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Fig. 1. The atomic structure of Bi,Te; with five atomsin its hexagonal
unit cell with the in-plane and the perpendicular lattice costant, a and

C, respectively.
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Table I. Comparison of the experimental and the calculated in-plane(a) and perpendicular(c) lattice constants in a.u. within the local density
approximation and the generalized gradient approximation, with and without spin-orbit coupling interactions for the valence electrons.

LDA GGA i
- Experiment [13]
Without SOC With SOC Without SOC With SOC
a (au) 8.09 811 8.27 8.33 8.29
c (au.) 57.42 57.81 58.77 59.12 57.63

Table Il. Caculated bulk modulus B in GPain LDA, with and without SOC, when the volume is fixed to the experimental value, Ve, or the
theoretically optimized value, Vy, in LDA. Experimental values as well as other calculational results are a'so given for the comparison. Results
of two different fittings for total energy curve, which are the Murnaghan [19, 20] and the quadratic fittings, are given by By, and B,
respectively.

LDA with SOC LDA w/o SOC LDA with SOC LDA with/o SOC Experiment Other calculations
(Ve) (Veg) (Vopt) (Vopt) [21] [21]
Buur (GPa) 35.9 370 375 41.7 395 344, 373
Bor (GPa) 355 36.3 35.7 375
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Spin-orbit Coupling Effect on the Sructural Optimization;
Bismuth Telluride in First-principles

Tran Van Quang
Dept. of Physics, Ajou University, Suwon 443-749, Korea

Miyoung Kim*
Dept. of Nano Physics, Sookmyung Wbmen's University, Seoul 140-742, Korea

(Received 21 November 2012, Received in fina form 5 February 2013, Accepted 5 February 2013)

Spin-orbit coupling (SOC) effect is known to be the physicd origin for various exotic magnetic phenomena in the low-dimensiond
systems. Recently, SOC also draws lots of attention in the study on magnetically doped thermoelectric aloys to determine their
properties as the thermoelectric application as well as the topological insulator via the exact electronic structures determination near
the Fermi level. In this research, aming to investigate the spin-orbit coupling effect on the structura properties such as the lattice
constants and the bulk modulus of the most widely investigated thermoelectric host material, Bi,Tes, we carried out the first-principles
eectronic structure calculation using the al-electron FLAPW (full-potentia linearized augmented plane-wave) method. Employing
both the local density approximation (LDA) and the generdlized gradient approximation (GGA), the structura optimization is
achieved by varying the in-plane lattice constant fixing the perpendicular lattice constant and vice versa, to find that the SOC effect
increases the equilibrium lattices dightly in both directions while it markedly reduces the bulk modulus value implying the strong
orientational dependence, which are attributed to the materia’s intrinsic structura anisotropy.

Keywords : spin-orbit coupling effect, thermoelectric, electronic structure calculation

o2




<<
  /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
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


