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1. Introduction

Formation of silicide/Si contacts with an ultra flat inter-
face on ultra shallow source/drain junctions is required for
future Si MOSFETs. However, there is a problem of the
inhomogeneity of the interfacial structure due to grain
boundaries of generally used polycrystalline silicides. Ad-
ditionally, there is concern that the fluctuation of the Schot-
tky barrier height (SBH) will become obvious due to the
fluctuation of interface orientations between polycrystalline
silicide grains and a Si substrate with shrinkage of contact
area to the size of silicide grains.

Epitaxial NiSi, on Si substrate is one of promising can-
didates to realize not only the homogeneous interface
structure [1-4] but also the uniform electrical characteristic
due to a single SBH. We previously reported the formation
of epitaxial NiSi, layers having an ultra flat interface with-
out {111} facets by solid phase reaction of Ni/Ti/Si(001)
system [1, 2]. In this study, we investigated electrical char-
acteristics of epitaxial NiSi,/Si Schottky contacts formed
from Ni/Ti/Si system and clarified the dependence of them
on the interfacial structure between epitaxial NiSi, layers
and Si substrates.

2. Experiments

After chemical cleaning of Si(001) substrates, it was
loaded into an ultra high vacuum (UHV) chamber. A
2-nm-thick Ti layer and a 9-nm-thick Ni layer were succes-
sively deposited. Samples were then annealed at 300°C or
350°C for 30 min in the same UHV chamber. Some sam-
ples were additionally annealed at a temperature ranging
from 650°C to 850°C for 30 sec in a N, ambient by using
the rapid thermal annealing (RTA) system. Both n- and
p-type Schottky diodes whose contact area size was
500x500 um®* were fabricated.

3. Results and Discussion

Figures 1(a)-1(d) shows scanning electron microscopy
(SEM) images of center and edge regions of contact area in
Schottky diodes. In the sample annealed at 350°C for 30
min, the epitaxial NiSi,/Si interface consists of a lot of do-
mains surrounded {111} facets (Fig. 1(a) and 1(b)). These
{111} facets at the interface decrease with increase in an-
nealing temperature [2, 3]. In the sample annealed at 750°C,
there are no {111} facets at the center region of the epi-
taxial NiSi,/Si interface (Fig. 1(c)), while {111} facets are
formed at the edge region of the contact (Fig. 1(d)).

Figure 2 shows forward current-voltage (I-V) character-

istics of both n- and p-type Schottky diodes annealed at
750°C for various measurement temperatures. I-V curves
for both samples show good thermionic emission current
characteristics. The saturation current, J; and the ideality
factor, n were estimated from I-V characteristics [5]. Figure
3 shows Arrhenius plots of In(Jy/7%). These plots exhibit
good linear characteristics, and SBHs for all samples were
estimated by same method. We also estimated SBH from
capacitance-voltage (C-V) characteristics with the re-
verse-biased condition.

Figure 4(a) and 4(b) show the annealing temperature de-
pendence of SBH estimated from I-V and C-V characteris-
tics for n- and p-type Schottky diodes, respectively. In
n-type contact, SBHs estimated from both I-V and C-V
characteristics decrease with increase in annealing tem-
perature. Tung et al. reported SBHs of 0.65 eV and 0.40 eV
for the interface between epitaxially grown NiSi, on
n-Si(111) and n-Si(001), respectively [6, 7]. The annealing
temperature dependence of SBHs for n-type diodes in our
study can be explained by the transformation of the interfa-
cial structure in epitaxial NiSi,/Si contacts and the reduc-
tion of SBH at central area of the contact.

In the case of the p-type diode formed at 350°C, with
many {111} facets, SBHs of both I-V and C-V exhibit
comparable values and agree with previously reported SBH
of 0.47 eV for the epitaxial NiSi,(111)/p-Si(111) interface
[6]. However, the discrepancy of SBH values estimated
from I-V and C-V characteristics becomes large in samples
with the uniform NiSi»(001)/Si(001) interface as shown in
Fig. 1(c) and 1(d). High SBH values estimated from C-V
characteristics agrees with the SBH of 0.74 eV for the epi-
taxial NiSiy(001)/p-Si(001) interface [7]. Low SBH values
estimated from I-V characteristics are accounted for by
much larger current density of the NiSiy(111)/p-Si(111)
interface than the NiSi»(001)/p-Si(001) interface due to its
low SBH. The current density ratio of NiSi,(111)/p-Si(111)
to NiSi,(001)/p-Si(001) is estimated to over 10’ even at
room temperature because of the exponential dependence
of the current density on SBH. Therefore, I-V characteris-
tics of p-type diodes annealed over 750°C are dominated by
the current component through {111} facets at the edge
region, while the area ratio of {111} facets to the
NiSi»(001)/Si(001) interface occupying almost contact is
estimated to about 107,

4. Conclusions
We investigated electrical characteristics of epitaxial
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NiSi,/Si Schottky contacts, which have various interface
structures. Locally formed {111} facets having low SBH
strongly affect [-V  characteristics of  epitaxial
NiSi,/p-Si(001) contacts. Results in this study also promise
simultaneous realization of low contact resistance for both
n- and p-type contacts with low SBHs by controlling the
interfacial structure of epitaxial NiSi,/Si contacts.
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Fig. 1 SEM images of contact area in epitaxial NiSi,/Si Schottky diodes; (a) center and (b) edge regions of
the sample annealed at 350°C and (c) center and (d) edge regions of one annealed at 750°C.
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Fig. 2 Forward I-V characteristics of n- and p-type epitaxial
NiSiy/Si Schottky diodes annealed at 750°C for various measure-
ment temperatures ranging from 100 K to 286 K.
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Fig. 3 Arrhenius plots of In(Jy/T%) estimated from I-V

characteristics of n- and p-type Schottky diodes an-
nealed at 750°C. Ideality factors are also shown.
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Fig. 4 Annealing temperature dependence of SBH estimated from I-V and C-V characteristics
of (a) n- and (b) p-type epitaxial NiSi,/Si Schottky diodes.

-1039-




<<
  /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




