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Gravitational approach of the structure of droplets in an arc evaporation PVD
process: a telluric model
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Droplets are one of the major drawbacks linked with arc evaporation PVD techniques.

Their occurrence in the coatings may limit the applications of the coating in domains in

which smooth surfaces are required. They also constitute weak zones in terms of

oxidation initiation, and may contribute to an early wear of the film under friction

conditions. Understanding their formation and their incorporation into coatings may be

useful for the improvement of the arc evaporation process

In order to understand the formation of droplets, CrSiN and AlTiSiN coatings were

deposited by arc-evaporation from, respectively, a pure Cr target and a sintered AlTiSi

(60/30/10) target. Cross-section observations were carried out by electronic microscopy

in transmission mode on a sample of CrSiN extracted by Focused Ion Beam (FIB).

The crystalline structure of Cr droplets suggested they were quenched after their

incorporation into the coating. Chemical analyses performed on AlTiSiN coatings put

forward that the smallest droplets showed a homogeneous composition. Conversely, in

micron-wide droplets, the core is only constituted by the heaviest element (Ti), whereas

light elements (Al, Si) can only be found, along with Ti, in the "mantle" of the droplets,

reminding of the structure and formation of telluric planets. Several physical

explanations are suggested to explain this segregation phenomenon. A gravitational

effect would concentrate the heavy metal at the core during the flight of the droplet

towards the substrate. Secondly, chemical reactions occur between the outer part of

the droplet and the nitrogen of the plasma, which would imply a diffusion process. The

impact of the droplet on the surface shapes it in an ovoid form which sends once again

the heavy element(s) towards the substrate. Finally, the solidification process may also

play a part in the segregation of the species.
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