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Abstract

Thin films of titanium oxynitride were successfully prepared by dc reactive magnetron sputtering using a titanium metallic
target, argon, nitrogen and water vapour as reactive gases. The nitrogen partial pressure was kept constant during every depositi
whereas that of the water vapour was systematically changed from 0 to 0.1 Pa. The evolution of the deposition rate with an
increasing amount of water vapour injected into the process was correlated with the target poisoning phenomenon estimated fron
the target potential. Structure and morphology of the films were analysed by X-ray diffraction and scanning electron microscopy.
Films were poorly crystallised or amorphous with a typical columnar microstructure. Nitrogen, oxygen and titanium concentrations
were determined by Rutherford backscattering spectroscopy and nuclear reaction analysis, and the amount of hydrogen in th
films was also quantified. Optical transmittance in the visible region and electrical conductivity measured against temperature
were gradually modified from metallic to semiconducting behaviour with an increasing supply of the water vapour partial pressure.
Moreover, an interesting maximum of the electrical conductivity was observed in this transition, for a small amount of water
vapour.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction reveal behaviours included between metallic TiN and
resistive TiQ compound$12,13. Besides, such oxy-
During the past 5 years, there has been considerablenitrides usually exhibit a complex structure, the first
interest in the production of metallic oxynitride thin problem which occurs with the preparation of TiQ N
films, since the presence of oxygen in nitride compounds films with various metalloid concentrations. Reactive
leads to unexpected and promising functional range of magnetron sputtering is an attractive way to deposit
materials. Various chemical and physical deposition these films. A metallic target sputtered in a mixed
techniques have been implemented to prepare oxynitridereactive working gagO,+N,) [14,15 or the reactive
coatings with a tuneable ND ratio and consequently, gas pulsing techniquél6,17 can be used to modify
with a wide range of propertiel—4]. Even if silicon N/O ratio in the films.
oxynitride films have lately deserved great attention due |, the present work, we report on the use of water
to their technological importance in microelectronics yapour as reactive gas to deposit titanium oxynitride
[5-7, few works have been devoted to transition-metal ¢qatings by dc reactive magnetron sputtering. The influ-
oxynitrides [8—11]. Recent articles have been focused ence of the water vapour partial pressure on some

on titanium oxynitride thin films since these materials process parametefsleposition rate, target potentias
*Corresponding author. Tel.:+33-0-381402764; fax:+ 33-0- investigated taking into account the p0|son|ng_ p_henom-

381402852. enon at the surface of the target. A systematic increase
E-mail address: jm.chappe@ens2m.fJ.-M. Chappg. of the water vapour partial pressure leads to crystallised
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titanium nitride or completely amorphous oxynitride and backscattering experiment was produced by the 2 MV
oxide compounds with a typical columnar microstruc- Tandetron accelerator installed at LARN in Namur and
ture. Optical characteristics measured in the visible the scattered particles were detected in a P(P&ssi-
region show that TiQ I\ films prepared with low water vated implanted planar silicordetector placed at 1685
vapour partial pressure are mainly absorbent, whereas aelative to the incident beam. The analysis of light
high water supply tends to produce transparent andelements in the coatings was performed with a 5.2 MeV
interferential titanium dioxide coatings. The chemical « particles beam produced with the same accelerator.
composition is also determined in relation to the varied The particles due td* ©,py)'O and “Nea,p,) *O
water vapour partial pressure. The reverse evolution of nuclear reactions were detected in a PIPS detector placed
oxygen and nitrogen concentrations is correlated with at 90 relative to the incident beam. The scattered
the decrease of the electrical conductivity and the particles were stopped in a 24m Mylar foil filter
metallic-semiconducting behaviours of the titanium oxy- placed in front of the detector. Simultaneously, the

nitride thin films. scatteredx particles were detected in a PIPS detector at
backward angl€165°). At this incident energy, the cross
2. Experimental sections of the elasti€x,«) reaction on light elements

