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ABSTRACT A novel design method of a wideband dual-polarized antenna is presented by using shorted
dipoles, integrated baluns, and crossed feed lines. Simulation and equivalent circuit analysis of the
antenna are given. To validate the design method, an antenna prototype is designed, optimized, fabri-
cated, and measured. Measured results verify that the proposed antenna has an impedance bandwidth of
74.5% (from 1.69 to 3.7 GHz) for VSWR < 1.5 at both ports, and the isolation between the two ports is over
30 dB. Stable gain of 8-8.7 dBi and half-power beamwidth (HPBW) of 65°~70° are obtained for 2G/3G/4G
base station frequency bands (1.7-2.7 GHz). Compared to the other reported dual-polarized dipole antennas,
the presented antenna achieves wide impedance bandwidth, high port isolation, stable antenna gain, and

HPBW with a simple structure and compact size.

INDEX TERMS Balun, base station, dual-polarized antenna, shorted dipoles, wideband antenna.

I. INTRODUCTION

With the rapid development of wireless communication sys-
tems, dual-polarized antennas are widely adopted owing
to their advantages of reducing the multi-path fading and
increasing the channel capacity [1]. Dual-polarized antennas
have been widely applied in radars, satellites and mobile
communication base stations. These systems usually require
dual-polarized antennas with wide impedance bandwidth and
high port isolation. Antennas for mobile communication base
stations have some additional requirements, such as the sta-
ble antenna gain and HPBW over the frequency band of
interest. With the emerging of the new wireless systems
such as the fifth generation (5G) wireless communication
system and others, it is important to investigate novel designs
of high-performance antennas with dual-polarization, wide
bandwidth, stable antenna gain and HPBW performance and
compact size [2].

Many techniques for designing dual-polarized antennas
have been reported. One conventional technique is to use
microstrip patch antennas. Because of the orthogonal res-
onant modes (TMp; and TMg) on the patch, it is easy to
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obtain high port isolation and high cross polarization dis-
crimination (XPD). By using the multi-layer printed cir-
cuit board (PCB) technology and the aperture-coupling
method, low profile dual-polarized antennas are reported
in [3] and [4]. Other feed methods such as direct probe
feed [5], [6], or proximity coupling [7]-[9] are also presented.
Recently, wideband and dual-band dual-polarized filtering
antennas with enhanced frequency selectivity are reported
in [10] and [11]. These techniques enable the dual-polarized
patch antennas to achieve an improved impedance bandwidth
and high isolation better than 30 dB. However, the bandwidth
of both impedance matching and high isolation is usually not
wide enough to cover the frequency bands for 2G/3G/4G base
station applications.

Dipoles are commonly used for dual-polarized antennas.
A dual-polarized dipole antenna can be fed by either
using coaxial cables [12]-[16], or printed baluns [17]-[19]
for each linear polarization. A dual-polarized antenna
using four folded dipoles is proposed [15]. This antenna
has a stable radiation pattern and high cross polariza-
tion discrimination. However, its bandwidth is only 27.8%
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for SWR<1.5 (1.7-2.25 GHz). In [20], a dual-polarized
antenna with stable gain and HPBW is presented, however,
it requires four parasitic loop elements and a rectangular
cavity-shaped reflector to realize stable radiation. Magneto-
electric dipoles (MEDs) provide another method to design
dual-polarized antennas [21]-[23]. Recently developed dual-
polarized MED [23] utilizes dual open-ended slots for exci-
tation. The measured overlapped impedance bandwidth of
the antenna is 51.7% (with SWR<2) for the two ports.
Dual-polarized antennas for ultra-wideband (UWB) applica-
tion are also reported in [24]-[26]. In [24], a square patch
and four capacitive coupled feeds are utilized to enhance the
impedance bandwidth, but a large cavity is required to reduce
the backward radiation. Based on the tapered slot and the
balun, antennas in [25] and [26] are realized for UWB appli-
cation. Although these designs can obtain dual-polarization
over a wide frequency band, the gain and HPBW of these
antennas are unstable and cannot meet the requirements of
the base station applications.

