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This paper presents a wideband dual-polarized filtering antenna with high suppression level and wide stopband. In the proposed
antenna, the driven patch operates in a TM10 mode with an inherent radiation null caused by a higher mode TM12. Four dual-
strip structures connected with the feeding probes are placed below the driven patch to achieve the capacitive coupling, thus
resulting in a low-frequency radiation null with a sharp roll-off rate. The introduction of the parasitic patch and strips
generates an in-band resonance and two high-frequency radiation nulls, which widens the upper stopband. Four slots are
etched on the driven patch to excite the third resonance, thus achieving the wide operation band. The prototype of the
proposed antenna is fabricated. With four controllable radiation nulls, the out-of-band suppression levels are above 29 dB in
low-frequency band greater than 1GHz and above 21 dB in high-frequency band up to 7GHz, respectively. Due to the three
in-band resonances, a wide impedance bandwidth of 2.93-3.96GHz with a fractional band of 30% is obtained. With the
rotational symmetry structure driven by differential probes, the proposed dual-polarized antenna has a cross-polarization ratio
better than 28 dB, a high polarization isolation above 43 dB, and a good peak gain about 9.9 dBi.

1. Introduction

With the rapid application of massive multiple-input
multiple-output (MIMO) technology in the fifth-generation
(5G) wireless communication, architecture of RF front end
becomes extraordinarily complicated. Thus, high demands
on antenna including multiple functions, high integration,
and good performance are put forward. On the one hand,
channel capacity can be greatly improved by broadening
operational band and utilizing polarization diversity, and
therefore, wideband dual-polarized performance becomes
necessary for the base station antenna arrays. On the other
hand, good polarization characteristics and isolation are sig-
nificant for the anti-interference ability of the system. By
introducing differential circuit with common mode suppres-
sion, the circuit noise can be effectively reduced, and mean-
while, the stability of the pattern can be greatly improved.
However, bulky volume of the RF front end by cascading
the antenna with the filter for the interference suppression
is still a problematic issue. Integration of the antenna and

the filter, called filtering antenna, becomes a feasible way to
reduce the volume of the RF front end.

Among the filtering antenna designs, fusion design for
the filtering antennas becomes popular. Specifically, radia-
tion nulls can be generated by reasonably introducing some
specific structures into the antenna [1, 2]. Based on the
fusion design, various filtering antennas have been proposed,
for instance, wideband filtering antennas [3–6] and filtering
antennas with good selectivity characteristic including steep
roll-off [7–12], good suppression level [13–19], and wide
stopband [20–23]. In [3], an E-shaped grounded feeding
structure and four stepped impedance resonators are used
to excite three resonance modes to obtain a wide fractional
band of 22.2%. But the skirt selectivity is not good enough
by integrating the resonators with the feedlines. In [8], good
selectivity is achieved by a dual-probe feeding structure
according to the cascaded quadruplet (CQ) cross coupling.
However, the obtained suppression level is only about
15 dB. In [22], four short strips and a long cross-type strip
together with a square ring slot are used to generate two
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radiation nulls, and thus, the upper stopband is up to 2.6 f0
(f0 is center frequency of the antenna). However, the simu-
lated suppression level at the far stopband gradually
becomes worse, i.e., 14 dB at 2.6 f0. Therefore, according to
the above reported fusion designs, it is still a challenging
issue to design a wideband filtering antenna with good skirt
selectivity and wide stopband.

In this paper, a wideband differential-fed dual-polarized
filtering antenna has been designed. Four controllable radia-

