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One of the remaining issues in self-assembled colloidal crystals is to create the defective

or patterned structures for photonic-crystals-based microdisplay devices, integrated photonic

chips, as well as micro-cavities for extracting or adding the light of specific frequency. (1)

Here, we describe a simple and facile method for the two-dimensional array of pixellated

colored cells by selective photon-induced polymerization in colloidal crystal films.

For tuning the reflective colors of colloidal photonic crystals, we should find a way to

control refractive index mismatch, lattice constant, symmetry (or orientation), magnetic

permeability, andprecisely positioned defects. Among them, one of the simple and feasible

factors in colloidal photonic crystals is to control the refractive index contrast between matrix

and colloidal particles. In addition to the manipulation of refractive indices, it is still needed to

pattern colloidal photonic crystals in micrometer scales for practical applications in photonics

devices and micro-displays. To do this, we used the selective reaction of a photo-curable

prepolymer inside opaline colloidal crystal structures. (2)

As shown in the experimental scheme of figure 1, we have explored photolithography to

patternize the inverse opals. Before all experiments on patterning of photonic crystals, high

quality silica opal films were deposited on glass substrates by a vertical dip-coating method.

To obtain a polymeric inverse opal film as a scaffold structure, a prepolymer of negative

photoresist (SU-8) was infiltrated into the silica opal film and hard-baked. The silica colloids

were dissolved out with HF solution leaving behind well-ordered macropores in face centered

cubic (fcc) lattice (step ii). (Caution: HF solution is extremely corrosive and toxic; it should be

handled with care.) Then, the silica opal film was taken away from the glass substrate and
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placed upside down onto a wafer so that the smooth and plane surface was facing out. This

was an important procedure for the subsequent patterning process. The same negative

photoresist was backfilled the macropores (step iii) and the capillary force drove the

photoresist to infiltrate into the macropores. At the soft-baking step, the film

remainedtransparent, which implied that the refractive indices of the inverse opal scaffold and

injected photoresist (SU-8) were almost matched. In our previous work, we reported that the

refractive indices of hard-baked and soft-baked negative photoresists of SU-8 were 1.5929

and 1.5925, respectively. (4) This small difference in refractive indices did not cause the

scattering of UV beam which otherwise could entail corona around the patterns. Finally, UV

light was irradiated onto the prepared composite film through a mask film with designed

patterns (step iv). At the exposed spots, the soft-baked photoresist was completely

cross-linked by cation-polymerization during the post exposure baking and these

spotsremained transparent after development. Since the soft-baked photoresist was still soluble

in developing solution, the unexposed parts returned back to the original inverse opal scaffold

after developing process (step v). The prepared inverse opal film exhibited patterned reflection

colors. In addition, a square pattern of three different colors could be produced by selective

double exposure, as illustrated in the figure 2.

Acknowledgement

This work was supported by National Creative Research Initiative Center for Integrated

Optofluidic Systems of MOST/KOSEF

참고문헌

1. T. A. Taton, D. J. Norris, “Defective promise in photonics”, Nature 416, 685-686 (2002).

2. S. -K. Lee, G. -R. Yi, J. H. Moon, D. J. Pine and S. -M. Yang, “Pixellated photonic

crystal films by selective photo-polymerization”, Advanced Materials, Accepted (2006).

3. J. Moon, A. Small, G. -R. Yi, S. -K. Lee, W. -S. Chang, D. J. Pine and S. -M. Yang,

“Patterned polymer photonic crystals using soft-lithography and holographic lithography”,

Synthetic Metals 148, 99-102 (2005).



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1500 1500]
  /PageSize [612.000 792.000]
>> setpagedevice


