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Abstract

We demonstrate a simple fully fiber-integrated
picosecond optical parametric oscillator based on high-
nonlinear  dispersion-shifted fiber. High quality
picosecond pulses are generated with a 40-nm tuning
range.

Introduction

Picosecond optical pulse sources have been playing an
important role in ultrafast processes and optical
communications. Picosecond pulse generators based on
erbium-doped fiber lasers [1] and semiconductor lasers
[2] have been investigated comprehensively. On the
other hand, fiber optical parametic amplifier (FOPA)
offers high gain and wide-gain bandwidth [3], which
allows picosecond pulse generation in potential regions
where practical lasers currently are not available.

Previous effort included utilizing parametric gain to
generate picosecond pulse based on FOPA [4-5].
However, the availability of continuous wave (CW)
lasers at certain wavelength limits the potentially
tunability of such kind of picosecond source. Therefore
it is highly desirable to explore its corresponding fiber
optical parametric oscillator (FOPO) configuration,
which does not require any seeding light.

Most of the picosecond FOPOs reported were
pumped by picosecond lasers [6]. Since a picosecond
laser is relatively expensive, it is desirable to build a
picosecond generator just using a CW pump.

In this paper, we demonstrate a simple and economic
picosecond optical parametric oscillator based on highly-
nonlinear dispersion-shifted fiber (HNL-DSF). We use a
similar setup as previously reported actively mode-
locked FOPO [7]. However, the output pulsewidth of the
current FOPO is measured to be 18 ps, narrower than
that reported in [7]. The ring cavity is pumped with a
sinusoidally modulated CW laser. The tuning range is
from 1528 nm to 1548 nm and from 1564 nm to 1584
nm, which is over 40 nm. This scheme can be potentially
useful in generating short pulse for ultra-fast
communication.

Experimental Setup

The experimental setup of the FOPO is shown in Fig. 1.
The pump was generated by a CW tunable laser source
(TLS) with a fixed wavelength of 1556 nm. The output
of the laser was phase modulated by a phase modulator
(PM) using a 10 GHz pseudorandom binary sequence

(PRBS) with pattern length 2’-1 in order to increase the
threshold for stimulated Brillouin scattering (SBS). The
pump was then intensity modulated by a Mach-Zehnder
modulater (MZM) driven by a 10 GHz clock signal to
produce a sinusoidally modulated pump. The
polarization controllers (PCs), PC1 and PC2, were used
to control the state of polarization (SOP) of the pump.
After that, the pump was amplified by erbium-doped
fiber amplifiers (EDFAs), EDFA1 and EDFA2, and
filtered by a tunable bandpass filter (TBPF1) with a 1-
nm bandwidth to produce a high-power, low-noise
pump. The average power of the pump was measured to
be 0.5 W after the EDFA2. The pump then passed
through a circulator (CIR), and the reflected power by
SBS was monitored using a power meter. It was then
coupled into the cavity for parametric amplification
through the wavelength-division multiplexing coupler
(WDMC1), which had passband wavelength from 1550
nm to 1559 nm. Note that the cavity included a 400-m
long HNL-DSF as the gain medium which had nonlinear
coefficient of 14 W'km™, zero-dispersion wavelength of
1554.7 nm and dispersion slope of 0.035 ps/nm*/km.
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Fig. 1. Experimental setup of the FOPO.

The FOPO output spectrum was monitored by an
optical spectrum analyzer (OSA) through a 1/99 coupler.
WDMC2 was used to filter out the signal and idler by
blocking the undesired pump. It was then filtered by
TBPF2 with a bandwidth of 1 nm. Tuning was achieved
by adjusting the center wavelength of TBPF2. A 10/90
coupler in the cavity provided 90% feedback and 10%
output. The feedback branch passed through the PC3 in
the cavity, which was used to align the SOP of the signal
(idler) with that of the pump, while the optical delay line
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(ODL) in the cavity was used to adjust the cavity length
thus the pulsed signal can be synchronized with the
pump. The output waveform of the signal (idler) was
recorded using a digital communication analyzer (DCA).

