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Transition metal nitrides of Mo and Cr are characterized by a relatively low heat of formation. The possibilities of elemental and
structural engineering of vacuum-arc coatings based on Mo and Cr under the influence of the bias potential U; and the reaction gas
pressure Py have been studied. It was found that at a relatively small thickness of the layers of nanometer range, which provides
superhard state of the coatings, the supply of U with the value of above the critical leads to a drop in hardness, which can be
explained by mixing of layers at the interphase boundary.
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Hitpunu nepexignnx metaiis Mo ta Cr XapakTepH3YIOThCs ITOPIBHSAHO HU3BKOIO TEIIOTOIO0 YTBOPEHHS. Bylo BUBYEHO MOIKIIMBOCTI
€JIEMEHTHOI Ta CTPYKTYPHOI iHKeHepiiBaKyyMHO-IyTOBHX IOKPHUTTIB Ha ocHOBI Mo Ta Cr mix BIJiMBOM moTeHIiany 3cyBy U Ta
THCKY peakuiiiHoro rasy Py. Byjo BusBIE€HO, 110 MpW MOPIBHSAHO HEBEIMKIN TOBINMHI IIApiB HAHOMETPOBOTO MOPSIKY, SKUH
3abe3medye HaATBEpAUHA CTAaH HMOKPHUTTIB, Mojgada Ug BEIMYHHOIO, IO IMEPEBHINyE KPHUTHIHE 3HAYEHHS, NPU3BOAUTH IO MANiHHS
TBEPJOCTI, IO MOKHA TOSICHUTH MEPEMIITyBaHHAM IIapiB Mi>k(azHOI TpaHuUIIi.

KJIFOYOBI CJIOBA: BakyyMHO-1yroBi IIOKPHUTTS, 0araTomaposi HOKPUTHS, HAHOKOMIO3UTHI TOKPHTTS

Using multilayer systems allows to carry out simulation during the deposition, not only for the structural state of each of the
layers individually, but also by adjusting the thickness, the type of material and the number of layers in a period; creation of artificial
structures with unique functional properties is also possible [1 - 5].

Structure and properties of the coatings based on MoN and CrN in monolayer state may vary in a wide range depending on the
potential applied to the substrate and the pressure of nitrogen atmosphere during the deposition process [6, 7]. In connection to this, we
can expect considerable sensitivity of structural states and properties of the coatings obtained by combining CrN and MoN as layers of
the multilayer system.

Thus, the greatest effects can be expected in the nanometer size of the layers, which is due to the high mechanical properties of
nitrides in this size range [8, 9].

Thus, the aim of this work was to obtain the coatings MoN/CrNc¢ with nanometer sizes of the layers by means of vacuum-arc
deposition and study of their physical and mechanical characteristics.

EXPERIMENTAL PART

The samples of multilayer coating were obtained by means of vacuum-arc method by means of the modernized "Bulat-6"
installation [10]. The pressure of working atmosphere (nitrogen) during the deposition was Py = (7...30) x 107 Torr, the deposition
speed was about 3 nm/s.

The deposition was implemented from two sources (Mo and Cr) with continuous rotation with a speed of 8 rpm of fixed samples
on the substrates, which allowed to obtain the layers with a thickness of about 10 nm, with a total amount of layers 960 (or 480 bilayer
periods) and total thickness of the coating of about 9 pum during one hour deposition. In the process of deposition the constant negative
potential with a value of Ug==-20 V, -70 V, -150 V and -300 V was applied to the substrates.

Phase and structural analysis was carried out by means of X-ray diffraction method in the emission of Cu-Ka. The separation of
profiles into components was carried out by means of the software package "New Profile". The elemental composition was
investigated by energy dispersive method by means of scanning electron microscope FEI Nova NanoSEM 450. The hardness of the
coatings was measured by means of durometer DM-8 by micro-Vickers method, at a load on indenter of 0.2 N.

RESULTS AND DISCUSSION

Fig. 1 shows the data of elemental analysis depending on the pressure Py and the applied negative bias potential Us. It can be
seen that the content of nitrogen as a light interstitial element in determining way depends on the magnitude of Py during the
deposition (Fig. 1a). The effect of U affects lesser (Fig. 1b) and appears in a relative decrease (due to selective secondary sputtering
from the growth surface) of the atomic concentration of nitrogen at high Us.

It should be noted, that the strengthening of connections between the deposited metal and the atmospheric nitrogen at high
pressure Py leads to stabilization of the coating composition to a substantially larger in magnitude U (Figure 1b, dependence 2).

