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Effects of Different Doping on Diamond-like Carbon Films
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ABSTRACT: The work aims to study the effects of Si-doping and (Si,Ag)-codoping on structure, tribological properties and
corrosion resistance of diamond like carbon (DLC) films. With high purity graphite target, graphite & metallic composite target
and Si target as targets, the films containing different doped elements were prepared by radio frequency (RF) enhanced magne-
tron sputtering technology. Chemical composition and structure of the films were analyzed by XPS and Raman spectrometer.
Mechanical property, tribological properties and corrosion resistance of the films were systematically characterized by
nano-indentation tester, ball-on-disc tribometer and electrochemical workstation, respectively. Doping of Si into DLC films
could cause sp’ C content to increase. Codoping of Si and Ag into DLC films could cause sp’ C content to decrease as Ag was
distributed in the film in the form of metallic phase and formation of the sp® phase was promoted. The film hardness decreased
with the doping of elements while its toughness was improved, and elastic recovery rate of the films co-doped with Ag and Si

was 79%. In addition, the DLC films co-doped with Si and Ag exhibited excellent tribological properties, wear life of the films
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exceeded 30 min in different atmosphere (Ar,0,,N,), friction coefficient of the films was the lowest (<0.1) in N,, corrosion cur-

rent density of the films decreased by nearly 2 orders of magnitude, and the films had good corrosion resistance in NaCl solu-

tion. Compared with Si-doped DLC films, the films co-doped with Si and Ag exhibit better friction environment self-adaption

and corrosion resistance.

KEY WORDS: DLC films; doping; hardness; tribological properties; corrosion resistance; magnetron sputtering
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Fig.1 XPS spectra and peaks deconvolution of Cls, Si2p and Ag3d

2 R b S K A A . R 2
A, PR E S A A, Kb G g (24
1350 cm™ ) FH R SBOE2E AR Eyy X AP iR Bl AR
X7, D (251588 em™') H To, M FRAR SR R ™
Ao A, MR C A SCERNY, T G A D g
A3 BT R AN A 25 R, DT 22 H Al 7 S 2 4
Al (A2 1300 cm™ AT 1500 em™ ). Ip/lg {HAT G
WA A7 T P SR A 9 48 2% 0 28 X v JBE v sk i - 45 4 1)
. B3 SRR 2GS MIA AR, BT I/
HA G W B TG LT, RO sp’ C & i
JeHE NG I, Si-DLC M b sp® #EAY & b o X
FERHTF SiRTFE C R P LUREES, SiBA
WS N TR sp? Ze AR ARG RS, i
T spP MIE . Ag. Si ik DLC 5, Ip/lg
G WA B HAT RN, UL LA 4 @ AR 43 A AE R P Y
Ag JLE XAEHET sp® HIAYTE A

2.2 HRNFMRE

T S A e P % s P AR R R - 2 il e an 1 4
FEzs . HE 4a A0, DLC A0 A 8 10 b d
W, MBIy Si sk Ag JCE T, AR RN SRR
HOAS PR B M RRAIG . — RO U, MR 7 2= fg (i
FER AR ) SRR sp BERY S RA O, Bl
f R sp? BB B b, AR RE R O MR XF XPS
AP ESEE R AHraT 51, 5 DLC MM L, B4
By sp’C Fridsn, (HHJFPEREROMFRIG . X £
FEH T Si—C #AVEEEE (~3.2eV) KT C—C Y
HERE (~3.7 eV), Si—C HERYTE LHE % I 55 55 ] 25 (1)
MR, dEi s e Re . eah, Ag. Si 4t
B1) DLC ¥, HT Ag RS BAKAHELR
e, SRR sp” ML, BEIR T 8 = 4E MRS,
Fo B FE S, BRAER T VS A A8 R R PR IR 4b



Fig.2 Raman spectra and peaks deconvolution of films
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films in different atmosphere

VRS s 1 A Y T 30 ming PRI, KM BEAE A [
AT EA ISR B PERE , UL AT R 4F
P4 B R R S5 3E E

2.4 [EiHiERE

Pl 8 S HEIEAE 3.5%NaCl 5 H 1) 3l FL A A%
232 2 AALIZ Cview UG R ISEL, TLIE
FHEE 304 ANEEELAR, ORI Y S 146 ot ey 37 412
v,k R A R R AR 1O 2 B S, i ELJE hok
AR I 1 AR, RIUDESE TS AT

MhPERE . BEAh, Si-DLC 35 DLC 5 9 5 ik H o7
AR, E L o e 8 % ks R AICF DLC Wi, 31X
BT SiBAGLREE T sp’ C SR, HERY
Foem s, wE v E ! S AR AT L,
Ag 5 Si LBHHIEEA SR E M RE . Khun
S BAE DLC BB A Pt Al Ru 1l DL i 8 i
BT S RE , X T T Pt A Ru 1938 A 5| E R A
sp? B ORI, P, Si(Ag)-DLC o R it 65 fob
et e S Ag BAJRTE—ERRE LT sp” M
B A X, X 5P SRR & . teobh, 20
JIBAA LA fi e W, 10 B R A B A ) L BOR
Ff HRR I 5 5 5 B T Ry, 3K AR AT ] T B v B 11 T et
TR,

g
o
<
5
L0

L Si(Ag)-DLC

_12 1 1 1

-0.6 -0.4 -0.2 0 0.2
Potential/V

B 8 A[AEIEESHTE 3.5%NaCl ¥ Wi H i 50 B o 4% Ak pth 28

Fig.8 Potentiodynamic polarization curves of
different samples in 3.5%NaCl solution

x2 WMIL#Z Cview AFMSHE
Tab.2 Data obtained from spectra fitting of
polarization curve by Cview software

Sample  Econ/V (xleCx/cmfz) /(Cx(;rggf::nr-ztfel)
Base -0.28 2.29 5.31
DLC -0.25 0.276 0.621
Si-DLC  -0.26 0.201 0.464

Si(Ag)-DLC  -0.20 0.0736 0.171
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