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 

Abstract—A dual-polarized phased array antenna is presented 
with wide-angle scanning capability in this paper. To improve the 
mutual coupling in the array, a current cancellation method 
(CCM) is proposed by changing the current distribution on the 
excited unit to induce a pair of the canceled currents on the 
adjacent unit. Meanwhile, this current distribution broadens the 
beam-width of the unit in the array. Besides, the proposed 
method can also optimize the array unit size and achieve a small 
inter-unit distance for wide-angle scanning capability. A low-
profile dual-polarization antenna operating in the bandwidth 
from 4.4 GHz to 5.0 GHz is designed as a linear array and a planar 
array to verify the proposed method. Regardless of the linear array 
or planar array, the mutual coupling in the array is below -19 dB, 
which is better than that in conventional arrays. Meanwhile, the 
antenna unit in the array can radiate a wide-beam pattern. Two 
arrays can scan over ±60° for both polarizations. Within the 
scanning range, the realized gain reduction is less than 3 dB and 
the side-lobe level is lower than -7.5 dB. To verify the 
performance, two array antenna prototypes are fabricated and 
tested. The experimental results agree well with the simulation.  
 

Index Terms—wide-beam, dual-polarized antenna, decoupling, 

phased array antennas, wide-angle scanning, current 

cancellation. 

I. INTRODUCTION 

N recent years, wide-angle scanning technology has a rapid 
development, which has been applied into phased arrays for 

many fields to solve the large coverage issues of the array with 
high gain. However, for satellite communications, fifth-
generation (5G) communication systems, Synthetic Aperture 
Radars (SAR), and so on, the array antenna not only needs to 
realize wide-angle scanning performance but also has a dual-
polarized function. Because the dual-polarized capability can 
extend the system capacity without increasing the size, and 
implement polarization diversity technology to achieve 
multipath fading resistance. To obtain the above two functions, 
not only the wide beam of the antenna element must be 
designed, but also the decoupling in the array and port isolation 
need to be solved. Besides, some other factors such as profile 
and cost must also be considered. Therefore, this is a complex 
and urgent issue, which needs to be solved by global scholars.  

For the wide-angle scanning phased array antenna, there are 
some methods to improve: a) The far-field of the array antenna 
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is equal to an antenna element pattern multiplied by the array 
factor, under ideal conditions. Hence, it is a good measure to 
improve the wide-angle scanning performance of the array by 
extending the beam-width of the antenna element. The beam-
width of the antenna element is extended to more than 100° in 
two planes by the metal-cavity structure, which makes the beam 
of the array scan from -60° to +60° [1]. The special structure 
with the metal via is an excellent method to improve the beam-
width of the element to enhance the wide-angle scanning 
capability of the array [2]. Besides, adding the metal walls on 
both sides of the patch [3], designing the tapered slot [4], 
utilizing the substrate integrated waveguide (SIW)-slot 
technology to reduce the size of the element [5], and so on, can 
broaden the beam-width of the element in the limited space. b) 
As we know, the array inter-element space needs to be compact 
if the beam of the array should scan for large coverage. 
However, the strong mutual coupling in the array can be 
produced by the compact array inter-element space. It would 
affect the pattern of the element in the array, which seriously 
reduces the scanning range and even leads to scanning blindness 
in limited space. Some methods have applied to solve this 
problem such as adding the dielectric sheet in front of the array 
[6], adding multilayer substrates on the metal ground [7], using 
a dielectric layer with a metal sheet like a patch antenna-like 
structure [8], changing the ground plane to the defected ground 
structure (DGS) [9], electromagnetic bandgap (EBG) structure 
[10], and high impedance surfaces (HIS) [11] [12], using the 
feed network to decoupling [13] [14], designing the metal-
cavity like SIW [15] and substrate-integrated cavity-backed 
(SICB) structure [16]. These techniques can eliminate surface 
waves and mutual coupling in the array for improving the wide-
angle scanning performance. Although the above methods have 
achieved some improvement for the wide-angle scanning 
capability of linear or planar array antennas, at present, there is 
almost no simple and effective method that can simultaneously 
improve the coupling of the array and broaden the beam-width 
to achieve excellent wide-angle scanning characteristics.  
  For some fields like satellite communications and 5G 
communication systems, a single-polarization manner is 
difficult to satisfy the communication requirements. And the 
dual-polarization manner has been used in the above fields. 
There are the following antenna types to investigate for the 
dual-polarization like: dipole antenna [17-19], microstrip 
antennas [20-22], magneto-electric (ME) dipole antennas [23-
25], dielectric resonator antennas [26-28]. These antennas have 
many advantages such as low-cross polarization, low 
forward/backward (F/B) radiation ratio, and wide frequency 
band. However, a compact and low-profile, low-cost, 
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lightweight dual-polarized antenna with a wide beam has rarely 
been realized by now.   

