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Abstract—A compact ±45◦ dual-polarized broadband antenna
array is proposed in this letter for base stations. For the sake
of structural simplicity, low profile, and ease of mass production,
printed dipoles are adopted as the dual-polarized antenna element.
To achieve the broadband performance, radiators are designed to
be spline-edged bowties, and they are fed by tapered transmission
lines. Moreover, to improve the symmetry and stability of the radi-
ation pattern, the Pawsey stub baluns are used to balance the an-
tenna structure. Finally, an eight-element antenna array prototype
backed by a folded reflector is fabricated and measured. The com-
pact antenna array has a broad bandwidth of 68% (1.427–2.9 GHz)
with a voltage standing-wave ratio less than 1.5 and stable radia-
tion properties to provide international mobile telecommunication
services over 2G/3G/LTE systems and L- and S-bands released
recently.

Index Terms—Antenna array, base station antenna, broadband
antenna, dual-polarized antenna.

I. INTRODUCTION

W
ITH the extensive increase of global mobile data traf-
fic, the demand for communication bandwidth (BW)

is growing intensively. Recently, the L-band from 1.427 to
1.518 GHz and the S-band from 2.7 to 2.9 GHz have been
released for international mobile telecommunication (IMT)
services [1], [2]. Due to the extension of an operating frequency
band, the existing base station antennas [3]–[6] cannot meet the
new IMT demand, and therefore, base station antennas working
continuously from 1.427 to 2.9 GHz are expected to support
multiple communication systems. In addition, dual-polarized
antennas are widely used for base stations to increase the polar-
ization diversity and to improve the system performance. Fur-
thermore, base stations nowadays tend to be increasingly com-
pact for easy deployment, and as a result, antennas designed for
them should also be compact.

The patch antenna is welcomed for the compactness, thanks to
its low profile and ease of mass fabrication. However, restricted
by its inherent nature of the narrow BW, patch antennas often
need multiple layers and complicated feeding structures [3], [4]
to achieve wideband performance, which increases the struc-
tural complexity and reduces the antenna efficiency. A dipole
antenna and its variations are another popular choice for wide-
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TABLE I
BWS AND SIZES OF BROADBAND BASE STATION ANTENNAS

band base stations. In [5], two pairs of long dipoles and two pairs
of short dipoles printed on an oriental crown-shaped substrate
were fed differentially. Performance of this antenna is stable
within the frequency band from 1.71 to 2.69 GHz (VSWR<1.5),
yet its nonplanar structure increases the fabrication difficulties
and costs. In [6], a dual-polarized base station operating over
1.71–2.69 GHz was achieved by using a crossed dipole together
with a square loop and a square plate serving as the parasitic
radiator and the director, respectively. Although a series of ef-
forts, including dipole arm transformations [7], [8], designs of
feeding structures [5], [9], and adding parasitic components [6],
have been made to achieve broadband base station antennas
with compact size, to the best of the authors’ knowledge, none
of the previous work realizes a fractional BW over 60% with
VSWR<1.5.

In this letter, a ±45◦ dual-polarized compact antenna ele-
ment and its eight-element array are designed for base stations.
Operating from 1.427 to 2.9 GHz, the proposed antenna cov-
ers 2G, 3G, and LTE bands, but also recently released L- and
S-bands. With a balanced structure, the proposed antenna ex-
hibits a symmetric radiation property and achieves a stable
half-power beamwidth (HPBW), good cross-polarization dis-
crimination (XPD), and high front–back ratio (FBR) over the
entire operating frequency.

II. DESIGN OF A DUAL-POLARIZED ANTENNA ELEMENT

A. Antenna Configuration

BWs for VSWR<1.5 of representative broadband base sta-
tion antennas are summarized in Table I together with sizes of
the antenna elements. According to Chu’s theory [10], the max-
imum BW of an antenna is constrained by its electrical length,
wherefore it is challenging to achieve the desired BW using con-
ventional structures without losing compactness. Two crossed
bowtie dipoles consisting of an isosceles triangle attached with a
semicircle were used in [7] as an antenna element, and its 1 × 8
array achieved a BW of 56%. In this letter, we further improve
the bowtie structure to obtain even broader BW within a com-
pact size. As illustrated in Fig. 1(a) and (b), a novel bowtie is
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Fig. 1. Configuration of the antenna element. (a) Top view. (b) Definitions of
the spline control points for contour of the patch. (c) Local view of the feeding
line. (d) Perspective view.

