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This paper presents a hybrid ring feeding dual-polarized patch antenna with high isolation in a wide working band. The proposed
antenna consists of a circular radiating patch printed on the upper horizontal substrate, two pairs of Γ shaped strips printed on
two vertical substrates, and a hybrid ring feeding network printed on the lower two horizontal substrates. The proposed antenna
adopts Γ shape strips coupled feeding structure to achieve a wide operating band. Furthermore, a hybrid ring feeding structure
with high isolation in a wide bandwidth, which is firstly proposed, is applied as feeding network. When one port is excited, the
feeding network can realize twice the power cancellation. Thus, high ports isolation characteristics can be obtained. A prototype
of the proposed antenna is fabricated and measured. Measured results show that the 10 dB reflection coefficient bandwidths of the
two ports are both about 38.7%, with port isolation higher than 40 dB through most of the band, and the cross-polarizations are
below −24 dB.

1. Introduction

With the rapid development of wireless communication
systems, the demand for dual-polarized patch antennas with
broadband, low cross-polarization, and high port-to-port
isolation has been gradually growing. Lots of studies on
improving the performances in theses domains of dual-
polarized patch antennas have been reported. Aperture cou-
pled technique is the most commonly used technique in
designing dual-polarized patch antennas [1, 2]. However, in
order to avoid intersection of slots, sizes of the slots are highly
restricted. As a result, the bandwidth of these kinds of anten-
nas is difficult to widen. Hybrid feeding structure is a good
method to achieve high ports isolation [3]. However, the
uniformity of the ports with different polarizations is difficult
to be optimized,whichmay easily cause different circuital and
radiating characteristics of the two different polarizations.
The magnetic loop feeding dual-polarized patch antenna for
bandwidth and isolation enhancement is reported in [4].
The ports isolation is about 40 dB over a 38% impedance
bandwidth. However, the asymmetric feeding structures will
lead to different performances from the two ports. The dual-
polarized patch antennas applying probe director or coupled

feeding have a limited impedance bandwidth or high cross-
polarization [5–7].The flexible coaxial cables directly feeding
technique is used in [8, 9] to improve the isolation and cross-
polarization, but the antennas are relatively high. Differential
feeding for dual-polarized patch antennas design can help to
decrease cross-polarization and increase port-to-port isola-
tion [10, 11]. However, the antennas have narrow impedance
bandwidth. Recently, a dual-polarized patch antenna fed by
a wide balun can realize wide working band, low cross-pola-
rization, and high isolation performances [12].

In this paper, a dual-polarized patch antenna fed by a
hybrid ring structure is proposed. The proposed antenna
adopts Γ shape strips coupled feeding structure [13] to achieve
wide working band. And a novel hybrid ring is applied as
a feeding network. The hybrid ring feeding network has a
broadbandhigh isolation characteristic.Thehybrid ring feed-
ing structure consists of eight 𝜆/4 lines and two orthogonal-
offset differential feeding lines for two polarizations. And the
hybrid ring feeding structure can realize twice the power
cancellation to the other port when one port is excited.
Thus, the ports isolation within a wide bandwidth is highly
enhanced. Moreover, due to the differential feeding and
fully symmetric structure, low cross-polarization level can
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Figure 1: Layout of the hybrid feeding network.

be obtained. The proposed dual-polarized patch antenna has
good performances of broad impedance bandwidth, high
isolation, and low cross-polarization level.

2. Geometry and Design of the Antenna

2.1. Hybrid Ring Feeding Structure. The hybrid ring feeding
network is shown in Figure 1. It is a ring which is composed
of eight 𝜆/4 lines and two orthogonal-offset differential
feeding lines, where 𝜆 is the guided wavelength of the center
frequency. The two differential feeding lines are printed on
two different substrates to avoid intersection. The quarter-
wavelength impedance transformer line and differential feed-
ing line of Port 2 and the quarter-wavelength impedance
transformer of Port 1 in green are printed on the top of the
upper substrate, and the differential feeding lines of Port 1
and eight 𝜆/4 lines of the ring in yellow are printed on the
bottom face of the lower substrate. The feeding lines printed
on different substrates connect to each other via three probes.
The ground plane is arranged between the two substrates.The
differential feeding line of Port 1 consists of a power divider
and a half-wavelength delay line. And a quarter-wavelength
impedance transformer is used to achieve good impedance
match. An equivalent structure of the hybrid ring feeding
network is illustrated in Figure 2. The working principle of
the hybrid feeding network is analytically and numerically
analyzed as follows: the impedances of Ports 3–6 and the half-
wavelength delay lines are 𝑍0. The characteristic impedance
of each 𝜆/4microstrip line of the hybrid ring is√2𝑍0, and the
impedance of each 𝜆/4 impedance transformer is √2𝑍0/2.
When Port 1 is excited, signals are split into two equal and
out-of-phase components at points B and b, and the voltage
at the “A-a” plane of the feedingwork is zero and shorted.The
equivalent circuit can be simplified as in Figure 3.