It is an indisputable fact that the dual-polarization wide-angle 
scanning planar phased array will be a pivotal enabling 
technology in the 5G communication systems. In recent years, 
the dual-polarized wide-angle scanning antenna has gotten some 
achievements based on the above dual-polarized antenna 
elements [29-36]. The HIS is applied to substitute the ground 
plane for realizing low profile dual-polarized antenna, where 
can scan ±50° for each polarization in a wide frequency band 
[29]. The zeroth-order resonance and TM01 mode resonance are 
generated in the mushroom-shaped patch to broaden the beam-
width of the dual-polarized microstrip antenna for wide-angle 
scanning performance [30]. The dual-polarized patch antenna 
with vertical orthogonal baluns and cavity-backed structure is 
designed to realize scan ±45° in H- and E-planes for either 
polarization [31]. A dual-polarized aperture-stacked patch 
antenna is applied to achieve the wide-angle scanning ability for 
reflectarrays [32]. A multimode patch antenna is applied to 
improve dual-polarized wide-angle scanning ability [33]. 
However, Due to the complexity of the structure, the high cost, 
and the limited scanning capability, it cannot meet the current 
relatively high application requirements for the proposed 
communication systems. Besides, some dual-polarization 
connected-dipole arrays based on tightly coupled technology are 
presented in [34]-[36] to improve wide-angle scanning 
performance. But the tightly coupled array or connected array 
is not suitable for 5G communication systems (e.g., MIMO) 
since the interelement mutual coupling is required to be low 
when each array element works in an active or passive mode 
independently. Overall, to successfully apply this new 
technology for future commercial applications, many scholars 
around the world have conducted in-depth research on the 
actual implementation of this technology from both theoretical 
and practical perspectives. 

To confront these issues, a new method named the current 
cancellation method (CCM), is proposed, investigated, and 
demonstrated to achieve wide-angle scanning capability for a 
dual-polarized array antenna in this paper. This method can 
improve the mutual coupling in the array by obtaining the 
canceled induced currents on each neighboring unit cell of the 
array. Meanwhile, the beam-width of the unit in the array can be 
broadened by this method. Besides, by bending the patch of the 
unit, the compact antenna structure is realized. To this end, a 
new and simple dual-polarization antenna array is designed to 
realize the proposed method. The antenna unit has a simple and 
compact structure and is comprised of two metal feed lines, a 
pair of regular shaped metal plates, the ground plane, and a 
dielectric substrate. A dual-polarized one-by-eight linear array 
and a dual-polarized four-by-eight planar array based on this 
antenna unit are designed and fabricated to verify the CCM for 
wide-angle scanning capability. The measured results reveal 
that the mutual coupling between the adjacent units is better 
than -19 dB with smaller than 0.5λ inter-element space for two 
polarizations regardless of the linear array or planar array in the 
bandwidth of 4.4 -5.0 GHz (n79 of 5G NR frequency bands). 
Meanwhile, the wide beam unit is realized in the linear and 

planar arrays. Two type arrays can all scan the coverage of ±60° 
in x-polarization and ±65° in the y-polarization with the lower 
realized gain reduction and low side-lobe level, respectively. 
For the four-by-eight planar array, the above wide-angle 
scanning capability is also realized. Hence, the wide-angle 
scanning capability is validated in the dual-polarized planar 
phased array. Through the above description, the novelties of 
this work are as follows: 
(a) A simple method is presented to improve the mutual 

coupling in the array and broaden the beam-width for wide-
angle scanning capability, simultaneously.  

(b) A compact and low-profile dual-polarization antenna with 
wide beam-width, simple structure, and low cost is 
designed in this paper. 

(c) A simple and good wide-angle scanning dual-polarized 
planar array is studied, which can scan over ±60° for both 
polarizations with the lower realized gain reduction and 
low side-lobe level, respectively. 

  The organization of the paper is as follows. In Section II, the 
proposed design approach is analyzed. In Section III, A 1 to 8 
linear dual-polarized array is designed to illustrate the dual-
polarized wide-angle scanning performance by wide-beam units 
and the decoupling technology. The planar array is studied, and 
its scanning performance is verified in Section IV. The dual-
polarized wide-angle scanning phased array works are discussed 
in Section V. Finally, a summary together with concluding 
remarks is given. 

II. DESIGN APPROACH AND ANALYSIS  

For wide-angle scanning performance of the phased array 
antenna, in general, the following three aspects need attention: 
a) the coupling among array units that could lead to the 
scanning blindness, b) the wide beam performance of the array 
unit to ensure the lower gain reduction at the large scanning 
coverage, and c) the small inter-unit space to minimize the 
possibility of grating lobes. In this paper, a simple and 
efficient approach is presented to solve the above issues, 
simultaneously.  

