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Abstract — This paper proposes a low-profile high-
isolation dual-polarization array antenna operating in
the L/S band. The radiating unit of the array antenna
adopts U-shaped bending dipoles to realize the staggered
arrangement of high- and low-band units, and is con-
nected to the feeding network by a coaxial cable. To
achieve the non-influence of high-band and low-band
feed networks, multi-layer printing technology is used
and grooves are etched on the metal plate. In order to
reduce the coupling of the high- and low-band dipoles
at low frequency, a bandpass filter is added to the high-
band feed network, which greatly improves the isolation
at low-frequency. The measured results show that the
impedance bandwidth of the array is 4.5% (0.971-1.015
GHz) and 7.5% (1.89-2.04 GHz), with gains of 15 and 19
dBi at 1 GHz and 2 GHz, respectively. And the isolation
between the dual-polarized ports more than 50 dB and
35 dB was achieved at 1 GHz and 2 GHz, respectively.
The proposed array will have practical value in L/S band
full-duplex wireless communication systems.

Index Terms — dual-polarization, high-isolation, multi-
layer network, U-shaped bending dipoles.

L. INTRODUCTION

In recent years, a variety of antenna technologies
have been developed in the direction of easy integration,
multi-band [1H2], multi-polarization [3H4]] and low pro-
file to meet the requirements of modern communication
technology. Among them, the dual-polarization technol-
ogy and the dual-band technology can not only increase
the capacity of the communication system but also real-
ize various radiation functions, such as transceiver inte-
gration [SHO]. The arrangement of multiple antenna units
with different polarizations and bands in the same aper-
ture greatly reduces the size of the antenna array.

Some multi-band and multi-polarization co-aperture
array antennas have been proposed by researchers. Ini-
tially, a single antenna [7H10] or combination antenna
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[11H12] with dual-band and dual-polarization character-
istics is used as an element to construct the array to
improve the channel capacity of the array antenna. This
antenna is usually connected to a broadband or dual-
band feed network. However, it usually results in low
aperture efficiency and low gain in the high-frequency
band, and it cannot effectively use the array aperture.
To improve the aperture efficiency at high frequency,
the researchers have interspersed the high-band units in
the low-band array to increase the number of units in
the high-frequency arrays [[13H16]. The authors in [[16]
propose a co-aperture antenna with L/S band placed
in the same layer. To realize the dual-band co-aperture
antenna, the L-band dipole is bent, and the S-band dipole
is placed in the same layer in the empty part of the L-
band dipole, taking advantage of the small physical size
occupied by the bending dipole. Furthermore, different
frequency antennas can also be placed on different lay-
ers [[17-20]]. In [20], to realize the dual-band antenna co-
aperture placement in different layers, the antenna etches
the weak electric field area in the middle of the upper C-
band patch to make room for the normal radiation of the
lower X-band patch antenna. In addition to modifying
the low-frequency antenna to realize the displacement of
the horizontal space and the vertical space, the dual-band
co-aperture can be obtained by using the antenna with
small lateral occupation area. For example, the author in
[21]] adopted Vivaldi and dipole antennas to realize the
co-aperture placement of arrays with different frequen-
cies of S/X, but the profile is higher.

In this paper, a multi-layer feeding network with
filter is designed to solve the feeding problem of a
dual-frequency dual-polarization array based on refer-
ence [16]. It is easy to fabricate by reasonably arrang-
ing the HB and LB feed networks, and it achieves high
isolation between the two ports. Through simulation and
measurement, it is found that the antenna achieves the
impedance bandwidths of 4.5% and 7.5% and gains of
15 and 19 dBi at 1 GHz and 2 GHz, respectively. The
isolation between the two ports reaches 35 dB.
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II. ANTENNA DESIGN

The overall configuration of the array antenna is
shown in Fig. [[} The low-profile dual-band and dual-
polarized co-aperture array antenna consists of a stag-
gered arrangement of high-band and low-band dipoles
and a multi-layer power divider network. The overall
structure of the antenna is divided into antenna radiation
layer, coaxial cable, low-band feed network, and high-
band feed network from top to bottom.

