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Abgract: Thermal and structural stability in the glass transition region of chalcogenide glasses has been investigated
in terms of thermodynamics for application to various optoelectronic devices. In this study, the compositions of
GeShoSesnx (x=10, 15, 20, 25, and 30) were selected to investigate the glass stability according to germanium
ratios. The chalcogenide bulks were fabricated by using a traditiona melt-quenching method. Thin films were
deposited by a thermal evaporation system, maintaining the deposition ratio of 3~5 A in order to have uniformity.
The therma and structural properties were measured by a differentiad scanning caorimeter (DSC) and X-ray
diffraction (XRD). The DSC analysis provided thermal parameters and theoretical glass region stabilities. The XRD
analysis supported the theoretical stabilities because of where the crystalization peak data occurred.
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Fig. 1. The DSC graph of GeSbxSes« (x=10, 15, 20, 25, and
30) chalcogenide bulks when the heating rate is 5°C/min. Until
the germanium content is 25 at%, the data shows the genera
glass-crystal property well. However once the Ge content over
25 at%, this GeSbSe bulk loss the glass property.
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Fig. 2. DSC data according to GejoShxSer chalcogenide glasses
in the each heating rate 5, 10, 15, and 20°C/min. The more the
heating rate is incressing, the more Ty and T, are increased
proportionally.

Table 1. The phase transition temperatures of chalcogenide glasses according to the each compositions and heating rates.

Ge at% Heating rate [ C/min] Ty [C] Ty [C] Te peak, T, [C] TpTg [C]
5 162.90 172.50 294.75 131.85
x=10 10 167.83 175.83 305.21 137.88
15 170.25 180.25 311.30 141.05
20 171.60 181.66 318.60 147.00
5 229.87 232.58 367.49 134.91
«=15 10 230.41 236.67 379.50 142.83
15 230.75 238.25 386.18 147.93
20 233.05 242.35 394.97 152.62
5 254.68 258.25 388.18 133.45
%=20 10 257.47 263.33 399.59 142.12
15 259.96 269.00 404.18 144.22
20 260.57 271.33 406.66 146.09
5 258.56 263.50 326.24 67.68
=05 10 262.72 269.33 332.65 69.93
15 264.25 272.25 334.36 70.11
20 266.72 275.33 337.03 70.31
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Fig. 3. Plot of Ty versus Ing. It means that the increasing glass
transition temperature have the linear relationship between the
heating rate.
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Fig. 4. Plot of Kissinger equation according to the glass transition

activation energies. The slope of In(4/Ty?) versus 1000/Ty, was
associated with the glass transition activation energy.
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Fig. 5. Plots of (a) the Kissinger equation according to
crystallization activation energy and (b) Augis-bennett model.
The slopes lead to the value of crystallization activation energy.
Especialy, in the case of (b), the frequency factor, Ko can be
obtained by the value of y-intercepts.
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Table 2. The values of transition activation energies of chalcogenide ~ 0]9] go]3t, = WHAj2 ZAXstof thst AT TH- o
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Fig. 6. The XRD data according to (2) GeoSxSern, (b) GesShnSess, (€) GexnShnSesn, and (d) GexsSnSess chalcogenide glasses thin films.



a4 62 ZF 2o et edEe dA
XRD dataS Uerdct 1 6(a)9] B&

HoA] ¥faf A g7} =2
Al B]73A 2 FOoPhe L}E
DSC Zatect g4 @2 2=ox 4
ojXB H& = ]

7F o=
A FHIE HolA|Th duidier e AR &/de) oy
Rlof| oJsff HF@Aoz AXS} E|o] F2 intensity] A
e} m350] FAEHATL =5 4 ot 2™ 6(d)of]
Sg5t= GeysSbyeSess= ACN (average coordination
number) 2 RS A] 2.79] siE3itt ACN=2.675F
cross-link site?7} soju 12" o2 2D—3D network
2 ol ol el v e [13.14), 0l9] wie}
A, $2A 549 el doldg DSC, XRD Zut
oAM= & 4 QAT DSCH éﬁi} 2E80 H
2z oA Ast &t I 37 Bol= B 2o v]s|
6(c)oll sl gst= GeSbaoSesy 2739 Z I AL}o]
390°C7HR] BAl2] o= Fstal A7et HA|
Hojd Fefedd= Bt
SOl A= GeyoSbzoSess 2739

