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The erosion process was investigated of TiN coatings which were made with the vacuum-arc sputtering of Ti at
the different nitrogen pressures (10™...5-10° Torr). The erosion rates were measured by the weighting on analytical

balance before and after treatment by plasmas of magnetron type, axial symmetrical discharges

in nitrogen

atmosphere, at the temperatures of 500...1100°C. It was shown that an erosion rate of TiN coatings deposited at
low pressures (~10™ Torr) is essentially (up to 1.5 times) lower than that for coatings produced at the more high
pressures (5-10° Torr). For samples produced in the regime with high voltage pulses supply on substrate the erosion
is lower than for coatings deposited in the regime without pulses supply. Taking into account the results of X-ray
diffraction measurements, the physical mechanisms are suggested to explain such character of erosion behavior.

PACS: 52.40.Hf

INTRODUCTION

It was shown yearly [1-2] that nitrogen pressure
during TiN coating deposition can strongly impact on
film  characteristics:  micro-hardness (H), phase
composition, concentration of nitrogen (C), etc. It is
accepted as incorrect, to use e.g., TiN coatings
produced at low nitrogen pressure as wearproof, due to
their high brittleness[1-2]. But when one use TiN
coatings in plasma devices, such criterions as erosion
resistivity and thermocyclic resistivity are most
important. It was shown in the work [3] that absolute
value of erosion rates of TiN coatings deposited at low
pressure can be essentially lower than that for samples
produced at more high pressures. This result was
explained by the difference in nitrogen concentration
(C) in coatings produced at different pressures. But
these data had preliminary character and was obtained
only for two pressures (2:10° and 5-10 Torr). So in this
work more systematic investigations were carried out of
an erosion behavior of TiN coatings deposited at
different nitrogen pressures, including very low (10“Torr).

1. EXPERIMENTAL AND RESULTS

The experiments were carried out at the DCM-1
device (bench for diagnostic of materials under plasmas
irradiation) under operating conditions of magnetron-
type cylindrical-symmetry discharge [4]. The scheme of
the experiment is clear in Fig. 1. The typical discharge
parameters were as follows: magnetic field in the region
of discharge ~ 0.05T, working gas pressure 0.2 Pa,
discharge voltage 0.55 kV, the discharge current varied
within 60 to 180 mA (at the same time sample
temperature was changed from 500 to 1100°C). The
Langmuir probe was used to measure the plasma
column edge characteristics such as electron
temperature T, electron density n,, plasma potential ¢ ,
which determine according to method described in [5].
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Fig. 1. Experiment scheme

The typical edge plasma characteristics of
magnetron-type discharges in nitrogen atmosphere
were: T, ~ 10...20 eV, n, ~ 10°cm?®, ¢ ~ -100 V. The
samples presented 200x10x0.3 mm straps from stainless
steel 12Kh18N10T, on both sides of which 10...15 pm
thick titanium nitride coatings were deposited by two
different technologies: i) with feeding HV negative
potential pulses to the substrate [6], and ii) without
feeding the mentioned pulses (traditional technology
[7]). TiN coatings were produced in “Bulat-6” device
with two Ti vacuum-arc evaporators placed along
horizontal axis of chamber, on its butt ends. It was
prepared two series of samples. The first batch of
samples was produced in the typical regime without
supply of high-voltage (HV) pulses on substrate. In this
case the current of arc discharge was 95 and 110 A,
substrate potential was -230 V, nitrogen pressure in the
chamber was changed from 1-10“ to 5-10° Torr,
deposition time was 3 hours. Coating thickness was
calculated from overweight after deposition, and its
absolute average values were 12.1 um. The second
serious of samples was produced under the same arc
parameters and deposition time, but with feeding HV
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negative potential pulses to the substrate (-2000 V).
Pulse duration was 10 ms, pulse-repetition frequency
was 7 kHz. TiN coating average thickness in this case
was 10.5 pm. It was prepared four batches of samples at
the nitrogen pressures of 5-10% 10, 5:10° Torr with
feeding HV negative potential pulses to the substrate
and four batches without supply of HV pulses. Color of
samples made at the low pressures (~10 Torr) was
straw, made at pressures 5x10™...10° Torr — golden-
yellow and made at pressure 5x10° Torr — red-gold
color.

The influence of nitrogen pressure during TiN
coatings deposition on sputtering coefficient in plasma
of magnetron type discharges in nitrogen is presented in
Figs 2, 3. Axis of abscises in Fig. 2 is nitrogen pressure
in “Bulat-6” device. Ordinate axis is sputtering
coefficient multiplied on 10. In this figure the micro-
hardness (H) literature data (blue circles) [1] and
nitrogen concentration (C) in TiN (black circles) are
shown, too. In the last case only character of nitrogen
concentration behavior are presented but not its absolute
value.
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Fig. 2. Sputtering coefficient in plasma of magnetron
type discharges in nitrogen vs nitrogen pressure during
TiN coatings deposition (red curves)