A. Decoupling principle 

To clearly illustrate the decoupling principle, two referenced 
arrays are presented for comparison with the proposed array. 
The inter-unit spacing of three arrays and the dimensions of the 
array units are kept the same. Besides, one of the units is excited 
and the other units are terminated with the matching load. As 
shown in Fig. 1, the schematic diagram for the E-plane array is 
depicted. A traditional microstrip array with its current 
distribution is given in Fig. 1(a), as all we know, the excited unit 
can produce the horizontal current on the patch, which could 
induce an opposite and strong horizontal current on the patch of 
the adjacent matching unit because of the unit-spacing. So the 
mutual coupling in the proposed array is intensity. In Fig. 1(b), 
a pair of the bended plates are applied for the array to produce 
the horizontal and vertical currents on the antenna unit. It is 
the same to the Ant. a, the horizontal current can induce the 
horizontal current with opposite direction on the matching unit. 
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Since the adjacent vertical plates are relatively close, the 
vertical current on the matching unit is induced from the 
vertical current on the excited unit and it is opposite to the 
vertical current on the excited unit. Because of this vertical 
current, two induced currents are canceled on the matching 
unit. Hence, a field of the current cancellation is obtained, and 
the mutual coupling in the array is weakened. But the 
canceling currents are a little weak because the induced 
vertical current is relatively weak. To improve the proposed 
decoupling performance, the vertical parts of the adjacent 
units are connected by metal sheets, which are shown in Fig. 
1(c). The vertical currents on the excited unit are stronger, so 
that the vertical current on the matching unit is also 
strengthened, which leads to a better induced current 
cancellation on the matching unit. Therefore, a good 
decoupling for the E-plane array is realized by the proposed 
method. Note that the proposed method is different from the 
neutralization line [37][38], which would produce a 
neutralized field by using a line to connect the adjacent 
antenna units. Furthermore, the neutralization line mode 
[37][38] is very difficult to excite in a large array. Meanwhile, 
the proposed approach doesn’t require the addition of other 
redundant structures, such as metal strips [39], and the 
application of complex feed networks [40] [41] to reduce 
coupling between arrays, and more importantly, our design 
can be applied to achieve excellent decoupling in compact 
structures of dual-polarized array antennas.  

 
Fig. 1. Decoupling principle in E-plane: (a) Ant. a; (b) Ant. b; (c) Ant. c.  

 
Fig. 2. Decoupling principle in H-plane: (a) Ant. a; (b) Ant. b; (c) Ant. c. 

Similarly, the proposed method also is used to improve the 
mutual coupling in an H-plane array. As shown in Fig. 2, 
when the excited unit produces the horizontal current, the 
adjacent matching unit is induced the same horizontal current, 
which is the classical induced mode in the array antenna. As 
given in Fig. 2(b), the vertical part is formed by bending the 
patch, which is the same as the one in Fig. 1 (b). Hence, the 
vertical current is produced on the vertical part of the patch, 
which can induce a vertical current on the vertical plate of the 
matching unit. This can lead to producing the current 
cancellation on the patch. But it is a little weak since the 
induced vertical current on the matching unit is not very well. 
To enhance the current cancellation, the metal sheet is applied 
to the proposed array as shown in Fig. 2(c). The induced 
vertical current on the matching unit is strengthened and a 
better current cancellation also is realized on the matching unit 
in the array. Therefore, a good decoupling for the H-plane 
array is also achieved by the proposed method.    

B. Broadening beam-width principle 

       
Fig. 3. Broadening beam-width principle: (a) Ant. a; (b) Ant. b; (c) Ant. c. 

The proposed method could not only improve the mutual 
coupling in the array but also broaden the beam-width of the 
unit in the array. As depicted in Fig. 3, for Ant. a, it just 
produces the horizontal current, which is similar to the patch 
antenna, and radiates a broadside pattern. When a part of the 
horizontal plate is bent to form a vertical plate, as shown in 
Fig. 3(b). The vertical and horizontal currents are produced on 
the Ant. b. Hence, the radiation pattern is broadened [42], but 
the beam-width is not good enough. To obtain a wider 
radiation pattern, the vertical current should be enhanced. The 
connecting metal sheet could solve this problem. From Fig. 3 
(c), the strengthened vertical current could be obtained to 
guarantee the proposed antenna to radiate with a wide beam.  

III. DUAL-POLARIZED LINEAR ARRAY  

A. Array antenna unit design 

Based on the principle from the above section, a dual-
polarized antenna unit is designed as shown in Fig. 4, which 
depicts the evolution structure in three steps. Ref. a is a dual-
polarized patch antenna, which is similar to the Ant. a. Then the 
plates are bent to form the vertical plate, as shown in Fig. 4(b). 
Ultimately, the metal sheet is added in Ref. b, the proposed 
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dual-polarized antenna is designed, which is a compact and 
simple structure. The detailed configuration is given in Fig. 5, 
which is a simple metal structure and consists of a metal ground 
plane, four bent metal plates with four circular slots, four metal 
sheets, and two L-shaped feed lines. The metal sheet is printed 
on the substrate (which is the poly-tetra propylene (PP) with a 
relative dielectric constant of 2.2 and a loss tangent of 0.002, 
and the thickness (h3) is 1 mm). Note that the proposed design is 
a new dual-polarized antenna which has a novel structure for 
wideband and wide beam characteristics and doesn’t the balun-
fed structure in comparison with the traditional (planar) dipole 
antennas [43]-[45]. Besides, the profile of the antenna is low 
and 7.0 mm, which is about 0.12λ (at 5.0 GHz). The parameters 
of the proposed dual-polarized antenna unit are shown in Table 
I.  

 
Fig. 4. Steps to realize the proposed antenna unit based on the above principles: 
(a) Ref. a; (b) Ref. b; (c) Pro. 

