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Physicochemical, structural, tribological and mechanical properties of Si3N4
films annealed in O2
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There is currently a crescent search for materials and surface coatings bearing high

hardness and sufficient toughness at high temperatures. This is mostly concerned with

tools for dry machining, cutting and drilling. However, conventional coating do not retain

its high hardness in dry machining where the cutting tool edge may reach temperatures

well above 800

o

C. In this way, silicon nitride coatings appears as a promising candidate

for high temperature applications owing to its reasonably high hardness, combined with

thermodynamical stability and corrosion resistance at the high temperatures addressed.

In the present work, Si

3

N

4

 thin films were deposited on single crystal Si(001) substrates

by reactive magnetron sputtering using nitrogen as the reactive gas. The structural,

physicochemical, mechanical and tribological properties of the films were investigated

before and after annealing in oxygen using ion beam analysis, X-ray diffraction, X-ray

photoelectron spectroscopy, as well as nanoindentation and nanowear techniques.

As-deposited films were essentially amorphous, stoichiometric and free from

contaminants for a wide range of deposition parameters, with hardness figures ranging

from 16.5 to 22 GPa, depending mainly on the deposition temperature. After 

18

O

2 

annealing at 1000ºC, films hardness converged to 22 GPa, independently of the

deposition temperature, which is explained based on the crystallization of the films at

this annealing temperature. Moreover, oxygen is incorporated only in 7.5 nm of the

Si3N4, forming silicon oxynitride at the top surface of the film, indicating a good

oxidation resistance at high temperature. Finally, the elastic strain to failure (H

3

/E

2

)

doubles after the 1000ºC annealing. Tribological results will also be presented.
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