
Contents

Preface to Progress in Nano Electro-Optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Preface to Volume VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

List of Contributors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

1 Optical Interaction of Light with Semiconductor Quantum Confined
States at the Nanoscale
T. Saiki . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Near-Field Scanning Optical Microscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2.1 General Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2.2 Aperture–NSOM Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.3 Spatial Resolution of NSOM Studied by Single Molecule Imaging . . . . . . 5
1.3.1 Single-Molecule Imaging with Aperture Probes . . . . . . . . . . . . . . . . . 6
1.3.2 Numerical Simulation of NSOM Resolution . . . . . . . . . . . . . . . . . . . . 8

1.4 Single Quantum Dot Spectroscopy and Imaging . . . . . . . . . . . . . . . . . . . . . . 11
1.5 NSOM Spectroscopy of Single Quantum Dots . . . . . . . . . . . . . . . . . . . . . . . 13

1.5.1 Type II Quantum Dot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
1.5.2 NSOM Spectroscopy of Single GaSb QDs . . . . . . . . . . . . . . . . . . . . . . 13

1.6 Real-Space Mapping of Electron Wavefunction . . . . . . . . . . . . . . . . . . . . . . . 18
1.6.1 Light–Matter Interaction at the Nanoscale . . . . . . . . . . . . . . . . . . . . . . 18
1.6.2 Interface Fluctuation QD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
1.6.3 Real-Space Mapping of Exciton Wavefunction Confined in a QD . . . 22

1.7 Real-Space Mapping of Local Density of States . . . . . . . . . . . . . . . . . . . . . . 25
1.7.1 Field-Induced Quantum Dot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
1.7.2 Mapping of Local Density of States in a Field Induces QD . . . . . . . . 28

1.8 Carrier Localization in Cluster States in GaNAs . . . . . . . . . . . . . . . . . . . . . . 31



x Contents

1.8.1 Dilute Nitride Semiconductors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
1.8.2 Imaging Spectroscopy of Localized and Delocalized States . . . . . . . . 32

1.9 Perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

2 Localized Photon Model Including Phonons’ Degrees of Freedom
K. Kobayashi, Y. Tanaka, T. Kawazoe and M. Ohtsu . . . . . . . . . . . . . . . . . . . . . . 41
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.2 Quantum Theoretical Approach to Optical Near Fields . . . . . . . . . . . . . . . . 42

2.2.1 Localized Photon Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
2.2.2 Photodissociation of Molecules and the EPP Model . . . . . . . . . . . . . . 44

2.3 Localized Phonons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
2.3.1 Lattice Vibration in a Pseudo One-Dimensional System . . . . . . . . . . . 48
2.3.2 Quantization of Vibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
2.3.3 Vibration Modes: Localized vs. Delocalized . . . . . . . . . . . . . . . . . . . . 51

2.4 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
2.4.1 Optically Excited Probe System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
2.4.2 Davydov Transformation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
2.4.3 Quasiparticle and Coherent State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
2.4.4 Localization Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Contribution from the Diagonal Part . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Contribution from the Off-Diagonal Part . . . . . . . . . . . . . . . . . . . . . . . 61

2.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

3 Visible Laser Desorption/Ionization Mass Spectrometry Using Gold
Nanostructure
L.C. Chen, H. Hori and K. Hiraoka . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

3.1.1 Matrix-Assisted Laser Desorption/Ionization Mass Spectrometry . . . 67
3.1.2 Laser Desorption/Ionization with Inorganic Matrix and Nanostructure 69
3.1.3 Time-of-Flight Mass Spectrometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

3.2 Surface Plasmon–Polariton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
3.2.1 Plasmon-Induced Desorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Desorption of Metallic Ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
3.3 Visible Laser Desorption/Ionization on Gold Nanostructure . . . . . . . . . . . . 73

3.3.1 Fabrication of Gold-Coated Porous Silicon . . . . . . . . . . . . . . . . . . . . . 74
3.3.2 Gold Nanorod Arrays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

Reflectivity of the Gold Nanorods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
3.4 Experimental Details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

3.4.1 Time-of-Flight Mass Spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
3.4.2 Sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

3.5 Mass Spectra from Gold Nanostructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
3.5.1 Mass Spectra from Gold-Coated Porous Silicon . . . . . . . . . . . . . . . . . 83



Contents xi

3.5.2 Mass Spectra from Gold Nanorods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
3.5.3 Gold Nanoparticle-Assisted Excitation of UV-absorbing MALDI

Matrix by Visible Laser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
3.6 Discussion and Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

4 Near-Field Optical Photolithography
M. Naya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
4.2 Near-Field Optical Photolithography (NFOL) . . . . . . . . . . . . . . . . . . . . . . . . 100

4.2.1 Principle of NFOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
4.2.2 NFOL with Bilayer Resist Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

4.3 Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.3.1 Experimental Set-up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.3.2 Patterning Experiment of Monolayer Resist . . . . . . . . . . . . . . . . . . . . . 104
4.3.3 Patterning Experiment of Bilayer Resist Process . . . . . . . . . . . . . . . . . 104

4.4 Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
4.4.1 Dependency of Thickness of Resist Layer . . . . . . . . . . . . . . . . . . . . . . 107
4.4.2 Dependency of Pitch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
4.4.3 Dependency on Polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

4.5 Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
4.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

5 Nano-Optical Manipulation Using Resonant Radiation Force
T. Iida and H. Ishihara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

5.1.1 Techniques Using Radiation Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
5.1.2 Previous Theoretical Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
5.1.3 Potentiality in Using Resonant Radiation Force in a Nanoscale

Regime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
5.2 Theoretical Bases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

5.2.1 Lorentz Force and Maxwell Stress Tensor . . . . . . . . . . . . . . . . . . . . . . 122
5.2.2 Microscopic Response Field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
5.2.3 Derivation of General Expressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
5.2.4 Expressions for Simple Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

5.3 Radiation Force on a Single Nanoparticle Confining Excitons . . . . . . . . . . . 132
5.3.1 Size Dependence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
5.3.2 Several Types of Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
5.3.3 Proposal of Size-Selective Manipulation . . . . . . . . . . . . . . . . . . . . . . . . 150

5.4 Theoretical Proposal of Nano-Optical Chromatography in Superfluid He4 153
5.4.1 For a Laser with Finite Line Width . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
5.4.2 Spatial Displacement of Nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . 157

5.5 Experiment of Optical Transport of Nanoparticles . . . . . . . . . . . . . . . . . . . . 159
5.5.1 Introduction of Nanoparticles into Superfluid He4 . . . . . . . . . . . . . . . . 160



xii Contents

5.5.2 Optical Transport of Nanoparticles Using Resonant Light . . . . . . . . . 160
5.6 Summary and Future Prospects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169


	Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