is non-Rutherford. Data from the literature were used to
The depositions of titanium oxynitride thin films were take into account for the true cross sectigh8—2Q in
performed in a home-made high vacuum reactor, whoseorder to obtain realistic simulation of the experimental
volume was approximately 60 I. Substrates were intro- spectra. Cross sectional scanning electron microscopy
duced into this reactor through a 1 | airlock. A metallic (SEM) observations were performed on a JEOL JMS-
titanium target(purity 99.6%, 50 mm diametgmwas dc 6400F field emission SEM at an acceleration voltage of
sputtered with a constant current densifyy=51 A 5 kV. The electrical conductivity of the films deposited
m~2, while the substrategglass and(100) silicon on glass substrates was measured against temperature
wafer9 were grounded and kept at a constant tempera-using the four probes method.
ture, T¢=293 K, during the deposition. It was located
at a distance of 50 mm from the substrate. Substrates3. Results and discussion
were ultrasonically cleaned with acetone and alcohol
and also before each run, Ti target was pre-sputtered in3.1. Process characteristics
a pure argon atmosphere for 5 min in order to clean the
surface of the target. The deposition rate of pure Tiis A typical feature of the reactive sputtering process is
510 nm h! with target potentidl; =275 V and argon  the abrupt change of some experimental parameters
pressureP,,=0.4 Pa. Argon and nitrogen partial pres- (especially a sudden drop of the deposition ydte a
sures were maintained at 0.4 Pa and 0.1 Pa, respectivelygiven supply of the reactive g4&1]. With water vapour
using mass flow controllers and a constant pumping as reactive gas, the deposition rate of titanium oxynitride
speedS=10 | s~*. Such operating conditions correspond films is also influenced by the amount of water vapour
to the nitrided sputtering mode of the procdsarget injected into the chambefFig. 1). In spite of a low
potential Ur; =314 V). Nitrogen partial pressure is large pumping spee€S=10 | s ) used during the deposition,
enough to form TiN compound. The water vapour partial the rate exhibits a continuous evolution from 151 to 48
pressure was systematically changed from 0 to 0.1 Panm h™*, when the water vapour pressure increases from
using a leak valve connected to a de-ionised water flask.0 to 14 Pa. For low water suppli€®y,0<10"2 Pa,
In the first approximation, water vapour partial pressure deposition rate is slightly reduced to 130 nn?h
is derived by subtracting nitrogen and argon partial whereas a maximum is reached fé%, o close to
pressure from total pressufplasma on. The deposition 5.0 1072 Pa. Similar results have been obtained by
time was adjusted in order to obtain film of equal Martin et al.[16] for the deposition of titanium oxyni-
thickness(close to 400 nm tride thin films by the reactive gas pulsing technique. In
The crystallographic structure was investigated by X- our case, the evolution of the deposition rate vs. water
ray diffraction (XRD) using monochromatised Cu,K  vapour pressure can be explained taking into account
radiation in thef/260 configuration. Optical properties the occurrence of a competition phenomenon between
were analysed from optical transmittance spectra of thethe removal by sputtering of a nitride layer at the surface
film /glass substrate system recorded from a Lambda 200f the target and its substitution by an oxide one.
UV-visible Perkin-Elmer spectrophotometer. Combin-  Actually, the poisoning effect of the target can be
ing Rutherford backscattering spectroscd®BS) and assessed from measurements of the Ti target potential
nuclear reaction analysi€NRA), it is possible to per-  (Fig. 2). Without water and up t®,o=1.2xX10"2 Pa,
form the elemental analysis of all elements present inthe potential is nearly constaniU;;=315 V) and
the coatings. In order to analyse the heavy elen&nt corresponds to the nitrided sputtering mogeithout
in the coatings, a 2 Me\W particles beam used for the nitrogen, U =275 V for the metallic sputtering mogle
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Fig. 1. Deposition rate of titanium oxynitride thin films vs. water
vapour partial pressure. A continuous evolution is observed with an
increase of the water vapour injection. The change of the deposition
rate can be correlated with the occurrence of titanium nitride, oxyni-
tride and dioxide compounds.
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Fig. 3. X-ray diffraction patterns of titanium oxynitride thin films
deposited at 293 K 0f100) silicon wafers. Films prepared for water

