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The effects of nitrogen pressure on silicon content in Ti—Si—N coatings deposited by the
vacuum-arc method using Tiy g5—Si; o5 alloy as a consumable cathode material were investi-
gated. It has been found that the silicon content in the coatings under any conditions of
deposition is below its concentration in the cathode. In the pressure range from 5.107% to
1073 Torr the concentration of silicon in the coating is the lowest (~1.2 wt. %), and
hardness of the condensate is the highest (35 GPa). The extremal character of dependences of
the silicon concentration and hardness of the coatings on nitrogen pressure is a result of
difference in structure-phase composition of the coatings obtained at different pressures.

WccnenoBaHo BIWSHIE AaBJIEHMWs as0oTa Ha IIPOIEHTHOEe cofepikaHue KpemuHusa B |i—Si—-N
IIOKPBITUAX, OCAKIAEMBIX BAKYYMHO-IYIOBBIM METOAOM C HMCIIOJH30BAHMEM CILIABA Ti0195—8i0,05 B
KauecTBe PAcXOoAyeMOoro KaToJHOr'0 MaTeprasa. ¥ CTAHOBJIEHO, UTO KOHIEHTPAIUA KPEMHHUS B
IMOKPBITUSX I[IPU BCEX YCIOBUAX OCAKICHUS HIKE ero KOHIIEHTPAIlMM B MaTepraje KarTojia.
B amanasome masienuii or 5-107¢ no 1-10°3 Topp KoHIEHTpAIUsA KPEeMHHUS B IIOKPBITHU
muaumanbaa (~1,2 Bec. %), a TBépHocTh KoHgeHcata MakcumasabHa (35 I'lla). B moxkpsiTu-
f1X, TOJYYEeHHBLIX B YKA3aHHOMW o0JjacTH [gaBjeHUil, Habaogaercd HambGoJbIIas BpeMeHHasd
CTa0UJIBHOCTL UX MUKPOTBEPAOCTU. OKCTPEMAJIbHBIN XapaKkTep 3aBUCUMOCTEN KOHIIEHTPAI[UN
KPEeMHHUS B IMOKPBITUAX M MHUKPOTBEPAOCTH KOHIEHCATOB OT JABJIEHHUS a30Ta SABJSIETCS pe-
3yJILTATOM PAa3JIUUUA CTPYKTYPHO-(PAZOBOI'0 COCTABA MOKPBITHI, IIOJYyYaeMBIX MPH Pa3HBIX
JaBJIEHUSAX: ¢ M3MeHeHHeM ILIOTHOCTH Ta30BOW MUIINEHM B KOHIEHCATe IIOMUMO HHUTPHULA
TUTaHA 00PasylTCA HUTPUALI KPeMHUA PasaudHoil crexuomerpun: SiIN — B ycroBuax Hus-
xoro gasnenus u SigN, — IPK HOBBINIEHHBIX JABIEHHAX A30Ta.

© 2011 — STC "Institute for Single Crystals”

I. Introduction

Multicomponent films based on nitrides
of two and more metals differ from unicom-
ponent films by their higher physico-me-
chanical characteristics and higher thermal
stability. They find wide application as
wearproof antifriction coatings in mechani-
cal engineering, and as barrier layers — in
microelectronics [1, 2]. Such coatings can be
made by vacuum-arc method using a target

266

(cathode) made of a composite material of a
specified structure. In this case the most
uncertain is the question of the percentage
of the cathode material components in the
coating. Transfer of the material from the
working surface of the cathode to the sub-
strate in atmosphere of reaction gases is
determined by a number of physical proc-
esses. On the cathode surface erosion-proof
compounds (titanium nitrides in this case)
are synthesized, in the drift space between
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the cathode and substrate the erosion prod-
ucts are scattered on gas molecules, and the
condensate on the substrate is subject to
sputtering by condensed particles. All these
factors can lead to substantial difference in
the composition of the cathode material and
the obtained coating composition.

