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the mechanism of bias on the structure and performance of ta-C film, and provide a certain theoretical basis for expanding the
application of ta-C film. The bias voltage process of arc ion plating was changed to deposit ta-C monolayer on the surface of
cemented carbide substrate. Field emission scanning electron microscopy (SEM) was used to characterize the surface and
cross-sectional micro-morphology of ta-C film. Raman spectroscopy and X-ray electron energy spectroscopy (XPS) were used
to characterize the phase structure of ta-C film. Using a scratch tester to measure the ta-C film binding force, a stress meter to
test the residual stress of ta-C film, the indentation test and nano hardness tester to measure the toughness and hardness of ta-C
film, and a friction and wear testing machine to test the friction and wear performance of ta-C film. As the bias voltage
increased, the number of large-size carbon particles on the surface of the ta-C film gradually increased, and the number of
small-sized carbon particles gradually decreased due to reverse sputtering. The hardness of the ta-C film, sp® bond content and
residual stress are now increased and then decreased, the bias voltage is —180 V. As the bias voltage is increased, the binding
force of the ta-C film and the substrate first increases and then decreases, and the maximum value is reached when the bias
voltage is —140 V. With the increase of bias voltage, the wear resistance first increases and then decreases, when the bias voltage
is —140 V, the lowest wear rate is 1.39x10~7 mm’/(N-m). The incident energy of the ta-C film deposited on the substrate surface
increases, the number of large particles on the surface gradually increases, the residual stress in the film layer increases, the
hardness increases, and the wear resistance increases. As the bias voltage increases due to the reverse sputtering effect, the

small-sized particles on the surface of the film layer gradually decrease, the degree of graphitization in the film layer increases,

and the wear resistance of the ta-C film decreases.
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Fig.1 Surface morphology of ta-C films on Si sheets under different bias pressures
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Fig.2 Cross-section morphology of ta-C films on Si sheets under different bias pressures
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Fig.3 Visible Raman spectra of ta-C films at different bias
voltages
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282 284 286 288 290 292 294
Binding energy/eV

PR S B T AORHESN A TR AR B R, 3
PERCROR, POREIZ B K , ta-C MR S
RN R ARG

120+ 11950
110
Elastic modulus | 1800
100 - &
& 90f 11650 %
G =
7 80r 11500 3
[}
e 70F g
'g 60k 41350 2
et Hardness 4
50F 41200 @
40
\; 41050
301
20 900

-60 —-100 -140 -180 -240 -—280
Substrate bias/V

8 AN[Fl s ta-C M6 A A B K i A 2
Fig.8 Hardness and elastic modulus of ta-C films under
different bias voltages

2.4 {REX ta-C HIRE SR ENZI

P9 JEAS [R) i FE AR b B IR TE S T LB B, i
JEM—60 V E]-140 V, ta-C T JE 3 i IR 2808/,
HoBem M AK BE B g i ; —-180 V T Hil# 1) ta-C
FEE SR T IR M BB /), REBCK EEYG I i F—220
V H1-260 V FHI45 Y ta-C [ 1 T IR 2805 Wm0,
JRIR NS HBG . IEN—60 V F]-180 V, BfiZ5 ta-C i
PIER AR 1R N, FEAN IR R = e, MiE
FRAIN 13N, SESCR R KA RN, SR AN T
RFN K (-180 V) B, BN 8, M8



£ 290 - * wm #H R

2021 43 A

Wb, KERFHR A, WEMN—220 V #]-260 V, [
52 N A ARG N, B2 AR AT S FRAG, B

d -180V

b —-100V

e 220V

FEREAR . RSN, RECEER A, Rl IR
G oy K AR

c —-140V

f —260V

B9 AR ta-C I Y HE IR B 551 P

Fig.9 The indentation morphology of ta-C films under different bias voltages
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