For this range of water vapour pressures, as-deposited/apour partial pressures lower th#,o=8.0x10"% Pa adopt the

coatings are titanium nitride compounds with a signifi-
cant amount of oxygerforange to brownish colours
namely TiN:O. For water vapour pressures higher than
Py,0=7.6X10"2 Pa, the target potential is near 400 V,
which correlates with an oxidised state of the surface of
the target. Water injection is high enough to fully run

f.c.c. TiN structure and completely amorphous or poorly crystallised
titanium oxynitrides and oxides are obtained for higher pressures.

For 1.2<1072<Py,,<7.6X10°2 Pa, such water
vapour pressures correspond to the highest deposition
rates and similarly to a notable increase of the potential

the process in the oxidised sputtering mode. Since thefrom Ur; =315 to 398 V. The maximum deposition rate

sputtering yield of titanium oxide is lower than that of
titanium nitride, the deposition rate largely decreases
despite a higher potential. Titanium dioxide thin films
are formed with nitrogen as dopin@iO.:N).

420

4004

3804
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Fig. 2. Titanium target potentidly; as a function of the water vapour
partial pressure. Transition from nitrided to oxidised sputtering mode
corresponds to an increase of the target potential from 315 to 400 V.
This change is gradual and yields to the formation of titanium oxy-
nitride coatings.

obtained for water vapour pressure close to>&610~2
Pa is also due to the competition between a nitrided and
an oxidised sputtering mode. The nitrided mode is
predominant when water vapour pressure does not
exceedPy o="7.6x10"2 Pa. Before this pressure value,
the energy of ions impinging on the target and so the
amount of sputtered particles was increased. Afterwards,
the target potential is not so influenced by the water
pressure because of the complete formation of an oxide
layer on the target with a low sputtering yieldxidised
sputtering mode

As a result, no abrupt transition from nitrided to
oxidised sputtering mode is observed with water vapour
as reactive gadeven with a low pumping spegd
Instabilities of the reactive sputtering process involving
one metallic target and &N, as reactive gaseR2—
25] are avoided, when N and_,H O are used. Therefore,
synthesis of titanium oxynitride compounds with various
metalloid concentrations should be favoured using water
vapour pressures included between XD 2 and
7.6X1072 Pa.

3.2. Structure and chemical composition

X-rays diffraction patterns of the films deposited at
room temperature o0100) Si substrates show that the
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Fig. 4. Cross section observations by SEM of titanium nitride, oxynitride and dioxide thin films prepared with different water vapour partial
pressures{a) Py,o=0 Pa;(b) Py,o=4.0x10"2 Pa;(c) Py,0=1.2x10"* Pa. A columnar microstructure is systematically observed.

crystallographic structure is particularly influenced for with high water vapour pressure@,,o>7.6xX10"?

low water vapour pressuréfig. 3). Without water and  Pa), such microstructure is expected taking into account
up to P,,0=8.0x10"2 Pa, XRD patterns exhibit peaks Thornton’s structure zone modg¢B2]. From melting
corresponding to the f.c.c. TiN phase. The crystallite points of TiN and TiQ (mpiy=3223 K andmpqio,=
size estimated by the Scherrer's method is approximately2113 K, respectivelyand since deposits were performed
20 nm and a preferential orientation along téEl1) at room temperature, the temperature ratiQpsiraid
direction is systematically observed. This kind of nano- T,,,) is lower than 0.13. It corresponds to the zone 1 of
structured compound commonly obtained by otH26s- the Thornton’s model. The processes of surface diffusion
29] vanishes when water vapour pressure exceedsare not able to develop in this zone due to little adatom
8.0x10°® Pa. The orange-brownish colours of TiN:O surface mobility. Then, films are formed by narrow
coatings change to a metallic or dark green aspect andcolumnar grains with a densely packed fibrous mor-
a nearly amorphous structure is adop{@®,N,). Films phology. For titanium oxynitride films, the similar
prepared with water vapour pressures higher thanmicrostructure observed in Fig. 4b is not so easy to
1.2x10°* Pa (transparent Ti@ :N also exhibit an predict than that of TiN:O or Ti® :N since few works
amorphous structure. At first, the loss of a long range have been published concerning the physico-chemical
order with an increase of the water vapour pressure isproperties of such compounds.

