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ABSTRACT: Hydrogenated amorphous carbon (a-C:H) film was used in different field due to its excellent electrical, optical
and tribological properties. With the evolution of the mechanic systems, the a-C:H film is required not only to have the
performance of low friction coefficient, but also to meet the high temperature (=350 °C) service conditions. Thus, the thermal
stability of the a-C:H film is the key point. The stability of a-C:H films is closely related to their inner structure, which depends
on the preparation methods. So it is important to study the effects of different preparation methods on the nano structure of
a-C:H films with variation of temperatures. The previous work mainly focused on the structural changes of specific a-C:H films
at different annealing temperatures. However, there still lack of attention to the effect of film’s intrinsic structure on the
annealing results. Thus, in this work, DC Pulsed Plasma Enhanced Chemical Vapor Deposition (PD-PECVD) and Bipolar
Pulsed Plasma Enhanced Chemical Vapor Deposition (BiP-PECVD) were used to deposit two kinds of a-C:H films with
different structures, then of which were annealed at 350 C, 450 C, 550 C and 650 C, respectively. The variation of
structural, mechanical properties, surface morphology and tribological properties of two kinds of a-C:H films were evaluated by
appropriate testing methods. The results show that the deposition rate of a-C:H films, deposited via PD-PECVD method is 1.52
times higher than that of the BiP-PECVD method. With the increase of the annealing temperature, the a-C:H films prepared by
the two methods all desorbed H but the transitional temperature point of desorption of H at 450 C and 350 C, respectively.
One can be also confirmed that the a-C:H film prepared by the PD-PECVD method is easier to form sp’-C during the H
desorption process, while the a-C:H film prepared by the BiP-PECVD method has the same probability of forming sp>-C and
sp>-C hybrid bonds. In addition, the a-C:H film, prepared by the BiP-PECVD method, is easier to lose H during the annealing
process and peeled off in a large area beyond the annealing temperature of 450 °C, resulting in friction failure. The a-C:H film
prepared by the PD-PECVD method is unpeeled off and keep the friction coefficient as low as 0.06 when annealing at
350-550 ‘C. To sum up, the film prepared by PD-PECVD method has better thermal, mechanical and tribological stability,
which can work under high-temperature conditions.
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Tab.1 The statistical results from XPS of A and
B film before and after annealing
%
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A25 18.74 84.22 B25 18.54 84.36
A350 15.35 86.69 B350 18.52 84.37
A450 20.87 82.73 B450 20.19 83.20
A550 23.39 81.04 B550 19.21 83.89
A650 21.16 82.54 B650 18.38 84.48
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Tab. 2 The mechanical properties of A and
B film before and after annealing

Sample Thickness/nm H/GPa E,/GPa
A25 728 15.88 100.65
A350 840 15.53 97.01
A450 890 15.08 92.18
A550 1020 12.43 67.82
A650 840 8.22 51.10
B25 718 22.49 174.14
B350 780 22.37 140.31
B450 850

B550 820

B650 800

o XTF BB, 7EiR KR 450 CLUTF 40K A
FAALSEATR] A IR —3, (R &R R 3
& A REI F oK AE R o PRIk, A R T AT
) AR E T

HE—2H, Xt AL B PR EEE kAT S Y EE A
BOHAT T, 45K 3 iR, AL B I REFETE
B KRTEESE ALY N 0.10, JLrf A JHEE i 8 422 IR %
TEIE KR JE N 350~550 CHFREAMRERAE 0.06 247,
A2 Y58 KR BE RS 650 CHY, FEIEINR ek, %t
T B i, FEEIRALR KRB 350 CHEYM 0.10,
R R A BRI e, U A A 550 C
0 R A AR A i EE A e RE, S TAE 550 CU
TFARTRAAE T A A

®3 RAFIE A, BHEREZRY
Tab.3 Thefriction coefficient of A and B film
before and after annealing with 3 N

A25 A350 A450 A550 A650
0.10 0.06 0.057 0.61 JE—
B25 B350 B450 B550 B650
0.10 0.10

3 it

1) A3043 54 Fl DP-PECVD #1 BiP-PECVD W
PR HI 4 T AL B PRI AAE S5 49 A TR A a—C:H
Wi, Hih DP-PECVD ikl £ a—C:H M5 Y R
A (6.06 nm/min) , J& BiP-PECVD 44 a—C:H
Wi (3.99 nm/min ) Y 1.52 %,

2) XEANTRI D7 v il A& i B, Bl 5 3R AT R )
RSB H 4. A T B WA H LA iR B
ANTE), %F T A, 7 450 C ZHi, sp’~CH, Ml sp’~CH;
I3 B 3 R B AR — B, FE L sp’~CH, Ml sp>~CH; it H
JE, AR REAE N sp~CH, fE 450 CZJ5
sp’—CH, Fl sp’~CH BB H 2 He %) T B Wi, 76 350 C

Z R, sp~CH, Ml sp*~CH; M RIEA—F, 7F
350 ‘C )5 sp’—CH, I sp’~CH Bifff H 28, 10 A
TS LA T e IR E

3) FEARSCHE IR OREEN, A WEJLT
Bk A, WA KRE TR E 550 CHE 2R
TR, HEEENEUE 550 CZRifaELE 0.06 /&4,
TE 650 CHIRZL . B MAAER KIREAF] 450 CHP
TR R AR B M, BESEIECAE 350 CHiARE 1
0.10, [ 450 CiEAEH, Uil A W EA TiFpH
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