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This thesis focused mainly on fabrication of nano-structured carbon films deposited using a microwave-plasma
chemical-vapor-deposition (MPCVD) method and on their field emission (FE) characteristics. The main goal of
this thesis was to obtain the nano-structured carbon films that stably yielded high FE current densities suitable
for cold cathodes in vacuum electronics. Several kinds of the nano-structured carbon films investigated in this
study included (1) undoped and B-doped wrinkled carbon nano-sheets, (2) highly-oriented carbon nano-sheets
with large-angle-crossed structures, and (3) undoped, B-doped and N-doped carbon needles, which were
fabricated on Si wafers or polycrystalline CVD diamond films under different deposition conditions. The
structure and FE characteristics of the films thus grown were investigated. The carbon films fabricated with
different deposition parameters yielded different surface morphologies and different FE characteristics. The
maximum FE current densities obtained at a macroscopic electric field, Fm, of 4.5 V/u m from the carbon films
with N-doped carbon needles exceeded 200 mA/cm?2. Furthermore, possible FE mechanisms applicable for these
carbon films were found to include a statistical F-N model considering field-dependent parameters at relatively
low £m and a FE-current saturation model based upon a space-charge-limited current mechanism working

mainly at relatively high Amn.

MXEBEORRNDEE

AT, BZET LY o= ABE~DOIGAMIF SN TWE T EEREZBFHEEICEAL, ~1 7 a7 X<k
FEMEM (CVD) B LY, EFOWENST=HROLOHED, FREO R S TR O R FETEEZ ERIT 5 &

— 688 —



E BT, FNDDORBIEOENE TS RHEZ RN - T2 2 S I L o THLNTEMERRE E L DL OTH S,
FERREFU TFo@m) Th 5,

(1) FRES, HAGE, ~A 7 aEEIRRER EE2ET 52 L1280 1EROMEMITEHA~, 227 K&
RERBNETERBENGOND KOO T/ HEERFBHIEOERICHEII L TWD, ZOREHEZHTD L. K
flott 7 ikFE v — bOEEE, BRIFABHIVAWVIIRET HIRFL— FOEEE B . KO, SBEoshk
IRFHEHTHF /IEERER ). KO, ZNODOFRVEREREZ N7 LR ERDH D, T, EFEF—
TURSHRIKFE A EH LicT /AR BT, 4.5 Vipm O~ 7 n BR Tl b K& R BRMSTBREE &
LT 200 mA/em? %15 T\ 5, BB Lo/ MG RBEERE TIX, 27 < & v R E/E S 8 T h ERE
TR EER S D L ONFOND Z EEEIFL TV D,

2) ZoXo7%T  HERFEREN S5O BERBSETEROMMERMKFEEC O W TEHEMICRETT2 2 &ic X
0. BT RENTFERIRE L TS, T2bh, 1ERIBEIN TV 17 2 lZHERE— i & A3 5 R F#
ORI H 7 AR i & B[+ 5 | #7180 Fowler-Nordheim (F-N) #1255 < HE T, BRE RN FHE %
b 5 R E R KR T ORI 2 F8E, SWONS, BRBEE (W) 1%, ~ 2 alREINER I K
FLARNDOE IN TV, ZAUTK L, ERT — X ZFMICREFT 22 L1280 ZRHRHMERITKFEL T
BT HLLTERTEDZ LEMD TR L, BENEFHHFEERIAZBITH KT 2 L F 5 BIERIZONT, 1
KDFEFHA F-N IR AENICHATE 2 Z 2 FEL TN D,

(3) FEAE ML 3 IS AEE L TEE T RE LORBREITV, RSB EFERBENE LN ER
TR TIE, TS OB REESBNTND Z LA RAML TS, £, 20O XD REFHIBRERE O "TaErED—
D& LT, ZE B I R AR T 2 D U B S BB IR O LRI TE L L AR LTV D,

Lo X oz, Rimstid, B2 v 2 bu =27 ZABE~OISHA G STV % 7/ fEER RISV T IS
b b HERBEO—DTh 2 E - ERFFEICE LT, 1SR 6 2 B 2 %200 e 2 s o &5 o
ERUCER I L TV %, F72. 206 OB EFEROENIESMEAFEICBE LT, 1ERIEE R S /s 4R
LTW%, Lo T, K@k, BXM I TACRET O ERICEKL TR Y, Mtimxe LTlifid s bo L
R D,

— 689 —




<<
  /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 /Error
  /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 ()
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


