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Compact Broadband Dual-Polarized Antenna with Parasitic Patches

Sensen Han, Feng Shang*, and Xinwei Wang

Abstract—In this paper, a broadband compact dual-polarized antenna for base stations is proposed.
This antenna consists of a pair of crossed dipoles, four triangular parasitic patches, and a box reflector.
The crossed dipoles are fed by two 50Ω coaxial cables. The increase of four parasitic patches allows
the resonant point to be generated at high frequencies to further widen the impedance bandwidth; the
size of the parasitic patches is reduced to realize the reduction of the antenna radiator size; and the
impedance matching is improved by cutting circular slots in the dipole arms. The measured results show
that the proposed antenna is able to achieve a wide impedance bandwidth of 79% (1.67 to 3.87GHz)
with VSWR less than 1.6. A stable gain of 8–8.7 dBi and a half-power beamwidth (HPBW) of 60–78◦

are obtained at 2.2–3.65GHz. In addition, the antenna radiator is very compact in size, only about
0.41λL × 0.41λL × 0.17λL, where λL is the longest operating wavelength.

1. INTRODUCTION

With the rapid development of wireless communication systems, more and more communication
standards (e.g., 2G, 3G, 4G, 5G) have coexisted for a long time, and the design of wideband, dual-
polarized antennas is strictly required to save installation space and operation and maintenance costs
of base stations. In addition, in many practical applications, space constraints increase the importance
of reducing antenna size. However, wide bandwidth and compactness are often contradictory, and most
broadband antennas are relatively large in size, at least half wavelength. However, compact antennas
usually have a narrow bandwidth [1].

Among the existing antenna types, the crossed dipole antenna has the advantages of wide
bandwidth, dual polarization, and simple structure, which is a good choice to meet all the above
requirements at the same time. To further improve the bandwidth of the antenna, in [2], a loop
dipole antenna with a Y-shaped feed line is proposed to achieve a 27.8% dual-polarization bandwidth.
A differentially fed dual-polarized patch antenna with four pairs of parasitic elements introduced to
increase the bandwidth is proposed in [3], which achieves 45% of the 15 dB impedance bandwidth
(|Sdd11| < −15 dB). Antenna radiator size is 0.44λL × 0.44λL × 0.23λL. In [4] and [5], researchers
use an additional feed balun to increase the impedance bandwidth to 67% and 75%, respectively.
However, the additional feed balun-unbalun converter is located between the antennas and has a
more complex structure. Although the dual-polarized slit antennas proposed in [6] and [7] have a
wide impedance bandwidth (45.8% and 38.7%, respectively), they both have a large aperture size
(1.1λL × 1.1λL and 0.51λL × 0.51λL, respectively) due to the natural characteristics of slit antennas.
In [8], a broadband multi-microstrip dipole antenna is proposed, achieving an impedance bandwidth of
48.3% (|Sdd11| < −10 dB) with an antenna radiator size of 0.59λL × 0.59λL × 0.14λL.

Recently, in [9], a design of broadband dual-polarized antenna using short dipole, integrated
balun, and cross-feed is proposed, which has an impedance bandwidth of 74.5% (1.69–3.7GHz) at
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VSWR < 1.5 for both ports, with good radiation characteristics in 2G/3G/4G base station bands
(1.7–2.7GHz). In [10], a wide-beam dual-polarized antenna is presented, using parasitic elements to
increase the impedance bandwidth, and the proposed antenna has 61% impedance bandwidth. The
voltage standing wave ratio (VSWR) is < 2.0 and also has wide beam characteristics. A dipole antenna
based on a fragmented structure is proposed in [11]. The optimized crossed dipole antenna can obtain a
wide operating bandwidth of 76.3%, and the whole antenna size (including the reflector plate) is about
0.75λL × 0.75λL × 0.16λL.

