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Photonic crystal fibers (PCFs), whose cladding consists of a periodic array of air

holes have been studied extensively for their unique properties and wide variety of

applications over a decade(1). A high index contrast between the core and cladding of

solid core PCFs , allowing for tighter mode confinement and higher optical intensity

and the design freedom of PCFs, extending the range of optical parameters like

dispersion and nonlinearity make it possible to generate supercontinuum (SC), which

is characterized by the dramatic spectral broadening over an octave of intense light

pulses. The extensive investigations of physical mechanism leading to SC generation

for various input pulses and PCFs have been carried out experimentally and

numerically. The SC light sources have found important applications in areas such as

coherent Raman spectroscopy, frequency metrology, optical coherence tomography

(OCT), and so on. Especially controlling the continuum generation to simultaneously

achieve high power and broad bandwidth with small spectral modulation and low

amplitude noise is of primary interest for OCT. Although the fs pulse is required to make

broad spectrum, the output spectrum has large spectral modulation.

In this paper, we describe the simulation result of the supercontinuum with small

spectral- modulation by the benefit of XPM-induced components between two same

pulses with 0.5 ps temporal delay. The newly-born spectral components due to XPM

effect fill the spectral gap in the spectrum to make spectrum smooth.

To study the role of the XPM effect of input pulses, we have numerically solved the

generalized nonlinear Schrödinger equation (GNLSE)(2)

(1)

, where A(z,t) is the pulse envelope in a retarded time frame t moving with the group

velocity of the pump pulse along the fiber axis z. The dispersion parameters β are

estimated from a polynomial fit to the fiber dispersion profile, γ is the nonlinear

parameter, ω is the center angular frequency of the pump pulse, and R(t') is the

Raman response function. We consider an input pulse having a central angular

frequency ω and Gaussian shape :
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, where is the pulse peak power, and is the group velocity at

frequency ω . The concerned PCFs here are the standard highly nonlinear PCFs which

have only one zero dispersion wavelength (ZDW) at 800 nm.

Generally, in the first step of propagation the initial strong self-phase modulation

effect due to the small group velocity dispersion (GVD) near the ZDW splits the

incident pulse into two major parts after a few mm propagation. Two split pulses

are in different dispersion regimes, respectively. At second, the split pulse in the

anomalous regime forms the soliton by shedding waves and the other split part in

the normal dispersion regime is disperse. As they propagate, the resonant

dispersive wave (DW) is generated at the frequency phase-matched with soliton.

Figure 1 shows the evolution of the input pulses with temporal delay 0.5ps (see Fig.

1 (a)). Two pulses which are apart temporally generate the soliton and the DW which

delay in parabolic shape at the center of ZDW (800 nm). The DW of pulse 1 is disperse

and the part of the DW which is low group velocity has catched up with the soliton of

pulse 2 at around propagation length of 5.76 cm (see Fig. 1 (b)). The XPM effect of the

soliton of pulse 2 and the DW of pulse 1 leads to energy transfer into a new resonance,

with a wavelength (690nm) lying between the soliton and the DW. The spectral

component at 600 nm is induced by the XPM effect between the soliton of pulse 1 and

the DW of pulse 1. The soliton of pulse 2, which losses more energy than the soliton of

pulse 1 experiences weak SSRS, therefore the its frequency downshifts less than that of

pulse 1 (see Fig. 1 (c)).

In conclusion, the two input pulses propagating with very close temporal delay

experience the XPM effect to generate supercontinuum from 500 nm to 1200 nm with

very small spectral modulation.

Fig. 1. Spectrograms of input pulses when P0 = 38.3kW, TFWHM = 10fs, ω =780nm, γ = 95[1/kmW],․
β = 0.10 ps2/km, β = 10.4×10-2 ps3/km, and β = -1.18×10-6 ps4/km .

1. J. C. Knight, T. A. Briks, P. St. J. Russell, D. M. Atkin, “All-silica single-mode optical fiber with

photonic crystal cladding”, Opt. Lett. 21, 1547-1549 (1996).

2. G. P. Agrawal, “Nonlinear Fiber Optics”, 3rd ed. (Academic, San Diego, 2002).

(a) (b) (c)



<<
  /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 <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1500 1500]
  /PageSize [612.000 792.000]
>> setpagedevice


