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Abstract

Titanium nitride films were obtainedby threemethods:ion-assisteddeposition,depositionusing the cathodespot arc discharge
system(ionplating)anddepositionusing aplanarmagnetron.Theresultingfilms wereanalysedby X-rayphotoelectronspectroscopy
and Rutherford backscattering spectrometry.Dependingon the preparationconditions,the films were shown to have different
compositionanddifferentcolour (golden,copper-like,or blue). Thegolden-colouredfilms, formedby magnetron sputtering,comprise
about95% titanium nitrideandabout5% titaniumoxynitride. Theothersamplescontainless titaniumnitride,especiallytheblue-
colouredfilms whichcontainonly about55% titaniumnitride,35% titaniumoxynitridesand 10%titaniumoxides.

1. Introduction silicon substratesand then analysedby X-ray photo-
electronspectroscopy(XPS) (Moscow). The choice of

Titanium nitride is an importantmaterial withnumer- different substrateswas made to allow hardnessand
ousapplicationsincluding wearandcorrosion-resistant tribological measurementsto be performedand these
coatings,diffusion barriersin VLSI devices,anddecora- will be reportedin a futurepublication.
tive coatings.However, in spite of the vast numberof It was of interestto analysenot only the composition
publications relatingto thedepositionof titaniumnitride of films, but also to determinethe statesof chemical
coatings by a variety of techniquessuch as reactive bonding between the filmcomponents(primarily to
evaporation, magnetron sputtering and ion-assisted confirm the presenceof compoundssuchas TiN). XPS
deposition,a detailedandcomprehensivestudyallowing is themost suitable for this task [4—15] and it is for
a correlation betweendeposition parameters andfilm this reasonthat this method hasbeenused for mostof
structureis still lacking (see refs. 1—3). In reality even the analysis. Rutherford backscatteringspectrometry
small changesin the processparameters cancause (RBS) was also usedimmediately after preparationof
significant changesin the compositionandstructureof lAD films.
films. This has led to wide differences in theproperties
of TiN films producedin differentlaboratoriesby various
methods. 2. Experimentaldetails

In this paperwe presentthe results ofcompositional
analysisof titanium nitride films, obtainedby different The threedifferent methodslisted abovewere usedto
techniquesin the laboratoriesof Salford University and producethe titanium nitride films and theseare now
in severallaboratoriesin Moscow. described.

The following methodswere usedfor the preparation
of the thin TiN films: (i) low energyion-assisteddepos- 2.1. Low energy ion assisted deposition(lAD)
ition (lAD) under various conditions—Salford; Two Kaufmansourceswere used, onemountedverti-
(ii) depositionin a cathodespot arc dischargesystem cally to provide a sputtering ion beam, the other
(CSAD)—Moscow;(iii) depositionin a planarmagnet- mounted horizontally to provide the energy assisting
ron (PM)—Moscow. ion beam. The Kaufman sourcefor sputteringwas a

The films were depositedon to steel,hard alloy, or three-gridtype and delivered abeamof 1 keV Ar + ions
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10 J. S. Colligon er al. Compositionand chemical stateof titanium nitridefilms

of intensity 250—350pAcm2, depending on source theholder (cathode) and the walls of the chamber
parameters.The Kaufmansourcefor ion-assisted depos- (anode).The duration of cleaningin the glow discharge
ition is a two-grid sourcewhich isoperatedin the range was 15 mm with a current densityj=0.5 mA cm2.
100—500eV for this work. It can deliver Ar~or N

2*
ions with current densities in therange 5—50l.iA cm-2

dependingon energyand source parameters.Chamber (ii) Cleaning hr titanium ion sputtering. The nitrogen
pressureis measuredby an ionization gaugeand there flow wasturnedoff andthe chamberwasagainpumped
is a massspectrometerto monitor backgroundgases. down to approx. 2 x l0~mbar. Titanium ions were
Base pressures in the chamber are better than produced in the cathode spotarc source by electron
5 x l0~mbar but rise to 3 x iO~mbar during impactionization of titanium vapour.The negativebias
deposition. on the sample was — 1.5 kV and the arc discharge

