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A novel broadband + 45° dual-polarized cross-dipole antenna is presented for application in 2G, 3G, 4G, and sub-6 GHz 5G base
station. A bent structure with a coplanar transmission line is used in the antenna design, which achieves multimode resonance,
broadening the impedance bandwidth tremendously. Especially, it can work at 3A/2 and 2\ resonant modes without the
impact of reverse current. The antenna covers the frequency spectra from 1.7 GHz to 3.8 GHz with an enhanced impedance
bandwidth of roughly 76.4% and VSWRs < 1.65 at two ports. A gain of 8.3 +1.9dBi and port-to-port isolation > 22.5dB are
attained in the operating frequency range. Additionally, the presented antenna has a very simple configuration and is easy to
construct. A mechanical prototype of the antenna has been manufactured and measured. The experimental findings and the

computational results are in good agreement.

1. Introduction

Recently, the fifth-generation (5G) mobile communication
technology is developing rapidly, and many countries and
regions have specified their sub-6 GHz 5G frequency bands,
such as 3.4-3.8GHz in Europe, 3.1-3.55GHz and 3.7-
4.2GHz in the USA, and 3.3-3.6 GHz and 4.8-4.99 GHz in
China [1, 2]. Unquestionably, the 5G communication tech-
nology greatly improves bandwidth shortage and the speed
of wireless data transmission [3], but it has a drawback of
short transmission distance. To solve this problem, the
density of mobile communication base station has to be
increased. Thus, the demands for base-station antennas
are enhanced. In order to reduce costs, the broadband per-
formance of the base-station antennas is pursued to cover
more communication services. Many broadband dual-
polarized antennas are favored in the application for the
base stations [4-12].

Since the cross-dipole antenna can be easily designed as
a dual-polarized antenna, numerous broadband cross-dipole
antennas for application in base stations have been proposed

over the years [4-7]. However, the operating frequency
band of these antennas contains only 2G (1710-1920MHz),
3G (1880-2170MHz), and 4G (2300-2400MHz and 2570-
2690MHz) communication bands. Thus, some academics
attempt to retrofit the existing antennas by incorporating
additional radiators to the principal radiator, such as loading
parasitical elements above the radiator [8], using multidi-
poles [11], and applying shared-aperture technology [9],
enabling their impedance bandwidth to encompass the sub-
6 GHz 5G frequency range. Although these antennas’ band-
widths have been expanded, unfortunately, these methods
have enhanced the complexity of the antennas, leading to
the high manufacturing cost.

In contrast to the technology of using multiradiators and
loading parasitical radiators, the method of multimode reso-
nance can expand the bandwidth of the antenna without
increasing the complexity of antenna configurations [12,
13]. So far, many cross-dipole antennas have mainly been
designed to work in the half-wave or full-wave modes
[4-11], and the higher-order modes are less studied or used
in antenna design due to the presence of reverse current
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TaBLE 1: Comparative results of the presented antenna and the same-type antennas.
Antenna Lm Wm Hm BW (GHz) BW Gain Isolation Structural Number of dielectric and
(mm) (mm) (mm) (%) (dBi) (dB) complexity grounding layers
1.71-2.69
8.1+0.4
(VSWR < 1.5)
Ref. [8] 140 140 43 NG >35 Complex 2&1
3.35-3.6
6.6+0.5
(VSWR < 1.5)
1.60-2.70 (RL > 10) 76
Ref [9] 140 140 36 3.28-3.80 (RL>10) NG 8.6 >20 Complex 3&1
4.75-5.18 (RL > 10) 9.5
2500-2690 8.4
(RL > 15)
Ref. [10] 105 105 30 NG >25 Complex 5&1
3300-3600 77
(RL>15) ’
Ref. [11] 106 106 39 1.7-3.22 61.8% ~5.7 >29 Complex 1&2
: (VSWR < 1.5) o7 : P
Ref. [12] 120 120 61  1.68-2.90 (RL>10) 53.3% 6.6+22  >345 Simple NG
This 1.7-3.8 . ,
work 118 118 36.8 (VSWR < 1.65) 764% 83+1.9 >22.5 Simple 1&1
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FIGURE 1: The presented antenna’s configuration: (a) 3D view, (b) side view, (c) dipole elements, and (d) Y-shape feeding lines.

[14]. For the multimode-resonance antennas, the inclusion
of the higher-order modes has great potential to increase
the bandwidth of the antenna.

