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A Dual-mode Resonator-Fed Gap Coupled Filtering Antenna
with Improved Selectivity and Bandwidth

Yun Wang!, Ya-Liang Chen?, Jian-Feng Qian', and Yan Caol *

Abstract—A novel dual-mode resonator-fed filtering patch antenna with improved selectivity and
bandwidth is proposed in this paper. Unlike well-known cascaded-resonator structure, the proposed
filtering antenna shows five poles in the reflection coefficient response utilizing only one resonator. The
gap-coupled radiating part introduces two gain zeros along each side of the gain response. Meanwhile,
the dual-mode resonator feeding structure of the antenna will also produce another two gain zeros.
All these four gain zeros highly improve the selectivity of the filtering antenna without increasing the
number of coupling resonators. In addition, the bandwidth of the antenna is also considerably extended
using this feeding structure. For validation, a prototype is designed, fabricated, and measured. The
measured results agree well with the simulated ones.

1. INTRODUCTION

Antenna, a component in signal transmitting and receiving, plays an indispensable role in modern
communication systems. In a wireless system, the signal communication between devices all relies on
antennas, of course, together with other RF devices such as filter and amplifier. Recently, with the
rapid development of wireless communication, antenna design faces new challenges.

One of these challenges is improving the conventional bulky structure of an RF system, as the
space for these RF circuits and antennas is becoming more and more limited. To solve this problem,
new design theories such as filtering antenna and filtering amplifier are put forward. For the design of
a filtering antenna, most commonly used methods make an antenna work as a resonator in the whole
design procedure [1]. Based on the bandpass filter synthesis theory, the antenna is modeled as an RLC
circuit and replace the last stage of the conventional bandpass filter. The specific synthesis procedure
is already presented by researchers in literature [1,2]. In [3], a filtering power divider fed structure is
presented based on the filtering antenna synthesis method. The cascaded resonators are replaced by
several multi-mode resonators, and the coupling strength between each two resonators dominates the
power distribution ratio. Different power distribution ratios are studied in [3] to reduce the sidelobe
level. In [4], a dual-mode resonator is used as the feeding structure of a dual-band antenna to get a
filtering response. The stub of the resonator introduces a gain zero between the two operating bands.
Since only one resonator is used in this design, the selectivity shown in [4] is not so satisfying.

Obviously, the cascaded structure method simultaneously tells a truth that sharper roll-off rate
means more cascaded resonators and higher insertion loss. To overcome this drawback, another method
is considered by researchers to serve the same purpose [5]. Different from the cascaded-resonator
structure, the filtering function of this design is realized by introducing multiple attenuation poles
in the gain response, which will be called as gain zeros in this letter for easy reference. The required
gain zeros can be introduced by either feeding structures [5-7], loading elements [8—11], or specially

Received 15 July 2019, Accepted 27 September 2019, Scheduled 30 October 2019
* Corresponding author: Yan Cao (568208688@qq.com).
L School of Electronic and Information Engineering, South China University of Technology, Guangzhou 510640, China. 2 FAW-
Volkswagen Automotive Co. Ltd, Changchun 130013, China.



138 Wang et al.

designed coupling topology [12-14]. In [14], the authors present a gap coupled multi-patch structure.
Different combinations of the patches lead to different gain responses. The gain zeros resulting from
the canceling of the radiation of different patches make a good roll-off ratio in the gain response.

Based on the structure presented in [14], a stub-loaded resonator-fed structure is designed to
improve the selectivity and bandwidth of the antenna. The stub-loaded resonator is a dual-mode
resonator, which can be used to extend the bandwidth of the filtering antenna. The radiating part is a
gap coupled patch antenna consisting of three patches. The loading stub will introduce a transmission
zero at the frequency where the stub length is about a quarter wavelength. There are five reflection
zeros in passband and two pairs of gain zeros at each side of the gain response. All these gain zeros
considerably improve the selectivity of the proposed antenna. To the authors’ knowledge, it is the first
time that a filtering antenna with such two pairs of gain zeros is presented. For validation, a prototype
is designed, fabricated, and measured. Extended bandwidth and high selectivity can be observed from
the measured results of the proposed filtering antenna.

2. ANTENNA DESIGN

It has been outlined in our previous work [14] that the parasitic patches introduce two gain zeros in the
gain response. However, the suppression level is not very good because perfect canceling only occurs at
a very narrow frequency range. To further improve the filtering performance of the proposed broadband
antenna, a stub loaded resonator similar to the feeding structure in [15] is utilized to introduce another
two gain zeros.

The geometry of the proposed dual-mode resonator-fed gap coupled broadband antenna is shown
in Fig. 1. The antenna consists of two dielectric substrates with a dielectric constant of 2.55, thickness
of 0.8 mm, and loss tangent of 0.0029. An air gap between the two substrates is used to increase the
impedance bandwidth and radiation efficiency of the antenna [16]. The larger the air gap is, the lower
the effective dielectric constant is, resulting in decreased quality factor of the antenna.
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Figure 1. Structure of the proposed broadband filtering antenna. (a) Exploded view. (b) Top view.
(c) Bottom view.
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On the top substrate, there are three radiating patches, and one of them is a rectangular central
patch whereas the other two parasitic patches are both particularly modified as shown in Fig. 1. One
of the parasitic patches is modified into a concave patch while the other is a convex one. A stub-loaded
resonator located at the bottom layer of the bottom substrate is used to excite the radiating patches
through the aperture in the ground. The ground plane is placed at the top layer of the bottom substrate.

