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ABSTRACT A dualband dual-polarized antenna element with dual wide beamwidths for 5G microcell
applications is initially proposed and investigated in this paper. To achieve very low manufacturing cost,
an unprecedented method is applied to the antenna element, in which the antenna components are printed
separately on F-4B substrates, follow by assembling them to form the antenna element (similar to building
block assembly). To further achieve high gain, an 1 x 4 antenna array is also designed. Measured results show
that the half power beamwidths (HPBWs) in H- and E-planes are 1124-1° and 10543° in the lower frequency
band of 3.22-3.88 GHz, respectively, and 99+3° and 106+4° in the upper frequency band of 4.52-5.02 GHz,
respectively. In addition, high front-to-back ratio (FBR) of approximately 19 dB and high isolation of 33.6 dB

can also be achieved.

INDEX TERMS Building block assembly, dualband, dual-polarized, dual wide beamwidths, 5G microcell

applications.

I. INTRODUCTION

Since 2019, the fifth generation mobile communication (5G)
has entered the stage of rapid development as commer-
cial licences are formally issued to the telecommunication
operators in many countries [1]. Amid the key components
of 5G system, the antenna has played an increasingly impor-
tant role in system performance. For example, to satisfy
the stringent requirements including high-speed transmis-
sion and high capacity in wide coverage area, strong anti-
interference capability, limited storage space, etc. for 5G
communication, the antennas involved should own the cor-
responding high-performance characteristics such as high
gain and wide beamwidth, high isolation at low cost, small
size, etc. [2]-[4]. In addition, because the communication
wavelength of 5G deployment below 6-GHz (also known sub-
6 GHz band) are shorter than that of previous mobile com-
munication systems, the demand for microcell antenna that
can be used for medium and short distances communication
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has surged across emerging markets. Recently, several anten-
nas for microcell application with good performances have
been proposed [5], [6], however, the above-mentioned multi-
ple high-performance characteristics have not been properly
taken into account.

For practical application, a microstrip antenna can be com-
pletely printed on a common substrate and assembled within
a short time period. Because of its advantages such as low
fabrication cost, high production efficiency and high man-
ufacturing accuracy etc., since its invention, the microstrip
antenna (printed on substrate) is widely used today. How-
ever, most of the microstrip antennas are planar structure
and cannot be applied in three-dimensional (3D) construc-
tion [7]. In reality, base-station and microcell antennas are
mostly fabricated with 3D construction because it can yield
both wide bandwidth and high gain easily [8]-[11]. Recently,
several microstrip antennas with 3D construction have been
proposed for base-station and microcell applications [12],
[13]. In [12], the 3D antenna units and its corresponding
feeding network are printed on substrates and arranged in a
loop array, resulting with a high gain of 10.3+0.9 dBi and

123359


https://orcid.org/0000-0003-3662-0183
https://orcid.org/0000-0001-5330-1569
https://orcid.org/0000-0001-8209-5901
https://orcid.org/0000-0003-4968-993X

IEEE Access

B. Feng et al.: Building Block Assembly Dualband Dual-Polarized Antenna With Dual Wide Beamwidths

a low gain variation within 1.25 dB in the horizontal plane.
In [13], a vertical parasitic superstrate is employed in the
dual-polarized linear array to compensate the impedance vari-
ation in beam scanning cases. As a result, the weight of the
array can be effectively reduced while wide scanning angle
of approximately 120° can be achieved. Though excellent
performances have been realized, their frequency bandwidths
are not suitable for 5G communications.

As is well known, antennas with wide beamwidth can
help to cover much wider area with fewer antenna numbers
and they are also beneficial to the efficient use of resources.
By properly adjusting the antenna radiation pattern of micro-
cell, the mobile users can receive vast amount of information
from the microcell in a very short time. To achieve this
goal, many works with various methods have been reported
[6], [14], [15]. In [14], by folding the planar ground into a
trapezoid-shaped one, the electric dipole of a single polar-
ized ME-dipole antenna inclines toward the ground and its
beamwidth in H-plane reaches to 120° with approximately
6.3 dBi. In [15], by folding the electric dipole of a single
polarized ME-dipole antenna toward the ground and arrang-
ing six metal cylinders around it, HPBWs of 215° and 186°
in the E- and H-planes, respectively, can be obtained for
5.5 GHz at the same time. Furthermore, by integrating a
modified tetrahedral ground together with dual-layer three-
element dipoles that are arranged as a triangle array, dual
wide HPBWs of 163° and 133° in H-plane can be achieved
in dual-polarized directions [6]. Nevertheless, up to now, few
works in the open literatures have simultaneously realized
wide E- and H-planes in each polarization for dual-polarized
antennas due to the challenging technical difficulty. In fact,
dual-polarized antennas are most widely used in microcell
communication as it can double the system capacity without
increasing the size and combat multipath interferences sig-
nificantly [16]. Therefore, dual-polarized antennas with dual
wide beamwidths are in urgent need for 5G communication
scenarios.

