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Plasma Discharge Characteristicsand Microstructure of CrNx Coating
Deposited by Reactive HIPIM S
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Abstract: Reactive high power impulse magnetron sputtering (R-HiPIMS) technology has been 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 shows 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 coefficient is formed on the target surface. Electron density near in the substrate vicinity is
decreased from 3.9x10Y / m® to 2.2x10'"/ 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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e D) ik b g 35 0% S (High power impulse
magnetron sputtering, HiPIMS) 5 A2 35 4F S8 4 1)
— MRS A YTR (Physical vapor deposition, PVD)
B AR H R R R A R B HE (500 ~
2000V). 1% 5 %% H(0.5%~5%) LA & il 1) % 2%
J(0.05~10 kW / cm?)® 3, i H B W 5 T B4k,
s FFREERERARNS, MU kEsE
WG ET (Direct current magnetron sputtering,
DCMS) SEEMEARLF. IR ZE S5 A 0 5k
AT LAAR R BB 4% (Arcion plating, AIP) JTfH
WA KBRS 2 . AT, HIPIMS
FAR E R E N A2 LR AT K ATE 78 3005

X THR—&EiRE, S, Z4. mik
VENEIREDEAEEREEE, Rl iR
SR EAIEE (Trangition metal nitride, TMN) A
BEMRFHF0mA . A B PR A
S, TSR, eittliE . k%
AU . TMN 3R 2 — sk Y E stk S S TR 7
VR, oA S N R S R B T S R 2 R
2 B 1R T B b T O R pk E ™. 2008 4,
EHIASARIAN 2552 HIPIMS H A I T 52 S 56
il CrN IR 2, e BRI Z Mt B B T &)
K e B RE $ 0 9T HR (Reactive HIPIMS,
R-HIPIMS) 1534255t i1, PURANDARE
Sl OV 2 9L, 76 R [ RIE A B0 R R (65 V. 75V
95V), R-HIPIMS i) ZrN i )2 B A JEHE BUE
MR E i, B2 WO Rk AR K B fE . ALAMI
SR RIS IR, BT T ARE
H FEH 1 CrN IR ETESN, A IBE 25 W AE FR LAY
BN, SR IR G5 IR A N ERIR 9K SR 45 4,
{2 CrN ¥R 2 0% R AR kRS B AR R AR
ANDERS M suig th, 5% G5 EL S BB 0
A (Reactive DCMS, R-DCMS) #ik:, R-HiPIMS
[ — A EE B i BITA B R [ R T AP SANE], /T
FHEFEE R EREEEARE AR, e E R
THEESEE TN, R NSRS TSR
To BEAh, OSSR NI 2 M B R N R 1 1)
15 R S D R A S AR, T S e Ak S

BRI R 4 25, T, R-HIPIMS 2%
BRI SR E MR TR FEAR N B O,
HAZ R TR fE se i fE LR 2 Wil B AR, B Bt
T R-HIiPIMS BEM R HAFAE . 553 TR S H L T
FRURE TR E s M P RE I RS R I M AN il ]
I, ASGEBFEN S Z 1 CINGREE MRS,
SEEETHRCEHEA, EEEBRBEIET, HRA
[&] No S NS B R-HIPIMS [R5 FE A RO 45 11
CrNg IR JZH 7 5B L, B8 s ATl AR X ) &5
BT R A SEO R E S MR A E AL

1 58 ik

11 REEENRSEFEFH2EH

ARG A S8 =3 FE Ao ) R 0 e o %
%% CrNy IR)Z, @B EH RN 400 mmx
100 mmx7 mm [{J4E % Cr 55 #E (215 99.99 wt.%).
WE HIPIMS HJ§ (SPIK 3000A, MELEC GmbH)
3 kW fE DR A, BkPEA 100 ps, AiE
500 Hz, 7R R &5 25 bRy 5%, 24 i = B 245 FE LT 2 mPa
N, gl A No U7 il i s il 28 5l A2
Tk, = SR (Baratonr 600, MKS)
HEAT M B 9F [ 2 £ 05Pa. ¥ Ar S E N
50 mL / min, 75 N2 S E 2 HI7E 10 mL / min,
30mL/ min.55mL / min £ 75 mL / min PR SR
DA B2 LY S S B TR S 4. DIRR RS &
SETHReEER R EERWE 1R, FIHEE
TEfE R 3% (Tektronix TDS 1012C-SC) Wa i i %
R-HIPIMS i #29 Cr-N H78CH Ly FER T, FRi