Films weredepositedonto 1 cm
2 (100) silicon wafers currentin the source was70 A. The density of titanium

which wereetchedin HF andrinsed in deionizedwater ion flux ii near the surfaceof the rotating substrate(2
immediatelyprior to insertioninto the vacuumchamber. rotations perminute) was lO~cm3 and the duration
After chemical cleaningthe substrateswere etchedby of Ti ion bombardmentof the sample surfacewas300 s.
400 eV Ar~ions(40

1.tA cm
2 for 20 mm) to removean~ The temperatureof the sample surfacetowardsthe end

remaining oxide layer before deposition.The titanium of ion bombardmentwas650 C.
targetwas alsosputter-cleaned usinga 1 keV Ar beam Theinvestigationsof the cleaning process showedthat
(350

11A cm
2 for 10 mm) before thecommencementof it is accompaniedby the formation of an intermediate

the experiment, layerof titanium.The measuredintensitiesof the Ti Kc~
Threedifferent types ofexperimentwereperformed. line emissionfrom the surfaceshow that, in onl~3—Ss.
(a) Reactivesputtering, i.e. sputter depositionunder a 15—30 nm thick titanium layer forms on thesurfaceof

different partial pressuresof nitrogen withoution born- the steel specimen. Anincreasein the time of Ti ion
bardrnentduring the film growth. In theseexperiments bombardmentup to 10 s leadsto a linear increasein
depositionwas carriedout using 1 keV Ar ion born- the Ti layer thickness.Further increasein the sputter
bardmentof Ti with a currentdensity 250 pA cm -2 cleaningtime up to 30 s leadsto a slight decreasein the

(b) Deposition concurrentwith Ar ion bombard- titanium depositionrate. After 300 s. the effective Ti
ment of the filmduring its growth undervariouspartial layer thickness is as greatas 300 nm. The presenceof
pressuresof nitrogen. this thin titaniumlayerafter cleaningby Ti ion bombard-

(c) Deposition concurrentwith N,~ion bombard- ment leadsto good adhesionbetween thesubstrateand
ment of the filmduring its growth undervarious partial the coating.
pressuresof nitrogen. After cleaning, nitrogenwasagain admittedinto the

For reactive sputtering in a nitrogen pressure of sample chamber(up to p= 10~mbar). the substrate
p..,>Sx I0~mbar, the TiN films were gold-like in bias wasbroughtup to —200 V.and the arc source was
appearance.Filmsobtainedin this regimewill be referred run. Coating deposition was performed h~two ion
to lateras samples1. WhenAr~ion assistancewas used sources workingsimultaneouslyunderequalconditions
the films werecopper-coloured(referredto as samples2) (arc dischargecurrent1=70 A). The film depositiontime
or silver-coloured(samples 3).The irradiation of the was30 mm andthe speed ofrotation of the samplewas
substrateby nitrogenions duringtitanium targetsputter- 2 rev mm - ~. TiN coatings formedwere about 5 ~m
ing (case(c)) produced blue-colouredfilms (samples 4). thick.Films obtained by this CSAD method will be

referred to as samples5.
2.2. Depositionin thecathodespotarc dischargesystem
(CSAD) 2.3. Depositionin a planar magnetron

After ultrasoniccleaningin a freon bath and drying A conventionaldiode magnetronsputtering system
in freon vapour, the samplesof hard alloy (WC 79%, (“Mir-2”) was used. The substrates,of stainlesssteel.
TiC 15%,Co 6%) or steelwere insertedinto thesample wereultrasonicallycleanedin a freon bath and dried in
holder in the vacuumchamber.Two stages ofcleaning freon vapour, as for the CSAD films describedpre-
in situ were performedwith each sample: viously. They were thencleanedby ion bombardment

and heatingas follows:
(i) Cleaning in a glow discharge. After reaching a (a) in 5—7 x 102 mbar argon glow discharge at

basepressureof approx.2 x l0~mbar,nitrogenof high 1500 V substrate potentialand0.7—1 A discharge current
purity was admitted up to approx. 102 mbar into the for 20 mm (a timewhensparkingon thesubstratesurface
sample chamber.A negative voltageof —1.5kV was stoppedand the dischargecurrent increased)
applied to the sampleholder with respectto the walls (b) heated to 670~Cin a reduced pressureof
of the chamber,anda glowdischargewasstruckbetween 5 x iO~mbar(argon plus residualgas)
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(c) repetition of (a) and (b) but with the heating spondingto the TiN and TiO states.The contribution
continuedfor 90 mm. of different Ti chemical states to the spectrais usually

