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Formation of oxygen diffusion paths in nanoscaled TiN/AlN

multilayers
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Thin films of titanium aluminum nitrides are known for their good oxidation

resistance. Thus, they are frequently used for high temperature applications

such as machining at high cutting speeds or for dry cutting. In order to be

able to describe the oxidation process in titanium aluminum nitrides and the

influence of oxygen on the thermal stability of (Ti,Al)N, the microstructure

changes in TiN/AlN multilayers were investigated up to annealing

temperatures of 850°C.

Nanoscaled TiN/AlN multilayer coatings with an individual layer thickness of

about 2.8nm and 1.6nm for TiN and AlN, respectively, were deposited by

using cathodic arc evaporation and successively annealed up to 850°C. The

original and the annealed samples were investigated with the aid of X-ray

reflectivity (XRR), glancing angle X-ray diffraction (GAXRD), transmission

electron microscopy (TEM) and electron spectroscopy (EDS and EELS). The

combination of these experimental methods revealed changes in the

thickness of individual layers, changes in the morphology of internal

interfaces, formation of oxygen diffusion paths and development of TiO

2

 and

Al

2

O

3

 as induced by the annealing.

The reaction between AlN located near the surface of the TiN/AlN multilayers

and the oxygen present in the annealing atmosphere led to a decrease of

the thickness of the uppermost AlN layers and to the formation of Al

2

O

3

.

Furthermore it was observed that the kind of the interface roughness

changed from a diffuse one in the initial state (resulting from the intermixing

of species in the deposition process) to a geometrical one in the annealed

samples. This effect was explained by a local interdiffusion of Al and Ti that

was stimulated by the reaction of Al and Ti with oxygen. The boundaries

between columnar grains were identified as the main paths for the oxygen

diffusion into the volume of the TiN/AlN multilayers.
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