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Abstract

Titanium nitride films were obtained by three methods: ion-assisted deposition, deposition using the cathode spot arc discharge
system (ion plating) and deposition using a planar magnetron. The resulting films were analysed by X-ray photoelectron spectroscopy
and Rutherford backscattering spectrometry. Depending on the preparation conditions, the films were shown to have different
composition and different colour (golden, copper-like, or blue). The golden-coloured films, formed by magnetron sputtering, comprise
about 95% titanium nitride and about 5% titanium oxynitride. The other samples contain less titanium nitride, especially the blue-
coloured films which contain only about 55% titanium nitride, 35% titanium oxynitrides and 10% titanium oxides.

1. Introduction

Titanium nitride is an important material with numer-
ous applications including wear and corrosion-resistant
coatings, diffusion barriers in VLSI devices, and decora-
tive coatings. However, in spite of the vast number of
publications relating to the deposition of titanium nitride
coatings by a variety of techniques such as reactive
evaporation, magnetron sputtering and ion-assisted
deposition, a detailed and comprehensive study allowing
a correlation between deposition parameters and film
structure is still lacking (see refs. 1-3). In reality even
small changes in the process parameters can cause
significant changes in the composition and structure of
films. This has led to wide differences in the properties
of TiN films produced in different laboratories by various
methods.

In this paper we present the results of compositional
analysis of titanium nitride films, obtained by different
techniques in the laboratories of Salford University and
in several laboratories in Moscow.

The following methods were used for the preparation
of the thin TiN films: (i) low energy ion-assisted depos-
ition (IAD) wunder various conditions—Salford;
(i1) deposition in a cathode spot arc discharge system
(CSAD)—Moscow; (iii) deposition in a planar magnet-
ron (PM)}—Moscow.

The films were deposited on to steel, hard alloy, or
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silicon substrates and then analysed by X-ray photo-
electron spectroscopy (XPS) (Moscow). The choice of
different substrates was made to allow hardness and
tribological measurements to be performed and these
will be reported in a future publication.

It was of interest to analyse not only the composition
of films, but also to determine the states of chemical
bonding between the film components (primarily to
confirm the presence of compounds such as TiN). XPS
is the most suitable for this task [4-15] and it is for
this reason that this method has been used for most of
the analysis. Rutherford backscattering spectrometry
(RBS) was also used immediately after preparation of
TIAD films.

2. Experimental details

The three different methods listed above were used to
produce the titanium nitride films and these are now
described.

2.1. Low energy ion assisted deposition (1AD)

Two Kaufman sources were used, one mounted verti-
cally to provide a sputtering ion beam, the other
mounted horizontally to provide the energy assisting
ion beam. The Kaufman source for sputtering was a
three-grid type and delivered a beam of 1 keV Ar* ions
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of intensity 250-350 uA cm™?, depending on source
parameters. The Kaufman source for ion-assisted depos-
ition is a two-grid source which is operated in the range
100-500 eV for this work. It can deliver Ar™ or N,
ions with current densities in the range 5-50 pA cm ™2
depending on energy and source parameters. Chamber
pressure is measured by an ionization gauge and there
is a mass spectrometer to monitor background gases.
Base pressures in the chamber are better than
5%x10""mbar but rise to 3x10 *mbar during
deposition.

Films were deposited onto 1 cm® (100) silicon wafers
which were etched in HF and rinsed in deionized water
immediately prior to insertion into the vacuum chamber.
After chemical cleaning the substrates were etched by
400 eV Ar™ ions (40 pA cm ~2 for 20 min) to remove any
remaining oxide layer before deposition. The titanium
target was also sputter-cleaned using a 1 keV Ar™ beam
{350 pA ¢cm 2 for 10 min) before the commencement of
the experiment.

Three different types of experiment were performed.

(a) Reactive sputtering, i.e. sputter deposition under
different partial pressures of nitrogen without ion bom-
bardment during the film growth. In these experiments
deposition was carried out using 1 keV Ar™ ion bom-
bardment of Ti with a current density 250 pA cm ™=,

{b) Deposition concurrent with Ar~ ion bombard-
ment of the film during its growth under various partial
pressures of nitrogen.

