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Effects of Modulation Ratio on Corrosion Resistance of Multilayer
DLC Films Prepared by HiPIMS
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(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China)

Abstract: In order to obtain diamond-like carbon (DLC) coatings with excellent corrosion resistance, soft (low sp’ content) and hard
(high sp® content) alternating multilayer DLC films were prepared on silicon wafers by high power pulsed magnetron sputtering ( HiP-
IMS) , and the influence of modulation ratio on the corrosion resistance of the films was investigated. X-ray photoelectron spectroscopy
(XPS), four-probe resistance meter and surface profilometer were used to test composition, resistivity and residual stress of films. The
polarization curve of the multi-layer DLC film were obtained through electrochemical experiment tests to study the effects of modulation
ratio on the corrosion resistance of the films. Results show that compared with the low bias voltage( =25 V) , the sp’ content of the DLC
film deposited under high bias voltage( =75 V) is significantly increased. The resistivity of pure soft film is 100. 53 k) -cm, and the
resistivity of pure hard DLC film was as high as 1 585. 21 k€)-cm, the resistivity increased with the increase of the hard film thickness.
The residual stress in the film increased with the modulation ratio ( soft thard) decreased. Electrochemical experimental results show
that the self-corrosion potential of the multilayer DLC film with a modulation ratio of 1:2 is —=0. 014 V, the self-corrosion current density
is 36. 6 nA/cm’, and the multilayer DLC film has relatively optimal corrosion resistance. Results show that the alternating hard and
soft multilayer structure can effectively reduce the residual stress in DLC films, the DLC films with excellent corrosion resistance can be
obtained by reasonably adjusting the multilayer structure of films and the sp’ content in the films.
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%*1 DLCHEMHIERE
Table 1 preparation scheme of DLC films

Sample Soft DLC Hard DLC Modulation index
Total thickness/nm

number Bias/V Thickness/nm Bias/V Thickness/nm (Soft :Hard )

M1 1050 0 1 050

M2 oy 700 75 350 2:1 1 050

M3 e 525 e 525 1:1 1 050

M4 (DC) 350 (DC) 700 1:2 1 050

M5 0 1 050 1 050

Note: In Table 1, M1 is pure soft DLC film, M5 is pure hard DLC film, and M2, M3 and M4 are soft and hard alternating DLC films.
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Fig. 1 XPS full spectrum of DLC films under

different deposition bias voltages
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Fig. 2 Gaussian splitting of Cls peak of DLC films prepared under different deposition bias voltages

%2 DLC &M XPS #9 Cls IEIN A 4R
Table 2 Cls peak fitting data of DLC film XPS

sp” peak

sp’ peak

Sampl b sp- content/9
ampre nHmber Binding energy/eV Area/cm’ Binding energy/eV Area/cm’ sp- content/ %
M1 284.5+0.1 20 337.6 285.3+0.1 11432.6 36
M5 284.5+0.1 18 182.6 285.2+0.1 14 402.2 44

*3 DLC HEREENEE

Table 3 DLC film resistivity measurements

Sample number Resistivity/ (kQ+cm)

M1 100. 53
M2 248. 64
M3 300. 98
M4 466. 34
M5 1 585.21

5L CRA-25 V R VTR M1 AR & A SRR
sp’ AL 5 2, AH L A R B R A B I R
=75 V REDTR M5 FE 5 A 1Y sp® 221k i
B, RN A LB R, M2 M3 M4 R
B R sp” R R JRE R A 3 O, H B R AL B
Tt
2.3 AR EEERIAEER RN IRME
4 R R R R 2 2RI A R )
FRAYN JIME, 26 o | A2k 45 WA R rp R A 7
NI RKFZZZE NI A HEE, XU 22454
RUEARHEE s AR N T Pl 5 A R it v, B2 A
DLC i EA fe KA FRA N J7 (0. 943 GPa) , L2
3 DLC R HAT /NI FR A J7 (0. 095 GPa) , £
JZ DLC W% AN 13/ T 26 DLC #ifE, X
FEE TR R R B DLC s8Ry 4E ), X o F 4
B A5 PN AR R 2 78 224 N I T 5 v R 2 1
NG wh 2 (£ 2 DLC B 5% 4 N 15 3 B

Y, N4 T LUE Y, 2 )2 DLC Y 5% 4% R
JIBEE VR Ee (A B ) B IR R R PR A Y
PET LA R VR A 22 SR B AR, Rk
I 1% shVE TR A 5 ks, £ 2 DLC W
(YR R 3 24 4 350 nm, IR A R R 1050 +
50 nm, BVAK BEAS R — UK, WA S5 44 AR X 22 10 ST
REfE ALV DLC JZ B 2/ 1 7, Fr A2 )2 DLC
LR A I 1 AR IRAIR

x4 DLC HEREERRN A
Table 4 DLC film residual stress

Sample number Residual stress/GPa

M1 0. 095
M2 0. 126
M3 0.272
M4 0.340
M5 0.943
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VR Sl Fi 57 R Al £ BRI A RN 3 BTR
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Fig. 3 polarization curve of DLC film in 3. 5%NaCl solution
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Table 5 Corrosion Parameters of Single and Multilayer
DLC Films in 3. 5%NaCl Solution

Sample number E../V 1.,./( nA/cm?)
Ml -0.311 180. 1
M2 -0. 062 42.1
M3 -0. 081 104.5
M4 -0.014 36.6
M5 -0. 087 167.5
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