 
Fig. 5. Configuration of the proposed antenna unit: (a) Plan view; (b) Side view. 

TABLE I 
DIMENSIONS OF THE WIDE-BEAM AND DUAL-POLARIZATION ANTENNA  

Parameter Lg L0 L1 Lf W1 W2 Wf r0 h1 h2 

Units (mm) 60 15.5 7.5 18 3.5 4 1.5 3 6.5 0.5 

  To verify the design approach, the S-parameters and radiation 
patterns of the three antennas are reported in Fig. 6(a) and Fig. 
7, respectively. From Ref. a to Pro., we can find that these 
antennas operate in the same frequency band, and the 

impedance matching changes better to lead to a wide operating 
frequency band. And the port isolation of the antenna is also 
improved and up to around 30 dB. For the radiation pattern, as 
indicated by the broadening beam-width principle, the beam-
width in two planes of Ref. b is broadened because of 
producing the vertical current. A wider radiation pattern is 
realized by the proposed antenna because of optimizing the 
strength of the vertical current. Meanwhile, several substrates 
with different thicknesses are applied to ensure that three type 
antenna units have the same dimensions for better analysis of 
the proposed decoupling principle. Ref. a has a thicker 
substrate, and Ref. b has a thin substrate. The proposed one 
doesn’t have the substrate. Hence, by adding the connecting 
metal sheet, the proposed method can be beneficial to reduce 
the antenna size. Additionally, the comparisons with the three 
antennas are given in Table II. Note that the size and 
beamwidth of the proposed antenna are improved without 
sacrificing the operating bandwidth, radiation efficiency, etc. 
Also, the input impedance of three antennas is shown in Fig. 
6(b), which indicates the design variation how to improve the 
resonance mode of the antenna to show the proposed design 
merit.  

 
Fig.6. (a) S-parameters and (b) input impedance of three antenna units.  

 
Fig. 7. Normalized radiation patterns of three antenna units at each resonance 
frequencies of port 2 in (a) xoz-plane; (b) yoz-plane. 

TABLE II 
COMPARISON OF THE REFERENCE ANTENNAS WITH THE PROPOSED ANTENNA  

Ref. BW Gain(dBi) 
HPBW 
(xoz-pl.) 

HPBW 
 (yoz-pl.) 

RE 

a 4.2% 7.3 58° 58° 78.7% 

b 3.1% 6.8  83° 69° 86.1% 

Pro. 12.8% 5.4  102° 102° 87.1% 

BW: bandwidth; HPBW: half-power beamwidth; RE: radiation efficiency 

B. One-by-eight dual-polarized linear array antenna 

As shown in Fig. 8, the 1 × 8 linear array with the metal sheet 
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is presented and analyzed, which has a suitable unit-spacing (30 
mm or 0.5λ at 5.0 GHz) for large scanning coverage. The array 
comprises eight antenna units that are connected by the metal 
sheet. A dielectric substrate is used to print the metal sheet, 
which has the same size as the ground plane of 60 mm×300 
mm. Some small PP dielectric strips are used to ensure that the 
feed line is placed horizontally above the patch. The proposed 
antenna has a 3-D structure with a low-cost metallic design, 
which is easy to fabricate and implement by mechanical 
processing. The proposed antenna can also be revised with 
planar multilayer due to its simple configuration.   

To verify the effectiveness of the proposed method, 
simulations of three type arrays are carried out with CST 
Microwave Studio. The simulated S-parameters of the array are 
shown in Fig. 9. The operating frequency band of the array is 
from 4.35 to 5.15 GHz in x-polarization and 4.4 to 5.05 GHz in 
y-polarization, respectively. Because of the proposed method, 
the port-to-port mutual coupling of the array in two 
polarizations is all better than -20 dB in the whole operating 
frequency band and even up to -25 dB in some frequencies. The 
isolation of the dual-polarized ports in each unit in the array is 
also better than 20 dB. 

 
Fig. 8. Geometry and prototype of one-by-eight dual-polarized linear array 
antenna. 

 
Fig. 9. Simulated and measured S-parameters of the units in the dual-
polarization linear array: (a) x-polarization; (b) y-polarization. 

  Ref. a and Ref. b are also designed to one-by-eight linear 
arrays for simulations, respectively, compared with the 
proposed array. As shown in Fig. 10, the mutual coupling in 

each array is reported. In the operating frequency band, it is 
found that the mutual coupling of the array is improved for 
two polarizations, which is consistent with the principle in 
Section II-A. As the horizontal plate is bent and the metal 
sheet is added, the mutual coupling in the array gradually is 
improved, especially in the proposed array which is better than 
-20 dB in two planes. The radiation patterns of the unit in 
three arrays are given in Fig. 11. The proposed method could 
also broaden the beam-width of the pattern in the array. 
Meanwhile, the curve of the pattern is relatively smooth 
without depression, which is because of the better mutual 
coupling in the array. Besides, the measured results are similar 
to the simulated ones. Therefore, the proposed method is also 
used to broaden the beam-width of the unit in the array. 

