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TiN Composition Measurements
by Auger Electron Spectroscopy

Titanium nitride (TiN) has many attractive
characteristics such as low electrical resistance,
good corrosion resistance, considerable hardness
and a high melting point. These properties make it
a useful material for a wide variety of applications.
TiN is commonly used in the semiconductor
industry for diffusion barriers and as an adhesion
layer.

It is also used as a hard coating for machine tools,
and as a protective or decorative coating in many
other technical applications. In order to control
deposition processes and relate them to material
properties, it is useful to characterize the Ti:N
composition of the films.

Auger Electron Spectroscopy (AES) is a powerful
technique particularly suited for thin film
characterization. Unfortunately, the quantification
of TiN by AES is a somewhat difficult problem,
because the major N KL,,L,, peak at
approximately 389 eV interferes with the Ti
L;M,;M,, peak at approximately 390 eV.

A variety of solutions, -8 of varying rigor and ease-
of-use, have been proposed. This publication
demonstrates the approach of using a minor N
Auger peak, which has no direct overlap with a Ti
peak, to determine the N content in TiN.2 This
approach is easily applied to data obtained using a
Cylindrical Mirror Analyzer (CMA), as found on the
PHI 680 Scanning Auger Nanoprobe ™.
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Figure 1. Numerical analysis results for a TiN/Ti/TiN/SiO,
sputter depth profile were obtained using PHI MultiPak.

1) D.G. Watson, W.F. Stickle, and A.C. Diebold, Thin Solid Films 193/194, 305 (1990).
2) R. Pantel, D. Levy, and D. Nicolas, J. Vac. Sci. Technol. A 6, 2953 (1988).

3) W. Palmer, Surface Interface Anal. 13, 55 (1988).

4) J.L. Vignes, J.P Langeron, G.I. Grigorov, |.N. Martev, and M.V. Stoyanova, Vacuum 42, 151 (1991).
5) J. Haupt, M.A. Baker, M.F. Stroosnijder, and W. Gissler, Surface Interface Anal. 22, 167 (1994).
6) H. Bender, J. Portillo, and W. Vandervorst, Surface Interface Anal. 22, 167 (1989).



TiN Composition Measurements by Auger Electron Spectroscopy 2/8

Figure 2. These spectra were extracted
from the TiN and Ti layers in the sputter
depth profile. The arrows indicate three
narrow energy windows to be used for
numerical analysis.
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Figure 3. Peak-to-peak height sputter depth
L L L L profiles are shown for the three energy windows

340 360 380 400 420 440 defined in figure 2, as well as for Si and O.
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The example shown here is
TiN/Ti/TiN/SiO, on a Si wafer. A sputter
depth profile was obtained with the PHI
680 and the data set was reduced using
PHI MultiPak™ software. Figure 2 shows
the spectra from an acquisition energy
window of 340 eV to 440 eV, taken from
sputter cycles in the TiN and Ti layers.
This energy width encompasses multiple
Auger peaks for both N and Ti, including
the main N KL,,L,; (N1) peak at
approximately 390 eV, the minor N
KL,L,; (N2) peak at approximately 373
eV, the Ti L;M,3M,; (Ti1) peak at
approximately 390 eV, and the Ti L;M,;V
(Ti2) peak at approximately 423 eV.

Intensity

0 20 40 60 80 100
Sputter Time (min)

The identification of the peak at 373 eV as a N Auger peak (N KL,;L,;) was made by using the Coghlan and Clausing
Auger catalog,” and by comparing the peak shape with that of N in TiN, where the N and Ti line shapes in TiN were
fully separated using Target Factor Analysis (TFA).! The peak position was also consistent with that of N in Co2 and
Hf.! After data acquisition, the single energy window was split into narrow energy ranges for N2, N1+Ti1, and Ti2. The
resulting peak-to-peak profiles are shown in figure 3, along with the profiles for the Si KLL (Si2) and O KLL peaks.

7) W.A. Coghlan and R.E. Clausing, Atomic Data 5, 317 (1973).
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This peak-to-peak height result for N2 does not adequately reject intensity from the nearby Ti interference. Additionally,
the Si2 and O profiles suggest that there is slight Si and O throughout the TiN/Ti/TiN layers. Finally, the distinct
chemical components present in the sample are not resolved (Ti in TiN is not distinguished from metallic Ti). There are
four distinct chemical components in the profile: the surface oxide, TiN, Ti, and SiO,. Using Linear Least Squares
(LLS) fitting, it is possible to chemically resolve these components, reject the noise in the Si and O profiles, and
determine a pure nitrogen profile with no Ti interference. The basis spectra for the fitting are extracted from cycles in
the profile, where the pure chemical components exist.

T T ._./ l\
. IR 4
Ti—surface ;/ /%
oxide

Normalized Intensity

Ti in metallic Ti

415 420 425
Kinetic Energy (eV)

205 410

Figure 4 shows the Ti L;M,;V (Ti2) basis
spectra for three Ti components: the surface
oxide, TiN, and metallic Ti. Figure 5 shows
the resulting profiles for these three
components. There is no N overlap with this
Ti peak, so the intensity profile can be used
for Ti quantification.

It is worth noting that the oxidized TiN
component appears at the TiN/SiO, interface,
indicating the formation of a TiN oxide at this
interface. This interfacial oxide was not
apparent until after LLS fitting.
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Figure 4. Ti L;M,,V (Ti2) basis spectra are
shown for three chemical components.

