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Table 1.  Surface reactions considered in the model.
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B 1 (a) BFREER (b) BT IREZHE Ar & 52810
Fig. 1. (a) Electron density and (b) electron temperature as

a function of Ar fraction.
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: all
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Fig. 2. Schematic diagram of the ICP reactor.
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Fig. 3. Radial distributions of electron density at Z = 6 cm

by different reactors.
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()
Max

0

P4 SRIUANE W 2 i A i, AN 7 1) i i FIURR D R B A R 404 (a) RITI); (b) Z 7515 (c) ff 1)

Fig. 4. Spatial distributions of electron deposition power density from different direction in a stainless steel reactor: (a) R-direction;

(b) Z-direction; (c) azimuthal direction.

R 2 A BUREE TR TR RO

Table 2. Maximum of electron deposition power density generated by different reactors.

ML FUUR AR /(W om ®)

JrE = kL i s s
N 3.01x104 1.95%x10° 6.14x10°
FAR AL, O 3.33x10* 2.06x 107 6.12x10°
Cu 4.86x10* 2.52x10° 6.15%10°
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(a) Max=>5.83x106 m—3 (b) Max =4.89x106 m—3 (¢) Max=2.61x10106 m-3
Min =2.72X 10" m—3 Min = 4.65x10'3 m—3 Min = 3.04 X103 m—3 M
ax

M M
: a v

[ 5 R B E T OF %5 25 [ 40 A

a) ANEH; (b) I ALO;; (c) Cu

Fig. 5. Spatial distributions of OF density generated by different reactors: (a) Stainless steel; (b) anodized Al,Os; (c) Cu.

(a) Max=1.69x106 m—3 (b)
Min = 3.44 X102 m—3

Max = 2.16 X 1016 m—3 (c)
Min = 6.73x10'3 m—3

Max = 4.77x 1016 m~—3

Min = 2.86 X103 m~3
m m Max

B 6 AR B Z T Ot B2 (8] 4 e

a) NEEH; (b) PR ALO;; (c) C

Fig. 6. Spatial distributions of OF density generated by different reactors: (a) Stainless steel; (b) anodized Al,O3; (c) Cu.
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Fig. 7. Radial distributions of Ar*™ density by different
reactors at Z = 6 cm.
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Fig. 8. Spatial distributions of O~ density generated by different reactors: (a) Stainless steel; (b) anodized Al,Os; (c) Cu.
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Fig. 9. Spatial distributions of O density generated by different reactors: (a) Stainless steel; (b) anodized Al,Os; (c) Cu.
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Fig. 10. Spatial distributions of O(D) density generated by different reactors: (a) Stainless steel; (b) anodized Al,Oj; (c) Cu.
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Fig. 11. Radial distribution of neutral species density by
different reactors at Z = 6 cm: (a) Oy; (b) Oy(a).

12 Sk AR A L i =i L, Z = 6 cm
ARFY) Ary, B BEVR AR 0] A AT . FEASTRIMA o A s =5
Ary, % R KAE AL T2 N . el i &
Ary, TEREEM AN ALO; % SR BEARIT, X
R Ary, B EZPEAFBHLE S O, Tok, H
FEGE T Ar(4p) MEGERR ST A K Ar B FIE
AR, A Ar R ARG, I
MBS HE Ary, 7R HESE . SR, 7E Cu
v, TR R ARG R, (R HE T Ar
WO O, BRI ARAS T 3 S 3 BE 1) Ay,

S5 Ve S4 v i AT B FE B R A6 R

O H1 O, B FERYSZ I, Wi 13 Bz, a] LLWgE 3],
Bifi %5 20 BN R B S K, O T 19 BB i keI, 1
O, 7% B S BUAH S ka3 32 DR R B 3R 4K
M, WSRO B2, TMiE It R RN S4 77 AR
O, NIk 2, PRI — 35 B G R R A0 AR fk i A I .
IFFER R, 24 S4 [0y Y ZE B R B0 K E] 0.5 DL
B, X O Fil Oy B BEANFIAT 25 1521,

W

w
T

Ar,, density/(10'6 m~3)
[\

1 | — Stainless steel
— — Anodized aluminium \.
—-— Copper
O 1 1 1 1
0 3 6 9 12 15

R/cm

12 AS[RIRE BRI 2 L R Ary, BEFERR 1] 434 (Z = 6 cm)
Fig. 12. Radial distribution of Ar, density by different

reactors at Z = 6 cm.