tion nulls are generated by the driven patch with the slots,
the dual-strip structure, and the parasitic patch and strips, thus
achieving the steep roll-off rate at the lower band edge and a
wide high-frequency stopband with good suppression level,
i.e., above 21dB in high-frequency band up to 7GHz. More-
over, three in-band resonances are excited to obtain a wide
operation band of 2.93-3.96GHz, and two pairs of the differ-
ential probes are used to achieve a low cross-polarization ratio
above 28dB and a high polarization isolation above 43dB.
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Figure 1: Configuration of the proposed filtering antenna. Geometric parameters of the antenna are as follows (unit: mm):W = 80,W0 = 29:1,
W1 = 7, W2 = 3, L0 = 26:7, L1 = 22, L2 = 30, L3 = 1:5, G = 3:5, S1 = 4, S2 = 8:7, M = 13:5, N = 1:7, H = 2, H1 = 1:5, H2 = 6, and H3 = 1.
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Figure 2: The design procedure from antenna I to antenna II to antenna III to antenna IV to proposed antenna. The geometric dimensions
of each antenna are as follows (unit: mm):W0 = 30:7, H1 = 2, and S1 = 6 for antenna I;W0 = 32:5, H1 = 2, S1 = 3:4, and L2 = 32:4 for antenna
II;W0 = 30:7, H1 = 2, S1 = 2:6, L3 = 1:3, and L0 = 29 for antenna III; andW0 = 29:7, H1 = 2, L2 = 30:6, L3 = 1:3, L0 = 28, S2 = 9:9,M = 14, and
N = 1:5 for antenna IV.
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Figure 3: The (a) ∣Sdd11 ∣ and (b) realized gain of antennas I, II, III, and IV.
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Figure 4: Surface current distributions on the driven patch of the antenna I.
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Figure 5: Surface current distributions on the dual strips and the driven patch of the antenna II.
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2. Filtering Antenna Design

This section includes the antenna configuration, the step-
ping process of the proposed antenna, and the analysis of
resonances and radiation nulls.

2.1. Filtering Antenna Configuration. Figure 1 shows the
proposed filtering antenna, which is a stacked structure
composed of the ground and the top and bottom F4B sub-
strates with relative permittivity of 2.65 and loss tangent of
0.001. Two air layers are placed between the top and bottom
substrates and the ground, respectively. A parasitic patch
enclosed by four parasitic strips is fabricated on the bottom
surface of the top substrate, and the driven patch and four
dual strips are fabricated on the top and bottom surfaces of
the bottom substrate, respectively. Four square slots are
etched on the driven patch. Two pairs of differential probes,

Zd, θd Zd, θd

Electric wall

Driven patch

Dual strips

Cd Cd

x

zNull 2
Radiation resistor

+ –

Zin1
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i.e., differential port 1 consisting of ports 1 and 3 and differ-
ential port 2 consisting of ports 2 and 4, are connected with
the driven patch through the four dual strips.

2.2. Operating Mechanism

2.2.1. Analysis of the Antenna I. To clearly elaborate the
working mechanism and design procedure of the proposed
filtering antenna, we start with the antenna I shown in
Figure 2. The antenna I is a differential-fed dual-polarized
patch antenna. Due to the use of the differential feeding
ports I (ports 1 and 3) and II (ports 2 and 4), the resulting

differential S-parameters are given as [2]

Sdd11 =
S11 − S13 − S31 + S33

2 ,

Sdd22 =
S22 − S24 − S42 + S44

2 ,

Sdd21 =
S21 − S23 − S41 + S43

2 ,

Sdd12 =
S12 − S14 − S32 + S34

2 :

8>>>>>>>>>>><
>>>>>>>>>>>:
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Figure 9: Surface current distributions on the dual strip, the driven patch, and the parasitic patch of the antenna IV.
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Figure 10: Simulated and measured (a) ∣Sdd11 ∣ , realized gain, and (b) ∣Sdd21 ∣ of the proposed antenna.
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Figure 3 shows the ∣Sdd11 ∣ and realized gain of the
antenna I. Here, the realized gain is defined as the ð1 −
jSdd11j2Þ ·Gpeak , with the peak gain Gpeak . A resonance at
3.3GHz is observed. Also, there is an inherent transmission
null at 7.45GHz. Figure 4 shows the surface currents of
antenna I at 3.3GHz and 7.45GHz. At 3.3GHz, the TM10
mode is excited. At 7.45GHz, the surface current distribu-
tion is similar to that of the higher mode TM12 at
7.55GHz shown in Figure 4. On the edge of the patch, the
current along the y-direction cancels each other, whereas
the current along the x-direction cancels with the current
at the center of the patch. Therefore, the inherent radiation
null is caused by the higher mode TM12.