Magnetronsputteringtook place at aworking pres- foundby using acurve-fittingprocedure, combinedwith
sure of approx. 3 x 10~mbar, the working gas being various backgroundsubtractionmethods,with a gaussi-
argonor nitrogen.Thedischarge voltagewas560 V and an—lorentzianpeakshapeused for themajor compo-
the current 6 A. Sputtertargetswere madefrom corn- nents [5—7,14]. The separation of the exact TiN
pressedTiN powderanda negativebias wasappliedto spectrumfrom experimentalspectraof the films is rather
the substrates.Films of 7—10 j.tm thicknesswere formed complicated [15] owing to such factors as
in 30 mm. Thesesampleswill be referredto as samples6. Coster—Kronig broadening, intense satellites and

discrete energy losses, which areusually attributed •to
the oxynitride stateandto the uncertaintyin the binding

3. X-ray photoelectronspectroscopyanalysisof film energy position of the oxynitride state.This may cause
composition errors in determination of the titanium nitride state

content in the coating. In this work we attemptedto
3.1. Analysisprocedure minimizeerrors by usingexperimentalreferencespectra

3.1.1. Experimentaldetails of TiN andTiO,.
Measurementswereperformedon aKratosXSAM800 We notethat, in the nitrogenN is spectrum,two lines

XPS/Auger electron spectroscopy(AES) spectrometer usually attributedto the presenceof stoichiometricand
equippedwith a singlechannelhemisphericalanalyser, nonstoichiometrictitanium nitride TiN and TiNX with
quadrupole anodeX-ray gun and duoplasmatron ion x> 1 are observed[6]. We will also use thisinterpreta-
gun. tion, but we think that thereis anotherpossibleexplana-

To determinethe chemical states of oxygen,nitrogen, tion. In the Ti 2pspectrumonly the line corresponding
carbon andtitaniumthe spectraof the 0 is, N is, 0 is to stoichiometricTiN is observed,while the line corre-
and Ti 2p lines, usually used for these elements, were spondingto nonstoichiometricTiNX is not present.This
recorded. The samples were excited with Al Kc~ implies that, although the nitrogen contentin the film
(1486.6eV) radiation for survey spectraand with Mg is somewhatlarger than in pure TiN, all the Ti atoms
KL (1253.6eV) for the C is, Ti 2p, Nis andC is peaks. are in the chemicalstate correspondingto stoichiometric
Surveyspectrawere collected at a pass energy of65 eV TiN. At the sametime the presenceof two lines of
(1 eV per step). High resolution spectrawere obtained titaniumnitride in the N is spectrumshows that there
at a pass energy of38 eV (0.2 eV perstep).All the data are two types ofnitrogen chemical states,one with all
were obtained in a fixed analysertransmission mode, the bondscharacteristicof pureTiN, the other having
giving a full width at half-maximum(FWHM) value of someunsaturatedbonds.
1.3 eV for the Ag 3d5 2 line. The analyserlens was in the
high magnification mode with an analysis area of 3.1.2. Curvefitting procedurefor thespectra
1.5 x 2.5 mm

2. Ion bombardmentin all cases was per- From previousXPS corelevel measurementsof pure
formed with 6 keV Ar~ions at an incidenceangle of Ti0

2 (anatase)andTiN we haveobtainedthe reference
45: raster scannedover an area of 7 x 7 mm