In [8], taking composite cathodic materi-
als (Ti~Si and Ti-Al) as an example, the
transfer of components of these materials to
coatings deposited by vacuum-arc method was
experimentally studied at residual pressure in
the vacuum chamber 2-107® Torr. It was
shown that the coating composition could
considerably differ from the component
ratio of the cathode. The effects of nitrogen
on the transfer process of the deposited
cathodic material components remained un-
certain. Clearing of this question was an
objective of the present work. Taking tita-
nium-silicon composites as an example, we
studied peculiar features of the transfer of
cathode material components to the coating
in the presence of nitrogen.

2. Experiment

In our experiments, we used a vacuum-
arc plasma source with magnetic stabilisa-
tion of a cathode spot and plasma flux fo-
cusing [3, 4]. The source contained a tubu-
lar anode with the focusing coil (Fig. 1).
The distance from the end face of the cath-
ode to the substrate holder was 350 mm.
The coatings were deposited on stainless
steel samples (substrates) of 20x10x1 mm3
size, which were fixed on a substrate holder
(a copper disc of 15 mm in thickness and
80 mm in diameter) placed opposite to the
cathode. Ti-Si composites with 4 wt. % and
5 wt. % of silicon were used as cathode
materials. The arc current for coating depo-
sition was 90—-100 A. A negative bias poten-
tial (=50 or —250 V) was applied to the sub-
strate holder. The effects of the focusing
magnetic field H, on the silicon content in
the condensates c{eposited on the substrates
were studied, with the current in focusing
coil Jp= 0 or 0.7 A. Pressure of residual
gases pg in the vacuum chamber before each
procedure of the coating deposition did not
exceed 2:107% torr. Concentration of silicon
in the coatings Cg; was determined by the
X-ray fluorescence method. (The value of
Csi and Cq; was defined considering Cg; +
Cti =100 %, where Cy; is titanium concen-
tration in the coating, i.e. the nitrogen con-
centration was not taken into account). The
deposition rate was measured by two meth-
ods: (i) an optical method (V,, pm/h) using
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Fig. 1. Deposition rate of condensate as a
function of nitrogen pressure; scheme of ar-
rangement of samples-substrates. U, = -50 V
(1, 2), U, = =250 V (8). The cathode made of
Ti (1), Ti+4 wt. % Si (2, 3).

an interference microscope MII-4 and (ii) a
gravimetric method (V,, ug/mm2h). Micro-
hardness of the coatings was measured
using a PMT-3 apparatus with Vickers pyra-
mid at loading of 50 and 100 G and thick-

ness of the condensate ~10 um.

3. Results

In Fig. 1 the data on the coating deposi-
tion rate as function of nitrogen pressure
V(p) are given. The curves were obtained at
the substrate bias voltage —50 and —-250 V.
The curve for the Ti-cathode (for Uy, = —50)
lay a little above the similar curve obtained
with the cathode of titanium with addition
of silicon. From Fig. 1 it follows also that
at low pressures of nitrogen the condensate
deposition rate remains practically at the
same level and promptly decreases with
pressure growth above ~3-107% torr. (The
deposition rate decrease on the disk-sub-
strate holder edges in comparison with its
centre did not exceed 5-10 % in all the
explored range of nitrogen pressures). In
the pressure range up to 1073 Torr appre-
ciable decrease in deposition rate was ob-
served under higher substrate bias voltage
(U, = —250 V), which can be attributed to
self-sputtering of the condensate in the
course of its deposition. At pressures above
1073 Torr, this process becomes negligible
owing to dispersion of the energy of imping-
ing particles on a more dense gas target.

In the same range of pressures, depend-
ences of concentration of silicon Cgi(p) in
the coatings deposited at different poten-
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Fig. 2. Relative content of silicon in conden-
sate depending on nitrogen pressure. Cathode
made of Ti + 4 wt. % Si.

tials on a substrate were obtained using a
Ti-Si cathode (Fig. 2). With increase of
pressure of the working gas (nitrogen) up to
p=10"3 Torr there is a smooth decrease in
concentration of the silicon. On one hand,
according [5], it may be caused by higher
medium kinetic energy of the titanium
emitted from the cathode (122 eV) as com-
pared with silicon ions (97 eV). Conse-
quently, owing to collisions of ions with a
gas target, the plasma stream was depleted
by less violent particles. On the other hand,
this process is promoted also by selective
sputtering of silicon by the incident stream of
particles [6]. At further rise of pressure,
there is a rather abrupt increase in the Si
content in the coating. The curve 2, obtained
at higher bias potential on the substrate, il-
lustrates the influence of the energy of con-
densed particles on Cg;: concentration of sili-
con in the condensate at U,=-250V de-
creases by several tens percent.