contoured by a quadratic Bézier spline with four control points.
In this way, the limited space is fully used to prolong the current
path on the dipole, so that the radiation capability at lower fre-
quency band is improved. Extra degrees of freedom and smooth
transition achieved by the spline contour help to realize a good
impedance matching over a broad frequency range. To further
improve the impedance matching, the feeding line widens grad-
ually from fw2 to fw1 as shown in Fig. 1(c), and the tapered
feeding line serves as an impedance transformer between the
patches and the 50 Ω coaxial cable. To realize dual polariza-
tion, two identical bowtie dipoles are perpendicularly placed as
depicted in Fig. 1(d), and the −45◦ and the +45◦ polarization
are excited by port 1 and port 2, respectively. Moreover, both
bowtie dipoles and microstrip feeding lines are printed on the
substrate of a 0.762 mm thick Arlon AD300 (with dielectric
constant of 3.0 and loss tangent of 0.003) to make the antenna
fully planar. As shown in Fig. 1(a), one taper of the bowtie
dipole is printed on the top side of the substrate, while the other
is printed on the bottom side. Finally, as illustrated in Fig. 1(d),
the proposed antenna element is placed above a folded reflector
to suppress the radiation in sideward directions.

B. Parametric Studies

To well match with impedances of patches, width of the feed-
ing line (fw1) should be carefully studied, and the transition
length (fl1) has a notable effect on the impedance matching as
well. It is also noticed through studies that the antenna perfor-
mance is significantly influenced by the space between the patch
and the reflector (hp) and the length factor of the tapered patch
(lc). The four parameters are swept using the CST Microwave
Studio, and results are shown in Figs. 2 and 3.

Fig. 2. Simulated reflection coefficients of the antenna element on Smith chart
with sweep. (a) fw1. (b) fl1.

Fig. 3. Simulated reflection coefficients of the antenna element with sweep.
(a) hp. (b) lc.

Fig. 2 shows the reflection coefficients of the antenna in a
Smith chart, from which it can be seen that fw1 and fl1 decide the
loop on the track of the reflection coefficient, and the impedance
BW can be enhanced by adjusting them. After explorations, it
is found that with 50 Ω input impedance, small loops able to be
circled by a low reflection coefficient circle is achieved when
fw1= 1.4 mm and fl1= 12 mm.

According to Fig. 3, large hp is good for the reflection coef-
ficients at the low band, while the reflection coefficients at high
band get worse. Small hp leads to opposite results, and thus,
hp is chosen to be 35 mm as a tradeoff. Besides, small lc nar-
rows the band but obtains a lower S11 over the operating band,
while a large lc widens the band with reflect coefficients over
the midband lifted up. A large lc also increases the antenna size,
and therefore, lc = 49.5 mm is adopted with the antenna op-
erating band, performance and patch dimensions all taken into
consideration.

C. Balanced Structure With Necessary Accessories

When feeding bowtie dipoles with unbalanced coaxial cables,
currents on both arms of a dipole are asymmetric, and the leaky
current on the outside surface of the coaxial cable will produce
undesirable radiation and cause pattern distortion. Fig. 4(a) gives
the radiation pattern of the proposed antenna element in the xz
plane for the two ports. It is noticed that the radiation pattern
is not symmetric, and the maximum radiation direction has a
derivation from 0◦.

It has been demonstrated in [11] that two shorting pins serve
as balun and improve the XPD of dual-polarized dipoles fed by
coaxial cables. Therefore, in this letter, outer conductors of the
feeding cables are mirrored to the antenna center as shown in
Fig. 5. The mirrored conductors operate as Pawsey stub baluns
to ensure the symmetry of currents on both arms of the bowtie
dipole over a very broad BW [12]. Additionally, they also make
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Fig. 4. Simulated radiation patterns of (a) unbalanced and (b) balanced an-
tenna elements in the xz plane at 1.9 GHz.

Fig. 5. Geometry of the balanced antenna element with accessories.

TABLE II
OPTIMIZED VALUES FOR THE GEOMETRIC PARAMETERS OF THE

BALANCED ANTENNA

Fig. 6. (a) Simulated VSWRs and port-to-port isolation. (b) Simulated gains
of the balanced antenna element with all accessories.

the antenna symmetric in geometry to maintain the mechanical
stability.

Furthermore, for practical deployment, four pillars made of
1.2 mm thick FR4 are added to support the patch stably. A
radome made of fiberglass and resin (with a permittivity of 4.4
and a loss tangent of 0.02) provided by Huawei Technologies
Co., Ltd., is also included to protect the enclosed antenna from
the environment. Configurations of the final antenna element
with all accessories are illustrated in Fig. 5. The proposed struc-
ture is further simulated and optimized, and its final dimensions
are summarized in Table II.