In this communication, we present a novel wideband +
45" dual-polarization antenna with multimode resonance
for 2G, 3G, 4G, and sub-6 GHz 5G applications. In the
design of the antenna, two bent dipole elements are placed
orthogonally, and one part of the dipoles forms a coplanar

transmission line, which is nonradioactive and can eliminate
the impact of reverse current at higher-order resonant
modes. The presented dipole antenna can work at A, 31/2,
and 2 resonant modes with a high gain and good direc-
tional radiation patterns, and the impedance bandwidth is
essentially enhanced. Table 1 compares the presented
antenna with related antennas [8-12] to demonstrate its
benefits. As detailed, the recommended antenna achieves a
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TABLE 2: Structural parameters of the proposed antenna.

Parameters Lg Hg Ld Hd H L w L1 W1
Value/mm 118 2 90 0.79 34 259 6.5 11.4 1.1
Parameters L2 W2 L3 W3 L4 W4 L5 W5 L6
Value/mm 5.7 0.98 0.8 2 4.5 1 14.6 1.14 4.77
Parameters W6 L7 W7 L8 D D1 S 0 (degree)
Value/mm 1.36 3.35 1.09 1.94 18.6 9.8 0.24 914

10+ 410 500 1
9] Radiation 400 ]
3 direction |17 -
] to Z-axis | 1o S 3001 >
& o 15 & ;‘3 20014 1st Dipoles2 ™, )
= 9 2 2 0]/ ~
§ = 1.7/
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1. -1001 : / 4th 5t
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nr ﬂ s 2004 ¥
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—-- Imaginary part
(a) (b)

FIGURE 2: Impedance match and radiation gain of the proposed dipole element. (a) VSWR and gain and (b) real part and imaginary part of
the input impedance.

TaBLE 3: Comparison between the center-fed straight dipole and the presented structure at A, 3A/2, and 2A modes [16].

Resonant modes Current distribution Lobe pattern

Center-fed A dipole Q@

Y,
A resonant mode in the proposed antenna : : 8

Center-fed 31/2 dipole @4??7:

34
3A/2 resonant mode in the proposed antenna qF 8
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2A resonant mode in the proposed antenna ‘v+ p
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- Metal on top

Rogers 5880 substrate

- Metal on bottom

FIGURE 3: Single-polarization bent dipole with a coplanar transmission line (L_f =20mm, W_f =20 mm, L_m =17.2mm, W_m = 9.5 mm,

and W_ms=2.2 mm).
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FIGURE 4: The radiation patterns of the single-polarization bent dipole.

wide impedance bandwidth and significant gain with a
simple design.

2. Antenna Configuration

The configuration of the proposed antenna is described in
Figure 1, and the structure-related parameters are shown
in Table 2. A special structure is used as the dipole arm,
which consists of two microstrip loops connected by a verti-

cally bent microstrip line. Two dipole elements are orthogo-
nally arranged, and one part of them forms a ladder-shaped
coplanar transmission line with a slanting degree 0 =91.4".
The antenna is excited using two Y-shaped feeding lines by
capacitive coupling. The crossed dipoles are plated on the
bottom side of a Rogers 5880 substrate with a permittivity
of &, =2.2 and a loss tangent of 0.0009, while the Y-shaped
feeding lines are printed on the top side of the substrate. A
portion of one Y-shaped feeding line is plated on the
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FIGURE 5: Current distributions on the crossed dipoles (vector value and only one port are excited). (a) 1.7 GHz, (b) 2.6 GHz, and (c)
3.6 GHz.

substrate’s bottom side and connected to the top portion by 1
shorting pins to prevent overlap. A square reflector is
applied to ensure unidirectional radiation. The substrate is
mounted to the reflective plate using four plastic columns,
whose material and structural parameters are ¢, = 2.1, loss
tangent = 0.001, and radius = 5 mm.

—_
(=}

VSWR
Gain (dBi)

3. Antenna Principle

3.1. Analysis of Antenna Principle. Typically, the cross-
dipole antennas work on the single resonant mode, and the
antennas’ bandwidths are mainly widened by multiple radi- A
ators. In contrast to the similar antennas, the proposed 16 18 20 22 24 26 28 30 32 3
cross-dipole element resonates at multimodes, and the broad Frequency (GHz)
bandwidth is obtained by the multimode resonance.

The impedance match and radiation gain of the antenna : if i:gg 22
with only one dipole element are shown in Figure 2. It is clear o L=20.55 mm
that the dipole element has a substantial radiation gain in the
low-frequency range and a low radiation gain in the high- FiGure 6: Effects of L on VSWR and gain.
frequency region. That is, the dipole element works on the
half-wave or full-wave mode in the low-frequency range,
whereas it operates in higher-order modes in the high-
frequency region. This can be demonstrated by calculation.