For the purpose of detection of possible
correlations between behaviour of Cg; (p)
and microhardness H u(p) curves, the corre-
sponding diagrams were placed in one draw-
ing (Fig. 3). It can be seen that in the range
of pressures 107921073 Torr, the depend-
ences of the content of silicon in the con-
densate and the microhardness of these con-
densates are "in antiphase™: H, is growing
with reduction of Cg; and, on the contrary
— growth of the silicon content leads to a
decrease in microhardness. This deduction
is valid both for the cathode with the addi-
tive of 4 % Si, and for the cathode with
about 5 % of silicon. At more high pres-
sures of nitrogen (approximately from
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Fig. 3. Relative content of silicon in Ti-Si con-
densate (1, 2) and microhardness of coatings (3,
4) depending on nitrogen pressure. Cg; in the
cathode is 5 wt. % (I, 3) and 4 wt. % (2, 4).

above 1073 Torr) the behaviour of H , begins
to correlate with the silicon content in the
coating, and this correlation becomes
stronger with higher content of silicon in
the cathode.

To estimate a role of small additives of
Sion H (p), two series of samples with the
coatlngs deposited in identical technological
conditions have been prepared: one with ti-
tanium cathode, and the other — with the
cathode made of titanium with silicon addi-
tive (4 wt. %). The obtained H u(p) depend-
ences for two values of negatlve potential
on the substrate are shown in Fig. 4. It can
be seen that the values of microhardness of
the coatings obtained with cathodes of both
materials also increase with pressure in-
crease up to 107¢ Torr, slightly differing
from each other. In the range of pressures
1074:1072 Torr, the dependence H,(p) for
the case of Ti-cathode is characterlzed by
the presence of a wide plateau, and for the
cathode with additional Si, a narrow maxi-
mum near 51074 Torr is observed.

The roughness R,, of the obtained TiN
and Ti-Si-N coatings was studied in a wide
range of pressures of the working gas
(107°-10"2 Torr), and the results are shown
in Fig. 5. It can be seen that the arithmeti-
cal mean value of roughness for both types
of condensates is in the range 0.3—-0.6 um
at all pressures of gas, except a relatively
narrow gap close to p = 1078 Torr (at which
an essential excess of the measured parameter
is noted for coatings based on the Ti—Si—N).
In this range of pressures flaking of frag-
ments of coatings to depths up to several
microns is observed (Fig. 6). The upper and
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Fig. 4. Microhardness of coatings as function
of nitrogen pressure. The cathode made of Ti
(1, 2), and Ti + 4 wt. % Si (3).

lower rows of photos correspond to samples
with coatings obtained at different pres-
sures of nitrogen.

As follows from Fig. 3, the coatings
deposited at pressures in the range of p =
(5+8)-107% Torr show peak values of micro-
hardness, which under influence of interior
stresses leads to large-scale (fractions of mm)
surface erosion observed in experiments (Fig.
6a, b). It should be noted that such pattern of
erosive destruction is observed on coatings
12 um in thickness and it is absent on thin-
ner condensates. Besides, the value of rough-
ness R, for coatings of 9 um thickness is two
times lower than for 12 pum coatings. The
coatings obtained at higher pressures (in the
range (5+8)-1073 Torr) are also characterised
by high microhardness. But, because in the
coatings composition the phase Si8N4 be-
gins to prevail, they have roughness char-
acteristic for the surfaces deposited from
unfiltered stream (Fig. 6¢,d), but without
tracks of flaking.