(c) Deposition concurrent with N,” 1on bombard-
ment of the film during its growth under various partial
pressures of nitrogen.

For reactive sputtering in a nitrogen pressure of
pn>5%x107° mbar, the TiN films were gold-like in
appearance. Films obtained in this regime will be referred
to later as samples 1. When Ar™ ion assistance was used
the films were copper-coloured (referred to as samples 2)
or silver-coloured (samples 3). The irradiation of the
substrate by nitrogen ions during titanium target sputter-
ing (case {c)) produced blue-coloured films (samples 4).

2.2. Deposition in the cathode spot arc discharge system
(CSAD)

After ultrasonic cleaning in a freon bath and drying
in freon vapour, the samples of hard alloy (WC 79%.
TiC 15%, Co 6%) or steel were inserted into the sample
holder in the vacuum chamber. Two stages of cleaning
in situ were performed with each sample:

(i) Cleaning in a glow discharge. After reaching a
base pressure of approx. 2 x 10~ mbar, nitrogen of high
purity was admitted up to approx. 10”2 mbar into the
sample chamber. A negative voltage of —1.5kV was
applied to the sample holder with respect to the walls
of the chamber, and a glow discharge was struck between

the holder (cathode) and the walls of the chamber
(anode). The duration of cleaning in the glow discharge

-

was 15 min with a current density j=0.5 mA cm ™2

(ii) Cleaning by titanium ion sputtering. The nitrogen
flow was turned off and the chamber was again pumped
down to approx. 2x 10~° mbar. Titanium ions were
produced in the cathode spot arc source by electron
impact ionization of titanium vapour. The negative bias
on the sample was —1.5kV and the arc discharge
current in the source was 70 A. The density of titanium
ion flux n near the surface of the rotating substrate (2
rotations per minute) was 10'' cm* and the duration
of Ti ion bombardment of the sample surface was 300 s.
The temperature of the sample surface towards the end
of ion bombardment was 650 C.

The investigations of the cleaning process showed that
it is accompanied by the formation of an intermediate
layer of titanium. The measured intensities of the Ti Ka
line emission from the surface show that, in only 3-5s.
a 15-30 nm thick titanium layer forms on the surface of
the steel specimen. An increase in the time of Ti ion
bombardment up to 10s leads to a linear increase in
the Ti layer thickness. Further increase in the sputter
cleaning time up to 30 s leads to a slight decrease in the
titanium deposition rate. After 300s. the effective Ti
layer thickness is as great as 300 nm. The presence of
this thin titanium layer after cleaning by Tiion bombard-
ment leads to good adhesion between the substrate and
the coating.

After cleaning, nitrogen was again admitted into the
sample chamber (up to p=10"*mbar). the substrate
bias was brought up to —200 V. and the arc source was
run. Coating deposition was performed by two ion
sources working simultaneously under equal conditions
(arc discharge current / =70 A). The film deposition time
was 30 min and the speed of rotation of the sample was
2rev min~ ' TiN coatings formed were about 5um
thick. Films obtained by this CSAD method will be
referred to as samples 5.

2.3. Deposition in a planar magnetron

A conventional diode magnetron sputtering system
(“Mir-2") was used. The substrates, of stainless steel,
were ultrasonically cleaned in a freon bath and dried in
freon vapour, as for the CSAD films described pre-
viously. They were then cleaned by ion bombardment
and heating as follows:

(a) in 5-7x10 2 mbar argon glow discharge at
1500 V substrate potential and 0.7-1 A discharge current
for 20 min (a time when sparking on the substrate surface
stopped and the discharge current increased)

(b) heated to 670°C in a reduced pressure of
5 x 107° mbar (argon plus residual gas)
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(c) repetition of (a) and {b) but with the heating
continued for 90 min.

Magnetron sputtering took place at a working pres-
sure of approx. 3 x 107 % mbar, the working gas being
argon or nitrogen. The discharge voltage was 560 V and
the current 6 A. Sputter targets were made from com-
pressed TiN powder and a negative bias was applied to
the substrates. Films of 7-10 um thickness were formed
in 30 min. These samples will be referred to as samples 6.