10
B
Tosl
B OF-reee ]
8 C - —_—— — e
e .
> —1 05 --01 --005
2 4r —-0.01 - 0.005 0.001
5 [ - T Tt
T 2 T T - o= T -
@] Toe— oL §::
O I
0 3 6 9 12 15
R/cm
9
~ |®
‘ -~
g T - T
S 6F - —— - T .-
L 6F T T T T .
—
= —1 05 --01 ---005
Z --=0.01 ----- 0.005 - 0.001 -
g 3r e T
g 30 ... _..-
s T e
ON ________________
0 b g
0 3 6 9 12 15
R/cm

13 84 O — 1/20, 1 B3 M 28 B0F A Rl kL1585 B2 40 A
(a) O; (b) Oz (£ =6 cm)

Fig. 13. Effect of sticking coefficient of reaction S4 O —
1/20, on neutral species density: (a) O; (b) O, (Z = 6 cm).

4 % b

15 ICP LR, i T PR 7 I AN [R) M o 3
TET AR 285 B0 ZR OS], DRI Js 2 b o e R P e P
He—E UM . AR SCR ] AR T 2 B AN [ J

135201-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 13 (2024)

135201

FEMITNH Ar/O, ICP R REEIEST TRUSE.
VR AN . B Al,O5 Fil Cu [ % BEA Tl H,
RN O — 1/20, BB R E0Z #RA%, Fikt
FEAE B O MRURIS/D, A5 3o L fpL 33 S5 17 7= A 1Y)
OF 25 B th iz Wik AR, — 5 X LT A S RE o R s 55
B LAAE Cu B2 i 25 B ey TR 2%
OB R, PR HE T S Ar i F B R R R, TR
Art Il Ay, (95 L S BB K k. TEAN S A
FEH, BLM) Oy WAEHET O Oy(a) Myr=d:. 3
BHRFEAS O JET 1 %5 B B 5 FAE ARt 1r 2 Bt
B EB] 2 AN N - S DO VAR 08 i FR UK S I
R, O+5 OF % B2 (B 43 A Fe 280, 7F
NFEWIE R, 38 0% K E Y B 2R
BN 5, XA Cu s P A3 20 kst 78
AR, O Fl Oy(a) PIFHRLF 8% B IEE A T
g AL, Art, Ary, LR O B35 B e RAE AR 4R
Bl R 7, AR S D KOs A A e 24 A0 Y, T
O(D) %5 B fie KAE MER B T J7 320 7 1) i 25 o0 J [l
B e, vHE T RMR N O — 1/20, HZ5H
FECHHEZS O F1 O,y BYFENR, & I 4 B I 22 4505
BB, O %5 BB W BEAR, 1T O, %5 B2 I S22 BAH )
S, (R SR R A 2] 0.5 DL_LA, RiF
B LA T2 B b R A s A 3R] LA SEBR
TR S HRE, WAEFESTFERNTTZ
TR B () ST SR B A o 4 s =
TP TAE, BTl Akt T AR IS & P () T2 752K,
PRI A AR il 1 s 2.

S 30k

[1] LiuY X, Zhang Q Z, Zhao K, Zhang Y R, Gao F, Song Y H,
Wang Y N 2022 Chin. Phys. B 31 085202

[2] Tiyyagura H R, Puliyalil H, Filipi¢ G, et al. 2020 Surf. Coat.
Technol. 385 125434

[3] Zhang Z Y, Ye Z B, Wang Z J, et al. 2019 Appl. Surf. Sci.
475 143

[4] Farias C E, Bianchi J C, Oliveira P R, et al. 2014 Mater.
Res. 17 1251

[5] Cao F, Wang Y D, Li L, Guo B J, An Y P 2009 Scripta
Mater. 61 231

[6] Omno T, Akagi T, Ichiki T 2009 J. Appl. Phys. 105 013314

[7] Fan H Z, Liu K, Huang Y Q, Cai S W, Ren X M, Duan X F,
Wang Q, Liu H, Wu Y 2017 Chin. J. Vac. Sci. Technol. 37
286 (in Chinese) [Ji#08E, XML, #EKkIE, SR HH06, (T Hem, Bibe
W, TR, X%, 5B 2017 B Rl 5HARZER 37 286]