On the other hand, high isolation in a compact size is
always a challenging research topic for dual-polarized anten-
nas. So far, many studies with great efforts have been made
in this aspect [17], [18]. In [17], by placing four V-shaped
patches around the radiating patches and introducing orthog-
onal feeding scheme, high isolation of better than 25 dB with
a compact size of 40x40 x 1.524 mm? can be achieved in
the bandwidth of 3.0-4.1 GHz. Furthermore, in [18], by using
a differential feeding network to excite dual-polarized mag-
netic dipole antenna, high isolation of larger than 45 dB with
wide beamwidth of 133° can be realized in the bandwidth
of 5.1-5.8 GHz. However, its profile is slightly high (0.32¢).
In addition to that, low fabrication cost is also a very impor-
tant consideration. Hence, differential feeding network that
may increase the fabrication cost is not the best option for
practical application.

As stated above, even though there is a trade off among
the high gain and wide beamwidth, isolation and compact
size, high fabrication precision and low cost, other vital
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requirements for 5G communications are also needed to
be satisfied besides the above mentioned multiple high-
performances. To address these requirements, we roughly
presented a simulated wideband dual-polarized antenna ele-
ment with wide beamwidths in [19]. However, it still suffers
from low gain, unstable beamwidth in both radiation planes
and slightly larger size due to the design flaw of the fence.
In this paper, a dualband dual-polarized antenna element with
dual wide beamwidths for 5G microcell applications is ini-
tially studied. To achieve low cost and ease in manufacturing
with high precision, all the antenna components (the radiating
patch, two shorted walls, ground plane, four fences, and four
feeding lines that form the ME dipole) are separately printed
on low cost F-4B substrates and the antenna element can be
easily assembled like building blocks. The final assembled
antenna element is a dual-feed type (with high isolation
of 33.6 dB) that has a small size of 0.4 x 0.4x0.134 )%.
Besides exhibiting dual wide bandwidths of 18.6% (3.22-
3.88 GHz) and 11.1% (4.52-5.02 GHz), dual wide half-
power beamwidths (HPBWs) of approximately 100° are also
yielded. To further achieve high gain, an 1 x 4 antenna
array is designed, whose gain of larger than 10.3 dBi can
be simultaneously achieved for both ports. With these steps,
the proposed antenna element is suitable for the practical 5G
microcell communications.

Il. ANTENNA ELEMENT

A. ANTENNA ELEMENT CONFIGURATION AND

WORKING PRINCIPLE

Fig. 1 and Table 1 show the detailed configuration and dimen-
sions of proposed dual-polarized antenna element, respec-
tively. For validation purposes, the corresponding antenna
prototype is fabricated as shown in Fig. 2.

As shown in Fig. 1(a), all the components of the antenna
element are printed on F-4B substrate with a thickness
of 1 mm (¢, = 3.5 and tan§ = 0.007), and the bonding
between two related components are via their correspond-
ing protruded joint section and narrow slot. By doing so,
the antenna element can be quickly assembled like building
blocks. In other words, both high efficiency and high preci-
sion can be simultaneously achieved at low cost. As is well
known, a typical dual-polarized ME-dipole antenna consists
of two pairs of horizontally arranged electric dipoles, two
pairs of corresponding vertically placed magnetic dipoles,
a pair of orthogonal 5-shaped feedlines and a square ground.
Among them, the magnetic dipoles are comprising of four
vertical shorted patches (namely shorted wall) and the ground
between them. To achieve our design goals, there are several
modifications as follows:

(1) As shown in Figs. 1(a) and 1(b), by cutting off the patch
corners (of size W x W3) of the adjacent electric dipoles, bet-
ter impedance matching with wide bandwidth can be easily
achieved.