L N ) B W e C I Na]
oD W R U YN 0 O
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Ficure 7: Effects of D on VSWR and gain. FiGure 10: Effects of L5 on VSWR and gain.
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FiGure 8: Effects of L2 on VSWR and gain. F1Gure 11: Effects of L7 on VSWR and gain.
1H As to a dipole element plated on a dielectric plate, the
110 resonant frequency of full-wave mode can be calculated as
49 follows [15].
18
17 = c
g ’ 16 % f’\_ildx\/s,-k—l/f (1)
,\ £
- s ;'\ ---- Antenna fed by shorting pirD 15 S
47/ ' — Antenna fed by Y-shape feeding line 7 4 where ¢, is the permittivity of the substrate and /; indicates the
\ -0 3 dipole’s length, which is about (L+ W/2+D+L1)x2=
2 118.2 mm.
= T~ N 1, Based on Equation (1), the full-wave resonant frequency
1.6 1.8 2.0 22 24 26 28 30 32 34 36 38 of the presented dipole is 2 GHz, corresponding to the low-
Frequency (GHz) frequency resonances in Figure 2(b). Because the dipole

element can be regarded as two parallel bent dipoles, as
displayed in Figure 2(b), the input impedance of the dipole
element is about a half of the single dipole’s one. Therefore,

FIGURE 9: Comparisons of antennas fed by shorting pins and
Y-shaped feeding lines.
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FIGURE 12: Antenna prototype. (a) Photograph of the presented antenna. (b) Measurement scenario.
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Ficure 13: Simulated and measured VSWR and gain of the
antenna at port 1.
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FiGure 14: Simulated and measured VSWR and gain of the
antenna at port 2.

the dipole element has a better impedance matching at high-
order modes, which is illustrated in Figure 2(a).

To achieve dual polarization, two dipole elements are
orthogonally placed. Thus, parts of the dipole elements
become coplanar striplines, which can improve the anten-
na’s low-frequency impedance match and high-frequency

_10_
K
/
—20 -7
m
)
)
_30_
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1.6 1.8 2.0 2.2 24 2.6 2.8 3.0 3.2 3.4 3.6 3.8 40 4.2 44
Frequency (GHz)
—— Simulation
---- Measurement

FiGure 15: Simulated and measured port-to-port isolation of the
antenna.

radiation gain. As tabulated in Table 3, by bending the
center-fed straight dipole, the middle part of the dipole
becomes a coplanar transmission line, which makes the
dipole compressed. Efficiently, the A, 3A/2, and 2A modes
are reduced to A/2, 3A/4, and A modes, respectively. There-
fore, the proposed antenna can work at 31/2 and 21 reso-
nant modes without the impact of reverse current, and the
impedance bandwidths are significantly improved. As
shown in Figure 3, a single-polarized bent dipole with a
coplanar transmission line is investigated to verify the theory
proposed in Table 3, and its radiation patterns are shown in
Figure 4. The bent dipole is fed through a balun structure
[17], whose structural parameters are listed in Figure 3. It
is clear that the bent dipole has a figure-8 shape radiation
pattern in the E-plane and a figure-O shape pattern in the
H-plane in the whole working frequency band.

3.2. Current Distribution of the Presented Antenna. The cur-
rent distributions on the cross-dipole antenna are presented
in Figure 5. Obviously, the total current is in the direction of
-45° or -225°. The feeding phase of the Y-shaped feeding
lines will change with the frequencies. When the frequencies
go beyond a certain bandwidth, the difference of the feeding
phase reaches 180°. Therefore, in contrast with the total cur-
rent at 1.7 GHz and 3.6 GHz, the one at 2.6 GHz flows in the
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FiGurk 16: The radiation patterns of simulation and measurement at port 1.

opposite direction. The total current is mainly determined
by the current on the symmetrical loops, and the current
on the coplanar transmission lines cancels out due to the
opposite direction and symmetric arrangement. Originally,
although there is reverse current on the dipole element, the
direction of the current on each symmetrical loop is the
same. As a result, the antenna performs well in terms of
radiation. When the frequency exceeds a specific threshold,
such as 3.8 GHz, there is reverse current on the symmetrical
loop, and it deteriorates the radiation performance of the
crossed dipoles.

4. Parametric Analysis

The antenna’s performance is simulated and optimized by
the full-wave simulation software, which provides a useful
reference for mechanical manufacturing of the antenna.
The parametric analysis is implemented to show the relation
between antenna’s parameters and performance. For sim-

plicity, only one port is excited, and when one parameter is
analyzed, the others remain constant.

4.1. Tuning of the Resonant Modes. Essentially, these reso-
nant frequencies are decentralized. In order to broaden the
bandwidth of the antenna, parameter tunings are performed
to make the resonant modes close to each other. Figures 6-8
show the effects of parameters L, D, and L2 on the VSWR
and gain, respectively. It can be seen that the length of the
symmetrical loop, L, mainly determines the resonant fre-
quencies at both ends of the operating frequency band, while
the length of the coplanar transmission lines, D, has an effect
on the resonant frequencies in the middle of the operating
frequency band. Additionally, the parameter L2 can control
the resonant frequencies in the high-frequency band.

