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Influence of substrate hardness on deformation mechanisms in TiN plastically
deformed by nanoindentation analyzed by TEM
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The deformation of TiN was investigated using a nanoindentation setup operated at

loads about ten times higher than used in hardness determination. Polycrystalline and

epitaxial TiN coatings of 500nm thickness were deposited by unbalanced magnetron

sputtering on WC-Co, MgO (100) and Si as mono- or multilayer alternated with

amorphous SiN

x

. These coatings were indented with a Berkovich type tip in order to

induce severe plastic deformation. Cross-sections through the indent imprints were cut

by focused ion beam and analyzed by transmission electron microscopy.

The occurring deformation mechanism were found to depend rather on the substrate

hardness than on the crystallite size: in columnar TiN coatings deposited on Si

substrates the 500nm long columns underwent shear sliding at their boundaries being

pushed into the soft Si substrate. The same mechanism, with additional crack

formation, was observed on the nanometer scale, in multilayered TiN/SiN

x

 coatings with

TiN grain sizes varying between 1-5nm. In the TiN coating deposited on the WC-Co

substrate the columnar grains located directly under the indent imprint were

compressed and shattered. At the peripheral zones of the imprint, individual columnar

grains, grown on the softer Co matrix of the WC-Co substrate, were observed to slide

along the column boundaries. Generally, the grains were bent and two types of cracks

were formed: at grain boundaries and small cracks following the <111> direction from

boundaries into columnar grains. A similar mechanism was observed for a poly-TiN

250nm

/SiN

2.5nm

/epi-TiN

250nm

 coating deposited on MgO (100), were the polycrystalline columns

of the upper TiN layer were compressed under the indenter tip, while those on the sides

were bent, and cracks at their boundaries were formed. Summarizing, the mechanisms

of shear sliding at grain boundaries occur when the substrate is much softer than the

deformed coating, which allows the columns to slide and penetrate into the substrate.
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