It was of interest to consider temporal
stability of properties of the obtained coat-
ings. For this purpose, with that end in
view, H , values for samples with coatings
deposited at different pressures and differ-
ent percentage of silicon in the cathode
were repeatedly measured after 10 months.
The results obtained are presented in Fig. 7.
It can be seen that different segments of
H (p) curves are characterised by different
temporal stability in hardness, with which
other mechanical properties of coatings also
correlate to a certain degree. The increased
silicon content in the cathode material is
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Fig. 5. Roughness of TiN and TiSiN coatings de-
pending on nitrogen pressure of. I— corresponds
to TiSIN coating of 9 um in thickness, and
points 2 — to coatings of 12 um in thickness.
Thickness of TiN coatings is 10 pum.

Fig. 6. Surface of the Ti-Si-N coatings deposited
at nitrogen pressures 5107 Torr (a, b), and 8-10~
3 Torr (c, d). To the right, fragments of the pictures
located to the left are shown, but at magnification
x1000. (The cathode — Ti + 4 wt. % Si).

accompanied by the tendency to improve-
ment of stability of the coatings.

In different experiments carried out
using different X-ray installations (DRON-3
diffractometers), we obtained X-ray pat-
terns of the coatings deposited at various
pressures of nitrogen in similar experimen-
tal conditions (distance from the cathode
and negative bias potential on the substrate)
using Ti cathode and cathode made of tita-
nium with 4 % silicon. For comparison,
they are presented in Fig. 8. In both cases,
in the conditions of low pressure of nitro-
gen (close to 107% Torr) X-ray spectra of
the investigated coatings are characterized
by the presence of a multiphase material.
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Fig. 7. Microhardness of coatings depending
on nitrogen pressure. The cathode of Ti+
4 wt. % Si (a), the cathode of Ti + 5 wt. %

So, in system Ti—N at this pressure of gas,
besides phase TiN, formation of phases with
the smaller content of nitrogen occurs: Tio,N
— with tetragonal lattice, and also TiNg 3,
with hexagonal lattice. In system Ti-Si—N
the X-ray pattern at low pressure also testi-
fies to heterophase character of the depos-
ited material. And on the diffractogram of
samples, alongside with the diffraction
peaks of the basic phase, TiN, there is a
wide curve with position of the nitride
phase maximum characteristic for titanium
nitride with tetragonal lattice and the nitro-
gen content lower than stoichiometric. With
growth of nitrogen pressure, the coatings
deposited from cathodes of different compo-
sition — both Ti, and Ti + 4 % Si — become
single-phase and represent TiN with a cubic
lattice of NaCl type. Characteristic feature
for these coatings is the occurrence of tex-
ture [111]. No other phases, including sili-
con nitride, were revealed.
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It is rather probable that at low concen-
tration of silicon the (Ti, Si) N phase is
formed, which represents solid solution of
Si in TiN lattice. The lattice constant of
the titanium nitride is 0.4275 nm, which
exceeds a little the tabular value charac-
teristic for massive TiN of stoichiometric
composition (0.4243 nm). Such diversion
can be caused by the influence of high com-
pression residual stresses in the films,
which is characteristic for ion-plasma con-
densates. At nitrogen pressure of 9-10~4 Torr
a strong texture of axial type with the axis
perpendicular to the substrate plane is re-
vealed, i.e., crystallographic planes (111)
are located preferentially parallel to the
substrate plane. The size of coherent scat-
tering region (CSR) in films is about
15 nm. On X-ray patterns of samples de-
posited at higher pressure (8-1073 Torr), the
lines of TiN phase are also well visible,
though with different intensity ratio of re-
flexes indicating a texture change. In the
condensate, the texture of axial type with
[110] axis perpendicular to the substrate
plane is formed, i.e. crystallographic planes
(220) are preferentially located in parallel
with the substrate plane. The reflex (220) is
enhanced on the X-ray pattern in compari-
son with not textured samples. The lattice
constant is 0.4271 nm, which is lower than
at nitrogen pressure of 9104 Torr. It can
be conditioned by a number of causes: in-
crease in concentration of silicon, decrease
in residual stresses, deviations from
stoichiometric nitrogen content. The CSR in
the film is 10-12 nm.