2.2.2. Analysis of the Antenna II. The antenna II is obtained
by placing four dual strips connected with the feeding probes
below the driven patch of the antenna I. An extra resonance
at 3.05GHz is excited besides the resonance at 3.3GHz.
Meanwhile, a low-frequency radiation null is generated at
f n2 = 2:7GHz. Figure 5 shows the surface current distribu-
tions of the antenna II. At 3.05GHz, there is a strong current
on the driven patch right above the dual strips because of the
capacitive coupling between them. At 2.7GHz, a weak cur-
rent on the driven patch is observed. For the analysis of
the generation of the radiation null, the corresponding
equivalent circuit is given in Figure 6. Considering the differ-
ential feeding operation for the probe pair (1, 3) and the
matching operation for the probe pair (2, 4), there is an elec-
tric wall in the middle of the antenna structure. The struc-
ture is symmetry in terms of the electric wall. Therefore,
two dual strips connected to the probes 1 and 3, respectively,
appears as two transmission line (TL) segments, and the
driven patch is regarded as three TL segments. The TL
related to the dual strip is capacitively coupled with the TL
related to the driven patch by the capacitor Cd . If we ignore
the effect of Cd , the structure shown in the red-dashed box of
Figure 6 is reduced to a transmission line with an open ter-
minal, with its input impedance

Zin1 = −jZd cot θd , ð2Þ

where Zd represents the characteristic impedance of the dual
strip, θd = βLd indicates the electrical length of one strip, and

Ld and β are the length and propagating constant of one
strip, respectively. When θd is chosen as

θd =
ffiffiffiffi
εe

p 2πLd
λnull

= π

2 , ð3Þ

one has Zin1 = 0, meaning that the input port is shorted.
Thus, the electromagnetic energy from the input port is
reflected. The equivalent circuit in Figure 6 is regarded as a
band-stop circuit with the resonant frequency correspond-
ing to the radiation null

f n2 =
c

4Ld
ffiffiffiffi
εe

p ,

Ld =
L2 − S1 +

ffiffiffi
2

p
− 1

� �
W2

h i

2 ,

ð4Þ

where c is the speed of light in vacuum and εe is the effective
relative permittivity.

2.2.3. Analysis of the Antenna III. Furthermore, a parasitic
patch is placed above the driven patch to form the antenna
III. As shown in Figure 3, there are two in-band resonances
at 3.3GHz and 3.9GHz. Meanwhile, a new high-frequency
radiation null at f n3 = 4:35GHz is generated. When the par-
asitic patch is introduced, the resonance of the antenna II at
3.05GHz moves towards the resonance at 3.3GHz, and
finally, two resonances are merged together to form the res-
onance of the antenna III at 3.3GHz. In addition, a new res-
onance at 3.9GHz is generated by the capacitive coupling
between the driven patch and the parasitic patch. As shown
in Figure 7, strong currents at 3.3GHz and 3.9GHz distrib-
ute on the parasitic patch, thus resulting in the good radia-
tion. By comparison, at 4.35GHz, very weak current on
the parasitic patch is observed. The corresponding equiva-
lent circuit is given in Figure 8, without the considerations
of the dual strips. Similarly, the parasitic patch is regarded
as two TL segments, and the coupling between the parasitic
patch and the driven patch appears as the capacitors Cp. The
structure inside the red-dashed box of Figure 8 has the fol-
lowing input impedance:

Zin2 =
1

jωCp
+ jZp tan

θp
2 , ð5Þ

where Zp and θp represent the characteristic impedance and
electric length of the parasitic patch, respectively. When
ωCp < <1, the effect of Cp can be neglected. In this case,
if θp is set as

θp =
ffiffiffiffi
εe

p 2πL0
λnull

= π, ð6Þ

one has Zin2 = 0. Therefore, no energy is coupled from the
driven patch to the parasitic patch. The circuit shown in
Figure 8 is equivalent to a band-stop circuit, and its reso-
nant frequency corresponding to the radiation null is
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Figure 11: Surface current distributions on the parasitic patch and
parasitic strips of the proposed antenna.
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given as

f n3 =
c

2L0
ffiffiffiffi
εe

p : ð7Þ

2.2.4. Analysis of the Antenna IV. The antenna IV is gen-
erated by etching four slots on the driven patch. As shown
in Figure 3, there are three in-band resonances at 3GHz,
3.3GHz, and 3.85GHz. Moreover, the inherent radiation
null shifts from 7.3GHz to 6.9GHz, and the radiation null
at f n3 slightly moves towards higher frequency, which
improves the high-frequency suppression. The radiation
null at f n2 is kept unchanged. With the slots, there is a
capacitive coupling between the dual strips and the para-
sitic patch, thus resulting in the resonance at 3GHz, which
is similar to that of the antenna II at 3.05GHz. Figure 9
shows that at each resonance frequency, the strong current
flows on the dual strips, the driven patch, and the parasitic
patch.

