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abstract

This study investigates the acetylene gas flow rate effect on mechanical properties of Si-DLC
film, prepared by unbalanced magnetron sputtering process. The fixed process parameters are Si
and C target current at 1.5 A by middle ratio frequency power generator, direct current on target at
3A, bias voltage of substrates at -60 V, rotation speed of substrate holder at 9 rpm, substrate pulse
frequency at 100 kHz and ion beam voltage at -300 V in heating stage. The acetylene gas flow
rate varied from 0 to 10 sccm. The experimental results of Raman specification analysis show that
SiC and Si-DLC structures were both existence in silicon carbide films. Additionally, the results
show that the wear rate of films decreases from 1.43E-5 to 1.30E-7 (mm® - N « m™) with the

increase of acetylene gas flow rate, i.e. 99 times than initial condition. Nevertheless, the hardness of
films decreases from Hvyoq 4037 to Hvig 2905. It reveals that the films exhibit more wear
resistance property.
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Fig.1 ~ Experimental equipment (a)top view(b) Three-dimensional map
Tablel ~ Experimental Parameters

HEaEHIR T (LS
A ZJRmE 0~2-4-6-8-10sccm
B. 1 5HEE 5 (SI&C)HEE Tt 1.5A
C.EEH( C ) EIR 3A
D. B ffm BR 60 V
E.EAR G 2 iR 9 rpm
oA 100 kHz
G.AEr iR 300 V

& 0 TAEFEEE(BNAAR 2 mE rYFESE) 9 cm ~ &A= 35 scem



2.2 R AR R

FIFHFUTURE-TECH FM-7007hiH & 5761 T #8 AEhsi 5 50 (50 R 4 v (R BRYR 85 Ry 1 DUt
TR < BRGE - HAH S e g Fy136° > IERTTEE f510 g F7 BRI R £ 10%) - IHIA B. Jonsson
P A E B A N S [B]5 T -

JEEFE S B (A oF ] BRI A S Bt (Ball- -on- -disk wear tester )+ ¥ EEERER FH AIST 52100%H 7K
FH#& Bk - S5 e = RN ENE R T A T H S  HERER (A BN EEON ~ g
10 mm ~ VEFREHE0.3 m/s ~ BEFEFERE F51000 m LJ\E/EJ/ ot B S P A T PEE 225 8 - AT 3D
i Eh BT A - BT B Rlmd s Z SEE PRS- Rt R Fy30 1 m/s > R EERER BT
WEtEEFERG IR R EFER » Hp EERERE R~ B =1 1R - ERERH J%E?%%H%ﬁﬁ@ﬁﬁ
ZEBSEAKE > SR EAERE RS MBI TE T 2 ERERETE 9]

V =27RA

S 3y|+1 +|y| y|+1| (11)
= -= 2 A E A
=l r+ (X < 6y|+1 N 3| y. — yl+1| X) (y| + y|+1) X

HeV EREE » R BELFE - A BRI -

FIA & AL5E HITACHI TM-1000 #Y#F# =08 T 2 sr fr i i r st Bn A 4= 2 FERERLT
B MG » BREERSE AR BN & (BSE) - (ERINIZRER Ry 15KV » REBORE
%Ry 60 2 o Al A FESFACER Hitachi-4700 22 FE-SEM & HIS# s B R Ky 55 43 5547 ©

F|F HORIBA JOBIN YVON (HR-800) Micro Raman/PL {#tses jlgﬁ[legm{g&ﬁ
HBTHERE T > SP2 711 SP3 §4% » AR ST % E REHURL S EUN B I B Range & 700~1800 cm™
Confocal hole £ 200um -~ objective /£y 100X - B & 10 sec ~ laser 5#fE 633 -

=~ SRR
3.1 MR

Table.2 B Wi I 2 - S B BR T BRA I A S B M R A 2 B SRR & R I
FRAEE Fig.2 tha] DIB HEFETE 40GPa R[S 28GPa » A Ay » 8 ZHum AT » Z
iy H R TG HU SIC of sp® 45838 1Y C JR T R MR & Y C JF TS &S ATk sp° 4568
T RK DLC $Hifist » [T e s FE R - PRUBLRERE I > 1R Fig.3 thal DIBH » 8 200
M TS o SRR T R AR IS - B T LR &
AR EE RIS EDS MEFTRRN > i Fig.4 o] DIESER B9 8 2040 » Si &8t 43.04% »
% Z B0 &k 10 scom 5 > Si SRR T 21.8% » HRR By 20k BAE I - Si #EH
K7 MERRAERS - R ILIE S A+ B2 SIC shdnil/) » Wiy Si-DLC Rt eE % S 2
W B EEARAIBE(S scem)ik - Si fE EIMP NG - B S| & B TS - B — (8P
HIEREE » B EREE T DI B LR B AR - ERER RS I AREE 1.308-07
(mm’ « N' » m") » ERERESAEALT Hv3000 7245 » Fig.5 B ZWeii BiE— R T BEEEa e - iR


http://zh.wikipedia.org/wiki/%E6%A3%B1%E9%94%A5
http://zh.wikipedia.org/wiki/%E6%A3%B1%E9%94%A5
http://zh.wikipedia.org/wiki/%E9%87%91%E5%88%9A%E7%9F%B3