4. Discussion

For analyzing Cgi(p) dependences pre-
sented in Fig. 3, we will estimate the num-
ber of metal atoms coming to the substrate
Npes accounting for the deposition rate and
nitrogen molecular flow ny, at different
pressures of this gas. Such estimate shows
that at 1075 Torr nN2/Me=0.1, at 104 Torr
nN2/ e =1.0, at 1073 Torr nyy/npye=12, and
at 1072 Torr nN2/Mpe =300. It should be
noted that at small pressures it is mainly
the molecular nitrogen that comes to the
substrate, while at increasing nitrogen pres-
sure considerable amount will come to the
substrate in the atomic state owing to
higher frequency of collisions of gas mole-
cules with ions in the gap between the cath-
ode and the substrate. It simplifies process
of formation of the nitride, since in the
case of molecular nitrogen the molecule ad-
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Fig. 8. X-ray patterns of the coatings deposited at different pressures of nitrogen. The upper block
— for the cathode of Ti: 1.7-107¢ Torr (1), 6-107% Torr (2), 51073 Torr (3), 2:1073 Torr (4). The

lower block — for the cathode of Ti + 4 wt. % Si.

sorbed on the surface should at first disso-
ciate into atoms, and only after that the
nitride formation can be realized by forma-
tion of two covalent bonds metal-nitrogen.

Such process thermodynamically is possi-
ble, since the change in Gibbs energy is
negative as a result of this reaction. Really,
the energy of dissociation of titanium ni-
tride is equal to 807.33 kJ/mole. Appar-
ently, these values exceed one-half of the
nitrogen molecule dissociation energy,
which is equal to 471.52 kJ/mole [9]. This
testifies that the activation energy of for-
mation of nitride on the condensate surface
as a result of a dissociative chemosorption
of the adsorbed molecular nitrogen will be
equal to the energy of nitrogen dissociation.
At the same time, for formation of nitride
from atomic nitrogen such activation bar-
rier is not present.

In the case of system Ti—Si-N, alongside
with formation of titanium nitride, forma-
tion of silicon nitride is probable. Such
process is also energetically favorable be-
cause the energy of such reaction is nega-
tive. However, depending on concentration
of the arriving nitrogen, it can be realized
by different trajectories. One trajectory is
realized at rather low pressures, when
nN2/MMe<1- In this case, as shown[10, 11],
there can be formation of phase SIN with
cubic lattice of TiN matrix type. The gain of
free energy is thus rather small and makes
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—-192 kJ/mole. Another trajectory is real-
ized at strong flows of nitrogen onto the
surface of growth, when, according to the
thermodynamic approach based on minimi-
zation of Gibbs free energy, at sufficiently
high activity of nitrogen the reaction 3SiN
+ 0.5N, = Si3N, can be realized, giving the
gain —168 kJ/mole-atom [10]. This indicates
high thermodynamic gain in the system in
formation of thermodynamically more stable
SisN, (the free energy gain in formation of
SigN, directly from atoms Si and N makes
—745.1 kJ/mole in system TiIN-(SiN)SigN,).

Thus it can be assumed that changes in
concentration Cg; observed in our experi-
ments on increasing pressure (Figs. 2 and 3)
can be related to formation of titanium ni-
tride and two trajectories of synthesis of
the silicon nitride. In particular, at pres-
sures from above 1073 Torr, the high gain
of free energy in formation of SizN, phase
is responsible, apparently, for increased
relative content of silicon in the coating.
Really, in this case formation of the bound
complex of atoms with high net mass should
lead to decrease in sputtering action of the
titanium atoms in the course of condensa-
tion [12].