(2) The construction of the two feeding lines are as shown
in Figs. 1(b) and 1(e). The sections related to Port 1 and
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FIGURE 1. Geometry of the proposed antenna.

TABLE 1. Geometrical parameters of the antenna element (Unit: mm). Radiation patch Fence Ground

Parameter | L1 Lo L3 Ly Ls Lg L7 Lg
Value 36 20 7.5 5 5 373 |52 54
Parameter Lo Lq Wy Wa W3 Wy | Ws We
Value 2 |20 |12 3 45 T 2 3 | m m Dogy
Parameter | W7y Ws Wy Wa D1 Do D3 Dy = a|l11‘ ,w" LT il
Value 2.4 1.56 2 10.5 3.3 9.4 2 0.6 =
Parameter Ds Dg Hy Ho
Value 6.3 [3.65 10.5 1

|ml|ml|m
(a) 3D view (b) Exploded view

FIGURE 2. Photographs of the antenna element.

Port 2 are indicated in blue color and red color, respectively.
Here, the vertical section 1 of Port 1 (P1vsl) is linked to 37.3 x 10.5 mm? (L¢ xH), disregarding the two extended

the vertical section 2 of Port 1 (P1vs2) via the horizontal sides that are used to hold/bond the four fences vertically and
section of Port 1 (Plhs) that is printed on the same surface firmly together. Here, each fence is composed of a large cen-
as the radiating patch. As for the vertical section 1 of Port 2 ter rectangular patch (L, xW,, also known as center fence)
(P2vsl), it is linked to the vertical section 2 of Port 2 (P2vs2) with two narrow rectangular strips (WgxW,, also known
via an air bridge (P2hs). Notably, this air bridge is built by as edge fence) printed on its two sides with a gap distance
a printed rectangular strip P2hs (L4 x W4) with its two open- of 3.65 mm (Dg). The main reason for having these four
ends each shorted to a small isosceles trapezoid patch through fences are because of their existence together with the above
a small cylindrical via of diameter 0.6 mm (D4). The two modified electric dipoles of ME-dipole antenna can yield dual
small trapezoid patches are printed alongside (same surface) wide HPBWs of approximately 100° as well as small size
with the radiating patch and Plhs, whereas the rectangular of 0.4 x 0.4x0.134 Ag. Owing to the employment of the
strip is printed on the other surface of the substrate. Thus, fences, the backward electromagnetic radiation can be also
the gap of the air bridge is the same as the substrate thickness suppressed. As a result, high FBR and gain enhancement are
of 1 mm. Consequently, the isolation between the two input correspondingly obtained.

ports can be significantly improved. To depict the working principle of the dual wide

(3) As shown in Figs. 1(a) and I1(f), four fences are beamwidths, Fig. 3 exhibits the ideal concept graphs between
vertically arranged to surround the modified dual-polarized the current distribution and the radiation pattern. As observed
ME dipole antenna. The planar size of each fence is in XOZ-plane (side view), a broadside radiation with wide
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FIGURE 4. Comparison of current distributions on different antennas for
port 1 at 4.9 GHz.

3-dB beamwidth is yielded because of the incorporation
between the directional radiation pattern (excited by the hor-
izontal current I; flowing on the patch surfaces of electric
dipole) and the 8-shaped radiation pattern (generated by the
upward currents [, flowing on the center fence). Likewise,
horizontal currents I, flowing on the patch surfaces of the
electric dipoles incorporated with the currents /. flowing on
center fence will constitute another wide 3-dB beamwidth
radiation in the XOY-plane (top view). Therefore, dual wide
beamwidths can be simultaneously achieved by the proposed
modified ME-dipole element. According to [15], the nor-
malized radiation patterns of the proposed antenna element
in E-plane and H-plane (Fg(6), Fy(6)) can be described as
follows:

Fg(0) = Fu(0)
= 1+ Bsinf D

where B is the complex coefficient that is decided by the
parameters of the vertical center and edge fences. Here,
as both B and sinf are positive real number, Fg(0) is larger
than 1.

