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Abstract

This work reports the influence of nitridation on structural and electrical properties of La,O; gate dielectric films. The
issue of La,0; is EOT increase after high temperature post metarization annealing (PMA). To overcome this problem, we
incorporated nitrogen in La,O;. The EOT increase on the TaN/LaON and W/LaON structure is reduced compared with that
on the W/La,0; structure. This is due to nitrogen in LaON and SiN,-rich interfacial layer which seems to remain after high
temperature annealing. W/LaON nMOSFET is also successfully fabricated. Peak electron mobility of 96.2 cm*/V s was

obtained.
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1. Introduction

To further extend the progressive scaling of
CMOS devices, gate dielectric thin film has to be
replaced by alternative high dielectric constant (high-
k) materials. Various metal oxides, for example,
HfO,, ZrO,, and TiO, have been intensively
investigated [1]. La,O; has been one of these
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candidates, due to the high permittivity (e~27) with
large bandgap (~5.5e¢V). The issue of La,O; is the
EOT increase after high temperature annealing. One
way to overcome this problem is to add nitrogen to
La,0; on the analogy of HFON [2] and HfSiON [3].

In this study, LaON dielectric film with EOT
below 1 nm was prepared to evaluate the thermal
stability through comparison with La,O;. LaON
MOSFET was also fabricated.



2. Experiment

MOS capacitors were fabricated on HF-last n-
type Si (100)-oriented wafers (p=1~5Q-cm). La,0O;
was deposited by E-beam evaporation with nitrogen
radicals generated in RF excited nitrogen plasma to
form LaON film. Substrate temperature during
deposition was set to 300 °C. Either tungsten (W) or
tantalum nitride (TaN) electrode was deposited in-
situ by RF sputtering to avoid the strong hygroscopic
properties of La,O; [4]. Post Metallization Annealing
(PMA) was performed in nitrogen ambient at 300,
500, and 700 °C. MOSFET was fabricated on source
and drain pre-formed p-type Si, and LaON and metal
electrode were deposited afterwards. PMA was
performed after that. C-V and J-V measurement with
conductance method was used to characterize the
MOS capacitors, and Id-Vd, Id-Vg, and split-CV
measurement were used for nMOSFET. TEM and X-
ray photoelectron spectroscopy (XPS) with
monochromatic Al Ko was wused for two
photoelectron take-off angles (TOAs) to evaluate
structure of the gate stack and the chemical bonding
of nitrogen, respectively.

3. Results and discussion

Figure 1 shows a cross-sectional TEM image of
as-deposited W/LaON/Si sample. A thin interfacial
layer is observed between Si substrate and LaON
film. From N 1s photoelectron spectra of
W(~1nm)/LaON(fig. 1(b)), where the intensity is
normalized at the peak around 398 eV. As it is
reported that the binding energy of N 1s in Si3Ny is
397.3 eV [5], the peak around 398eV implies the
formation of SiN,-rich layer. Considering the
electronegativity of oxygen (3.44), which is larger
than that of Si (1.90), the high binding energy
components may be N-O bond related compound in
LaON. Moreover, as these components were found to
form above the SiNy-rich layer, which were revealed
by angle-resolved spectra, they were the signals from
LaON film. Further investigation should be done to
reveal details. It is also observed in Figure 1(c) that
the higher binding energy component decreases as
PMA temperature increases relatively to that of lower
one. This indicates that nitrogen in LaON film move
during annealing.
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Fig.1. (a) Cross-sectional TEM image of as deposited
W/LaON/Si. Interfacial layer was observed between LaON
and Si substrate. (b) N 1s spectra of W/LaON/Si
normalized at a peak around 397eV. Two components
were observed, one is around 397eV, the other is from
399¢V to 402e¢V. (c) Nls spectra of W/LaON/Si as
deposited, after PMA300 °C and 500 °C.

Figure 2 shows the C-V characteristics of W/LaON
and TaN/LaON MOS capacitors for different PMA
temperatures. W/La,O; MOS capacitor is also shown
for reference. EOTs below 1 nm were achieved with
both La,O; and LaON film. Hysteresis can be
suppressed at high annealing temperature, however,



large humps in C-V curves started to appear
suggesting the generation of interfacial states.

It is worth noting that nitrogen incorporation can
suppress the interfacial state generation at low
temperature annealing, as can be seen from the
magnitude of humps in C-V curve for PMA 300 °C.
D;; of W/LaON/Si after PMA 300 °C determined
from conductance method was 2.31x10'2 cm™2eV™',
where the Dj, of W/La,04/Si was 1.17x10" cm?eV'!
at the Si midgap, respectively.

