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Coulomb blockade in a quantum dot
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Current-voltage characteristics of a quantum dot
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Coulomb blockade — discrete levels
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Nanotube types




Inorganic nanotubes
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Aharonov-Bohm effect and persistent currents
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Persistent currents in mesoscopic rings




Persistent currents in mesoscopic rings




Persistent currents in mesoscopic rings




Persistent currents in mesoscopic rings




Carbon nanotubes — dispersion relation
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Orbital magnetic moment of an electron




Orbital magnetic moment of an electron
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Orbital magnetic moment of an electron
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Magnetic moment in a single-wall nanotube
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(In?)dependence of the magnetic moment of the CN radius

e (57,0
e (58,0)
(105,0)
(106,0)
% (210,0) |
X (211,0) |ssemo
(420,00 [

<
©
.
N
~
om
=
e
—
o)
<
<
=
c
=
S
o
Q
2
(=]
=

+ +

+
+ ++o°o

scaled amplitude of u_, /L

30 40
radius of the nanotube [A]




Orbital magnetic moment and the Fermi surface




Lowered chemical potential
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Nanotube: isolated or in a circuit
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Weak doping: constant p or constant N,
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Weak doping: (u>-0.37)

~armchair ~zigzag




Special case: pu>-vy
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Special case: pu>-vy
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Dependence of the magnetic moment on temperature

nearly armchair, (38,36)




Dependence on radius of y,,, in doped nanotubes
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Electron-hole symmetry




Electron-hole symmetry, an experiment
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V(mv)
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V (mV)
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Each conduction line for electrons corresponds to its
analogue for holes.

Full symmetry of the Coulomb blockade pattern.



Strong doping

Metallic nanotubes




Strong doping

Semiconducting CN




Weak magnetic fields - armchair
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Weak magnetic fields - chiral
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Weak magnetic fields - zigzags
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Orbital magnetic moment for B < 20T
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Carbon nanotubes — asymmetric dispersion relation




Asymmetric dispersion,
orbital magnetic moment for hole- and electron doping
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Difference between hole and electron magnetic moments
for nanotubes from the Jarillo-Herrero experiment,
R=2.6nm, 35 holes to 35 excess electrons




Asymmetric dispersion,
orbital magnetic moment for B < 20T
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Aharonov-Bohm effect in multiwall nanotubes
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Aharonova-Bohm effect in multiwall nanotubes

:
el
5
i
>

Magnetic Flux ($g)




Regensburg, 20.07.2005

Possible shell chiralities may be
found from the restriction on the
Intershell distance — it should be
the same as in the turbostratic
graphite, 3.4A.
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Optimal nanotube shell chiralities

mnner
shell

configuration
type

outer zigzag or
armchair parameters

inter-shell
distance

zigzag (m1,0)

]

zigzag-zigzag

zigzag-chiral-zigzag

(m1+ 8, 0)
(m1+9, 0)
(m1 + 17, 0)
(ma + 18. 0)

3.13 A
3.52 A
3.32 A

@g—chiral—chiral—zigzag

(mi + 26, 0)

(1M1 —I—T,O)

armchair (m1, mA

, . .
larmchair, armchair

(m1+ 5, m1 +5)

armchair

zigzag




Multiwall nanotubes — magnetic moment




Trapped and spontaneous flux

M. Stebelski, M.S., E.Z., Z.Phys B 103 (1997) 79
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Spontaneous currents in multiwall nanotubes

00x18' | g8 —o——=

: 2= = : : -2

.0x10°  2.5x10 5-49);13 7.5x10° 1.0x10 -0.002 0.000 0.002 0.004 0.006 0.008 0.010
th Yo

t 0




Conclusions

a change of the nanotube’s
conduction type

Only two types of u(¢) dependence




Conclusions, continued

strong enhancement of the
nanotube’s magnetic response

Electron-hole symmetry at small p
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Czy to sie moze udac?

lewarek- . .
O

,olngle spin detection by magnetic resonance force
microscopy”, D. Rugar et al., Nature 430 (2004) 329




<<
  /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
  /SyntheticBoldness 1.00
  /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


