Mechanical properties and thermal stability of ZrBSiTaN films
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ZrBSiTaN films were fabricated on silicon and AISI 420 stainless steel substrates through direct
current magnetron co-sputtering. ZrBz, Ta, and Si targets were used. The power applied on the Si target
and the nitrogen flow ratio of the reactive gas were the variables in the sputtering processes. The effects
of Si and N contents on the mechanical properties and thermal stability of ZrBSiTaN films were
investigated. The results indicated that all the as-deposited ZrBSiTaN films formed amorphous
structures. The supplement of reactive gas with a nitrogen flow ratio of 0.4 resulted in that the
ZrBSiTaN films exhibited a high N content of 60 at.%. The increase of Si content from 0 to 42 at.% in
ZrBSiTa films decreased the hardness and Young’s modulus values from 19.1 to 14.3 GPa and 264 to
242 GPa, respectively, whereas the increase of Si content from 0 to 21 at.% in ZrBSiTaN films
increased the hardness and Young’s modulus values from 11.5 to 14.0 GPa and 207 to 218 GPa,
respectively. The amorphous BN and SiNx phases played the vital role in the variations of structural
and mechanical properties of ZrBSiTaN films. The thermal stability test was conducted at 800 °C for
10 min within purged Ar gas in a rapid thermal annealing furnace. The ZrBSiTa films oxidized with the
residual oxygen in the vacuumed furnace, which was accompanied with the formation of ZrOz, Ta;Os,
and TaSi> phases, whereas the ZrBSiTaN films maintained amorphous structures. Further exploration

on the oxidation behavior of ZrBSiTaN films will be studied.