 
Fig. 10. Port-to-port mutual coupling of three type antenna arrays: (a) x-
polarization; (b) y-polarization. 

 
Fig. 11. Radiation patterns of the units in three linear arrays in yoz-plane: (a) 
port 7; (b) port 8. 

  For detailed validation of the proposed method in the linear 
array, the simulated current distributions of the three type arrays 
are analyzed in Fig. 12 and Fig. 13. It can be seen that the 
current distribution in three arrays is the same as the analysis in 
Section II-A. In Fig. 12, with the varying structure of the 
antenna, the vertical current is produced on the excited unit and 
induces the vertical current on the adjacent unit to lead to 
obtaining the current cancellation field on the adjacent unit in 
the array, which is similar to the one in Fig. 1 (b). Meanwhile, 
In Fig. 12 (c), the metal sheet is applied to enhance the vertical 
current, and the strengthened opposite horizontal current is 
produced. Hence, the better current cancellation on the adjacent 
unit is obtained by comparing it with the one in Fig. 12 (b). In 
Fig. 13, similarly, the current cancellation is also obtained in the 
H-plane array. Because the bent plate can produce a vertical 
current on the excited unit, the induced vertical current on the 
adjacent unit changes the current distribution on the patch. And 
the better current cancellation is obtained on the adjacent unit 
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since the strong opposite current is produced by the metal sheet 
as shown in Fig. 13 (c). Therefore, the mutual coupling in the 
proposed dual-polarized array is improved by the proposed 
method. 

 
Fig. 12. Current distribution of three antenna arrays with exciting port 8. 

 
Fig. 13. Current distributions of three antenna arrays with exciting port 7. 

C. Scan performance of the linear array 

  The simulated active reflection coefficients of the unit (the 
center unit) in the array at different scanning angles are shown 
in Fig. 14. It can be noted that the active |S11| is very well and 
always less than -10 dB in the operating bandwidth when the 
beam scans from 0° to 60° in the x-polarization. However, for 
the y-polarization, the active reflection coefficients are not well 
like the ones in Fig. 14 (a). They have a wide bandwidth and 
cover the proposed operation frequency band when the beam 
scans from 0° to 30°. But when the beam scans more than 30°, 
the frequency band shifts to higher frequency and the active |S11| 
is lower than -7.5 dB in the proposed operating frequency band. 

 
Fig. 14. Simulated active reflection coefficients of the units in the array and at 
different scanning angles: (a) port 7; (b) port 8. 

  The scanning performance of the proposed linear dual-
polarization phased array at the middle frequency in the 
proposed operating bandwidth is reported in Fig. 15. For 
brevity, the scanning pattern at the middle frequency in the 
proposed operating bandwidth is descripted, but the scanning 
patterns at other frequencies including the side frequencies 
have similar scanning performance with the proposed results. 
For the x-polarization, it is important to note that the array can 
scan in the coverage of ±60°, meanwhile, the variation of the 
realized gain is less than 3 dB, and the gain of the scanning 
beam decreases with increasing the scanning angle. Besides, it 
can be found that the side-lobe level of each scanning beam is 
very low and lower than 9.5 dB without any optimization of 
excitation amplitude regardless of scanning to any angle. For 
the y-polarization, the scanning beam at the key scanning 
angles like ±30°, ±45°, ±60° is given to validate the perfect 
scanning performance without any scanning blindness. And 
the pattern of the proposed array has a scanning coverage of 
±65°. The realized gain reduction of the scanning beam varies 
less than 3 dB in the proposed scanning range, but which is no 
regularity, unlike the variation of the x-polarization. This is 
because there is a little fluctuation in the unit pattern of this 
plane. It is the same as the patterns of the x-polarization, the 
side-lobe level is very low in the scanning coverage except for 
65°.   

The one-by-eight dual-polarization linear array antenna is 
fabricated according to the previous design requirements. To 
minimize the effects of the manufacturing process, the plastic 
studs and the dielectric substrate (PP) which is processed into a 
special shape are used to fix the antenna structure. Eight 
phased shifts and one 1-to-8 power splitter are used to excite 
each unit by providing the same amplitude and different 
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phases, as shown in Fig. 16(a). They are connected with 
coaxial cables of the same length. A SATIMO near-field 
measurement system is used to measure the radiation patterns 
of the antenna as shown in Fig. 16(b). When the typical 
antenna unit is selected to measure the performance, the other 
antenna units connect to the matching load. 

 
Fig. 15. Scanning radiation performance of the linear array antenna at 4.7 
GHz; x-polarization: (a) simulation. and (c) measurement; y-polarization: (b) 
simulation and (d) measurement. 

 
Fig. 16. Prototype of the proposed linear array and detailed illustration for 
measurement. 

 
Fig. 17. Simulated and measured scanning realized gain of the linear array 
antenna at different frequencies with varying scanning angles: (a) x-
polarization; (b) y-polarization. 