Results and Discussion
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Fig. 2. Optical spectra measured at HNL-DSF output using
OSA.

Fig. 2 shows the optical spectra measured at the HNL-
DSF output. The pump wavelength is fixed at 1556 nm
the pump power is slightly adjusted to maintain narrow
linewidth for all spectra. Wavelength tuning can be
achieved by tuning the center wavelength of the TBPF2
inside the cavity. The achievable output tuning range is
from 1528.5 nm to 1548.5 nm and from 1564.8 nm to
1584.9 nm, which is over 40 nm. The smaller peaks
occurred are higher order parametric components.
Further tuning is limited by the gain region of the FOPA
when the pump wavelength is set at 1556 nm. By
changing the pump wavelength, we expect the tuning
range can be much larger than this value, since the
parametric gain allows signal (idler) to be generated at
large frequency detune from the pump [3]. This kind of
FOPO has a potentially wide tunability, since it does not
require any seeding light, of which the availability at
certain wavelengths limits the tuning range of FOPA-
based pulse generator as reported in [4].

Fig. 3. Signal waveform observed at the FOPO oufput.
Horizontal scale is 50 ps/div.

Fig. 3 shows the waveforms of the output signal pulse at
1540 nm measured from the DCA. The repetition rate of
the signal is measured to be 10GHz, the same as the
frequency of the sinusoidal clock source. The pulsewidth
measured from the DCA is 18 ps and the jitter RMS is
870 fs, which is inherited from the clock source. The
pulsewidth is narrower than that reported in [7].
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Fig.4. Output power of FOPO versus wavelength.

Fig. 4 shows the average power and waveform of the
output pulse at four different wavelengths of 1530 nm,
1535 nm, 1540 nm and 1545 nm. The FOPO has largest
output power at 1540 nm, corresponding to the FOPA
gain peak, while the output power decreases when the
wavelength is tuned away from 1540 nm due to the gain
spectrum of the FOPA.

Conclusion

In conclusion, an all-fiber picosecond optical parametric
oscillator based on HNL-DSF was demonstrated. The
output tuning range was over 40 nm and high quality
pulse was generated with pulsewidth of 18 ps. This
scheme could be found potentially useful in generating
pulse for ultrafast communication.

Acknowledgment

The work described in this paper was partially supported
by grants from the Research Grants Council of the Hong
Kong Special Administrative Region, China (Project No.
HKU 7172/07E and HKU 7179/08E). The authors would
also like to acknowledge Sumitomo Electric Industries
for providing the HNL-DSF.

References

1. A. Takada et al, Electron. Lett. 26 (1990) p.216

2. K. Otsuka et al, Opt. Lett. 16 (1991) p. 1759

3. M. E. Marhic et al, IEEE J. Sel. Top. Quantum Electron. 10
(2004) p.1133

4. T. Torounidis et al, J. Lightwave Technol. 23 (2005) p.4067
5. B. P. P. Kuo et al, in 2009 IEEE/LEOS Winter Topical
Meetings, paper TuC3.5.

6. J. E. Sharping, J. Lightwave Technol. 26 (2008) p.2184

7. S. Yang et al, IEEE J. Sel. Top. Quantum Electron., accepted
for publication.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Courant
    /Courant-Bold
    /Courant-BoldItalic
    /Courant-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helonia
    /Helonia-Bold
    /Helonia-BoldItalic
    /Helonia-Italic
    /Impact
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MaplePi
    /MicrosoftSansSerif
    /MingLiU
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MS-UIGothic
    /MVBoli
    /NSimSun
    /OCRAbyBT-Regular
    /OCRB10PitchBT-Regular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /Raavi
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Thames
    /Thames-Bold
    /Thames-BoldItalic
    /Thames-Italic
    /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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