Fig. 4 further shows simulated current distributions on the
proposed electric dipoles and fences for port 1 at 4.9 GHz.
As can be seen from Fig. 4(a), with the conventional fence
that consists of single center fence only, the beamwidth
in YOZ-plane is much wider than the one in XOZ-plane.
By using the proposed fences, wide beamwidth in the
YOZ-plane can also be achieved by incorporating the radi-
ations excited by I; and I.. Notably, the directions of the
currents on the edge fences (I, in purple) along the XOZ-
plane are opposite to that of vertical portion of /., whereas
the directions of I, along the YOZ-plane are the same as the
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FIGURE 5. The effect of the fence height Wq at 4.9 GHz.

directions of I, flowing on the center fence. That is to say,
the current intensity in the XOZ-plane is slightly reduced
whereas the one in the YOZ-plane is increased. As a result,
the 3-dB beamwidths in the XOZ-plane and YOZ-plane can
be broadened at the same time when port 1 is excited. Owing
to symmetrical structure, the situation of port 2 is similar to
that of port 1. For brevity, it is not given here.

B. SIMULATED AND MEASURED RESULTS

In order to achieve optimal antenna performance, some
key parameters and different structures are compared using
the electromagnetic simulation software ANSYS HFSS [20].
In addition, measured results of the antenna prototype are also
used to verify the correctness of simulation results.

Fig. 5 shows the effect of the fence height W, at 4.9 GHz for
port 1. As displayed, the resonant points at both the lower and
upper desired frequencies move toward the lower spectrum
when increasing W,, which indicates that the fence is also
partial of the radiator besides the ME-dipole. After optimiza-
tion, W, is selected as 10.5 mm to cover the desired dual band-
widths for 5G sub-6 GHz. Similarly, Fig. 6 shows the effect
of tuning the fence length W, on beamwidths at 4.9 GHz for
port 1. When L, increases from 16 mm to 24 mm with an
interval of 4 mm, as shown in Fig. 6(a), the beamwidth in the
E-plane becomes narrow. In contrast, as depicted in Fig. 6(b),
the beamwidth in the H-plane becomes much wider with
increasing L,. To guarantee wide beamwidths in both planes,
L, = 20 mm is chosen as the optimum value.

Fig. 7 shows the effect of applying different fences on
both radiation planes at 4.9 GHz for port 1. Without the
fence, the HPBWs in both E- and H-plane are 66.4° and
78.2°, respectively, and they are the narrowest. With only
two pieces of center fences, the HPBWs in both E- and
H-planes become wider at 163.3° and 120.1°, respectively.
As they are not close to each other, the FBR in both planes
becomes deteriorated and reduces to approximately 6.43 dB.
In contrast, with four pieces of center fences, the HPBW
in E-plane is 109.2° and becomes slightly narrow, whereas
the HPBW in H-plane is significantly wider at 234.2°,
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FIGURE 6. The effect of the fence width L, at 4.9 GHz.

likewise, the HPBWs in both radiation planes are not close
to each other and the FBR further falls to approximately
4.42 dB. Consequently, the peak gains in E- and H-planes
have reduced to 1.98 dBi and 2.88 dBi, respectively. With
the proposed fence, the HPBWs in E- and H- planes are
106.7° and 98.2°, respectively. In addition, the corresponding
FBRs in both radiation planes are approximately 11.8 dB, and
their peak gain reach to 5.12 dBi. In comparison, stable wide
HPBWs, high gain as well as high FBR can be simultaneously
achieved in both radiation planes with the proposed fence.
Fig. 8 shows the simulated and measured S-parameters
and gains for both ports. As exhibited, the simulated Si;
is ranging from 3.05 GHz to 5.15 GHz, while the mea-
sured Sp; varies from 3.22 GHz to 3.88 GHz, and from
4.16 GHz to 5.05 GHz for port 1, respectively. Correspond-
ingly, the simulated and measured gains are 5.3340.05 dBi
and 5.16%0.05 dBi, respectively. Likewise, the simulated
So7 is ranging from 3.03 GHz to 5.15 GHz, while the mea-
sured S»p varies from 3.25 GHz to 3.93 GHz, and from
4.52 GHz to 5.15 GHz, respectively. Their corresponding
gains are 5.09+0.01 dBi and 4.95+0.04 dBi. In other words,
the overlapped simulated bandwidth is 3.05-5.15 GHz with
gain of 5.240.2 dBi, while the overlapped measured ones are
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FIGURE 7. The effect of different fences on both radiation planes at
4.9 GHz for port 1.

