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Structural, magnetic and mechanical investigations on Fe-Co-Hf-N /

TiN thin multilayer coatings with combined wear resistant and

ferromagnetic properties
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In various engineering applications, thin wear resistant PVD coatings are

used to enhance the durability of tools or components. Nevertheless, a

direct survey of the damage state of the coated surface is desirable. To

avoid work flow interruptions, an in-situ monitoring via high frequency

sensor signals could be beneficial. With regard to the dependence of

ferromagnetic magnetization on temperature or strain, a wear resistant

coating with an embedded ferromagnetic phase is realized as a potential

functional thin film sensor and wear resistant material.

For high frequency sensor applications the cut-off-frequency of the

functional sensor material should be greater than 2 GHz. Therefore, to

improve the magnetic softness and the ferromagnetic high frequency

behavior of the multilayer films, FeCoHfN ferromagnetic layers instead of

FeCo layers are proposed. The refractory metal-nitride grain boundaries of

HfN act then as inhibitors of FeCo grain growth. Hence, in this study

ferromagnetic FeCoHfN layers were combined with TiN layers in

Fe
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/TiN multilayer coatings to simultaneously tailor both the

magnetic and mechanical properties.

In order to investigate the effect of the ferromagnetic phase fraction on the

ferromagnetic high frequency permeability and on selected mechanical

properties, the volume fraction of the ferromagnetic phase was increased

from 41% to 72% by increasing the thickness of the ferromagnetic layer

while the thickness of the hard metal nitride layer and the number of

bilayers n = 7 were kept constant. After deposition the multilayer films were

annealed in a static magnetic field in order to induce an uniaxial anisotropy

field. Detailed investigations on the microstructure, static and dynamic

ferromagnetic properties as well as on specific mechanical properties, like

residual stresses and hardness, will be presented.
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