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1. Introduction

Microstrip bandpass filters are recently fashionable with various well known features,
including low cost, compactness, light weight, easy fabrication, and affordability in active circuit
extension. In practice, it needs to be designed with basic characteristics of low passband attenuation,
high selectivity, and harmonics suppression. In particular, harmonics suppression characteristic is
significantly required for wireless communication systems. Although several harmonics suppression
techniques [1]-[3] were presented in recent years, wide and deep harmonics suppression band
should be more enhanced with minimized step filters.

In our research, 2-step and 3-step bandpass filters were designed and fabricated. The centre
frequency was 1950 GHz for WCDMA-FDD up-link band with bandwidth of 60 MHz based on
IMT-2000 standard. In measurement, the harmonics suppression band was greater than 30 dB from
2.3 to 9.4 GHz for a 2-step filter, and greater than 40 dB from 2.3 to 9.1 GHz for a 3-step filter. The
designed folded and straight stepped impedance resonators (SIRs) used for this were designed its
physical characteristic based on off-band design while passband design charts were also newly
plotted based on various 3-dB bandwidths (maximally flat) [4]. Those passband design charts were
used to design any step filter and any bandwidth for any Tchebycheff or maximally flat. In addition,
the high selectivity of two transmission zeros on passband was obtained by two open-ended stubs
[4]. The harmonics suppression technique was proposed and described in here with even-mode
interruption technique for the 2-step and 3-step filters, accordingly, 3-step filter size reduction by
using a conventional quarter-wavelength SIR [5].

In the content, designed resonators and filters are described in Sec. 2. The prototype filters
and measurement results are shown in Sec. 3 and conclusion is given in Sec. 4.

2. Designed Resonators and Filters

Fig. 1 shows a straight SIR and folded SIR which has been modified from conventional SIR
[6]. The length L, and width ¥, is defined on low-impedance part and length L, and width , is
defined on high-impedance part of resonator. The length ratio N and impedance ratio R were
defined to design the physical SIR characteristic based on the second harmonic push-away, as called
“off-band design” [4]. Subsequently, the ratios N and R were designed as 2 and 0.3, respectively. At
those ratios, the second harmonic was approximately at 3f, where f, means fundamental frequency.

In the design of 2-step and 3-step filters as shown in Fig. 2 and 3, the resonator gap G and
port position D were designed by passband design charts [4], hence G = 0.48 mm, D = 0.45 mm for
the 2-step Tchebycheff bandpass filter, and G = 0.78 mm, D = 0.38 mm for the 3-step Tchebycheff
bandpass filter. Where fed port dimension is as follows: Ly = 8 mm, Wy = 3.32 mm, Lr =2 mm,
and Wy = 1 mm.
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Figure 1: The Physical SIR Characteristic
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Figure 2: The 2-Step Bandpass Filter
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Figure 3: The 3-Step Bandpass Filter

Commercial IE3D simulation software was utilized to verify the frequency response of the 2-step
and 3-step Tchebycheff bandpass filters. The result of transmission performance (S;;) is shown in
Fig. 4.
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Figure 4: The Transmission Performance of the 2-Step and 3-Step Bandpass Filter

- 900 -



The 2009 International Symposium on Antennas and Propagation (ISAP 2009)
October 20-23, 2009, Bangkok, THAILAND

The transmission performance (S;;) on the passband of the 2-step and 3-step bandpass filters was
consistent with the design.

The even-mode harmonics suppression technique was proposed and applied in this paper.
The harmonics suppression band of the 2-step bandpass filter exceeded 30 dB because second
resonant mode was destroyed by 50ohm port fed near the centre of resonator length. While the
harmonics suppression of 3-step bandpass filter was greater than 40 dB, except a small peak at
3.2fo. This small peak was regenerated by the second straight resonator. However, this small peak
was suppressed by second resonant mode interruption of a 0.2 mm-dia via-hole which was made at
the centre of the second resonator length. Finally, the second straight half-wavelength (A,/2) SIR of
the 3-step filter was replaced by a quarter-wavelength (A,/4) SIR to reduce the filter size.

