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Enhancement of Transmittance and Adhesion of
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Abdract: With the development of the Internet of Things, the use of flexible displays has become widespread. In
particular, the use of curved, bendable, and rollable displays is increasing. Flexible display production processes include
various important components such as lamination material, flexible substrates, and adhesives. Among them, improvement
of the lamination process comprises a large proportion of efforts for further development. In this paper, we attempt to
improve the transmittance of the display substrate by performing a bubble remova process after adhesion. The
transmittance of the glass substrate with the bubble removal process was 5~12% higher than that of the substrate without
the bubble removal process. The fill-strength after the bubble remova process was improved by 21.4%, and the
shear-strength was improved by 43.9%.
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FUTURE LOOKS FLEXIBLE

Flexible Displays

Cathode-ray rlat Displays Ultra-thin & light
Tube (LCD, PDP, OLED) Conformable
1%t Generation Wall Display
New Application
3D, etc..
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Fig. 2. Lamination roll process of OCA/OCR.
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Fig. 3. Comparison bubble-free glass vs. unremoved glass.
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Fig. 4. Transmittance of glass.

Table 1. Strength data of removing bubble glass.

Bubble presence Fill-strength (gf)
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2,352.61

Shear-strength (kgf)
15.8514
22.8028

Unremoved
Bubble-free

7125 AAsH] Ao glasset AAH glasse] 7|=®
20] W3yl 0| 28 OM &0z Folstdct I
21 o] & Z79] glass?| transmittanced =% st
A3t 380 nm o] ge] &2 mgoAe] transmittance
e 7= AA A 83.4% 71E AlA & 97.5%Y S &
Q15tict. 380 nm o]Afo] mgollA ACh 14.1%7H2
9] transmittance 3t Ao’ §2 & 5 olomr =)
42 E5) 71Z= A A glasset 7|E A|A & glass9)
ool w2 transmittance LS ¥ 25HY

4. 4 B
= AoMs gagdel 3749 +&2 =071 ¢
s Eas7gol st Mestld. 15 A 5780

transmittance®?t flll—strength, shear—strength o=
sEaElQlch 71® A7l autoclaveS &851% 00,
450°Co] m=7of|A 1531t 3 set 73330}9";3%. a2 Axt
transmittance= 96.3%, fill-strength= 2352.61 (gf),
shear-strength+= 22.8028 (kgf)] 3FAH S IS
2 9loit}. 3t optical microscope® HEH-E ol
g A 712 A 58 $Y FAHY 7]xF0] 95%
o]

g AAE UL



334 J Korean Ingt. Electr. Electron. Mater. Eng., Val. 31, No. 5, pp. 330-334, July 2018: J Kim et al.

ol & 578 Wil 712 AA
transmittance®t Ar

A 28 AL

)
> o plo o

Zio]t}t. E3] shear-strength®] A2 AHHYc U
dAXE gasgole wojil B7e UWidS T
7 oleh,

ZArel 2

B 0171(No.20153030012590)= AH EAFALY B(MOTIE)
ot o Ux]7]=H 7L (KETEP)S] A|¥-g wol 438
gk A+ IAdY o

REFERENCES

[1] S Kim, W. Choi, W. Rim, Y. Chun, H. Shim, H. Kwon, J.
Kim, I. Kee, S Kim, S. Lee and J Pak, IEEE Trans.
Electron Devices, 58, 3609 (2011). [DOI: https://doi.org/10.1109/
TED.2011.2162844]

[2] D. U. Jn, T. W. Kim, H. W. Koo, D. Srryakhilev, H. S.
Kim, S J. Seo, M. J. Kim, H. K. Min, H. K. Chung, and S.
S. Kim, Soc. Inf. Disp., 47, 703 (2010). [DOI: https://doi.org/
10.1889/1.3500565]

[3] S An, J Lee Y. Kim, T. Kim, D. Jn, H. Min, H. Chung,
and S. S. Kim, Soc. Inf. Disp., 47, 706 (2010). [DOI: https.//
doi.org/10.1889/1.3500566]

[4] S. Kim, H. J Kwon, S. Lee, H. Shim, Y. Chun, W. Choai,
J. Kwack, D. Han, M. Song, S. Kim, S. Mohammadi, |
Kee, and S. Y. Lee, Adv. Mater., 23, 3475 (2011). [DOI:
https://doi.org/10.1002/adma.201190120]

[5] J Kwak, 2014 - Yearbook of display technology, 69 (2013).