Finally, we will pay attention to cur-
rently available models of formation of a
two-phase material in coatings of ternary
system Ti—Si—N. Li et al. in their article [13]
have supposed that considerable increase in
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hardness found in Ti—Si—N coatings can be
attributed to formation of nanocrystalline
TiN particles surrounded with amorphous
SizsN, phase. However, when these effects
were analysed in more detail and the sizes
of crystal grains were determined [14], it
became clear that this explanation was not
correct, since such SizN, precipitates could
not be generated within small crystal grains
in the size of some nanometers. A new con-
cept, based on strong thermodynamically
governed and diffusion-controlled (spinodal)
phase segregation leading to formation of
stable nanostructural self-organisation, has
been developed. Self-ordering in the binary
systems, found out by Knotek and Barimani
[15], and later by Andrievsky [16], is re-
lated to consecutive concentration oscilla-
tions at spinodal decomposition.

Let us remind that spinodal phase segre-
gation is realized in a mixed binary system
Ay_By, for concentration interval in which
the second differential coefficient of the
free energy of the mixed phase is negative,
and energy of interphasic strain is a quan-
tity essentially smaller in comparison with
the layering energy of this phase, and ulti-
mate stable phases are coherent [17]. At low
pressure of nitrogen this is applicable to fec
lattice of Ti1_XSiXNy system, where the layer-
ing energy is 6 kJ/mole-atom [10], and the
resulting state is represented by two lat-
tices: fce-TIN and fce-SiN.

It should be noted that to account for the
contribution of deformation energy in co-
herent spinodal curve it is necessary to
know the interphase discrepancy. The calcu-
lated discrepancy between the volume per
one atom in fce-TiN and fee-Tig 75Sig 25N is
0.14 %, and in fcc-SiN and fee-Tig 75Si5 5N
— 0.49 %, which is much less than the
discrepancy of 9.4 % for B-SizN, and fce-
Tig 75Sigo5N [11]. Hence, in conditions of
stationary value of stoichiometry, the me-
tastable fce-Tig75Si5 05N should decompose
in the beginning into fec-TiN and fece-SiN
with small discrepancy of lattice, since
transition in equilibrium f-SisN, state is
connected with major volume changes and
growth of the nitrogen content.

Thus, it is possible to conclude that for-
mation of SisN, phase can be realized just
in the course of Ti—Si—-N coating deposition
at high nitrogen pressure (>1073 Torr). In
this case just in the course of coating for-
mation there is a possibility of layering of
the solid solution by diffusion into two
phases: phase TIN and energy-favourable,
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though with more complex hexagonal lat-
tice, phase SizNy,.

If now to consider the structural state of
the formed coating, it should be noted, that in
the pressure range from 107° to 4.107% Torr,
when the monotonous increase in hardness
is observed, at low pressure of nitrogen the
lowest titanium nitride Ti,N is being
formed, which, with the pressure rise in
this interval, transfers to TIiN of
stoichiometric composition with (111) tex-
ture. (The denoted structural transforma-
tions in the said interval of pressures prac-
tically coincides with structure evolution in
the similar interval of pressures during ti-
tanium nitride preparation by sputtering of
a pure titanium target). Any phases of sili-
con nitride are not revealed, and also silicon
at rather low stream of nitrogen, charac-
teristic for this interval of pressures, ap-
parently, occurs in the solid solution (Ti, Si)
N. It is possible to assume that, unlike pure
TiN for which the texture does not change
with rise of pressure, in the case of Ti—-Si—N
systems at pressure 81073 Torr the (110)
texture is being formed.

Summarizing the obtained data, it should
be noted that the increase in hardness with
simultaneous relative reduction of Si com-
ponent in coatings obtained in the pressure
range of 107°-7.107% Torr correlates with
evolution of phase composition from the
lowest nitride phase Ti,N to stable
stoichiometric TiN phase with a cubic lat-
tice. Owing to the high gain of energy in
formation of the titanium nitride
(—-807.33 kJ/mole — see above) in this in-
terval of pressures, the silicon coming to
the coating can form only mononitride of
silicon with rather low energy of formation
and mass. Such silicon can be intensively
desorbed from the surface as a result of sec-
ondary sputtering by heavier atoms of tita-
nium. It can be considered as the reason of
depression of the relative content of Si in the
coatings. High hardness is thus caused sub-
stantially by formation of preferentially ori-
ented nanocrystals (10-12 nm) of the tita-
nium nitride (with high binding energy, and
thus — with high mechanical performance).

