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ABSTRACT Ultrathin tetrahedral amorphous carbon (ta-C) films with different film thickness were pre-
pared by filtered cathodic vacuum arc technique. The accurate measurement of the film thickness and
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sp®C content of the ultrathin ta-C films was conducted by means of ellipsometry combined with spectro-
photometry. The acquired film thickness was further verified by XRD. The film density was acquired from
the results of precise determination of lattice parameters. Raman spectroscopy were conducted to char-
acterize the atomic bond structure of as-prepared film. The residual stress was calculated from the curva-
ture of the film/substrate composite using Stoney's equation. Results show that as the film thickness in-
creased from 7.6 to 33.0 nm there was no obvious change of the ultrathin ta-C film growth rate, which
keeps constant as 1.7+0.1 nm/min, while the residual compressive stress and sp® fraction decreased; for
the film of thickness 7.6 nm the maximal sp® fraction was obtained. The results are consistent with Ra-
man's. For the film of thickness 11.0 nm, the maximal bulk layer density was 3070 kg/m®. The film thick-
ness had no obvious influence on surface roughness of ultrathin ta-C films. In summary, ellipsometry
combined with spectrophotometry is of feasible means for characterizing the structure and thickness of
the ultrathin ta-C films. X-ray reflection can be used to measure the density and surface roughness of ul-

trathin ta-C carbon films of high quality.
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Fig.1 Thickness and growth rate of ultrathin ta-C films
as a function of deposition time
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spectroscopic ellipsometry
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Table 1 Thickness, density and surface roughness of ultra-
thin ta-C carbon films by XRR

Density Thickness Roughness
Sample
/kg-m” /nm /nm
Surf layer 2205 2.007 0.569
A Bulk layer 3042 3.542 0.530
Interface layer 2349 2.552 2.662
Surf layer 2090 1.828 0.439
B Bulk layer 3070 6.547 0.656
Interface layer 2322 2.397 2.928
Surf layer 2025 2.232 0.363
C Bulk layer 2917 12.916 0.810
Interface layer 2138 3.630 1.806
Surf layer 1899 2414 0.475
D Bulk layer 2869 18.474 0.374
Interface layer 2211 5.137 1.219
Surf layer 2070 2.641 0.416
E Bulk layer 2841 29.965 0.599
Interface layer 2686 2.4000 0.904
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Fig.5 Surface roughness of ultrathin ta-C films by
XRR and SPM with different film thickness
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Table 2 Thickness and sp’ content of ultrathin ta-C carbon
films by a combined ellipsometry and spectropho-

tometry approach
Wavelength ~ Glass carbon for sp” and diamond for sp’
/nm 190~1700
Time/min 4 6 10 15 20

Thickness/nm 7.6 11.0 17.5 24.0 33.0

sp’/sp 4536 1255 0946 0.339 0334
sp*/% 81.936 55.645 48.605 25.300 25.047
MSE 1915 1232 3254 1.029 1.172
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ultrathin ta-C films with different film thickness
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