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FEFHIAE 200 °C, N w4l <, o 2 1 Y56
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1# 12 24 600 300

2# 6 12 600 150

3# 4 8 600 100

A# 3 6 600 75

S# 2 4 600 50

o 1 2 600 25
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BiE MOEThE W RHUE )V S /A Jiiias 2He "V 2TURE v AU R
/cm3- 1 /cm3-min_1 /cm‘q’-min_1

Ti 600 500 0.7 20 — — —100 0.30
Ti-DLC 600 600 0.7 10 10 15 —100 0.25
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1 12.98at%. =2 HHKZ K O JUE, K1) fig
PR A R m P "4, Es5. K6
5y M A Cls, Ti2p, Ols % i £k f] Gauss U & 4
e, % 3. £ 4. K 5 4 Gauss A 3045 H.
4 AN, Cls WERT 4y 4 AN, {F 281.55 eV 4k
H BB AEL, % V& AR 0 Y. () 72 TiC/Cls Ak 1) L1 &5
ABE, UL Z A TiC fE7E 22 g DLC
1K) XPS A7 T 284.3 5 2852 eV 2 [a] 23], iX
Ui B 284.29 eV ATy sp? . 285.43 eV U5 AT
Jy sp3 B, 7E 286.77 eV i HL UG A7 1 B L R AF
7E CO 4t P4, i3k 3 w4, sp® B BN 34.22%,
sp? B A CO 43 3y 35.02%F1 18.51%. Kl S
AL, Ti2p W& AT 43 k) T1(454.92 eV), T5(456.57 eV),
T5(460.77 eV), T4(463.69 eV). T} 5 T A7 5.85 eV,
X5 Ti2ps o M TIC2p, o ML FE B HEA 2L 6 eV
LA T &, BOH Ty 5 T3 20 5900 B () & TiC
[¥) Ti2ps o A1 TiC [ Ti2p, . SCHK [25] 445 A8
1 456 Fll 457 eV Z [AJ {7 {E Ti 4L &) XPS
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SER) SR AN ZEAR K. HIE 6 T4, Ols IET] 4y O1,
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e VAT eV A v feV W5 U THIR/105 It iy el /%
TiC/Cls 281.55 1.80 30003 0.68 12.25
Sp2 284.29 2.70 57217 1.94 35.02
sp3 285.43 3.55 42450 1.89 34.22
CcO 286.77 5.73 14254 1.02 18.51
* 4 Ti2p WL Gauss AE 4R
e VAT eV Y 30 TR B/10° Bty L /%
T 454.92 1.9645 7819 1.9252 23.47
Ts 456.57 2.6669 6441 2.1528 26.25
T3 460.77 3.4385 5234 2.2554 27.49
Ty 463.69 7.0395 2119 1.8699 22.79
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%3 V£ eV R K Y e Ve TS BT et /%
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02 531.78 2.8736 1655.0 5960.2 53.23
03 533.70 3.4454 1073.0 4635.1 41.39
33 HrEAFZE H TiTI-DLC £ 2, B 7 hFE i 22 )2 45 1355 Wi

K 7 Brom k24, 44, SH#EE S BB R . SR
FH ECR-CVD 4 & o AT R ¥ 98 S T v i 3 1) %

AL, g5 A e TS LA, B SR A Ti )2,
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AR, B2 T 25 Ti-DLC 28— AN 1 # J#
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Sy AN, OHA S S kL B I ) & S IR A
W4 JE 35 R0 2 2 A R v v S R4 A B A o s
T DLC ki (29:30,

(b)

7 FA SEM T3 EIIFEAITIIG R (2) 2#FF bk (b) 4#FE b (o) S#FE A

34 BMEEMEERAY

K9 B o o A S A R R OG &R
B9 BT ELE H, A 3 A A 25 nm 3 0
21 300 nm I, B ) A AL AU, RS Z TR R
R AR, 1A 2 R AR RO ISR
A 1) G OK 22 2 R A N B A A, i
JEHA A M 25 nm BE 0] 100 nm B, & A6l A #g

AN B, T R A M 100 nm 2246 F] 300 nm I,
HAAE ST T, S8 0Tl %0, 248 i)
1 A < 100 nm B, BT 55055 10 4 K 38 A 2k . aE
% B WG A > 100 nm B, 2 240K
R A5 N 8 B R, IX I Ti-DLC HJ2 J5 ) J5 P8 %o
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TRE ) ) 5 A B 22 AR .
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AN K. XUl W2 1 3 A < 50 nm J, R
PR JEE 2% 32 2R K (1 5% 0, 2 10 (14 K RO A 2
HERU R B BORLRE T . 3R 6 B HI AT N 1) 25

(3]

(7]

(8]

11 ATLLA B o#tf il Ak, JLAdRE o i h 21X .
*6 LSRR S AU

AR 1# 2 3# 44 S5# 6
RSB /mm 10 10 10 10 10 10
I /mm 80 80 90 90 80 140
¥ E/mm 80 80 90 90 80 140
177 M /nm 10 10 10 20 10 20

IS 3, 30 3k O Y A A N BN TR) s Eh o & TR

4 600—700 nm [¥] Ti/Ti-DLC £ )2 . 73 81 K I

6* %2 IR R G5 G DT, WA BT 2 B v TR

, %. Uz Ti-DLC i, &4 C, Ti, O Ju %, Hh Ti

° LA RIS AE e, sp® B Ly 34.22%,

4% sp? il CO B4y 3 5 T 35.02%H1 18.51%. Wi5#

3* WA R ] A6 Ti/Ti-DLC 2 J2 I 36 A 3 5y
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i it

BT R ShAROREDRE FE fh 26

% i

KM ECR-CVD 45 15 Hh Ak 7 Wl S 1Y) 280 22

KR, A A X TYTi-DLC 22 )2 I 2 & 18
FEA W, 248 H I A < 100 nm 1, 45 40K 5
T 28 5 24 ) 5 3 A > 100 nm B, ¥ 2 Ti-DLC
o 43 A5 0 ik S B . Ti/Ti-DLC 22 J2 B 11 JBE
FR BRI 2 TR RS 52 ) R AL B 52, 22 18 1)
JA A = 25 nm IS, 45 58 FOR 3 1 RE AR 52 L R
BKAH.
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Abstract

The titanium/titanium diamond-like carbon (Ti/Ti-DLC) multi-layered films are deposited by combined electron cyclotron reso-
nance microwave plasma enhanced chemical vapor deposition method and mid-frequency magnetron sputtering method using acetylene
as the reactive gas and Ti target with a purity of 99.99%. The structures, compositions and surface morphologies of the samples are
characterized by X-ray diffraction, scanning electron microscope, and X-ray photoelectron spectrometer. The mechanical properties
of Ti/Ti-DLC multilayer films are investigated by microhardness tester, friction wear test instrument and surface roughmeter. The
results show that TiC phase appears in multilayered film. The main growth mode of the film is island mode and there exists columnar
crystal structure neither in Ti layer nor Ti-DLC layer. The properties of the multi-layered film, including composite hardness, friction
coefficient, surface morphology and surface roughness are affected by the modulation period A. It is shown that nano-hardening effect
takes place when A is small while large particles appear on the surface of the film, leading to a large surface roughness and friction
coefficient. The layered structure of the film is not clear when A < 50 nm.

Keywords: Ti/Ti-diamond-like carbon multilayered films, electron cyclotron resonance-chemical vapor deposi-
tion, modulation cycle

PACS: 81.15.—z, 81.15.Gh, 81.15.Cd
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