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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
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by comparing with those of X-ray photoelectron spectroscopy (XPS) and Raman spectra. The results indicate that the
constants of sp’C model are represented by the glassy carbon and the fitting wavelength ranges are chosen from 250

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

carbon

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
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of ta-C films including sp?C and sp’C. as a new nondestructive, fast, quantitative and easy way.
thin films; chemical bond; ellipsometry approach; filtered cathodic vacuum arc; tetrahedral amorphous
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Fig. 1 Thickness of ta-C films at different

bias voltages
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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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Fig. 3 Refraction index n and extinction coefficient £ of ta-C films voltages at different bias. (a) n; (b) &
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Fig. 4 Optical band gap of ta-C films at different

bias voltages
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0 EMZE —150 V i, ta-C WP 1y sp®C i 62. 6%
WNE 28,62 X FE—BILA K BT A B
T Tk 1 06 27 1 BOAS [) ok IR 3 itk Oy A28 sp” C 1906
RO L HUA B sp®/sp” Al sp C 5 iR /N TSR
A5 sp C AR IG5 R N D0, HAR T ) =2 6]
— R RS T 2 BIAEAS F] sp® C AR AR T 153 2
(1 sp’ C F it 2Z ] 119 2 1 B A IS 07 M R 79 385 o i 3
K>S fw Fe B O 35 2 — 150 V i), sp® C it it 434K
(22 B 1 26 Y088 N2 44. 1%, 4541 O It 45 21
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Table 1 Contents of sp’C and sp”C in ta-C films by ellipsometry approach

Glass carbon for sp’C

Graphite for sp*C

Wavelength /nm  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
) Glass carbon for sp®C Graphite for sp*C
Wavelength /nm  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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[ sp’C 5 sp”C MU 22 (H K 0. 8 eV J5,

frf e, K5 A TG sp?C g sp’C I

FC— O W (222 U5 T 8 B 2% 1m0 79 W A 17 45
ATLLE B = A SN S 135 28 5 IR IR B AR E Y
B XRPIEF RN sp® C 1 sp” C I 1 55 55 FALE
HESEm A KA. @ sp’C g sp’C
TR 43 AL R/ B AT A5 B ta-C B o 1)
sp’/sp” LA B B T B A i - HL LA sp® L sp” R
FATE SAFFE IS 1) sp® C AR & B Qe 2 fos . 7]
UL, o 25 4] JES B f FE R O 36 0 2= — 150 V,ta-C
Hi) sp’C i i 64, 6 Y0 BLEE IR & 31. 2%, X5
A D 25 40 25 SR A Al — 3L

5 OR[EHE U E T ta-C i XPS-Cls R %

Fig. 5 XPS-Cls spectra of ta-C films at different substrate negtive bias voltages

£ 2 AFEAIEHARET ta-C #AERY XPS 14 4581
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. 825 281,625 285. 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

1 k2B AT ta-C W Y sp®/sp” B
L S0 P SOR AL = 6 TSR A 6] 4 I 70 FE T 1Y)
ta-C W SR AT 17 R AE, W& 6 fF . A LLE H. 16
900~1000 cm™ ' Z [a], fir G MM 2k #RAEAE— T H
BB RERT IS T R 1 Z B i, 7E 1200~1700 em ' 2
(i) DU 52 B — A~ BB B Al o O S 4R B AE

1590 em ' BfHIE H B — sp® AL SRS AR B A AR X PR 58
W | 208 AR AR o BEAP AR PR S B2 Y G I FIIRIR
ST PR S5 ASR D gL A i . k3RS sp®/
sp’ WS A R fieyk B0 0T T A5 (4 7 A i e F
0T 1332 em ' ZE A “D7IEFI A T+ 1558 em ' AR Y
“GTUE Y T AU LA AR BN L/ 1, (A G g
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Fig. 6 Raman spectra of ta-C films at different substrate

negtive bias voltages
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Fig. 7 Intensity ratio I,/I, and G peak position

of Raman test

18 30T LG AR UL 45 R S XPS L 8O Y 52
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B o 2 IR RR O 5 AR 2 sp® C bR S U5 10
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Fig. 8 Results comparison of sp’ content obtained by

ellipsometry SE and XPS approaches
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