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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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Fig.1 Schematic of facility
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Table 1 Factors and levels of interlayer

Level Bias MF-sputtering Working
voltage/V power/kW pressure/Pa
100 5.5 0.45
120 6.0 0.60
c 150 6.5 0.80

FT2 Cr AHEHNZFKEER

Table 2 Factors and levels of Cr-interface

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

1.2 WA ZE

KH 6JA G BRI RS R . R
MD-5 %5 (A R v s s A, #far y 0.245 N,
TRELIT R 15 0

KH WS=97 )M I R S50 HLEA T RIIR S8
5, B KBTI 100 N, INgdd A2 100 N/min, IR
JHFEN 4 mm/min. [F]R A Rockwell-C X35 PEfRE
HHAT 2 R (JE #8404 1500 N)!'™, HF1 #) HF4 K[t &
LR, HFS A1 HF6 h I 2 525

K H Sirion200 3 & S 414 H BT G2 TE S, H
HL ¥~ BB 1 (EDS)Ze 1 H HEAT I8 S22 60 B B 23 23 i, F1 4
$K A 20 nm.
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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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23 AN I FE S OB 2 Y S 2 R RE 1 TE AL
SIS R AR I a ACTIRIME R, A 1.49
um, ¢ ACFHIEAL, 4 1.44 pm, 2K 0.05; Hiii
R ¢ AT HMEER, N 1.58 um, a KT AR,
N 1.39 um, B0 0.18; TAE % ¢ KT HIE TR,
3 1.58 pm, a KV HIEAK, 4 1.39 pm, BRZE 0.18.
O A A AR R R BE RS A . SR &
HHOSL) AR SR FE iR BESAAE 1.5 pm /i AT,
SERIUTRE % 18 nm/min. Cr 2 UUARIN ] e KAL K
3min, Cr /2T L2 R0 2 B B 5E AR N

4 A B RE 2D TR T S B AT SER 2 1)
LI (H) S5 R il b AP, o 15.07
GPa, a /KTF[fK, 4 13.46 GPa, .24 1.60; H
BT ¢ AT IBIMEROR, A 14.52 GPa, a KT
i, 4 13.28 GPa, M2k 1.23; TAEESHR ¢ /K1Y
i K, 4 14.48 GPa, b KT H#(%, 4 13.20 GPa,
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Table 3  Orthogonal experiment of film thickness of interlayer

. MF- .
Sample Bias sputtering Working Thickness/
No. voltage power pressure um
level level
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

RS BRERMA 1 IEA T

Table 5 Orthogonal experiment of adhesion of interlayer

MF-
Bias . Working Knoop
Sample sputtering
No voltage ower pressure hardness/
’ level P level GPa
level
1 a a a 13.05
2 a b b 13.60
3 a c c 13.75
4 b a b 12.84
5 b b c 15.74
6 b c a 16.63
7 c a c 13.96
8 c b a 13.55
9 c c b 13.18

W22k 1.27. FESL 6 LSRR, Hih 16.63 GPa; Ff
i 1 BEREBR/N, H ol 13.05 GPao B 25256 o fhi 5
ONEE SSRGS AL N aE ) B S A 2 N N ]
Cr JZUIA L ZHE s, ARSI Hy B e 200 T
15 GPa ify, B ZM 2 IR, (AR 0.76.
FEJEUURA T 2 R R M 55 5 M 4K, Cr I Ak it
EmTAENY, BB Cr & s aT
Cr—C # B H.

23 REMEERE

RS Y IBREE A T IEAS S 4 . HE
MAHTRIEL: (T a ACFRI3MER K, 427 N, bk
PIGERAR, 2238 N, R 4.615 T ¢ K
FIAME IR, R 2631 N, a /KFEHIERIE, h23.62N,
WeEh 2.69; TAEH5% b A IIE K, 4 25.78 N,
a KT HIEAR, 4 2414 N, 2R 1.63. HEIIH AT
A AR D L2540 ik a K (100 V),
BT ¢ K (6.5 kW), TAESE b /KF(0.6 Pa). fi
PR 22 R, B B 2 TR 1 2 S0 (i s 0 B
PERE I E M fe K o

% 6 {8 A FH1H Cr |2 1 & A3 S B 5 7 1IEAS 4
Bresd. FEdh 14 S Dk, 409 N; Cr J20T
U] B ZKPI3E R, o 31.41 N, A KF 1
K, N 16.89N, % H 14.52; B TIHHT C /KFEH
YIMEEK, N 2827N, AKTVHIEIE, K 1635N,
WeZEH 11.92; TR C ACFIIMEER, Hh 25.72
N, B/KFRIERAL, H22.04N, #ZH 3.67. ffhT
SN Cr 2RISR 2 min, BSFURT)% 4 A,
I Z K 6.5 kW

MEF-

Bi ki
Sample 1as sputtering Working Adhesion/
voltage pressure

No. power N

level level

level

1 a a a 25.00
2 a b b 30.40
3 a c c 25.60
4 b a b 19.73
5 b b c 21.30
6 b c a 26.13
7 c a c 26.13
8 c b a 21.30
9 c c b 27.20

R 6 SN Cr SR S IEAZ M a2k

Table 6 Orthogonal experiment of adhesion of Cr interface

Deposition MF
. Current of . .
Sample time of ion beam sputtering  Adhesion/
No. Cr layer onbe power N
source level
level level
10 A A A 13.86
11 A B B 14.40
12 A C C 22.40
13 B A B 21.33
14 B B C 40.90
15 B C A 32.00
16 C A C 13.86
17 C B A 24.00
18 C C B 30.40

H AR ZEAH AT, Cr S22 o 2, 3L
DO BB IR IR, AR IR /N Cr J2IFASSE
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RERSEIR IR, B FEIR S dR /N o &1 5 P S AH [F]
sy AR R T A ORI E S . ]
W, FESD 6 st HIURERVE, HUCHFE 3: BiE
BATIE R, 3 SRR I Z G A/ xn]
RS TR CrC R MErE 1, far 1 R RIE RSk iR
ANIEJZ, CIN JZARBRHR - BT T E. 18 6 Bros kit
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Fig.5 Scratch morphologies of sample 3 (a), sample 6 (b) and sample 9 (c)

Bl 6 BbEETI L SR IR IR TES

Fig.6 Morphologies of samples after Rockwell-C test on interlayer experiment: (a) Sample 3; (b) Sample 6; (c) Sample 9

B 7 Fti Cr )2 T 2B RO LS

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
18

Cr 2R ] 2 min, &7 4 A, A% 6.5
kW BEJE 20T RIS 100 V, AT 6.5 kW, HA
J£ 0.6 Pa.
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