The tapped-line coupled structure is used in this design, as shown in Fig. 1(c). The stub loaded
resonator is a dual mode resonator and can introduce inherent transmission zeros (or gain zero) when
the length of the stub is quarter-wavelength. The total length indicated by (Is4 + ls2 + 1y +w,) is about
half-wavelength at 3.5 GHz. The length of the loading stub is optimized to properly locate the second
resonance frequency of the resonator. Referring to the analysis in [14], the coupling topology of the
proposed filtering antenna is shown in Fig. 2. P is the input port, and P, is the equivalent radiation
resistance. Resonators R, Ry, and Rj3 represent the central patch, left patch, and right patch, while
R4 and Rp represent the dual-mode stub-loaded resonators. From the coupling topology, five reflection
zeros can be obtained. According to [14], two gain zeros can be introduced by the three patches. Another
gain zero occurs when the length of the open-circuit stub (ls3) is equal to one quarter guide wavelength,
while the forth transmission zero arises when lg4 is about a quarter wavelength. Ultimately, all these
results in the appearance of two pairs of gain zeros at the finite frequencies are just like a cascaded
quadruplet (CQ) filter.
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Figure 2. Coupling topologies of the proposed filtering antennas.

The dimensions of the patches can be obtained following the procedure presented in [14]. The
central patch is about a half wavelength at the center frequency of the antenna. The width of each
patch is about A\;/6, where )\, is the guide wavelength. The total size of the proposed patch antenna
is approximately 0.5\, which is comparable to the conventional single patch one. The topologies of
the antenna with fifth-order filtering performance are shown in Fig. 1. As can be seen, the structure
using the design method presented in [1] asks for four resonators except for the radiating component.
However, using the method proposed in this work there are only one dual-mode resonator is needed to
serve the same purpose. The dual-mode resonator is excited by a simple tapped 50-{2 microstrip line
and then coupled to the radiating patches through slot. Three patches provide three resonances in the
passband, respectively.

The optimized dimensions of the antenna are given in Table 1. The simulated and measured

Table 1. Parameters of the Proposed Tri-band Antenna (unit: mm).

Parameters Ip1 le ly lg ler - lpe — wp
Value (mm) 31.7 11.4 3.95 15.3 11.55 32 31.2 9
Parameters wg W Wpe — Wer Wy S Sy h
Value (mm) 3.5 1.1 144 3.1 11 1.8 3.1 4
Parameters lsp ls1 lso ls3 lsa w

Value (mm) 9.35 74 93 172 119 0.5
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Figure 3. Simulated and measured reflection coefficients and gains of the proposed filtering antenna.

reflection coefficients and gains are plotted in Fig. 3. The impedance bandwidth is measured to be
3.19-3.8 GHz (17%). This would be about only 2%-5% for a conventional rectangular patch antenna.
Compared to the filtering antenna in [14], the bandwidth is also highly improved from 8.3% to 17%.
Besides, the stub loaded resonator not only introduces two gain zeros, but also serves as a broadband
impedance matching network. The bandwidth of the antenna can be adjusted by varying the coupling
between the feed structure and patches.

The measured peak in-band realized gain of the antenna is about 7.67dBi. The out-of-band
rejection is considerably improved by the two pairs of gain zeros as shown in Fig. 3. The first pair
of gain zeros near the operating band is introduced by the antenna portion whereas the second pair of
gain zeros is controlled by the length of the stubs of the feed structure. The current distributions at the
frequencies of the first pair of gain zeros (near the passband) are shown in Fig. 4(a). Taking the gain
zero located at 3.2 GHz as an example, the current mainly concentrates on the concave patch and central
rectangular patch, whereas the current on the parasitic convex patch is much weaker. This means that
the radiation at this frequency point is dominated by the concave and central patch. However, the
currents on these two patches are out-of-phase. As a consequence, the radiation is suppressed at this
frequency (3.2 GHz), so as the second gain zero at 3.8 GHz as shown in Fig. 4(b).

Figure 5 shows the radiation pattern in two planes. It can be observed that the antenna obtains a
considerably low cross polarization level and good broadside radiation pattern in the passband. The low
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Figure 4. Current distributions at the frequencies of the first pair of gain zeros. (a) 3.2GHz. (b)
3.8 GHz.
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Figure 5. Normalized simulated and measured radiation patterns of the proposed filtering antenna at
(a) 3.4GHz. (b) 3.6 GHz.
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Figure 6. Simulated radiation efficiency of the proposed filtering antenna.



142 Wang et al.

Figure 7. Photography of the proposed broadband filtering antenna.

cross polarization level is mainly because of the weak current along the Y-axis, which can be observed
in Fig. 4. The measured radiation pattern and gain response of the antenna indicate that the drawback
of frequency-sensitive radiation pattern in conventional gap-coupled patch antenna designs is avoided
in this design. The simulated radiation efficiency is given in Fig. 6. The efficiency at center frequency is
about 92%, thus the proposed antenna can be used to realize an array antenna with high efficiency [17].

Figure 7 shows a photograph of the fabricated antenna. Six insulative spacers with height of 4 mm
are placed and fixed by seven nylon screws between the two substrates to realize the supposed air gap.

3. CONCLUSION

In this paper, a dual-mode resonator-fed gap-coupled filtering antenna is presented. The antenna is
composed of a dual-mode resonator and a gap-coupled broadband patch antenna. The dual-mode
resonator works as the feed structure of the antenna, helping increase the bandwidth of the antenna.
Two pairs of radiation nulls along each side of the passband introduced by the antenna portion and the
feed structure make a satisfying selectivity. The radiation pattern across the operating band is very
stable. The proposed broadband filtering antenna has the advantages of low profile, light weight, and
easy fabrication, which is promising in modern communication systems
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