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The results of investigations of the structure and stress state of TiN and Tiys5.4AlysYN coatings deposited from
the filtered vacuum-arc plasma under high voltage pulsed bias potential on the substrate are presented. It was found
that axial texture [110] is formed in coatings when pulses potential with an amplitude 0.5...2.5 kV are applied. For
TiN coatings with increasing amplitude of the potential the perfection of texture is increased and the level of
residual compressive stress is decreased. As for TipsxAlygsYxN coatings with increasing amplitude the stress level is
increased. In this case the texture is most strong outlined at the amplitude of 1 kV. With further increase in the
amplitude the texture perfection becomes weaker. Differences of structure and stress state may occur due to the
possibility of phase transition for multi-component coatings Ti-Al-Y-N associated with the decay of the
supersaturated solid solution (Ti,Al)N stimulated by high energy ion bombardment.

INTRODUCTION

The vacuum arc nitride coatings on the base of TiN
are widely used for hardening the surface of the parts of
machines and cutting tools. Most of the recent studies
are now focusing on multicomponent and nano-
structured nitride-based coatings. The experimental data
available indicate that new types coatings may have
unique properties for usage in various branch of indus-
try: high hardness, wear resistant, thermal stability and
oxidation resistance and enough low friction coefficient
[1, 2]. However the droplet phase of the cathode mate-
rial in the plasma stream of the vacuum-arc plasma
source worsens the quality of the coating deposited.
High level of the surface roughness and residual stress
restrict essentially the possibilities of usage such coat-
ings for the purpose of hardening the machinery friction
pairs [3-5].

The last years were marked by considerable progress
in development the vacuum-arc deposition method.
Three main techniques should be noted which facilitate
the qualitative vacuum-arc nitride coatings deposition:
plasma filtration, applying high voltage pulses to the
substrate, choice of proper composition of multi-
component nanostructured coatings. Plasma immersion
ion implantation and deposition (PIII&D) is a technique
for the effective combination of these techniques. Gen-
erally, in PIII&D vacuum arc source with magnetic fil-
ter for plasma is used and negative bias voltages ranging
from a few hundred to a few thousand volts are applied
to the substrates in a pulsed manner [6-13].

The use of plasma filtration can significantly im-
prove the coatings quality by formation of a more uni-
form structure with low surface roughness due to a re-
duction of large macroparticles content in the plasma
flow. A high-voltage pulsed bias applied to the substrate
permits the deposition of thicker coatings with good
adhesion and low residual stresses at low substrate tem-
perature.

There are the data in literature on the effect of pulses
amplitude on the level of residual stresses in simple
single-phases nitrides (e.g. TiN, AIN) [11-13]. An in-
crease in internal stresses is observed up to -500 V pulse
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bias voltage, which gradually decrease, with increasing
bias voltage magnitude. The observed change in the
level of intrinsic stress is explained with the model pro-
posed by Davies [14]. This model is based on the com-
petitive effects that occur during subplantation of ions
under the growing surface of the film and its relaxation
during the high energy ion bombardment.

In our recent papers we studied the structure and
some properties of the coatings TiysAlysN, alloyed with
small additions of Y (up to 1 at.%), which were
produced by PIII&D technique. Multi-component
nitride coatings had significantly better the oxidation
resistance and wear resistance in comparison with
titanium nitride [9, 10]. It was found that the
dependence of the residual stress on the pulsed voltage
potential is non-monotonic with a minimum when the
amplitude was of 1 kV.

In this paper, a comparative study of the structure
and stress state of TipsxAlgsYxN, and TiN coatings
deposited under identical conditions from the filtered
vacuum arc plasma under pulsed bias potential on the
substrate was carried out.

MATERIALS AND METHODS

Coatings of Ti-N and Ti-Al-Y-N systems of
6...8 micron thickness were deposited from the filtered
vacuum arc plasma at a nitrogen pressure of 0,1 Pa and
arc current of 100 A using cathodes made of
commercially pure titanium and alloy Tig49Alys5Y 001
respectively. Deposition was carried out on substrates
made of tool steel with a diameter of 17 mm and
thickness of 3 mm. The negative potential pulses with
an amplitude Ay in the range 0...2.5 kV were applied to
the substrate with a repetition frequency of 24 kHz. The
pulse duration was 5 ps. In the intervals between pulses
the substrate was under a self-consistent "floating"
potential -(3...15) V.