3. X-ray photoelectron spectroscopy analysis of film
composition

3.1. Analysis procedure

3.1.1. Experimental details

Measurements were performed on a Kratos XSAM800
XPS/Auger electron spectroscopy (AES) spectrometer
equipped with a single channel hemispherical analyser,
quadrupole anode X-ray gun and duoplasmatron ion
gun.

To determine the chemical states of oxygen, nitrogen,
carbon and titanium the spectra of the O 1s, N 1s, O 1s
and Ti 2p lines, usually used for these elements, were
recorded. The samples were excited with Al K«
(1486.6 eV) radiation for survey spectra and with Mg
K (1253.6 eV) for the C 1s, Ti 2p, N 1s and C 1s peaks.
Survey spectra were collected at a pass energy of 65 eV
(1 eV per step). High resolution spectra were obtained
at a pass energy of 3§ eV (0.2 eV per step). All the data
were obtained in a fixed analyser transmission mode,
giving a full width at half-maximum (FWHM) value of
1.3 eV for the Ag 3ds, line. The analyser lens was in the
high magnification mode with an analysis area of
1.5x 2.5 mm? lon bombardment in all cases was per-
formed with 6 keV Ar™ ions at an incidence angle of
457, raster scanned over an area of 7x7 mm?2 so that
sputtering was uniform in the area of analysis. The ion
current was in the 2.5-3.0 uA range and the base pressure
was below 5x 107 mbar. The binding energy (BE)
reference for XPS was the Ag 3d core line (BE=
3679 eV). Calibration of the spectra was based upon
the C Is peak (BE=285¢eV) owing to residual hydro-
carbon. The intensity ratios of the Ti 2p, N 1s, O 1s and
C 1s peaks were determined from peak areas obtained
by integration of the peaks after smoothing and back-
ground subtraction (Shirley method { 13]). Atomic con-
centration calculations were made using the atomic
sensitivity factors provided by the manufacturer of the
instrument. Normally the near-surface region of Ti films
contains not only TiN compounds, but also oxides and
oxynitrides. The content of the nitride state appears to
be dependent on the method and conditions of the
deposition of the coating. The published data on the
Ti 2p spectra of the initial surface show peaks corre-

sponding to the TiN and TiO states. The contribution
of different Ti chemical states to the spectra is usually
found by using a curve-fitting procedure, combined with
various background subtraction methods, with a gaussi-
an—lorentzian peak shape used for the major compo-
nents [5-7,14]. The separation of the exact TiN
spectrum from experimental spectra of the films is rather
complicated [15] owing to such factors as
Coster—Kronig broadening, intense satellites and
discrete energy losses, which are usually attributed to
the oxynitride state and to the uncertainty in the binding
energy position of the oxynitride state. This may cause
errors in determination of the titanium nitride state
content in the coating. In this work we attempted to
minimize errors by using experimental reference spectra
of TiN and Ti0.,.

We note that, in the nitrogen N 1s spectrum, two lines
usually attributed to the presence of stoichiometric and
nonstoichiometric titanium nitride TiN and TiN, with
x>1 are observed [6]. We will also use this interpreta-
tion, but we think that there is another possible explana-
tion. In the Ti 2p spectrum only the line corresponding
to stoichiometric TiN i1s observed, while the line corre-
sponding to nonstoichiometric TiN, is not present. This
implies that, although the nitrogen content in the film
is somewhat larger than in pure TiN, all the Ti atoms
are in the chemical state corresponding to stoichiometric
TiIN. At the same time the presence of two lines of
titanium nitride in the N 1s spectrum shows that there
are two types of nitrogen chemical states, one with all
the bonds characteristic of pure TiN, the other having
some unsaturated bonds.