4.2. Effects of the Y-Shaped Feeding Line. The Y-shaped feed-
ing lines have the function of enhancing the antenna’s band-
width. To investigate the role of the Y-shaped feeding lines
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FiGure 17: The radiation patterns of simulation and measurement at port 2.

in the design, a comparison between the antenna fed by
shorting pins and the one excited by Y-shape feeding lines
on the VSWR and gain is shown in Figure 9. It is clear that
the Y-shaped feeding lines significantly enhance the anten-
na’s impedance matching and add a resonance frequency
when compared to the feeding method of shorting pins.
Fed by the Y-shaped feeding lines, a capacitor is introduced,
and it cancels out the inductive impedance of the dipole in
the low-frequency band.

Figures 10 and 11 present the effects of the side lengths
(L5 and L7) of the Y-shaped feeding lines on the perfor-
mance of antenna. L5 and L7 mainly affect the impedance
matching of the antenna. It can be seen that when L5
decreases, the antenna’s VSWR in the whole frequency band
is greatly improved. However, a smaller L5 causes two Y-
shaped feeding lines to approach each other and worsens
the port-to-port isolation of the antenna. Weighing the
impedance matching and port-to-port isolation of the
antenna, an optimal value L5=14.57mm is chosen. The
parameter L7 is related to the coupling intensity and location

of feeding, and its change will cause the shift of the antenna’s
resonance frequencies. Thus, the curve of the VSWR fluctu-
ates with the change of L7. After parameter optimization, L
7=3.35mm is chosen to ensure the optimal impedance
matching.

5. Results and Discussion

Based on the results of the simulation, the mechanical
manufacturing and measurement of the antenna are imple-
mented to evaluate the design’s efficacy. Figure 12 shows
an experimental prototype of the presented antenna. The
measured VSWRs and port-to-port isolation are gotten from
a two-port vertical network analyzer (Agilent N5230A), and
the gains are measured by a microwave anechoic chamber
system.

The measurements of the VSWRs and gains at two ports,
compared with the simulations, are shown in Figures 13 and
14. As can be observed, the measured findings generally
match the estimates of the simulations. The constructed
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TaBLE 4: The proposed antenna’s half-power beamwidths.

Half-power beamwidth (degree)

Frequency (GHz) Simulation Measurement
Port 1 Port 2 Port 1 Port 2
E-plane H-plane E-plane H-plane E-plane H-plane E-plane H-plane

1.7 60.6 84.9 60.7 84.8 61 79 63 83
2 57.1 77.9 57.0 78.1 56 81 58 71
2.3 56.6 66.2 57.0 65.8 58 64 58 61
2.6 50.3 60.8 50.3 61.0 51 60 55 60
2.9 49.2 57.5 49.3 57.6 50 59 54 58
3.2 48.2 61.5 48.1 614 55 60 50 61
3.6 52.0 87.0 52.7 86.9 61 84 51 86
prototype’s experimental results validate that the presented Acknowledgments

antenna’s impedance bandwidths cover the frequency region
of 1.7-3.8 GHz with VSWR < 1.65. In the working frequency
band, the measured gains of 8.3 + 1.9 dBi are obtained at two
ports. Figure 15 shows the simulation and measurement of
the port-to-port isolation, both of which have a high degree
of similarity. The measured one is more than 22.5dB in the
operational frequency band.

At frequencies of 1.7GHz, 2.3GHz, 2.9GHz, and
3.6 GHz, the simulated and measured radiation patterns,
including the ones of the principal polarization and the cross
polarization, are plotted in Figures 16 and 17. The experi-
mental findings generally coincide with the simulation.
Besides, the half-power beamwidths (HPBWS) of measure-
ment and simulation are tabulated in Table 4. Because the
presented antenna has a broad impedance bandwidth, the
HPBWS of H-plane fluctuate greatly. For port 1, the mea-
sured HPBWs are 55.5+ 5.5 degree at E-plane and 71.5 +
12.5 degree at H-plane. For port 2, the measurements are
56.5 + 6.5 degree at E-plane and 73 + 14 degree at H-plane.

6. Conclusions

A novel + 45° dual-polarization antenna with multimode reso-
nance is presented for 2G, 3G, 4G, and sub-6 GHz 5G applica-
tions. The experimental findings of the constructed prototype
demonstrate that the presented antenna achieves more than
76.4% impedance bandwidth from 1.7 to 3.8 GHz with
VSWR < 1.65 at two ports. A gain of 8.3 + 1.9dBi and port-
to-port isolation >22.5dB are obtained in the operational
frequency region. The antenna achieves good performance
with a very simple structure and is a prospective candidate
for base station.
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