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Phase change optical recording is a challenging technology for data storage that is used for CD and DVD
rewritable discs. It is based on localized laser induced heating of a thin layer to cause a phase transition
from the  crystalline to amorphous state. This transformation results in optical reflectance differences. Cur-
rently phase change rewritable optical discs are mainly based on two families of phase change materials.
Pseudo-binary alloys based on GeTe-Sb2Te3 (here referred to as GeSbTe) or quaternary AgInSbTe alloys.
The choice of material is governed by the specific requirements of the application. 
An accurate measurement of the thickness and optical constants of the multilayer system is important be-
cause mechanical, optical and thermal characteristics are influenced by the entire layer structure. Spec-
troscopic ellipsometry allows the simultaneous determination of these properties quickly and with high
accuracy.  

GeSbTe material

GeSbTe, or Germanium-Antimony-Tellurium, is a phase
change material from the group of chalcogenide glasses
used in rewritable optical discs and phase-change mem-
ory applications. It is a ternary compound of germanium,
antimony, and tellurium, with composition GeTe-Sb2Te3. 
Its recrystallization time is around 20 nanoseconds, allow-
ing writing bitrates of up to 35 Mbit/s, and direct over-
write capability up to 105 cycles. During writing, the
material is first erased by conversion to its crystalline state
by heating it to its crystallization temperature using rela-
tively long, low intensity laser irradiation. After this infor-
mation is written onto the crystalline phase by heating
with short (<10 ns), high-intensity laser pulses. The mate-
rial locally melts and is quickly cooled, remaining in the
amorphous phase. As the amorphous phase has lower
reflectivity than the crystalline phase, the bitstream can be
recorded as «dark» amorphous spots on the crystalline
background. 

Experimental

The work was performed using a UVISEL NIR Spectro-
scopic Phase Modulated Ellipsometer. The ellipsometric
measurements were made at an angle of incidence of 75°
across the spectral range 0.65-6.5 eV (190 – 1907 nm). 
The analysis was carried out in the restricted spectral
range 0.65-3 eV. The NIR range is especially useful for
this type of analysis as it contains the most precise infor-
mation for characterizing the GeSbTe material.
Five different samples with increasing thicknesses of
GeSbTe were characterized. The samples are composed
of the phase-change layer containing a GeSbTe alloy de-
posited onto a dielectric layer of SiO2, the substrate is c-Si.

It is important to notice that the dielectric layer was de-
posited on both sides of the substrate. As the measure-
ment was performed in the NIR range, it is necessary to
take into account the back SiO2 layer in the model be-
cause in this range the c-Si is transparent and conse-
quently the backside reflections were collected during the
experimental measurement.   

Analysis of the experimental spectra

The NIR range is sensitive to the presence of the back
coating of SiO2.
Sample 1 exhibits interference fringes in the visible as it
has the thinnest GeSbTe thickness. These fringes are
due to the SiO2 layer. 
Samples 2 to 5 exhibit the same experimental data in
the visible and FUV range. Therefore we can conclude
that the NIR range contains the most important infor-
mation to analyze the different GeSbTe structures.

Experimental data of the 5 GeSbTe samples
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Characterization of the multilayer system

• Analysis of 5 samples

The model below has been used to fit perfectly the five
samples from 0.65 to 3.0 eV. Note that the model in-
cludes a rough overlayer on top for the samples 3 to 5.
The rough overlayer is modeled by a mixture of 50% void
+ 50% GeSbTe using the effective medium model ap-
proximation. 

The Tauc Lorentz oscillator formula was used to model the
optical constants of the GeSbTe layer.
The varying parameters during the fitting process were the
GeSbTe film thickness and optical constants. The χ² rep-
resents the goodness of fit parameters.
The table below summarizes the results obtained by spec-
troscopic ellipsometry analysis for the five samples.

• Multiple sample analysis

These five samples include the same GeSbTe layer and
optical constants, but have different thicknesses. As a re-
sult the analysis of all samples may be performed simulta-
neously using the same GeSbTe optical constants coupled
across the five models.
The report below presents the analysis results for the five
models (called M1 to M5). One set of optical constants
has been determined in addition to the thickness of each
film.
As expected the uncertainty between the analyses is found
to be larger for the first two samples. The multiple sample
analysis has the advantage of reducing the parameter cor-
relations and error bars, especially for samples 1 and 2.

Conclusion

Spectroscopic ellipsometry is a powerful technique for
high accuracy characterization of the thickness and opti-
cal constants of GeSbTe multilayer systems for rewritable
optical disc applications.
It was shown that measurement in the NIR range gives
better accuracy for the analysis of these types of material.
The use of the multiple sample analysis reduces parame-
ter correlations and errors for the thinnest layers.
Owing to the advanced modelling features included in
the DeltaPsi2 software, it is a straightforward procedure to
analyze such structures even with layers deposited on
both sides of the substrate. 

            GeSbTe                ∼ 70<d<1450 Å

Roughness              ∼ 50 Å 
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Optical constants of GeSbTe - sample 4
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χ2 = 0.925213
M1 - L4 Thickness [Å] =   80.451 ± 0.518
M2 - L4 Thickness [Å] =  292.929 ± 1.864
M3 - L4 Thickness [Å] =  482.184 ± 3.541
M3 - L5 Thickness [Å] =   19.697 ± 1.141
M4 - L4 Thickness [Å] =  966.349 ± 4.620
M4 - L5 Thickness [Å] =   27.001 ± 1.069
M5 - L4 Thickness [Å] = 1443.513 ± 4.736
M5 - L5 Thickness [Å] =   33.975 ± 0.874
GST-1_tl  Eg=   0.4769404 ± 0.0034467
GST-1_tl  ε∞ =    2.0008680 ± 0.0854438
GST-1_tl  A =  159.4244000 ± 1.6960020
GST-1_tl  E0 =    1.5492960 ± 0.0069694
GST-1_tl  C =    2.2299040 ± 0.0095840

SE19

Th
is 

do
cu

me
nt 

is 
no

t c
on

tra
ctu

all
y b

ind
ing

 un
de

r a
ny

 ci
rcu

ms
tan

ces
 - 

Pri
nte

d i
n F

ran
ce 

- 1
1/

20
06



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /courier
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


