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Abstract In this paper, a 3D Particle-in-Cell numerical simulation model of DC magnetron sputtering source
based on an existing structure is built. By simulating plasma behavior and distribution characteristics of argon glow
discharge in an existing magnetron sputtering source structure, information about target utilization efficiency and
also power efficiency can be obtained. Analysis of ion trajectories, energy and incident angle distribution indicates
that bombarding ion portion decreases from 80% to 67% with the discharge voltage increasing from 260 V to 340 V
due to the spatial distribution of electric potential. Since ions can be accelerated both moving toward and away from
the target, an over-high discharge voltage is not beneficial to increasing power efficiency. On the other hand,
increasing discharge voltage facilitates ions to impact the target with higher mean kinetic energy, which is beneficial
to increasing sputtering yield. Therefore, choosing a proper discharge voltage according to working pressure is an
effective way to increase power efficiency. Since the reliability of the simulation model is verified by comparison of
ion sputtering position distribution and target actual erosion profile, simulation and analyzing methods in this paper
are useful for the optimization design of the magnetron sputtering source.

Keywords Magnetron sputtering, Simulation numerical simulation, Plasma behavior, Target utilization

efficiency, Power efficiency

WE 8 =4k T HUE AT A 45 D S VR 25 4 vh OV OB A0 5 B8 TR AT R R A AR AR HEAT T RS, T 5 3]
SRR R ABE R A RNER . BTFHE. BT REEME T A A0 e 5220, th T i3y 23 (8153 7 #2 0, i
LMK 260 V BETNE] 340 V, (7525 5 B T LU 80% FEAKE 67% . H1 T8 T ) $E A B sh R Izt B SR A0 2545 2 e, 3k i 1Y)
RO F AN TR R R . o) — T T, R R F R R TR DA T A B R o R, R TR e DR
PR U, AR B AR Fe 00 345 10 A R R R 2 4 v PR ORI A WG A o 3 B DR S 40 A 5 A S B AR o ) T ] e
L, BIE T 7 EAS R A R REME, XGRS IR Y AL T B — B S E M E.

KEIR WIS FUEpTE SRR TR EMAIHE GEEAAEE

FESEES:VI9 XEAARIZAD: A doi: 10.13922/j.cnki.cjvst.202309008

SEGRKERARMLL, FEFIREHAREA MSS BB TS5 S5BRIP4 R 3R
WRZPEREI S . JoTs g, REABIRSFE AL, JB THIB™ R 0 A 7 AR R PR REA AR KR i . (R Ik, J i
o BEFESS BORAE T AT 2 T Z N . 32 SRR 1 HL BE B ) 83 R B AR 2 7 A S
REBOHIE AR R RGPS IR (MSS) B A . PRI HOR K e iy b 2264 . MSS Bt YL AL 13

s B 89 2023-09-15
BEE£WB: BERXARREEEIH (11775073) 5 PW)IARHTEAEFDE (2019YJ0296) 5 POQIHI 1T304 (202301XWCX003 )
* BEZ& A : E-mail: 750132022@qq.com


https://doi.org/10.13922/j.cnki.cjvst.202309008
mailto:750132022@qq.com

522 H = B

ST 5 I NI S

o 44 3%

AT E U — 2 R SE TAE

BAEMBIE —FP 25T L A IR k. X
MSS 5%, P MR AR JUETTET IR 7o 1988 4%,
Gu 1 Wendt 3 o #1115 F1 52 56 56 jIE A0 45 &, X
MSS Jil L 4 BSR4 1] 43 AT RO & Sl 1 o A
11 THFSE, S MSS HEUE BRI 73 38 5 T S al
7 8] A BlEARE A v] 200, PR MSS B TAF s i
FE 1 Pa LI, Z WKL flf 48 04 3 AR BE UG MSS 11
BRI 78 A H R RS, R, ki F = (PIC) sk &
R 5 52 45 B Rl (MCC) B A ZS A, AT LR EE
B F 1Y iz, Bk MSS T H A UL A BT BE