3.1.2. Curve fitting procedure for the spectra

From previous XPS core level measurements of pure
TiO, (anatase) and TiN we have obtained the reference
spectra of TiO, and TiN. The latter has the same shape
as the spectrum of TiN single crystal [4]. These spectra
are used as the starting conditions to fit the experimental
data. Unfortunately, we did not have standard Ti 2p
lines for oxynitrides, and no published data on the
spectra of these compounds are available to us. In
principle, the standard approach could be used, when
the spectra are presented in the form of gaussian-lorent-
zian peaks, but we have chosen the following procedure:
the oxynitride line shapes were obtained as the superpo-
sition of the TiN and TiO, spectra with different relative
intensities. thus providing a wide range of oxynitride
states with FWHM between 2.2 eV (TiO,) and 2.8 eV
(TiN). We believe that this approach allowed us to
account to some extent for the contribution to the Ti 2p
line of discrete losses, which come into play during
interaction of Ti and N [15]. This procedure is some-
what arbitrary, but in fact it is no more arbitrary than
using smooth curves to describe complex XPS spectra.
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Note that the state with larger FWHM has a larger
binding energy. As will be shown below, the curve-fitting
procedure did not always preserve the difference between
the binding energies of the TiO, and TiN states when
the Ti 2p spectrum was analysed. At the same time, the
difference between the binding energies of the O 1s
and Ti 2p line components attributed to TiO, (A=
Eri 2p—Eo =72¢V) [5] is equal for all the samples.
These lines are shifted simultaneously with respect to
other lines (N 1s, O 1s, and Ti 2p for TiN). This fact
may be related to the presence of nonconductive islands
of TiO, in the near-surface region. In this case these
lines can be shifted as a result of surface charging, but
the distance between them should remain constant. The
shift value should depend on the size of the islands and
on the dielectric constant within the matrix. and may be
different for different samples.

When fitting the N Is line, the difference between the
energy positions A=Ey; ,,~ Ey | was calculated from
the TiN reference spectrum. This difference is equal to
58 eV and has an intermediate position between similar
data found in ref. 5 (57.8 eV) and in ref. 6 (58.4 eV). We
relate the line with binding energy of 1 eV lower than
TiN to the energy of the state corresponding to nonstoi-
chiometric TiN, (1 <x<1.5) in accordance with ref. 7.

The titanium nitride chemical state lines were
described by gaussian peak shapes with FWHM =
1.6 eV:a FWHM within the range 1.8-2.0 eV was chosen
for the oxynitride states. The high-energy part of the
spectrum was described using two states corresponding
to oxynitrides [7]. However. in several cases (samples
4-6), one more nitrogen state with the largest energy
had to be introduced to describe the spectra adequately.
The nature of this state is to be studied in future.

It should be noted that we have taken two oxvnitride
states, as has been done in other work (e.g. ref. 6). but
we do not know how many oxynitride states are really
present. Probably it would have been more correct to
take the total area under each curve as a measure of the
oxynitride state content with no distinction between
these states.

3.2. Composition of the initial film surface

3.2.1. Ti2p spectra

The shapes of the photoelectron spectra of Ti 2p lines
for the samples studied (Fig. 1) are significantly different.
The analysis shows that characteristic peaks of the
titanium nitride state are present for samples 1. 5 and 6.
Note that a lower content of the titanium nitride state
corresponds to a lower slope of the low-energy part of
the spectrum in Fig. 1. The state corresponding to TiO,
is also clearly present for all the films. The result of the
curve-fitting procedure for the Ti 2p spectrum for
sample 1 is presented in Fig. 2. The Ti 2p spectrum 1is
the sum of three components: TiN+ TiN_ (x> 1). line 1

Intensity (arb.units)

Binding energy, ev

Fig. 1. XPS spectra of the Ti 2p state from samples 1--6 as received.

Intensity f{arb. units) ——=

m

465 480 45
Binding Energy, eY

Fig. 2. Ti 2p experimental core-level spectra ( ) and the result
of fitting (—) for sample 1 using the components 1. TiN: 2, TiO,:
3. TiNO, (y>z).
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(BE=455.2¢V); TiO,, line 2 (BE=458.6eV); TiN,O.
(y>z), line 3(BE =456.4 ¢V). These results are in confor-
mity with other data in the literature [3].