2.2.5. Analysis of the Antenna V. Finally, the four parasitic
strips are placed around the parasitic patch to form the pro-
posed antenna, i.e., antenna V. Figure 10 shows the simu-
lated ∣Sdd11 ∣ , ∣Sdd21 ∣ , and realized gain of the proposed
antenna. Three in-band resonances and three out-of-band
radiation nulls are kept unchanged. With the parasitic strips,
a new radiation null at f n4 = 5GHz is generated. Note that
the size of the ground is the same as that of the top substrate.
When only appropriately decreasing the size of the ground,
the performance of the proposed filtering antenna approxi-
mately is kept unchanged. The surface current distribution
is shown in Figure 11. A weak current on the parasitic strips
is observed at f n4. By comparison, the stronger current flows

on the parasitic strips, thus resulting in the radiation at
3.8GHz. The equivalent circuit of the radiation null at
5GHz is the same as that of the radiation null 3. In this sce-
nario, the capacitor Cp represents the coupling between the
driven patch and the parasitic strips. Similarly, when
neglecting the Cp, the electric length of the half parasitic
strip θp/2 is approximately chosen as one-quarter wave-
length at f n4 and the input impedance of the transmission
line corresponding to the parasitic strip is infinite. Therefore,
the electromagnetic energy cannot be radiated by the para-
sitic strips.

3. Fabrication and Measurement

The prototype of the designed filtering antenna is fabricated,
as shown in Figure 12. And Figure 10 shows the measured
∣Sdd11∣, realized gain, and ∣Sdd21∣. Note that the S-parame-
ters are measured and the differential S-parameters ∣Sdd11∣
and ∣Sdd21∣ are calculated by the measured S-parameters
according to Equation (1). The reflection coefficient Sii
(i = 1 ~ 4) is measured with all ports terminated with 50Ω
loads except the ith port, and the transmission coefficient
Sij (i, j = 1 ~ 4 and i ≠ j) is measured with all ports termi-
nated with 50Ω loads except the ith and jth ports. The mea-
sured impedance bandwidth for ∣Sdd11∣ ≤ −10 dB covers
2.93~3.96GHz (30%), in good agreement with the simulated
one of 2.9~3.9GHz (29.4%). The measured realized gain of
9.9 dBi agrees well with the simulated one of 9.6 dBi. When
measuring the x-polarized realized gain, the ports 1 and 3
are excited by two signals with the equal magnitude and
180° out of phase, which is achieved by the digital phase
shifter shown in Figure 12(f), with the ports 2 and 4

Front

(a)

Back

(b) (c)

(d) (e) (f)

Figure 12: Photographs of the proposed filtering antenna: (a) 3D view (front), (b) 3D view (back), and (c) bottom view of the top substrate,
(d) top view and (e) bottom view of the bottom substrate, and (f) digital phase shifter.
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connected with 50Ω loads. Similarly, for the y-polarized
realized gain, the differential port II including the ports 2
and 4 is excited by two signals with the equal magnitude
and 180° out of phase with the differential port I including
the ports 1 and 3 terminated with 50Ω loads. The measured
suppression levels are better than 24dB at the low-frequency
band greater than 1GHz and 21dB at the high-frequency
band up to 7GHz, respectively, whereas the simulated
results are 29.1 dB and 21.1 dB, respectively, in the same
band. The measured polarization isolation ∣Sdd21∣ in the
band of 1~7GHz is better than 40 dB, which is worse than
the simulated one better than 58dB. The discrepancy
between the simulation and the measurement is due to the
errors in the fabrication and soldering processes. In spite
of the discrepancy, the measured ∣Sdd21∣ is still very small,

meaning there is a good polarization isolation of the pro-
posed design.