In this paper, a novel wideband +45° dual-polarized
antenna using four printed shorted dipoles is proposed. The
four printed dipoles are symmetrically shorted in the center of
the PCB and excited by two crossed feed lines. Compared to
the traditional dual-polarized antennas, the proposed antenna
has the three important advantages by using the baluns
and shorted dipoles. Firstly, thanks to the integrated baluns,
the proposed antenna achieves an improved impedance band-
width of 74.5% (1.69-3.7 GHz) for VSWR<1.5. Secondly,
the isolation of two ports is higher than 30 dB over the
whole antenna impedance bandwidth because of crossed feed
configuration. Thirdly, with the configuration of two pairs
of parallel shorted dipoles, a stable gain of 8.0-8.7 dBi and
a stable HPBW of 65-70° for 2G/3G/4G base stations are
obtained without using any parasitic elements and modify-
ing the reflector. In addition, the proposed antenna has a
simple structure and compact size. Because of the wide-
band impedance bandwidth and good unidirectional radiation
property, the proposed antenna is potentially useful for future
5G base stations, radars, satellites and other wireless systems.

Il. ANTENNA CONFIGURATION

The configuration of the antenna is shown in Fig. 1. As shown
in Fig. 1 (a), the antenna is composed of a PCB etched with
the radiator and the feed lines, two 50 2 RF coaxial cables,
and a square reflector. On the bottom layer of the PCB, two
pairs of shorted dipoles and four central shorted coplanar strip
lines which operate as the baluns are printed. The top layer
consists of two crossed feed lines, which are used to feed the
power from the baluns to the radiator. The radiator and feed
lines are printed on a low-cost substrate of Rogers 4003C,
with g, of 3.55 and thickness of 0.813 mm.

The geometry parameters of the bottom layer radiator and
top layer feed lines are shown in Fig. 1 (b) and Fig. 1 (c).
The detailed dimensions are listed in Table 1. There are two
circular slots around the center of the radiator on the bottom
layer, which are used to solder the outer conductor of the
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FIGURE 1. The configuration of the proposed antenna. (a) Isometric view
of the antenna. (b) Bottom layer of the antenna substrate. (c) Top layer of
the antenna substrate. (d) Side view of the antenna.

TABLE 1. Dimensions of the proposed antenna (mm).

Wy, W. We Wy Ly L L, L; Ly
55 015 11 04 28 165 6 85 1
Ls Lg L, G, G, D L, H

75 20 25 1 0.7 30 150 35

two 50 €2 coaxial cables. Two crossed feed lines on the top
layer are soldered to the inner conductor of the coaxial cables.
There is a rectangular slot close to the two circular slots,
which is utilized to avoid the intersection of two crossed
feed lines. It should be noted that the vertical feed line is
connected by two via holes and a narrow feed line on the
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bottom layer. Its detailed configuration is zoomed in the right
of Fig. 1 (b). Fig. 1 (d) shows the side view of the proposed
antenna. The height of the radiator to the reflector is selected
to 35 mm, which is about 1¢/4, where Aq is the free space
wavelength at 2.2 GHz. The proposed antenna is designed
for £45° polarization as shown in the reference coordinate
system in Fig. 1.

Ill. WORKING MECHANISM

A. IMPEDANCE MATCHING

To investigate the wideband characteristic of the proposed
antenna, the equivalent circuit of the antenna is shown
in Fig. 2. Due to the symmetry of the antenna structure,
only one polarization is analyzed. As shown in the figure,
port 1 is connected by a coaxial cable with the characteristic
impedance of Zy = 50%. Then it is connected by two
identical baluns, which transform the input impedance of
dipoles (Z4) to the characteristic impedance of the microstrip
feed lines (Z1). For the design of the balun, the characteristic
impedance of the crossed feed line (Z1) is designed as 100 2
to match the high impedance of the coplanar strip line (Z).
In addition, the parallel configuration of two 100 €2 feed lines
is also designed to match the 50 €2 coaxial cable. The charac-
teristic impedance and the length of the shorted coplanar strip
line are Z; and Lg. The characteristic impedance of the open
stub is Z1, with the length of L, = L,/2 + L3 + L4 + Ls.

Balun

Dipole

FIGURE 2. Equivalent circuit of the proposed antenna for one
polarization.

According to the equivalent circuit in Fig. 2, the input
impedance of the wideband balun Z;, can be expressed
as [27]:

Zin = —jZicotO + jZstanbs||Zs ey

where 0; is the electrical length of open stub, and 6
is the electrical length of the shorted coplanar strip line.
When the input impedance (Z;;) equals the characteris-
tic impedance (Z1), the proposed antenna obtains impedance

matching. Assuming Z4 = Z;, the equation (1) can be
simplified to:
Zin = xsinzes + jZgsinBscos6s — jZ1cotbq 2)

Assuming that the electrical length of open microstrip stub
equals the electrical length of coplanar strip line:

O, =061 =0 3
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Then, considering the configuration of the proposed

antenna, the conditions for equation (2) are: Z; = Zy =
120€2, and Z; = 100£2. Then the solutions for 6 are
6o = 90°
6 = 65.91° 4)
0, = 114.09°

The curves of the input impedance Zin for the above con-
ditions are shown in Fig. 3. It is observed that when 6y = 90°,
Zin = 120 Q, and when 6] = 65.91° and 6, = 114.09°, Z;, =
100 €2, the balun transforms the antenna input impedance
Z4 (120 ©2) to Z; (100 2). The image part has three zeroes,
and 01 and 6, are symmetrical to 6.

