CLEO '06, Long Beach, May 2006

Discrete Quadratic Interface Solitons
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Abstract: We report the first experimental observation of discrete quadratic interface solitons
existing at the edge of a PPLN waveguide array. Both in-phase and staggered discrete surface

solitons were observed.
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Light propagation in discrete systems with a Kerr nonlinearity can exhibit unique properties such as diffractionless
propagation and self-focusing, leading to discrete spatial solitons [1]. In recent years, the existence of 1D and 2D
discrete solitons has been reported in several studies [2,3]. Another important class of spatial solitons is that guided
at the boundary of two different media. In spite of the fact that this latter soliton family was intensively investigated
in the 1980s, no experiments were at the time possible [4]. This is because of the stringent condition of maintaining
a proper refractive index difference between the two media, which should also be comparable to the nonlinearly
induced index change. A waveguide array fabricated from a slab waveguide can yield the required small index
difference. We report here the first observation of discrete quadratic interface solitons existing at the edge of a PPLN
waveguide array. It has been shown that changing the sign of the phase-matching for the second harmonic
generation (SHG) can lead to fields in-phase and out of phase (staggered) between adjacent channels inside the array
[5]. This approach was used here to demonstrate both types of interface x(z) solitons.

The system was modeled using the discrete nonlinear equations for quadratic nonlinear media. In this structure
the FW fields in adjacent waveguides are weakly coupled whereas for the SH the coupling between adjacent
waveguides is negligible. The pertinent equations describing the semi-infinite array are thus:
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whereu, and v, are the peak FW and SH fields in the n-th waveguide respectively, and ¢ and y are the linear

coupling constant and the effective quadratic nonlinear coefficient. Furthermore, AP is the wavevector mismatch
(and ABL the phase-mismatch of an L-long sample) for SHG.

In the continuous half space, the effective index is lower than in the array and the fields exhibit exponential
decay. Discrete solitons are stationary solutions of Eqns.1. Solutions are found numerically for the sample
parameters by using relaxation methods, and the total power associated with these surface solitons is plotted against
the nonlinear phase shift per length unit in Figure 1. Clearly discrete nonlinear surface waves can exist for either
sign of ABL, but only above a threshold power level. Both in-phase and staggered discrete interface solitons are

predicted as shown below.
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Fig.1. Existence diagrams for in-phase (left) and staggered interface solitons (right) for positive and negative

wavevector phase-mismatch between the FW(red,blue) and the SH(green).
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The PPLN waveguide arrays, each consisting of 101 channels, fabricated using standard lithography techniques
by Ti in-diffusion on part of the surface of 70mm long z-cut LiNbO; wafers. A uniform electric field poled QPM
grating was “written” for SHG between the fundamental (FW — 1550nm) TM,, and second harmonic (SH — 775nm)
TMyp waveguide modes. The non-waveguide region was also poled but for all practical purposes it exhibited no
cascading nonlinearity (and SHG) because it was far from the phase-matching condition. In the array region, the
center-to-center spacing between the channels was 16pum giving a FW linear coupling length of 25.6mm between
adjacent channels due to evanescent field overlap.

Waves for SHG excitation were excited near the array interface by focusing a FW beam onto the first (n=0)
channel of the array. Since the SH must be generated with propagation distance by the FW, excitation favors
interface solitons with |ABL | >>mn. In particular in-phase solitons can occur for ABL >0 and staggered solitons for
ABL<0. Results are shown for both cases in Figures 2. Note that at low powers the linear diffraction pattern for
excitation of the edge channel is obtained in both cases.
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Fig.2. Output intensity for different input peak powers. (left) positive (ABL=497); (right) negative phase-mismatch (ABL=-397).

When the power is increased, localization in the first channel (n=0) takes place as predicted by theory. Even
though temporal pulses were used in our experiments, there is a power level beyond which collapse into the n=0
channel occurs, indicative of the predicted threshold behavior. Fields, for example for the staggered case, are given
in Figure 3.
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Fig.3. Output intensity distributions for (left) low and (right) high input powers for the staggered case

References

[11 D.N. Christodoulides and R. I. Joseph, “Discrete self-focusing in nonlinear arrays of coupled waveguides”, Opt. Lett. 13, 794 (1988).
[2] S. Trillo and W. Torruellas, “Spatial Solitons”, (Springer-Verlag, Berlin, 2001)

[3] D.N. Christodoulides, F. Lederer, and Y. Silberberg, Nature 424, 817 (2003).

[4] A.D.Boardman, P. Egan, F. Lederer, U. Langbein, and D. Mihalache, Nonlinear Surface Electromagnetic Phenomena, edited by H. E.
Ponath and G. I. Stegeman (North-Holland, Amsterdam, 1991), Vol. 29, p.73.

51 R.Iwanow, R. Schiek, G. I. Stegeman, T. Pertsch, F. Lederer, Y. Min and W. Sohler, "Observation of discrete quadratic solitons", Phys.
Rev. Lett. 93 (11), 113902 (2004).




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




