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Fracture mechanisms of a TiC/a-C:H coating by nanoindentation tests
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The fracture mechanisms of a TiC/a-C:H coating were investigated by

nanoindentation tests and systematized based on SEM images and EDS analysis.

Further, an alternative method to determine the irreversible work (W

irr

) accountable for

the fracture mechanisms is proposed. TheW

irr

is a key parameter for fracture

toughness modeling and it must be adequately solved. Coatings were deposited by

reactive magnetron sputtering technique on Si (110) wafer substrates using a Ti target

(1.7W/cm² power), Ar (190sscm) and CH

4

(30sccm) precursor gases, -800V substrate

bias voltage and 3.5x10

-3

mbar working pressure. Coatings are 1.1µm thick and have

TiC nano-crystals embedded in the a-C matrix. Nanoindentation tests were performed

by contact stiffness measurement (CSM) with contact depth control (0.9–2.3µm).

Experiments were carried out using a cube-corner diamond tip at 45Hz frequency.

From a certain load on, the obtained load-displacement (lxd) curves present small

discontinuities (pop-ins) which are usually attributed to the critical fracture load. A

larger discontinuity was often obtained if further loading was applied on the samples,

which is linked to abrupt crack propagation and film detachment. The area under the

discontinuous portion has been questionably used to determine the W

irr

. Nevertheless,

this issue is not yet clear, since the formed wide step cannot be interpreted as part of

a continuous curve because the tip is undergoing freefall. Thus, an experimental

procedure and data treatment to obtain theW

irr

from thelxdcurves are suggested. For

depths shallower than1.3µm, neitherpop-insnor cracks are observed, indicating

fracture absence. However, at 1.3µm depth, bright areas around the indents are seen.

Cracks may have been nucleated at film-substrate interface. For depths larger than

2.3µm the coatings detached exposing the substrate to air. Initial crack propagation

may begin at the film-substrate interface moving onwards, causing brittle fracture. The

proposed method improves theW

irr

determination and, therefore, could be a useful tool

to new fracture toughness calculation models.
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