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Plasma Spatial Distribution and Transport Behavior of High Power
Impulse Magnetron Sputtering in Cylindrical Cathode

CUI Suihan LITijun LIRui WU Zhongcan MA Zhengyong WU Zhongzhen
(School of Advanced Materials, Peking University Shenzhen Graduate School, Shenzhen 518055, China)

Abstract: Understanding of plasma spatial distribution and transport behavior in high power pulsed magnetron sputtering (HiPIMS)
is the key to control the deposition process and optimize the properties of coatings. Especially for HiPIMS in cylindrical cathode, the
plasma distribution and the transport process are more complex, and the particle motion behavior is determined by various factors.
Aiming at the HiPIMS discharge in cylindrical coupled with the electromagnetic system, the reaction and the movement of the main
particles in Ar/ N,/ Cr system are studied. The evolution processes of Ar, N, and Cr particles are simulated with the test particle
Monte Carlo (MC) model. The simulation results reveal that different particles present different spatial distribution. In particular, the
metal ion Cr’ with large mass and high ionic energy shows the narrowest output beam, while the gas ion N* with low mass and ionic
energy shows the widest output beam range. The characteristic spectrums of Ar', N* and Cr* are detected by the optical emission
spectrometer (OES), and the spatial evolutions are in consistent with the simulation. Finally, a serious of Cr,N coatings with different
Cr/ N ratios are prepared by at different deposition positions. In this way, coatings with multiple components can be prepared at one

time, and coatings with certain component can be prepared under control.

* IR (SGDX20201103095406024 A1 ISGG20191129112631389) FALGTAZEFMBIF A B [HEAARWIEEHZ % (1270110273) HHTHH .
Fund: Supported by Shenzhen Science and Technology Research Grants (SGDX20201103095406024 and JSGG20191129112631389), and Peking University
Shenzhen Graduate School Research Start-up Fund of Introducing Talent (1270110273).
20220123 WA, 20220822 W2 Sk



164 b =B X W L =

2022 4F

Keywords: discharge in cylindrical cathode; plasma simulation; plasma transport behavior; plasma spatial distribution

0 A

ol

e D) F Ik o 45 9k A (High power impulse
magnetron sputtering, HiPIMS) HARM e A
TR B AL R I 25 8 AR B 46t A PR A S vk
JEES e sz B A R E AR AR
AMEAGBARBRFAR L. 5T HIPIMS HRIF R )
T TR IR ™, ALl 46 T30 b IR 6 7 1A 3 £
“EIEWE 7 DO, RN ECE B ARG S T
BIFREUURER . AR, 5 4% G A1 A2
FHEE, 1 AR A 45 88 1A s 1 o A S daniaqT o o
ISP, R ez D R 2 R, axoly
P M AR v 2 Ui R, AR R JZ
RET R 1A R AP A

W9 48 18 1 AR 22 |) o A MR I AT O, d
[ 05 A A 8 e O e T O R A Y
VURR R AE L A e g 2 L AR
FOUZEL I SR P 3 T 0 Fe P TBOHR PR A T A
R PEEAT T 05T, 1 4725 IR Langmiur #4
AL D00 1) 155 FE D S A I SR A A e ) L
WA A A B T R TBOR B i A S8 0 B A K
i 42 % FE SO — S5 R AR T R/ 2R
V2 R A5 AR U A A A R T W S A R ) 4
TR IS R, I AU I S R AR
SRS AE IR BE ZEAE F R [l A9 B kA, A4S
SRR AU B RIR AL 2% . JE T R IR R s
70, WA e 2 o 1 el R U T T R
oK, AL G 1% o X 3 WY A5 15 1 A4 20 A1 B PR
T B B ORI SR L SR AR R W) 0 AR A, A
PESEHL T B ORI A . AR, T AR R T
MAA R AN [RDRE 5~ BORE 7 i 4 R e I 5 R A7 AE 22
S, OB EREAT AR N E 2 i A
a4 B AR IS R O E R R TR TR
PRI FIZAT g, JFAR KR rp 4 4L 00 1) 72 1)
FE 5t WO CIR TR 2 oy 5 23 AL B ) R &R
DAL b 0 L TG DA 5 L S A A0 1) 5 B ik J = D AR i
IR BR 3