200
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—o— Imag
150 [
—
100 AT /
- AR
<) | | |
= | 1 |
N 50 t t
S
| | |
0 CREmad
I I I
-50 / : 97 : 90 :62
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0 (deg)

FIGURE 3. Input impedance of Z;, for equation (2).

Therefore, a wide impedance bandwidth can be obtained
for the proposed antenna by integrating the shorted dipoles
and baluns. Fig. 4 shows the simulated input impedance
from the antenna port 1. All the simulation works in paper
are obtained by 3D electromagnetic simulation software,
ANSYS HFSS 2017. It is can be seen that the proposed
antenna has multi-resonance characteristic. Within the inter-
ested frequency band from 1.5 GHz to 4 GHz, the imaginary
part of the input impedance has six zeroes, and the real part
maintains stable around 50 €2.

200 I I
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]
|

-50
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FIGURE 4. Simulated input impedance of antenna port 1.

To analyze the effect of wideband baluns on the impedance
matching for the proposed antenna, parametric studies of
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FIGURE 5. Simulated S;; with different length of (a) shorted coplanar
strip line Lg and (b) open stub L,.

Le and L, (L, =L,/2 + L3 + L4 + Ls) are performed.
Fig. 5 shows the simulated S;; varies with different length
of the shorted strip line and different length of open stub.
It can be seen that when Lg = 18 mm, there are two
reflection zeros within the interest frequency band. How-
ever, the magnitude of the reflection coefficient is higher
at about 2.2 GHz. For Ly = 22 mm, the magnitude of
the reflection coefficient at the center frequency is higher
than —15 dB, but the bandwidth is narrower. As a trade-off,
L¢ = 22 mm is selected, as the antenna has a flatter reflection
response with three reflection zeroes. In Fig. 5 (b), when
L, = 18 mm, wider impedance bandwidth is obtained with
a little higher reflection magnitude than L, = 20 mm. But
when L, increases to 22 mm, the reflection zero in the center
frequency band is disappeared with a little higher reflection
magnitude. As shown, the baluns in this design play an
important role on the impedance bandwidth for the proposed
antenna.

It should be noted that the feed line for port 2 is a little
different from port 1 because of the via holes connection in
Fig. 1. Via holes can introduce additional parasitic induc-
tances and the surrounding copper can introduce parasitic
capacitance to the feed line. Accordingly, the deterioration
of the input impedance at port 2 needs to be compensated
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FIGURE 6. Simulated S,, with different width of connecting line (W).

by changing the width of the connecting line (W,) on the
bottom layer. As shown in Fig. 6, when W, has the same width
as the other feed line (W, = 0.4 mm) at port 1, the reflection
magnitude at the center frequency is deteriorated. When the
W, is decreased from 0.4 mm to 0.15 mm, almost the same
reflection response is obtained for Sy» compared to the Sy,
and the deterioration is compensated by changing the width
of the connecting line.

B. ANTENNA DESIGN

To explain the design approach better, the design flow of
the proposed dual-polarized antenna is illustrated in Fig. 7.
Antenna 1 is the simple four printed dipoles, two paral-
lel dipoles are excited with same magnitude and phase
for each polarization respectively. Antenna 2 is the four
dipoles shorted in the center by coplanar strip lines. Both
Antenna 1 and Antenna 2 are excited with ideal lumped ports
in the simulation. Antenna 3 is the proposed antenna without
the open stub. Instead, four conducting via holes are inserted

(@) (b)

© (d)

FIGURE 7. Design flow of the proposed dual-polarized antenna.
(a) Antenna 1. (b) Antenna 2. (c) Antenna 3. (d) Antenna 4.
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to feed the four dipole pairs. Antenna 4 is the proposed
wideband dual-polarized antenna.

The simulated reflection coefficients of the four antennas
are shown in Fig. 8. As can be seen, Antenna 1 shows a poor
reflection coefficient. After incorporating the shorted strip
lines, the reflection coefficient for Antenna 2 is even worse.
However, the first reflection zero shifts to the lower frequency
compared to Antenna 1. As the crossed feed lines are inserted
into Antenna 3, the reflection coefficient gets much better and
becomes lower than —10 dB. This improvement is mainly
attributed to the contribution of the baluns, even if without the
open stub. With the open stubs incorporated into the baluns
for the proposed design (Antenna 4), the first reflection zero
moves to even lower frequency, and the third reflection zero
appears in the frequency band of interest. The simulated
impedance bandwidth for S1; lower than —14 dB is increased
from 1.7 GHz to 3.6 GHz.

