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Abstract: The quasi-Raman interaction between confined acoustic phonons and light in PCF is strongly altered 
by the introduction of a sub-wavelength hole running axially through the core. Coupling calculations and 
forward scattering spectra illustrate the effect.  
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1. Introduction 
Tight simultaneous confinement of light and sound in the core of a photonic crystal fiber (PCF) was recently 
demonstrated, opening up new possibilities for improved all-fiber acousto-optic (AO) devices [1,2]. Other experiments 
demonstrated the ability of such fibers to suppress the optical interaction with phonons leading to higher stimulated 
Brillouin scattering (SBS) thresholds [3] and optimization of quantum-noise limited devices [4]. All these results 
relied on the ability to manipulate the acoustic eigenmodes through the micro-structure of the fiber cladding. In this 
paper we demonstrate how control of the acousto-optic interaction can be improved by introducing a tiny sub-
wavelength bore in the center of the core of a highly-nonlinear PCF. 

The central position of the hole strongly disturbs the optical and acoustic properties of the fiber. The sharp glass-
air interface allows the build-up of intense evanescent optical fields within the hole [5]. Simultaneously, the strain 
induced by the acoustic eigenmodes is completely reshaped within the annular glass region. We show experimental 
evidence of such changes by the comparison of the forward scattering spectrum of such a fiber with that of a 
conventional highly-nonlinear solid-core PCF. To support these results we also present numerical modelling of the 
optical and acoustic modes of such fibers. 
2. Results & discussions 
We focused our investigations on two different fibers: a conventional highly-nonlinear PCF with a 1.78 μm solid-core 
(Fig. 1a, inset), and a highly-nonlinear PCF with a 1.68 μm core but with a centered ~350 nm bore (Fig. 1b, inset). In 
our setup we launched light from a linearly polarized CW laser (1550nm, 150kHz linewidth) at 45° with respect to the 
birefringence axis into the fibers. The polarization modulation induced by thermally excited phonons was measured 
using a polarization spectroscopy technique [6]. At the exit from the fibers, a polarizer converted polarization 
modulation into amplitude modulation, which was amplified in a low-noise EDFA and detected by a fast (~20 GHz) 
photodiode. Finally, the photocurrent was analysed with a radio frequency spectrum analyser. In order to avoid 
differences that could arise from the differing fiber losses, we ensured that both shared the same effective fiber length - 
about 8 meters. The experimental data together with SEM pictures of the tested fibers are shown in Fig. 1. 
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Figure 1: Depolarized forward scattering spectra for ~1.7 μm diameter core PCF; the thick white bars in the insets corresponds to 1 μm. Both 

spectra were measured using heterodyne detection. The vertical scale is logarithmic and both fibers shared the same effective length of 8 m. In a) 
one can identify a strong low frequency cladding resonances (~250 MHz) but also higher frequency ones at 1.53 GHz. In b), although the strongest 
low-frequency scattering of cladding resonances displays the same efficiency as in a), no peaks are observed at higher frequencies. 
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In Fig. 1 it can be seen that the strong core-trapped resonances in the conventional PCF (~ 1.5 GHz) were not 
apparent in the hole-core fiber, even though strong low-frequency cladding modes (~ 250 MHz) were detected in both 
fibers at roughly the same signal-to-noise ratios. As the core diameters of the fibers were almost the same, one would 
expect the same strength of scattering from the core resonances. 

In order to investigate whether the suppression of the core-trapped resonances scattering was due to the bore we 
performed numerical simulations for the optical and acoustic modes of this structure using the finite element method 
(FEM). The optical modes were calculated using a full-vectorial FEM code based on isoparametric edge elements 
considering 4 complete rings of air-holes as the fiber cross-section, whereas for the acoustic modes we used a cross-
section with one complete ring of air holes as a plane-strain problem in FEMLAB, which is a good approximation as 
long as one is concerned only with Raman-like (cut-off) acoustic modes. Given the acoustic strain field, a straight-
forward calculation leads to the induced permittivity perturbation [7]. The spatial overlap between the optical fields 
and the permittivity perturbation is a crucial parameter in the acousto-optic interaction. In Fig. 2 we show the 
calculated density plots of these quantities to point out the strong changes induced in the optical and acoustic modes 
due to the presence of the small bore in the core. Fig. 2a and 2b represent the amplitudes of the electric field horizontal 
component of the HE11–like mode for the holey-core PCF and the solid-core, respectively. The strain-induced 
permittivity changes (Δεxx) are shown in Fig. 2c and 2d. One can see, by comparison of Fig. 2a and 2c with Fig. 2b and 
2d, that the inner bore induces significant changes in the optical modes and in the perturbed permittivity. One 
interesting feature in Fig. 2a and 2c is that perturbed permittivity changes sign over a loop around the bore, while the 
optical mode remains positive. This could lead to reduced AO coupling. Further numerical investigation of the actual 
AO coupling coefficient and its dependence on the size of the geometrical features should provide additional 
understanding of the suppression of the high-frequency resonances. 
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Figure 2: Calculated optical modes and permittivity perturbation. (a),(b) show the amplitude of the electric field horizontal component of 

HE11–like modes of the hole-core and solid-core PCF, respectively. The color scale is in arbitrary units but ensures that the optical modes carry the 
same optical power. (c),(d) show the calculated amplitude of the permittivity perturbation (Δεxx ) induced by the acoustic strain in the hole-core and 
solid-core PCF, respectively. The distorted shape corresponds to the structural motion of the fibers. The color scale is in arbitrary units and the 
acoustic modes were normalized to have the same vibrational energy. 
3. Conclusions 
The presence of a sub-wavelength hole running down the axis of a PCF core represents a new degree of freedom for 
controlling acousto-optic interaction. In the fiber investigated, strong suppression of core-trapped acoustic resonances 
was observed. Numerical modelling indicates that the changes arise from the redistribution of both optical and acoustic 
energy within the PCF core.  
4. Acknowledgements 
The authors acknowledge the Brazilian agencies CAPES and FAPESP for funding. The work at Bath was supported 
by the UK Engineering & Physical Sciences Research Council (EPSRC). The experiments in Germany were funded by 
the Max-Planck-Society. 
5. References 
[1] Dainese, P. et al. “Raman-like light scattering from acoustic phonons in photonic crystal fiber,” Opt. Express 14, 4141-4150 (2006). 
[2] Beugnot, J. C., et al. “Experimental observation of core guided acoustic wave Brillouin scattering in photonic crystal fibres,” in ECOC 2006.  
[3] Dainese, P. et al. “Stimulated Brillouin scattering from multi-GHz-guided acoustic phonons in nanostructured photonic crystal fibres”. Nature 

Physics 2, 388 - 392 (2006). 
[4] Elser, D. et al. “Reduction of guided acoustic wave Brillouin scattering in photonic crystal fibers”. Phys. Rev. Lett. 97, 133901 (2006) 
[5] Work done in a collaboration between CePOF and the University of Bath – submitted for publication. 
[6] Shelby, R. M., Levenson M. D., and Bayer P. W. “Guided acoustic-wave Brillouin scattering”. Phys. Rev. B. 31, 5244–5252 (1985). 
[7] A. Yariv and P. Yeh, Propagation and control of laser radiation (John Wiley & Sons, 1984), Chap. 9. 

       a2240_1.pdf
    

       CThFF2.pdf
    

© 2007 OSA/CLEO 2007



<<
  /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 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
  /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


