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ABSTRACT This paper proposes a novel dual-polarized filtering patch antenna without an extra circuit.
The proposed antenna shows a quasi-elliptic filtering response with four radiation nulls. One radiation
null is achieved with a stacked patch, and three more radiation nulls are introduced by the split ring res-
onators (SRRs) placed inside the antenna aperture. The SRR can achieve one radiation null, and the shorted
SRR (SSRR) can achieve two radiation nulls for its odd and even modes. This filtering antenna is fabricated
on two stacked substrates with three metallic layers, which is suitable for integration. As demonstrations,
two antennas are designed to meet the applications for the 5G band (4.8-5 GHz) for S11 < −10 dB with
the total profile of 0.06 λL, where λL is the free-space wavelength at the lowest operating frequency. The
antenna implemented on FR4 substrate achieves an average gain of 5 dBi, while the antenna fabricated on
two substrates, Rogers-4350 and FR4, can improve the realized gain to over 6 dBi. The measured isolation
is better than 20 dB within the operating band. The out-of-band gain suppression level is more than 15 dB
within the 3.4–3.6 GHz and more than 20 dB for WLAN band.

INDEX TERMS Filtering antenna, dual-polarized, low-profile, split ring resonator, stacked patch.

I. INTRODUCTION
With the development of the wireless communication sys-
tems, more diverse means of communication systems are
established with their own frequency bands. Dual-polarized
antennas working in different bands are usually needed to
meet the requirements of different systems. However, when
other frequency bands are close to theworking band, the inter-
ference from other bands can become a problematic issue
for the working systems. Although increasing the spacing
between antenna elements can reduce the interference, the
communication equipment would become bulky. Instead,
designing the filtering antenna with lower out-of-band radia-
tion can be an effective way to suppress the interference from
other bands [1].

Various types of filtering antennas have been proposed
in references [2]–[26], including single-polarized antennas
[2]–[15], dual-polarized antennas [16]–[24] and circular-
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polarized antennas [25], [26]. Works in [2]–[9] realize
single-polarization and filtering behaviors by cascading fil-
tering circuits and antennas. Nevertheless, extra filtering cir-
cuits usually occupy additional area and cause insertion loss.
Works in [10]–[13] achieve low out-of-band radiationwithout
extra circuits, and the metasurface antennas [14], [15] are
utilized to achieve low profile and high gain with filtering
performance. However, these single-polarized antennas are
difficult to be extended to dual-polarized ones.

Dual-polarized filtering antennas [16]–[24] have been
reported for different applications. The designs in [16]–[23]
integrate extra filtering circuits in the antenna feeding net-
works. As mentioned above, additional volume and inser-
tion loss of filtering circuits are inescapable. A novel
dual-polarized filtering antenna without extra filtering cir-
cuit is proposed in [24] for the first time by modifying the
H-shaped coupling feeding structure. The H-shaped feeding
network is designed inside the antenna, so the antenna needs
to be designed with two substrates and four metallic layers,
making the antenna unsuitable for integration.
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FIGURE 1. The proposed antenna. (a) Side view of the proposed antenna.
(b) Top metallic layer. (c) Middle metallic layer. (Lg = 50, H1 = 3.2,
H2 = 1, P1 = 12.7, P2 = 14.9, S1 = 4.1, S2 = 5.2, L1 = 4.6, L2 = 5,
T1 = 3.8, T2 = 4.2, G1 = 0.4, G2 = 0.3, W1 = 0.3
and W2 = 0.5 mm).