3. Measurement and Results

The prototype filters were fabricated as shown in Fig. 5(a) 2-step filter, (b) 3-step filter
using half-wavelength SIRs, and (c) 3-step filter using half- and quarter-wavelength SIRs. The
comparison of simulation and measurement results are shown in Fig. 6(a), (b), and (c). For the
measurement result of the 2-step Tchebycheff bandpass filter: passband attenuation was 1.577 dB,
centre frequency was 1942 MHz with 62 MHz-bandwidth, and harmonics suppression was greater
than 30 dB from 2.3 to 9.4 GHz. For the measurement result of the 3-step Tchebycheff bandpass
filter using half-wavelength SIRs: passband attenuation was 2.327 dB, centre frequency was 1954
MHz with 66 MHz-bandwidth, and harmonics suppression was greater than 40 dB from 2.3 to 9.1
GHz. For the measurement result of the 3-step Tchebycheff bandpass filter using half- and quarter-
wavelength SIRs: passband attenuation was 2.423 dB, centre frequency was 1950 MHz with 65
MHz-bandwidth, and harmonics suppression was greater than 40 dB from 2.3 to 9.4 GHz.
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Figure 5: The Designed Prototype Filters of (a) 2-Step Filter, (b) 3-Step Filter using A,/2 SIRs, and
(c) 3-Step Filter using A,/2 and A,/4 SIRs
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Figure 6: The comparison of Simulation and Measurement Results of (a) 2-Step Filter, (b) 3-Step
Filter using A,/2 SIRs, and (c) 3-Step Filter using A,/2 and A,/4 SIRs

4. Conclusion

The 2-step and 3-step Tchebycheff bandpass filters were designed and fabricated. The
physical SIR characteristic was designed with length ratio NV and impedance ratio R based on second
harmonic push-away. Wide and deep harmonics suppression band were achieved by using even-
mode interruption technique with 50ohm port for 2-step filter and via-hole for 3-step filter. Finally,
a quarter-wavelength SIR was used in the 3-step filter to avoid second resonant mode operation and
3-step filter size was also reduced.

Acknowledgement
The author would like to thank T. Kamei, Department of Communications Engineering,
National Defense Academy, Japan in calculation the theoretical result by simulation software.

References

[1] H. Wang, L. Zhu, “Aperture-backed microstrip line stepped impedance resonators and
transformers for performance-enhanced bandpass filter”, IEICE Trans. Electron., vol. E89-C,
No. 3, pp. 403-409, 2006.

[2] A. Namsang, T. Majang, J. Jantree, S. Chaimool, P. Akkaraekthalin, “Stepped impedance
hairpin resonators with asymmetric capacitively load coupled lines for improved stopband
characteristic”, IEICE Trans. Electron., vol. E90-C, No. 12, pp. 2185-2191, 2007.

[3] C.-H. Wu, C.-H. Wang, C.-H. Chen, “Stopband extended balance bandpass filter using coupled
stepped impedance resonators”, IEEE Microw. Wirel. Commu. Lett., vol. 17, No. 7, pp. 507-
509, 2007.

[4] S. Theerawisitpong, T. Suzuki, H. Yamada, N. Morita, Y. Utsumi, “A microstrip bandpass filter
with ultra wide stopband using folded stepped impedance resonators”, IEICE Technical Report
MW 2008-80, vol. 108, No. 195, pp. 7-11, 2008.

[5] S. Theerawisitpong, M. Ogue, F. Okawa, T. Suzuki, T. Kamei, N. Morita, Y. Utsumi, “SIR type
bandpass filter with wide suppression band width”, IEICE Technical Report MW 2008-189,
vol. 108, No. 452, pp. 1-5, 2009.

[6] M. Makimoto, S. Yamashita, “Bandpass filter using parallel coupled stripline stepped
impedance resonators”, IEEE Trans. Microw. Theory Tech., vol. 28, No. 12, pp. 1413-1417,
1980.

-902 -



	1153-Ohmine-1.pdf
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




