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The development of quasi-phase matching (QPM) devices has gained significant importance in 

various nonlinear optical frequency conversion processes. QPM devices are successfully realized in 

ferroelectric crystals such as lithium niobate, lithium tantalate and potassium titanyl phosphate by 

the process of electric field poling, in which the domain structures are designed to compensate the 

mismatch among the wave vectors of the interacting light beams. In order to achieve the desired 

device performance, the fabricated device must reproduce the designed structure with high fidelity 

throughout the poled region (1). 

Several methods are available to visualize the resulting domain structure. The most direct way is 

to observe the surface relief pattern with a microscope after etching the opposite side of the 

patterned electrode. Müller et al. have described another approach to investigate the poled QPM 

device, in terms of refractive index step created by applying an electric field 
(2)

. With these 

methods, however, only a small area of the poled pattern can be visualized at a time, and scanning 

is usually necessary for a complete examination. Furthermore, they do not give quantitative 

estimates for the final device performance. On the other hand, measurement of the SHG tuning 

curve (second-harmonic output intensity versus wavelength or temperature) provides a direct 

measure of the final performance of the fabricated QPM device (1). However, it is not an easy task 

to measure the SHG tuning curve owing to the experimental difficulties such as limited tunability of 

the source laser and the sample temperature, and their narrow bandwidths for long devices. In this 

work we measured the far-field diffraction pattern from the poled grating structures, demonstrating 

that the diffraction pattern is equivalent to the SHG tuning curve. Our method can substitute the 

more involved SHG method for easy and quick evaluation of the QPM device performance. 

Z-cut wafers of congruent lithium niobate were used for periodic poling. We used the standard 

room-temperature electric field poling technique to make 1 cm-long QPM devices with various 

periods. After poling, the un-patterned face (–Z) was etched to reveal the surface-relief grating 

structure according to the fabricated periodic domain reversal. A He-Ne laser beam was expanded 

and collimated to cover the whole length of the device, and illuminated at normal incidence on the 
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etched surface, which acted as a binary phase grating. One of the first-order diffracted beams was 

focused on a CCD camera using a lens (f = 1.00 m) to measure the intensity pattern in the 

Fraunhofer regime. For comparison, we also measured the SHG intensity while tuning the 

fundamental wavelength around the QPM wavelength determined by the period and the material 

dispersion. The output second-harmonic intensity was measured as the fundamental wavelength was 

tuned in the vicinity of the QPM condition. 

The measured diffraction pattern and the SHG tuning curve for a perfectly periodic sample are 

shown in Fig. 1. The two theoretical graphs (solid lines) must be identical, if the diffraction pattern 

is obtained in the Fraunhofer regime, and the fundamental depletion is small in SHG. Under these 

conditions the diffracted amplitude pattern is simply the Fourier transform of the phase structure 

given by surface relief to the spatial frequency domain (3), while the QPM second harmonic 

amplitude is also the Fourier transform of the nonlinear optical coefficient d(z) (z being the 

propagation distance) to the wave vector mismatch domain 
(1)

. In our SHG experiment the wave 

vector mismatch is represented by the fundamental wavelength. For a perfectly periodic structure in 

a well-defined region, the Fourier-transform result must be a shifted sinc-function in both cases as 

shown in Fig. 1. The experimental data agree well with the theoretical predictions, proving that the 

diffraction pattern provides equivalent information as the SHG tuning curve.
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Fig. 1. First-order intensity spectrum for periodically poled lithium niobate of period 24.0 μm. (a) 

Far-field diffraction pattern, and (b) SHG wavelength tuning curve.

Furthermore, we applied the same analyses to other types of QPM devices such as poorly poled 

samples, those containing aperiodic domains, and periodic ones with different duty cycles, and 

compared the two spectra, verifying that the two spectra are equivalent. Our proposed method of 

diffraction spectrum measurement gives the same quantitative estimation of the final performance of 

fabricated QPM devices as SHG, with ease and at a much lower cost.

1. M. M. Fejer, G. A. Magel, D. H. Jundt, and R. L. Byer, “Quasi-phase-matched second-harmonic 

generation: tuning and tolerances,” IEEE J. Quant.  Electron. 28, 2631 (1992). 

2. M. Müller, E. Soergel, K. Buse, C. Langrock, and M.M. Fejer, “Investigation of periodically poled 

lithium niobate crystals by light diffraction,” J. Appl. Phys. 97, 044102 (2005).

3. J. D. Gaskill, Linear Systems, Fourier Transforms, and Optics, (John Wiley & Sons, Inc. 1978).

372



<<
  /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