Increasing the bias potential U leads to a significant increase in uniformity (reduction of dropping component) of the coatings
(microscopic image of the morphology on the left of fig. 1¢ for U =-20 V, and on the right for U;=-150 V).

It should be also noted, that using of pulsed beams to vaporize the material deposited on the substrate allows to eliminates the
presence of drop component [11, 12].

The change in the content of metal components of the coating (Mo and Cr) from the bias potential U are shown in Figure Ic,
which implies a significant change of Mo/Cr ratio depending on the U at low pressure. The cause of the observed effect is a higher
average energy of ions, bombarding the growing coating of the ions Mo and Cr, which is due to smaller losses of energy on collision at
low P N-
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Fig. 1. The changing the content of nitrogen in the coating depends on:
a — pressures during the deposition (Py) at a constant Us = -70 V; b — from Uy at a constant Py = 7-x 10~ Torr (curve 1) and Py =
3 x 107 Torr (curve 2); ¢ — dependence of the correlation of the atoms Mo/Cr from Uy at Py = 7x107* Torr (curve 1) and Py = 3x107°
Torr (curve 2).

For structural studies of the influence of the main technological parameters during the deposition (values of the negative bias
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potential and pressure) two series of coatings were obtained: series 1, formed at Py =7 x 10 Torr and Uy = 20 V, -70 V, -150 V and
series 2, formed at Py =3 x 107 Torr and U, =-20 V, -70 V, -150 V and -300 V. At low pressure of Py =7 x 107 Torr the formation of
lower nitrides B-Cr,N (hexagonal lattice, JCPDS 35-0803) u y-Mo,N (cubic fcc, JCPDS 25-1366) takes place, with the compliance of
interplane distances of the planes (111)B-Cr,N/(200)y-Mo,N and (110)B-Cr,N/(111)y-Mo,N. The presence of structures with the same
interplanar spacings in the contacting layers may indicate the correlated growth of these two structures. With the increase of bias
potential U predominant growth of (111)B-Cr,N/(200)y-Mo,N is observed.

At a pressure Py = 3 x 107 Torr, occurs the formation of cubic (structural type NaCl) lattice in both layers. At the same time, with
an increase of Uj, the transition from polycrystalline non-oriented state at Ug= -20 V to the preferred orientation of the growth of
crystallites during the deposition with the axis of the axial texture [100] at the bias potential U, which is greater than the absolute value
of -70 V. The appearance of this type of texture is apparently due to the relative decrease in the nitrogen content in the coating with the
increase in the absolute value of U, which is expressed by the appearance in of chromium nitride phase B-Cr, in the layers
at Ug=-300 V.

The obtained wide range of structural states of multilayer coatings defines the significant changes in its mechanical characteristics.
Thus, from the dependence of hardness on the bias potential U shown in Fig.2 it is seen, that the highest hardness value is achieved at
the lowest U and high pressure Py, providing stoichiometric nitrogen composition.

The reduction of hardness at lower pressure can be associated with the formation of vacancies in the nitrogen sublattice due to its
smaller content in the coating in comparison with the stoichiometric composition.

The reason of the decrease in hardness with increasing Us is the intensification of the mixing process in the border area, which
leads to the formation of a significant part of the solid solution with low hardness for relatively thin (about 10 nm) layers.
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Fig. 2. The dependence of hardness of the coatings of the applied negative bias potential during the deposition: 1 - Py =7 x
x 10 * Torr, 2 - Px=3x 10~ Torr

CONCLUSIONS

1. With the decrease of working pressure of nitrogen atmosphere from 3x10~ Torr to 7x10~* Torr, the depletion of the coating
MoN/CrN by the nitrogen compound takes place. On a phase and structural level this leads to transition from two alike cubic
structures y-Mo,N with a wide homogenity area in the layers of MoN and Cr,N in the layers of CrN, to formation of lower phase by
nitrogen B-Cr,N with hexagonal crystal lattice.

2. The hardness of the coatings corresponds to high hardness state reaching 38 GPa wich lowers with the decrease of pressure
during the deposition and applying of negative bias potential, which stimulates selective secondary spraying and depletion by light
nitrogen atoms.

This work has been implemented was a partial financial support of the Ministry of Education and Science of Ukraine in the frame
of scientific research topics 0113U001079. The part of research has been carried out on the scientific equipment of the Center for
collective use "Diagnostics of the structure and properties of nanomaterials" of Belgorod National Research University, under the
financial support of the Ministry of Education and Science of Russian Federation in the framework of a project No. 14.594.21.0010,
unique code RFMEFI159414X0010.
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