ST, AHFTUER X TR B ASORE & R 2y

WE TR R4, LL Ar/Ny/ Cr [ HIPIMS £ &
(10 35 B4 03 S FL MR G S N RIS Bh A T 9T X 52,
F RS 7524 R B L 0 Ay N A Cr =26
2 B AR IR 2 AR R BT T B, R
AR R I O el O VA e W s 7 NI R Rl T
Ao B A FH RS BE e A it ATy NTAI Cr”
(YRR AE ' vt 5 55 1) 2 ) AR Ak A, AR 5 1 5 1
ARG e, FIHZEREAF DAL
Bl HATH Cr /N ) CroN 2, 2 1A
A [RVRE T 25 1) 20 A (R 22 5, SEBL 8 Bl B2 VR 2 1Y
R

I RN e R v

1.1 {AEAZE

R AL 7 S R B VA AR R LA s R
Kl La B, A4 18 T2 DU BH Ak A R 24 TR g 4
RAENTR ST o WRYEJUATRIFRYE, 7 B 30T 4 5 4k
J BRI R . AR AT ARRR AT U, A
FH Matlab % B s, fepi st fEd, K0
BRI 43 2 N RS 1 mmx 1 mm ) IE 5
&, DB KHCY 13107 . ARgE ARSI
A TR, Rk B el 15 A 4 F G
(K 1a). g (B 1b) FIAES RS /A (B 1e)
ENBT R 58, (e RN R s . 15
R TS5 B 07 R IE T DEPLA 45U T4E,
PL Ar/Ny/ Cr AR E R (46 Cr 5
F, Ar JRFR Ny ) I EA S, B
Bt e, JFBERHEE IR . ANFEFE, AR
B 5AE (Ar/ Ny SERERE LSS, HE—2
SINTHE. GB) Bk =S 1l fE, B
S H AR 7 R RO, BRI 1 FoR. B
FRAIGERE SR T~ 1S HCh 1 5, e s R 2
W&o EH g, BRI A g R PR ANSZ T, Tl
FEH BN B R 2 B M I RS D). & JE k1K
PETHORF (S, DR Cr J 740 4 el 0 gy R g5
(K] 2a BREAZED RN, MR R A 15 B T DB o2
FERGE L, WGt Trim S5 A H s TR
G AN SN T TR B, Ham Ar 21



555 MG IE, S 1A PN DR SR A TP A R AT 2 ) A S s AT 165

Ny 73 NFTEIRS IR T (18] 22 iksk) 4%
FEI WIAAH N . Maxwell 53 Ao ARG 5 KL 118
ZJ) 2 fid 77 30 DX 3 PR R PR3 S I R Ay A R R, T

LAl A3 SR H SO BT O X B
i 228 H R IR 5 S 2 WL A IIAEAS, e d

9cm

9c¢m

20 cm
Electromagnet
Axis of symmetry
Cylindrical
cathode

2cm

\

6 cm

——— Axis of symmetry
—— Cathode

Magnetic field
distribution

Simulation

Free boundary

~——— Source boundary

domain

z/cm

r/cm

r=0

(a) Schematic diagram of the model

Voltage / V

Target

(b) Spatial distribution of potential
K1 (a) D7 ECBAL LA R R & KR PIC / MCCREAULEE FRI800 V, 1.0 Pagk A o RN B4 P FR) (b) FEL 3543 A il
(©) TR
Fig. 1 (a) Schematic diagram of the model; spatial distribution of (b) the potential and (c) the plasma density at 800 V,
1 Pa simulated by PIC/MCC model

0

-200

—400

—600

—-800

z/cm

-8

Density / m™
1018
10 17
1016
r/cm
(c) Plasma density



166 2 =B X W L 2

2022 4F

1 Cr/Ar/ N, AENTERNE

Table 1 Main reactions in Cr/ Ar / N, plasma system

Particle Reaction equation Energy / eV Type
Cr+e—Cri+2e 6.8 Tonization
Charge
1 fp g
Cr Ar'+Cr—Cr +Ar Hard sphere exchange
Ar™+Cr—Cr'+Ar+e Hard sphere Penning
1onization
Arte—Ar+2e 15.76 Tonization
Ar+e—Ar™+e 11.56 Excitation
Ar Ar™te—Arte —-11.56 Deexcitation
Ar™te—Ar+2e 4.2 Tonization
Ar*+Ar—Ar+Ar Hard sphere Charge
exchange
Nyte—N, +2e 15.6 Tonization
No+e—Ny +e 6.17 Excitation
NI —Ny+h v -6.17 Deexcitation
Ny +e—N; +2e 9.43 Tonization
N,
Ny+Ar'—N;+Ar Hard sphere Charge
exchange
N,+e—2N+e 9.76 dissociation
N; +e—2N — dissociation
N-+e—N'+2e 14.54 Tonization
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