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Determination of Chemical Bond of Tetrahedral Amorphous
Carbon Films by Ellipsometry Approach

Li Xiaowei Zhou Yi Sun Lili Wang Aiying
(Ningbo Key Laboratory of Marine Protection Materials, Ningbo Institute of Material Technology and Engineering,
Chinese Academy of Sciences , Ningbo, Zhejiang 315201, China)

Abstract Tetrahedral amorphous carbon (ta-C) films under different substrate negative bias are prepared by a home
developed filtered cathodic vacuum arc (FCVA) technology with double bend shape. The film thickness is measured
by a combined spectrophotometry and spectroscopic ellipsometry (SE) approach; the chemical bonds including sp*C
and sp’C are gained by the fitted ellipsometry method. Furthermore, the accuracy of ellipsometry results is evaluated
by comparing with those of X-ray photoelectron spectroscopy (XPS) and Raman spectra. The results indicate that the
minimum thickness of ta-C film of 33. 9 nm is obtained when the bias voltage is —100 V; with the increase of bias
voltage, the optical gaps and the content of sp’C atomic bond decrease, while the sp’C content increases
correspondingly. By comparison with the results of XPS and Raman spectra, it is found that when the optical
constants of sp’C model are represented by the glassy carbon and the fitting wavelength ranges are chosen from 250
to 1700 nm, the best fitting result of atomic bonds of ta-C films can be deduced by the ellipsometry method.
Therefore, it could be said that the elliposometry method is a quite promising method to characterize the atomic bonds
of ta-C films including sp?C and sp’C, as a new nondestructive, fast, quantitative and easy way.

Key words thin films; chemical bond; ellipsometry approach; filtered cathodic vacuum arc; tetrahedral amorphous
carbon
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Fig. 2 Ellipsometry spectra of ta-C films with the incident angle of 55° at different bias voltages. (a) ¥; (b) A
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bias voltages
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Fig. 3 Refraction index n and extinction coefficient £ of ta-C films at different bias voltages. (a) n; (b) &
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Table 1 Contents of sp’C and sp”C in ta-C films by ellipsometry approach

Wavelength /nm

Glass carbon for sp?C

Graphite for sp*C

Substrate bias /V

sp’/sp’ sp’/ % MSE sp’/sp’ sp’/ % MSE
0 1.68 62.6 2.37 7.78 88.6 2.37
—50 1.34 57.3 1.096 6.57 86.8 1.096
250~1700
—100 0.71 41.5 1. 305 4 80 1. 305
—150 0.4 28.6 1.209 2.66 72.7 1.214

Wavelength /nm

Glass carbon for sp*C

Graphite for sp®’C

Substrate bias /V

sp’/sp’ sp®/ % MSE sp’/sp’ sp®/ % MSE
0 6.29 86. 3 0.4603 15.09 93.8 0.4603
—50 4. 33 81.2 3.599 10. 2 91.1 4.416
380~1700
—100 1.98 66. 4 2.113 5.6 84. 4 1.991
—150 1. 14 53.3 2 3.16 76 1. 948
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Fig. 5 XPS-Cls spectra of ta-C films at different substrate negtive bias voltages
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Table 2 XPS fitting results of ta-C films at different substrate negtive bias voltages

Substrate bias /V sp’ C peak position /eV sp’ C peak position /eV C— O peak position /eV  sp®/sp® sp*/%

0 283. 825 284.625 285,115 1. 826 64. 6
—50 283.890 284.690 285.227 1.327 57.0
—100 284.463 285.263 285. 850 0.699 41.1
—150 284.470 285.270 286.079 0. 454 31.2
ta—C sp*/sp? 1590 em ™! sp
) s b1s G [
ta—C , 6 . , D (et22] sp’/
900~1000 cm ™! , sp , fityk
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