1 PIMRARGLEE TR UR & K
Fig. 1 Schematic diagram of deposition system and plasma

diagnosis
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HLEAS 5 20 0l FH L6 SR A AR S E (LEM LT58-S7)
FE ERSL (UT-V23, UNI-T) W45 . f#iH Langmuir
BPRE 245 (ALP-150, Impedans Ltd), 7E£ki2 Mk
Cr-N R-HiPIMS i JE AR X 35 (1 55 85 TR S 4. Hoh,
PREF VAT TRECE ,  PE S I 2R B 254 100 mm,
USRS TR | SRV, K5 -V
RRAE 2 5 S b 28 45 S AT SR R B 5
AR5 (N BTIEE(T). BTFaEED
i 65§ (EEDF) S5 M1 56 F 4 3 ik s 4 9,
12 REHESHEERRIE

1E 431 ANFEM (¢ 17 mmX 3 mm)FIJCAT o ek 5
& _E(Ra<0.5 nm)JiAR CrNgi& J2 , iR JZ TR IR i e 2
HEATREE TR —%. ERZD0RHT,
KB EIEN 431 AEFERFER 7 T TE B A 2B
R FEIEBE 10 min, B JERERE G EDEERE L B, B
TSR = IR R SRR &
71, EEXEAREHAT 30 min 1) Ar BT HEEZ
i (Pinnacle® Plus+, Advanced Energy), I Bk
ik B 15 B OA—350 V, Al 350 kHz, HEJE X [A]
AN 11 ps, TAESJE 20 Pa. KEME S5 &8
[ I RE B 20 110 mm, 3RZDIRUERE Y, CRRFRE 28
LA 10T/ min s R £ 3% o [RIE A BRAR TR AR
71, FAFHLFFHEILAD, e e ARR T & T
£) 200 nm f¥] Cr 1% )2, PURTEY 8 min, UL/ TF
Ja RS N i 8, R HIPIMS S Rt il %% 2
+0.2 um () CrNk iR )=, NI E R B CrNg IR 2
N, i &9 10, 30, 55. 75 mL / min 5] CrNy i 2370
FRBSFIE] 43 504 73, 92, 102, 107 min. iR AR [F
FEWE Ar s~ 50 mL / min A48, 875 No i,
T 3 I M e A G R P - B DA 5
JiE 2SR 05 P BRI L S50 5 /e 2 it
RFF—30 IRIEIR(E I E-180V., FrfTiR/ZHE=
T RUUR, YIRS R i == iR /N 40 C.

7E 4KV F1 15KV [FInE TR, @ i
B4 (SEM, Hitachi S4800 il Zeiss G300) 43 il %}
DA CrNG IR Z I AR TS T R AE . R
AR B4 (SPM, Vecco Dimension 3100) X142
RIS R RS AT . &S fe 7 B4
% (TEM, Talos F200) 7E 200kV TAEHLE R A5
T (FIB, Auriga) B IR S TEE. FIF
FENGH G R AT (GD-OES, Spectrum Analytik
GmbH GDA 750HP) JiR/= o2 R+ 73 E(at. %)
B (178 AE . (R X AT (XRD, Brucker D8
Discover) HTiRERIAHLE R, MHAKH Cu Ka H4
SHERIE, HHEREDNY 20°~90°,

2 #FR5TR

21 Cr-N jReassn

75 3 kW HIEHA T, WM ARRRET
(10. 30. 55. 75mL/ min) LI T I 2 % 0
ZHIE 2 MFE 1. YRMESERSREN
10mL / min i, BRSO TR LS4
FOH B, BB T AL A A PR & A AR A (i
A A B FR A “sEchag ) 09, gkt 2
NGB, BREY RN — 0T EE
W, BEERARERM, S SIS O
EWINE, SRR AR L SRR, R
BRI =AM, Fn, SRR R
I, R IR T, R B R T UL (CINY)
R TF R ANT Cr &M, fEmdh iR E R
W B AR e, Bk BT ) RSB TR,
BEAEAE Th 2R R P4y b IR RN IT T o (A
(2, BEER SRR, VA dfU R Th % 5%
JE 2 22 ETHE T Mgy, 78 55 mL / min B HE
T, WA A (L Th R B B s, 4R 184 A
1 320 W / cm?,