[6] I. Kim and B. Jin, Korean Industrial Chemistry News, 10, 9
(2007).

[71 S H. Kang and S. W. Hong, J. Weld. Joining, 32, 34 (2014).
[DOI: https://doi.org/10.5781/IWJ.2014.32.3.34]

[8] D. H. Kim, N. Lu, R. Ma, Y. S. Kim, R. H. Kim, S. Wang,
J Wu, S M. Won, H. Tao, A. Idam, K. J Yu, T. |. Kim,
R. Chowdhury, M. Ying, L. Xu, M. Li, H. J Chung, H.
Keum, M. McCormick, P. Liu, Y. W. Zhang, F. G. Omenetto,
Y. Huang, T. Coleman, and J. A. Rogers, Science, 333, 838
(2011). [DOI: https://doi.org/10.1126/science.1206157)

[9] D. J Lipomi, M. Vosgueritchian, B.CK. Tee, S. L. Helstrom,
J A. Lee C. H. Fox, and Z. Bao, Nat. Nanotechnol., 6, 7838
(2011). [DOQI: https.//doi.org/10.1038/nnan0.2011.184]

[10] T. Kim and H. Kang, Ph.D. Thess, p. 53, Dankuk Universty,
Yongin (2016).

[11] |. Benedek, Pressure-Sensitive Adhesives and Application
(Marcel Dekker, Inc., New York, 2004) p. 198-234.

[12] E Jung, Ph.D. Thesis p. 69, Sungkyunkwan University, Suwon
(2017).

[13] C. Zhong, C. Duan, F. Huang, H. Wu, and Y. Cao, Chem
Meater., 23, 326 (2011). [DOI: https//doi.org/10.1021/cm101937p]

[14] T. Earmme, E. Ahmed, and S. A. Jenekhe, Adv. Mater., 22,
4744 (2010). [DOI: https.//doi.org/10.1002/adma 201001585]

[15] N. Aizava, Y. J Pu, M. Watangbe, T. Chibg, K. Ideta, N. Toyota,
M. lgarashi, Y. Suzwri, H. Sesbe and J Kido, Nat. Commun, 5,
5756 (2014). [DAI: hitps//doi.org/10.1038/ncommsb756]

[16] A. C. Arias, J. D. MacKenzie, I. McCulloch, J. Rivnay, and
A. Sleo, Chem Rev,, 110, 3 (2010). [DOI: https://doi.org/
10.1021/cr900150b]

[17] C. Gullaume G. Khasha, and Z. Harry, OLED Digdlay Forecatsts
2016-2026, https:/Mmwww.idtechex.convresearch/reports/ol ed-display-
forecasts-2016-2026-the-ri se-of -pl atic-and-flexibl e-di splays-000477.
asp (2015).

[18] A. Sugimoto, H. Ochi, S. Fujimura, A. Yoshida, T. Miyadera,
and M. Tsuchida, |IEEE J. Sd. Top. Quantum Electron., 10,
107 (2004). [DQI: https//doi.org/10.1109/JSTQE.2004.824112]

[19] J. S Pak, T. W. Kim, D. Stryakhilev, J. S. Lee, S. G. An,
Y. S Pyo, D. B. Leg, Y. G. Mo, D. U. Jin, and H. K.

Chung, Appl. Phys. Lett.,, 95, 013503 (2009). [DOI: https.//
doi.org/10.1063/1.3159832]

[20] D. Huanga, F. Liaob, S. Molessb, D. Redingerb, and V.
Subramanian, J. Electrochem. Soc., 150, G412 (2003). [DOI:
https://doi.org/10.1149/1.1582466]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


