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An ultra-wideband dual-polarized antenna covering multiple communication standards such as LTE700/GSM850/GSM900 is
proposed in this paper. �e antenna consists of two dipoles that are perpendicularly placed to each other. �e two dipoles can
generate +45°/−45° linear polarizations, respectively. Dual-loop structure is utilized as the arm of the dipole, while four parasitic
patches with shorting walls are coupled to the dipoles to extend the operating bandwidth. �e measured results show that the
antenna has an impedance bandwidth of 101.4% (0.54GHz–1.65GHz) with a re�ection coe�cient less than −10 dB.�e isolation
between the two ports is larger than 22 dB, and the cross-polarization is less than −20 dB over the band. Good unidirectional
radiation patterns are obtained.

1. Introduction

�e UHF band is mostly utilized for military communica-
tions, ground-penetrating radar, and security detection
because of its high anti-interference capability, high pene-
tration, and low transmission loss [1]. Dual-polarized an-
tennas are widely used in base stations and emergency
communications due to their ability to double the channel
capacity of communication systems [2–5]. Especially, cities
and towns are full of high-rise buildings, and then, +45°/−45°
dual-polarized antennas are needed to e¢ectively suppress
multipath e¢ects and improve the communication perfor-
mances. Besides, the ultra-wideband characteristic is re-
quired to supply high data rates and to cover di¢erent
frequency regimes. �erefore, the study of ultra-wideband,
low pro¤le +45°/−45° dual-polarized antennas is of great
signi¤cance.

Many di¢erent types of wideband dual-polarized anten-
nas have been proposed in recent years, such as self-grounded
antennas [6, 7] and planar-printed dipole antennas [8–17].

�e former is usually compact and has ultra-wideband
characteristics; however, its high pro¤le and complicated
structure make an obstacle in practical applications. �e
planar dipole antennas have simple structure. Many methods
were utilized to achieve ultrawideband for planar dipole
antennas.�e ¤rstmethod is to improve the feeding structure,
such as stepped microstrip feedlines [10], baluns [11], and
di¢erential feeding [12].�e secondmethod is to optimize the
antenna structure, such as slot loading to excite di¢erent
resonant modes [9–11, 13]. �e third method is to introduce
parasitic elements on the antenna to extend the current path
[14, 15]. In [16, 17], by loading metal plates, antennas achieve
operating bandwidths of 49% and 92%, respectively.

In this paper, an ultra-wideband dual-polarized antenna
with parasitic elements is proposed. �e impedance band-
width of the antenna is enhanced through the coupling
between the dipoles and the shorting metallic plates. �e
structure and working principle of the antenna are discussed
in Section 2. �e simulated and measured results are pre-
sented in Section 3.
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2. Antenna Design and Operating Principle

2.1. Antenna Design and Discussion. Figure 1 shows the
configuration of the proposed wideband dual-polarized
dipole antenna. )e proposed antenna consists of four
double-loop structures and four parasitic elements. Two
square loops of different sizes are used to form a double-loop
structure. )e two double-loop structures of one dipole are
printed on the front and back sides of the dielectric substrate
(FR-4, εr � 4.4 and thickness� 2mm). A parasitic element
consists of a parasitic L-shaped patch, which is soldered by
an L-shaped metallic shorting wall. )e strong coupling
between the double-loop structure and the parasitic element
generates new resonance, which effectively expands the
bandwidth to lower frequency. For the dipole with −45°
polarization, the outer conductor of the coaxial line is
connected to the double-loop structure printed on the back
side of the substrate, and the inner conductor is connected to
the double-loop structure by a microstrip line printed on the
front side of the substrate. For the dipole with +45° polar-
ization, the outer conductor of the coaxial line is connected
to the double-loop structure by a microstrip line, while the
inner conductor is connected to the double-loop structure
directly on the front side of the substrate. )e structure and
dimensions of the antenna were optimized, and the pa-
rameters are given in Table 1.