[8] Hoffman A, Gu Y, Tokash J, Tokash J, Woodward J, Rack P
D 2020 ACS Appl. Mater. Interfaces 12 7345

[9] Chung T H, Kang H R, Bae M K 2012 Phys. Plasmas 19
113502

[10] Hsu C C, Nierode M A, Coburn J W, Graves D B 2006 J.
Phys. D: Appl. Phys. 39 3272
[11] DuP C, Gao F, Wang X K, Liu Y X, Wang Y N 2021 Chin.

Phys. B 30 035202

(12]

(13]

(14]
(15]
[16]

(17]

18]
[19]
[20]
[21]
[22]
23]

[24]

135201-9

Han X, Wei X, Xu H, Zhang W, Li Y, Li Y, Yang Z 2019
Vacuum 168 108821

Wang Y J 2018 M. S. Dissertation (Dalian: Dalian University
of Technology) (in Chinese) [ EZ i 2018 i1 2# it 3¢ (K
i KT RF))

Chen J L, Xu H J, Wei X L, Lii HY, Song Z S, Chen Z H
2017 Vacuum 145 77

Wan Y H, Liu W, Zhang Y R, Wang Y N 2015 Chin. Phys. B
24 095203

Wen D Q, Zhang Y R, Lieberman M A, Wang Y N 2017
Plasma Process. Polym. 14 ¢1600100

Tong L, Zhao M L, Zhang Y R, Song Y H, Wang Y N 2024
Acta Phys. Sin. 73 045201 (in Chinese) [f&%%, &5z, EEMN,
AL, T AAF 2024 PIFEAAR 73 045201

Xue C, Gao F, Wen D Q, Wang Y N 2019 J. Appl. Phys. 125
023303

Liu W, Xue C, Gao F, Liu Y X, Wang Y N, Zhao Y T 2021
Chin. Phys. B 30 065202

Sun X Y 2017 Ph. D. Dissertation (Dalian: Dalian University
of Technology) (in Chinese) [#MBEHE 2017 Hi =471 3¢ (K
;KT )]

Shibata M, Nakano N, Makabe T 1996 J. Appl. Phys. 80 6142
Toneli D A, Pessoa R S, Roberto M, Gudmundsson J T 2015
J. Phys. D: Appl. Phys. 48 495203

Zhao X Q, Liang Y S, Guo Y Y 2022 Phys. Plasmas 29
113511

Zhang Y R, Gao F, Li X C, Bogaerts A, Wang Y N 2015 J.
Vac. Sci. Technol. A 33 061303

Zhang Y R, Hu Y T, Gao F, Song Y H, Wang Y N 2018
Plasma Source Sci. Technol. 27 055003

Sun X Y, Zhang Y R, Li X C, Wang Y N 2017 Chin. Phys. B
26 015201

Liang Y S, Liu Y X, Zhang Y R, Wang Y N 2020 J Appl.
Phys. 127 133301

Liang Y S, Xue C, Zhang Y R, Wang Y N 2021 Phys.
Plasmas 28 013510

Bogaerts A 2009 Spectrochim. Acta B 64 126

Gudmundsson J T, Thorsteinsson E G 2007 Plasma Sources
Seci. Technol. 16 399

Gomez S, Stern P G, Graham W G 2002 Appl. Phys. Lett. 81
19

Singh H, Coburn J W, Graves D B 2000 J. Appl. Phys. 88
3748

Matsushita J, Sasaki K, Kadota K 1997 Jpn. J. Appl. Phys.
36 4747

Mozeti¢ M, Zalar A 2000 Appl. Surf. Sci. 158 263

Booth J P, Sadeghi N 1991 J. Appl. Phys. 70 611

Lee C, Lieberman M A 1995 J. Vac. Sci. Technol. A 13 368
Guha J, Kurunczi P, Stafford L, Donnelly V M, Pu Y K 2008
J. Phys. Chem. C 112 8963