The measured S-parameters of the proposed linear array are 
shown in Fig. 9. The measured results are very similar to the 
simulated results compared with the curves. Hence, the 

operating frequency band of the proposed linear array is from 
4.35 to 5.15 GHz in x-polarization and 4.4 to 5.15 GHz in y-
polarization, respectively. Meanwhile, the mutual coupling in 
the array for both polarizations is all better than -20 dB, and the 
measured port isolation is higher than 23 dB and better than the 
simulated results. The measured radiation pattern of the center 
antenna unit in the array is given in Fig. 11. By compared the 
simulations and measurements, they have a good agreement. 
But the curves of the pattern in the y-polarization have a little 
difference. The radiation performance in this plane is more 
sensitive, and the above difference is caused by manufacturing 
errors. 

Measurements for the far-field scanning performance are 
reported in Fig. 15 (c) and (d). According to the situation of 
the simulation, the scanning results at the middle frequency is 
presented to validate the proposed scanning capability. Note 
that the proposed measurement demonstrates the array can 
scan in the coverage of ±60° in the x-polarization and in the 
coverage of ±65° in the y-polarization, respectively, 
meanwhile, the realized gain reduction in the scanning 
overage is lower than 3 dB, which is similar to the simulated 
results. However, the curves of the scanning patterns of the 
measurements have some differences from the ones of the 
simulations. This is because the phase shifter and the power 
splitter cause the input amplitude of each port to be different, 
but it doesn’t affect the beam direction. Concurrently, the side-
lobe level of the measured patterns has a little difference, 
which is lower than -7.5 dB. The detailed realized gain of the 
array in two polarizations is shown in Fig. 17. In the operating 
frequency band, the gain at the broadside direction of the x-
polarization increases from 12.8 dBi to 14.4 dBi with shifting 
the frequency. But for the y-polarization, the gain variation 
with the frequency is from 13.0 to 13.5 dBi and its maximum 
at 4.7 GHz. The measured results are similar to the simulated 
ones but have a little difference. Additionally, the detailed 
gain variation with the scanning angle at different frequencies 
is also presented in Fig. 17. Note that the good scanning 
capability is realized in the proposed operating bandwidth. 

IV. THE DUAL-POLARIZATION PLANAR ARRAY 

A. Antenna design and analysis 

TABLE III 
DIMENSIONS OF THE ANTENNA UNIT OF PLANAR ANTENNA  

Parameter L0 L1 Lf W1 Wf r0 h1 h2 W2 

Units (mm) 15.5 7.5 18.5 3.5 1.5 3 6.0 0.5 4.2 

To demonstrate the effect of the proposed method for the 
dual-polarization planar array, a 4 × 8 planar phased array 
antenna is designed and fabricated as shown in Fig. 18. In xoz-
plane, it is different from the linear array, which is connected to 
each unit cells by the metal sheet. Hence, the size of the 
proposed antenna unit has a little difference from the one in the 
linear array to ensure good impedance performance, where’s 
given in Table III. But the other design of the planar array is 
completely in line with the requirements of the linear array in 
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the above section: the same unit spacing and the same dielectric 

substrate. The size of the planar ground is 150 mm× 290 mm, 
and large enough to exclude the impact on the wide-angle 
scanning performance of the array antenna. 

As depicted in Fig. 19, the S-parameters of the planar array 
are presented. The proposed planar array can operate in the 
frequency band from 4.4 GHz to 5.0 GHz with dual-
polarization. Similarly, the CCM is used to improve the 
performance of the planar array. The mutual coupling in the 
array is all better than -20 dB in the proposed operating 
frequency band except in the higher frequency band lower than 
-18 dB. Meanwhile, the port isolation of the unit in the array is 
also higher than 23 dB. For the detailed operating principle of 
the proposed method, it has been presented in the above section. 
In the same way, for verifying the effect of the proposed 
method on the radiation performance, the radiation patterns of 
the center unit in the proposed planar array are presented in Fig. 
20. It is important to note that the patterns are the wide beam-
width for two ports, respectively. Although there are some 
indentations in the curves of the patterns, this couldn’t affect the 
unit's wide-beam characteristic. The reason for the above is 
similar to that of the linear array. To validate the proposed 
method in the planar array, the simulated current distribution of 
the planar array is shown in Fig. 21. The intense current just 
produces on the droved unit and hardly induces to the adjacent 
units. Because of the symmetrical structure, the proposed 
function also realized in another plane. Therefore, the current 
cancellation function is realized, which is the same as the 
analysis of the decoupling principle. Besides, the horizontal and 
vertical currents still are produced in the antenna unit to 
guarantee the wide beam-width performance. 

B. Scanning performance 

  

 
Fig. 22. Simulated active reflection coefficients of the units in the planar array 
at different scanning angles: (a)port 1; (b) port 2; (c) port 23; (d) port 24. 

The simulated active reflection coefficients of the units in the 
proposed dual-polarization planar array at different scanning 
angles are shown in Fig. 22. The edge unit and center unit are 
chosen as two typical units to analyze the active impedance 

 
Fig. 18. The configuration of the planar array antenna. 

 
Fig. 19. Simulated and measured S-parameters of the units in the planar array: 
(a) x-polarization; (b) y-polarization. 

 
Fig. 20. Radiation patterns of the center unit in the proposed planar array in 
yoz-plane: (a)port 25; (b)port 26. 

