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Abstract The magneto-transport properties of an individual single crystalline Bi nanowire grown by a
spontaneous growth method are reported. A four-terminal device based on an individual 400-nm-diameter
nanowire was successfully fabricated using a plasma etching technique that removed an oxide layer that had
formed on the surface of the nanowire. Large transverse ordinary magnetoresistance (1401%) and negative
longitudinal ordinary magnetoresistance (—38%) were measured at 2 K. It was observed that the period of

Shubnikov-de Haas oscillations in transverse geometry was 0.074 T, 0.16 T and 0.77™

! which is in good

agreement with those of bulk Bi. However, it was found that the period of SdH oscillation in longitudinal
geometry is 0.24 T, which is larger than the value of 0.16 ™ reported for bulk Bi. The deviation is attributable
to the spatial confinement arising from scattering at the nanowire surface boundary.
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Fig. 1. Scanning electron microscopy (SEM) image of a four-
terminal device based on an individual single-crystalline Bi
nanowire.
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Fig. 2. Ordinary magnetoresistance (OMR) of a 400-nm-

diameter single-crystalline Bi nanowire for the (a) transverse
and (b) longitudinal geometries at 2 K.
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Fig. 3. Shubnikov-de Haas (SdH) oscillations, displayed as
MR (measured)-MR(fitted), versus magnetic field H in the (a)
transverse and (b) longitudinal geometries at 2 K.
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Fig. 4. Shubnikov-de Haas (SdH) oscillations versus inverse
magnetic field 1/H in the (a) transverse (b) longitudinal
geometries at 2K with the order indicated.

Table 1. Shubnikov-de Haas oscillation periods of an
individual single-crystalline Bi nanowire and single-crystalline
bulk Bi for the transverse and longitudinal geometries

Period Bulk (T ™) NW (T
A(I/HYTh 0.08 0.074
A(1/H)T,el 0.16 0.16
A/H)T,e2 0.84 0.77
A(I/H)L 0.16 0.24

~

Z

*

3 ow 2l o] Aol EAT Ag- ol 1
zyzke] F717F spetER] ¢k7] el ol ©AA U
Ao &gk ZA7F Bk

I Table 12 3 SdH JFoA dojx F7]&
W9l & o2 Ho|x Yt} ¥ Biol A4S 016 T
o] 715 7ol Hlste] Bi UeAe 024 T'e] B
We 7Y Aol FUge whet 39 Ao =
o}V ol Yol e g 4 a3 uiE
off WA= v WA 9] HAte] Yjlo® B
ol thFst 217 9) vl gt FEATE Foke] g
o1 £ e Ao dAadn

Morlo X
N

IN
[N
rhu

2 dves 455y Aoz AAAz 2474 Bi
Y=X9] Shubnikov-de Haas (SdH) FFof th3}
Abelch Bi vl gH el #1d AbslEg Z8)

ofr =
f

BN e
[N

v}

AyHoz At o] @Y Y oA 4
Z2AS Eale] 09T, 2KoA YA £7 2
W e R 2SS W 2t 1401% 2
—38%2<] A7 271 AFH(OMR)E &
271 AR REE £F, % SdH 5S &2l
zro] 715 ®siith. 2 4 SdH WEe] F7]
H

& F719 45 R F71HG A6 Ap1ge] St
Foll wet Fadhe A4S Ueblled ole Uxdl &
Rl A A she dApbste] fQoR Holg & A
e @24 Bi @Y thedolx Hxe SdH IE
dFarglon, & H749 Bi U=A1(400 nm) Yoll=

T AR A ] ymAlnte] e 33 4
H7h G2 AE Al viAle 9 AT

#HAtel 2

e
-

AT ARIARIE A7 7RI (M2007010006),
2007A% AHAL @S AT SAT2gAKH)
F A HKRF-2007-314-C00107), EA71Z2AFAK]

(R01-2005-000-10711-0)¢] Aol oJ3] A=A+

m
o

=}

1. J. Heremans, C. M. Thrush, Y. Lin, S. Cronin, Z. Zhang,
M. S. Dresselhaus and J. F. Mansfield, Phys. Rev., B61,
2921 (2000).

2. Z. Zhang, X. Sun, M. S. Dresselhaus, J. Y. Ying and J.
Heremans, Phys. Rev., B61, 4850 (2000).

3. F. Y. Yang, K. Liu, K. Hong, D. H. Reich, P. C. Searson
and C. L. Chien, Science., 284, 1335 (1999).

4. F. Y. Yang, K. Liu, K. Hong, D. H. Reich, P. C. Searson,
C. L. Chien, Y. Leprince-Wang, K. Yu-Zhang and K. Han,
Phy. Rev., B61, 6631 (2000).

5. Y. M. Lin, X. Sun and M. S. Dresselhaus, Phys. Rev., B62,
4610 (2000).

6. W. Shim, D. Kim, K. Lee, K. J. Jeon, W. Lee, J. Chang,
S. Han, W. Y. Jeung and M. Johnson, J. Kor. Mag. Soc.,
17, 166 (2007).

7. K. Liu, C. L. Chien, P. C. Searson and K. Y. Zhang, Appl.
Phys. Lett., 73, 1436 (1998).

8. K. Liu, C. L. Chien and P. C. Searson, Phys. Rev., B58,
R14681 (1993).

9. J. M. Ziman, Principles of the Theory of Solids (Cambridge
University Press, New York, 1964).

10. J. S. Dhillon and D. Shoenberg, Philos. Trans. R. Soc.
London., 248, 1 (1955).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.02000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 150
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