3.2.2. N Is spectra

The N 1s spectra for the six samples are different in
the low-energy region and in the widths (FWHM) of
the central parts of the spectra. This is an indication of
the presence of different amounts of oxynitride states.
This effect is most pronounced for the samples 5 and 6
which have a large FWHM. From the widths and shapes
of the N 1s photoelectron lines, as well as from the
results of the curve-fitting procedure for the Ti 2p lines,
it follows that several nitrogen states are present in the
initial surfaces. Figure 3 shows some nitrogen states for
samples 1. The binding energy of these states are as
follows: 397.2 eV, TiN (line 1); 396.3 eV, nonstoichiomet-
ric TiN, (line 2); 398.8 eV, TiN,O, (lne 3); 400.6 eV,
TiN,O, (line 4). The oxynitride state with smaller bind-
ing energy is characterized by smaller oxygen concen-
tration and larger nitrogen concentration; in the figures
and tables it is denoted as TiN,O. (y > z). The compound
TiN,O, (u<v) corresponds to an oxynitride with larger
oxygen concentration and smaller nitrogen concen-
tration, i.e. we suppose that w<y and v>z. The TiN, O,
oxynitride is characterized by a FWHM of 2.6 eV, and
the FWHM for TiN,O, is 2.4 eV.

3.2.3. O Is spectra

The analysis of oxygen O Is photoelectron spectra
demonstrates that not less than three states are needed
to describe the oxygen states on the surface. There are
two states representing oxygen in the oxynitride: TiN,O,

.

Intensity (arb. units}) ——e

402 400 398 336
Binding Energy, &Y

Fig. 3. N Is experimental core-level spectra ( ) and the result of
fitting (—) for sample 1 as received using the components 1, TiN;
2. nonstoichiometric TiN, (x>1); 3, TiN,O. (y>z); 4, TiN,O, (u<v).

(u<v) (BE=533.5e¢V) and TiN,O. (y>z) (BE=
532.0eV), and a third state representing oxygen in the
TiO, chemical state (BE=530.5eV). From the O 1s
spectra it can be seen that the content of different oxygen
states varies for different samples.

3.2.4. Comparison of the initial surface chemical
composition of different coatings

As shown in the discussion above, the curve-fitting
procedure for the Ti 2p line allows the determination of
the relative intensities of the TiN + TiN, and oxynitride
states of titanium. However, the determination of the
stoichiometric TiN contribution alone to the nitride
state is impossible, since the Ti 2p line is insensitive to
the change in x [6]. However the N Is line is sensitive
to changes in x and the results of the curve-fitting
procedure of the N 1s line allow us to determine the
relative contribution of stoichiometric TiN. The results
of the analysis of the chemical composition of the
samples are given in Table 1. It is seen from Table |
that, near the film—substrate interface, the TiN content
is greatest for the golden-coloured samples (1, 5 and 6).
The TiN content is lower and the TiO, and TiN,O,
contents are higher for dark-coloured samples (2, 3 and
4). It 1s of interest to note that, in addition to stoichio-
metric TiN, a significant content of nitrogen-enriched
titanium nitride (TiN, with x> 1) is present. This result
correlates with the work of Krunsin-Elbaum et al. [ 16],
where zirconium nitride (which is similar to TiN in its
chemical properties) films were found to contain a ZrN,
{2/3 <x<3/2) compound.

The percentage of stoichiometric titanium nitride in
the steady state is largest for samples 1 and 6 (reactively
and magnetron sputtered films respectively). As a general
rule the golden-coloured samples have larger content of
stoichiometric titanium nitride, i.e. there is a correlation
between relative TiN concentration and the colour.

