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Characterization of carbide nanocomposite coatings using optical methods
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Electrical and mechanical properties of nanocomposite transition metal

carbide/amorphous carbon (nc-TM-C/a-C) coatings are determined by film

composition and nanostructure, in particular the a-C fraction. This information can

typically be acquired by techniques like XPS and TEM, although they come with

drawbacks like high complexity, high cost, and long analysis time. The industry, for its

part, desires fast and also non-destructive analysis. Optical methods are very

interesting from that perspective, and e.g. in situ spectroscopic ellipsometry (SE) can

be used for real time monitoring of coating properties during growth. However, there is

a lack of scientific results on how such optical methods and models can be used to

characterize carbide nanocomposites. Our objective is to explore if optical

observables can be correlated to physical properties of the coatings.

TM-C/a-C(:H) coatings (TM = Ti, Nb, Cr) grown by magnetron sputtering were

included in the study. Reflectance spectra were recorded using spectrophotometry in

the visible range, and all data were also transformed into the CIE 1976 L*a*b* color

space. Further data were obtained by Mueller-matrix SE in the visible and

near-infrared ranges in order to study reflection-induced changes in polarization of

light.

The lightness (L*) was found to exhibit a linear correlation to the concentration of C-C

bonds (i.e. amorphous carbon), as determined by high resolution XPS. This new

empirical method can thus be used for fast optical quantification of the a-C fraction.

Moreover, SE data indicate that there is a smaller surface roughness and/or a thinner

oxide layer for carbon-rich coatings. One challenge is to quantify such surface effects

so that the true film optical properties can be determined to find interband transitions

and free electron contributions. This is demonstrated using a Drude model to

successfully estimate the coating conductivity with reasonable agreement to 4-point

probe results. Further results and models will be presented.
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