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Vacuum Arc Deposition of Nano-structured Alumina/Zirconia Films 
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Alumina and zirconia are not mutually soluble in each other nor in steel, and are

immune to oxidation. Hence they are candidate components for hard nano-structured

protective films which can be used to protect tools during high speed machining. In this

work, filtered vacuum arc deposition of alumina/zirconia films, and their characteristics,

were studied. The films were deposited using two arc deposition configurations: C1 Al

and Zr cathodes located at opposite ends of a chamber, with a plate blocking a direct

path from the Al cathode to a rotating substrate; C2Al and Zr cathodes mounted on a

common holder, with the resulting plasma guided through a 1/8-torus filter.

C1 films were nano-multilayered, with a typical bi-layer period of 6-7 nm. They were

electrically conducting, and EPMA and XPS indicate that they were oxygen-deficient.

XPS and SIMS indicated that both layers were Zr-rich, and the degree of compositional

variation between the layers formed when facing each of the cathodes was slight. XRD

revealed ZrO

2

 nanocrystals, but no Al or Al

2

O

3

 reflections. Knoop microhardness of

28.2 GPa was observed when the Zr and Al cathode currents were 60 and 30 A,

respectively, and substrate temperature and bias were 250°C and 150V, respectively.

Possibly the high hardness results from an amorphous metal-oxide matrix separating

ZrO

2

 nano-crystals, or from crack propagation pinning at the inter-layer boundary.

C2 produced two regions on the substrate, at the projections of the Al and Zr cathodes

(Al- and Zr-regions, respectively). The composition depended on the position with

respect to the Al- and Zr-regions, but was Zr-rich in both: approximately stoichiometric

oxides with Al

2

O

3

 content of 25-50 and 12-30 mol. % (rest ZrO

2

) for the Al- and

Zr-regions, respectively. All films were electrically insulating. XRD reflections were

observed only from films in the Zr-region when the Al

2

O

3

 content was ~12-15 mol.%

and the substrates were negatively biased to 100‑200V. Films from the Al-region were

amorphous. Vickers hardness > 22GPa was observed for Zr-region films deposited at

500C, and in films biased to -75V and -100V. The most wear resistant coatings were

from the Zr-region, deposited at -50V bias and 500 C. These results indicate that the

Alumina-Zirconia system has potential for hard coatings which can be stable at high

temperatures.
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