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Abstract. The geometric dructures for ferromagnetic Zn,.Cr,Te films grown by molecular beam epitaxy were
investigated by fluorescence XAFS measurements in order to elucidate the relationship between the geometric structure
and the magnetic properties. XAFS analysis suggested that the majority of Cr atoms doped in CrTe substituted the Zn-
site in the ZnTe lattice below the Cr content x = 0.048, and formed Cr-Te compounds such as Cr,Te; and CrTe above x
= 0.090. It is suggested that ferromagnetism of the Zn,.,Cr,Te films above x = 0.090 is due to the formation of Cr-Te

compounds.
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INTRODUCTION

For the last decade, diluted magnetic
semiconductors (DMS's), which combine
semiconductors and magnetism, have been extensively
studied from the perspective of using spin degrees of
freedom in semiconductor devices [1]. Recently,
ferromagnetic behaviors were observed in Zn,,Cr,Te
with Cr contents x reaching a few percent [2], and then
the room-temperature ferromagnetism was reported in
Zn;,CrTeinx = 0.20 [3]. However, the origin of the
ferromagnetic transition in highly Cr-doped ZnTe is
not yet fully understood.

In the present work, (Zn,Cr)Te films grown by
molecular-beam epitaxy (MBE) were investigated by
fluorescence x-ray absorption fine structure (XAFS)
measurements using synchrotron radiation in order to

elucidate the relationship between the local structures
around the Cr atoms and the magnetic properties.

EXPERIMENTAL

The (Zn,Cr)Te films were grown by the
conventional MBE. Details of the growth process
were described previously [4]. A ZnTe buffer layer
was grown on a GaAs(001) substrate and then a
(Zn,Cr)Te layer with a thickness about 300 nm was
grown on this buffer layer. The features of the
samples are summarized in Table 1. The Cr
composition was measured by electron probe
microanalyzer (EPMA). Magnetic properties was
investigated by superconducting quantum interference
device (SQUID).

The EXAFS measurements were performed at the

TABLE 1. List of Zny,Cr,Te films used in this study with Cr concentration, Curie temperature, and results of XRD. [Cr]

were determined by EPMA.
Samples Cr content Curietemperature XRD measurements
1 X [%] 1 Tc[K]
#A 0.009 5 (Zn,CnTe
#B 0.048 30 (Zn,CnTe
#C 0.090 125 (ZnCr)Te
#D 0.173 275 (Zn,Cr)Te
HE 0.414 318 (ZnCnTe

and Cr,Te; (or CrTe)
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FIGURE 1. Cr K-edge EXAFS oscillation functions

k% (k) spectra for () Zny.,Cr,Te films and Cr,Te; powder,
(b) theoretical EXAFS spectrum for the substitutional Cr
atom on the Zn-site in the ZnTe lattice. The Debye-Waller
factor was assumed as 0.05 A for the bond length below
4.0 A and 0.075 A for the bond length above 4.0 A. The
theoretical EXAFS spectrum was generated by FEFFS.

beam line BL12C at the Photon Factory in Tsukuba
with a Si(111) double crystal monochromator and a
bent cylindrical mirror using synchrotron radiation
from the 2.5 GeV storage ring [5]. The EXAFS
spectra were measured in the fluorescence-detection
mode. The intensity of the incident X-ray beam was
monitored by a nitrogen-filled ionization chamber,
while the X-ray fluorescence signal was detected by an
array of 19 elements of Ge solid state detectors.  All
the XAFS measurements were performed at 70 K in
order to reduce thermal vibration.

RESULTSAND DISCUSSION

Figure 1 shows the Cr K-edge Ky(k) EXAFS
spectra for the Zn,.,Cr,Te samples and Cr,Te; powder.
It is found that the amplitudes of the EXAFS spectra
decrease with increasing Cr content of the Zn,Cr,Te
samples, while the periods of the EXAFS spectra are
amost the same. Figure 2 shows the Fourier
transformed Cr K-edge EXAFS spectra for the
Zn.,Cr,Te samples and Cr,Te; powder. For al the
samples, striking main peaks were observed at 2.5 A.
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FIGURE 2. Fourier transform of Cr K-edge EXAFS
oscillation functions k2 x(k) spectrafor (a) Zn,..Cr,Te films
and Cr,Te; powder, (b) theoretical EXAFS spectrum for
the subgtitutional Cr atom on the Zn-site in the ZnTe
lattice. The Fourier transformation was performed in the k
range of 3.0 — 13.0 A, The Debye-Waller factor was
assumed as 0.05 A for the bond length below 4.0 A and
0.075 A for the bond length above 4.0 A. The theoretical
EXAFS spectrawere generated by FEFFS.