EOT evolution along PMA temperature is shown
in fig. 3. It is clear that the EOT increase can be
suppressed with LaON film, especially with TaN
gate electrode. It is reported that EOT evolution of
La,O; at high temperature is caused by generation of
lower permittivity interfacial layer [6]. Moreover, it
is also reported that nitrogen incorporation into
La,0; can suppress the diffusion of Si from substrate
[7]. Therefore, we can conclude that nitrogen in
LaON suppress the EOT increase. In addition, as the
SiN,-rich interfacial layer remained after high
temperature annealing, we speculate that SiN,-rich
interfacial layer also helps suppressing the EOT
increase.

It has been reported that W has high oxygen
solubility, which result in the formation of interfacial
layer [8]. Therefore we believe that TaN has less
oxygen than W, and that generation of interfacial
layer was suppressed with TaN/LaON. The flatband
voltage of capacitors shift to positive direction,
except TaN electrode. This can be explained by TaN
reduction, which forms Ta metal with small
workfunction, resulting negative shift in flatband
voltage.

Figure 4 shows the J-EOT plot of W/LaON
samples with that of La,0;. Characteristics of
W/LaON samples before and after PMA 300 °C are
similar to W/La,O; film. However, the leakage
current of W/LaON sample after PMA 500°C can be
suppressed considerably compared to that of
W/La203.

Figure 5(a) shows the Id-Vd characteristics and
(b) shows the effective mobility of MOSFET after
PMA at 500 °C. D; of the MOSFET determined by
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Fig.3. EOT evolution of each sample after PMA. At PMA
temperature higher than 500 °C, EOT suppression due to

LaON is clearly observed.
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Fig.4. J-EOT plot of W/LaON/Si compared to La,O3(line).
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the charge pumping was 5.60x10'2 cm?eV™'. Peak
electron mobility was 96.2 cm’/Vs. Mathew et al.
reported that Si surface nitridation before deposition
degrades mobility [9]. Another investigation is that
as Dy increases the effective mobility degrades [10].
The degraded mobility may also be due to large Dy,.
Further process optimization is necessary to improve
the interface properties.

3. Conclusion

We have demonstrated the LaON gate stack with
W and TaN electrode. Nitridation method employed
in this study could suppress EOT increase compared
to La,O; film due to nitrogen in LaON and SiN,-rich
interfacial layer. W/LaON nMOSFET was
successfully fabricated. Peak electron mobility was
96.2 cm*/Vs.

Acknowledgement

This work was supported by Semiconductor
Technology Academic Research Center (STARC).

References

[1] G. D. Wilk, R. M. Wallace, and J. M. Anthony, J.
Appl. Phys., 5243, (2001).

[2] C. S. Kang, H. J. Cho, R. Choi, Y. H. Kim, C. Y.
Kang, S. J. Rhee, C. Choi, M. S. Akbar, and J. C. Lee,
IEEE Trans. Electron Devices, 51, 220, (2004).

[3] M. R. Visokay, J. J. Chambers, A. L. P. Rotondaro, A.
Shanware, and L. Colombo, Appl. Phys. Lett., 80,
3183(2002).

[4] Y. Zhao, M. Toyama, K. Kita, K. Kyuno, and A.
Toriumi, Appl. Phys. Lett., 88, 072904, (2006).

[S] C.H.F.Peden,J. W. Rogers, N. D. Shinn, K. B. Kidd
and K. L. Tsang, Phys. Rev. B, 47, 15622, (1993).

[6] K. Tachi, K. Kakushima, P. Ahmet, K. Tsutsui, N.
Sugii, T. Hattori and H. Iwai, Physics and Technology
of High-k Gate Dielectrics 4, E4-17950, 210th
Electrochemical Society (ECS) Meeting , (2006).

[71 N. Kawada, M. Ito and Y. Saito, Jpn. J. Appl. Phys. 45,
9197,(2006).

[8] E.J. Preisler, S. Guha, M. Copel, N. A. Bojarczuk, M.
C. Reuter, and E. Gusev, Appl. Phys. Lett., 85, ,(2004)

[9] S. Mathew, L.K. Beraa, N. Balasubramaniana, M.S.
Joob, and B.J. Cho, Thin Solid Films, 462— 463, 11,
(2004).

[10] J. A. Ng, N. Sugii, K. Kakushima, P. Ahmet, K.
Tsutsui, T. Hattori, and H. Iwai, IEICE Electron.

Express, 23, 572, (2006).




<<
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 [595.276 793.701]
>> setpagedevice


