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of temperature and time. The value of the stresses is influenced by the
technological conditions of film deposition and the physical and chemical
properties of the substrate and film. The work demonstrates the usability
of the modulated-temperature dilatometry (MT DIL) for recording the changes
in mechanical effects of the adhesive film on the substrate as a function
of temperature and time. This technique is close to the modulated-
temperature thermomechanical analysis (MT TMA). The substrate was in the
shape of cylindrical rod, 30 mmlength and 3 mm diameterand of the ribbon 30
mm in length, 2 mm in wide and 120 mthick. The thickness of the coating was
from 2 to 3 um. The film deposition is performed using the Physical Vapour
Deposition (PVD) technique.

Experimental

Sample preparation

Titanium nitride (TiN) films were deposited on substrate by the PVD method
using the low voltage arc source of titanium vapours. The target plate were
100 mm in diameter. An arc current in the process of deposition was 80 A,
and pressure in a working chamber was 0.5 Pa, a bias voltage applied to the
substrate was 70 V or-10 V, depending on the research project. The film
depisition temperature was controlled to a value of about 400°C.
The deposited film was between 2 and 3 m in thickness. The distance
between the substrate and Titarget surfacewas 18cm.

Instrumentation

The thermal expansion of the sample was investigated using
a thermoanalyzer. described in detail elsewhere [1]. Originally the instrument
was provided for testing the sample in the shape of rod, max. 30 mm in length
and 3 mm in diameter. In order to enable the investigation of the elongation of
ribbon samples, a special sample holder was constructed illustratedin Fig.1.

Foil Sample Holder

Fig.1 The sample holder ists of two icylindrical plati rods, b which
the ribbon pleis placed pi ting lateral def ion. The sample was slightly longerthan
the holder so that the push-rod and back of dilatometer tube could only contact the ends of
the sample. The free ends of the sample (about 100 um) were stiff enough to sustain the
tracking force of the push-rod

Measurement procedure

The experiment was carried out applying temperature program as illustrated
in Fig. 2, which is combination of isothermal measurement cycles at lower
temperature (200 C) separated with annealing cycles at higher
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Fig. 3. The residual (red bars) obtained by XRD in i with values

of correlation factor (yellow bars) in subsequent stage of annealing process in TiN layer
in the system Fe/TiN: 1- after deposition. 2. 3 after annealing at 450°C/2 h, 4 after annealing
at 650°C/2 h. Bias voltage Vs=-70 V. temperature modulation periods 120 and 60s.
and amplitude 5°C.
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Fig. 4. The correlation factor before (1) and atter (2) annealing at 450°C/9 hinthe Fe/TiN system

obtained for two polarization voltage of the substrate: Vs=-10V (green bars) and Vs=-70V (dark
blue bars).
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Fig. 5. The correlation factor Fc after subsequent stage of annealing process in TiN layer
in the system Fe/CrN (breen bars) and Fe/TiN (yellow bars) deposited on thin ribbon Fe. The

Fig. 2. Temperature program.

In the presentwork we have made experiment used the algorithm which gains
the effects resulting from mechanical interaction between coating
and substrate. Two frequencies were applied separately during isothermal
measurement cycle. From ten periods of each frequency the dilatation
and temperature amplitudes were obtained. The relative change in respect
to lower frequency was calculated as:
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then the correlation between dilatometric and temperature relative changes,
WDIL and WT, was faundas aratio:
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The correlation factor, FC, is determined after deposition and after every
annealing process. Theirs values are normalized dividing by Fe .. fOr
sample before deposition:
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It was experimentally found that the variation of correlation factor is sensitive
on stress resulting from the state of the coating. As results, the examples from

the series of measurement are presented obtained for two conditions
bf the deposition and two differentsample shapes.

P was P dintwo stages. Onleft side Fc values just after deposition process
arepresented whereas onright side after annealing in 310°C during 1 hour.

Conclusions
The applied algorithm gains detection of the effects associated with
mechanical interaction between coating and substrate. It had been shown
correlation between stress determined by XRD and those obtained
by proposed algorithm from dilatometric data is qualitatively in agreement.
The method allows continuous monitoring of the stress relaxation
as a function of temperature or time during experiment.
The correlation factor Fc is constant if the properties of the system
layer/substrate do notchange.
The developed method can be useful in the macroscopic diagnostic
of the thermal stability of the adhesive wear-resistance thin films.
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