At higher nitrogen pressure, the high
density of the stream of nitrogen atoms on
the substrate in the course of coating
growth allows formation of not only tita-
nium nitride, but also the second phase with
high energy of formation — SizN,. Forma-
tion of such stable phase promotes contain-
ment of higher relative concentration of Si
atoms in coatings to be formed.
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5. Conclusions

Percentage of coating components differs
from their concentration in the cathode and
varies over a wide range depending on pa-
rameters of the deposition process — substrate
bias voltage and pressure of working gas in the
reactionary chamber. The concentration of sili-
con in the coating is always lower than in the
Ti-Si cathode. In the conditions of our experi-
ment it was from 10 to 50 % with respect to
its content in the cathode.

Dependence of the silicon content in the
coating on the gas pressure in the course of
deposition is of nonmonotonic character
with a minimum close to 1073 Torr. In the
same region there is a maximum on the de-
pendence of hardness upon nitrogen pressure.

In the coatings obtained in the specified
pressure region, the tendency to greater tem-
poral stability of microhardness is observed.

The analysis of experimental data ob-
tained gives the grounds to suppose that the
mechanism of formation of coatings in con-
ditions under consideration is based on for-
mation of silicon nitrides of various
stoichiometry, alongside with titanium ni-
tride, in the condensate: SIN — in condi-
tions of low pressure and SizN, — at higher
nitrogen pressure.
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Surf.

OcooauBocti cunredy Ti—Si—N mokpurriB, ocam:xeHux
3 IJIa3MH BAKYYMHOI AYTrd 3 KOMIIO3MI[IHHMM KaTOJAOM

I.I.Axcvonoé, B.A.Binoyc, 10.0.3adninpoécvruil,
H.C.JIomino, O.B.Co6onve

IMocaifpKeHo BIJIMB THUCKY as30Ty Ha BigcoTKoBuil BMmicT Kpemuiio y Ti—Si-N moxpurrax,
OCA’KEeHNX BAKYYMHO-IYI'OBHM METOJOM 3 BHKOPHCTAHHAM CILIABY Tio,gs—Sio,os y sKocTi
KaTOAHOI'0 MaTepiasy [0 BUTPAYa€ThCA. ¥ CTAHOBJIEHO, IO KOHIIEHTPAIlid KPEeMHilo y Imo-
KPUTTAX 3a BCiX yMOB OCAQ[KeHHS HUIKYA, Hi¥K HOro KOHIlEHTpAaIlid y KaTOZHOMY Marepiadi.
V nianasoni tuckis Big 51074 1o 1-1073 Topp KOHIEHTPALisS KPEMHIIO y HOKPUTTI MiHiMaxb-
na (~1,2 Bar. %), a TBepaicTh KoHgeHcaTy MakcumasbHa (35 I'lla). ¥V HOKPUTTAX, OmepsKa-
HUX y 3asHaueHiil obyacTi THCKiB, crocTepiraeTbcsa HaliBuIA yacoBa cTabiJbHiCTH X MiKpo-
TBeprocTi. EKcTpeMasbHUE XapakTep 3ajle;KHOCTE MiKPOTBEPAOCTi KOHAeHCATy # KOHIIEHT-
panii KpeMHiI0O Y IOKPUTTAX Bil TUCKY a30Ty € pPe3yJbTATOM Pi3HUIIL CTPYKTYpPHO-()A30BOTIO
CKJIQNy IIOKPUTTIB, IO ONEeP)KYIOThCA IPU PisHMX THUCKaX. I8 3MiHOI0 miisbHOCTI rasosoi
MinreHi y KoHZeHcaTi OKpiM HiTpUAYy TUTaHY, YTBOPIOIOTHCA HITPUAW KPeMHiI0 PisHOI cTexio-
merpii: SIN — B ymoBax Husbkoro tucky Ta SizN, — mpu migBUIEHMX THCKAX asoTy.
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