BB Y 2, T A R G TE MSS g8 1405 ELAY 4B
B BRI, T Tl SR 75 SRS S i, A2
B AR AT AL VLT o AE R 2R T — Fh b
777 2, AN R4 B 0 07 BRI FH TR [R] A A 5
PRA, % T —4EAR RS, Gramer 257 SR 2R 2800
TR B AR 2 AT — R LR SE, SFI8 T 3 Fb
AR R 1 RV R % 45 B R B )2 g . X T
YRR, Shon 25 FH 4k PIC BRI 34T g 45 S
TS CH v B A R AR . AR B T ORI I S )4y
A AV BE AT, IR TS A A S TR
FE 77, Wk R0 5 B (1 2 R 5, Bk b, Shon 457
M3 2k — i EL A A A [R) Ak AR R = 4 R S A R
(14 2.5D" B Y AR A Ty oA 119 255 (] AL B2 43 A
DA K MR (2t v o I I R A SO TR A
F =4 PIC-MCC 5 F0UA5E 0 1100 #0464 42 1ok O 22 o #0
MR Z, Ak, Sheridan 251" Fi) FH = 4 A5 50 455 411
T T 5 AR R A TR T R,
FEHCI TR A7 B A4S () 43 A . Nanbu 261 457
T =4 PIC-MCC £ BB 5% 47 Ha L 19 25 [B] 43 A7,
PRI TEEFIAREEENE R . TR, &R EUE
TR A FH T A5 0L 7 4 e S U s P i e, AR T
WEZHMENIRER . R B R,
J& MSS e B AREM .

SR, AT SR AT — 2 (] AR DB 3 K o il an, K
22 B5CAR G 1) 4% ok ) TR S A AR i A R T B S
JE B 25 [ AR A A 20 Y, B 2% 18 A A R RE
(SN o 2B ST H o T S0 A4 R 40C%, 1
AN B RE BRI R, T R R SR T AT
fRREFE AL = BUAR M AN R . AR A AR SE
FETRR A B R RN 2% o T ) A
x,

Sk T g AR v A R P 5 R R T SRR B AR
J WG S 00 A 7 AR, A R T BB RSB A L B, T
DL g e S AR It 2 S 55 8 . A Sk
TOA R MSS 4544, #37 T PIC-MCC =4 {H AR
POREAY R R T 3% T 0 4 W S U v Ay R
FHIAT R AR REAE o I 38 A S R AR i ) v
BGUE TSR AT S

1 HEGEEENE

UTAF SR, AL = 4E PIC-MCC #4143 M1 25 B
TAARTT A 00 7 T I FH T B R 4 S AR g 1)
W58 R FBUERIL 7 58 T e
AT A R AR PR BRI X T R
JEfh X FR oA BT, XA T A A B
PEH HIT MSS 58 RSB A g HA AU
AT FL AL, PRIk SR TR B 98 7 WAL, T MSS
R R SO DG I o B G e ) R K v e A i S
(High Power Impulse Magnetron Sputtering, HiPIMS)
A UL A 2R B BIF 5 AR T, R A T L A
L HiPIMS RS 72

PhAJA 23 E] BV AHR T AR (Physical Vapor
Deposition, PVD) R4t H 1 2 J&]" MSS 25 S B,
FIH] Tech-X 2\ 7 ) VORPAL #i {42 gt 37 7 = 4
PIC-MCC 584, Unl&] 1 7R . = ZER AL A £y B IX
RSFH 100 mm=20 mmx100 mm (& 1 H2r 8 g2y
Fil), ZIEEIHARCE, Mg RS E N 2 mmx2 mmx
2 mm. FERAPIAG Y, ZOoRF AR I R 5, BAY
Hh 2% S8 R SBCR 2.5%10° R Tl AR R RS R
SR FAEFEK BE (Debye length) T S 201 “ WK i
RO (—FER A 2 R B B AR B 20
BUEAFRE M), BALR 1L F faf RTERL O 14 1
WA 1, A R PR IR T A B

5 L DXl A 1) 2% [ AAR 30 4 A 2 i 0 42 e S
PR, IR BN TR, A . 7 XY
SCARERCEAnIE 1 A BTN

TE LW AR B B, A P S A 73 A TE 6
AL DCIR P o HORT e 3R ELAT 45 1 67 L 3 R
DX BN HAR BB A B LR O Vo Sl SR AR IR Ty
T, AT LATHR s lcr o A B s ) 254K A L

Vi = —e"i;o”e (1)

K, o HL R, e N IEASHL AT, g0k B 25 A HLH B
(8.85x10 > F/m), nHlnJ33 e 1L FHYBE B




% o6 M

N 2 A DS R T OV I HL ) 25 8 A 7y B o A R 523

P ARSI RS R T 7 T PRI (1 G 2 Ak 3 4 (BA
). 4 JBFR, 5 FHIRER)

Fig. 1 Schematic diagram of magnetron sputtering source in

section view (1-inner magnet, 2-outer magnet, 3-target

(cathode), 4-pressing ring, 5-anode ring)
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