Kitajima T, Nakano T, Makabe T 2006 Appl. Phys. Lett. 88
091501

Sharpless R L, Slanger T G 1989 J. Chem. Phys. 91 7947
O'Brien Jr R J, Myers G H 1970 J. Chem. Phys. 53 3832
Vidaud P H, Wayne R P, Yaron M 1976 Chem. Phys. Lelt.
38 306

Thorsteinsson E G, Gudmundsson J T 2010 Plasma Sources
Sci. Technol. 19 055008

Gudmundsson J, Kimura T, Lieberman M 1999 Plasma
Sources Sci. Technol. 8 22

Kiehlbauch M W, Graves D B 2003 J. Vacuum Sci. Technol.
A 21 660

Liu W, Wen D Q, Zhao S X, Gao F, Wang Y N 2015 Plasma
Sources Sci. Technol. 24 025035

Toneli D A, Pessoa R S, Roberto M, Gudmundsson J T 2015
J. Phys. D: Appl. Phys. 48 325202


https://doi.org/10.1088/1674-1056/ac7551
https://doi.org/10.1088/1674-1056/ac7551
https://doi.org/10.1088/1674-1056/ac7551
https://doi.org/10.1088/1674-1056/ac7551
https://doi.org/10.1088/1674-1056/ac7551
https://doi.org/10.1088/1674-1056/ac7551
https://doi.org/10.1088/1674-1056/ac7551
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.surfcoat.2020.125434
https://doi.org/10.1016/j.apsusc.2018.12.156
https://doi.org/10.1016/j.apsusc.2018.12.156
https://doi.org/10.1016/j.apsusc.2018.12.156
https://doi.org/10.1016/j.apsusc.2018.12.156
https://doi.org/10.1016/j.apsusc.2018.12.156
https://doi.org/10.1016/j.apsusc.2018.12.156
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1590/1516-1439.270714
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1016/j.scriptamat.2009.03.036
https://doi.org/10.1063/1.3058601
https://doi.org/10.1063/1.3058601
https://doi.org/10.1063/1.3058601
https://doi.org/10.1063/1.3058601
https://doi.org/10.1063/1.3058601
https://doi.org/10.1063/1.3058601
https://doi.org/10.1063/1.3058601
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.13922/j.cnki.cjovst.2017.03.09
https://doi.org/10.1021/acsami.9b21287
https://doi.org/10.1021/acsami.9b21287
https://doi.org/10.1021/acsami.9b21287
https://doi.org/10.1021/acsami.9b21287
https://doi.org/10.1021/acsami.9b21287
https://doi.org/10.1021/acsami.9b21287
https://doi.org/10.1021/acsami.9b21287
https://doi.org/10.1063/1.4765357
https://doi.org/10.1063/1.4765357
https://doi.org/10.1063/1.4765357
https://doi.org/10.1063/1.4765357
https://doi.org/10.1063/1.4765357
https://doi.org/10.1063/1.4765357
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/0022-3727/39/15/009
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1088/1674-1056/abccb0
https://doi.org/10.1016/j.vacuum.2019.108821
https://doi.org/10.1016/j.vacuum.2019.108821
https://doi.org/10.1016/j.vacuum.2019.108821
https://doi.org/10.1016/j.vacuum.2019.108821
https://doi.org/10.1016/j.vacuum.2019.108821
https://doi.org/10.1016/j.vacuum.2019.108821
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1018868722.htm
https://doi.org/10.1016/j.vacuum.2017.08.029
https://doi.org/10.1016/j.vacuum.2017.08.029
https://doi.org/10.1016/j.vacuum.2017.08.029
https://doi.org/10.1016/j.vacuum.2017.08.029
https://doi.org/10.1016/j.vacuum.2017.08.029
https://doi.org/10.1016/j.vacuum.2017.08.029
https://doi.org/10.1016/j.vacuum.2017.08.029
https://doi.org/10.1088/1674-1056/24/9/095203
https://doi.org/10.1088/1674-1056/24/9/095203
https://doi.org/10.1088/1674-1056/24/9/095203
https://doi.org/10.1088/1674-1056/24/9/095203
https://doi.org/10.1088/1674-1056/24/9/095203
https://doi.org/10.1088/1674-1056/24/9/095203
