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CORE EXCITONS IN THE III-VI LAYERED SEMICONDUCTORS

F.Antonangeli, N.Zema and M.Piacentini
Istituto di Struttura della Materia del CNR, 00044 Frascati, Italy

The problem of core excitons in semiconductors is not yet settled.
As well known, large binding energies, E_, (at least one order of magni-
tude larger than those of valence band excitons) are found for the core
excitons, usually by comparing the energy fiw of the first, sharp core
structure with the sum of the fundamental gapoenergy,E , and the binding
energy, E,, of the core level with respect to the tdp of the valence
bands: Eb= a%-(E +Ed)' Theories based on the effective mass approxiT§§ion
are not anF to "explain such large binding energies . Localized or
dynamical models, instead, seem to work better. The latter is capable
also to predict that the core exciton linewidth must be smaller than the
photoemission C?ﬁ% Tevel linewidth. In a previous research on the III-VI
layer compounds ', we have been puzzled by the fact that, in spite of
the strong similarity between their reflectivity spectra and all their
electronic properties, the binding energies of the core excitons associ-
ated with the Ga 3d transitions in GaS and GaSe (0.8%0.3 eV and 0.4%0.3
eV, respectively) changed significantly one from another and that the In
4d transitions in InSe did not have bound states. Thus we have measured
the reflectivity spectra of the mixed compounds GaS, Se and Ga, In Se
(0<x<1) in the energy region 17-25 eV, corresponding-%o the d exé?%ét%on
region, at several temperatures and with a resolution better than 15 meV.
We measured also the photoemission spectra of the same samples, cleaved
in ultrahigh vacuum, in order to determine with the same accuracy on all
compounds the binding energy E, of the Ga 3d and In 4d states. The meas-
urements were performed *using %he vacuum ultraviolet and the photoemis-
sion beam lines of the Italian synchrotron facility PULS at the Frascati
National Laboratories of the Istituto Nazionale di Fisica Nucleare.

From the photoemission spectra we found that the core level binding
energy does not change significantly (within 0.1 eV) with x. From the
reflectivity spectra, presented in Fig. 1, we could make several obser-
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vations:

a) The transition energy of the first doublet changes very Tittle with
x in the GaS Se compounds.

b) The Ga 3d and In 4d structures do not shift significantly in the
Ga1_XInXSe compounds.

¢) ATl " structures depend strongly on the temperature, showing a very
small energy shift, but a remarkable sharpening.
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From the above observations we conclude that the core excitons in
the III-VI Tlayered compounds are strongly localized, since they depend
very weakly on the local crystal field. The core-exciton phonon coupling
is also important in determining the Tlinewidth, and a comparison with
the photoemission linewidth of the core level should take into account
this effect (unfortunately, the available photoemission set-up does not
have enough resolution to allow a study of the phonon broadening of the
core level). Finally, in Fig. 2 we compare for all the compounds investi-
gated here several energies. The reference energy is taken at the top
of the valence band. The Ga 3d and In 4d binding energies are reported
in the Towest part of the figure. Starting from these levels we add the
energies of the first reflectivity structures in order to obtain the ener
gies of the final states of the core excitons. It is striking that these
energies do not change with the compounds or with the Ga 3d or In 4d ini-
tial states. Once more, we have a strong indication of the localized natu
re of the core excitons. In Fig. 2 we show also the energy of the bottom
of the conduction bands, the big shift of which is nesponsibﬂe for the
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variation of the binding energy of the core excitons. In particular, the
core exciton final states and the bottom of the conduction bands cross
each other around Ga. .In Se, indicating that going towards pure InSe
the core excitons form resonant states in the continuum of the conduction
bands. Thus, it is not clear the meaning of "binding energy" for such
localized excitons and any attempt of associating the core excitons with
particular minima of the conduction bands becomes meaninless.

References:

(1) G.Iadonisi and F.Bassani, Nuovo Cimento D3, 408 (1984),and references
therein.

(2) H.P.Hjalmarson, H.Buttner and J.D.Dow, Phys. Rev. B24, 6010 (1981).

(3) G.Strinati, Phys. Rev. Letters 49, 1519 (1982).

(4) M.Piacentini, C.G.0lson, A.Balzarotti, R.Girlanda, V.Grasso and E.Do-
ni, Nuovo Cimento BS54, 248 (1979).




<<
  /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
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