due to a low surface diffusion of the particles impinging ~SEM micrographs also show that adhesion of the
on the substrate or the growing film, since deposits were films to the silicon substrate significantly depends on
carried out at room temperaturg80,33. A growth the water vapour pressure. It is worth to mention that
competition between titanium nitride and titanium oxide fracture cross section of TiN:O film&ig. 48 produced
phases occurs at the surface of growing films in spite a clear detachment of the coating. Adhesion to the
of a low water vapour pressuréstrong affinity of surface of the Si substrate seems to have improved for
oxygen with regards to titanium compared to nitrogen titanium oxynitride (Fig. 4b) and is even better for
These results are consistent with those found by Bittar TiO,:N films (Fig. 40 since the fracture of silicon wafer
et al.[12] and later by lanno et al15] about aluminium is extended into the coating. At first, due to deposition
oxynitride coatings. They claimed that an addition of carried out at room temperature, interdiffusion phenom-
small amounts of oxygen in the feed gas during depo- ena at the coating-substrate interface are worsened lead-
sition prevents the formation of a crystalline structure. ing to a poor adhesior{e.g. TiN:O on silicon. In

As a result, one can suggest that synthesis of transitionaddition, due to the native oxide layer formed on silicon
metal oxynitride thin films exhibiting a well-crystallised wafers and assuming that a significant amount of oxygen
structure requires a substrate temperature of severals systematically incorporated into the TiN coatiig§],

hundreds Kelvin. good adhesion of TiN cannot be reached without sputter
Cross sections of the films observed by SEM syste- cleaning, heating of the substrate dod biasing during
matically show a typical columnar microstructuteig. the deposition process. However, interdiffusion and oxy-

4a-0. For coatings prepared without wat€FiN:O) or gen at the interface are not so detrimental to adhesion
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Fig. 5. RBS and NRA spectra of titanium oxynitrides deposited ofil80) for various water vapour partial pressurés. RBS at 2.0 MeV with
a backscattering angle of 185b) NRA at 5.2 MeV with a backscattering angle of°9@he two simulated peaks are, respectively, dué*to
N(a,po)*’0 and ** Na,p,) O nuclear reaction and the other peaks are due to reactions on the silicon sulbsir&®BS at 5.2 MeV with a
backscattering angle of 165

of titanium oxynitrides and oxides on silicon since no gen becomes significanthigher than 5 at.% As a
clear detachment of the film to the substrate was result, a nearly amorphous oxynitride compound with a
observed. high oxygen content: TiQy; BN, H1s is deposited for

The elemental composition measurements carried outPy,,,=1.5xX10"2 Pa. As water vapour pressure increas-
by RBS and NRA show that the water vapour can be es, a reverse evolution of oxygen and nitrogen atomic
used as a reactive gas to modulate the nitrogen andcompositions is observed and hydrogen concentration
oxygen concentrations. In order to determine oxygen,
nitrogen, titanium and hydrogen concentrations, three
types of experiments were performed. RBS at 2.0 MeV 70 A AR AR AR O
allowed to determine the amount of titanium knowing 1 C
the thickness of the film$Fig. 58 and combined RBS
and NRA at 5.2 MeV led to the oxygen and nitrogen
concentrationgFig. 5b,0. The hydrogen composition
was finally deduced from simulated RBS spectra at 2.0
MeV. Without water, titanium nitride films are over-
stoichiometric with a MTi ratio of 1.1 (Fig. 6). It is in
agreement with numerous studies and models focused
on the reactive sputtering of such compouri@$—33.
Nitrogen partial pressure was high enou@h,=0.1 10 -
Pa to maintain the process in the nitrided sputtering
mode(cf. Section 3.1 and consequently, TiN films with
high nitrogen content were produced.

