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Adhesion of Cr/CrN/CrNC/CrC graded interlayer deposited by
MF-magnetron sputtering
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Abstract: The Cr/CrN/CrNC/CrC graded interlayer was deposited by MF-magnetron sputtering combined with ion
source technique. Two orthogonal experiments were designed to study the relationship between adhesion and processing
parameters both for Cr-interface and interlayer. Surface morphology and composition of graded interlayer were
characterized by SEM and EDS. The results show that, the optimum deposition parameters for interlayer are —100 V bias
voltages, 6.5 kW MF power under pressure of 0.5 Pa; the optimum deposition parameters for Cr layer are deposition time
of 2 min, ion resource current of 6 A and MF power of 6.5 kW. The deposition of Cr layer with high MF power and
assistance of ion beam can improve the adhesion.
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ZAO" TioY Ar 20 min
Cr 3 min
(5101 2A 6 kW Cr
Cr
wct'h - pLct* CrN/CINC
CrC N, 25 mL/min 5 mL/min
36 min CH,4 10 mL/min
75 mL/min 68 min
Cr CrN/CrNC/CrC
Rocwell-C 1
Table 1 Factors and levels of interlayer
1 Lol ooV powerkW - pressureiba
100 5.5 0.45
b 120 6.0 0.60
11 c 150 6.5 0.80
ASM600DMTG
1 TwinMag ™ 2 Cr
(MFMS) Table 2  Factors and levels of Cr-interface
(DCMS) (IBS) Level D'epositi.on Current of ion MF-sputtering
time/min beam source/A  power/kW
A 3 2 5.5
B 2 3 6.0
C 1 4 6.5
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Fig.2 Surface SEM morphology of film
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Fig.3 Cross-section SEM morphology of film
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Fig.4 EDS linear scan of film cross-section
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a 1.49
pm ¢ 1.44 pm 0.05
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18 nm/min Cr
3min Cr
4
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GPa a 13.46 GPa 1.60
c 14.52 GPa a
13.28 GPa 1.23 c
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Table 3 Orthogonal experiment of film thickness of interlayer
. MF- .

Sample V(])slizsge sputtering Xzzl;lﬁf Thickness/
No. level power level wm
level
1 a a a 1.35
2 a b b 1.35
3 a c c 1.76
4 b a b 1.35
5 b b c 1.49
6 b c a 1.49
7 c a c 1.49
8 c b a 1.35
9 c c b 1.49
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Table 4 Orthogonal experiment of hardness of interlayer Table 5 Orthogonal experiment of adhesion of interlayer
MF- . MF- .
i B k
Sample Bi sputtering Working Knoop Sample 1as sputtering Working Adhesion/
voltage pressure hardness/ voltage pressure
No. level power level GP No. level powet level N
eve level eve a level
1 a a a 13.05 ! a a a 2500
2 a b b 30.40
2 a b b 13.60 3 a c . 25.60
3 a c c 13.75 4 b a b 19.73
4 b a b 12.84 5 b b c 21.30
5 b b c 15.74 6 b c a 26.13
6 b c a 16.63 7 c a c 26.13
8 c b a 21.30
7 ¢ 2 ¢ 13.96 9 c c b 27.20
8 c b a 13.55
9 c c b 13.18 6 Cr
Table 6 Orthogonal experiment of adhesion of Cr interface
1.27 6 Hy 16.63 GPa Deposition Cusrent of MF
1 Hy 13.05 GPa Sample  time of ion beam sputtering  Adhesion/
No. Cr layer power N
source level
level level
Cr Hy
15 GP 076 10 A A A 13.86
a ' 1 A B B 14.40
Cr 12 A C C 22.40
Cr 13 B A B 21.33
Cr—C 14 B B C 40.90
15 B C A 32.00
2.3 16 C A C 13.86
5 17 C B A 24.00
a 27N b 18 C C B 30.40
2238 N 4.61 c
2631N a 23.62N Cr
2.69 b 2578 N Cr
a 2414 N 1.63
a  (100V) Cr
c (6.5 kW) b (0.6 Pa)
6 Cr
14 409 N Cr
B 3141 N A >
16.89 N 14.52 C
2827N A 16.35 N 6 3
11.92 C 25.72 3
N B 22.04N 3.67 e
Cr 2 min 4A CrN 6
Rockwell-C 9

6.5 kW



17 8 Cr/ CrN/CINC/CrC 1311

HF3 3 6 HF4 3 Cr
15
7 Cr
3 12 15 18
15 12
Cr 8 Cr
Cr
7 3 5 Cr
Cr 3
8 Cr
12 15 18 1)
15 HF2 18 HF3 Cr/CrN/CrNC/CrC
12 HF5 2)

5

6

7 Cr
Fig.7 Scratch morphologies of sample 12 (a), sample 15 (b) and sample 18 (c)
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Fig.8 Morphologies of samples after Rockwell-C test on Cr

interface experiment: (a) Sample 12; (b) Sample 15; (c) Sample
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