0+ S
S
5 {!Q‘ e -
» e
x “' it T ™.
\ ! .-:"‘_ T -
-10 ey L w_ L
—~ \ \ u }< 4
[ / w ~ ]
S s iz
= Vv
1%}
-20 — = Antenna 1
— «— Antenna 2
25 —4+— Antenna 3
—— Antenna 4
-30 T

1.0 1.5 2.0 25 3.0 3.5 4.0
Frequency (GHz)

FIGURE 8. Simulated S;; for the evolution antennas.

To illustrate the working mechanism for the +45° polariza-
tion, the current distribution of the proposed dual-polarized
antenna at 2.5 GHz is shown in Fig. 9, and the auxiliary
arrows are also added in the figure. It should be noted
that, when port 1 is excited, +45° polarization is real-
ized in the reference coordinate system. Correspondingly,
—45° polarization is realized by exciting the antenna port 2.
Solid arrows in the figure represent the current direction for

_— —

—_— —

«- ->
_——— -~

—
(@ (b)

FIGURE 9. Current distribution for the proposed dual-polarized antenna
at 2.5 GHz. (a) Port 1 is excited. (b) Port 2 is excited.

—
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FIGURE 10. Study on the antenna gain and HPBW. (a) Length of the
reflector (Lg). (b) The distance between the shorted dipoles (D).
(c) Height between the radiator and reflector (H).

the co-polarization, whereas the dash arrow line represents
the current direction for the cross-polarization.

In Fig. 9 (a), two parallel vertical dipoles are fed by
the baluns for 4-45° polarization. Strong current distribution
can be observed on the surface of the horizontal coplanar
strip lines and the parallel vertical dipoles. Both the vertical
dipoles are of the same current direction. For the horizontal
dipole, inverse current distribution is induced on the two
arms of the dipole. Furthermore, the common-mode current
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(a)

(b)

FIGURE 11. Prototype of the fabricated dual-polarized antenna.
(a) Photograph of the proposed antenna. (b) Antenna under
measurement in the anechoic chamber.

can be seen along the vertical coplanar strip lines, which
means that good isolation and cross polarization can be
obtained for the proposed antenna. Owing to the symmetry
of the antenna radiator, the similar current distribution can
be observed in Fig. 9 (b) when port 2 is excited. Thus,
a same result can be obtained for the —45° polarization.
Both the performances of high isolation and cross polar-
ization are validated by the simulated and measured results
in Section IV.

C. GAIN AND HPBW
To get a stable radiation characteristic for base station
applications, different antenna parameters are studied. Para-
metric study shows that the parameters of the length of
the square reflector (Lg), its distance to the radiator (H),
and the distance between the two dipoles (D) have serious
effects on the antenna radiation performances of gain and
HPBW.

As shown in Fig. 10 (a), when the size of reflector (L)
increases, the HPBW bandwidth for 60-70° becomes narrow,
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FIGURE 12. Measured and simulated (a) VSWR and (b) isolation of the
proposed antenna.

and the gain for the lower band increases, but the gain of
upper band decreases. As a whole, the bandwidth of gain and
HPBW moves to the lower frequency with the increase of size
of square reflector.

In Fig. 10 (b), with the distance between the two
dipoles (D) increased, the HPBW bandwidth is improved and
the gain increases due to the effect of array factor because of
the dual-dipole configuration. The distance D provide another
method to stabilize the antenna radiation property, which
is different from the traditional dual-polarized cross dipole
antennas.

The height (H) has a more significant effect on the antenna
gain and HPBW. As shown in Fig. 10 (c), when H = 30 mm,
the largest HPBW bandwidth is achieved, while the gain
of the antenna rises and varies greatly. However, when
H increases to 40 mm, due to the effect of the ground image
of the antenna radiator, antenna beam is split into two beams,
so the HPBW is sharply narrowed and the gain is decreased
as the increase of the frequency.

Therefore, based on the antenna parametric study, param-
eters of Ly, D, and H are chosen to be L, = 150 mm,
D = 30 mm and H = 35 mm as a trade-off for
the radiation requirements of the base station frequency
band.
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FIGURE 13. Measured and simulated normalized radiation patterns of
the proposed antenna. (a) 1.7 GHz. (b) 2.2 GHz. (c) 2.7 GHz. (d) 3.2 GHz.
(e) 3.6 GHz.