2, so that spectraof Ti0
2 andTiN. Thelatter has thesameshape

sputteringwas uniform in the areaof analysis.The ion as thespectrumof TiN single crystal[4]. Thesespectra
currentwas in the2.5—3.01.tA rangeandthebasepressure are used as thestartingconditionsto fit the experimental
was below 5 x iO~mbar. The binding energy (BE) data. Unfortunately,we did not have standardTi 2p
reference for XPS was theAg 3d core line (BE= lines for oxynitrides, and no published data on the
367.9eV). Calibration of the spectrawas basedupon spectra of thesecompoundsare available to us. In
the C is peak(BE = 285 eV) owing to residualhydro- principle, the standard approachcould be used,when
carbon. Theintensity ratios of the Ti 2p, N is,0 is and the spectraare presentedin the form ofgaussian—brent-
C is peakswere determinedfrom peak areasobtained zian peaks,but we havechosenthe following procedure:
by integrationof the peaksafter smoothingand back- theoxynitride line shapeswereobtainedas thesuperpo-
groundsubtraction(Shirley method [13]). Atomic con- sition of the TiN andTi02 spectrawith differentrelative
centration calculations were made using the atomic intensities, thus providing a wide range of oxynitride
sensitivity factors provided by the manufacturerof the stateswith FWHM between2.2eV (Ti02) and 2.8 eV
instrument.Normally the near-surfaceregion of Ti films (TiN). We believe that this approachallowed us to
containsnot only TiN compounds,but aiso oxidesand accountto someextentfor the contributionto the Ti 2p
oxynitrides.The contentof the nitride stateappearsto line of discrete losses, which come into play during
be dependenton the method and conditionsof the interactionof Ti and N [15]. This procedureis some-
depositionof the coating. Thepublisheddata on the what arbitrary, butin fact it is no more arbitrary than
Ti 2p spectraof the initial surfaceshow peakscorre- usingsmoothcurves to describe complexXPS spectra.
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12 i. S. Colligon et al. / Compositionand chemical stateof titanium nitride films

Note that the state with larger FWHM has a larger
binding energy.As will be shownbelow, thecurve-fitting
the binding energies of theTi02 and TiN stateswhen
proceduredid notalwayspreservethe difference between
the Ti

2p spectrumwasanalysed.At the sametime, the
difference between thebinding energies of the0 is ~
and Ti 2p line componentsattributed to Ti0

2 (A = -~

ET~2~—E0~~=72 eV) [5] isequal for all the samples. ~
Theselines are shiftedsimultaneouslywith respect to
other lines (N is, 0 is, and Ti 2p for TiN). This fact
may be relatedto the presenceof nonconductiveislands
of TiO, in the near-surfaceregion. In this case these
lines can be shifted as a result ofsurface charging.but
the distancebetweenthem should remainconstant.The
shift valueshoulddependon the size of the islandsand
on the dielectricconstantwithin the matrix, andmaybe
different for different samples.

When fitting the N is line, the difference between the
energy positionsA=ETI 2PEN is was calculatedfrom
the TiN referencespectrum.This differenceis equal to
58 eV andhas an intermediate positionbetweensimilar
datafound in ref. 5 (57.8 eV) andin ref. 6 (58.4 eV).We
relate the line with binding energy of I eV lower than
TiN to the energy of thestate correspondingto nonstoi-
chiometricTiNt (1 <x < 1.5) in accordance withref. 7.

The titanium nitride chemical state lines were
described by gaussian peak shapes with FWHM =

1.6 eV~a FWHM within therange1.8—2.0eVwaschosen 410

for the oxynitride states.The high-energy part of the Binding energy,et

spectrumwas describedusingtwo statescorresponding
Fig. 1. XPS spectraot theTi 2p siatctrom samples1--fl as received.

to oxynitrides [7]. However, in several cases (samples
4—6), one more nitrogen state with the largest energy
had to be introducedto describethe spectraadequately.
The natureof this state is to be studiedin future.

It shouldbe notedthat we have takentwo oxynitride _____________________________________
states,as hasbeen donein other work )e.g. ref. 6). but
we do not know how many oxvnitride statesare really
present.Probably it would have been more correct to
takethe total areaundereach curve as ameasureof the ~

C

oxynitride state content with no distinction between
these states.

5,
C3.2. Composition of the initial filmsm?rtace

3.2.1. Ti2p spectra 2

The shapesof the photoelectronspectraof Ti 2p lines
for the samplesstudied(Fig. 1) are significantly different.
The analysis shows that characteristic peaks of the
titanium nitride stateare presentfor samples1. 5 and6.
Note that a lower contentof the titanium nitride state
correspondsto a bower slope of thelow-energypart of
the spectrumin Fig. 1. Thestatecorrespondingto Ti02 4~Q

is also clearlypresentfor all the films. The result of the Binding Energy, eY

curve-fitting procedure for the Ti 2p spectrum for Fig. 2. Ti 2p experimentalcore-levelspectraI I and ihe result

sampleI is presentedin Fig. 2. The Ti 2p spectrumis of fitting (—) for sample 1 using ihe components1. TiN: 2. Ti02:

the sum ofthreecomponents:TiN +TiN~(x> i). line 1 3. TiN5O~(v>:.
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(BE=455.2eV); Ti02,line 2 (BE=458.6eV); TiN3,0 (u<v) (BE=533.5eV) and TiN~0 (y>z) (BE=
(y> z), line 3 (BE = 456.4 eV).Theseresults are inconfor- 532.0eV), and a third staterepresentingoxygen in the
mity with otherdatain the literature [3]. Ti02 chemical state (BE = 530.5eV). From the 0 is

spectrait canbe seenthat the contentof different oxygen
3.2.2. N is spectra statesvariesfor different samples.
The N is spectrafor the six samples are different in

the low-energyregion and in the widths (FWHM) of
the central parts of the spectra.This is an indication of 3.2.4. Comparisonofthe initial surface chemical
the presenceof different amountsof oxynitride states. compositionof d~fferentcoatings
This effect is most pronouncedfor the samples5 and 6 As shown in the discussionabove, the curve-fitting
which havea largeFWHM. From the widthsandshapes procedurefor the Ti 2p line allows thedeterminationof
of the N is photoelectronlines, as well as from the therelativeintensitiesof the TiN +TiNX andoxynitride
results of thecurve-fittingprocedurefor the Ti 2plines, states oftitanium. However, the determinationof the
it follows that severalnitrogen statesare presentin the stoichiometric TiN contribution alone to the nitride
initial surfaces.Figure 3 shows somenitrogenstatesfor state isimpossible,since the Ti 2pline is insensitiveto
samples 1. The binding energy of these states are as thechangein x [6]. Howeverthe N is line is sensitive
follows: 397.2eV, TiN (line 1); 396.3eV, nonstoichiomet- to changesin x and the results of thecurve-fitting
nc TiNX (line 2); 398.8eV, TiN~,0 (line 3); 400.6eV, procedureof the N is line allow us to determinethe
T~Nu0r(line 4). Theoxynitride statewith smallerbind- relativecontributionof stoichiometricTiN. The results
ing energyis characterizedby smaller oxygen concen- of the analysis of the chemicalcomposition of the
tration andlargernitrogenconcentration;in the figures samples are given in Table1. It is seen fromTable1
and tablesit isdenotedasTiN~0..(i’ > z).Thecompound that, nearthe film—substrateinterface, theTiN content
T~Nu0r(u <v) correspondsto an oxynitride with larger is greatestfor the goiden-colouredsamples (1,5 and6).
oxygen concentration andsmaller nitrogen concen- The TiN content is lower and the Ti02 and TiN5,0
tration. i.e. wesupposethat u<~’andv>:. TheTiNYOZ contentsare higher for dark-colouredsamples (2,3 and
oxynitride is characterizedby a FWHM of 2.6eV. and 4). It is of interest to note that,in addition to stoichio-
the FWHM for TiN~0,is 2.4eV. metric TiN, a significant contentof nitrogen-enriched

titanium nitride (TiNs with x> I) is present.This result
3.2.3. 0 is spectra correlateswith the work of Krunsin-Elbaumeta!. [16],
The analysis of oxygen0 ls photoelectronspectra wherezirconium nitride (which is similar to TiN in its

demonstratesthat not less than threestatesare needed chemicalproperties)films were foundto containa ZrN~
to describe the oxygen states on thesurface.There are (2/3<x<3/2) compound.
two states representingoxygen in theoxynitride:TiNUO, The percentageof stoichiometrictitanium nitride in

the steadystateis largestfor samples1 and6 (reactively
andmagnetronsputteredfilms respectively).As a general

t rule thegolden-colouredsampleshavelargercontentof
stoichiometrictitanium nitride, i.e. thereis a correlation
betweenrelative TiN concentration andthe colour.