200

0
< =200
£ Na-10 mL / min
E 400
31 N3-30 mL / min
& —600F
; -
8001 N3-75 mL / min
N3-55 mL / min
=1 000 - : -
0 50 100 150 200 250
lime / us
(a) Discharge voltage waveform
gl =
200 _Ny-55 ml / min
N3-75 mL / min
<< S0 .
= 150 N2-30 mL / min
E Nz-10 mL / min
3 100f
%
50
.-/J
1 L e LALLLILN
0 50 100 150 200 250

Time / us
(b) Discharge currentwaveform
2 AFEESFET Cr-N R-HIPIMS B &
Fig. 2 Discharge waveform of Cr-N R-HiPIMS under
different N, flow rate
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®1 TRIASRET Cr-NHEBESH
Table1l Dischargeparametersof Cr-N under different N,

flow rate
Sample N,-10 N>-30 N,-55 N2-75
Average current of 84 83 79 78
pulseon/A
Average voltage of 677 692 727 738
pulseon/V
Peak current / A 144 166 184 174
Peak power density /
(W1 sz) 245 286 320 313

2.2 Cr-N EBFEFIIZHT

R-HIPIMS JiRRZ0, BFilEIt yEE,
Ho B R TR RS, FEEOR T T
B FETREENR/ANINAR L o 7E 5 Bl S 77 2 1 i
R SR o /N S e R R e [ e SR A (o
~ne). Kl 345 A Langmuir #REHEOR IS Ky
10 ps B, FRTSFHIAS[F Bk 8] R 725 (10 K
M EEE P IMED) BRI . R
TE K O PRI I8 B4R, TR f (B 2b) HAE
BEAARET (55mL/ min A 75mL / min) ik
R IR BEAR, IX 3% B AR H IR 5 B FB T 25 B
Z A B R R—J7 1, WS EENK R
P LB AP AT B2 — AN, T B
TERK R P Ja i P 22 28, I 2 IR D R ik v % P4
Ja, HBEEEFREFASBRIER, FETFER
W P L T BB R ET o FE T2 R Y H IO
UE B S SO R IR R A AR AR, B TR
MR, R D AT 5 252,
PUBRAS R B S & T U A AL A H 555 B ) 8 i
g ¥ ks T 107 /md, 4y 3.9x107 /m’.
3.6x10" / m®, 2.6x10" /m?, 2.2x10"/m®, x5
BR[22] 7 I (1~ 8)x 10" / m® Hir i 4% 1 25 5 -1k 35 i
Y. BAFEM 10mL / min B H1E] 75 mL / min,
M2 IR IR, T E R R E SR
REM K. 7205 PafffEEIESESET, BEERMNS
A o DB SR SAAR EE AN vy, A A S ARAE N 5
B NAET A B BRI @s =40, Kitkh
T & @IS = A I i - S — IR T E5 2
B R FE; AMERERITIZRIT CrNk (REHER) 1
T RETFHULT Cr &8, et in = 1
SRR, BREHRNEI B b,

H 7 AE 520 A1 B 5 (Electron energy distribution
function, EEDF) T LLHT 1-V F:E gl 28 1 — ki 4y 35
3, MWE 4 Faf LA H, EEETEREL, Bk
TR, HFReE A AIRAE I I, R=iRE
WA R LR, Bk 22 Druyvesteyn 734 o

bWE ARG, EEDF W2 m) = e 7 )
%o, WRTpnA, #EAE AR ARNEA IR
W ETE, AR, BT TR
hREREREE . JFHAEERPRRET, BB
2 EAeHER, 75 55 mL / min Z SR E FEBE
T (>8eV) i EH s T H A RV T iRE
TAT R XN IZE T A s KA 2D
HREE, BT R ) IR B T AE B R DX 3R A
FAE . AR AL T AT RO IR K TR R T
A fEH, IXRYIENK PSR, K15
PERL T AR, KRR AL S e B IR T i
O B L

