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Phase formation in quaternary TiZrSiN and TiZrAlN magnetron sputtered thin
films
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Multicomponent coatings based on transitional metal nitride (TMN) satisfy the

increasing requirements as wear resistant layers on various products for industrial

applications, in particular, under high temperature conditions. By means of the

addition of metal and/or nonmetal elements, the optimization of films properties such

as hardness, friction coefficient, corrosion and radiation resistance is possible.

Alloying will also affect the phase formation (solid solution vs. nanocomposite), growth

stress and related microstructure.

In an effort to understand the synergetic effects of multicomponent alloying in hard

TMN coatings, we comparatively studied two quaternary systems: TiZrSiN and

TiZrAlN. Films were deposited at 600°C on (001) Si wafers by a reactive magnetron

co-sputtering from three elemental targets. A fixed dc power supply ratio at the Ti and

Zr cathodes (250 to 200 W) was used to ensure a film composition with constant Ti:Zr

ratio of 1:1, while the Al (resp. Si) content was controlled by adjusting the rf power

supply of the third cathode. Stoichiometric nitrogen content was achieved for all the

films by optimizing the N

2

 flow rate for each deposition conditions. Post-deposition

thermal annealing in vacuum was carried out at the temperatures of 800, 900 and

1000°C.

Two different structural evolutions are evidenced with the increase of third element:

with the increase of Al concentration there is a linear reduction in the lattice parameter

that testifies the formation of the substitutional TiZrAlN solid solution, while the lattice

parameter of TiZrSiN films did not change with the rise of Si content, suggesting that

silicon segregates at the grain boundaries to form a separate SiN

x

 interfacial phase.

After annealing, the phase composition of TiZrSiN films is not altered, except at the

maximum concentration of silicon (13 аt.%) for which the ZrN (200) reflection appears

as a result of structural phase transformation.
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