One should note that the percentage of TiO, for
different samples does not change very much (from 25%
to 34%); this could be explained by the fact that the
creation of TiO, is connected not with the film depos-
ition process itself, but with the vacuum conditions and
sample history after this process is completed. Indeed
RBS measurements, taken within a few days of depos-
ition, showed that the oxygen content of samples 1-4
was less than 1%. The results obtained for both the
Ti 2p and N 1s spectra suggest that the final sample
coatings have a surface with a significant amount of
TiO, and an intermediate oxynitride phase. The content
of TiO, in titanium nitride films has also been monitored
by other groups [5-7,14] who showed that presence of
this compound does not necessarily mean that the
engineering performance of the film is not good.
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TABLE 1. Compound composition in films (%)

Compounds in films®

Reference number of film, colour and method of preparation

1 2 3 4 3 6
Golden Silver-like Copper-like Blue Golden Golden
IB (reactive) IAD (Ar) IAD (Ar) IAD (N) 1P PM
TiN 1 19 8 6 7 s 39
2 57 36 36 41 43 63
TiN, (1<x<1.5) 1 30 10 4 5 42 1
2 18 23 27 17 18 33
TiN,O. (y>2) 1 22 36 42 39 19 24
2 12 17 20 21 21 4
TiN,O, (u<v) 1 - 12 20 24 9
2 8 - 15
TiO, 1 29 34 28 25 25 26
i - —_
TiO 1 - - - -
2 S 8 17 13 18

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

3.3. Composition of the films after ion etching (depth
analysis )

Ion-beam etching completely removes TiO,. reduces
the content of the oxynitrides. and raises the content of
TiN at the surface (see Table 1). However, it seems
impossible to trace the chemical content at the surface
during the etching process in terms of the above-
mentioned states. This is due to the fact that ion
bombardment causes breaking of chemical bonds and
formation of new chemical states. Specifically. the break-
ing of the Ti-O and Ti-N bonds with subsequent
recombination may lead to an oxvnitride state forma-
tion. Thus the description of the decomposition of TiO,
could require as many as five chemical states. To our
knowledge, there are no available results concerning the
effect of ion bombardment on the chemical state of
oxynitrides. Long-term etching allows the removal of
the destroyed layer and an evaluation of the chemical
composition of the coating in depth. Fortunately prefe-
rential sputtering effects in TiN are negligible [§-107.
Thus, ion etching may allow determination of the Ti
chemical state in the bulk to an accuracy which depends
on the uncertainty in the preferential sputtering effects
in titanium oxynitride and on the content of the oxy-
nitride state.

3.3.1. Ti 2p spectra

The analysis of the Ti 2p lines (Fig. 4), recorded after
removal of the upper 300-500 A of the films, showed
that in all cases the content of TiN is larger in the bulk
than at the surface. TiO, has almost completely disap-

Intensity {arb. units) ————w=

[

40 465 460 455 Ll
Binding enerqy, e¥
Fig. 4. Change in XPS spectra of the Ti 2p line during ion etching of

sample 1. Etching depth in dngstroms is shown above each curve. The
dashed line represents the background.
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peared but in all the samples (except for 6) a TiO
compound appeared. A comparison of the spectra pre-
sented in Figs. 2 and 4 clearly shows a decrease in the
content of TiN,O, and a reduction in TiO,. Figures 4
and 5 present the data on the contributions of various
Ti and N states for the samples 1, 4, 5 and 6, and Table 2
lists the data on the chemical composition of the samples.

These data suggest that the removal of such a thick
layer was not accompanied by complete removal of the
oxynitride state. From a comparison of the measure-
ments made before and after etching it follows that
samples with larger content of oxygen in the bulk have
a larger degree of surface oxidation. Since the steady-
state spectra were recorded after the removal of approx.

Y w
= =
‘c c
c
2 2
e £
o Gl
= Z
— 1
3
4
2
465 460 455
(a) Binding Energy,eV (b) Binding Energy, eY
| T
T Land
Led ']
4] -
-t o
e c
c
2 >
& 4
1 9 [ 1
S o
bt L
- 1 ——
4
3 2
il -
465 460 455 . 465 460 455
(c) Binding Energy,eV (d) Binaing Energy, eV

Fig. 5. Ti 2p experimental core-level spectra (

) and the result of fitting (—) for samples 1, (a): 4, (b); 5, (c); 6, (d) in steady state conditions

after the removal of a 300 A layer by ion etching, using the components 1, TiN: 2, TiN,O, ( y>z); 3, TIN,O, (u<v); 4, TiO.

