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Abstract — A low-profile dual-polarized filtering
microstrip patch antenna (MPA) with improved gain and
bandwidth is realized without requirement of filtering
circuit. Herein, the characteristic mode analysis (CMA)
method is adopted to analyze the antenna performances.
Initially, the resonant modes of the MPA are deeply
analyzed, which indicates that its resonant frequencies
of CM1 and CM3 could be moved close to each other
by loading slots and shorting pins, thus broadening
the impedance bandwidth. Then, the influence of the
slots on radiation patterns of the antenna is further
studied. The results demonstrate that the non-broadside
radiation beam of its CM1 could be reshaped as the
broadside beam, and the sidelobe level of its CM3
could be reduced by cutting the slots, leading to the
improved gain. After that, the effect of the pins on the
gain-response is investigated, It shows that the gain nulls
of the MPA could be controlled at both lower and upper
bands, especially for the non-filtering scheme. Finally,
the proposed dual-polarized antenna is fabricated and
tested. The results prove that its impedance bandwidth
reaches to about 7.4% with a low-profile of about 0.038
free-space wavelength. Besides, a stable enhanced gain
of around 10 dBi is achieved over the operating band.

Index Terms — Characteristic mode analysis (CMA),
filtering response, high-gain, low-profile, non-filtering
scheme.

L. INTRODUCTION

With the rapid development of wireless communi-
cation technology, communication systems tend to be
miniaturized, integrated, and multifunctional. In order to
reduce the interference between the antennas of different
frequency bands in the communication system, and to
meet the system miniaturization, it is more meaningful
to integrate the filter with antenna design.
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In recent years, more extensive research and design
of filter antennas have been carried out. Firstly, one
approach is to cascade the filter and the antenna, with
the antenna radiator as the last stage of the filter [1-
4]]. This cascading method requires the separation of the
feeding part and the antenna, which is not conducive to
the miniaturization of the antenna. At the same time, due
to the existence of the filter, the antenna still has trans-
mission loss, which will deteriorate the radiation gain
of the antenna. Secondly, incorporating or embedding
filtering structures into the original antenna is a main-
stream design approach. For example, the filtering per-
formance is obtained by adopting novel feeding struc-
tures [SH10] and loading same-layer or stacked parasitic
elements [[11-17]]. However, the above methods increase
the complexity of the design and still have the problems
of large size and high profile of the antenna. A more effi-
cient method is to slot or load shorting pins in the antenna
to obtain one or more radiation gain nulls [18524]. This
greatly simplifies the complexity of the antenna design
while maintaining the characteristics of miniaturization
and low profile. The dual-polarization design of the fil-
tering antenna will improve the capability of the antenna,
alleviate the polarization mismatch problem caused by
the multipath effects, and improve the utilization rate of
spectrum resources.

In this paper, a novel dual-polarized filtering antenna
is proposed with no extra filtering circuit and high gain.
While maintaining the low-profile characteristics, the fil-
tering response is obtained by loading the shorting pins,
and the frequency band is widened by the combination
of the loading the shorting pins and slotting.

II. GEOMETRY AND WORKING
PRINCIPLE
The configuration of the proposed low-profile dual-
polarized filtering microstrip patch antenna (MPA) with
improved gain and impedance bandwidth is depicted in
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Fig. [} It shows that a radiating patch with the dimen-
sions of L1 X Ly is printed on the top surface of a substrate
(LxL), which has the thickness H; = 0.8 mm, loss tan-
gent of about 0.001, and dielectric constant erl = 2.17.
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Fig. 1. Configuration of the proposed dual-polarized fil-
tering MPA: L =160, L = 120, L, =4, W =9, H = 4,
H =08,D=78,D;=60,D,=118,P,=0.4,R; =0.2.
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Fig. 2. Evolution process of our proposed MPA: (a)
Antenna I, (b) antenna II, (c) antenna III, and (d) the pro-
posed antenna.

Besides, the ground plane (Lx L) is placed below the sub-
strate with an air gap of H = 4 mm. Figure[2|gives an evo-
lution process of the MPA. By loading two pairs of bent
slots with spacing D, the desired CM1 and CM3 could
be shifted close to each other, and it also contributes to
improve the radiation beams of these two modes. In addi-
tion, four shorting pins are loaded inside antenna II to
generate the radiation gain null at the upper band, while
four shorting pins are loaded on the edge of antenna III
to generate the radiation gain null at the lower band. In
the following, the proposed MPA is extensively analyzed
with all the simulated results to be provided.