IV. RESULTS AND DISCUSSION
A prototype of proposed antenna was fabricated and
measured. The photographs of the fabricated antenna and its
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measurement in the anechoic chamber are shown in Fig. 11.
The antenna was measured at University of Kent, the UK.
Both the simulated and measured VSWR and isolation
are provided in Fig. 12 for comparison. The overlapped
impedance bandwidth for both ports is 74.5% (from 1.69 GHz
to 3.7 GHz) for VSWR<1.5, which is slightly wider
than the simulated results, which is caused by the fabri-
cation tolerance. The VSWR of port 2 is slightly worse
than port 1. This is due to the via hole configuration
which is used to avoid the intersection, but the VSWR
is still good below 1.5. The measured isolation between
the two ports is higher than 30 dB over the whole
impedance bandwidth, which agrees well with the simulated
result.

To illustrate the radiation patterns, the xz plane is defined
as the H-plane (Horizontal plane) and yz plane is defined
as the V-plane (Vertical plane). Radiation patterns of both
H-plane and V-plane are given in Fig. 13. Itis can be seen that,
because of the symmetry of the antenna, measured radiation
patterns of both planes are of great resemblance, and agree
well with the simulated results. The measured XPD at the
boresight direction is higher than 25 dB for base station
communication frequency band (1.7 GHz ~ 2.7 GHz), and
the XPD is even better at the remains upper frequency band.
Fig. 14 shows the measured and simulated gain and HPBW.
The measured HPBW is between 65° and 70° from 1.7 GHz
to 2.7 GHz, while the gain is from 8 dBi to 8.7 dBi. The
HPBW increases to 117° and the gain decreased to 5.4 dBi
at 3.6 GHz.

Table 2 compares the proposed antenna with other recently
reported dual-polarized antennas that operate at the similar
frequency band. It is found that with a relatively compact size,
the impedance bandwidth of the proposed antenna is wider
than these reported designs due to the multi-resonance char-
acteristic and the wideband baluns employed in the design.
Furthermore, the proposed antenna has very stable radiation
characteristic for base station applications. Therefore, there
is no need to modify the reflector to stabilize the radiation
property, which can decrease the design complexity and cost
of the antenna.
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TABLE 2. Comparison of the dual-polarized antennas for base station applications.

Antennas Size Bandwidth Isolation  Radiation property for base stations ~ Modification
(mm>*mmx>mm) (dB) Gain (dBi) HPBW (deg) to the reflector
[1] 140x140x34 1.7 GHz-2.7 GHz for VSWR<1.5 >25 7.6-8.8 66-70 Yes
[12] 300x145x34.7 1.63 GHz-2.95 GHz for VSWR<1.5  >31 8.2-8.8 Not Given Yes
[13] 200x134x36 1.7 GHz-2.7 GHz for RL>15 dB >30 About 8.5 Around 65 Yes
[16] 160x160x28 1.7 GHz -2.73 GHz for RL>10 dB >38 >9.3 Not Given No
[17] 150x150%32.5 1.7 GHz-2.9 GHz for VSWR<1.5 >35 7-8.6 Not Given No
[20] 140x140%34 1.7 GHz-2.9 GHz for VSWR<1.5 >26 About 8.5 63-69 Yes
[28] 160x160x40 1.7 GHz -2.75 GHz for RL>15 dB >45 About 9 57-73 No
This work  150x150%35 1.7 GHz-3.7 GHz for VSWR<1.5 >30 8-8.7 65-70 No

V. CONCLUSION

A wideband dual-polarized antenna using four integrated
baluns and shorted dipoles is proposed in this paper. With
the symmetrical radiator, the proposed antenna is excited
by two crossed feed lines. By using the configuration of
the wideband baluns and the crossed feed lines, the pro-
posed antenna exhibits a wideband impedance bandwidth
of 74.5% (from 1.7 GHz to 3.7 GHz) for VSWR<1.5 and
high isolation (>30 dB) between the two ports over the
whole impedance bandwidth. By properly adjusting antenna
design parameters, stable gain and HPBW are obtained for
base station applications. Measured radiation patterns show
that the proposed antenna has a stable gain (from 8.0 dBi
to 8.7 dBi) and a stable HPBW (from 65° to 70°) for the
upper band (1.7 GHz to 2.7 GHz) base station applications.
With the wideband impedance bandwidth and good unidirec-
tional radiation patterns, the application of the proposed dual-
polarized antenna is not only limited to the base stations, but
also can be applied to other wireless systems such as radars,
satellites and other wireless systems.
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