In this letter, we propose a compact crossed dipole antenna with a parasitic patch. By improving
the basic crossed dipole in [12], a new structure is obtained, where the introduction of the parasitic
patch introduces a resonance point at high frequencies, and circular slots are cut in the dipole arms to
improve the impedance matching deterioration after the parasitic patch is reduced. The conventional
planar reflector is replaced by a box-shaped reflector to stabilize the gain at high frequency. The
proposed antenna is able to achieve a wide impedance bandwidth of 79% (1.67–3.87GHz) with voltage
standing wave ratio (VSWR) less than 1.6. A stable gain of 8–8.7 dBi and a half-power beamwidth of
60–78◦ at 2.20–3.65GHz are obtained.

2. ANTENNA DESIGN

2.1. Antenna Configuration

The antenna configuration is shown in Figure 1. The antenna consists of three parts, crossed dipoles,
four parasitic patches, and a boxed reflector. Both the parasitic patches and the dipole are printed
on an F4BM substrate with a relative permittivity of εr = 3.5, loss tangent of 0.003, and thickness of
0.8mm. One arm of the dipole and the four parasitic patches are printed on the front side of the F4BM
substrate, while the other arm is printed on the back side of the F4BM. Each dipole is excited by a
feeder coaxial cable whose outer conductor is connected to one of the dipole arms printed on the back
side of the F4BM substrate, and the inner conductor is connected to the other arm via a microstrip
line. To obtain a stable radiation pattern, a box reflector is used instead of a conventional reflector at a
distance of 30MM (about 0.17λL, where λL is the longest operating wavelength). Detailed parameter
dimensions are listed in Table 1.

The designed antenna employs a dipole antenna with semicircular arms instead of a conventional
dipole because semicircular dipoles have a wider impedance bandwidth, and the length of a single dipole
arm is about 0.5λ0 (where λ0 is the free-space wavelength at the center frequency of 2.76GHz). The
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Figure 1. Geometry of the proposed antenna. (a) Three-dimensional view. (b) Top view. (c) Side
view.

Table 1.

Parameters Lg L1 W2 L2 W3

Value (mm) 115 74 19.8 21.9 30

Parameters R1 L3 W4 H1 H2

Value 8.9 19 1.6 30 0.8

Parameters H3

Value 5

length of the added triangular parasitic patch l3 around the periphery is 19mm (which is the free-
space wavelength at 3.9GHz, approximately). W4 corresponds to a microstrip line width of 50Ω. The
dimensions of the floor were optimized by simulation, and the optimal size of 115mm was determined
to ensure the stability of the radiation pattern.

2.2. Evolution of Antenna

To better illustrate the design concept of this dipole antenna, the evolution of the antenna is shown in
Figure 2. In the first step, antenna A is the initial crossed dipole antenna with a semicircular arm, two
50Ω coaxial cables, and a metal reflector, as shown in Figure 2(a). In the second step, four triangular
parasitic patches are added around the crossed dipole of antenna A, called antenna B, as shown in
Figure 2(b), and in the third step, a circular slot is cut in each radiating arm of antenna B, called
antenna C, as shown in Figure 2(c). Finally, the conventional square reflector plate is replaced by a
box-shaped reflector plate, called antenna D, as shown in Figure 2(d).

Figure 3(a) shows the VSWR results for the +45◦ polarization of these different antennas. The
VSWR results for the −45◦ polarization are not shown due to the symmetric structure. For antenna
A, with good impedance matching the VSWR is less than 1.5 in the range of 1.79–3.13GHz. For
antenna B, by adding four triangular parasitic patches around the dipole arm to create a resonant
point at high frequency, the VSWR is less than 2 in the range of 1.52–3.84GHz. Figure 3(b) shows
the effect of parameter L3 on the VSWR of antenna B. It can be seen from the figure that when the
size of the parasitic patch L3 is decreasing, the high frequency resonance point starts to move to higher
frequencies, and at the same time the matching of the high frequency part starts to get worse. However,
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in mobile communication systems, the antenna VSWR is generally required to be less than 1.5, and
the introduction of the parasitic patch makes the antenna radiator size 0.51λL × 0.51λL × 0.17λL. In
order to enhance the impedance matching, while reducing the size of the parasitic patch, antenna C is
introduced. In antenna C, the circular slot is cut on the basis of the original dipole arm, and the size of

(b) (c)(a)

(d)

Figure 2. Five configuration processes. (a) Antenna A. (b) Antenna B. (c) Antenna C. (d) Antenna D.

