H35% s 2 B X @ L E Vol.35 No.5
2022 £ 10 H CHINA SURFACE ENGINEERING Oct. 2022

doi: 10. 11933 /j. issn. 1007—9289. 20210623001

MR E X S TR Bk i iE % 59 &l & CrAIN &R
% 88 B9 =2 M)
K B! AL Twmw® wes' wEew’

(1. WSR2 S MR 5 T [ R S S /R 1500015
2. HE TR HEBI GRS 45 621900)

FE: N TPIEEY B REEM RN R, W R R H % — )2 CN BHAUHRE, HE N WRJEIRE e TR 22, P
R AT 600 C. KA m T kb RIS HAR, R Cr Al AL XCHESLTA CraIN fEIER 4 o L s b ia b e g . R0
A R FAR AR (RN, 2338 —100 V, —200 V., —300 V FI—400 V. 45 H%0], P41 CrAIN s R G450, Bl
HH A RS, T B e, RLIRT AR TR % R CrAIN SERSE R AR AL K D 1) 2 Cr(200) 48 IHIVEZR 7 1. PU4L
CrAIN I R I T 70%, SR FI R BIRAR L 3161 RFENIEAAE 3 MRS HMFAA ML N —300 V i, Af LA
() IS 3145 B L R A (87.4%) RIRAR AU 9 1 R B (6.188x107'% em?®/s) o 600 C. 4/ U5 F - 60 min, CrAIN
JRHE G5 A T AL A AL 1Y) 30% 7647 o AHELT CrN @I, (EAR ) 544 R, CrAIN S EUR T4 HURECE /N &
i HE R 1145 (147 CrAIN 54008 551 3161 ANABAIIEAAT 10%, Bl Lk re bt

KB CrAIN: IR PP JEAmi: A mildisift

PESES: TG174

Effect of Substrate Bias on the Properties of Craln Films Prepared by High
Power Pulsed Magnetron Sputtering
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Abstract: In order to prevent the failure of metal materials caused by hydrogen diffusion, a layer of CrN hydrogen barrier film is
usually prepared on its surface. However, the thermal stability of CrN thin film is poor, and the oxidation resistance temperature is
lower than 600 “C. CrAlN thin films are co deposited by high power pulsed magnetron sputtering with Cr and Al targets to improve
high temperature oxidation resistance. The experimental variable is the negative bias voltage of the matrix, which is -100 V, -200 V,
-300 V and —400 V respectively. The results show that the four groups of CrAIN films are columnar crystal structure. With the
increase of substrate bias voltage, the density of the films increases, but the deposition rate decreases; The preferred growth direction
of CrAlIN film is the normal direction of Cr(200) crystal plane. The hydrogen inhibition rate of the four groups of CrAIN films is more
than 70%, and the diffusion factor of hydrogen atom is three orders of magnitude lower than that of 316L stainless steel. When the
substrate bias is 300 V, the optimal hydrogen inhibition rate (87.4%) and the lowest hydrogen diffusion factor (6.188x107'%cm?/ s)
can be obtained simultaneously. The oxygen content at the interface of CrAIN film substrate is only about 30% of that at the surface
when it is kept at 600 ‘C for 60 min in oxygen atmosphere. Compared with CrN films, the hydrogen diffusion factor of CrAIN films
is smaller under the same substrate bias; The weight gain of oxygen of CrAIN films prepared at high bias voltage is only 10% of that
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of 316L stainless steel substrate, and its oxidation resistance is better.

Keywords: CrAIN; high power pulsed magnetron sputtering; substrate bias; hydrogen resistance; high temperature oxidation
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Table 1 Self glow cleaning process parameters

Coil current/ Time/

. C
Bias voltage / V' Duty Ratio / %  Pressure / Pa A min

500 80 6 5 30

(2) Cr B, Cr WAMEERE Sk
HiPIMS HLJ&, &5 H KR mBE Cr & 1 & 3E 1A,
EBFEEIR T, TESENE 2 Fir.

K2 Cr'EHMIESH

Table 2 Process parameters of Cr” bombardment

Bias .
Pulse  Frequenc  Pulse Pressur  Time/
DC/A voltage/V y/Hz width/ s volt{a;ge / e/Pa min
0.4 580 350 250 500 0.5 5

(3) WP ZVIR b T & f# CrAIN HI S FE ik
IRy, R Em TR Cr+CiN % 2 .
Cr JZNHTIE)Z, L2283 s, CiN o Jz )z
DU TAESA ArtN,, JitiE3424 15 mL / min,
¥R 0.25 Pa, HRSHAA.

%3 IERCrEIRIZSH

Table 3 Deposition process parameters of transition

layer Cr
Ise frequenc Pulse Bias Pressure  Time
pc/a ™ qUENCY width  voltage 4
voltage / V /Hz /Pa / min
/ us /V
0.4 580 350 250 200 0.5 5

(4) WA Al #4604 A HHIE, Cr
HAME: HIPIMS HR, 15 JREE G 2 R £ R i 7
(LRPE RN 3 A) 5 57 Cr #ERETHNELZ 5 AL SEETTH
TREGEL 45° ]y TARAURN Ar 5 Ny, JiEIN
15 mL / min, 4} H34)4 0.25 Pa; BJERA R & 4 80 mm.
Al AL JCEIAIB N CIN kR, TR R
EREAR DV B B A A e, 14y 30 1/ min,
JEEGURANTH] 100 mine $5HIEAMm 527024 100 V.
200 V. 300V F1400V, V41 T 2500 4 iR,

x4 CrAN ASHERTRTIZSH
Table 4 Process parameters of CrAIN hydrogen barrier

film deposition

Frame

pulse . . Bias
Frequency / Pulse Time/  rotation
DC/A voltva\ilge/ Hy width /s min speed / voltage /
r+ min”!
100, 200,
0.4 580 350 250 100 30 300. 400
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Fig. 2 Cross section morphology of CrAIN films under four

different substrate bias voltages
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