The height of the main peaks decreases with
increasing Cr content. Shift of the main peaks is not
observed for each sample. The feature of the main
peaks in the Cr,Te; powder resembles that of the
substitutional model in Fig. 2(b). Thus, it is difficult
to deduce whether the Zn,,Cr,Te samples form the
substitutional structure or Cr,Tes from Fig. 2.

In order to get the details of the measured EXAFS
spectra, parameter fitting was conducted with the
theoretically generated spectra. The curve-fitting was
carried out with theoretically calculated spectra using
FEFF8 [6]. Figure 3 shows structural parameters
which were obtained by the curvefitting. For the
Zny.Cr,Te samples except #E, substitutional model
was fitted best. Obtained coordination numbers are
close to 4, which coincides with that for the
subgtitutional model. Thus, it is expected that the
majority of Cr atoms doped in the samples below the
Cr content x = 0.173 subgtitute in the Zn-site in the
ZnTe lattice. However, it is found that for the Cr,Te;
powder the subgtitutional model is also fitted well,
athough Cr,Tes forms a Cr,Stype structure.
Therefore, it is difficult to distinguish between the
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FIGURE 3. Variation of the bond length (rc.te),

coordination number (N+t.), Debye-Waller factor (ocrte),

and R-factor versus Cr content (x). F-factor is the

discrepancy index defined as
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the experimental and theoretical EXAFS, respectively.

, Where Y& and J7 are

subgtitutional and Cr,S-type structure by EXAFS
analysis.

Figure 4 represents Cr K-edge XANES spectra for
Zny,CryTe films and Cr,Te; powder. Compared to
each spectrum, it is found that the spectral features are
divided into two types. For the samples #A and #B,
the small ridges indicated by allow were observed at
6.000 keV. On the other hand, for the samples #C, #D,
and #E, no ridge was observed at 6.000 keV, which
resembles that for the Cr,Te; powder. The XRD
results showed that the sample #E contained Cr,Te;
and/or CrTe compounds. Thus, it is expected that the
samples #C, #D adso contain the Cr-Te compounds
such as Cr,Te; and CrTe, athough for the samples #C
and #D Cr-Te compounds were not observed by XRD.

The XAFS results suggest that for the samples
below a Cr content of x = 0.048 the mgjority of Cr
atoms subdtituted in the Zn-site of the ZnTe lattice,
and for the samples above x = 0.090 the Cr atoms
forms Cr-Te compounds. Cr,Te; and CrpggTe show
ferromagnetism with Tc = 322 K and 354 K,
respectively [7,8]. Thus, it is suggested that the
ferromagnetism for the samples above x = 0.090 is due
to the formation of Cr-Te compounds.
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FIGURE 4. Cr K-edge XANES spectra for Zn,,Cr,Te
films and Cr,Te; powder.

ACKNOWLEDGMENTS

XAFS studies were performed as part of a project
(Project No. 2005G181) accepted by the Photon
Factory Program Advisory Committee.

REFERENCES

H. Ohno, Science 281, 951-956 (1998).

H. Saito, V. Zayets, S. Tamagata, and K. Ando, Phys.

Rev. B 66, 1-4(0811201(R)) (2002).

3. H. Saito V. Zayerts, S. Yamagata, and K. Ando, Phys.
Rev. Lett. 90, 1-4 (207202) (2003).

4. S. Kuroda, N. Ozaki, N. Nishizawa, T. Kumekawa, S.
Marcet and K. Takita, Sci. Tech. Adv. Mater. 6, 558-564
(2005).

5. M. Nomuraand A. Koyama, KEK Report 95-15 (1996).

6. A.L.Ankudinov, and J. J. Rehr, Phys. Rev. B 65, 1-
11(104107) (2002)

7. G. Peix, D. Babot and M. Chevreton, J. Sol. Sat. Chem.
36, 161-170 (1981).

8. S. Ohta, S. Kurosawa, and S. Anzai, J. Phys. Soc. Jpn. 51,

1386-1393 (1981).

NP




<<
  /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 /Warning
  /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 (None)
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