4

Nz-10 mL / min

MN2-30 mL / min

MN2-55 mL / min

ne /107 T m>
(3]

12-75 mL / min

—

w

1
0 100 200 300 400 500

Time / pus

K3 ARIESHET Cr-N ji B [F] 49 B 7% &
Fig. 3 Timeresolved electron density under
different N, flow rate
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10'7k

|“|h!

i

ysk N3-75 mL / min
10y N,-75 mL / min
104

1013k

EEDF / (m eV

I1I':é‘ N2-10 mL / min
10"k

H'Itl;r

N»-30 mL / min

Election enregy / eV

B4 AEZESHET Cr-N S e (E 725 L b TR E
I3 A R AR
Fig4 The EEDF at t=100 ps (pulse end) under
different N, flow rate electron density

23 ZEFEHRESHIT CrNGERERSE. AN R
=AU
K 524 SEM K SPM A1) 4 Fha /S &
T CrNy iR JZ FIER T « B eSS aR kL RE . mT BA
TEMTHE N 22 3], CrNy-10. CrN,-30 142 26 i 80t
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T RIEHKERAG, Z2ISAOREEH, HUR A
5 1M CrNy-55. CrNk-75 {3 /2 R SACIRE K 2%

Ra=2.48 nm

(a) Surface morphologies: (a))CrN,-10

200 nm Ra=5.39 nm

(a2)CrN-30

(b) Cross-section morphologies: (b)CrN,-10 (by)CrN,-30

R R BURHEIR GG H, R IARERE R, AR R
KHEW B

PERFAE, I FE Bt W10 A FLEREE -

Ra=19.9 nm Ra=10.4 nm 200 nm

(a3)CrNy-55

(a4)CrN,-75

(b3)CrN,-55 (bg)CrN,-75

K5 AREESRE T CINGRZERI, #IEEH, (@ REHR, (b) #iE
Fig.5 SEM surface and cross-section morphologies of CrN, coatings, (8) : surface morphologies ; (b): cross-section morphologies

EIUAE KAFE B A F 1 CrNc-10, CrN«75 4R
24T SPM Fl TEM IR N8, XTHEE] 6ag. by 1)
SPM ETHS, KILE CrNy-75 Hf B AR ok
EE B Z AR RS KRR, BRI
] 6ap. 6b P 1 TEM T JESH, CrNk-10 2 IEL
BT HRREE M, T CrNe75 EIUE 1A
SR It A TN SR IN T E A (N SR IN Y A= R
A EMILE . SE R E R EE K
S A S B TSR E RO M, W 3
FiTR, RIS ECT 1 T35 BT LU AN B
CrN 75 AH LT+ CriNy-10 7 L 25 15 - o i 1 35 B
T OKIREE R R, WiEwErh S kb, BT
B SET B T3 E . EAMREYY 10mL / min
W, TR, BT, E R R 1
T, BFHmbERR, Rk Sl %,
BEENERSEER, MEARREN
75mL / min i, BT B AR, BT b PO B,
WHBETFE SR (B 49 RS ks
Bark e, A AR SRR A R R, TR
PSS A RIR & - 75 Anders DAL i1 451 [X 358k
B, 3 T ST B T Sk BT A I B RE A R4
JRAEK P2, Bl R R B R S
fEHE G BB, ERSREREN, T2m
BT & R R R TR B ks, ST
R HORLEE ", AT R R T Y S O
BB, IR T RS G 5
RIS T ) R 14 R S DD B R L
T PR e o S R P B R R
EEEH.

(ay) Surface

(by) Surface

(bs) Cross-section
6 CrN,-10 #1 CrN,-75 i:JZ SPM F 50 & TEM #1H
JESR, (a) CrNx-10; (b) CrNx-75
Fig.6 SPM surface and TEM cross-section morphologies of
CrN, coatings, (a) CrNx-10; (b) CrNx-75

XTI ARG, A R AR T AR
RSN, S B TR R ALK T 5 N T,
TEMk S R0 . R, S M RS TR )R
LY IORONR, S PR A TR T R R 1 6 () EE 2
WA o IR Bl A RE R T CINGRZ TR
JE 5 o LERE R U2 B LA I 7 B . AE
R-HIPIMS Ji L I R v (i 20 S PR AR A (0 55 1 1
WS HIFATIR IR R E R %, A SIBCRE 1
T P G T A SR I e RE R TS i A I RE S A AL
TR Y B (B 7 s R AREL 0 T
PO, Niifgm ik 5iRz, RLEZ 5 NNz
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2L ST, B, BRI, 32
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N2 5 Cr 425 S S 1k i
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F-9
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(d) CrNx-75