https://doi.org/10.1002/ppap.201600100
https://doi.org/10.1002/ppap.201600100
https://doi.org/10.1002/ppap.201600100
https://doi.org/10.1002/ppap.201600100
https://doi.org/10.1002/ppap.201600100
https://doi.org/10.1002/ppap.201600100
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.7498/aps.73.20231369
https://doi.org/10.1063/1.5079585
https://doi.org/10.1063/1.5079585
https://doi.org/10.1063/1.5079585
https://doi.org/10.1063/1.5079585
https://doi.org/10.1063/1.5079585
https://doi.org/10.1063/1.5079585
https://doi.org/10.1088/1674-1056/abe3f5
https://doi.org/10.1088/1674-1056/abe3f5
https://doi.org/10.1088/1674-1056/abe3f5
https://doi.org/10.1088/1674-1056/abe3f5
https://doi.org/10.1088/1674-1056/abe3f5
https://doi.org/10.1088/1674-1056/abe3f5
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://cdmd.cnki.com.cn/Article/CDMD-10141-1017035031.htm
https://doi.org/10.1063/1.363649
https://doi.org/10.1063/1.363649
https://doi.org/10.1063/1.363649
https://doi.org/10.1063/1.363649
https://doi.org/10.1063/1.363649
https://doi.org/10.1063/1.363649
https://doi.org/10.1063/1.363649
https://doi.org/10.1088/0022-3727/48/49/495203
https://doi.org/10.1088/0022-3727/48/49/495203
https://doi.org/10.1088/0022-3727/48/49/495203
https://doi.org/10.1088/0022-3727/48/49/495203
https://doi.org/10.1088/0022-3727/48/49/495203
https://doi.org/10.1088/0022-3727/48/49/495203
https://doi.org/10.1063/5.0098152
https://doi.org/10.1063/5.0098152
https://doi.org/10.1063/5.0098152
https://doi.org/10.1063/5.0098152
https://doi.org/10.1063/5.0098152
https://doi.org/10.1063/5.0098152
https://doi.org/10.1116/1.4928033
https://doi.org/10.1116/1.4928033
https://doi.org/10.1116/1.4928033
https://doi.org/10.1116/1.4928033
https://doi.org/10.1116/1.4928033
https://doi.org/10.1116/1.4928033
https://doi.org/10.1116/1.4928033
https://doi.org/10.1116/1.4928033
https://doi.org/10.1088/1361-6595/aab870
https://doi.org/10.1088/1361-6595/aab870
https://doi.org/10.1088/1361-6595/aab870
https://doi.org/10.1088/1361-6595/aab870
https://doi.org/10.1088/1361-6595/aab870
https://doi.org/10.1088/1361-6595/aab870
https://doi.org/10.1088/1674-1056/26/1/015201
https://doi.org/10.1088/1674-1056/26/1/015201
https://doi.org/10.1088/1674-1056/26/1/015201
https://doi.org/10.1088/1674-1056/26/1/015201
https://doi.org/10.1088/1674-1056/26/1/015201
https://doi.org/10.1088/1674-1056/26/1/015201
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/1.5143821
https://doi.org/10.1063/5.0031120
https://doi.org/10.1063/5.0031120
https://doi.org/10.1063/5.0031120
https://doi.org/10.1063/5.0031120
https://doi.org/10.1063/5.0031120
https://doi.org/10.1063/5.0031120
https://doi.org/10.1063/5.0031120
https://doi.org/10.1063/5.0031120
https://doi.org/10.1016/j.sab.2008.11.004
https://doi.org/10.1016/j.sab.2008.11.004
https://doi.org/10.1016/j.sab.2008.11.004
https://doi.org/10.1016/j.sab.2008.11.004
https://doi.org/10.1016/j.sab.2008.11.004
https://doi.org/10.1016/j.sab.2008.11.004
https://doi.org/10.1016/j.sab.2008.11.004
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1088/0963-0252/16/2/025
https://doi.org/10.1063/1.1490630
https://doi.org/10.1063/1.1490630
https://doi.org/10.1063/1.1490630
https://doi.org/10.1063/1.1490630
https://doi.org/10.1063/1.1490630