)e antenna without the parasitic elements is named as
Antenna 1, and the loaded one is named as Antenna 2. To
reveal the effect of the parasitic elements, Figure 2 plots the
S11 curves of Antenna 1 and Antenna 2, while Figure 3

displays the Z11 curves. It can be seen from the figures that
the parasitic elements generate new resonance at lower
frequency, which expands the impedance matching band.
)e parasitic elements also smooth the Z11 curves, and the
impedance matching level is improved.

)e surface current distribution of Antenna 1 (0.8GHz) and
Antenna 2 (0.54GHz) is plotted in Figure 4 as port 1 is excited.
)is shows that the current at 0.8GHz for Antenna 1 con-
centrates on the entire dual-loop structure, while the current of
Antenna 2 is extended to parasitic elements. )e current on the
dual-loop structure couples to parasitic elements; thus, the total
current path is extended, and the resonance is moved to lower
frequency. However, the inductance on the parasitic elements
and the capacitance between the ground and the patch generate
new resonance at lower frequency, and then, the operating band
is extended to lower frequency.

Substrate

Metallic plate

Reflector

Port 1 Port 2

Coaxial line

upper layer of the substrate
lower layer of the substrate

z
y

x

y

Lg

Wg

Ws

Ls

w2 w1

h1

w1
l1

s

s

l1

l2
w3

l3

h0

h

Figure 1: Configuration of the ultra-wideband dual-polarized antenna.

Table 1: Dimensions of the proposed design.

Parameters Value (mm)
wg 320
Lg 320
ws 200
Ls 200
s 10
W1 30
W2 62
L2 62
W3 38
L3 38
h 78
H0 2
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Figure 3: Simulated Z-parameters of the antenna with/without parasitic elements.
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Figure 2: Simulated S-parameters of the antenna with/without parasitic elements.
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Figure 4: Current distribution. (a) Antenna 1. (b) Antenna 2.
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)e effect of the distance between the substrate and the
ground on S11 is demonstrated in Figure 5. A better im-
pedance bandwidth is obtained with h� 80mm when h is
approximately equal to a quarter of the wavelength of the
center frequency. )e effect of the length of the parasitic
patch on S11 is shown in Figure 6, where the optimal result is
w1 � 30mm. It can be seen from Figure 7 that impedance
matching becomes worse as s increases, so s is set at 80mm.
)e effect of ground width on VSWR and the front-to-back
ratio is shown in Figure 8. Changing the ground size, the
VSWR remains essentially the same, with the front-to-back
ratio showing a trend of decreasing and then increasing. )e
reason may be that, as the frequency increases, the wave-
length becomes shorter and the back flap becomes larger. At
0.8–1.6GHz, narrowing of the beam causes the variation in
gain to be greater than the increase in the back flap, so the
front-to-back ratio increases. Considering the size and
performance of the antenna, Wg is set at 320mm.

2.2. Operating Principle. )e loading of the parasitic ele-
ments is equivalent to the introduction of terminal loading at
the end of the antenna, as shown in Figure 9. Miniaturization
of the antenna can be achieved by reducing the phase ve-
locity of the guided waves on the antenna to create resonance
and coherent radiation. At the same time, a good impedance
matching of the antenna should be ensured [18]. )e phase
velocity and the characteristic impedance of the antenna can
be given by

Vp �
1
���
LC

√ ,

Z0 � G

��
L

C



,

(1)

where L is the series inductance per unit length of the
antenna, C is the shunt capacitance per unit length of the
antenna, and G is a geometrical factor. It means that the
series inductance and the parallel capacitance of the
antenna structure affect the impedance bandwidth and
antenna size. )e introduction of the L-shaped patch and
the metallic plate makes the dipole more inductive, and
the L-shaped patch and the ground are equivalent to a
capacitor (the distance between the patch and ground is
only 0.13λ, λ is the free-space wavelength at 500MHz),
resulting in better impedance matching. R is the radiation
resistance. It is well known that the resistance is minimum
for series resonance and maximum for parallel resonance
[14], while the loading of the parasitic elements extends
the electrical length of the dipole, we can simplify parasitic
elements as parallel resonance at 0.54 GHz and series
resonance at 0.8 GHz.