For low injection of water vapouPy,o<1.5x 102
g;%}o cl))xe)g%insemo]} Tﬁefczryaﬁigjﬁ trlgalcrlf\:ﬁ;/i S()?‘So;;cggnfsw?fh Fig. 6. Ipfluence_ of t_he water vapour pa_rtial pressure on the c_hemical

composition of titanium oxynitride thin films. A reverse evolution of

reg?rdsf to titaniun{Fig. 6). Similarly, nitrogen concen- oxygen and nitrogen concentrations can be noticed as well as an
tration is largely reduced whereas the amount of hydro- increase of hydrogen amount.
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Fig. 7. Transmittance spectra of titanium oxynitrides deposited on
glass substrate in the visible region. Films prepared with water vapou
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Ti-3d electrons to @N 2p levels. However, due to a
lack of knowledge and the complexity of the electronic
structure of the titanium oxynitride material, optical
response of such coatings still remains an open question.
Beyond P,,,0=7.6xX10"? Pa, the spectra display
typical interferential fringes which supports that films
prepared in this range of water vapour pressures behave
as titanium dioxide. It is also worth to note that the
absorption edge is shifted to lower wavelengths as the
water vapour pressure increases. This blue shift com-
monly observed in transparent conducting oxides and
usually attributed to the Burnstein—Moss effect, corre-
lates with the carrier concentratidB88] and then, with
the oxygen composition. For oxynitride compounds,
further investigations are required because such com-
pounds contain a significant amount of nitrogen.
Therefore, as previously reported in the results of the

metallic colours and are strongly absorbent whereas those obtainedprocess characteristicécf. Section 3.}, the optical

with pressures higher than Z@0-2 Pa are interferential. Interme-
diate water vapour partial pressures lead to compounds with irregular
interference fringes and a moderate transmittance.

reaches 10 at.% foP,,o=7.6X10"2? Pa. For higher
water vapour partial pressures,/ 0 ratio exceeds 2.0
and the deposited films tend to behave as titanium
dioxide compounds (TiO,oNo1dd 037 fOr Py &
7.6x 102 Pa. Similar results were obtained by others
[8,9,11,12,16,3babout the reverse evolution of oxygen
and nitrogen concentrations in metallic oxynitride coat-
ings by simple variation of the oxygen partial pressure.
In addition, in spite of a very low supply of oxygen
into the proces<or low water vapour pressure in our
casg, an abrupt increase of the oxygen amount in
oxynitride films is systematically measured mainly due
to the strong reactivity of oxygen with metals.

3.3. Optical and electrical behaviours

The optical transmittance spectra of the filglass
substrate system measured in the visible redi®d0—
900 nnm) are shown in Fig. 7 as a function of the water

vapour pressure. The spectra of TiN coatings and those

deposited with low water vapour pressuf@,,o<
2.8x 1072 Pa are completely absorbent in the measured

wavelength range. For moderated water vapour pressures

(2.8X1072<Py,0<7.6xX 1072 Pa, the films are slight-

ly transparent and exhibit a dark green colour aspect.
Transmittance reaches a maximum close to 550 nm
whereas absorption becomes significant for wavelengths
higher than 800 nm. The strong absorption of titanium
oxynitrides near 900 nn{1.38 e\) is not completely
understood. Taking into account Vogelzang et al. inves-
tigations [37], one can suggest that it is closely linked
to a resonance in the dielectric function at juth. The
authors claimed that this resonan@ecated at 1.1 e¥

properties of the films can be divided into three parts.
For water vapour pressures lower tharxx P0-2 Pa,
properties of the coatings are similar to that of titanium
nitride compounds with a notable amount of oxygen
(TiN:O). Higher water vapour pressure§Py,c>
7.6x10°2 Pa lead to transparent TiO :N films and
finally, for water vapour pressures included between
2.8xX1072 and 7.6<102 Pa, titanium oxynitride mate-
rials are obtained with optical properties which spread
from metal to semiconductor.