Figure 5. These intensity depth profiles
were acquired for the three Ti chemical

components shown in Figure 4.
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T y Figure 6. N KL L ,5 (N1) and
Ti LM, ;M4 (Ti1) basis spectra
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Figure 7. These intensity depth
profiles were acquired for the
three Ti chemical components
shown in Figure 6.
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The overlapping N KL,;L,5 (N1) and Ti L;M,;M,, (Ti1) peaks can also be used to separate the three Ti chemical
components (oxidized TiN, metallic Ti, and TiN), as shown in Figures 6 and 7. However, the intensity in the Ti layer is
due only to Ti, while the intensity in the TiN layers is a combination of Ti and N. Therefore, it would not be appropriate

to use these profiles for quantification. It is again worth noting that there is a layer of oxidized TiN at the TiN/SiO,
interface in the oxidized TiN profile.
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The minor N KL,L,; (N2) peak can be used
to monitor the N intensity. Figure 8 shows
the narrow energy window that was defined
for this peak. There are two chemical
components present within this energy
window. The first component is N, whose
basis spectrum was taken from a TiN

layer. The other component is an
interference from a nearby Ti peak
structure, whose basis spectrum was taken
from the metallic Ti layer. Figure 9 shows
the resulting depth profiles for these two
components. The N intensity profile has no
contribution from Ti and therefore can be
used for quantification.
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Figure 8. N KL L ,, (N2) and Ti basis spectra

are shown for two components, N and Ti.
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Figure 9. These intensity depth
1 profiles were acquired for the two

components shown in Figure 8.
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The peak-to-peak Si KLL profile shown in Figure 3 indicates the presence of a low level of Si in the TiN/Ti/TiN layer
structure. It is useful to determine whether this is a true Si signal or merely a measure of the peak-to-peak noise in the
Si energy window. No recognizable Si peak shape is found in a visual examination of the Si spectra from these cycles.
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Linear least squares fitting of the Si spectra with a Si basis spectrum taken from the SiO, layer can be used to reject

the false Si intensity. Figure 10 shows the Si KLL basis spectrum, and Figure 11 shows a comparison of the original
peak-to-peak Si profile with the profile which results from LLS fitting. The LLS results show that there is no Si in the

TiN/Ti/TiN layer structure.
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Figure 10. The Si KLL basis
spectrum for SiO, is shown.
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Figure 11. A comparison of the
original peak-to-peak Si profile with
the Si profile resulting from LLS
fitting shows the absence of Si in the
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Figure 12. O KLL basis
spectra are shown for two
chemical environments.
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The peak-to-peak O profile shown in Figure 3 indicates the presence of O at a low level in the TiN/Ti/TiN layer
structure, as well as O on the TiN surface and at the SiO, interface. Figure 12 shows O basis spectra extracted from
the SiO, layer and from the TiN surface oxide. These two chemical states of O are easily distinguished, and the
resulting depth profiles are shown in Figure 13. This figure shows a low level of O through the Ti(N) layers, and a peak
in the O in Ti(N) profile at the TiN/SiO, interface. This is consistent with the interfacial oxide found for the Ti1 and Ti2
LLS profile results.



TiN Composition Measurements by Auger Electron Spectroscopy 8/8

Tiin . —
| oxidized Ti in metallic Ti ]
TiN
Oin J
TiN
2>
D Tiin TiN
S == Tiin TiN
£t/ /"\/-"‘\/\"‘\ |
/ \

|

|
\
|

0 10 20 30 40 ; --------- GTC)@?O - 80 90 160 Figure 15. This atomic concentration

Sputter Time (min) profile corresponds with the LLS analysis.
Figure 14. These intensity depth profiles 100 ' ' . ' ' ' ' ' '
from the LLS analysis show that the various ) Ti in metallic Ti
chemical components, as well as Ti and N 90 Oin ]
- TiN
in TiN, have been separated. 80

Tiin Oin
70} | oxidized

TiN

Tiin TiN
Figure 14 shows the intensity profiles for the 50 =
three chemical states of Ti (from the Ti2 '
peak), the two chemical states of O, the LLS
fit N2 and the LLS fit Si. Figure 15 shows the
corresponding atomic concentration profile,

where the N2 sensitivity factor has arbitrarily

N
o

Atomic Concentration (%)

w
o

been set to give nearly stoichiometric TiN. 20 :

The N2 sensitivity factor can be set using a 10 i

sample of known Ti:N composition, and that e s
factor can be applied to a sample of unknown 0 s i VP A P T I
composition. 0 10 20 30 40 50 60 70 80 90

Sputter Time (min) 100

Physical Electronics USA, 18725 Lake Drive East, Chanhassen, MN 55317
Telephone: 952-828-6200, Website: www.phi.com

ULVAC-PHI, 370 Enzo, Chigasaki City, Kanagawa 253-8522, Japan
Telephone 81-467-85-4220, Website: www.ulvac-phi.co.jp

P H YS | CA L Physical Electronics GmbH, Fraunhoferstrasse 4, Ismaning 85737, Germany
ELECTRONICS Telephone: 49-89-96275-0
© 2006 Physical Electronics USA, Inc.




<<
  /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