In this paper, a novel dual-polarized filtering patch antenna
without extra circuit is presented. This patch antenna is fed
directly by two feeding probes and fabricated on two stacked
substrates with three metallic layers, which is suitable for
integration. One radiation null is achieved with the stacked
patch, one radiation null is produced by the split ring res-
onators (SRRs) [27], [28], and two more radiation nulls are
introduced by the shorted SRRs (SSRRs) [29]–[32] for its
odd and even modes. The antenna is designed to meet the
applications for the 5G band (4.8-5 GHz) for VSWR< 2 with
the total profile of 0.06 λL. The antenna implemented on
FR4 substrate achieves an average gain of 5 dBi, while the
antenna fabricated on two substrates, Rogers-4350 and FR4,
can improve the realized gain to over 6 dBi. The measured
isolation is better than 20 dB within the operating band. The
out-of-band gain suppression level is more than 15 dB within
the 3.4-3.6 GHz and more than 20 dB for WLAN band.

II. ANTENNA DESIGN
A. STRUCTURE OF ANTENNA
Fig. 1 displays the configuration of the proposed filtering
antenna. As shown in Fig. 1(a), the proposed antenna is
fabricated on two stacked FR4 substrates with three metallic
layers. These two substrates have the permittivity of εr = 4.4
with different thickness. The top metallic layer of the pro-
posed antenna is presented in Fig. 1(b). The top layer includes
the stacked patch and four one-turn SRRs. As shown in
Fig. 1(c), the middle metallic layer is composed of the driven
patch and four SSRRs with shorted vias. The SSRR utilizes
two-turn SRR to lower the resonant frequency. The bottom

FIGURE 2. (a) Single-patch antenna. (b) Double-patch antenna.

FIGURE 3. Realized gain of the single-patch antenna and the
double-patch antenna at the boresight direction.

layer of the antenna is the metallic ground. The antenna is
fed by two coaxial cables to achieve orthogonal polarization.
The evolution of the proposed filtering antenna is explained
in the following section. Due to the symmetry of the structure,
only the results of port 1 are analyzed.

B. ANALYSIS OF ANTENNA DESIGN
In order to demonstrate the mechanism of two radiation nulls
in the upper stop band, the antennas with single and double
patches are compared. Fig. 2(a) and (b) are the single-patch
antenna and the double-patch antenna, respectively. The real-
ized gain at the boresight direction of these two antennas are
presented in Fig. 3. As depicted in Fig. 3, the realized gain
within the working band can be improved by using the upper
patch as a director, and one radiation null at the boresight
direction can be introduced to the higher band of the stacked
antenna [10], compared with the single-patch antenna. When
the port 1 is driven, the 3-D radiation pattern of the stacked
antenna at the radiation null frequency (5.7 GHz) is shown
in Fig. 4. There is a radiation null at the broadside direction
of the 3-D radiation pattern, resulting in a deep radiation null
in Fig. 3. The current distributions on the driven patch and
the upper patch at 5.7 GHz (radiation null) are displayed
in Fig. 5(a) and (b). It can be seen that the currents on left
and right sides of the patch are out-of-phase, as well as the
currents on top and bottom sides of the patch. Therefore,
the radiation caused by the out-of-phase currents is canceled,
producing a radiation null.

Next, four one-turn SRRs are placed inside the stacked
antenna aperture in the top metallic layer to introduce a
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FIGURE 4. 3-D radiation pattern of the stacked antenna at 5.7 GHz.

FIGURE 5. Current distributions at 5.7 GHz for the stacked antenna on
(a) the driven patch, and (b) the upper patch.

FIGURE 6. The stacked antenna with four one-turn SRRs. (a) Perspective
view. (b) Top metallic layer.

FIGURE 7. Realized gain of the stacked antenna with and without four
one-turn SRRs at the boresight direction.

second radiation null, as shown in Fig. 6. The realized gain
of the stacked antenna with and without four one-turn SRRs
at the boresight direction is displayed in Fig. 7. It can be seen
that the upper patch with four one-turn SRRs can introduce
onemore radiation null (6 GHz) in the higher frequency band,
and the first radiation null is moved to 5.5 GHz. The current

FIGURE 8. Current distributions at 6 GHz for the stacked antenna with
four one-turn SRRs on (a) the driven patch, and (b) the top metallic layer.