Fig. 6(a) shows the VSWR and port-to-port isolation of the
whole structure. It can be seen that the VSWR under 1.5 is from
1.35 to 3.5 GHz, except that around 2.7–3 GHz the VSWR at
port 1 is under 1.57. The mutual coupling level is under –20 dB
across most of the frequency band. According to Fig. 6(b), the
gain realized by the antenna element is around 8 dBi.

TABLE III
HPBW, FBR, AND XPD OF THE BALANCED AND UNBALANCED ANTENNA

ELEMENTS

Fig. 7. Prototype of the antenna array with 1 × 8 elements.

Fig. 8. Network configuration of the antenna array.

Radiation pattern of the balanced antenna element at the two
ports is given in Fig. 4(b). From Fig. 4, radiation patterns at
port 1 and port 2 are almost identical, wherefore the key eval-
uation indices, including HPBWs, FBRs, and XPDs, at port 1
at different frequencies for both the preliminary and the bal-
anced antenna elements are summarized in Table III. Compare
the results given in Fig. 4 and Table III, it is observed that the
main beam direction for the balanced antenna is at 0◦ and its
radiation pattern is more symmetric. In addition, the balanced
antenna exhibits more stable radiation pattern, together with
improved FBR and XPD, over the entire operating frequency
band.

III. EIGHT-ELEMENT DUAL-POLARIZED ANTENNA ARRAY

The proposed antenna element is then extended to an array
with 1 × 8 elements. Element spacing in the array is 110 mm
(0.52λ1.427 GHz), and the length and width of the reflector are
990 mm × 134.11 mm. A prototype is fabricated as shown in
Fig. 7, in which the radome is removed for a clear view.

When measuring the S-parameters, all the 16 ports are excited
simultaneously with a 24-port vector network analyzer, and a
network configuration shown in Fig. 8 is set to investigate the
final features of the array. The network contains two 1-to-8
power splitters, each of which connects with the corresponding
eight ports exciting the same polarization, and all the −45◦

polarized ports are excited by port A and the +45◦ polarized
ports are excited by port B.

Fig. 9(a) shows VSWRs of port A and port B and their
isolation. Based on the measurement results, from 1.427 to
2.9 GHz, VSWRs at port A and port B are all below 1.5, and
isolation between the two ports is lower than −20 dB. The
measurement results are consistent with simulation results, and
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Fig. 9. Measured and simulated. (a) VSWRs and port-to-port isolation.
(b) Gain and HPBW in the xz plane of the proposed antenna array.

Fig. 10. Simulated and measured radiation patterns of the dual-polarized
antenna array in the xz plane. (a) 1.427 GHz. (b) 1.9 GHz. (c) 2.4 GHz.
(d) 2.9 GHz.

TABLE IV
HPBW, FBR, AND XPD OF THE EIGHT-ELEMENT ANTENNA ARRAY

minor differences between them come from the fabrication
imperfections and effects from the measurement environment.

With a feeding network provided by Huawei Technologies
Co., Ltd., radiation pattern at the −45◦ polarized port in the xz
plane is measured and plotted in Fig. 10 together with those
in simulation for verification. It is observed that the measured
results agree well with those in simulation, and discrepancies
can be introduced from necessary fixtures and cables of the
feeding network. HPBWs of the array are given in Fig. 9(b)
and other significant evaluation indicators, including FBR and
XPD, are summarized in Table IV. According to the simulation
and measurement results, the HPBWs are within 54◦–76◦ over
1.427–2.9 GHz, and the FBRs are higher than 20 dB. Across
the entire operating frequency band, XPDs of the proposed an-
tenna array are over 20 dB at the boresight direction, and they

are higher than 6 dB from −60◦ to 60◦, which can meet the
requirements for base station antennas.

Realized gain of the designed antenna array are plotted in
Fig. 9(b). Over 1.427–2.9 GHz, the measured gains are within
13.9–17.4 dBi, which are about 2 dBi lower than the simulated
results. Losses can be introduced from the feeding network,
SMA connectors, and coaxial cables.

IV. CONCLUSION

A±45◦ dual-polarized base station antenna is designed in this
letter. Spline-edged bowtie patch and tapered feeding microstrip
line are adopted and optimized to achieve broadband impedance
matching from 1.427 to 2.9 GHz. Furthermore, Pawsey stub
balun structures are added to balance the antenna and improve its
radiation properties. An antenna array containing eight elements
is then fabricated and measured. The size of the compact base
station antenna array is 990 × 134.11 × 33.83 mm3 (excluding
a test radome), and over the entire operation band, it realizes
HPBW within 54◦–76◦, XPD and FBR more than 20 dB, and
gain from 13.9 to 17.4 dBi. Thanks to its wide operation band
and stable radiation performance, the proposed antenna is a
strong contender for base stations providing IMT services over
various systems.
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