According to Figure 3, it can be derived that the output
impedance of point B is decided by the shunt branches of
“Port 3-B,” “Port 6-B,” and “b-B.” As the impedance of Port
3 is 𝑍0, after the 𝜆/4 impedance transformer, the impedance
becomes 2𝑍0, and so does the branch of “Port 6-B.” The
branches of “Port 4-b” and “Port 5-b” are the same as bran-
ches of “Port 3-B” and “Port 6-B,” so the output impedance

Port 2 

A

a

B b

Port 5 

Port 3 Port 4

Port 1

Port 6 “A-a” plane
90∘90∘

90∘

90∘

90∘

90∘

90∘
90∘

90∘

90∘

90∘

90∘

90∘

90∘

Z0

Z0

Z0

Z0 2Z02Z0

2Z0 2Z0

2Z02Z0

2Z0 2Z0

2Z0/2

2Z0/2

Figure 2: Equivalent structure of the hybrid feeding network.
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Figure 3: Equivalent structure of the hybrid feeding network with
Port 1 excited.

of point b is 𝑍0; after the 𝜆/2 impedance transformer, the
impedance keeps unchanged. Consequently, the impedances
of shunt branches of “Port 3-B,” “Port 6-B,” and “b-B” are
2𝑍0, 2𝑍0, and 𝑍0, respectively. Then, the output impedance
of point B is 𝑍0/2; after the 𝜆/4 impedance transformer, the
impedance of Port 1 becomes 𝑍0. With Port 2 excitation,
the “B-b” plane of the feeding work is then shorted. The
impedance of Port 2 is also𝑍0. When𝑍0 is equal to 50Ω and
the center frequency is 2.3 GHz, the simulated 𝑆-parameters
of the hybrid feeding network are shown in Figure 4. It can
be seen that a very deep transmission zero is located at the
center frequency. The deep transmission zero is produced by
twice the power cancellation. When Port 1 is excited, signals
will firstly cancel at point B and point b. Additionally, a half-
wavelength delay line is employed between point A and point
a, and the signals will cancel again.Moreover, the signals from
Port 1 are equally split to Ports 3–6, wherein Ports 3 and 6 are
with in-phase signals, as well as Ports 4 and 5. However, the
two pairs of ports are with out-of-phase signals, while, with
Port 2 excitation, the signals from Port 2 will also be equally
split to Ports 3–6. Then, Ports 3 and 4 are with in-phase
signals, as well as Ports 5 and 6. Ports 3 and 4 and Ports 5 and
6 are then two pairs of out-of-phase ports. Figure 5 shows the
simulated 𝑆-parameters of the hybrid feeding network with
different half-wavelength delay lines of Port 1 and Port 2. It is
clearly seen that the isolated bandwidth of the hybrid feeding
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Figure 4: 𝑆-parameters of the hybrid feeding network with equal
half-wavelength delay lines of Port 1 and Port 2.
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Figure 5: 𝑆-parameters of the hybrid feeding network with different
half-wavelength delay lines of Port 1 and Port 2.

network can be tuned by changing the operating frequencies
of half-wavelength delay lines of Port 1 and Port 2.When 𝜆1 =
𝜆, 𝜆2 < 𝜆 or 𝜆1 = 𝜆, 𝜆2 > 𝜆 (𝜆1 is the wavelengths of half-
wavelength delay lines of Port 1; 𝜆2 is the one of Port 2), the
transmission zero produced by the half-wavelength delay line
of Port 2 will shift to the higher frequency or lower frequency,
and the zero produced by the half-wavelength delay line of
Port 1 is unchanged.When 𝜆1 ̸= 𝜆, 𝜆2 = 𝜆, the zero produced
by the half-wavelength delay line of Port 1will also shift. Based
on the above analysis, we can know that the hybrid feeding
network can realize good impedancematching andhigh ports
isolation in a wide operating band.

