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[bookmark: _Toc37657937]PENDAHULUAN
The requirement of the future telecommunication equipment is the integration of the devices that result in the multifunction component. Filtering antenna is an integration method of a filter and an antenna, presents an antenna that limits its gain only in the operation bandwidth and blocks the gain out of its bandwidth. Polarization is one of the parameters that often studied in a filtering antenna and many papers have shown the method to realize some types of the filtering antenna polarization such as circular polarization and dual linear polarization. There are other types of polarization that have never been presented in a filtering antenna, that is the slant polarization antenna, which is proved to have a better gain diversity compare to dual slanted dipole antenna (Author & Author, 2017; Liu, Song, Qi, Gu, & Zhao, 2013; Oda, Sakaguchi, Kanaya, Pokharel, & Yoshida, 2007) in a multipath propagation condition. It also performed a lower bit error rate compare to the horizontal/vertical polarization and has a higher channel capacity .
     Paragraf kedua masuk 5 ketukan ke dalam sehingga tidak sama dengan paragraf pertama di bawah judul
[bookmark: _Toc37657938]Some Conventional Antennas Performs a ± 45o Slant
Polarization antenna but none of the designs based on a co- design between the filter and antenna]. In (Vigotti & Hoffman, 2009) a parasitic parallelepiped antenna performs a ± 45o.
     Having 2.5 dBi gain, has a complex design and three dimensional antenna which is not suitable for a compact requirement. Multiscreen cylindrical polarizer surround Biconical antenna performs 45o slant polarization in, for a 5.1 dBi maximum gain the design is complex and highly cost (Basnet, Gunawardana, Biyanwilage, & Liyanapathirana, 2014; Fernandez, Gomez, Basterrechea, & Vegas, 2016; Pendry, 2004). An omnidirectional antenna using cross dipole is reconfigured to perform a ± 45o slant and circular polarization in (Omara, Kabeel, & Essa, 2015) but both designs show a negative gain. Filtering antenna studies have not reported the method to perform a slant polarization and though some researches on the conventional antenna have obtained a method to design a slant polarization many  of them have a three dimension structure which is not suitable for a miniaturization and none of the method base on the co-design between the filter and antenna.
[bookmark: _Toc37657939]This Study Proposed A Novel Co-design of The Interdigital
Resonator with a via through hole and rectangular patch antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657940]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657941]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.(Veselago, 1968; H. Xu, Wang, & Roy, 2017; K. Xu, Zhang, Joines, & Liu, 2014)
[bookmark: _Toc37657942]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657943]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657944]The proposed filtering antenna
Filtering antenna consists of two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
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[bookmark: _Toc37657981]Gambar  1‑1 Fabrikasi SIFA 1
[bookmark: _Toc37657945]Substrate
     The requirement of the future telecommunication equipment is the integration of the devices that result in the multifunction component. Filtering antenna is an integration method of a filter and an antenna, presents an antenna that limits its gain only in the operation bandwidth and blocks the gain out of its bandwidth. Polarization is one of the parameters that often studied in a filtering antenna and many papers have shown the method to realize some types of the filtering antenna polarization such as circular polarization and dual linear polarization There are other types of polarization that have never been presented in a filtering antenna, that is the slant polarization antenna, which is proved to have a better gain diversity compare to dual slanted dipole antenna in a multipath propagation condition. It also performed a lower bit error rate compare to the horizontal/vertical polarization and has a higher channel capacity (Hameed, Saeed, & Rajab, 2018; Mugisidi, Ranaldo, Soedarsono, & Hikam, 2007).
[image: ]
[bookmark: _Toc37657982]Gambar  1‑2 Arus permukaan (a) SIFA 1 dan (b) SIFA 2
     Some conventional antennas performs a ± 45o slantpolarization antenna but none of the designs based on a co design between the filter and antenna In a parasitic parallelepiped antenna performs a ± 45o slant polarization, having 2.5 dBi gain, has a complex design and three dimensional antenna which is not suitable for a compact requirement (Fan, Li, & Cui, 2019; Lempiäinen & Laiho-Steffens, 1998). Multiscreen cylindrical polarizer surround Biconical antenna performs 45o slant polarization , for a 5.1 dBi maximum gain the design is complex and highly cost. An omnidirectional antenna using cross dipole is reconfigured to perform a ± 45o slant and circular polarization in [8] but both designs show a negative gain. Filtering antenna studies have not reported the method to perform a slant polarization and though some researches on the conventional antenna have obtained a method to design a slant polarization many of them have a three dimension structure which is not suitable for a miniaturization and none of the method base on the co-design between the filter and antenna. This study proposed a novel co-design of the interdigitalresonator with a via through hole and rectangular patch antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is DESIGN.
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     Filtering antenna consists of two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
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     This study proposed a novel co-design of the interdigitalresonator with a via through hole and rectangular patch antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization.
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Equipment is the integration of the devices that result in the multifunction component. Filtering antenna is an integration method of a filter and an antenna, presents an antenna that limits its gain only in the operation bandwidth and blocks the gain out of its bandwidth. Polarization is one of the parameters that often studied in a filtering antenna and many papers have shown the method to realize some types of the filtering antenna polarization such as circular polarization and dual linear polarization (Das, Bordoloi, Kalita, Boehm, & Kamble, 2020; Hassan, 2020). There are other types of polarization that have never been presented in a filtering antenna, that is the slant polarization antenna, which is proved to have a better gain diversity compare to dual slanted dipole antenna  in a multipath propagation condition. It also performed a lower bit error rate compare to the horizontal/vertical polarization and has a higher channel capacity (Youssef, Al-Dadah, & Mahmoud, 2014).
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     There are other types of polarization that have never been presented in a filtering antenna, that is the slant polarization antenna, which is proved to have a better gain diversity compare to dual slanted dipole antenna a multipath propagation condition.
[bookmark: _Toc37657947]The Requirement of The Future Telecommunication
Equipment is the integration of the devices that result in the multifunction component. Filtering antenna is an integration method of a filter and an antenna, presents an antenna that limits its gain only in the operation bandwidth and blocks the gain out of its bandwidth. Polarization is one of the parameters that often studied in a filtering antenna and many papers have shown the method to realize some types of the filtering antenna polarization such as circular polarization and dual linear polarization (Tabatabaeikia et al., 2016). There are other types of polarization that have never been presented in a filtering antenna, that is the slant polarization antenna, which is proved to have a better gain diversity compare to dual slanted dipole antenna a multipath propagation condition. It also performed a lower bit error rate compare to the horizontal/vertical polarization and has a higher channel capacity.
     Some conventional antennas performs a ± 45o slant polarization antenna but none of the designs based on a co- design between the filter and antenna (Ahmed & Ibrahim, 2017; Das et al., 2020; Tanaka, Nakatake, & Watanabe, 2005). In (Hassan, 2020) a parasitic parallelepiped antenna performs a ± 45o.
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     Having 2.5 dBi gain, has a complex design and three dimensional antenna which is not suitable for a compact requirement. Multiscreen cylindrical polarizer surround Biconical antenna performs 45o slant polarization in (Alwan, Shcheklein, & Ali, 2020), for a 5.1 dBi maximum gain the design is complex and highly cost. An omnidirectional antenna using cross dipole is reconfigured to perform a ± 45o slant and circular polarization in (Sharshir, Elkadeem, & Meng, 2020).
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[bookmark: _Toc37657983]Gambar  2‑1 Medan listrik (a) Permukaan lempeng radiator (b)  SIFA 1 dan (c) SIFA 2

