55 49 B 10 ] VR
2021 % 10 H

%ﬁ h%é jc& Vol. 49, No. 10

JOURNAL OF THE CHINESE CERAMIC SOCIETY October, 2021

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20210220

REWIG/XIHR N-BEE CN, 2 2 MR 2 KBRS Pk AR

wEL, mER k4% Amg!
(1. WL TR R R 2 5 TR AR, AU 3100145 2. WL I B PRy E AR B 7B, M 310058)

# E: R BRI HARTE Si 22K Bl T AR CN, ZEE 2 &R (DLCYN-FE CN, 49K 2 ZIEN & 282X}
FRIGEU ). FIF X SHEATHHM. i T 208 BT /508, Raman Y. X SEGHE TR, RIJR{. BREL
BE PR EEIRARIE ML 0] 2 R R ROR S5 # . S SMERE DL B SRR A P () BE R R S AT T RAE . S5 R £ ZBERm T
I, BANAEREE . FEEXTR N-BE CN, ZEJERIEIN, £EBNRIARER A, E. BRI & )W
%, BEFRBIIN. 2200 s P i BE 1 L KSR B . N-BERE CN, 2R /NT 30 nm (K122 J2 I AORE RE iTIA 21.9~23.1 GPa,
JEEILEE & 10N 54.2~54.3 N; TE RSB BZIN 0.19, BEHRZEN(0.98~1.16)x 107 m*/(N'm), 75 H 25 T I BEHE B 410N 0.18,
JEH A J9(0.83~0.88)x 107 m*/(N'm)..

KB KENIA: BLEk: 2R BB, BEk T
FESHES: TG1I5.58  XHARER: A XEHS: 0454-5648(2021)10-2154-10 i it
P4 B AR ATIE] : 2021-09-03

Preparation and Tribological Properties of Diamond-Like-Carbon/CN, Multilayer Films With
Symmetrical Nitrogen-Content Gradient

YANG Fanger', GAO Manbin', ZHANG Ji*, ZHENG Xiaohua'
(1. College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China;
2. Zhejiang—California International Nanosystems Institute, Zhejiang University, Hangzhou 310058, China)

Abstract: Diamond-like-carbon (DLC)/N-gradient CN, nano-multilayer films with different thicknesses of nitrogen-content gradient
CN, layers were prepared on silicon substrate via direct-current magnetron sputtering, in which the nitrogen-content gradient appears
in an inverted “U” shape. The microstructure, surface morphology, mechanical and tribological properties in vacuum and air were
characterized by X-ray diffraction, scanning electron microscopy, atomic force microscopy, Raman spectroscopy, X-ray
photoelectron spectroscopy, scratch testing and ball-on-disk wear tests. The results show that the surface of the multilayer films is
smooth and all of them are amorphous. The hardness, elastic modulus, and adhesion of the multilayer films gradually decrease, and
the surface roughness and wear rate increase with the increase of N-content gradient CN, layer thickness. The wear resistance of the
multilayer films is better in vacuum rather than in air. The multilayer film with a CN, layer thickness of less than 30 nm exhibits a
hardness in the range of 21.9-23.1 GPa, an interface adhesion in the range of 54.2-54.3 N, a friction coefficient of approximately 0.19 in
air and 0.18 in vacuum, and a wear rate in the range of (0.98—1.16)x10"* m*/(N-m) in air and (0.83-0.88)x10"'® m*/(N'm) in vacuum.
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il 2 PGR I R A e, BARUTR S HOR £ 2 45
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Table 1 Multilayer architecture and preparation parameters of the diamond-like-carbon (DLC)/N-gradient CN, multilayer films

¢y, /nm JdpLc/nm Cycle Total thickness/nm Power/W Pressure/Pa Bias voltage/V Temperature/ C
10 8 480
20 7 490
30 50 6 480 160 0.6 -100 200
40 5 450
50 5 500

5CN' is CN, layer thickness and Jprc is DLC thickness in a multilayer period.
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Fig. 1 SEM morphology of the surface and cross-section of
the DLC/N-gradient CN, multilayer film with different
CN, thicknesses
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Fig. 2 Three-dimensional AFM morphology of the films
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Fig. 4 XPS spectra and the fitting results of the DLC/N-gradient
CN, multilayer films
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Fig. 5 Dependence of the integral area percentages of bonds

on the thickness of the CN, layer in the C ls and N 1s
spectra

16

12

X(NY/%
[e<]

30 150 270 390 510 630 750
Etching time/s

x is mole fraction.

6 Jon=20nm ZJZERE N &8 5 2l 8] 115 &
Fig. 6 Dependence of superficial N content and etching
duration for the multilayer film with dcy=20 nm
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Fig. 7 Raman spectra of DLC/N-gradient CN, multilayer
films

#®2 DLC/N-#5F CN, ZEIRH) Raman SiEHI SR
Table 2 Fitting results of the Raman spectra of DLC/N-gradient CN, multilayer films

D Peak G Peak
dcn, /nm I/l
Position/cm " FWHM/cm™ Position/cm ! FWHM/cm™'
10 1387.3 358.7 1556.6 140.3 2.781
20 13824 359.5 1553.8 170.6 1.755
30 1378.1 356.3 1552.6 172.4 1.731
40 1380.4 359.7 1554.3 172.5 1.756
50 1380.5 357.1 1555.8 178.4 1.882

I, is intensity of D peak; I is intensity of G peak; FWHM is full width at half maximum of peak.
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Fig. 10 Surface morphologies of films after wear test in air
and in vacuum
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