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1 Introduction

In the block copolymer system, it is well known that
the dewetting takes place when the film tends to satisfy
the commensurability between the film thickness and the
alternating period of the microdomains. Dewetting
phenomena of the block copolymers have been widely
studied for the cylindrical and lamellar systems, but few
studies have focused on the spherical system. In this
presentation, we investigated the dewetting phenomena of
a monolayer film of the block copolymer forming
spherical microdomains. Especially, we focused on the
packing manner of the spherical microdomains.
Fundamentally, it has been reported that the spherical
microdomains order on a hexagonal (hcp) lattice for the
thickness of the layer up to three or four times larger than
the alternating period of the microdomains [1, 2].
Interestingly, we have found that the ordering manner in
the dewetted monolayer film varies from hep to deformed
hexagonal. Furthermore, the number of grains in the
dewetted film has been examined as a function of the size
of the dewetted film. We investigated the ordering
regularity of spherical microdomains of block copolymers

in confined spaces (in a dewetted specimen on a Si wafer).

2 Experiment
We used a polymethylmethacrylate-block-poly(n-

butylacrylate)-block-polymethylmethacrylate ~ (PMMA-
PnBA-PMMA; MAM) triblock copolymer, in which
PMMA spherical microdomains are formed in a PnBA
matrix. The volume fraction of PMMA in this specimen
was 0.20. An ultrathin film was prepared by spin coating.
Before annealing, the film exhibits a homogeneous state
with a full coverage on the Si wafer (the film thickness ~
15 nm). In order to measure the film thickness before
annealing, we engraved a line in the film using a
stationery cutter, then we conducted the contact-mode
atomic force microscopy (AFM).

The SAXS  (small-angle  X-ray  scattering)
measurements were conducted at the BL—6A beamline of
PF, using X-ray with A= 0.150nm. The sample-to-detector
distance was 2.184m, which was calibrated using a
chicken tendon collagen having a d-spacing of 65.3nm.
The beam size was measured at the detector position as
0.245mm (an FWHM value) in the vertical direction and
0.498mm (an FWHM value) in the horizontal direction. A
PILATUS3-1M (DECTRIS Ltd., Baden, Switzerland)
was used as a two-dimensional detector.

3 Results and Discussion

The 1 d-SAXS profile for the MAM specimen, which
was annealed for 5 h at 180 °C under a nitrogen
atmosphere. Many lattice peaks are observed. The
relative peak positions can be assigned as 1: V2: V4: V5:
\6: N7, exhibiting the bec lattice. It is striking to observe
the \7 lattice peak for the direct confirmation of the bce
symmetry because the V7 lattice peak should not appear
for the simple cubic system. Furthermore, the lack of the
3 reflection peak is remarkable, which is ascribed to the
fact that its peak position completely matches with the
position of the destructive interference of the particle
scattering. From this relationship, we can evaluate the
radius of the spherical microdomains by modeling the
particle scattering function for the sphere, because it only
depends on its radius (R). The particle scattering function
with R = 8.9 + 1.25 nm can meet the extinction condition
of the V3 reflection peak.

After five hours thermal annealing at 180°C, the
dewetting took place, forming islands with a height ~22
nm. AFM revealed many spherical microdomains
regularly ordered in the island. The Fourier transform
(FT) pattern clearly displays the six spots. In order to
discuss the ordering manner of the spherical
microdomains in the dewetted islands, the FT patterns of
many islands were examined in details. The packing
manner of the spheres is examined in terms of the island
shape (degree of circularity of the island). The islands
having a higher circularity (mostly complete round shape)
exhibit a well-ordered arrangement of the spherical
microdomains mainly ordering on a symmetric hexagonal
lattice. According to Black et al., over time the defects in
the islands diffuse towards the island’s perimeter and
vanish, resulting in a well-ordered structure, which attests
to the validity of our results. On the contrary, the islands
having less circularity exhibiting a deformed hexagonal
lattice, forming more than one grain (polygrain state)
inside of one island (not showing the result in this
abstract). The polygrain state could be a result of the
islands coalescence.

* shin@kit.ac.jp




<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalCMYKProfile (Japan Color 2001 Coated)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.40000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /sRGB

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Average

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 200

  /ColorSettingsFile ()

  /CompatibilityLevel 1.4

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /JPN ()

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails true

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.40000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Average

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 200

  /ImageMemory 524288

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Average

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 300

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (Japan Color 2001 Coated)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 0

      /MarksWeight 0.28346

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /JapaneseWithCircle

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (JC200103)

  /PDFXOutputIntentProfile (Japan Color 2001 Coated)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Preserve

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 841.890]

>> setpagedevice