TABLE 2. Depth composition of films

Sample Removed thickness (A)

number
0 (surface) 5 30 80 160 260 360

1 TiN, ,0,Co., TiN;0,Co.00 TiNy 1006Co0s  TiNy005Co02  TiN; 004 TiN, ;004 TiN,; ,00.4

2 TiNl.301.6C1.3 TiNl.ZOIAlCO.Z TiN1.4OO.7 TiNl.400.6 TiNl.4OO.3 TiNl..’tO(LS TiNl.JOQS

3 TiNl.201.7C1.4 TiNl.ZOl,ZCOAS TiNl,4OO46C0403 TiNLSOOA TiNl,JOOA TiNLBOD.A TiN]JOOA

4 TiN; 30,0Cs5  TiNy30,,Cos  TiN;300,Co,  TiNy3006Cos  TiN;3060C0:  TiNy,006Co5  TiN;400.4Cos
5 TiNI.-‘Ol.JCAS TiN1.200.4Cl.4 TiNl.ZOOAZCO.S TiNl.ZOO.ZCOA TiNl.ZOO.‘)COAJ TiNl.ZOO,lCO.Z TiNl.ZOO.lCO.Z
6 TiN,044C36 TiN; 00 6Cos TiNggO05Cos  TiNg;003C00s  TiNgeOp3Co0s  TiNgoOos TiNg.s00.3
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300-500 A of the coating, the presence of oxygen in the
bulk is unlikely to be a consequence of recoil implant-
ation of oxygen atoms from the near-surface layer. This
effect is more likely to be related to the features of the
particular coating deposition method. It is probable that
the film during growth is porous and is strongly reactive
to ambient gases.

3.3.2. N Is spectra

The analysis of the N 1s spectra shows that, as for
the Ti 2p spectra, ion bombardment leads to a redistribu-
tion of the relative contents of different states. From the
data it appears that the relative content of stoichiometric
TiN increases, and the content of nonstoichiometric TiN
is reduced. This trend holds for all the samples.

3.3.3. O Is spectra

During the evolution towards the steady-state the
shape of the O 1s spectrum was seen to change. This
effect is attributed to the removal of chemisorbed oxygen
and of TiO,. The recorded spectra can be described
using two oxynitride states (Fig. 6).

4. Conclusions

The results of the XPS analysis of the composition of
titanium nitride films obtained by various methods: ion-
assisted deposition (1AD). ion plating (IP) and planar
magnetron sputtering (PM) may be presented as follows.

(1) Titanium nitride films of different colour. obtained
using various regimes of deposition. have markedly
different composition. The dark-coloured films (blue.

Intensity (arb. units) —»

536 534 532 530 528
Binding Energy, &V

Fig. 6. O Is experimental core-level spectra ( ) and the result of
fitting (—) for sample 1 after ion etching to a depth of approx. 300 A,
using the components 1. TIN,O. (y>z): 2. TiN,O, (u<v).

copper-like and silver-like) are characterized by the
presence of a significant quantity of oxynitrides and
titanium oxides, both at the surface and in the bulk.
Thus the blue-coloured film obtained by ion-assisted
deposition contains only 10% titanium nitride at the
surface and about 60% in the bulk. the rest being
oxynitrides and oxides; the concentrations of oxynitrides
and oxides are twice as large at the surface than in the
bulk (these concentrations are 60% and 25% at the
surface and 35% and 10% in the bulk respectively). As
RBS measurements taken just after deposition of these
films showed that the oxygen content was very low it is
possible that their composition has changed with expo-
sure to air.

(2) All the films under investigation (of any colour)
contain a fraction of titanium nitride enriched with
nitrogen (TiN, x>1) in addition to stoichiometric
titanium nitride TiN.

(3) The content of titanium nitride TiN + TiN_ in the
golden-coloured films obtained by all the three methods
is the same (approximately 50% at the surface). The
content of stoichiometric titanium nitride TiN is largest
for the film obtained by using the PM method.

(4) Bulk content of titanium nitride TiIN+TiN, 1s
approx. 75% and 95% for golden-coloured films
obtained using ion-assisted and planar magnetron meth-
ods respectively. In both these cases the content of the
stoichiometric titanium nitride in the bulk is about 60%.
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