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. 20220104002

= DB Bk R LR AE ST CrN, iR R BT A
HiE SR

weEEY Byl £ E o £2Y BeEl rgx!
(1. P ERPEBE T MRS TR T3 315201;
2. HpEBMER RIS BT JERT 100049;
3. PEBRERARRFGRBI AR B TR 215123)

FE: AR SN BOR BAT T A 8 13 R AR A A s MG L (ks o, Cl 2 T mE L
Ps A iR 2 B, (2 TR RESEINFE LS W M, R v IR G5 R PR RE (R OGBS 8 1 AR P R AN b . 2 T B 1 B0E e
{1 7R Th 2R Jik T s S 2 4% SR Langmuir #REFFFTANR] Ny SR T CrN, 42 10 5 45 35 1 (A0 R s M 5 41 40 s W B
SEIST Iy 3 kW, BB Ny B 10 mL/ min #5014 75 mL/ min, JCARUG{E SR 2 BE A L1 i B0 A IR BT IO Bl P T
PLA38) S 56 L TH G AR, 76 55 mL / min N J B IA S0 Re i, JLMEDIFRB RN 320 W/ em®s STk W], AR
BN I, BRI, DRI AR A CN AL B R BT Cr, AN L T35 8 M 3.9%10" / m 38 i T
B4 2.2x10"7 /m®, AREFERS NI BEAR T UURUR 7 IR BOTAS K, A0A30R)2 2L CIN' (220) @i EARARR B K
KRR DR SO A s CNG IR s TOHURRAE: Langmuir #8545

FESES: TG174

Plasma Discharge Characteristics and Microstructure of CrN, Coating
Deposited by Reactive HiPIMS

QI Yuxing "? ZHOU Guangxue ' ZUO Xiao' DU Hong"*
CHEN Rende ' WANG Aiying '
(1. Ningbo Institute of Materials Technology and Engineering, CAS, Ningbo 315201, China;
2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China;
3. Nano Science and Technology Institute, University of Science and Technology of China,
Soochow 215123, China)

Abstract: Reactive high power impulse magnetron sputtering (R-HiPIMS) technology is widely used in the deposition of transition
metal nitride (TMN) coatings, because of its combine advantages of high ion flux and excellent uniformity over large area deposition.
However, there is still a lack of study on the relationship between the plasma discharge behavior of R-HiPIMS and the microstructures
of deposited TMN coatings. The CrN, coating as a function of reactive N, flow rate is fabricated by a home-made HiPIMS technique.
Particularly, the dependence of plasma discharge characteristics upon microstructural evolution of CrN, coating is focused by using
the Langmuir probe. The results show that, with the increase of N, flow rate from 10 mL / min to 55 mL / min, both the peak power
density and the high-energy electrons ratio increased firstly, where the maximum peak power density value is up to 320 W / cm?.
However, further increasing the N, flow rate to 75 mL / min stimulated the target poisoning, where the CrN, compound with low
secondary electron emission factor is formed on the target surface. Electron density near in the substrate vicinity is decreased from
3.9x10" / m® to 2.2x10"7 / m® and the thermal diffusion is suppressed by ion bombardment significantly, which thereafter resulted in

the preferred columnar growth of CrN (220) plane with a shorter diffusion length.
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Fig. 1 Schematic diagram of deposition system and plasma

diagnosis
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Fig. 2 Discharge waveform of Cr-N R-HiPIMS under
different N, flow rate



CiRE]

fein L R e s IR A7 W CeN R J2 PR TS LR P 5 41 53 45 1) 187

F1 FRIASRKET Cr-NHESH
Table 1 Discharge parameters of Cr-N under different

N, flow rate

Sample N,-10 N,-30 N,-55 N,-75
Average current of 34 33 79 78
pulse on /A
Average voltage of 677 692 727 738
pulse on/V
Peak current / A 144 166 184 174
Peak power density /
(W / om?) 245 286 320 313
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SRR R R S R AR AR, RS RT RO S5
T R R R DU T R PR AR
R U S A Kb W FL 735 P R B 38k B
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Fig. 3 Time resolved electron density under

different N, flow rate
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(a) Surface morphologies: (aj) CrNy-10
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(b) Cross-section morphologies: (by) CrNy-10 (by) CrN,-30

(b3) CrN,-55 (by) CIN,-75
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Fig. 5 SEM surface and cross-section morphologies of CrN, coatings, (a) surface morphologies ; (b) cross-section morphologies
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Fig. 6 SPM surface and TEM cross-section morphologies of
CrN, coatings, (a) CrN,-10; (b) CrN,-75
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Fig. 7 GD-OES analysis of CrN, coatings under different N,

flow rate
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