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Abstract

Superhard carbon coatings with thickness from 5 nm up to 10 pm were obtained by vacuum-arc deposition of carbon plasma
on sublayers from stainless steels, titanium and silicon under the temperature from 50 up to 150 °C. Correlation dependences
between conditions of formation of carbon condensates and change of internal stresses in them at a process of annealing in a
range of temperatures from 200 up to 475 °C were examined. It was shown that the character of internal stresses changing at a
process of annealing of carbon condensates had proof correlation with the parameters of deposition (the temperature of sublayer,
duration of a pulse of discharge) and it could be used for identification of coatings and for control of their properties. Tt was
determined that superthin layers of carbon obtained by impulse vacuum-arc method effectively protected a surface from oxidation
in an atmosphere of air up to 425 °C. Researches of surface structures of coatings by use of scanning probe microscopy (SPM)
were carried out. It was classified as fractal and an explanation of mechanism of change of internal stress value in carbon coatings

at a process of annealing was given.
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1. Introduction

Superhard carbon coatings formed as a result of
condensation of the accelerated particles of carbon on a
substrate draw special attention of researchers [1]. A
characteristic property of these coatings is abnormally-
high internal stress of compression which causes bend-
ing of a sublayer and it carries to its flaking at increase
of thickness up to the certain value [1,2].

[n 2000 the researchers of the scientific centre ‘Sandia
Corporation’ declared successes which they had reached
in a problem of decrease of internal stress in carbon
films (amophous-tetrahedrally coordinated carbon films)
[3]. However, it concerned only coatings obtained by
the method of laser deposition by use of ekcimer laser.
There are some features in annealing of carbon coatings
obtained by vacuum-arc sputtering of graphite.

In this work we give the results of researches of
influence of annealing in air on a value of internal stress
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in a carbon condensate obtained by impulse vacuum-arc
sputtering of graphite cathodes and also the features of
annealing of thin carbon films.

2. Theoretical discussion

Annealing of structures obtained in thermodynamic
unbalanced conditions, namely at low temperatures of a
sublayer and also in conditions of the ion bombardment
of a growing condensate allows to determine thermal
stability of the received object and besides to receive
the information on influence of parameters of conden-
sates deposition on its physic-mechanical properties.

In our case such property is a value of internal stress
in a carbon coating, and parameters of a process of
carbon coating formation are temperature of a sublayer
and duration of a pulse of discharge determining power
characteristics of plasma. Change of internal stress value
in a carbon condensate as a result of annealing allows
us to estimate quantitatively structural changes in it with
the high accuracy inaccessible as it is paradoxical for
the majority of methods of researches.
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Fig. 5. Dependences of change of internal stress value on temperature
of annealing in carbon condensates with general thickness 1.0 pum
with interlayers of titanium with thickness 200 nm, obtained at the
temperature of a sublayer 100 °C.

temperature of a substrate 50 °C was 52% from initial
values of internal stress. Corresponding reduction of
internal stress value for a condensate obtained at the
temperature of sublayer 150 °C was 6.5%. It is a little
bit less than for the condensates obtained at the same
temperature but at smaller duration of a pulse of dis-
charge. There are some prominent features of the
dependences given in Fig. 4. These are lower tempera-
ture appropriated to the beginning of process of change
of internal stress value in a condensate (200 °C) and an
essentially big difference between temperatures of sta-
bilization of internal stress value in coatings at annealing
(200 °C for the condensates obtained at the temperature
of a substrate 150 and 425 °C for carbon coatings
obtained at the temperature of a sublayer 50 °C). Carbon
condensates obtained at lower temperature of sublayer
(50 °C) are characterized by practically linear depend-
ence of change of internal stress value from temperature
of annealing in a range 200—400 °C. It can testify to
presence of defects with approximately identical energy
of activation of diffusion processes in coatings.

In Fig. 5 there is a plot with dependences of change
of internal stress value from temperature of annealing
in carbon coatings with general thickness 1.0 wm with
interlayers of titanium with thickness 200 nm obtained
at the temperature of sublayer 100 °C. Their feature is
clearly defined step character of dependence. It is
possible to explain presence of additional drains for
defects in coatings as titanic interlayers.

Reduction of values of internal stresses in carbon
coatings at the process of annealing can be caused by
two principal causes: these are reduction of volume of
a condensate due to its consolidation or change of
physic-mechanical properties of a coating owing to
transition to another allotropic modification of carbon
caused by annealing. In Ref. [8] there are the results of
electronic-microscopic researches of annealing of an
amorphous carbon condensate separated from a sublayer

obtained by condensation of particles with energy 10—
300 eV. In accordance with this work structural trans-
formations in a condensate begin from 550 °C. Thus, it
is possible to assume that annealing in a range 200—
450 °C results in consolidation of a carbon condensate
with fractal structure having superfluous free volume as
a result of diffusion of point defects. Reduction of a
value of internal stress testifies to it. It is necessary to
note, that annealing of carbon coatings in a range of
temperature 200—425 °C does not result in change such
as connection between atoms of carbon. Stability of
electric and optical characteristics of a condensate tes-
tifies to it and it is proved by the results of researches
shown in the Ref. [9]. The same results were received
in the Ref. [10].

4.3. Stability of superthin carbon films to influence of
temperature in an atmosphere of air

The surprising result which has been found out at the
process of annealing of superthin carbon condensates
with thickness 5 nm high protective properties of these
films were. They interfered with oxidation of titanium
on the surface of a silicon sublayer up to the temperature
425 °C that testified about continuity of the film.

5. Conclusions

Annealing of carbon condensates obtained by impulse
vacuum-arc sputtering of a graphite cathode in an
atmosphere of air at the temperature 400—425 °C allows
decrease a value of internal stress of compression in
coatings without deterioration of other properties.

Change of a value of internal stress in carbon con-
densates obtained using impulse vacuum-arc discharge
at their annealing depends on conditions of formation
(temperature of sublayer and duration of a pulse of
discharge) in the greater degree than a value of internal
stress in not annealed coatings and can be used for
control of their properties and also for analysis of
conditions of coatings obtaining.

A carbon film with thickness 5 nm interferes with
oxidation of a surface of a sublayer from titanium up to
the temperature 425 °C.
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