A. Mode selection

Initially, characteristic mode analysis (CMA) is used
to select the desired modes of the traditional MPA for
simultaneous gain and bandwidth enhancements. Note
that the following analyses, conducted as port 1 and port
2, are excited differentially. Figure[3|plots the modal sig-
nificance (MS) and modal weighting coefficient (MWC)
of antenna I. As can be seen, there are four resonant
modes (CM1, CM2, CM3, and CM4) in the wide fre-
quency band. As such, the corresponding electric fields
and radiation patterns of these four modes are illustrated
in Figs. ] and [5] It shows that only CM3 has the maxi-
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Fig. 3. Modal significance and modal weighting coeffi-
cient of the antenna I.
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Fig. 4. Modal electric fields of the antenna I.

12
l7

. [ J ‘
| |

2

I Lo CM2(x) | CM3(Y)

CMA4(%)

Fig. 5. Modal radiation patterns of the antenna I.
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mum gain in the normal direction, while the other modes
have radiation nulls in this direction. Most importantly,
the maximum gains of its CM1, CM2, CM3, and CM4
reach to about 9.77 dBi, 8.87 dBi, 12.1 dBi, and 8.99
dBi, respectively. Hence, CM1 and CM3 are selected as
the desired modes for the realization of wide-bandwidth
and high-gain simultaneously.

B. Gain improvement

The results Fig. [3] indicate that CM1 suffers from
the non-broadside radiation beam, and the CM3 simul-
taneously has a high sidelobe level. Hence, in order to
reshape radiated fields of these dual modes, a set of four
slots are cut on the radiating patch as shown in Fig. [2](b)
or Fig.[] Due to the symmetrical loaded slots, these four
slots will cross each other when they reach a large length
and therefore are bent.
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Fig. 6. Normalized patterns of the MPA with and without
the slots: (a) CM1 and (b) CM3.

Besides, the normalized radiation patterns of the
MPA with and without these slots are compared under
these two modes (see Fig. [6). As can be seen in Fig. [6]
the gain of the antenna in the broadside direction could
be enhanced by loading these slots at CM1. This work-
ing principle has been proven from the previous works
[25H26]. Meanwhile, the sidelobe level of its CM3 could
be gradually reduced from 3.2 dB to 0 dB via these com-
ponents.

C. Filtering response generation

Apart from gain improvement, the antenna with fil-
tering response is in high demand. As shown in Fig.
when four shorting pinsl are loaded around the diag-
onal position inside antenna II, the resonant frequency
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of CM3 could be shifted up significantly to a high fre-
quency band as compared to that of CM1. As such, the
dual modes are successfully moved close to each other.

The peak realized gain curves of the antennas with
and without the loaded pinsl are illustrated in Fig. [8]
where it can be seen that a radiation gain null in the
upper band is generated by loading the pinsl. To be
extended, the electric current distributions of antenna II
and antenna III are compared in Fig. [9] Compared with
antenna II, the current inside the antenna III undergoes a
reversal after loading the pins1. At this point, along the x-
axis or y-axis, the surface current flows symmetrically in
the opposite direction, which results in the far-field radi-
ation of the antenna to be cancelled out in the broadside
direction, thus generating a radiation null in the upper
band.
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Fig. 7. Modal significance of the MPA with and without
the loaded pins|1.
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Fig. 8. Peak realized gain curves of the MPA with and
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Fig. 9. Electric current distribution on the patch at 2.7
GHz for (a) antenna II and (b) antenna III.



After that, the effect of four shorting pins2 on the
resonant frequencies of antenna III is further studied. As
can be seen from Fig.[T0] the frequency spacing between
two modes is further reduced. By comparing the peak
realized gain curves before and after loading pins2, it can
be found in Fig. [IT] that a new radiation gain null in the
lower band is generated.

Moreover, the electric current distributions of
antenna III and the proposed antenna are compared in
Fig.[T2] It can be seen that there is almost no current dis-
tribution inside the two antennas, but the current at the
edge of the proposed antenna has changed. At this point,
the current at the edge of the antenna flows symmetri-
cally and reversely along the y-axis, and the current along
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Fig. 10. Modal significance of the antenna with and with-
out the loaded pins2.
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Fig. 11. Modal significance of the antenna with and with-
out the loaded pins2.

Fig. 12. Electric current distribution on the patch at 1.9
GHz for (a) antenna III and (b) proposed antenna.
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the x-axis is offset by the current in the diagonal direc-
tion, which results in the far-field radiation of the antenna
to cancel out in the broadside direction, thus generating
a radiation gain null in the lower band.