     An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately.
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[bookmark: _Toc37657950]This study proposed a novel co-design of the interdigital
Filtering antenna consists of two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately.
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     Multiscreen cylindrical polarizer surround Biconical antenna performs 45o slant polarization in (Alwan, Shcheklein, & Ali, 2020), for a 5.1 dBi maximum gain the design is complex and highly cost.
[bookmark: _Toc37657951]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.

[bookmark: _Toc37657952]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.

[bookmark: _Toc37657953]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.

[bookmark: _Toc37657954]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657955]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657956]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657957]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657958]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.

[bookmark: _Toc37657959]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657960]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657961]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657962]Resonator with a via through hole and rectangular patch 
Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm.
[bookmark: _Toc37657963]Resonator with a via through hole and rectangular patch 
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Antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction is determined by the position of the via at the resonator’s arm cdsvh sdhsd vigdi vgiud vgsd vs antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction antenna that performs not only an antenna that has a flat gain response along its bandwidth but also a slant polarization. The rectangular patch antenna acts both as a radiator and the second resonator as well. The stacked interdigital filtering antenna (SIFA) polarization direction .
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The proposed filtering antenna is shown in Fig. 1. The of two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
     Two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
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Dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen 
in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An af gfgf  iug I  giiif fyuy     f  uygyiggiinterdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
     Dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the
[bookmark: _Toc37657967]Proposed Filtering Antenna is Shown in Fig. 1. 
Filtering antenna consists of two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
[bookmark: _Toc37657968]Substrate
Two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
     Two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
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[bookmark: _Toc37657970]Consists of Two 
Dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in 
Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator. of two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
[bookmark: _Toc37657971]Filtering Antenna Consists 
Dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 
Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator. of two dielectric substrates which is printed on. 
     Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.

4.2.1 Filtering antenna
[bookmark: _Toc37657973]Substrate
An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
[bookmark: _Toc37657974]An Interdigital Resonator
Of two dielectric substrates which is printed on Roger Duroid 5880 with a dielectric thickness 1.575 mm, permittivity 2.2 and loss tangent 0.0009. The 40 x 40 mm2 stacked interdigital filtering antenna consists of two layers, on the first layer as seen in Fig.1 (b) a rectangular patch radiator is proximity fed by the second layer. An interdigital resonator with 1.2 mm diameter via through hole on the left arm and 50 Ω transmission line on the second layer shown in Fig. 1 (c) fed the radiator above. The length of the interdigital is approximately a quarter wavelength at the operating frequency and the geometry of each layer is depicted in Fig. 1 (a) which has a geometrical symmetry at yz plane with the addition of via at one arm of the resonator.
[bookmark: _Toc37657975]SIMPULAN 
The interdigital resonator with a via through hole that parallelly fed a rectangular patch radiator is proved to alter the polarization from the vertical to a slant polarization. The inclination of the polarization is controlled by the position of the via through hole in the interdigital resonator’s arm. The design has been confirmed by measurement and a good agreement with the simulation is achieved. The stacked interdigital filtering antenna has 330 MHz bandwidth, 6.72 dBi maximum gain at 4.5 GHz and a unidirectional radiation pattern with - 75o slant polarization. 
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Fig.3  The electrical field of (a) conventional proximity fed (b) via on the
right hand (c) via on the left hand
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