
Analysis of Crystalline Nano Structures Embedded in Amorphous Films  
by Selected Area Nano Diffraction in a Cs-corrected TEM 
 
* J. Yamasaki,* S. Morishita,** N. Tanaka,* A. Hirata,*** Y. Hirotsu,*** and T. Kato**** 
* EcoTopia Science Institute, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan 
** Department of Crystalline Materials Science, Nagoya University, Nagoya 464-8603, Japan 
*** The Institute of Scientific and Industrial Research, Osaka University, Ibaraki 567-0047, Japan 
****Nanostructures Research Laboratory, Japan Fine Ceramics Center, Nagoya 456-8587, Japan 
 
Currently, amorphous films including metallic glasses have been used as various kinds of functional 
materials. To understand origins of the functions and improve them, it is important that local 
structures in the materials are clarified at an atomic level by electron microscopy [1, 2]. In recent 
years, effectiveness of Cs-corrected HRTEM to the issue has been shown by observations of 
crystalline nano clusters embedded in an amorphous matrix of a Pd-Ni-P glass [1]. However, if size 
of the clusters is less than 2 nm, it has been highly suspected that detection of their lattice fringes is 
hindered by amorphous parts lying above and below the clusters. In the present study, we have 
performed detection of crystalline nano structures embedded in a Zr0.6Al0.15Ni0.25 metallic glass by a 
new technique to obtain electron diffraction from a nanometer-sized area.  
 
With respect to obtaining diffraction patterns without blurring of the spots, selected area diffraction 
(SAD) is more desirable than nano-probe diffraction. It is known that the drawback of SAD is area-
selection-errors due to Cs of the objective lens, which can be reduced by Cs-correction of the 
imaging system. In a Cs-corrected TEM, we can obtain a diffraction pattern from a well-defined area 
several nanometers in diameter with parallel illumination. We refer to the technique as selected area 
nano diffraction (SAND), distinguishing from conventional SAD[3]. Figure 1(a) shows a hole 
opened in a metal thin plate by focused ion beams. The hole works as an aperture that selects a 
nanometer-sized area in the object plane. Figure 1(b) shows a TEM image of the hole selecting a 
silicon crystal with (111) lattice fringes. The corresponding diffraction pattern in Fig. 1(c) consists 
of sharp spots owing to parallel illumination. This feature is considered to be a great advantage for 
precise diffraction analyses such as electron diffractive imaging [4]. 
 
Figures 2(a)-(c) show a comparison between a traditional SAD and SAND patterns from a metallic 
glass of Zr0.6Al0.15Ni0.25. The diameters of the areas selected by apertures are 100 nm for (a) and 2.4 
nm for (b) and (c). The halo ring in Fig. 2(a) has been replaced with many spots in Figs. 2(b) and (c). 
To clarify the origin of the spots, we simulated a SAND pattern from a model amorphous structure 
created by lattice relaxation calculations with Lennard-Jones potential. Comparing the simulated 
pattern (Fig.2(d)) and the experimental ones (Figs. 2(b) and (c)), it is clear that the size, the density 
and the distribution of the spots are reproduced well. Since the model includes only short range 
order (SRO) structures, it is concluded that most of the spots originate from such SRO structures. On 
the other hand, remarkably intense spots shown by arrows in Fig. 2(c) are suspected to come from 
medium range order (MRO) structures like crystalline nano clusters. Figures 2(e) and (f) show 
Fourier transforms of Figs. 2(b) and (c), namely two-dimensional Patterson’s maps. The intense 
spots in Fig. 2(c) make lattice fringe-like contrast in a circled area in Fig. 2(f) as shown by arrows. 
The diameter of the circled area is about 3.6 nm, which corresponds to 1.8 nm in real space. In Cs-
corrected TEM images of the region where Fig. 2(c) is obtained, lattice fringe contrast is not 
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observed. It is concluded that the present method is effective for detecting crystalline nano structures 
less than 2 nm embedded in an amorphous thin film and also for measuring their sizes [5]. 
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FIG. 1.  (a) Ultra-fine aperture created by FIB. (b) TEM image of the aperture selecting a Si thin 

film. (c) Diffraction pattern corresponding to (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 2. Selected area diffraction patterns from a Zr0.6Al0.15Ni0.25 glass. The diameters of the selected 

areas are (a) 100 nm, and (b),(c) 2.4 nm. (d) Simulation from an amorphous structure model. 
(e) and (f) are Fourier transforms of (b) and (c), respectively. 

(b)(a) (c)

(a) (b) (c)

(d) (e) (f)

1.8 nm 

Microsc Microanal 15(Suppl 2), 2009 761

https://doi.org/10.1017/S1431927609096998 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927609096998


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