III. RESULTS AND EXPERIMENTAL
VALIDATION

To validate the performance mentioned above, the
proposed antenna is fabricated and measured, with the
prototype shown in Fig. Initially, the [Sgq411| of our
proposed antenna is measured by using the R&S ZNB20
Vector Network Analyzer, and the relevant simulated and
measured results are presented in Fig. [[4 As can be
seen, the measured S-parameter is matched well with the
simulated S-parameter under the two polarization opera-
tions. The impedance bandwidth of the proposed antenna
for |Syq11| < -10 dB is 7.4% ranging from 2.34 to 2.52
GHz.

After that, the radiation patterns, peak realized
gains, and radiation efficiencies of the proposed antenna
are measured by employing a near-field SATIMO
antenna test system. As shown in Fig. [I3] the measured
radiation patterns are in good agreement with the sim-
ulated radiation patterns at 2.37 and 2.49 GHz, and the
cross-polarization is lower than -20 dB.

In addition, the simulated and measured peak real-
ized gains and radiation efficiencies of the proposed
antenna are presented in Fig. [I6] As can be seen, the

(b)

Fig. 13. Photograph of the fabricated MPA: (a) Top view
and (b) side view.
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Fig. 14. Simulated and measured S-parameter of the
proposed antenna: (a) Port 1 and port 2 are differen-
tially excited and (b) port 3 and port 4 are differentially
excited.
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Table 1: Performance comparison with the previous filtering antennas

Radiator Gain Extra Easy for
Ref. Polarization Filtering Method . Filtering y e
Volume (dBi) .. Integration
Circuit
[10] single Filtering circuit 0.0560° 1 871 Yes No
(1] single Stacked patch + Slots 0.1320° 1 7.2 No No
1150, 171 dual Filtering circuit > 0.1452()3 T ~ 8dBi | Yes No
18] dual Filtering circuit 0.0222° 8.8dBi | Yes Yes
(121, [16] dual Stacked patch > 0.0951° 1 ~9.2dBi | No No
[15] dual Stacked patch 0.0361¢° T 5.2dBi | No No
[201], [22] dual Slots + Pins 0.1442° 0 9.5dBi | No Yes
(211, [24] dual Slots 0.1374° 1 9.5dBi | No No
—— Simulated co-pol —— Simulated x-pol —~125 . S 20
o 2 | s—Simulated gain —s—Measured gain |~
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Fig. 15. Simulated and measured radiation patterns of the
proposed antenna: (a) xoz plane at 2.37 GHz, (b) yoz
plane at 2.37 GHz, (c) xoz plane at 2.49 GHz, and (d)
yoz plane at 2.49 GHz.

antenna has obtained a stable peak gain of around 10.1
dBi in the operating frequency band, and the radiation
efficiency of the antenna is around 90%. Hence, the pro-
posed antenna has the single-layer, low-profile (0.038
Ao), high-gain properties as desired without extra feed-
ing networks.

Finally, a comparison between the proposed antenna
and previous filtering antennas is presented in Table
The antennas in [[10-11]] exhibit good single-polarization
filtering performance but cannot meet the requirements
in a multi-polarization scenario. The antennas in [3],
[[7], and [8] achieved good filtering performance through
the design of extra filter circuits, but these filter circuits
increase design complexity and introduce insertion loss.

: : : : 0.
18 20 22 24 26 28 3.0
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Fig. 16. Simulated and measured gains and efficiencies
of the proposed antenna.

Additionally, the antennas in [12], [15], and [16] use the
method of adding stacked patches to obtain good filter-
ing performance, but they are not suitable for integra-
tion. Both the antenna proposed by us and the antennas
in [20422] and [24]] achieve good filtering performance
by slotting or loading shorting pins, and no extra filtering
circuit is used. However, our proposed antenna has more
advantages in terms of radiator volume and gain.

IV. CONCLUSION

In this paper, a novel dual-polarized filtering antenna
without extra filtering circuit is proposed. Initially, the
desired operating mode is selected by analyzing the elec-
tric field and radiation field of each characteristic mode.
Next, the frequency spacing between the selected modes
is reduced by slotting, and the radiation pattern with radi-
ation nulls in broadside direction is improved. Finally,
without using extra filter circuits, two flexibly control-
lable radiation nulls are introduced by loading the short-
ing pins inside the antenna and at the edge of the antenna,
thus to achieve the wide impedance bandwidth and fil-
tering performance of the realized gain simultaneously.
The measured results indicate that the antenna has an



impedance bandwidth of 7.4% in the range of 2.34 -
2.52 GHz, and a stable peak gain of 10.1+£0.45 dBi is
obtained in the operating frequency band. In particular,
the characteristics of low profile (0.038 A¢) and no extra
filtering circuit make this antenna a good candidate for
dual-polarization filtering applications.
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