Electrical conductivity measured at room temperature
for various water vapour pressurébig. 8) and as a
function of temperaturé€Fig. 9) corroborates with opti-
cal results and process analysis. Without water, titanium
nitride films exhibit an electrical conductivity higher
than 1@ S m?' at room temperature. As a small amount
of water vapour is admitted into the sputtering chamber,

Bl

Electrical conductivity oy, (Sm)

2.0x10° 4.0x10? 6.0x10° 8.0x10°

Water vapour partial pressure (Pa)

Fig. 8. Electrical conductivityo at 300 K of titanium nitride and
oxynitride thin films vs. water vapour partial pressure. Little supply
of water vapour gradually changes the electrical properties of the films

might correspond with a weakly allowed transition of from metal to semiconductor.
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, electronic conductivity[40]. This remarkable drop of
10 T e o T 300 K AS @ funqtion ofP .0 (_five orders of mggnitud)e_
e I P _Ea= _7_m_e_V1- spema_lly hlghllghts thg increasing semiconducting
1 . b oc15x10%Pa ] behaviour of the films with increasing the water vapour
10°1 o P ocasxoipa |=c -t e pressure and so, oxygen content. Electrical conductivity
1 . P sexi0Pa o : — ] measured against temperature supports these results as
H’o ooyt Fa= 73 meVy displayed in Fig. 9. The metallic behaviour of TiN

' ' : ] coatings (decrease ofo with temperaturg prepared
without water or with very low water pressure vanishes
for water vapour pressures higher than"30 Pa. A
negative slope of log=f(1000/T) is measuredlinear
behaviour in the Arrhenius platwhich increases up to
. . ] E,=199 meV asP,o, reaches 580 % Pa. For
29 24 26 28 30 32 34 Ph,0<1.5X107? Pa, the. nggat.ive slopg st_iII exhibits
1000/T (K™ Io_vv_ vaIues(Eus73_ me\) indicating that titanium oxy-

nitride thin films with low oxygen contentdower than

Fig. 9. Electrical conductivityo vs. 10007 measured on titanium 32 at.% ar? still part_ly meta”,lc‘ A grad_ual trf”ms_ltlon
nitride (CJ) and oxynitride thin films for various water vapour partial  fom metallic to semiconducting behaviours is finally
pressures. The activation energy (linear behaviour in the Arrhenius ~ Oobserved as water vapour pressure increases. This also
plot) is largely influenced by the water vapour partial pressure. corresponds to the reverse evolution of oxygen and
nitrogen concentrations in the films. For higher water
conductivity is weakly influenced and remains in the pressures, electrical resistivity becomes too much impor-
same order of magnitude. However, when the water tant to be measured by the four probes technique and
vapour pressure is high enou¢h,,o>10"2 Pa, some the coatings tend to behave as titanium dioxide com-
process parameters like the target potential begin topounds(insulators.
increase as previously reported in Fig. 2. Similarly, As a result, the transition from metal to semiconductor
electrical conductivity of the films is enhanced and of titanium oxynitride thin films is clearly demonstrated
reaches a maximum valuezg, «=3.8xX1C S nit from optical and electrical measurements but at the
close toP,,0=10"2 Pa. It also correlates with a large moment, it is not obvious to provide a successful
increase of the oxygen concentration in the films and interpretation of such characteristic. Nevertheless, it may
with a colour change from orange brownish to a metallic be related to the difference in ionicity between Ti—O
dark green aspect. To the best of our knowledge, thisand Ti—N bonds. Since ionicity in a single bond increas-
surprising maximum of conductivity in titanium oxyni- es with the difference in values of electronegativity
tride thin films has never been observed. Commonly, a between two elements forming the single bond, it means
continuous decrease of is measured vs. oxygen supply that the Ti—O bond leads to a larger charge transfer than
in the process or oxygen concentration in the films the Ti—N bond(electronegativity of O and N is 3.5 and
[12,13,16. In our case, this unusual evolution is not 3.0, respectively Supposing that titanium oxynitride
completely understood at the moment and should requirefilms are formed by a mixture of Ti-O and Ti—N bonds
further investigations. However, assuming that TiO and and assuming that the amount of Ti—O bonds increases
TiN phases with a very small crystal sitshort range  (whereas the amount of Ti-N bonds decreaseith
order from XRD results in Fig. Bare both present in  water vapour pressure, the transition from metal to
titanium oxynitride coatings prepared close RQ,o= semiconductor can be ascribed to a larger ionicity of
1072 Pa, some titanium atoms are probably unbound titanium oxynitrides ay,o increases.
with oxygen or nitrogen. Then, a mixture of sub-
stoichiometric TiQ_s and TiN_, compounds are sup- 4. Conclusion
posed to be formed in this range of water vapour
pressures. Since electrical conductivity of TiO and TiN  Water vapour was successfully used as reactive gas
films is improved when metalloid concentration is to produce titanium oxynitride thin films by dc reactive
decreased35,39, one can suggest that such a mixture sputtering. A systematic change of the water vapour
produces a synergetic effect of the electrical properties partial pressure led to a monotonous and controlled
of oxynitride compounds. evolution of the reactive sputtering process from nitrided
As water vapour pressure increases fromm30 to to oxidised sputtering mode. Deposition rate and the
7.6x10°2 Pa, the electrical conductivity is monoto- state of the target surface estimated from measurements
nously reduced down to 2.6 STh . It is related to the of the target potential exhibited a continuous variation
increasing oxygen content in the films since oxygen as a function of the water vapour supply. Analysis of
deficiency in oxide materials contributes to the intrinsic such experimental parameters allowed to determine three