The elemental composition of the coatings was
controlled by X-ray fluorescence analysis at the vacuum
scanning crystal-diffraction spectrometer SPRUT.

X-ray diffraction studies, including analysis of the
phase composition, determination of residual stresses
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and the parameters of the crystal structure were carried
out in the filtered Cu-K, radiation on DRON-3
diffractometer. The grain size (coherent scattering zone)
in the nitride films was calculated from the (111) or
(220) peak broadening, using the Scherrer relation.
Determination of residual macroscopic stresses in the
films was carried out by X-ray tensometry (sin’y-
method modified for textured samples). Stresses were
calculated using a-sin’y plots in approach of quasi-
isotropic symmetric biaxial stress state.

RESULTS AND DISCUSSION

X-ray fluorescence analysis of the elemental compo-
sition of the coatings showed that the change in the am-
plitude of the pulse bias potential on the substrate in the
range 0...2.5kV has no significant effect on the ele-
mental composition of the coatings. The ratio of metal
components in a multicomponent cathode is well repro-
duced in the films.

According to X-ray diffraction data the single crystal
phase in the coatings is the cubic nitride with the struc-
ture of titanium nitride (structural type NaCl). Diffrac-
tion patterns of the investigated coatings are shown in
Fig. 1.

The ratio of the intensities of the diffraction peaks
differs from the value characteristic to the chaotic orien-
tation of crystallites in which the strongest line is (200),
which indicates the presence of texture. Three reflec-
tions: (111), (200) and (220) were taken into account
when texture coefficients T¢ were calculated. The tex-
ture coefficient was defined as [13]:

TC :|:n1r(nhkl) /Iéhkl):|/|:zlr(nhkl) /Iéhkl):l where I(hkl)

the measured intensity of (hkl) reflection; I s the
theoretical relative intensity of (hkl) reflection for pow-
der material with random-orientation and 7 is the total
number of observed reflections (7 =3). The results of
the calculations are presented in Fig. 2.

When substrate bias potential is floating, the crystal-
lites of nitride are orientated with (111) plane parallel to
the surface of the coating. The average size of coherent
scattering regions in the coatings is 20 nm. When high-
voltage pulses of potential with an amplitude
0.5...2.5kV are applied to the substrate a change in
preferred orientation occurs with the formation of a
strong axial texture [110]. The only detectable line in
the diffraction patterns is (220). Analysis of the diffrac-
tion patterns and rocking curves have shown that with
increasing amplitude of the pulse potential the degree of
perfection of TiN coatings texture increases and the
grain size is in the range 11...14 nm.

For TipsxAlysY,N coatings the texture is most
strong outlined at the amplitude of 1kV. With further
increase in the amplitude the texture perfection becomes
weaker and the grain size decreases from 14 to 7 nm. In
the diffractogram of the film Tiys,AlysYN deposited
with the amplitude of the pulses of 2.5 kV the intensity
of the (220) line is significantly reduced and one more,
weak line appeared, which can be identified as (200).
However, a closer examination revealed a large differ-
ence in the values of the nitride lattice period, calculated
on the positions of these diffraction lines, which
amounted to (0.4209 £+ 0.0003) nm and
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(0.4238 £ 0.0005) nm respectively. One could assume
that these lines belong to two different cubic nitride
phases of various compositions. This hypothesis was
indirectly confirmed in further studies.
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Fig. 1. X-ray diffraction patterns of vacuum-arc
coatings deposited from the filtered plasma at different
amplitude pulsed substrate bias potential (emission of
Cu-K,, dashed lines show the position of peaks of TiN,

“S” indicates the line of the substrate):
a — coating TiN; b — coating Tiys..AlysY,.N

X-ray tensometry method was applied to investigate
the strain/stress state which has allowed determine the
level of residual stresses and the period a, of the crystal
lattice of textured nitride in the unstressed state. Values
of ay periods for both the considered systems are not
varied with the amplitude of the pulse substrate bias
potential. In the TiN films the value of the period is
closed to 0.424 nm, characteristic of the unstressed
nitride of stoichiometric composition. The period of the
crystal lattice in the coatings Tiys5.4AlgsYN is slightly
smaller than 0.418 nm, calculated according to Vegard's
law for the lattice of the solid solution of cubic TiN
(arin =0.424 nm) and AIN (apn =0.412 nm) with an
equal content of Ti and Al atoms. The presence of
yttrium in solid solution is improbable because of the
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large difference in periods of nitrides (ayy = 0.489 nm).
Some authors think that in the films of such
composition a solid solution (Ti, AI)N is formed with
halfway replacement of Ti atoms in the cubic structure
of TiN with smaller atoms Al, and Y is not dissolved in
the lattice and involved in the process of grain
boundaries formation [15, 16].
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Fig. 2. Dependence of the texture coefficient for the
(111), (200) and (220) reflections on the pulse bias
potential: a — coating TiN; b — coating Tiys..AlysY.N