3.25-3.88 GHz and 4.52-5.05GHz with gain of 5.2540.2 dBi,
respectively. The measured results are slightly inferior than
the simulated ones due to the measured errors caused by
transmission cables and connectors. As shown in Fig. 9,
owing to the air bridge design, the simulated and measured
S»1 for both ports are less than —34.9 dB and —31.8 dB within
the desired frequency bands, indicating excellent isolation
between both polarization. For a conventional dual-polarized
microcell antenna, isolation larger than 25 dB meets the anti-
interference requirement. Though there are some measured
errors between the curves, their curvilinear trends are basi-
cally the same.

Fig. 10 and Table 2 exhibit the corresponding radiation
patterns and characteristics at 3.5 GHz and 4.9 GHz for
both ports. Here, for port 1, its E-plane and H-plane corre-
spond to XOZ-plane and YOZ-plane, respectively. It is the
opposite for port 2. For port 1 at 3.5 GHz, the simulated
HPBW, cross polarization (X-pol) level and FBR in the XOZ
plane are 105.9°, —28.5 dB and 13.5 dB respectively. As for
those in the YOZ-plane, they are 112.8°, —34.4 dB and
13.5 dB, respectively. In comparison, the measured ones are
108°, —21.9 dB and 25.5 dB, respectively, in the XOZ plane,
and 110°, —21.3 dB and 25.3 dB, respectively, in YOZ-
plane. Similarly, at 4.9 GHz, the simulated HPBW, X-pol
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level and FBR in the XOZ plane are 106.7°, —33.7 dB and
11.8 dB, respectively. As for those in the YOZ-plane, they
are 98.2°, —36.2 dB and 11.8 dB, respectively. Correspond-
ingly, the measured ones are 98°, —20.5 dB and 20.6 dB,
respectively, in XOZ-plane, and 101°, —20.2 dB and 19.9 dB,
respectively, in YOZ-plane. The conditions of port 2 are
similar to port 1 due to the nearly symmetrical structure.
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TABLE 2. Radiation performances of the antenna element at different

frequencies.
Parameter Port 1
XOZ-plane YOZ-plane
HPBW | X-pol FBR |HPBW | X-pol FBR
Frequency GH) | (eg) | @By | (@®) | (dew) | (@B) | (@B)
3.5 (Simulated) 105.9 -28.5 13.5 112.8 -34.4 13.5
3.5 (Measured) 108 -21.9 255 110 -21.3 253
4.9 (Simulated) 106.7 -33.7 11.8 98.2 -20.5 20.6
4.9 (Measured) 98 -20.5 20.6 101 -20.2 19.9
Port 2
3.5 (Simulated) 112.3 -30.1 13.4 105.3 -35.7 13.4
3.5 (Measured) 109 -22.5 20.1 106 -21.7 19.8
4.9 (Simulated) 98.3 -20.3 12.1 106.5 -30.1 12.1
4.9 (Measured) 97 -36.1 19.2 108 -20.5 18.9

In general, the measured results are analogous to the simu-
lated ones, and they show dual wide beamwidths in E- and
H-planes, low cross polarization and acceptable FBR.

IIl. DUAL LINEARLY POLARIZED ANTENNA ARRAY

In order to obtain high gain for long distance transmission,
an 1 x 4 dual linearly polarized antenna array is proposed
and fabricated, as shown in Figs. 11 and 12.

The proposed antenna array is realized by assembly four
antenna elements to a meticulously designed dual-polarized
feeding network, as shown in Figs. 11(a) and 11(b), respec-
tively. The four antenna elements are arranged in parallel
and the center distance between the adjacent elements is
0.5 Ap (47.3 mm, Ag is the free-space wavelength at the
starting frequency). The feeding network is composed of two
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TABLE 3. Radiation performances of the antenna array at different frequencies.

Port 1 Port 2
Parameter
XOZ-plane YOZ-plane XOZ-plane YOZ-plane

Frequency (GHz) HPBW | X-pol FBR |HPBW | X-pol FBR |HPBW | X-pol FBR |HPBW | X-pol FBR
aneney (deg) | (dB) (dB) | (deg) | (dB) (dB) | (deg) | (dB) (dB) | (deg) | (dB) (dB)
3.5 (Simulated) 108.9 -34.6 14.5 232 -25.7 14.5 93.8 -24.5 24.1 20.9 -28.6 24.1
3.5 (Measured) 113 -21.7 20.4 24 -22.4 22.1 104 -23.7 27.4 25 -21.8 26.9
4.9 (Simulated) 100.5 -36.1 14.7 17.7 -20.8 14.7 1022 | -21.7 20.7 17.2 -20.5 20.7
4.9 (Measured) 102 214 19.2 17 -20.7 20.1 103 -20.2 24.1 18 -21.1 21.6

TABLE 4. Characteristics and performances comparison of proposed antenna with Other referenced wide-beamwidth antenna elements.