10°1

Electrical conductivity ¢ (S
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types of operating conditions favourable to deposit
titanium nitride (TiN:O), titanium oxide(TiO,:N) and
titanium oxynitride thin films (TiON,) with various
metalloid concentrations. The well-developed f.c.c. TiN

[12] A. Bittar, D. Cochrane, S. Caughley, J. Vac. Sci. Technol. A15
(1997 223.

[13] J. Guillot, F. Fabreguette, L. Imhoff, O. Heintz, M.C.
Marco De Lucas, M. Sacilotti, B. Domenichini, S. Bourgeois,
Appl. Surf. Sci. 177(2001) 268.

phase was obtained for coatings prepared at room [14] T. Oyama, H. Ohsaki, Y. Tachibana, Y. Hayashi, Y. Ono, N.

temperature and without or with low water vapour partial

pressures. For higher water vapour partial pressures,

sputter deposited titanium oxynitride and dioxide films

exhibited poorly crystallised or amorphous structures.
Optical and electrical characteristics of the films

revealed a gradual transition from metallic to semicon-
ducting behaviours as a function of the water vapour
partial pressure. This transition was correlated with the
reverse variation of the oxygen and nitrogen concentra-
tions and it was attributed to the coexistence of Ti-O
and Ti—N bonds in the films. A reverse evolution of the

amount of Ti—O and Ti—N bonds as well as oxygen and

Horie, Thin Solid Films 351(1999 235.

[15] N.J. lanno, H. Enshashy, R.O. Dillon, Surf. Coat. Technol. 155
(2002 130.

[16] N. Martin, O. Banakh, A.M.E. Santo, S. Springer, R. Sanjines,
J. Takadoum, F. Levy, Appl. Surf. Sci. 182001 123.

[17] N. Martin, R. Sanjines, J. Takadoum, F Levy, Surf. Coat.
Technol. 142-1442001) 615.

[18] F Ye, Z. Zhuying, Z. Guoging, Y. Fujia, Nucl. Instrum.
Methods B94(1994) 11.

[19] Z.S. Zheng, J.R. Liu, X.T. Cui, W.K. Chu, Nucl. Instrum.
Methods B118(1996) 214.

[20] G. Terwagne, J. Colaux, G.A. Collins, F. Bodart, Thin Solid
Films 377-378(2000 441-446.

[21] W.D. Westwood, Phys. Thin Films 141989 1.

nitrogen vacancies are supposed to generate the grac]ua|[22] P. Carlsson, C. Nender, H. Barankova, S. Berg, J. Vac. Sci.

metallic to semiconducting transition of titanium oxy-
nitride thin films.
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