One should note that the percentageof Ti02 for

different samples doesnotchangevery much(from 25%
0 to 34%); this could be explainedby the fact that the

creation of TiO, is connectednot with the film depos-
-

0J ition processitself, but with the vacuumconditions and
2 sample history after this processis completed.Indeed

RBS measurements,taken within a few days ofdepos-
ition, showedthat the oxygencontent of samples1—4

1 was less than 1%. The results obtained for both the
Ti 2p and N is spectrasuggest that the final sample
coatings have a surfacewith a significant amount of

402 400 398 39~5 Ti02 and an intermediate oxynitride phase.The content
Binding Energy, el of Ti02 in titanium nitride films has also beenmonitored

_____ by othergroups[5—7,14]who showedthat presenceof
Fig. 3. N Is experimentalcore-levelspectra( ) and theresult of
fitting (—(for sample I as received using the components1, TiN; this compound does not necessarily mean that the
2, nonstoichiometric TiNs (x> 1); 3, TiN5O. (y > z); 4, TiN~O,,(u< v). engineeringperformanceof the film is not good.
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14 J. S. Colligon et a!. / Compositionand chemical stateof titanium nitridefilms

TABLE I. Compound composition infilms 1%)

Compounds in films~ Reference number of film, colour and method ot preparation

2 3 4 5 6
Golden Silver-like Copper-like Blue Golden Golden
lB (reactive) lAD (Ar) TAD (Ar) lAD (NI IP PM

TiN 1 19 8 6 7 5 39
2 57 36 36 41 43 63

TiN~(I<x<l.5) 1 30 10 4 5 42 11
2 18 23 27 17 18 33

TiN
5O. (v>:) 1 22 36 42 39 19 24

2 12 17 20 21 21 4

TiN5O,. )u<t’) 1 12 20 24 9
2 8 16 — IS -- -

hO, 1 29 34 28 25 25 26

TiO 1 -- - - -- -
S S 17 13 IS

a 1. As received: 2. after ion etching to a depth of 300 A.

3.3. Cornposition ofthefilms after ion etching(depth ...

analysis)
Ion-beametching completely removesTi07. reduces

the contentof the oxynitrides.and raises thecontentof
TiN at the surface(see Table 1). However, it seems
impossibleto trace the chemicalcontentat the surface
during the etching processin terms of the above-
mentioned states.This is due to the fact that ion ‘
bombardmentcausesbreaking of chemical bondsand ~ 2~

formationof new chemicalstates.Specifically. the break- .~!

ing of the Ti—O and Ti—N bonds with subsequent
recombinationmay lead to an oxynitride state forma- ~ 80

*5

tion. Thus the descriptionof the decompositionof TiO, ~

effect of ion bombardmenton the chemical state ofcould require as many as five chemical states. Toourknowledge,thereare noavailable resultsconcerningthe 30

oxynitrides. Long-term etching allows the removal of
the destroyed layerand an evaluationof the chemical
compositionof the coatingin depth.Fortunatelyprefe-

chemical statein the bulk to an accuracywhich depends uiiiiiI~~~~rential sputteringeffects in TiN are negligible [8—10].Thus, ion etching may allow determinationof the Ti 0

on the uncertaintyin the preferential sputteringeffects
in titanium oxynitride and on the content of the oxy-
nitride state.

3.3.1. Ti 2p spectra 410 465 460 455 450

The analysisof the Ti 2p lines (Fig. 4). recordedafter Binding energy,eV
removal of the upper 300—500A of the films, showed Fig. 4. Change in XPS spectra of the Ti 2p line during ion etchingof

that in all cases thecontentof TiN is larger in the bulk sample 1. Etching depthin ángstrflmsis shownabove each curve. The

than at the surface.Ti02 has almost completelydisap- dashedline representsthe background.
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peared but in all the samples (exceptfor 6) a TiO These data suggest that the removal of such a thick
compoundappeared.A comparisonof the spectrapre- layerwasnot accompaniedby completeremovalof the
sentedin Figs. 2 and 4 clearly shows adecreasein the oxynitride state. Froma comparisonof the measure-
contentof TiNYOZ and a reductionin Ti02. Figures 4 mentsmade before and after etching it follows that
and 5 presentthe dataon the contributionsof various sampleswith largercontentof oxygen in the bulk have
Ti andN statesfor the samples1, 4, 5 and6, andTable2 a larger degreeof surfaceoxidation. Since thesteady-
lists thedataon the chemicalcompositionof thesamples. statespectrawere recordedafter the removalof approx.t. A

455 450 455 465 460 455

)a) Binding Energy,eV (b) Binding Energy,eY

1

4

~7~J \~ 2

465 460 455 • 465 460 455
)c) Binding Energy,eV Id) Binding Energy ~V

Fig. 5. Ti 2p experimentalcore-levelspectra( ) and theresultof fitting (—( for samples I, (a): 4. (b); 5, (C); 6, (d) in steadystateconditions
after the removalof a 300 A layerby ion etching, usingthecomponents1, TiN: 2. TiN5O5 (v> :); 3, TiN5O, (u <v); 4, TiO.