{1 AT DASE R LR R s o EERE AR RS - HEHERD 2R

i 10 scom B > RIAAGBERE - HHP SR RIAEE > IH0ATE SEM IEREHBT HEHERT#,

B o BRI A S B LB ERER AR 1.43E-05 (mm’ » N« m)F#{E Sy 1.30E-07

(mm’ * N« m") » EAEREMERR=4Y 99 % - MR Hva037 Rk Hv2905 » 78 [ HifE 2

R 2P E 8 scom ~ HAHER 1.5A~ C EEIR 3A - EMHmEE 60V ~ EAfsa H#EE 9 rpm

FER 100 kHz ~ BET-FREEEEEE-300V » Ay Si-DLC HH th B i ([ B R St
Table.2 Z P EF—R+EEHFEEESR

] hE JEFER TR ER
(Hv) (mm® -« Nt m?) ( 12 m/hr)
1 40374277 1.43E-05 0.85
2 3499+253 8.04E-07 0.99
3 38184207 1.01E-06 0.94
4 3153+86 2.79E-07 0.98
5 2905+230 1.30E-07 1.21
6 2894+197 1.71E-07 1.03

4400 S
4200 4
4000 — N
3800 4
@ 3600 |
[4h] )
[
T 3400 -
[1»]
ke )
3200 4 {
3000 —
2800 S
2600 4
1 I 1 ! | ! | 1
0 4 6 10

Fig.2 ZJRim & & — A0 & s ATilE

C2H2 flow rate



Si %

1.6x10°

T T T T T T T T T T
4400 - i
4200 - — 1.4x10™
4000 - l | 4 ox10°
3800 - | [
— - 1.0x10°
2 o J
L 3600 K
3 1 1 - 8.0x10°
O 3400 |
§ ] J _
@ L 6.0x10°
13
£ 3200+ I _
- l -
3000 - I 4 ox10”
2800 - J \ [ B}
] L 2.0x10
2600 - " |
1 T T T T T T T ! ! 00
0 2 4 6 8 10
C2H2 flow rate (SCCM)
Fig.3 Zun & —R IS KRR 1R
45 -
||
40 -
||
35 4
| |
30 4
| |
25 4
| |
| |
20 ! J T T T T T T T
0 2 4 6 8 10

C2H2 flow rate (SCCM)

Fig.4 ZPiEZE AT Si 2 E[E

olel Jleam



Fig.5 Zi}%iﬁ%ﬁj¥@ﬁ%% ; (@0 sccm,(b) sccm, () 4 scem,
(d) 6 sccm.(e) 8 sccm, () 10 sccm

3.2 BEEME ST

Fig.6 B S oA - £CH ke T % » DLC SIS Z4CH C [F1-DA sp® & sp’ $4iE &
B T sp® SEASTERL S 53 M7 B E 2 3 £ B 1350cm™ (D band) » sp® $i4% I 37 £ B 1580cm™
(G band) - & Z v & B 0 scom K 2scem B » St 2 R A sp® (9 C $8:4% 1fii 4 scem %] 10 scem
AR L AR EEA T R sp” Kz sp® B3 6 » A DUHisi4s RS by DLC 458 - 3 B £ 1180
cm™ K 1500cm™ % » 3530 A C JF T EA 4 - MR [8] R E SiC §4Sh 1s J 2p 43 Hdr
AR 7660m ™ B 965cm ™ AET B SIS & SIC AL

Fig.7 Bl SE&H S 7% - Hhasgi & 20E E(EKHF(0~2 scem) » f1 S [ ol
YZHHIE G band - &4 H3H D band - & ZHUR E TS 4 scom K > $95 HIFFE DLC JHfE
[y D band #} G band » 3\f; HAR#ERL S 45 fifelE] o m] S F5 A H By > IS & A R 1180 em™ Rz
1500cm™ {1y C efifias » RILARE M &4 1 4 fE C §45 » 2 HHiRE & DLC SHifg »
FRIB[71HERE) > LS 5HTE & 1180 cm™ &2 1500cm™ BRI Y C §i4h By C=C EEFE4R
M FRAS



intensity

intensity

intensity

Fig.6 ~ fI1& 73 17lE]