7 AFEESFE T CN, iRk JE GD-OES 43
Fig. 7 GD-OES andysis of CrN, coatings under different N,
flow rate

NTH—PHERAREARRME T CrN R
FILERIARAL, XHPUFP CrNy 42 3E(T XRD AR 43 Hr
(K 8). 4 BFRBIVTA CrNy 42 AR 25 Ky A8 Ak o
FURHE T RS E, BEERSEMMN 10 mL / min 3
InE 75 mL / min, IRJZFAHE KA T BELR.
7E 10 mL / min ZSE T, #ZE LA Cr F1 CroN A4
F, SERFIRS AR AT IR & B, &8
AR A E B P AR BB, YUK+ Cr ki1
RS BEE RN ASRPREEN, B R
G O L3 BUR A I A /L B W U SR =S ¢ 3% TV
CrN # N FE . BAWMEMN 30 mL/min 3 1 2|
75 mL / min, CrN (220) = AT5F 162 1593485, & B CrN
shimERE T, AR, B2 N RFIHFTE Cr Ak
ST RUBEIR N TH A4 TR B A, 5 80 AR A A
I A IZ K, 75 XRD B3 o 38 30 9 A7 5 e 1) /)
fEmE, HEASREME, mEMmEERA. H
REEWZ, ME N JLEE N, CrN (111)0 5%
S 3E K JE kN B, X R EEFEN CrN
(L11)2 s i P pE T, 2 N PR,
RAMEBRINAF T CN (L1)EHELH N
SR, RILAAT I V5 B I s 4 S
— B FEPEJ5 , CrN (L1L) T 328 3 Sk At 3% 410 B v
BUAR, 07 506 55 5 R % . CrN (200)4H bt - Hi A 3%
B B A B A i 2 1 A 2, AR b e
FERVIAR CrNg 3RELL CrN (220) B 1) i) 4
o, WETATIA, BEASRE N, AHEBRKKE
TR ER, EAHRY BN, WwEAKT
TR R EZ ) i A & R, CrN (220)
% S 1 5 THT 1) #E(0.146 513 nm), Bl Bk
J5£ AT A 5 ) R IR 25 0 I T R AR K

#-Cr #-CraN  #-CrN

(110

! 1
N (111) 4 112 (300) (212) (211
Sl (002) & I_i,‘____.__/t._._ftu_pft..

(220)
> __«,[;I (111)(200) (311)
CrNy 7 }\_ .

i | :
V, - = & .
No.65-9001| | I
1 1 1
30

| 1 1
20 40 50 60 70 80 o0
28 /(")

Intensity

K8 A[HAIiE T CrNyi/Z XRD i
Fig. 8 XRD spectraof the CrN, coatings under different N,
flow rate
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VNSl - = R QR S AR A L T
(R-HIPIMS) iR, & R-HiPIMS ] % CrNy %2,
PRFAN R S NS B 0 A 558 8 AR v B e xe)
WIS SRR . BF T 45 SRR

(D EMFAEFIIET, HEEERSHEN
10 mL / min B1Z 75 mL / min, J3CH B AR AR B b
TE, M EAE R RIS TR B S TS R, 18
55 mL/min g N & EE, 2508 184 A i
320W / cm?,

(2) BARWMEIIN, FAAE IS SRR 5 T
BlFE T, W= A TN IR D, A
T AR CrNg AT Cr &8 Ik T R 5T 23
i, P LE SRR T %M 3.9x10" / m® iZ
Wi TR 2.2x107 / m®, AR HL 55 AL LAY
AT Druyvesteyn 734, mARE T
B e L ) R T

(3) R-HIPIMS I FEH, KR ZEESLE
EOCHIMEAE R B TRd s, HEREE T4
MHEEEEREEREVHEMNZR, B
RIS FIRIHR B R /A 2O, R R
THERAMGREES, AR TIRESE LG,

2 £ X M
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