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Abstract: In order to reduce the intrinsic stress and improve the mechanical properties of DLC films, the DLC/CNy
nanometer-multilayered films with various single layer thickness of CNx were deposited on Si(100) substrate by magnetron
sputtering method. The microstructure, bonding structure, mechanical properties and tribological properties of the films were
characterized by XRD, SEM, XPS, Raman spectroscopy, nano-indentation tester, scratch tester and ball-on-disc tribometer,
respectively. The results show that all the DLC/CN, multilayer films have amorphous and compact structure and show low
internal stress (in the range of —475 to —170 MPa) and strong reinforcement effect. As the mole content of sp® bonds in the CNy
film and the hardness and adhesion of the multilayer films decrease with the increase the single layer thickness of CNy, while
the wear rate of the multilayer films increase gradually. The friction of the multilayer films in vacuum and air is stable, and the
friction coefficient are 0.16 and 0.20, respectively. The single layer thickness of CNx has no obvious influence on the friction
coefficient. The hardness of the multilayer film with a single CNy layer thickness of 0.5 nm attains 36.9 GPa, and the interface
adhesion is 27 N, exhibiting excellent tribologiacl properties in the two test environments.
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Table 1  Fitting results of Raman spectra of DLC film, CN film and DLC/CN, multilayer films
D peak G peak
Film In/lg
Position / cm™ FWHM /cm™ Position / cm™ FWHM /cm™
DLC 1370.8 342.5 1553.2 1534 2.79
JocNy=0.5 nm 1357.8 294.6 1535.1 198.4 1.21
Jocny=1.0 nm 1361.2 292.6 15393 181.7 1.52
CNx 1369.7 329.3 1 546.6 176.6 2.58




%24

B350, 55 CNy RN DLC/CNy £ )2 5 R A ) 24 PR S 71

22 EEMANOFEE

¥ 5 2 DLC, CN; &A1 DLC/CNy Z )21
IR, A& J1. B S(a) AT, £ )2 BRI R
7147 DLC Fl CNy BEZ A 31l don. B3 N 2
WIEAG, SR oen=2.5 nm HYZ 2 LAY P ) KR
FEHEIM (475 MPa), {BA5AK T DLC B A L
71 (=1 070 MPa), A[ UL, CN. 2 &M iE A
DLC B4 B DLC BN R 7 i KRR, HEl
HF A Al g 5 2 BB e K A 2L & DLC J2
FCNL JZ NI T B REARA O . i S i 5
WS E A, i sp? B 7 i T B
{14 e S S5 R = AL T, Ty DLC B J5E B A Bl
TREAEA R J7 . 7R, CN. 2 R 5
ZIDLC B, A4 T DLC B BN, MR

—1200

-1000 - %
—800
—600

~400 |

—200 %
0

Internal stress / MPa

o
Qek

¢ & @ & S
7

»¥ &
N N NN ,;» 2
20" bf .

n
3
Y

K
Films
(a) Internal stress

%5 DLC. CN, #HF1 DLC/CN; £ 2 A N

Adhesion /N

fik DLC BERPNIE 75 T CNx 2PN sp® 2k iy 7
R done MBI/, B CN. 2N T)
PIREAS (BLRE ), PR RS D el G Wi
AT A sh, W ). BAh, Z)ZHEE W
B D, A T A S | A A I g A
FEA%. 2T don=2.5 nm B2 M A 3 T KR B
B, A HED AT fE R DLC/CN, s Be i P
FA4b, HAARFERG LR T,

M S(0)HERR I EE A JImT A, B don. I3
o, ZEBENEE N ERMTREEE, don=
0.5 nm A1 1.0 nm W20 )2 A 455 T8 T DLC
i, T den.=2.5 nm [ 2 )2 BEA 45 A S LT A
CN; Y, X th— AR L S e 1 s P g gkt
LIRS A 77 B SR TR

40

32

N\

[=)}
T

=)

%

C%\

(=]

< &
& & & s
P » »
AT E S Yool
Films

o

li

(b) Interface adhesion

FIRLES

Fig.5 Internal stress and interface adhesion of DLC film, CN, film and DLC/CNx multilayer films
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