FIGURE 9. The stacked antenna with four two-turn SRRs. (a) Perspective
view. (b) Middle metallic layer.

FIGURE 10. Realized gain of the stacked antenna with and without four
two-turn SRRs at the boresight direction.

distributions on the driven patch and the top metallic layer at
6 GHz (radiation null) are displayed in Fig. 8(a) and (b). The
currents on the driven patch and four SRRs are symmetrical
about the X-axis and Y-axis. That is, the currents on left and
right sides of the patch are out-of-phase, so is the currents
on top and bottom sides, resulting in a radiation null at the
boresight direction. At the same time, the energy will be
constrained with the oscillation inside the SRRs.

In order to introduce a radiation null to the lower frequency
band, the two-turn SRRs (traditional SRR) with compact
size are adopted. As shown in Fig. 9, four two-turn SRRs
are placed inside the driven patch aperture in the middle
metallic layer. The realized gain of the stacked antenna with
and without four two-turn SRRs at the boresight direction is
displayed in Fig. 10. It can be seen that the two-turn SRRs
can introduce one radiation null (3.8 GHz) in the lower stop
band, and a quasi-elliptic filtering response is achieved.

Finally, the SSRRs are utilized to produce two radiation
nulls in the lower stop band using the odd and even resonant
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FIGURE 11. The stacked antenna with four SSRRs. (a) Perspective view.
(b) Middle metallic layer.

FIGURE 12. Realized gain of the stacked antenna with and without four
shorted vias at the boresight direction.

FIGURE 13. Current distributions for the stacked antenna with four SSRRs
on the middle metallic layer at (a) 3.55 GHz, and (b) 3.8 GHz.

modes [29]–[32]. As shown in Fig. 11, the SSRR consists of
one two-turn SRR and one shorted via connecting the SRR to
the metallic ground. The realized gain of the stacked antenna
with and without four shorted vias at the boresight direction
is shown in Fig. 12. It can be seen that the SSRRs can
introduce two radiation nulls (3.55 and 3.8 GHz) in the lower
stop band with a quasi-elliptic filtering response. In order to
demonstrate the odd and even modes of the SSRR, the current
distributions for the stacked antenna with four SSRRs on the
middle metallic layer at 3.55 GHz and 3.8 GHz are presented
in Fig.13. At 3.55 GHz, the currents on four SSRRs are
symmetrical about the shorted vias, which is the even mode
of SSRR. At 3.8 GHz, the currents on four SSRRs are odd
symmetrical about the shorted vias, which is the odd mode
of SSRR. It can be seen that the currents of the antenna are
mostly distributed on the SSRRs and edges around SSRRs,
and the energy would be dissipated with the oscillation inside
the SSRRs.

FIGURE 14. Simulated S-parameters of the proposed antenna.

FIGURE 15. Broadside realized gain and peak realized gain of the
proposed antenna.

The simulated S-parameters of the proposed antenna are
depicted in Fig. 14. As shown in Fig. 14, there are resonances
at the frequencies of the radiation nulls introduced by SRRs
and SSRRs. As analyzed above, the energy is dissipated
inside the SRRs and SSRRs. The broadside realized gain
and peak realized gain of the proposed antenna are plotted
in Fig. 15. The SRRs and SSRRs can reduce the realized gain
in all directions, while the stacked patch introduces radiation
null in the broadside direction at the upper frequency band.