HB network

Fig. 1. Configuration of the dual-band and dual-
polarization array antenna.

The hierarchical structure of the entire array antenna
is shown in Fig. 2] The radiation layer of the antenna is
printed on the bottom layer of FR4 with a thickness of 1
mm. The reasonable arrangement of the high- and low-
band dipoles is realized by using the gap of the low-band
bending dipole and the miniaturization of the high-band
bending dipole, and they are connected to the high- and
low-band feed network of the ground through the coaxial
cable. The feed network is printed on a two-layer dielec-
tric substrate F4B (g,=2.1) with a thickness of 1 mm
by using multi-layer dielectric printing technology. The

Radiation dipole

Coaxial cable

Ground 1
1 Ground 2

Grooved floor

[ Substrate 1 [ ] Substrate 2 [Z77] Substrate 3

Fig. 2. Schematic diagram of multilayer stacked struc-
ture.
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low-frequency feed network adopts the transmission line
form of CPW to realize a 1:16 power division network.
The high-band feed network is located in the lower layer
of the low-band feed network, and the stripline power
division feed network is realized by etching slots on the
metal ground. In addition, the high-band network is also
cascaded with a bandpass filter to achieve high isolation
between the two ports at low frequency.

A. Analysis of antenna unit

The array unit uses U-shaped bend dipoles. The feed
structure and relative positions of the high- and low-band
dipoles are shown in Fig. 3] and Fig. @ The coupling
microstrip line (MPL) is used to achieve a wider oper-
ating bandwidth, and the coaxial cable is used to con-
nect the dipole unit to the feed network. To validate the
antenna unit design, the dual-band array antenna unit
is simulated. The simulated S-parameters and radiation
patterns are shown in Figs. [5|and [6] Both work well, but
the isolation of the two ports is slightly worse at low fre-
quency.

Coupling MPL\

Substrate 1

Coaxial cable Dipole H.

L &8 ] Ground

Fig. 3. The configuration of a dual-band coaxial feed
dipole (side view).

Fig. 4. The configuration of the dual-polarized dipoles
(top view).
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0 _\ —so o —yey is designed. The key size parameters of the radiating
. 7 e, P dipoles and the feed network are shown in Table T}
AR /]
E S \ Table 1: Value of the parameter in the antenna array
%5 %-w ....,/r\ Parameter |Value (mm) | Parameter |Value (mm)
H; 28 L3 24
08 1 ;ieqzéHz) 2 22 08 1 ;ieql(ﬂG - 2 22 H2 1 L4 43
Wi 11 L5 11
(@ ®) W2 12 dx1 75
Fig. 5. Simulated S-parameters of the dual-band element: W3 1.25 dx2 68
(a) Return loss and (b) coupling coefficient between the W4 550 dx3 136
dual-polarized ports. W5 550 dyl 68
L1 131 dy2 136
L2 72

Gain (dB)
&

(b)

Fig. 6. The radiation patterns of the dual-band element:
(a) LB element @ 1 GHz and (b) HB element @ 2 GHz.

B. Analysis of dual-band network with filter

The array antenna usually prints the power division
feed network on the dielectric substrate, but the high-
band and low-band feed networks have the problem of
overlapping or crossing transmission lines on the same
layer. As shown in Fig.[7} a multi-layer feed network is
proposed in this paper. The high-band and low-band feed
network is realized by using two layers of dielectric sub-
strates and a metal plate with etched grooves.

To avoid interference between the upper and lower
layers, the high-band network is placed in the lower layer
and is designed in the form of striplines, and the low-
band network is placed on the upper layer using CPW.
The two sides of the stripline and CPW realize the poten-
tial of the upper and lower ground through metal holes
to balance and eliminate resonance, which is represented
by a metal wall in Fig.[7} In addition, in order to solve
the problem of strong coupling between high-band and
low-band dipoles at low frequencies, the bandpass filter
and the high-band feed network are cascaded to achieve
high isolation between two ports. The low-band network
is connected to an open branch at the main port to adjust
the impedance of the low-band array to avoid frequency
offset problems caused by manufacturing.