Supersaturated solid solution (Ti,AI)N is metastable,
and under certain conditions, the formation of
heterophase films is possible due to the partial
decomposition of this phase. As the result of such
process the nitrides rich in one metal component are
formed. Our experiments show the possibility of such
phase transition in Tigs5xAlygsYxN films deposited at the
amplitude of pulsed substrate bias potential over 1 kV.
It is likely that (220) peak in the diffraction pattern of
the coating deposited at 2.5kV corresponds to the
undecayed component of the solid solution, and the
(200) peak belongs to the titanium-enriched nitride.
Another product of decomposition, aluminum-rich
nitride, can not be detected in the diffraction pattern due
to its lower reflectivity.

Such phase transformation may be the reason of
differences in the behavior of the dependence of
residual compressive stress on the amplitude of the
pulsed potential for TiN and Tigs.AlysYN coatings
shown in Fig. 3. For TiN the well-known dependence of
the residual stress is non-monotonic with a maximum at
0.5 kV. For TiysAlgsY<N coatings the dependence is
non-monotonic with a minimum. The level of stress
increases when the amplitude exceeds 1 kV. Such an
increase can be attributed to an increase in specific
volume value which should occur in the film fixed to
the substrate as the result of decomposition of
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metastable supersaturated solid solution (Ti, AI)N on
the stable cubic TiN and hexagonal AIN phases.
Estimates show that the increase in specific volume can
reach 10%, which produce compressive stress 5 GPa.
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Fig. 3. Influence of the amplitude of the pulsed bias
potential on the level of residual compressive stresses
on TiN and Tiys..AlysYN coatings

Another indirect evidence of phase transformation is
the hardness of the coatings. The hardness of TiN
coatings is 30...35 GPa and practically does not depend
on the amplitude of the bias potential on the substrate
[17]. Coatings TipsxAlysY<N also are characterized by
relatively high hardness of 35 GPa regardless the
substrate bias potential value in the range 0.5...1.5 kV
[10]. The exception is the coating deposited at
amplitude of pulse potential 2.5 kV, which hardness is
reduced to 25 GPa may be due to the presence of the
relatively “soft” AIN phase.

CONCLUSIONS

Thus, the differences in the stress state of TiN and
Tigs5xAlysYN (with x~0.01) coatings deposited by the
filtered vacuum-arc plasma under pulsed substrate bias
potential were revealed. The crystalline phase in the
films is a nitride with a cubic NaCl-type structure. In the
TigsxAlgsYN coatings the atoms of aluminum enter
into a solid solution (Ti, AI)N. It was found that axial
texture [110] is formed in coatings when pulses poten-
tial with an amplitude 0.5...2.5 kV are applied.

For TiN films, the dependence of the residual com-
pressive stress on the amplitude of the pulsed voltage
potential is non-monotonic with a maximum at 0.5 kV.
Decrease in the residual stress level and increase perfec-
tion of texture takes place when the amplitude of the
potential is increased in the range 0.5...2.5 kV.

For multi-component coatings TipsxAlpsYxN the
dependence of the residual stress on the amplitude of
the pulsed voltage potential is non-monotonic with a
minimum at 1kV. In this case the texture is most
strong. With further increase in the amplitude the tex-
ture perfection becomes weaker and stress increases. It
is shown that the dependence of the residual stress for
multi-component coatings Ti-Al-Y-N may occur due to
the possibility of phase transition associated with the
decay of the supersaturated solid solution (Ti, AI)N
stimulated by high energy ion bombardment.
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Cmamus nocmynuaa 6 peoaxyuro 02.12.2013 2.