C. EFFICIENCY ANALYSIS OF ANTENNA
The aforementioned analyses are based on the antenna
printed on two FR4 substrates. In order to better demonstrate
the mechanism of the proposed antenna, three antennas using
different substrates are simulated, as shown in Fig. 16. The
antenna (Ant. 1) in Fig. 16(a) utilizes only one kind of
substrate, FR4. The antenna (Ant. 2) in Fig. 16(b) uses the
Rogers TMM4 as the substrate, having the permittivity of
εr = 4.4. The antenna (Ant. 3) in Fig. 16(c) is printed on two
kind of substrates, FR4 and Rogers TMM4. The SRRs and
SSRRs are printed on FR4, and the patch antenna is printed
on Rogers TMM4. The realized gain and radiation efficiency
of three antennas are displayed in Fig. 17(a) and (b), respec-
tively. Ant. 1 can achieve radiation nulls, but the efficiency is
relatively low due to the high dielectric loss tangent of FR4.
Although Ant. 2 uses the substrate with low dielectric loss
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FIGURE 16. Three antennas using different substrates. (a) Antenna using
FR4. (b) Antenna using Rogers TMM4. (c) Antenna using FR4 and
Rogers TMM4.

FIGURE 17. (a) Broadside realized gain, and (b) efficiency of three
antennas.

tangent, the energy inside the SRRs cannot be dissipated well
enough to realize radiation nulls. It can be seen that Ant 3 uti-
lizing two kinds of substrates has high radiation efficiency
and can realize radiation nulls at the same time. Just like the
previous analysis, the energy would be constrained with the
oscillation inside the ring resonators. Therefore, the radiation
can be achieved by printing the SRRs and SSRRs on FR4with
high dielectric loss tangent, and the radiation gain and effi-
ciency can be improved by choosing the substrate with low
dielectric loss tangent.

FIGURE 18. The fabrication of the proposed filtering antenna. (a) Top
view. (b) Side view. (c) Measurement in the anechoic chamber.

FIGURE 19. Simulated and measured (a) S-parameters, and
(b) realized gain.

III. PERFORMANCE OF ANTENNA
A. CASE 1: ANTENNA WITH FR4 SUBSTRATE
For ease of fabrication and integration, the proposed antenna
is firstly fabricated on one kind of substrate, FR4, as shown
in Fig. 18. The simulation analyses are performed by Ansys
HFSS, and the measurements are implemented by the Agilent
network analyzer (Agilent N5230A) and far-field measure-
ment system (NSI 2000).

The simulated and measured S-parameters and realized
gain are displayed in Fig 19(a) and (b), respectively. As shown
in Fig. 19 (a), the measured bandwidth is 4.5-5.1 GHz for
S11 < −10 dB, and the measured isolation is better than
22 dB. Fig. 19(b) shows that the average gain is 5 dBi
within the whole working band, and four radiation nulls are
located at 3.45, 3.75, 5.6 and 6.1 GHz. When the port 1 is
excited, the simulated and measured radiation patterns at 4.6,
4.9 and 5.1 GHz in the YOZ and in the XOZ plane are shown
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FIGURE 20. Radiation patterns in the YOZ plane at (a) 4.6, (b) 4.9, and
(c) 5.1 GHz.

FIGURE 21. Radiation patterns in the XOZ plane at (a) 4.6, (b) 4.9, and
(c) 5.1 GHz.

FIGURE 22. The proposed antenna fabricated on two kinds of substrates.
(a) Perspective view of the proposed antenna. (b) Top metallic layer.
(c) Middle metallic layer. (Lg = 50, Ls = 9, H1 = 3, H2 = 1, P1 = 13.6,
P2 = 16, S1 = 4.4, S2 = 5.6, L1 = 4.6, L2 = 5, T1 = 3.8, T2 = 4.2,
G1 = 0.4, G2 = 0.3, W1 = 0.3 and W2 = 0.5 mm).

in Fig. 20 and Fig. 21, respectively. The radiation patterns are
stable and the cross-polarization is lower than−23 dB within
the working band. The deviation between the simulated and
measured results is attributed to the tolerances of fabrication
and measurement.