)e equivalent circuit in Figure 9 is derived, and the
results are compared in Figure 10. As can be seen from
Figure 10, the resonance characteristics of Antenna 1 with
the circuit loading and Antenna 2 roughly agree with each
other. )e optimized parameters are La � 11.9pF, Ca � 1.6
nH, Lb � 25 nH, Cb � 1.0 pF, and Rc � 25 Ω.

3. Antenna Measurement Results

A prototype of the proposed antenna is fabricated as shown
in Figure 11. )e simulated and measured results of the S-
parameters are given in Figure 12. As can be seen from the
figure, the measured and simulated results are basically
consistent, and the discrepancies may be caused by the low
accuracy of themanual welding of an aluminum alloy. As the
feeding of the two ports is not identical, the relative
bandwidth of port 1 is 109.2% (0.54–1.84GHz) and the
relative bandwidth of port 2 is 106.9% (0.5–1.65GHz), and
the overlapping bandwidth between the two ports is 101.4%
(0.54–1.65GHz), while the port isolation is larger than
22 dB, and the minimum isolation is 56.8 dB at 0.5GHz. Due
to the symmetry of the dipoles, only the normalized
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Figure 6: Effect of the length ((w)1) of the parasitic patch on S11.
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Figure 5: Effect of the distance (h) between the substrate and the
ground on S11.
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radiation pattern of the E-plane for +45° polarization is given
in Figure 13. It can be seen from the figure that the antenna
can retain good unidirectional radiation characteristics at
0.5GHz–1.6GHz with cross-polarization greater than 20 dB.
)e realized gain of the proposed antenna is given in Fig-
ure 14. )e realized gain of the proposed antenna is stable at
0.5–0.8GHz but increases with frequency at 0.8–1.2GHz,
which is due to the narrowing of the beamwidth of the
radiation pattern. )e reason for the gain of the proposed
antenna decrease at 1.2–1.6GHz is that the backward-ra-
diated electromagnetic wave of the antenna is not super-
imposed with the forward-radiated electromagnetic wave in
the same phase, resulting in distortion of the radiation
pattern. It can be seen from Figure 13 that the sidelobe level
in the high frequency radiation pattern becomes
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Figure 7: Effect of the width (s) of the parasitic patch on S11.
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(a) (b)

Figure 11: Prototype of the proposed antenna. (a) Top view. (b) Perspective view.
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Figure 12: Simulated and measured S-parameters of the proposed antenna.
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Figure 13: Continued.
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significantly larger. As the given gain of the standard horn
starts from 1.1GHz, the gains of the proposed antenna below
1.1GHz were not measured. It must be pointed out that the
radiation pattern can be measured in the 0.5–1.6GHz band
because the pattern is normalized.

Comparison between the proposed antenna and the
reported antennas is shown in Table 2. It is found that the
proposed antenna has a smaller size and wider operating
bandwidth. )e proposed antenna has moderate
isolation.

0
30

60

90

120

150
180

210

240

270

300

330

|E| (dB)

0

–10

–20

–30

–40

–50

–40

–30

–20

–10

0

Simulated co-pol
Simulated x-pol
Measured co-pol
Measured x-pol

(e)

0
30

60

90

120

150
180

210

240

270

300

330

|E| (dB)

0

–10

–20

–30

–40

–50

–40

–30

–20

–10

0

Simulated co-pol
Simulated x-pol
Measured co-pol
Measured x-pol

(f )

Figure 13: Simulated and measured normalized radiation patterns of the proposed antenna. (a) 0.5GHz. (b) 0.9GHz. (c) 1.3GHz. (d)
1.4GHz. (e) 1.5GHz. (f ) 1.6GHz.
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4. Conclusion

In this paper, a +45°/−45° dual-polarized antenna loaded
with parasitic elements is proposed. )e introduction of the
parasitic elements generates a new resonant mode in the
lower frequency band and finally achieves a relative band-
width of 109.2% for port 1 and 106.9% for port 2, with
isolation larger than 22 dB. )e antenna obtains good ra-
diation characteristics at 0.5–1.6GHz with cross-polariza-
tion greater than 20 dB.)e antennamentioned in this paper
has a smaller size and wider operating bandwidth compared
with literature reports, offering a potential choice for base
station systems.
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