5272–5281, Aug. 2019.

[9] Y. He, Y. Yue, L. Zhang, and Z. N. Chen, “A dual-broadband
dual-polarized directional antenna for all-spectrum access base sta-
tion applications,” IEEE Trans. Antennas Propag., vol. 69, no. 4,
pp. 1874–1884, Apr. 2021.

[10] Y. Zhang, X. Y. Zhang, L.-H. Ye, and Y.-M. Pan, “Dual-band
base station array using filtering antenna elements for mutual cou-
pling suppression,” IEEE Trans. Antennas Propag., vol. 64, no. 8,
pp. 3423–3430, Aug. 2016.

[11] Q.-X. Chu, Y.-L. Chang, and J.-P. Li, “Crisscross-shaped ± 45◦
dual-polarized antenna with enhanced bandwidth for base sta-
tions,” IEEE Trans. Antennas Propag., vol. 69, no. 4, pp. 2341–2346,
Apr. 2021.

[12] H.-H. Sun, H. Zhu, C. Ding, B. Jones, and Y. J. Guo, “Scattering
suppression in a 4G and 5G base station antenna array using
spiral chokes,” IEEE Antennas Wireless Propag. Lett., vol. 19,
pp. 1818–1822, 2020.

[13] S. J. Yang, Y. Yang, and X. Y. Zhang, “Low scattering
element-based aperture-shared array for multiband base stations,”
IEEE Trans. Antennas Propag., vol. 69, no. 12, pp. 8315–8324,
Dec. 2021.

[14] D. He, Q. Yu, Y. Chen, and S. Yang, “Dual-band shared-aperture base
station antenna array with electromagnetic transparent antenna ele-
ments,” IEEE Trans. Antennas Propag., vol. 69, no. 9, pp. 5596–5606,
Sep. 2021.

[15] H.-H. Sun, C. Ding, H. Zhu, B. Jones, and Y. J. Guo, “Suppression
of cross-band scattering in multiband antenna arrays,” IEEE Trans.
Antennas Propag., vol. 67, no. 4, pp. 2379–2389, Apr. 2019.

[16] X. W. Dai, D. L. Mi, H. Hong, S. Y. Lin, and G. Q. Luo,
“Dual-polarized antenna with suppression of cross-band scattering
in multiband array,” IEEE Antennas Wireless Propag. Lett., vol. 20,
pp. 1592–1595, 2021.

[17] S. J. Yang, R. Ma, and X. Y. Zhang, “Self-decoupled dual-band
dual-polarized aperture-shared antenna array,” IEEE Trans. Antennas
Propag., early access, Dec. 29, 2021, doi: 10.1109/TAP.2021.3137531.

[18] L. H. Ye, X. Y. Zhang, Y. Gao, and Q. Xue, “Wideband dual-polarized
four-folded-dipole antenna array with stable radiation pattern for base-
station applications,” IEEE Trans. Antennas Propag., vol. 68, no. 6,
pp. 4428–4436, Jun. 2020.

[19] W. K. Roberts, “A new wide-band balun,” Proc. IRE, vol. 45, no. 12,
pp. 1628–1631, Dec. 1957.

[20] C. Ding, B. Jones, Y. J. Guo, and P.-Y. Qin, “Wideband matching of
full-wavelength dipole with reflector for base station,” IEEE Trans.
Antennas Propag., vol. 65, no. 10, pp. 5571–5576, Oct. 2017.

[21] Y.-L. Chang and Q.-X. Chu, “Suppression of cross-band cou-
pling interference in tri-band shared-aperture base station antenna,”
IEEE Trans. Antennas Propag., early access, Jan. 5, 2022,
doi: 10.1109/TAP.2021.3138531.

YEJUN HE (Senior Member, IEEE) received the
Ph.D. degree in information and communica-
tion engineering from the Huazhong University
of Science and Technology, Wuhan, China, in
2005.

From 2005 to 2006, he was a Research
Associate with the Department of Electronic and
Information Engineering, Hong Kong Polytechnic
University, Hong Kong. From 2006 to 2007, he
was a Research Associate with the Department
of Electronic Engineering, Faculty of Engineering,

