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Preparation and Characterization of Hydrogen Containing Si—doped DLC Film

HU Fang, DAI Ming-jiang, LIN Song-sheng, LUO Shun, HOU Hui-jun. SHI Qian, WEI Chun-bei

(Institute of Surface Engineering, Guangzhou Research Institute of Non—ferrous Metals, Guangzhou 510651)

Abstract: The hydrogen-containing doped silicon DLC film. which is uniform and dense, was prepared on a
Si wafer, die steel and cemented carbide using the composite deposition technology of magnetron sputtering
and ion source. The preparation process of the DLC film was optimized by orthogonal method, and then Si
successfully incorporated into the hydrogenated DLC film was controlled by the power density of the silicon
carbide target. The film morphology, composition, and sp® and sp? content and their performance were tested
and studied by scanning electron microscope (SEM), X-ray photoelectron spectroscopy (XPS), X-ray dif-
fraction (XRD), hardness tester, scratch tester, and friction and wear testing machine. The results show that
the optimized preparation process of hydrogenated DLC film are methane flow of 30 mL/min, bias of 100 V
and ion source current of 0. 8 A. The hydrogen-containing doped silicon DLC film is amorphous structure, the
adhesion strength is 30 N, and the hardness attains 2039 HV with the thickness of 2. 20 um. The friction co-
efficient of hydrogen—containing doped silicon DLC films slightly changes with the ambient humidity; there-

fore, the Si—DLC films can be applied to precision transmission components to improve their accuracy.
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Table 1 Factor and level of hydrogenated DLC films

A B C
Level CH, flow/ Ion source
Bias/V
(mL * min™") current/ A
a 40 50 0.6
b 30 100 0.8
c 20 150 1.0
d 10 200 1.2

P AR 2 4 NI B Y o T 2 i
e VAT SIC B ) R R R — R ST
HH & A Si-DLC HiE, SiC 8 R I R % AL 0~
4.53 W/em®, PUAIRBEE N 150 C B[] 4 h,

1.2 Mg

K MD-5 5 %5 [C A B2 1 5 B2 &2 A b
JE B 25 g R #H 15 s5 5k ] HH -3000 ¥ B 45
A o AR g I 3 B/ B 25 5 Ty 5 T JSM -
5600LV BI4 1 7 W 5 58 (SEMD Il & Si fv |F
FEE 22 1) JEE B I O 5% B )23 g 3% T R AR T B, R
FH JXA-8100 B i F #4111k Si—-DLC JE )2 3 i
FICR M i, R A PhilipsX ‘PertPro fi7 44X 43
Hr 2 B9 40 5 4 F ESCALAB 250 %1 X5 2856
LT BE 3% {0 B ZE b osp’/sp” W HE B SR A
UMT -3 J& 48 B 451 il 3 UL i 7% & DLC fl i &
Si—DLC 75 A ] #5458 0 2 119 B 45 R 8. I L
B 22~24 C XN EHAE @ 4 mm 1 GCrl5 Y
BRGS0, 2 m/s, B m 247 1. 96 Nl



% 63

W57, & A BRSSPI A S RE R AT 49

BFEI A 30 min, Sy T #F A [FIAEE R B F B2 1
JEE 5% DR B30, SR P T 380 25 801 25 5 4 ) DU 3 B 5 1) A
ST 435k 5042 % F1 8542 %0 WA IE IR 1Y
ERR A AT M SRR A A 3 R

2 ABERSHW

bR AT EOWL A BT TF 5 4% PR DLC i
JEVERERR ARSI ME (AN 3R 3 Fr0) » IR 5 R
5 &SRR HE A 2 Birs)

RIEXRBERS

Table 3 Analysis of the orthogonal results

A B C
> K |53 ey
2.1 ZERENAHETZMUL Index Average (CH, flow/ ) Ton source
R 2 A A UTRLE A DLC B2 il 45 L 200 (ol min-y DV rent/A
1E 32 3R RN AR RS (456 0 R B 4 DR 0 3K 4 k, 1.68 1.61 1. 44
HeE AR B 1925 & T B 07 . e XS 4595 Thickness ko L7 159 Lu
e DICRRI EE R e /pum k, 1.32 1.45 1.56
f‘ ’ el F’”': ok k, 1.17 1.23 144
Table 2 Orthogonal table and test results of Hydrogena- . K, 61 79 56
\ esion
ted DLC films K 60 65 57
- ' strength N _
. (/Eh IHOW/ Bias/ Ton source Ty ckness {\dheslon Friction N 3 56 45 57
. mlL current strength/ fficiont k, 44 40 53
min—1) v /A //Fm N coetticlen
k, 0.3189 0.2746 0. 2448
1 40 50 0.6 L. 81 82 0.3112 Friction k, 0.2786 0.2749 0.3016
2 40 100 0.8 1.75 70 0.3363 coefficient ks 0.2794 0. 2893 0. 3150
3 40 150 1 1.72 49 0.3168 k, 0. 2586 0.2965 0. 2740
4 40 200 1.2 1.42 42 0.3113
5 30 50 0.8 1.89 83 0.2814 M CH, itm X & & DLC IR 4 58 1Y 52 W 4
6 30 100 1 1.88 66 0.2761 PORFE A CH, Ji it A3, B8 2 09 2 B2 /N
7 30 150 L2 1.66 43 0. 3049 LEATERE A, BRI IR B8 /)N » DA IR/ B 45 4 7 B
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10 20 100 1.2 1.47 76 0.2951 A B 2 & DLC T8 15 M GE Y 52 i i ok
11 20 150 0.6 1.29 44 0. 2241 E.BEEREDRF =, B2 RS W N, R/
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14 10 100 0.6 1.25 47 0.1920 MRS R
15 10 150 0.8 1.14 44 0.3116 MBS F B HL 6 DLC 2 1 RE 116 52 ) i 3
160200 1 Loo 3003059 BB T URMUR AR R R | I/ A%
60
60t @ 70+b ¢ Adhesion strength
Adhesion strength 60 Adhesion strength '/A—\‘
50 F 50|
402 Thickness 402 Thickness 502 Thickness
1.5-/ﬁ ISP 15— o—— .
1.0 1.0} 1.0}
Friction coefficient [ Friction coefficient [ Friction coefficient
05} 7 0.5 X ! A R 0.5 ey = 2
0.0 = : : 0t~ : 0.0 ' - :
10 20 30 40 50 100 150 200 0.6 0.8 1.0 1.2

CH, flow / (mL-min"")

Bias/V

Ion source current / A

Pl 2 TEAZ 4% N 28 5 PR e A b 1 54 18]

Fig. 2 Tendency chart of orthogonal factor and performance
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Table 4 Element content of hydrogen — containing DLC

film and hydrogen—containing a Si—DLC film(a/%)

Element C O N Ar Si
Hydrogenated
) 95.2 3.05 0.73 0.89 0
DLC filme
Hydrogenated
88.8 4.78 1.47 1.09 3.82
Si-DLC film
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Table 5 The relative content of film chemical bonds (%)

Bond
on sp'C=Si sp?C=C sp’C-C C-O sp'/sp’
structure
Hydrogenated
54.5 41.4 4.1 0.76
DLC film
Hydrogenated
) 8.2 69. 5 14.5 7.8 0.33
Si—-DLC film
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Table 6 The comparison table of film performance

Adhesion Friction  Friction

Thickness Hardness strength/ coefficient coefficient

Samples

/pm /HV
' N 0% (85%)
Hydrogenated ) . .
DLC film 1.79 2411 55 0. 255 0.119
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S-DLC film 2720 2039 30 0118  0.133
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