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ABSTRACT

We propose a rectangular optical filter based on
stimulated Brillouin scattering in fiber with tunable
bandwidth from 50 MHz to 4 GHz at 15-MHz tuning
resolution. The steep-edged rectangular shape of the
filter is precisely controlled utilizing digital feedback
revision of the pump light. The passband ripple is ~1 dB
by nonlinearity management of the pump and using the
fiber with a single Brillouin peak. The extinction ratio of
the filter is further enhanced using the polarization
characteristics of the Brillouin scattering. Based on this
filter, we demonstrate a sub-band extraction of a
multi-band orthogonal frequency division multiplexing
signal, which shows the potential ability of the filter in the
fields of optical and microwave signal processing.

Keywords: Rectangular optical filter, stimulated
Brillouin scattering

1. INTRODUCTION

An ideal tunable passband filter has a rectangular
response consisting of an ultra-flat passband and very
steep edges which bring about many benefits. The flat
passband will not distort the signal at all thus keeping
high signal fidelity. The steep edges can suppress
interference from adjacent bands at the extreme. And the
tunability makes it more flexible and reusable to meet
different requirements.Several methods have been
proposed to implement such narrowband filters,
including specially designed fiber Bragg gratings (FBQG)
[1], Fabry—Perot etalons [2], and Stimulated Brillouin
scattering (SBS) [3-5],etc. Among all the above methods,
SBS is considered as one of the most promising
techniques. The wavelength of the SBS-based filter can
be tuned easily by changing the wavelength of the pump.
The filter bandwidth and the shape can be also flexibly
changed by controlling the pump spectrum using
external phase modulation [3], direct current modulation
[4] and cascaded phase and intensity modulation [5].
However, it is very difficult to control the pump
spectrum precisely in the previous works, therefore the
exact flat top and steep edges as the ideal rectangular
filter can be hardly achieved.

In this paper, we present a narrowband rectangular
SBS filter with tunable bandwidth from 50 MHz to 4

GHz at 15-MHz tuning resolution. We use external
amplitude and initial phase can be digitally controlled
accurately. A feedback compensation process is
proposed to revise the pump shape precisely. Some
preliminary results have been presented in a previous
paper [6] which shows the validity of the feedback
method. On the foundation of the feedback process, we
further propose the nonlinearity management to mitigate
the four-wave mixing (FWM) effect and utilize a more
suitable fiber with a single Brillouin gain peak to
increase the filter flatness [7]. As a result, the in-band
ripple is decreased to ~1 dB for all bandwidth cases
while the unwanted out-of-band gain is further
suppressed. To enlarge the filter extinction ratio we use
the polarization characteristics of SBS [8] to separate the
amplified signal from noises. Based on this filter, we
demonstrate a sub-band extraction of a multi-band
orthogonal frequency division multiplexing (OFDM)
signal and prove the flexibility and validity of the filter.

2. EXPERIMENT
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Fig. 1. Experimental setup

The experimental setup is shown in Fig. 1. An external
cavity laser (ECL) operating at 1550 nm is split into two
branches. In the upper branch, an AWG is used to
generate the electrical spectral lines with random
frequency interval within £1-MHz deviation from the
natural SBS bandwidth of 15 MHz, ie. 14 MHz,
15 MHz and 16 MHz. Then it is modulated on the light
to generate the SBS pump lines utilizing a dual-parallel
Mach-Zehnder modulator (DPMZM). With proper phase
control of the driving signals and bias control of the
DPMZM, the optical carrier-suppressed single sideband
(O-CS-SSB) modulation is achieved. The O-CS-SSB
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signal is then amplified by an erbium doped fiber
amplifier (EDFA) and launched into the 12.5 km
single-peak fiber through an optical circulator. In the
lower branch, a sweeping signal covering the whole SBS
gain region from an electrical vector network analyzer
(EVNA) is modulated on the light to generate the probe
signal. An optical bandpass filter (BPF) removes the left
sideband of the probe signal for stable SBS gain
measurement. Then the probe light goes through the
single-peak fiber and is amplified once it sweeps within
the SBS gain region. A polarization controller (PC3) is
used to achieve the maximum SBS gain. After the SBS
process, the probe signal is detected by a photodiode (PD)
and then sent into the EVNA. If the polarization
enhancement is proposed, an extra polarization
controller adjusting the signal polarization state and a
polarizer selecting the amplified polarization is used
before the PD.