D
o=c c-C
Si-C(1s)  Si-C(2p) / / G —

MF= 1.5A ~ hY l —__8c
DC= 3A 6C
Bias=60V » - ___4c
t—t ——2¢c

L] —0C

Iy
|~
———

S N

[l

L L L LU L L L L L
500 600 700 800 900 10001100120013001400150016001700180019002000

Fig.7 ~ S ffrff il & s AfriEl

] Pa D band
w| (@)
1200 4
\ =
1000 \ E
BOO o ”~ \~
600 ‘ )
800 ?60 5\;0 9\']] ‘W‘DU 11'00 |2IDU ‘3‘00 HIW I5I°U IBIOCI ‘7‘!}0 IBIDU 19'00
. e D band
C G band
REC >
1
. W/ .
. L ~ 5
5500 y \ £
YA\
Y _
4500
600 n;n SC;CI BDICI 1D‘w HIDE |?IDD ISIDQ HIOCI |5ICIO lBIGO IT‘DD 16& YB‘DD
em’
= Pa D band
a000 ] /r\ G band
S \ I
N~ g
3000 1 -
2000

T T T T
600 700 800 SO0 1000 1100 1200 1300 1400 1500 1800 1700 1800 1900
e

1300 -

P D band

T T T T T T T T T T T
600 700 BO0 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

em”

Pd D band

()




VY - GE

ATRZCFIFH IR e s SKHS1 oo [ sse Si-DLC SHifs » Y SRR BigEst 2
7 Bt Si-DLC SRS > 8548 « FrSesshil - B8 2 & > 1 0 ~10 scom 5
SR ZHUR B IEW EIHE » BERER YT 1.43E-05 (mm® « N mFE(E 5 1.30E-07
(mm? « N« m™) - HCif EERE MR R4 99 £% - IR HvA037 [ By HV2905 » PRI I E I
SRS S 2R 8 scom ~ HSEEER 1.5A - CHUEEJE 3A - B REE 60V - Eiiiis Ei
9 rpm ~ SR 100 KHz ~ B T 5 82 EE-300V » B Si-DLC S b 545 1 b e (S B s
7 SHpg o

A~ 2530

[1] Donald M. Mattox, 1998, HANDBOOK OF PHYSICAL VAPOR DEPOSITIO (PVD)
PROCESSING, Westwood, N.J. : Noyes Publication.

[2] M.Van Stappen., 1995, State of the art fro the industrial use of ceramic PVD Coatings, Surface
and Coating Technology, vol74-75, p.629~633.

[3] Yucong Wang, 1997, A Study of PVD coatings and die materials for extended die-casting die
life, Surface and Coating Technology, vol.94-95, p.60~63.

[4] J.A.Thornon,1974,Influence of apparatus geometry and deposition conditions on the structure
and  topography of thick szputtered coatings.Journal of Vacuum  Science
Technology.Vol.11,p.666-670.

[5] R.D. Bland, G.J. Kominiak, D.M. Mattax, 1984, Journal of Vacuum Science Technology,
A2(4), p.671.

[6] R.Messier, A.P. Giri, R.A. Roy, 1984, Revised Structure Zone Model for Thin Films Physical
Structure.Journal of Vacuum Science Technology, A2(2), p.671.

[7] C. Srisang, P. Asanithi K. Siangchaew A. Pokaipisit P. Limsuwan, Characterization of SiC in
DLC/a-Si films prepared by pulsed filtered cathodic arc using Raman spectroscopy and XPS,
Applied Surface Science 258 (2012) p.5605 - p.5609.

[8] K. Awazua,c,U, N. Sakudob, H. Yasuic, E. Sajid, K. Okazakie, Y. Hasegawaf,N. Ikenagag, K.
Kandah, Y. Namboi, K. Saitohk, DLC films formed by hybrid pulse plasma coating (HPPC)
System, Surface and Coatings Technology 136 (2001). p.172-p.175.

[9] C.Jaoul O. Jarry P. Tristant T. Merle-Mé&jean , M. Colas , C. Dublanche-Tixier , J.-M. Jacquet,
Raman analysis of DLC coated engine components with complex shape:Understanding wear
mechanisms, Thin Solid Films 518 (2009)p. 1475 - p.1479.

[10] Y.N. Koka, T, P.Eh. Hovsepiana, R. Haaschb, I. Petrovb, Raman spectroscopy study of C/Cr
coatings deposited by the combined steered cathodic ARC/unbalanced magnetron sputtering
technique, Surface & Coatings Technology 200 (2005) p.1117—p. 1122.

[11] Kang-San Kim, Ki-Bong Han, Gwiy-Sang Chung, Analysis of mechanical properties of N2 in
situ doped polycrystalline 3C-SiC thin films by chemical vapor deposition using
single-precurs or hexamethyildisilane, Physica B 405 (2010) p.513-p.516.