Ref Polarization Bandwidth Size HPBW HPBW FBR [[solation Remarks
ers. (Relative BW/GHz) (A3/mm3)  |H-plane (deg) |[E-plane (deg) |(dB) | (dB)
. 0.79x0.78x0.33 'Wide bandwidth; Stable wide H-plane;
[14] Single LP 45.4% (2.37-3.76) /100x98.8x41.9 118+5 7343 15 N.A. High FBR; Large size; Single LP.
Wide bandwidth;
[15] Single LP 81.1% (3.3-7.8) 04/44>E)(:<fl‘(‘)>><<(161 76 83-186 106-217 8.5 N.A. Unstable wide E/H-plane;
Small size; Low FBR; Single LP.
Wide bandwidth;
[22] Single LP 62.6% (2.16-4.13) 0/8]3;;(2331)5(2?36 40-107 35-191 8 N.A. Unstable wide E/H-plane;
Low FBR; Large size; Single LP.
Narrow bandwidth;
[18] Dual LP | 4.5% (5.02-5.23) 1'3/3§)1X'38%XX%03 125 110 NA. | 22 Stable wide E/H-plane;
High FBR; Small size; Dual LP.
Dual bandwidth;
22.6% (3.25-4.08) 0.7x0.7x0.37 24 . o .
[6] Dual LP & 19.6% (4.29-5.22) |/63.3%63.3%33.4 83-162 91-168 13 31 LIT;.stalfle W1§e ].E/H—plar{e, ngh FBR;
igh isolation; Large size; Dual LP.
Dual bandwidth;
Proposed 18.6% (3.22-3.88) 0.4%x0.4x0.134 11241, 105+3 19.8 . 11 .
clement | PUUIP Lo 111% (452-5.02) [/37.3x37.3x12.5 | 99+3 10644  |189 | 336 | Stable wide E/H-plane; High FBR;
High isolation; Small size; Dual LP.

where Ao, LP, N.A. denote the free-space wavelength at the starting frequency, linear polarization, not available, respectively.

(@) 3D view FIGURE 12. Photograph of the dual linearly polarized antenna array.

Port2
radiation patterns of the proposed antenna array in YOZ-

plane (Fypz(0)) for port 1 can be described as follows:

N
AF = Zej(n—l)(kdcow—i-ﬁ)

n=1
Port] al
o _ j(n—1)(kdcos9)
(b) Feeding network - 2% ¢ )
n=
FIGURE 11. Geometry of the dual linearly polarized antenna array. Fyoz(0) = Fg(0) - AF
dual-layer 1-to-2 power divider networks. The detailed 4

impedance matchings are marked in Fig. 11(b). Each pair
of output ports of the feeding network in the same column
(i.e. 1* and 2%) connect to the two input ports of each corre-
sponding antenna element. According to [21], the normalized
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— (1 + leno) . Zej(n—l)(kdchSB) (3)

n=1
where AF is the array factor, Fr(0) represents the E-plane
radiation pattern of each antenna element, k denotes the
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FIGURE 13. Simulated and measured S-parameters and gains for both
ports.

wave numbers, d and f are the separation and the phase
difference between adjacent antenna elements, respectively.
Here, each antenna element is fed in phase and hence g = 0°.
Therefore, compared with the radiation pattern of a single
antenna element, there are obvious changes in the YOZ-plane
radiation pattern of the antenna array. To verify our design,
both simulation and measurement are also carried out.