 
Fig. 21. Current distribution of the planar array antenna at 4.7 GHz. 
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characteristic. It is observed that the active |S11| of the edge unit 
is less than -7.5 dB in the operating bandwidth regardless of 
scanning to any angle in the scanning coverage. For the center 
unit, the active impedance characteristic is relatively stable with 
varying the scanning angle and most active |S11| is lower than -
10 dB. Besides, it can be noted that the active impedance 
bandwidth (≤ -10 dB) would change narrow with increasing the 
scanning angle. For the y-polarization, the unit can get a good 
impedance characteristic when the beam scans up to 65°, which 
has larger scanning coverage than the one in the x-polarization. 
In the same way, for verifying the function of the proposed 
method on the radiation performance, the radiation patterns of 
the center unit in the proposed planar array are presented in Fig. 
23. It is important to note that the patterns are the wide beam-
width of two ports, respectively. Although there are some 
indentations in the curves of the patterns, this does not affect the 
unit's wide-beam characteristic. The reason for the above is 
similar to that of the linear array. Therefore, the proposed 
method not only ensures the units in the planar array radiating a 
wide beam-width pattern, but also reduces the coupling of the 
array to improve the active impedance characteristic. 

 
Fig. 23. Simulated scanning radiation performance of the planar array antenna 
at different frequencies in yoz-plane; x-polarization: (a) 4.4 GHz; (c) 4.7 GHz; 
(e) 5.0 GHz; y-polarization: (b) 4.4 GHz; (d) 4.7 GHz; (f) 5.0 GHz. 

The above analysis has proved that the proposed dual-
polarized planar array meets the requirements of achieving 
wide-angle scanning performance. Hence, the simulated 
scanning radiation patterns of the planar array with three typical 
frequencies (4.4 GHz, 4.7 GHz, 5.0 GHz) are reported in Fig. 
23. For the x-polarization, the planar array has a large scanning 
coverage from -60° to 60°, and the scanning realized the gain 

reduction in the scanning coverage is less than 3 dB. And the 
gain drops with increasing the scanning angle. The side-lobe 
level is very low and lower than -10 dB except at -60°. For the 
y-polarization, the planar array can scan in the scanning 
coverage of ±65°, where’s realized gain reduction is also lower 
than 3 dB. The gain variation of the scanning pattern is 
unregular because of the unit pattern fluctuation in the array. In 
the scanning coverage of ±60°, the side-lobe level of the 
patterns is very low and lower than -10 dB in the operating 
frequency band. The detailed realized gain with the variation of 
scanning angles at different frequencies is shown in Fig. 26. 
Compared with the scanning performance of the linear array, it 
is observed that most of the scanning performance is similar 
except for the side-lobe level when scanning up to 60°.  

C. Measurements 

 
Fig. 24. Prototype of the proposed planar array and detailed illustration for 
measurement. 

According to the design dimensions in Table III, the dual-
polarization planar array antenna is fabricated, and the S-
parameters of the proposed planar array are measured as 
shown in Fig. 24(a). The radiation patterns of the planar array 
are measured in the SATIMO near-field anechoic chamber at 
the Aalborg University. The measurement is the same as the 
linear array except for the radiation patterns. The eight 1-to-4 
power dividers, as shown in Fig. 24(c), are applied to connect 
the eight phase shifters (as shown in Fig. 24(d)) and 32 ports 
of the antenna units for providing the same amplitude and 
different phases. And the other 32 ports of the antenna units 
connect to the matching load. The one-to-eight power splitter 
connects to the eight phase shifters and offers the input source 
for the above array. The measured S-parameters of the 
proposed planar array are shown in Fig. 19. And the measured 
results agree well with the simulated. The proposed dual-
polarization planar array can operate in the frequency band 
from 4.4 GHz to 5.0 GHz, which’s mutual coupling is all the 
better than -19 dB regardless of any ports. Meanwhile, the port 
isolation is also higher than 22 dB. The measured radiation 
pattern of the center antenna unit in the array is given in Fig. 20. 
By compared the simulations and measurements, they have a 
good agreement. But there is a little different mainly due to the 
manufacturing errors. 
  The measured scanning patterns of the proposed array are 
shown in Fig. 25. The analysis is similar to the simulated one, 
three different frequencies are selected to validate the 
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scanning performance in the whole operating frequency band. 
It can be found that the proposed dual-polarization array can 
scan in the coverage of ±60°and ±65° for two polarizations in 
yoz-plane, respectively, and the realized gain reduction in the 
scanning overage is lower than 3 dB, which are in agreement 
with the simulated results. However, the curves of the 
scanning patterns of the measurements have some differences 
with the ones of the simulations, especially at scanning up to 
large angles. The season is the same as the one in the linear 
array. The side-lobe level of the scanning patterns is lower 
than -8.0 dB. The detailed realized gain of the array is shown 
in Fig. 26. In the operating frequency band, it can be seen that 
the change trend of the gain is the same with shifting the 

frequency. And the gain variation is from 17.8 to 18.2 dBi. 
Besides, the measured gain is about 0.5 dB less than the 
simulated gain. In the scanning coverage, the gain fluctuation 
is less than 3 dB. The detailed gain variation with scanning 
angle at different frequencies is shown in Fig. 27. Therefore, 
the wide-angle scanning performance is verified and realized 
in yoz-plane of a new four-by-eight dual-polarized planar 
array by a simple and good method. Similarly, the scanning 
performance in xoz-plane of the planar array is also realized 
by the proposed method. 