Note, according to data of electron microscopy it was
not essential difference in microstructure of the samples
produced by different methods. But thickness of
coatings made with the same time of deposition (3
hours) was essentially lower in the regime with supply
of HV pulses: average value was 10.5 um instead of
13.5 um for regime without HV pulses supply. Here,
for the case with HV pulses good agreement is observed
between values of coating thickness determined from
the data of electron microscopy and weight-loss
method. TiN coatings produced without HV pulses have
average thickness 12.1 um, instead of 13.5 um obtained
from the electron microscopy data. So such films have
about 10 % porosity. At the same time for the films
deposited in regime with HV pulses on substrate the
density is about theoretical one because the density
value obtained from optical measurements is equal to

ISSN 1562-6016. BAHT. 2014. Ne6(94)

value measured by weight loss method. Note, this
conclusion is unrelated to coatings produced at the
5-10° Torr pressure, when thickness and density of
coatings produced by different methods are practically
equal.
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Fig. 3. Sputtering yield dependence on the discharge
current value under impact of magnetron type
discharges in nitrogen: (a) coatings were deposited at
the various nitrogen pressure in regime without HV
pulses on substrate;( b) the same, but with HV pulses

supply
2. DISCUSSION

It is obvious from Figs. 2, 3 that low level of erosion
is observed for TiN coatings deposited at low
(~1-10*Torr) pressures and not large values of
discharge currents. The maximal magnitudes of erosion
yield were observed for coatings produced at nitrogen
pressure of 5-10° Torr and high values of discharge
current. Here the difference in erosion rate values
decreases with discharge current value increase for both
methods deposition. It is followed from Fig. 2 that
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erosion yield is minimal for samples with maximal
micro-hardness (H). With nitrogen pressure increasing
micro-hardness decreases and nitrogen concentration(C)
in the samples increases. Here the erosion increases.
Specially this effect is expressed at the rather low
sample temperature (low currents). At 64 mA current
(about 500°C) the difference in erosion rate is about
sesqui-time. In the ~10 Torr nitrogen pressure range
erosion weakly changes as micro-hardness and nitrogen
concentration (C) in the samples weakly depends on the
pressure. Then erosion increases independently on the
character of behavior of micro-hardness and nitrogen
concentration (C). Note, that at the such different
pressures as 10“Torr and 10°Torr concentration of
trapped nitrogen atoms practically is the same, and
erosion yield differs in sesqui-time. So the reason of
erosion decreasing is not nitrogen concentration in TiN
coating, but different structure, crystal grain dimension
and macro-, micro-deformations of the samples
deposited at different nitrogen pressures.

The analysis of TiN coating structure state by the
X-ray diffraction method had shown that the TiN cubic
phase with NaCl type crystal grating determines the
phase state. With nitrogen pressure increase the
transition is observed from random-orientation state to
textured state with the main crystal grain orientation
along the axis [111] ( the specters 1 and 4 in Fig. 4). For
HV pulse regime the width of peaks is less, that says
about more high perfection of texture. The analysis of
substructure characteristics (crystal grain dimension,
micro-deformation), carried out from the change of peak
widths, had shown that crystal grain dimension
increases from 50 to 59 nm and from 35 to 71 nm ,
accordingly, for regimes with HV pulses and without
pulses. Micro-deformation in the grain decreased with
nitrogen pressure increase from 0.45 to 0.29% and from
0.39 to 028%, accordingly, for pulsed and non-pulsed
regimes. Macro-deformation state of tension,
determined by “a-sin®y”- method [9, 10] increased with
nitrogen pressure increase from -1,3 to -1,9 % in the
case of HV pulsed regime and from -0,9 to -1,85 % in
non-pulsed regime.

By the data of X-ray diffraction method
investigations, with nitrogen pressure increase the
transition is observed from random-orientation state to
textured state with the main crystal grain orientation
along the axis [111]. It could be reason for coating
hardness and density changes. What about micro-
hardness (H) of the samples produced in the work, this
parameter for samples deposited in HV pulse regime is
higher on 30% than for samples made in regime without
HV pulses supply. Possible, it is caused by high density
of such coatings.

Note, that examined TiN coatings produced at low
nitrogen pressure has not only low level of sputtering in
plasmas, but are resisted to thermal cycling. In special
experiments it was shown the resistibility to thermal
cycling for such coatings is not worse than for coatings
deposited at more high pressures. After more than 10
thermal cycles (heating to 1000°C and next cooling to
room temperature) it was not found any damages —
micro cracks, shelling, etc.
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Fig. 4. Diffraction specters of TiN coatings produced in
non-pulsed (a) and HV pulsed regimes (b) in
dependence on nitrogen pressure: 1 — 10 Torr;

