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Effect of Fluorine Content on Structure and Tribological Properties of

Diamond —like Carbon Films
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Abstract: The films with different fluorine content were deposited on silicon P(100) wafer by chemical vapor
deposition. The structure, mechanical and tribological properties of films were systemically investigated by X~
ray photoelectron spectroscopic (XPS), Raman spectra, nano—indenter and tribo—tester. The cross—sectional
morphologies of the films were observed by scanning electron microscopy (SEM). The results showed that the
structure and tribological properties of the film affected by fluorine content, the film with 5. 92% fluorine ex-
hibited excellent mechanical and tribological properties, with the highest hardness about 21 GPa, the lowest in-
ternal stress about 0. 75 GPa , the friction coefficient about 0. 013 and the low wear rate about 9 X107 m*® /(N « m).
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Table 1 CF, flow, thickness, deposited rate and F content

of deposited films

Film Deposite F
Sample CF, flow/
thickness/ rate/ content/
No. (mL * min™) .

pm (nm * min™") %
1 0 0.62 5.17 0
2 10 1. 45 12.00 3.39
3 15 1.63 13.58 4. 14
4 20 1. 85 15.42 5.92
5 30 1.33 11.00 4. 84
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Fig. 1 Cross section morphologies of F-DLC films with different content of F

(a) HR-TEM  (b) SAED image
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Fig. 2 HR-TEM and SAED images of the F-DLC film with 5. 92% content of F
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Fig. 3 Raman spectrum of the F-DLC film with different

content of F
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Fig. 4 XPS Cls spectra of the F-DLC films with different content of F

A RE 3 0 34RO BT il 4 9 F - DLC B 19
WIRE 3 EAT A B . 11 6 Ol A P4 B g B CF,
MR RE. WE PR LA % CF,
U A 38 DR W A ) R B R R . 2 F
() 5. 9200 IR B AT B IR NN I (B

0.75 GPa; 4 F &y 4. 84 Y if Hpy 1 7 H 3R
EFH 0.8 GPa, WEH NN ) EEOR A sp® I
fbf, B Cls 9 XPS B ( O A LIFE b8 F &
FERIG I, sp® Ak Ak C 1Yy 43 06 1B i g K, B
sp” Zefb C Bl F & s34 R 2. B F 5810



70 2 B X @wW L E

2013 4F

B sp® AR AL D, sp® 2k AL HE N 22, N L sp?
AP BR /D 2 PN B g A Y A

24 150
Bl H/GPa }
51| B M/GPa 1135 5
< S~
A [72)
o 1120 é
g1 :
5 1105 2
g 5
iy loo 2
[sa]

12 75

a b (& d e
(@) 0 (b)3.39% (c)4.14% (d) 5.92% (e) 4.84%

K 5 AIA F i F-DLC W B Y i BE K 58 4 52 4 A
1AE
Fig. 5 Hardness and elastic modulus of the F-DLC films

with different content of F

2.0

1.8
1.6
1.4
1.2
1.0

Compressive stress / GPa

0.8
0.6

a b ' d e
(@) 0 (b)3.39% (c)4.14% (d)5.92% (e) 4.84%

Fl 6 AIF F % &9 F-DLC #BE0g N R ) A2 46 18
Fig. 6 Internal stress of the F~DLC films with different

content of F
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Fig. 7 Friction coefficient curves of the F-DLC films

with different content of F
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