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Hollow anode

nstalled at a distance of a few centimeters from the
_ tantalum target. After pumping the chamber to 7x107 Pa, it was
4 filled with argon to a pressure of 5x10° Pa through the gas sup-
ply system. After starting the vacuum-arc evaporator and turning
on the P52 source, a non-self-sustained gas discharge ignited be-
tween the walls of the chamber and the hollow anode, from the
aperture of which a stream of ions was emitted into the cham-
‘ l, ber. The non-selfsustained gas discharge current reached 90 A,
Vacuum pump and the ionic current at the target was 3.5 A. Initially, a negative
potential of 1000 Volts from PS3 and P54 sources was applied to
the target and the sample, resulting in cleaning of surfaces with argon ions for 40-60 seconds. Next, the potential of the sample was
reduced to -100 Volts, or to floating, and coating was performed. The sputtering rate of the tantalum disk surface was several tens
of microns per hour. The _dep'nﬁ-iﬂuﬁ rate of tﬁnta_lu_m coating on the surface ﬂf‘»’!_:hﬂ sample reached 13 um/h. To obtain tantalum
nitride or oxide, a mixture of 75% by volume Ar and 25% N, or 75% Ar and 25% O,, respectively, was fed into the chamber. The
deposition rate of such coatings was about 10 pm/h.
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The surface topography of the coatings was studied using JEOL JSM-6390LV scanning electron microscope (SEM) with an
accelerating voltage of 20 kV, chemical composition was examined using energy-dispersive X-ray analysis (EDX).

Energy dispersive spectrometer SPRUT-K (AO Ukrrentgen, Ukraine) was used for X-ray fluorescent analysis. Film thickness was
determined by XRF examinations and comprised ~1.5 pm for both tantalum nitride and oxide samples.

The measurement of nonohardness was carried out with a Nanoindenter G200 nanoindentor from the USA, using Berkovich
diamond triangular pyramid. 3-4 probes were applied on the sample at a distance of 15 um from each other and the results were

averaged.

Scanning Electron Microscopy
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Surface morphology of TaN coating.

Surface morphology of Ta,0: coating.

The surface morphology of TaN and Ta,0; coated samples was examined by scanning electron microscopy. The surface of the
coatings is typical for PVD-type deposition with some amount of macroparticles sized from 0.2 to 5 pum.

Energy Dispersive Spectroscopy
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EDS mapping for TaN coating
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EDS mapping for Ta,0s coating

Nanohardness
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Physical-technical characteristics =——

E*,
GPa

G,

3fp2
il GPa

Coating Thickness, pm Test H/E H3/E*? o, GPa

1 | 0,080
2 0079
3 0084
0,081

0,198
0,235
0,245
0,225

415,65
510,87
436,92
454,48

0,174
0,206
0,215
0,198

243,55
299,34
256,01 11,51
266,30 11,48

10,36
12,58

TaN 1,5

114,53 3,47
95,01 3,24
115,12 3,64
106,25 3,35
107,73 3,43

0,033
0,040
0,038
0,035
0,037

195,46
162,14
196,46
181,34
183,85

0,029
0,035
0,034
0,031
0,032

1 | 0057
2 0064
1,5 3 | 0,059
4 0,059
0,060

Ta,0;

Mean

i

The ability of the coating material to resist elastic deformation of fracture was evaluated by the H/E ratio. As a result of the
research, it was found that the maximum elastic fracture strain is characteristic of the TaN coating and is 0.084. The coefficient of
resistance to plastic deformation for the TaN coating is 6.08 times higher than for Ta,0s. Typical ratios for ceramics and cermets do
not exceed 0.2 GPa. For the studied nanostructured TaN coating, the H3/E2 ratio reached 0.245, which, according to the literature
data, may indicate high wear resistance. The maximum ability of the material to resist shape change while maintaining its volume
reaches 299.34 GPa (for TaN). This indicator is much lower for the Ta,0O: coating and does not exceed 115.12 GPa. As a result of the
analysis, it was found that the maximum stress that the TaN coating can withstand will be 12.58 GPa and, above which, the
probability of its destruction may increase.
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