(a)
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Figure 3. Four configuration processes. (a) Simulated VSWRs of antenna A, antenna B, antenna C,
and antenna D. (b) Effect of parasitic patch parameter L3 in antenna B on VSWR. (c) Effect of circular
slot parameter R1 in antenna C on VSWR.

the parasitic patch is reduced at the same time. The increase of the circular slot makes the VSWR less
than 1.5 in the range of 1.7–3.85GHz. Figure 3(c) shows the effect of parameter R1 on the VSWR of
antenna C. From Figure 3(c), it can be seen that the matching at high frequency keeps getting better
when the radius of the circular slot R1 keeps increasing, and the matching reaches the optimum when
R1 = 8.9mm. At the same time, the size of radiator is changed from 90mm to 74mm, which makes
the structure more compact. In antenna D, the traditional flat reflector is replaced by a box-shaped
reflector, and the high frequency gain is improved, while the beamwidth is stabilized.

In order to obtain a stable radiation pattern, the effect of different antenna parameters on the
antenna gain and beamwidth is investigated. On the basis of antenna C, the original square reflector
plate was changed into a boxed reflector plate. Antenna D was proposed with a height of H2 = 5mm
around the metal, and as can be seen from Figure 4(a), the gain of the antenna at high frequencies was
improved after adding the metal surround. The variation of beamwidth before and after the change
of reflector plate is shown in Figure 4(b). Antenna D has a stable gain of 8–8.7 dBi from 1.7GHz to
3.7GHz and 5.9 dBi at 3.85GHz. The half-power beamwidth is also stable in the 2.2GHz–3.65GHz
band within 60–78◦.

2.3. Antenna Mechanism

To better understand the working principle of the proposed antenna, Figure 5 shows the current
distribution at 1.8, 2.7, 3.65, and 3.85GHz when port 1 of the antenna is excited. Due to the symmetrical
structure, the current distribution when port 2 is excited is not shown here. At the resonant frequency of
1.8GHz, the current is mainly concentrated on the +45◦ polarized dipole, with relatively weak currents
in the surrounding triangular parasitic patches. At 2.7GHz, the currents on the two pairs of dipole arms
are significantly enhanced, when the radiation capability is stronger. When the frequency is 3.65GHz,
the surrounding triangular parasitic patch produces a stronger induced current in anti-phase with the
+45◦ polarizatized dipole, and the resonant modes at the high frequency, which are mainly generated
by the coupling between the dipole and the triangular parasitic patch, cancel each other’s radiated field
due to the anti-phase of the produced currents, which means that the radiative characteristics at the
high frequency will be reduced.
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Figure 4. (a) Simulated realized gains of the antennas C and D. (b) Simulated HPBWs of antennas C
and D.

(b)(a)

(d)(c)

Figure 5. Current distributions of the antenna. (a) 1.8GHz. (b) 2.7GHz. (c) 3.65GHz. (d) 3.85GHz.
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3. SIMULATION AND EXPERIMENTAL RESULTS

In order to validate the proposed design, a prototype of the proposed antenna was fabricated and
measured. Figure 6(a) shows the actual model and test scenario of the proposed antenna. E5063A
vector network analyzer was used to test the voltage standing wave coefficient, and Figure 6(b) shows
the antenna gain and far-field radiation pattern measured in a microwave anechoic chamber.