Based on the principle of T-type equal-amplitude
power divider, a dual-band multi-layer feed network

(b)

Fig. 7. Schematic diagram of the HB and LB feed net-
work based on T-shape power divider: (a) HB network
and (b) LB network.

In order to verify the design of the multi-layer feed
network, the high-band and low-band feed networks are
simulated and verified. The S-parameters of the network
are shown in Fig. [8] According to Fig.[8] the high-band
and low-band feed networks achieve good impedance
matching in their respective bands, and the bandpass fil-
ter also achieves blocking characteristics in the low fre-
quency, finally achieving high isolation between the two
ports.
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By analyzing the dual-band radiating dipoles and
feed network, the low-profile array antenna can achieve
higher gain, better impedance matching, and isolation at
1 GHz and 2 GHz.
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Fig. 8. Simulated results of the feed network and filter:
(a) VSWR of the HB and LB feed network and (b) S-
parameters of the filter.
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III. RESULTS AND EXPERIMENTAL
VALIDATION

In order to verify the above design effectively,
the array antenna is simulated and fabricated. The S-
parameter of the antenna was measured using a vec-
tor network analyzer, and the radiation patterns of the
antenna at 1 GHz and 2 GHz are measured in an ane-
choic chamber.

Fig. 9. Photograph of the fabricated network and
antenna.

The photographs of the fabricated antenna and the
measurement environment are shown in Figs. [9] and [I0]
respectively.

Firstly, the voltage standing wave ratio (VSWR) of
the proposed antenna is measured, and the results are
shown in Fig.[TT] The simulation results of the two bands
are in good agreement with the measured results, but
there is a slight deviation in the operating frequency. But
the VSWR<2 can still be satisfied at 1 GHz and 2 GHz.
In addition, the results show that the impedance band-
width of the antenna is 4% (0.971-1.015 GHz) and 7.5%
(1.89-2.04 GHz), respectively, which is basically consis-
tent with the simulation.
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Fig. 11. Simulation and measurement VSWR of the dual-
band antenna.

As shown in Fig.[T2] the isolation between the dual-
polarized ports is more than 50 dB and 35 dB at 1 GHz
and 2 GHz, respectively. It shows that the filter has the
effect of significantly improving the isolation.

The radiation patterns of the proposed dual-band
dual-polarized antenna are shown in Figs. [I3] and [T4]
Among them, they are the radiation patterns of the yoz-
plane when the high- and low-band arrays, respectively,
are excited. It can be seen that the main beam of the
antenna array at low frequency and high frequency is
consistent with the simulation, but the measured side
lobe level is slightly higher at -11.5 dB, and the mea-
sured gain is 15 dB and 19 dB, slightly lower than the
simulation 15.5 dB and 19.6 dB. The cross-polarization
of the array at high frequency is obviously different from
the simulation results. This is mainly because the cross
polarization level is high when the antenna unit deviates
from the broadside direction, and the installation error
causes the dipole plane to tilt slightly, so that the broad-
side direction of the antenna is not all pointing to 0°, thus
increasing the cross polarization level.
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Fig. 12. Simulation and measurement coupling coeffi-
cient of the dual-band antenna.
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Fig. 13. Simulated and measured pattern of the antenna
array @ 1 GHz (yoz).
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Fig. 14. Simulated and measured pattern of the antenna
array @ 2 GHz (yoz).

According to the actual measured gain, it is calcu-
lated that the aperture efficiency of the co-aperture array
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antenna at low frequency and high frequency is 85%
and 54%, respectively. The low aperture efficiency of the
high frequency is mainly due to the insertion loss of the
filter and power division network.

IV. CONCLUSION

In this paper, a low-profile dual-band and dual-
polarization co-aperture array antenna with a multi-layer
feed network is proposed, in which the antenna elements
are printed on the dielectric substrate in a staggered man-
ner, and the feed network is fabricated using multi-layer
printing technology to achieve high and low-band net-
work without affecting each other. The array antenna can
achieve different polarizations and better isolation at dual
frequencies, can also obtain higher gain at the same time,
and it has practical value.
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