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ABSTRACT Tetrahedral amorphous carbon (ta-C) films have been deposited on P-type (100)
polished c—silicon wafer with different substrate negative bias by filtered cathodic vacuum arc technology.
The microstructure of ta—C films was measured by visible Raman spectroscopy and the spectra were
fitted with a single skewed Lorentzian peak described by BWF function. The coupling coefficient
characterizes the asymmetric degree of the spectra and is correlated with the sp® content. The surface
morphology and mechanical properties were researched respectively by AFM and Nano-Indentor. When
the substrate bias is —80 V, the sp® content is the most, the root mean square surface roughness is least
(Rq=0.23 nm) and hardness (51.49 GPa}), Young's modulus (512.39 GPa), and critical scratching load
(11.72 mN) are the highest. As the substrate bias increases or decreases, the sp® content and other
properties lower correspondingly.
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VYT A HE &% (ta—C, tetrahedral amorphous carbon) J& sp® Z&4b @l E 50%, HFE 80%
A B T 264 R A B (DLC, diamondlike carbon)M~3). [ & A i Bk & A e LIRS P R AL o
g, FHRAEFTFESTTUSSRG AN, WEEE, SR SRmEE, FTRRNLINE
k. 0B B B TR . R B B AR A dE R &WIA (o-D, amorphous
diamond) ). P AR IE SRR — B d SO, IR AR R SRR B U BRI (Bl A A
B SRR, I CO . COo 45) AR S B FIR, ARG St B 1 U ult B 2 i e T A
BRI, R R R TR E LM ASTRER, 5 SRR A A M R TR
A (4100, R A MR 284 5 S RS R T R TR R B B B T A S RE R DA e (58L S34h,
B SR AR U O R AR 248, HEEAR T S EREEm AR 67 Ji, 7R
Kot JES A F ot O T A R R R 4 W AP BB A A A BB R ASCRAS AR E =
H DI A 45 DO T P AR R BT, R e TR EOL T, BRI R FE e A
I RE Y ST '

1 &= B8 F &

{f Fl CS-2121 1EyERAM EL2s IR R Ge bl iR . WiARR, B AU [T 2 B R
T HAZR 70 mm RYFERAE (99.999%) £ SRE, FEFAM (ol ARuRiE) FoEs MR 5 M=
B, FPRAERRA SR A, TR R S TR R A R R, Bl CF B
R E TSR L. 8T RIS aE b, SN M, REREE
. TESIEE I R E AR AR E MRS s, B TR TR, RSP IREAR A D
(e RTE], B RAE TR 250 mm Y IR K P R 4.

PG P(100) B EEIE T, R 0.75 mm. IRBGHT, J&HAEE A BUERK 15 min, F
F Kaufman B 7#Zfh 5 min. ZIMe TAEENES, SAMEN 8 mL/min, HEEFRA
P IE (BPU)750 V, #7100 mA, IR HEIFHEE (APU)350 V. JIAT R AN ARE S E RN
0.4 mPa, YT PSS B E TR 8.0 mPa. ITETEINE RN 60 A, #HEE EHITHR
BEJy 40 mT, XHARERE DN 0 B —200 V A EF ke Fulm K, Hl&—4RES ) 100 nm §#71KFE.
FEE A% 250 mm JEEE P, VIREEERN 0.7 nm/s. A T ARIESTRAAIEEAZ A 50k, AR
#ELL 33 r/min B B e,

H] Renishaw RM1000 33848 Art #0% (4 514 nm) Raman YR i P o fAc - & fi v i
MILER. TEAIRERAS MR RTIR T, IR ATIE 26 mW, ALK K 1.4 eom ™, £
800~2000 cm~* T FE P AL 100 s. A CHE AR MTS 4 /{1 XP BIGOKR EANONE, 1
Berkovich =4S NIA ELFEEEA 150 nm, AL EMIERE B 2518 75 aN fil 0.1 nm.
RIGTEHIXHERE N 30% A EIR ST, MR KB 10 &, REFHE. @
KRB RPN A PR R, IR ESK R RHRTH BUE 1.5 mN, IWEBERKEA
TN 30 mN, % 500 pm, 3 AR AN 1) P 7 A PR 2R MU AR AL R SR NG R KRR ME T
A AR R IR 5 4R, BOE-F{E. ] Dimension 3100 BYJE-Fy RIS BEAC & AR
PR TRE R, BRI 1x1 pm?, FEE AR R KB 5 58, BEFHIE.
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WA Raman 85, FHME REQ FIEMEF
sp® W& 1919 Breit-Wigner-Fano E¥H B 1 AFEHERESS TEED Raman S

Wavenumber /102 cm”

RUNERE I(w) 45 Raman fiBs S K N BWF m¥la i
¥, I, 7t Raman B w, e kU (1 3 2 Fig.1 Raman spectra and BWF fitted curves

of the ta—C films deposited at different

minus bias. The less the couple coeffi-

I X PRI E 58 (FWHM, full width
at half maximum), a + bw HEMEEFK. Q K
BWF B0 & R 5L, RIERRS 0222000

cient is, the more symmetrical the spec-

tra are and the more the sp® content is.

EXTHRRE, 4 Q_l BT TEE, REITH When the substrate bias is —80 V, the
B 55 10 2L T, Q {Eﬂ%ﬁ&%%ﬁ%* SP3 i symmetrical degree is the highest and
BRI’ Q &/ (Q <0), SP3 SEAY Hﬁﬁﬂ/ﬁ:ﬁﬁ the sp® component is the most

% Q < 20 B, sp® BRI O BLIERE T 80%016.19]

I 2 AT, RE R E S Rl 4 B0ME, 3 Raman 630884 RN T 20, %
ik [16] 4 T 6 BEURHE (BELS) 91, A RO sp BEAY & B9 T 80%. 4% (i
~80 Vi, M4 RMFDN, Raman SERIXIFRIERE, WRD o° RO ROEZ. WER
FEHREH/, A REHRMK, Raman S0 AMREER, WEBEH sp® HRAY Ho LA
R
2.2 BREOREDERE

BT IR A S SRS MR, R BT D Bt F g
MR ZRD R, AR RS AR B ALK (i B A S S BT 34

JTARAERE S (Rq—Root Mean Square Surface Roughness), R, [ZJZNA] ,HrR Z,. Y

R (Ix1 pm?) SRR BERTI9E,  Z WUBTHOEEIE, N VAT KB MR &3
R, AR E R RMS MRS EAE 0.20~0.40 nm 2 [8], HFERREN -80 V HHA §/ME.
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Fig.2 Coupling coefficient as a function of

substrate negative bias
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