A photograph of the fabricated antenna is shown in Figure 7. The simulated and measured VSWRs
are provided in Figure 8. The impedance bandwidth for port 1 is 79% (from 1.67GHz to 3.87GHz) when
VSWR < 1.6. The VSWR of port 2 is slightly higher than that of port 1 over the entire bandwidth.
This is due to the overbore configuration used to avoid intersection. The measured results are slightly
better than the simulated ones due to manufacturing tolerances. Figure 9 shows the measured and
simulated isolations in the operating band of the proposed antenna. The isolation of both ports exceeds
20 dB over the entire bandwidth range.

Figure 10 shows the measured gain and HPBW in the horizontal plane. The measured gain is
about 1 dB lower than the simulated one over the entire band range, mainly due to feeder cable losses
and measurement errors. From 2.2GHz to 3.65GHz, the measured HPBW ranged from 60◦ to 78◦, with
the gain ranged from 8dBi to 8.7 dBi. In measurements at 3.7GHz, the HPBW increases to 90◦, and
the gain decreases to 7.1 dBi. Figure 11 gives the H-plane and the simulated and measured normalized
radiation patterns at different frequencies. Due to the symmetry of the structure, only +45◦ polarization

(b)(a)

Figure 6. Antenna to be measured in Vector Network Analyzer and microwave chamber.

Figure 7. Prototype of the proposed antenna.
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Figure 8. Simulated and measured VSWRs of
the proposed antenna.

Figure 9. Simulated and measured isolations of
the proposed antenna.

Figure 10. Simulated and measured gain and HPBWs of the proposed antenna.

Table 2.

Ref. Bandwidth Gain (dBi) Size of radiator Size of antenna (with reflector)

[3]
45%

(S11 < −15 dB)
9 0.44λL × 0.44λL × 0.23λL 0.91λL × 0.91λL × 0.23λL

[4]
67%

(S11 < −15 dB)
7.9± 1 0.43λL × 0.43λL × 0.28λL 0.68λL × 0.68λL × 0.28λL

[8]
48%

(S11 < −10 dB)
8.9± 0.7 0.78λL × 0.78λL × 0.λL 0.78λL × 0.78λL × 0.λL

[11]
76.3%

(S11 < −15 dB)
9± 0.65 0.31λL × 0.31λL × 0.31λL 0.75λL × 0.75λL × 0.16λL

Prop.
79%

(VSWR < 1.6)
8–8.7 0.41λL × 0.41λL × 0.17λL 0.65λL × 0.65λL × 0.17λL

λL is the free-space wavelength at the lowest frequency of the operating bands.
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(b)(a)

(d)(c)

Figure 11. Simulated and measured radiation patterns for +45◦ polarization in the H-plane. (a)
1.8GHz. (b) 2.6GHz. (c) 3GHz. (d) 3.4GHz.

is provided. It is observed that the measured results are in good agreement with the simulated ones.
Table 2 lists the comparison of this work with other broadband dual-polarized antennas. Compared

to the antennas in [3] and [8], our antenna has the advantage of a much wider operating bandwidth.
Compared to the broadband dual polarized antenna in [4], our antenna has smaller radiator size and
wider bandwidth. Compared to the antenna in [11], our work has a much wider bandwidth and a
smaller overall antenna size (including the reflector). These features make it attractive for base station
applications.

4. CONCLUSION

In this paper, a compact broadband dual-polarized antenna is proposed, introducing parasitic patches
to broaden the impedance bandwidth, adding circular slots to improve the match deterioration after
reducing the size of parasitic patches, reducing the radiator size and making the structure more compact.
Simulation and measurement results show that the proposed antenna has a VSWR < 1.6 in the 1.67–
3.87GHz range and achieves 79% broadband characteristics. It can fully cover 5G NR-n41/78 frequency
band. With these required characteristics, the proposed antenna will find potential in practical base
station applications.
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