CTPYKTYPA Y HATIPSIDKEHHOE COCTOSIHUE TiN- " Tiys xAlysYxN-TIOKPBITHM,
HOJYYEHHBIX METO/IOM PIII&D U3 ®UJIbTPOBAHHOM BAKYYMHO-Z[YFOBOFI HJIA3MBI
E.H. Peuuemnak

[IpuBeneHBI pe3ynbTaThl HCCICAOBAHUN CTPYKTYpHl U HampsbkeHHOTo cocTostHUS TiN- u Tig s AlgsYN-TIoKpbITHi, mOITY-
YEHHBIX W3 (QMIBTPOBAHHONW BaKyyMHO-IyTOBOW IIIa3Mbl IPH MOAAYEe BBICOKOBOJBTHOTO MMITYJIBCHOTO ITOTCHIHANA CMEICHUS
Ha Tou10kKy. OOHapy>KEeHO, YTO MPHU aMILTUTY/Ie UMITyJIbcHOTO norennuaia 0,5...2,5 kB B mokpeItusx gopmupyercs akcuab-
Hast Tekcrypa [110]. Tt TIN-ToKpBITHIT ¢ pOCTOM aMILIHTYAbI CTEIIEHb COBEPIICHCTBA TEKCTYPHI PACTET, @ YPOBEHb OCTATOYHBIX
HanpspkeHud cxxatus nagaet. Jns mokpertuit Tip s AlysYN ¢ pocToM aMIUTUTY/Ib YPOBEHb HAMPsUKEHHA yBennuuBaetcs. [Ipu
9TOM HanboJjiee CoBepIIeHHAs TeKCcTypa Habmonaercs mpu ammuntyae 1 kB. [lpu nanbHeineM yBeIn4eHnd aMIUIUTYAbI CTEIeHb
COBEPILIEHCTBA TEKCTYPhl YMEHbIIAeTCs. Pasmuuns cTpyKTyphbl ¥ HANPSDKEHHOTO COCTOSTHUS MOKPBHITHH MOTYT OBITH 00yCIIOBIIE-
HbI BO3MOJKHOCTBIO ()a30BOr0 Nepexoa B MHOTOKOMIOHEHTHBIX MOKPHITHAX Ti-Al-Y-N, CBsI3aHHOTO ¢ pacna oM IepechIeHHO-
ro TBepaoro pactBopa (Ti, AI)N nmox gelicTBHeM BHICOKOIHEPTETHYHON HOHHOH 0OMOApINPOBKH.

CTPYKTYPA I HAIIPYKEHUM CTAH TiN- TA Tiys.xAlysYxN-TIOKPUTTIB, OTPUMAHUX
METO/IOM PII&D 3 ®LIBTPOBAHOI BAKYYMHO-JIYT'OBOI IIA3MHA
O.M. Pewuemnax

HaBezneHo pe3ysbTaTé IOCIHiIKEHb CTPYKTYpH 1 HampyskeHnoro crany TiN- Ta Tigs.cAlgsYN-mokputriB, oTpuManux 3 ¢inb-
TPOBAHOI BaKyyMHO-/IyTOBOI [Ia3MHU TIPH [0J1a4i BUCOKOBOJBTHOTO IMITyJIbCHOTO MOTEHIialy 3MILICHHs Ha MiAKIaaKy. Bussie-
HO, LI0 IPH aMIUTITYi imMmynscHOro moreHmiany 0,5...2,5 kB y mokputtsax ¢opmyersest akcianbHa Tekctypa [110]. dust TiN-
TOKPUTTIB 13 3pOCTaHHAM aMIUTITYAH MOTEHLIaly CTYHiHb JOCKOHAIOCTI TEKCTYPH 3POCTAE, a PiBEHb 3ATUIIKOBHX HANPY>KCHb
crucHeHHs nagae. [t mokputTiB Tip s AlgsYLN 13 3pocTaHHAM aMIUTITYU PIBEHb HAIPy>KEeHb 301bIIyeThes. [Ipn ipomy Haii-
O1IBII TOCKOHAJIA TEKCTYpa CIIOCTepiraeThest mpu amrntity i 1 kB. IIpu moganemomMy 301UTbIISHH] aMILTITY AN CTYIIHb JTOCKOHA-
JIOCTI TEKCTYPH 3MEHIIY€EThCS. BIIMIHHOCTI CTPYKTYpH 1 HALIPYKEHOTO CTaHy MOKPHUTTIB MOXYTh OyTH 00YMOBJICHI MOXKIIHBICTIO
(aszoBoro nepexony B 6araTOKOMHOHEHTHHX HNOKPUTTAX Ti-Al-Y-N, mos's3aHoro 3 po3mnasoM NepecHYeHOro TBEPIOTro PO3YHHY
(Ti, AN miz BIJIMBOM BUCOKOSHEPIeTHYHOTO i0HHOTO GoMbapyBaHHSI.
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