o A
g4e o 4 Ao

[ A A n
r\o rr oot rlo
ol

2 |n
A

012 §3l XRD A}
{2l ol 1

b

i) rulm

4. 2 E
Ge,SbaoSeso« (x=10, 15, 20, 25, 30) ZFA}ol=
welo] dEAE A7 OE 52 £58 &5 AlYst
At Ge dfol S/t 45 fFelAlol2 = 1o Hl3
steiAl S7tstolnt. 29t 3%, Ge gdol 20
at%7A]= —7}6}Ur7} 25 at% o]Zoj|H = @A@}h 7

=

d

Kissinger
equationi} Augis-Bennett modelS s AF¥igh &4
3t oUAlE =&oktt. 1 Zat Hold 72 A8 Y
2 AR Ak Felidolgte] gol/do] n&
FE= R4S GepSbySeq] T}, o] AuE A4t
2 AdYshr] flofl EAle]d vtak A|l2§ XRD &4
ol tEREAS AlEsIT. 1 Ax; AR S

fr oo Lok

209

o0, o]5 Foll GeySbypSesnd Z/JolA 7t
2 7He 285 EEsIT

= 2w =

A8](AH $:2015-0481)

REFERENCES

[1] K. B. Song, S. S. Lee, M. A. Cheong, and S. W. Sohn,
Electron. Telecommun. Trends, 23, 89 (2008).

[2] D. H. Cha, H. J. Kim, H. S. Park, Y. Hwang, J. H. Kim,
J. H. Hong, and K. S. Lee, Appl. Opt., 49, 1609 (2010).
[3] D. H. Cha, J H. Kim, and H. J Kim, J. Korean Inst.

Electr. Electron. Mater. Eng., 27, 91 (2014).

[4] D. S. Bae, J B. Yeo, and H. Y. Lee, J. Korean Phys.
Soc., 68, 1610 (2013). [DOI: https://doi.org/10.3938/jkps.62.
1610]

[5] H. S. Park, D. H. Cha, H. J. Kim, J. H. Kim, and H. Y.
Lee, J. Korean Inst. Electr. Electron. Mater. Eng., 22, 204
(2009).

[6] M. Lasocka, Mater. Sci. Eng., 23, 173 (1976).
https://doi.org/10.1016/0025-5416(76)90189-0]

[71 H. E. Kissinger, Anal. Chem. 29, 1702 (1957).
https://doi.org/10.1021/ac60131a045]

[8] J A. Augis and J. E. Bennett, J. Therm. Anal., 13, 283
(1978). [DOI: https://doi.org/10.1007/BF01912301]

[9] S. Sharda, N. Sharma, P. Sharma, and V. Sharma, J.
Therm. Anal. Calorim, 115, 361 (2014). [DOI:
https://doi.org/10.1007/s10973-013-3200-6]

[10] N. Tanwar and V. K. Saraswat, J. Non-Cryst. Solids, 394,
1 (2014). [DOI: https://doi.org/10.1016/j.jnoncrysol. 2014.03.
029]

[11] A. A. Al-Ghamdi,
Compd., 509, 2087 (2011).
j.jallcom.2010.10.145]

[12] M. Muiva, T. Stephan, and M. Jdulius, J. Non-Cryst.
Solids, 357, 3726 (2011). [DOI: http://dx.doi.org/10.1016/
j.jnoncrysol.2011.07.033]

[13] K. Tanaka, Phys. Rev. B, 39, 1270 (1989).
https://doi.org/10.1103/PhysRevB.39.1270]

[14] A. K. Varshneya and D. J. Mauro, J. Non-Cryst. Solids,
353, 1291 (2007). [DOI: https://doi.org/10.1016/j.jnoncrysol.
2006.10.072]

[DOI:

[DOI:

M. A. Alvi, and S. A. Khan, J. Alloy
[DOI: https://doi.org/10.1016/

[DOI:




<<
  /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