As shown in Fig. 13, the simulated dual bandwidths
(511<-10 dB) for port 1 are ranging from 3.17 GHz to
3.73 GHz, and from 4.00 GHz to 5.23 GHz, respectively, with
gain of 11.2240.66 dBi. Correspondingly, the measured ones
are varying from 3.15 GHz to 3.67 GHz, and from 4.35 GHz
to 5.12 GHz, respectively, with gain of 10.76+£0.43 dBi.
Similarly, for port 2, they are varying from 3.05 GHz to
3.62 GHz, and from 4.57 GHz to 5.06 GHz (S22<-10 dB),
with gain of 11.2740.28 dBi for simulated results, respec-
tively. The corresponding measured ones are from 3.11 GHz
to 3.62 GHz, and from 4.62 GHz to 5.05 GHz, respectively,
with gain of 11.04£0.33 dBi. That is to say, the simulated
overlapped impedance bandwidths for the two input ports
of the dual LP antenna array are 13.3% (3.17-3.62 GHz)
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FIGURE 15. Simulated radiation patterns of the antenna array at 3.5 and
4.9 GHz for both ports.

and 10.2% (4.57-5.06 GHz), and the measured overlapped
ones are 13.9% (3.15-3.62 GHz) and 8.9% (4.62-5.05 GHz)
(811<-10 dB, S22<-10 dB), with gain of 11.224+0.66 dBi.
As shown in Fig. 14, the simulated and measured S,; for
both ports are below —34.7 dB and —36.8 dB within the
desired frequency bands, which also shows excellent isolation
between two input ports. In addition, their curvilinear trends
are well consistent with each other.

Fig. 15 and Table 3 display the antenna array radiation
patterns and characteristics at 3.5 GHz and 4.9 GHz for both
ports. Likewise, the E- and H-planes for port 1 correspond to
XOZ- and YOZ-planes, respectively. It is also the opposite
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to port 2. For port 1 at 3.5 GHz, the simulated HPBW,
X-pol level and FBR in the XOZ-plane are 108.9°, —34.6 dB
and 14.5 dB, respectively. As for the ones in the YOZ-
plane, they are 23.2°, —25.7 dB and 14.5 dB, respectively.
In comparison, the measured ones in the XOZ-plane are
113°, —21.7 dB and 20.4 dB, respectively, and in the YOZ-
plane are 24°, —22.4 dB and 22.1 dB, respectively. Simi-
larly, at 4.9 GHz, the simulated HPBW, X-pol level and
FBR are 100.5°, —36.1 dB and 14.7 dB in the XOZ-plane,
respectively, and 17.7°, —20.8 dB and 14.7 dB in the YOZ-
plane, respectively. Correspondingly, the measured ones are
(102°, —21.4 dB and 19.2 dB) and (17°, —20.7 dB and
20.1 dB) in the XOZ- and YOZ-planes, respectively. The
conditions of port 2 are also similar to port 1 due to the
symmetrical structure. Compared with the antenna element,
the results confirm that significant changes in the beamwidth
have yielded. On the whole, the measured results agree well
with the simulated ones, and they show wide beamwidth
along y-axis, low cross polarization and acceptable FBR.

IV. COMPARISON AND DISCUSSIONS

Table 4 displays the main characteristics and performances
of the proposed antenna element, and they are compared
with other referenced wide beamwidth antenna elements.
In comparison, the proposed antenna element has exhibited
dual stable wide beamwidths, smaller planar size, higher iso-
lation, and higher FBR. Though the bandwidth is not superior
to others, it can still cover the desired 5G sub-6 GHz fre-
quencies. As discussed above, the proposed antenna element
with these characteristics may meet the stringent demands
including wide coverage area, good anti-interference ability
and compact size, etc. for 5G sub-6 GHz communication
scenarios. In addition, though only a wide beamwidth can
be realized for each polarization for 1 x 4 antenna array at
a time, high gain of 11.2240.66 dBi can be achieved which
guarantees long distance transmission.

V. CONCLUSION

A dualband dual-polarized antenna element with dual wide
beamwidths has been successfully studied in this paper. Here,
an unprecedented method to build the antenna element is
also introduced, in which all antenna components are printed
on low cost F-4B substrate and can be easily assembled
(analogous to building block assembly) with high precision.
By arranging four meticulously designed fences surrounding
the modified dual-polarized ME-dipole antenna, dual wide
HPBWs of approximately 100° as well as small size of 0.4 x
0.4%x0.134 AS can be achieved simultaneously by the antenna
element. In addition, high isolation of 33.6 dB can also be
realized by introducing an air bridge. To further achieve
high gain of approximately 11.2240.66 dBi for both ports,
an 1 x 4 antenna array is also designed. By adopting these
measures, the proposed antenna is suitable for wide-coverage
5G microcell communications.
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