B. CASE 2: ANTENNA WITH FR4 &
ROGERS-4350 SUBSTRATES
In order to improve the efficiency and realized gain, the pro-
posed antenna is simulated and fabricated on two kinds of
substrates, FR4 and Rogers-4350, as displayed in Fig. 22 and
Fig. 23, respectively. With smaller dielectric loss tangent, the
proposed antenna can achieve higher efficiency. With lower
dielectric permittivity for the driven patch and the stacked

FIGURE 23. The fabrication of the proposed filtering antenna. (a) Top
metallic layer. (b) Middle metallic layer. (c) Measurement in the anechoic
chamber.

FIGURE 24. Simulated and measured (a) S-parameters, and
(b) realized gain.

patch, the proposed antenna would have bigger radiation
aperture and achieve higher realized gain. It is worth noting
that the geometry of the SRRs is not changed, since the
substrate for SRRs does not change, compared to Case 1.

The simulated and measured S-parameters and realized
gain are presented in Fig 24(a) and (b), respectively. As plot-
ted in Fig. 24 (a), the measured bandwidth is 4.7-5.2 GHz
for S11 < −10 dB, and the measured isolation is better than
21 dB. Comparedwith Case 1, although Case 2 has lower pro-
file (3mm), Fig. 24(b) shows that the average gain is improved
to 6 dBi within the whole working band. Four radiation nulls
are located at 3.64, 3.9, 5.68 and 6.32 GHz. The measured
working frequency is a little higher than the simulated one,
mainly due to the fabrication tolerances with two kinds of
substrates. When the port 1 is excited, the simulated and
measured radiation patterns at 4.7, 4.9 and 5.1 GHz in the
YOZ and in the XOZ plane are shown in Fig. 25 and Fig. 26,
respectively. The radiation patterns are stable and the cross-
polarization is lower than −20 dB within the working band.
The deviation between the simulated and measured results is
attributed to the tolerances of fabrication and measurement.
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FIGURE 25. Radiation patterns in the YOZ plane at (a) 4.7, (b) 4.9, and
(c) 5.1 GHz.

FIGURE 26. Radiation patterns in the XOZ plane at (a) 4.7, (b) 4.9, and
(c) 5.1 GHz.

TABLE 1. Comparison of different antennas.

The comparison among the proposed antenna and some
reported works is presented in Table 1. Case 1 is the proposed
antenna printed on FR4 substrate, and Case 2 is the pro-
posed antenna fabricated on two kinds of substrates, FR4 and
Rogers-4350. These reference works are microstrip filtering
antennas with unidirectional radiation patterns. The filter-
ing antennas in [10]–[12] can achieve good filtering perfor-
mance without extra circuit. However, these antennas are all
single-polarized and difficult to be extended to dual-polarized
ones. Dual-polarized antennas in [16], [17] realize filtering
behaviors by cascading extra filtering circuits in the antenna
feeding networks. As mentioned above, additional volume
and insertion loss of filtering circuits are inescapable. The
work [24] utilizes two orthogonal H-shaped feeding lines
to ensure a sharp roll-off rate at the lower band edge. The
H-shaped feeding network is designed inside the antenna,
so the antenna needs to be designed with two substrates and
four metallic layers, making the antenna unsuitable for inte-
gration. The proposed dual-polarized antenna introduces four
radiation nulls at the lower and upper stopbands without extra
circuit. Two FR4 substrates of Case 1 are stacked together
with three metallic layers, making the antenna suitable for
integration. Case 2 can achieve higher realized gain and
radiation efficiency with lower dielectric loss tangent and
permittivity.

IV. CONCLUSION
A novel dual-polarized filtering patch antenna using SRRs
with four radiation nulls is proposed in this paper. Without
extra circuit, the proposed antenna achieves radiation nulls by
using SRRs and SSRRs. The antenna is fabricated to meet the
applications for the 5G band (4.8-5 GHz) for S11<−10 dB.
The antenna implemented on FR4 substrate, which is suitable
for integration, can achieves an average gain of 5 dBi, while
the antenna fabricated on two substrates, Rogers-4350 and
FR4, can improve the realized gain to over 6 dBi.
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