TABLE 2. Depth compositionof films

Sample Removedthickness(A)
number

0(surface) 5 30 80 160 260 360

1 TiN1 101C02 TiN1 01C009 TiN1 -1006C004 TiN1 2005C002 TiN1200.4 TiN1 2004 TiN1
2 TiN1 ~ 6C13 TiN1 ~ IC02 TiN14007 TiN1 4055 TiN1 4003 TiN1 ~ TiN1 3055
3 TiN1 201 7C14 TIN1 201 2C0, TiN14O06C003 TiN1 3054 TiN1 3004 TiN1 3004 TiN1 3004
4 TiN1 301 9C37 TiN1 301 1C08 TiN1 ~ 7C02 TiN1 ~ 9C04 TiN1 2009C0, TiN1 2009C03 TIN14004C04
5 TiN~O13C48 TiN1 2004C14 TiN1 2002C05 TIN12002C04 TiN1 2009C03 TIN12001C02 TiN1 200 1C02
6 TiN1O09C36 T1N1OØ6C08 TIN0 ~ 5C04 T1N02003C003 TiNQ9O03C003 TiN0 ~ TjN0
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16 J. S. Colligon et a!. / Compositionand chemical stateof titaniumnitride films

300—500A of the coating,the presenceof oxygen in the copper-like and silver-like) are characterizedby the
bulk is unlikely to be aconsequenceof recoil implant- presenceof a significant quantity of oxynitrides and
ation of oxygen atomsfrom the near-surfacelayer. This titanium oxides, both at the surfaceand in the bulk.
effect is more likely to be relatedto the featuresof the Thus theblue-colouredfilm obtained by ion-assisted
particularcoatingdepositionmethod.It is probablethat depositioncontains only10% titanium nitride at the
the film during growth is porous andis stronglyreactive surfaceand about 60% in the bulk, the rest being
to ambientgases. oxynitridesandoxides; theconcentrationsof oxynitrides

and oxides aretwice as large at the surfacethan in the
3.3.2. N is spectra bulk (theseconcentrationsare 60% and 25% at the
The analysisof the N is spectrashows that, as for surfaceand 35% and i0% in the bulk respectively).As

the Ti 2pspectra,ion bombardmentleadsto a redistribu- RBS measurementstakenjust after depositionof these
tion of the relativecontentsof different states.From the films showedthat the oxygencontentwas verylow it is
datait appearsthat the relativecontentof stoichiometric possiblethat their compositionhaschangedwith expo-
TiN increases,andthecontentof nonstoichiometricTiN sure to air.
is reduced.This trendholdsfor all the samples. (2) All the films under investigation(of any colour)

contain a fraction of titanium nitride enriched with
3.3.3. 0 is spectra nitrogen (TiNy. x>i) in addition to stoichiometric
During the evolution towards the steady-statethe titanium nitride TiN.

shapeof the 0 is spectrumwas seento change.This (3) The contentof titanium nitride TiN+TiN5 in the
effect is attributedto the removalof chemisorbedoxygen golden-colouredfilms obtainedby all the threemethods
and of TiO,. The recordedspectra can be described is the same(approximately 50% at thesurface). The
using two oxynitride states(Fig. 6). contentof stoichiometrictitanium nitride TiN is largest

for the film obtainedby usingthe PM method.
(4) Bulk content of titanium nitride TiN +TiN, is

4. Conclusions approx. 75% and 95% for golden-coloured films
obtainedusingion-assistedandplanarmagnetronmeth-

The resultsof the XPSanalysisof the compositionof ods respectively. Inboth these cases thecontentof the
titanium nitride films obtainedby variousmethods:ion- stoichiometrictitanium nitride in the bulk is about60%.
assisteddeposition(IAD). ion plating (IP) and planar
magnetronsputtering(PM) may be presentedasfollows.

(1) Titaniumnitride films of different colour,obtained Acknowledment
using various regimes of deposition. have markedly
different composition. Thedark-coloured films (blue. The authorsare grateful to the British Council and

to the RussianState Committee of Higher Education
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thank 0. Ivanova andA. Promokhovfor the assistance
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the manuscript.
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