2 - 510" Torr; 3— 107 Torr; 4 — 5-10° Torr

CONCLUSIONS

The erosion rate of TiN films deposited at low
nitrogen pressures (~1-10" Torr) essentially (up to 1.5
times) lower, than that for the coatings deposited at
more high pressures (5-10° Torr). Taking into account
the results of X-ray diffraction measurements such
erosion behavior can be caused by different texture and
levels of micro and macro-deformations of TiN coatings
deposited at the different nitrogen pressures. For
samples produced in the regime with supply of HV
pulses the erosion is lower than that for coatings
deposited in the regime without HV pulses on substrate.
It could be caused by more complete texture and high
(up to theoretical one) density of TiN films deposited in
regime with HV pulses. Resistibility to thermal cycling
for examined coatings is not worse than for coatings
deposited at more high pressures. So, from the point of
view of TiN coatings use in plasma devices, the
nitrogen pressure range during coatings deposition in
the “Bulat” type devices could be determined as
~10" Topp.
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BJUSTHUE JABJIEHUS A30TA ITPH OCAXKJIEHUA BAKYYMHO-AYT'OBBIX HOKPBITHUMH TiN
HA UX DPO3UMHYIO CTOMKOCTH B IIA3BME PA3PSIJIOB TUIIA MATHETPOHA

I'.Il. I'nazynoe, A.A. Anopees, O.B. Cobonv, M.H. bonoapenko, A.JI. Konomonckuii, B.A. Cmonéoeoii

HUccnemoBan miporiecc 3po3ur TiN-MOKPBITHIA, MOTYYCHHBIX BaKyyMHO-IYTOBBIM pACIBUICHHEM THUTaHA MOPH
Pa3IUYHBIX NaBIEHUSX a30Ta (10'4...5'10'3 Topp). CkOpoCTH 3pO3UU HU3MEPSIIUCh METOJIOM B3BEIIMBAHHS Ha
aHATUTHMYCCKUX Becax 10 U IOCe IUIa3MeHHON 00paboTku B aTMocdepe asora mpu Temmeparypax 500...1100°C.
OGHApYKEHO, UTO CKOPOCTh 3p0o3uH TIN-TOKHITHH, OCAXKICHHBIX NpH HH3KHX maBienmsax (~1-10™Topp),
CYIIECTBEHHO (10 MOJyTOpa pa3) HIDKE, YeM JUIsl MOKPHITHH, HAHECEHHBIX NPH 0oJiee BBHICOKMX AABJICHHUX a30Ta
(5-10° Topp). dus 00pa3noB, MOMYyYCHHBIX B PEXHME C IMMOAaYed UMITYJIBCOB Ha TOIUIOXKKY, SPO3HS B CPEIHEM
HECKOJIbKO HWXE, YeM Yy TOKPBITHH, OCAXICHHBIX B Oe3UMITyJbcHOM pexume. C  ydeToM pe3ysbTaToB
WCCIIEJIOBaHUH TOKPBITHH METOAOM PEHTTCHOBCKOW AM(PAKIUK TPEUIOKEHBI M 00CYXKIAaloTCs BO3MOXKHBIC
(u3MUecKre MEXaHU3MBbI JJIsl OOBSICHEHNS TAKOTO XapaKTepa MOBEACHHS 3PO3HH.

BIIJIUB TUCKY A30TY IIPU OCAI’KEHHI BAKYYMHO-AYTIOBUX MOKPUTTIB TiN
HA iX EPO3IMHY CTIMKICTbD Y IJIA3MI PO3PSIAIB MATHETPOHHOI'O TUITY

I'.Il. I'nazynoe, A.A. Anopecs, O.B. Cooorv, M.H. Bonoapenko, A.JI. Konomoncuokuii, B.A. Cmonéosuii

Hocrmimkeno mporiec eposil TiN-MOKPUTTIB, OTPUMaHUX BaKyyMHO-IYyTOBHM PO3IHITIOBAHHIM THTaHy IMPH
pisHOMy THCKY a30Ty (10™...5:10 Topp). LLBHaKOCTI €pO3ii BUMIPIOBAIICS METOIOM 3BaXYBAHHS HA AHAJITHIHHX
Barax 10 1 Imicis Io1a3MoBoi oOpoOkm B aTMmocdepi a3oTy mpu Temreparypax 500...1100°C Bussneno, mo
mBHAKICTE eposii TIN-IOKPUTTIB, OcajukeHUX NpH HIKYOMy THCKY (~1-107Topp), icToTHO HmKYe, HiK IS
TMOKPHTTIB, HAHECEHHX IPU BHIIOMY THCKY a30Ty (5-10™ Topp). st 3paskiB, OTPUMAHHX y PEXHMi 3 MOAAUErO
IMITyJIbCIB Ha MIAKIAIKY, €po3isd B CEpEeIHROMY IEKiTbKa HIDKYA, HIK Y TIOKPHUTTIB, OCAIDKCHUAX y 0E3IMITyIECHOMY
pexuMi. 3 ypaxyBaHHSM PE3YJIbTATIB AOCIIUKEHb OKPUTTIB METOZOM PEHTI€HIBCHKOT AN(PAaKIIil 3aIpONOHOBaHi i
00TrOBOPIOIOTHCS MOKIIHBI (Di3MYHI MEXaHi3MH /IS TOSICHEHHS TAKOTO XapaKTepy MOBEIIHKH epo3ii.
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