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MOTIVATION EXPERIMENTAL

For the design of high quality VCSEL Bragg reflectors the exact knowledge of Samples: Equipment used for optical measurement:
optical parameters of all layer materials is needed. ) 2 um thick GaSb layers have been prepared by MBE on FTIR reflectance at the angle of incidence of 10 deg,
]f\/"d""frf’red (MIR) optical spectra of Gasb are rather scarce, see data for undoped material collected GaSb:Te substrates from Wafer Technology Inc., having the Bruker IFS55 and IFS66 (vacuum), room
rom various sources [Handbook of optical constants of solids II, ed. by E.D. Palik, Academic Press R . .
(1991), p. 597], which have been complemented by the far-infrared reflectance studics [M. Patrini et Hall carrier concentration of (2.2 +0.2) -10'7 cm™ and mobility temperature; evaporated and sputtered gold as
al., Solid State Commun. 101, 93 (1997)], and by the near-bandgap (0.7-1 eV transmittance of (3300 + 300) em?V-'s!. The samples were grown by a reference.
measurements on Te-doped epitaxial layers for the carrier density below 10'* em [C. Ghezzi et al., Varian Gen-II solid state MBE machine at the Walter Schottky MIR ellipsometer attached to Bruker IFS55.
Semicond. Sci. Technol. 12, 858 (1997)]. There are no data available for heavily doped Institute. The growth temperature was 500°C and the growth NIR-VIS-UYV reflectance at the angle of incidence
GaSb:Te. rate 0.245 nm/s. Gallium telluride was used as a source to of 10 deg, Varian Cary, room temperature.
We have therefore studied a series of samples with the Te doping up to 4 -10'$ cm3, obtain the electrically effective doping levels of 5.0 -10'7, NIR-VIS-UV reflectance at the angle of incidence
aiming at the determination of optical constants and the identification of the main 1.0-10'8,2.5-10'8 and 4.0 -10'® cm. Concentration of free of 0 deg, Avantes AvaSpec-2048, room temperature;
contributions to their dispersion in the 3000-5000 cm™! range. In addition, the carriers and mobility were measured by van der Pauw/Hall silicon as reference.
knowledge of the optical functions enables us to determine film thickness. method on similar layers grown on SI GaAs.
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material. The decrease of the transmittance towards lower wavenumbers is due The decrease of the transmittance towards higher wavenumbers is due to with different doping - el]ipsometrical]y
to the presence offrcc.clcctron !)lasma and also of the broad absorpthn bz-md located at ~ the dll’?Cl gap located at = 5800 cm-!. Thc I'I’!SCI shows the imaginary par.t, k, of the measured. The Drude-like response of free-
~ 500 cm™! (see the ellipsometric measurements done on samples with higher refractive index. The nearly exponential tail extends to the photon energies at least B
5 . . . . . . . electron plasma dominates at the lowest
doping). The inset shows interference fringes for the thinnest sample on expanded 75 meV below the gap. The interference contrast observed for the 89 pm sample is .
o R, PR # e o . 3 . . wavenumbers, and provides the strongest
scale; since the absorption is fairly low, the periodicity of 14.7 cm! provides the smaller than that at the lower wavenumbers (see preceding figure), but still contribution to the dispersion in MIR
estimated value of the real part of refractive index n = 3.83 at 3000 wavenumbers. sufficient to obtain a reasonable estimate of the dispersion of n. pers :
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Effect of Te doping on the optical response of GaSb:Te Differentiated reflectance of the substrate and four epitaxial films with different doping. hift '%[h . ine dopine is clearl
is best seen in the FIR spectra: plasma of free carriers overlaps The optical contrast between the film and the substrate increases with doping due to the increase Blw Wl UISIEASIN ORI SRS L IEY
with the restrahlen band of the polar vibrations of the GaSb lattice of the spectral weight of free-electrons, and due to the Fermi energy penetrating deeper into the seen in the bandgap range, due to the
(TO frequency of 226.6 cm -!). Both free carriers and phonons conduction band. The substrate material is partly transparent in a broad range for the low level changes in occupation probability
cont.ribute to lowering of.' the refractive index in the MIR range. of do!)ing, even for the thi-ck slabs bearing the epilayers. Thus, the measu}’ed §ignals cu.nta-in with the Fermi energy penetrating
Oscillator strengths obtained from the Drude-Lorentz fit quantify contributions from reflections on the (rough) backside. Even small contributions are significant, d it (i e~ (F d L)
the effect. At lower doppings (< 1-10'8 cm?), the spectra are since the optical contrast between the substrate and epilayer is small and the patterns produced EEpEr 1n.0 Gcon u'c Ot
sensitive to the film thickness. by the coherent interference inside the epilayer are weak. The spurious contributions of the bands; this also contributes to the
backsides is essentially removed by the differentiation. dispersion.
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Reflectance at the bandgap range of GaSb:Te: Fermi energy Spectral dependence of refractive index of GaSb:Te for several free electron 110 1970 1950 +20
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Acknowledgements: The authors gratefully acknowledge the financial support by the European Union via NEMIS (contract FP6-2005-IST-5-031845) and by the project MSM0021622410 of the Ministry of Education of Czech Republic.




<<
  /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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