V. DISCUSSION 

TABLE IV 
COMPARISON OF DIFFERENT DUAL-POLARIZATION ANTENNAS 

Ref. BW 
Height 
(λ) 

MC 
(dB) 

SR 
(Deg.) 

GF 
(dB) 

ISO 
(dB) 

SLL 
(dB) 

[29] 
26.1% 
2.0-2.6GHz 

0.06 / ±50°(linear) 4.5 <25 / 

[30] 
2.1%  
5.2-5.3GHz 

0.03 -16 ±66°(planar) 3.5 <15 <-5.4 

[31] 
16.1% 
3.7-4.4GHz 

0.23 / ±45°(planar) / <25 / 

[32] 
31.1% 
 26-32 GHz 

0.29 -11 ±60°(planar) / <15 / 

[33] 
3.0%  
4.9-5.1GHz 

0.08 / ±64°(planar) 4.5 / <-9.3 

[34] 
66.7%  
2.5-5.0GHz 

0.14 -11 ±45°(planar) 3.3 7 <-9.3 

Pro. 
12.8%  
4.4-5.0GHz 

0.11 
-20 
-19 

±65°(linear) 
±65°(planar) 

3.0 <22 
<-7.5 
<-8.0 

Note: MC: port-to-port mutual coupling of all the units. SR: scanning range. GF: 
gain fluctuation in the scanning range. ISO: the isolation of the dual-polarized 
ports in each unit. SLL: side-lobe level. λ is the wavelength at the center 
frequency in the bandwidth. 

So far, many scholars around the world have done a lot of 
research work in this area. Table IV lists some representative 
achievements compared with our work. It can be noted that it 
has a wide band and low profile, but the scanning coverage is 
not very large, and the gain fluctuation is not well in [29]. In 
[30], the work has a large scanning coverage, but the bandwidth 
of the antenna is narrower, and the side-lobe level is higher. The 
antenna has a wide operating frequency band and higher port 
isolation in [31]. However, it has a higher profile and limited 
scanning coverage. The antenna in [32] has a good scanning 
performance, but its profile is higher, and the port isolation is 
also lower. In [33], this work has a wide scanning coverage and 
lower side-lobe level, but its bandwidth is narrower, and gain 
fluctuation is not well. In [34], the tightly coupling array is 
introduced, which has a wideband but high profile, high mutual 
coupling as well as low port isolation. The proposed work has a 
low profile, larger scanning coverage, a lower gain fluctuation, 
good port isolation and side-lobe level compared with the other 
works. Moreover, our design not only achieves the wide-angle 
scanning capability in the dual polarization array, but also 
contributes to improving the port-to-port mutual coupling 
between the units in the array. The MC in the proposed array is 
better to any other similar published work although some port 
isolation in each unit has been slightly sacrificed based on the 
best of our knowledge. Hence, the proposed antenna is very 
suitable for 5G communication systems. 

 

 

 

 
Fig. 25. Measured scanning radiation performance of the planar array antenna 
at different frequencies in yoz-plane; x-polarization: (a) 4.4 GHz; (c) 4.7 GHz; 
(e) 5.0 GHz; y-polarization: (b) 4.4 GHz; (d) 4.7 GHz; (f) 5.0 GHz. 

 
Fig. 26. Simulated and measured scanning realized gain of the planar array 
antenna at different frequencies with varying scanning angles in yoz-plane: (a) 
x-polarization; (b) y-polarization.  
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VI. CONCLUSION 

A new dual-polarization antenna and the current 
cancellation method are presented to improve the wide-angle 
scanning performance for satisfying the requirements for 5G 
communication system in this paper. The new decoupling 
method is discussed and applied in the proposed array to 
improve the mutual coupling, where is realized by a simple 
structure in the array. Besides, the structure not only improves 
the coupling but also extends the beam-width of the antenna 
unit in the array and makes the structure compact. To 
corroborate the above decoupling method, a 1×8 dual-
polarization linear array and a 4×8 dual-polarization planar 
array are designed and demonstrated, and they have a good 
wide-angle scanning impedance in the large scanning coverage. 
The antenna unit can radiate the wide-beam in the array. 
Therefore, the linear array and planar array in yoz-plane can 
scan in the coverage of ±60° in the x-polarization and in the 
coverage of ±65° in the y-polarization, respectively, 
meanwhile, the realized gain reduction in the scanning 
overage is lower than 3 dB. Furthermore, two array prototypes 
are fabricated and characterized, yielding good performance 
with overall operational bandwidth. The measured results have 
a good agreement with the simulated results. In summary, 
combined with a low-profile dual-polarization antenna unit, the 
decoupling method is applied to realize dual-polarization wide-
angle scanning phased array, which is a good solution for 5G 
communication system.  
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