The measured SBS spectra with 3-GHz bandwidth in
different cases are shown in Fig. 2. The original SBS
gain generated by the electrical spectral lines with equal
amplitude and equal frequency interval are seriously
affected by the FWM and nonlinear response of the
electrical and optical components. As shown in Fig. 5 (a),
the SBS gain is far from the rectangular shape. When
implementing the feedback compensation as shown in
(b), the ripple is still as high as 3.70 dB with large
unwanted gain out of the passband. After utilizing the
unequal interval spectral lines, the passband ripple in (c)
is significantly reduced to 1.56 dB. By using the
single-peak fiber, the ripple is further decreased to
1.00 dB shown in (d) and the gain at stop band is smaller

than the previous cases.
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Fig. 2. The measured SBS spectra at different cases

The bandwidth of the proposed filter can be changed
flexibly with a resolution of 15 MHz by changing the
number of the electrical spectral lines generated by the
AWG. The maximal rectangular SBS filter bandwidth is
4 GHz with 12-dB gain limited by the pump power. For
the SBS filter shown in Fig. 3 (a) and (b) with 1-GHz
bandwidth, the shape factor (SFisqg) is 1.075 which was
almost the ideal rectangular case. Based on this filter, we
demonstrate a typical application of OFDM sub-band

extraction as shown in Fig. 3 (c) and (d). We first
generate a double-sideband OFDM signal containing 3
sub-bands. The bandwidth of each sub-band is 1 GHz
and the band gap is as narrow as 100 MHz. Then we use
the proposed filter to amplify only the middle sub-band
by 25 dB. As shown in Fig. 3. (¢), just small parts of the
adjacent bands are amplified slightly thus making a
~21-dB distinction between the middle sub-band and the
adjacent bands. After using the polarization
enhancement shown in Fig. 3. (d), while the middle
sub-band is amplified by 20 dB, adjacent bands are
suppressed at the same time. The extraction can be quite
flexible thanks to the filter flexibility of the bandwidth
and wavelength.
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Fig. 3. The (a) amplitude and (b) phase response
of 1-GHz filter, sub-band extraction using SBS
filter (c) without and (d) with polarization
enhancement

3. CONCLUSION

We have presented an ultra-flat rectangular optical filter
based on stimulated Brillouin scattering and
demonstrated a typical filter application of OFDM
sub-band extraction. With flexible bandwidth from 50
MHz to 4 GHz and high tuning resolution of 15 MHz,
the proposed steep-edged rectangular filter can find
versatile applications in optical and microwave signal
processing.

4. ACKNOWLEDGMENTS

This work is supported by Nature Science Foundation of
China (61322507, 61132004 and 61090393).

5. REFERENCES
[1] X.H. Zhou et al., Opt. Lett. 38, 3096-3098 (2013).
[2] M. W. Pruessner et al., Appl. Phys. Lett. 103, 11105
(2013).
[3] T. Tanemura, et al., Opt. Lett. 27, 1552-1554 (2002).
[4] A. Zadok et al., J. Lightwave Technol. 25, 2168-2174
(2007).
[5]T. Sakamoto et al., Opt. Express 16, 8026-8032 (2008).
[6]W. Wei et al., OFC’14, W4F.5 (2014).
[7TW. Wei et al., ECOC’14, accepted.
[8] A. Wise, et al., Opt. Express 19, 21945-21955 (2011).

Authorized licensed use limited to: Shanghai Jiaotong University. Downloaded on January 13,2025 at 04:49:16 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