2.2. Antenna Design. The geometry of the proposed dual-
polarized patch antenna is shown in Figure 6. It consists of
five substrates: the upper horizontal substrate (#1), themiddle
vertical substrates (#2 and #3), and the bottom horizontal
substrates (#4 and #5).The radiating circular patch is printed
on one of the horizontal substrates (#1). The four Γ shaped
strips are printed on the vertical substrates (#2 and #3) and
soldered to Ports 3–6 of the hybrid ring feeding network via
four probes. The quarter-wavelength impedance transformer
and differential feeding line of Port 2 and the quarter-
wavelength impedance transformer of Port 1 are printed on
the top layer of the horizontal substrate (#4), and the hybrid
ringwith the differential feeding line of Port 1 is printed on the
bottom layer of the horizontal substrate (#5). The ground is
between the two horizontal substrates (#4 and #5).The height
of the air layer between vertical substrates #2 and #3 is 18mm.
This air layer is designed to widen the working band. All the
five substrates are with dielectric constant 𝜀𝑟 = 2.55, loss
tangent 𝛿 = 0.003, and a thickness of 0.8mm.The center freq-
uency of the proposed antenna is 2.3 GHz. The ports impe-
dances of the hybrid ring feeding network𝑍0 are 50Ω. Signals
from Port 1 transport along quarter-wavelength impedance
transformer, and then they split into two equal and out-of-
phase components by the differential feeding lines of Port
1. The 180-degree phase shift is caused by a half-wavelength
delay line. Finally, the signals transmit along Ports 3–6 to pro-
duce 𝑦-direction polarization, while signals from Port 2 have
the same working principle and they correspond to the 𝑥-
direction polarization. As the hybrid ring feeding network
structure is fully symmetric and it can realize high ports iso-
lation within a wide bandwidth, the proposed dual-polarized
patch antenna can obtain good performances of broadband,
low cross-polarization, and high isolation. The proposed
antenna can be applied in radar and distributed antenna
systems (DAS).

3. Simulated and Measured Results

For verification, a dual-polarized patch antenna is imple-
mented and its fabrication prototype is shown in Figure 7.
The simulated and measured 𝑆-parameters of the proposed
antenna are shown in Figure 8. It can be seen that the
measured −10 dB fractional bandwidth of Port 1 is about
38.7%, or 890MHz (1.847–2.737GHz), corresponding to
center frequency 2.3GHz. The measured −10 dB impedance
bandwidth of Port 2 is 895MHz (1.875–2.77GHz), or about
38.9%. Therefore, the overlapped bandwidth of Port 1 and
Port 2 is about 37.5% (1.875–2.737GHz). It is also observed
that the measured port-to-port isolation of most of the
operating band is higher than 40 dB.The isolation bandwidth
of the whole antenna is wider than that of the hybrid feeding
network because the coupling among the Γ shape strips may
cause additional cancellation, and the resistances of Γ shape
strips are varied with different frequencies, especially at the
edge of the passband, while the hybrid ring feeding network
is designed with Ports 3–6 whose characteristic impedance
is 50Ω. And there is no mutual coupling between Ports 3–6.
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Figure 6: Geometry of the proposed antenna. (a) Perspective view of the antenna. (b) Structure of substrate #1. (c) Structure of substrates
#2 and #3. 𝑙1 = 105mm, 𝑙2 = 50mm, 𝑙3 = 10mm, 𝑙4 = 15mm, 𝑙5 = 8mm, 𝑙6 = 13.9mm, 𝑤1 = 18mm, 𝑤2 = 1.5mm, 𝑤3 = 0.8mm, and
𝑟1 = 27mm.
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Figure 7: Photograph of the proposed antenna. (a) Top view. (b) Bottom view. (c) Side view.

Figure 9 shows the simulated and measured normalized E-
plane and H-plane radiation patterns at 2.3 GHz for Port
1 and Port 2 excitations. Note that while measuring the
radiation patterns at one port, another port is terminated
with a 50Ω load. Symmetric radiation patterns with low
cross-polarization level are observed. The measured cross-
polarization levels in both E-plane and H-plane are less
than 24 dB at Port 1 and Port 2. The measured gains in the
broadside direction for Ports 1 and 2 excitations at 2.3 GHz
are both about 9 dBi. A comparison of the proposed antenna
with other dual-polarized patch antennas is listed in Table 1.
It is shown that the proposed antenna has the merits of high

port-to-port isolation in awide operating band and low cross-
polarization level.

4. Conclusion

A high isolation and wideband dual-polarized microstrip
patch antenna fed by hybrid ring feeding network has been
proposed in this paper. The hybrid ring feeding network has
a fully symmetric structure and performance of high isolation
within a wide bandwidth.The antenna shows wide operation
bands, low cross-polarization level, high ports isolation, and
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Table 1: Comparison with previous works.

Ref. Isolation (dB) Relative impedance bandwidth Cross-polarization (dB) ℎ𝑑(𝜆0)

[7] 28.5 18.8% 20 0.08
[8] 30 45.5% 25 0.59
[9] 32 22.7% 30 0.17
[10] 40 14% 30 0.08
[11] 37 47% NG 0.184
[12] 30 41.7% 20 0.144
This work 40 38.7% 24 0.144
ℎ𝑑 (𝜆0): the overall height corresponds to 𝜆0.
NG: not given.
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Figure 8: 𝑆-parameters of the proposed antenna.
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Figure 9: Measured and simulated normalized radiation patterns at 2.3 GHz at (a) E-plane and H-plane for Port 1 and (b) E-plane and
H-plane for Port 2.
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good gain. The hybrid ring feeding network can be readily
used in other wideband dual-polarized antenna designs.
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