Figure 13 gives the simulated and measured normalized
radiation patterns in the E-plane and H-planes at 3.2GHz,
3.5GHz, and 3.8GHz. The simulated and measured copolar-
ized components agree well with each other. The measured
and simulated cross-polarized ratios are 28 dB and 56 dB,
respectively. The discrepancy between the measurement
and the simulation is due to the fabrication and measure-
ment errors including soldering and assembling technology,
substrate material tolerance, and antenna installation.

Table 1 gives the measured performance comparison
between the previously reported dual-polarized filtering
antenna and the proposed design. The proposed antenna
has a wider operation band (30%), a higher gain (9.9 dBi),

0
30

60

90

120

150
180

210

240

270

300

330

–60
–40
–20

0

–60
–40
–20

0

0
30

60

90

120

150
180

210

240

270

300

330

–60
–40
–20

0

–60
–40
–20

0

3.2 GHz
E-

pl
an

e
H

-p
la

ne
0

30

60

90

120

150
180

210

240

270

300

330

–60
–40
–20

0

–60
–40
–20

0

3.5 GHz

0
30

60

90

120

150
180

210

240

270

300

330

–60
–40
–20

0

–60
–40
–20

0

3.8 GHz
0

30

60

90

120

150
180

210

240

270

300

330

–60
–40
–20

0

–60
–40
–20

0

0
30

60

90

120

150
180

210

240

270

300

330

–60
–40
–20

0

–60
–40
–20

0

Sim. co-ol Sim. x-pol
Mea. co-pol Mea. x-pol

Figure 13: Simulated and measured normalized radiation patterns of the proposed antenna in E-plane and H-plane at 3.2GHz, 3.5GHz,
and 3.8 GHz.

Table 1: Measured performance comparison with reported dual-polarized filtering antenna.

Ref.
Center frequency

(GHz)
Fractional
bandwidth

Gain (dBi)
Pol-isolation

(dB)
Suppression level

(dB)
-10 dB upper
stopband Size (λ0

3)

[3] 3.51 22% (VSWR ≤ 1:5) 8.4 (peak) >35.2 18.5 1.7 f0 0:76 × 0:76 × 0:15

[4] 3.83
27.6%

(∣S11 ∣ ≤−15 dB)
8.2

(average)
>25 20 1.44 f0 0:77 × 0:77 × 0:12

[13] 2.62
12%

(∣S11 ∣ ≤−15 dB)
9

(average)
>29 24 1.7 f0 1:05 × 1:05 × 0:1

[15] 3.75 24% 8 (peak) >20 16 2.3 f0 0:54 × 0:73 × 0:14
[22] 2.55 15% 8.4 (peak) >30 15.4 1.2 f0 0:64 × 0:64 × 0:08
[23] 2.6 23% 8.9 (peak) >26 20 1.9 f0 0:87 × 0:87 × 0:07
This 3.45 30% 9.9 (peak) >43 21 2.1 f0 0:92 × 0:92 × 0:12
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a lower polarization isolation (43 dB), and a wider upper
stopband (2.1 f0). Here, f0 is the center frequency of the
operating band. It is worthwhile pointing out that the pro-
posed filtering antenna can be arranged into an array for
the application of the multiantenna communication. In this
scenario, besides the reasonable consideration of the array
layout, the decoupling structures should be used to reduce
the mutual decoupling between the antenna elements, which
will be our next research work.

4. Conclusion

In this paper, a dual-polarized differential-fed filtering
antenna has been developed. The dual strips connected to
the fed probes are used to realize a band-stop response, thus
leading to a low-frequency radiation null with a high sup-
pression level. The parasitic structures including the patches
and the strips generate two high-frequency radiation nulls
and cooperate with the inherent radiation null caused by
the higher-order modes of the driven patch to greatly widen
the upper stopband. Meanwhile, the interaction between the
driven patch with the slots and the parasitic patches results
in three in-band resonances to achieve a wide operation
band. The proposed filtering antenna well operates in n78
band and effectively suppresses the interferences from
GSM, CDMA, LTE, and Bluetooth communication bands.
In addition, the high polarization isolation between the dual
polarization differential ports and good cross-polarization
ratio is also achieved. With these good performance, the pro-
posed filtering antenna has a wide application prospect in
5G communication system.
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