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Enhancement of Hydrophobicity by a Heat Treatment of Zinc Aluminate

Thin Film Deposited on Glass Substrate
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Abstract: An 80 nm thick zinc aluminate thin film was deposited on a glass substrate via radio-frequency (rf) magnetron

sputtering and heat treated to analyze changes in the wetting angles due to a surface modification. The thin films were

modified from hydrophilic to hydrophobic by a simple thermal treatment. The surface modification from a heat treatment

increased the wetting angles up to 111°, which was explained by the relationship with the excess surface area. The

wetting angles of the annealed thin films decreased with increasing exposure time under ambient conditions, which was

attributed to the oxygen vacancies in the films that were introduced during deposition. The annealed thin films were

treated by ionized oxygen via oxygen plasma. After the oxygen plasma treatment, the decreased wetting angles were

maintained at ~95° for 11 days.
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2.1 Zin aluminate 22}

Conventional rf magnetron sputteringS ©0]-8-5}9
zinc aluminate (ZnAl,04)2 ZA61H7] 2J8HA] AlLOs*}
ZnOg 7Fsto] el AAtstlet. &t jef 7]
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W, 20 mTorr9] Ar, O, &3F 7}A(10: 10 sccm) &
7104 80 nm FAl= ASPHUH. 7|HS 571 W
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XPS (X-ray photoelectron spectroscopy)
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Fig. 1. (a) AFM image of thin films deposited on trench structure
for thickness measurement by AFM and (b) composition of thin
films measured via energy-dispersive spectroscopy (EDS).
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Fig. 2. (a) Transmittance vs. wavelength of as-deposited ZnAl,O,
thin films and (b) transmittance of thin films annealed at different
temperatures.
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Fig. 3. (a) Variations in wetting angle as a function of annealing
temperature. Insets showed the shapes of wetting angles with increasing
annealing temperature and (b) variations in excess surface area as a
function of annealing temperature. Insets revealed AFM 3D images
of samples annealed at 25 (no anneal), 200, and 300°C.
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Fig. 4. (a) Projected surface shapes with different roughness, (b)
high surface roughness, and (c) different wetting angle shapes
on different surface roughness.
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Fig. 5. AFM surface image of thin films annealed at (a) 200
and (b) 300°C. Insets revealed particle size distribution of the
thin films annealed at 200 and 300°C, respectively.
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Fig. 6. (a) Variations in wetting angle of the thin films annealed
under dry air and oxygen atmosphere with increasing exposure time
and (b) the split XPS spectra using XPS Ols levels in annealed
thin films under dry air.
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Fig. 7. Schematic diagram of the thin films with oxygen vacancy
(left), equipment of oxygen plasma treatment at 150°C (center),
and fully filled oxygen vacancy by oxygen treatment (right).
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Fig. 8. Variations in wetting angle measured as a function of exposure
time under ambient conditions using samples treated via oxygen plasma
and (b) the split XPS spectra of the XPS Ols levels using oxygen
plasma treated thin films.

4. 2 E

FEIE &3] 29 80 nm F49 zinc-aluminate

gfobg FAMste] £itE 90%9] Y wours g
AL PR AXY wge §stol 1119 A4
d 545 Foluisleh ¥t opuet Zetx=ors Fet
o8t AtaS JAsto, A WPoM FAL & 3l
€ Ax 332 anAor AAstAT ol2feh e
&otol weke 371 Bl =& Al Ax 3ol o7t
BEL das Astel AF2o] At m2t st
A FAIE . ol2igh Aike Tt €X21E F5td
AYe 24402 7 HLEg 4 Qo] ATEES]
mjdo] de} Zgd 4 9l

ORCID

Soon-Gil Yoon https://orcid.org/0000-0002-5404-9876

#ZAre| 2

This work was supported by a National Research
Foundation of Korea (NRF) grant funded by the Korean
government (MSIP) (No.NRF-2018R1A2A1A05018536).

REFERENCES

[1] M. W. Lee, M. Y. Lee, J. C. Choi, J. S. Park, and C. K.
Song, Org. Electron., 11, 854 (2010). [DOI: https://doi.org/
10.1016/j.0rgel.2010.01.028]

[2] J. S. Park, J. H. Park, and D. W. Lee, J Micromech.
Microeng., 28, 025004 (2018). [DOI: https://doi.org/10.1088/
1361-6439/aa9f04]

[3] A. Nakajima, J. Ceram. Soc. Jpn., 112, 533 (2004). [DOI:
https://doi.org/10.2109/jcersj.112.533]

[4] A. Nakajima, K. Abe, K. Hashimoto, and T. Watanabe, Thin
Solid Films, 376, 140 (2000). [DOI: https://doi.org/10.1016/
$0040-6090(00)01417-6]

[S] X. Hou, F. Zhou, B. Yu, and W. Liu, Mater. Sci. Eng. A, 452,
732 (2007). [DOI: https://doi.org/10.1016/j.msea.2006.11.057]

[6] H. J. Choi, S.V.N. Pammi, B. J. Park, J. H. Eom, H. An, H.
Y. Kim, M. Kim, D. Seol, Y. Kim, and S. G. Yoon, J.
Alloys Compd., 719, 271 (2017). [DOIL: https://doi.org/10.1016/
j-jallcom.2017.05.190]

[7] M. Takeuchi, Phys. Status Solidi (a), 55, 653 (1979). [DOI:
https://doi.org/10.1002/pssa.2210550237]

[8] H. Hu, H. F. Ji, and Y. Sun, Phys. Chem. Chem. Phys., 15
16557 (2013). [DOI: https://doi.org/10.1039/c3cp51848e]

[91 W. A. Zisman, Contact Angle, Wettability, and Adhesion, 43,
1 (1964). [DOI: https://doi.org/10.1021/ba-1964-0043.ch001]
[10] R. Forch, H. Schonherr, and A.T.A. Jenkins, Surface Design:
Applications in Bioscience and Nanotechnology (Wiley-VCH
Verlag GmbH & Co. KGaA, Weinheim, USA, 2009) p. 471.

[11] X. Zhang, J. Qin, Y. Xue, P. Yu, B. Zhang, L. Wang, and
R. Liu, Sci. Rep., 4, 4596 (2014). [DOI: https://doi.org/
10.1038/srep04596]

[12] X. Q. Meng, D. X. Zhao, J. Y. Zhang, D. Z. Shen, Y. M.
Lu, L. Dong, Z. Y. Xiao, Y. C. Liu, and X. W. Fan, Chem.
Phys. Lett., 413, 450 (2005). [DOI: https://doi.org/10.1016/
j-cplett.2005.08.039]




<<
  /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