Chinese University of Hong Kong, Hong Kong. In 2012, he was a Visiting
Professor with the Department of Electrical and Computer Engineering,
University of Waterloo, Waterloo, ON, Canada. From 2013 to 2015, he
was an Advanced Visiting Scholar (Visiting Professor) with the School
of Electrical and Computer Engineering, Georgia Institute of Technology,
Atlanta, GA, USA. Since 2011, he has been a Full Professor with the College
of Electronics and Information Engineering, Shenzhen University, Shenzhen,
China, where he is the Director of Guangdong Engineering Research Center
of Base Station Antennas and Propagation and the Director of Shenzhen
Key Laboratory of Antennas and Propagation, Shenzhen. He was selected
as Pengcheng Scholar Distinguished Professor, Shenzhen, and Minjiang
Scholar Chair Professor of Fujian Province. He has authored or coauthored
more than 230 referred journal and conference papers, 7 books (chap-
ters) and holds about 20 patents. His research interests include wireless
communications, antennas, and radio frequency. He received the Shenzhen
Science and Technology Progress Award and the Guangdong Provincial
Science and Technology Progress Award in 2017 and 2018, respectively.
He was also a recipient of the Shenzhen Overseas High-Caliber Personnel
Level B (“Peacock Plan Award” B) and Shenzhen High-Level Professional
Talent (Local Leading Talent). He has served as a Reviewer for various jour-
nals, such as the IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, the
IEEE TRANSACTIONS ON COMMUNICATIONS, the IEEE TRANSACTIONS

ON INDUSTRIAL ELECTRONICS, the IEEE TRANSACTIONS ON ANTENNAS

AND PROPAGATION, the IEEE WIRELESS COMMUNICATIONS, the IEEE
COMMUNICATIONS LETTERS, the International Journal of Communication
Systems, Wireless Communications and Mobile Computing, and Wireless
Personal Communications. He is the Chair of IEEE Antennas and
Propagation Society-Shenzhen Chapter. He has also served as a Technical
Program Committee Member or a Session Chair for various con-
ferences, including the IEEE Global Telecommunications Conference,
the IEEE International Conference on Communications, the IEEE
Wireless Communication Networking Conference, and the IEEE Vehicular
Technology Conference. He served as the TPC Chair for IEEE ComComAp
2021, the General Chair for IEEE ComComAp 2019, and the Organizing
Committee Vice Chair for the International Conference on Communications
and Mobile Computing (CMC 2010). He was selected as a board mem-
ber of IEEE wireless and optical communications conference (WOCC) and
is serving as the TPC Co-Chair for WOCC 2022. He is the Principal
Investigator for over 30 current or finished research projects, includ-
ing the National Natural Science Foundation of China, the Science
and Technology Program of Guangdong Province, and the Science and
Technology Program of Shenzhen City. He is a Fellow of IET and
a Senior Member of the China Institute of Communications and the
China Institute of Electronics. He is serving as an Associate Editor for
IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, IEEE Antennas
and Propagation Magazine, IEEE NETWORK, International Journal of
Communication Systems, China Communications, as well as Wireless
Communications and Mobile Computing.

WEI HUANG is currently pursing the master’s
degree in electronics and communication engineer-
ing from Shenzhen University, Shenzhen, China.
His research interests include base station antennas
and radio frequency.

592 VOLUME 3, 2022

http://dx.doi.org/10.1109/TAP.2021.3137531
http://dx.doi.org/10.1109/TAP.2021.3138531


ZHOU HE is currently pursing the Ph.D. degree
in mechanical engineering with the University of
Maryland at College Park, College Park, USA. His
research interests include wireless communication,
antennas, and reliability of electronic products.

LONG ZHANG (Member, IEEE) received the B.S.
and M.S. degrees in electrical engineering from the
Huazhong University of Science and Technology,
Wuhan, China, in 2009 and 2012, respectively,
and the Ph.D. degree in electronic engineering
from the University of Kent, Canterbury, U.K, in
2017. From January 2018 to April 2018, he was a
Research Fellow with the Poly-Grames Research
Center, Poly technique Montreal, Montreal, QC,
Canada. He is currently an Assistant Professor
with the College of Electronics and Information

Engineering, Shenzhen University, Shenzhen, China. His current research
interests include circularly polarized antennas and arrays, mm-wave anten-
nas and arrays, tightly coupled arrays, reflectarrays, and characteristic mode
theory. He is a reviewer for several technique journals, including IEEE
TRANSACTIONS ON ANTENNAS AND PROPAGATION and IEEE ANTENNAS

AND WIRELESS PROPAGATION LETTERS. He was the TPC member and the
session chair for several international conferences.

XIAOBING GAO is currently pursing the master’s
degree in electronics and communication engineer-
ing with Shenzhen University, Shenzhen, China.
His research interests include base station antennas
and radio frequency.

ZHI ZENG (Member, IEEE) received B.S., M.S.,
and Ph.D. degrees from the Harbin Institute of
Technology in 2004, 2006, and 2015, respec-
tively. He was the Vice President of the MOBI
Antenna Technology (Shenzhen) Company Ltd.,
China. He is the Vice Dean of Central Research
Institute, Sunway Communication Company Ltd.,
Shenzhen, China. His research interests include
mobile communications, antennas, and radio
frequency.

VOLUME 3, 2022 593



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