https://doi.org/10.1063/1.1490630
https://doi.org/10.1063/1.1289046
https://doi.org/10.1063/1.1289046
https://doi.org/10.1063/1.1289046
https://doi.org/10.1063/1.1289046
https://doi.org/10.1063/1.1289046
https://doi.org/10.1063/1.1289046
https://doi.org/10.1143/JJAP.36.4747
https://doi.org/10.1143/JJAP.36.4747
https://doi.org/10.1143/JJAP.36.4747
https://doi.org/10.1143/JJAP.36.4747
https://doi.org/10.1143/JJAP.36.4747
https://doi.org/10.1143/JJAP.36.4747
https://doi.org/10.1016/S0169-4332(00)00007-6
https://doi.org/10.1016/S0169-4332(00)00007-6
https://doi.org/10.1016/S0169-4332(00)00007-6
https://doi.org/10.1016/S0169-4332(00)00007-6
https://doi.org/10.1016/S0169-4332(00)00007-6
https://doi.org/10.1016/S0169-4332(00)00007-6
https://doi.org/10.1016/S0169-4332(00)00007-6
https://doi.org/10.1063/1.349662
https://doi.org/10.1063/1.349662
https://doi.org/10.1063/1.349662
https://doi.org/10.1063/1.349662
https://doi.org/10.1063/1.349662
https://doi.org/10.1063/1.349662
https://doi.org/10.1063/1.349662
https://doi.org/10.1116/1.579366
https://doi.org/10.1116/1.579366
https://doi.org/10.1116/1.579366
https://doi.org/10.1116/1.579366
https://doi.org/10.1116/1.579366
https://doi.org/10.1116/1.579366
https://doi.org/10.1116/1.579366
https://doi.org/10.1021/jp800788a
https://doi.org/10.1021/jp800788a
https://doi.org/10.1021/jp800788a
https://doi.org/10.1021/jp800788a
https://doi.org/10.1021/jp800788a
https://doi.org/10.1021/jp800788a
https://doi.org/10.1063/1.2180871
https://doi.org/10.1063/1.2180871
https://doi.org/10.1063/1.2180871
https://doi.org/10.1063/1.2180871
https://doi.org/10.1063/1.2180871
https://doi.org/10.1063/1.2180871
https://doi.org/10.1063/1.457211
https://doi.org/10.1063/1.457211
https://doi.org/10.1063/1.457211
https://doi.org/10.1063/1.457211
https://doi.org/10.1063/1.457211
https://doi.org/10.1063/1.457211
https://doi.org/10.1063/1.457211
https://doi.org/10.1063/1.1673848
https://doi.org/10.1063/1.1673848
https://doi.org/10.1063/1.1673848
https://doi.org/10.1063/1.1673848
https://doi.org/10.1063/1.1673848
https://doi.org/10.1063/1.1673848
https://doi.org/10.1063/1.1673848
https://doi.org/10.1016/0009-2614(76)85160-3
https://doi.org/10.1016/0009-2614(76)85160-3
https://doi.org/10.1016/0009-2614(76)85160-3
https://doi.org/10.1016/0009-2614(76)85160-3
https://doi.org/10.1016/0009-2614(76)85160-3
https://doi.org/10.1016/0009-2614(76)85160-3
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/19/5/055008
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1088/0963-0252/8/1/003
https://doi.org/10.1116/1.1564024
https://doi.org/10.1116/1.1564024
https://doi.org/10.1116/1.1564024
https://doi.org/10.1116/1.1564024
https://doi.org/10.1116/1.1564024
https://doi.org/10.1116/1.1564024
https://doi.org/10.1116/1.1564024
https://doi.org/10.1116/1.1564024
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0963-0252/24/2/025035
https://doi.org/10.1088/0022-3727/48/32/325202
https://doi.org/10.1088/0022-3727/48/32/325202
https://doi.org/10.1088/0022-3727/48/32/325202
https://doi.org/10.1088/0022-3727/48/32/325202
https://doi.org/10.1088/0022-3727/48/32/325202
https://doi.org/10.1088/0022-3727/48/32/325202
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 13 (2024) 135201
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Abstract

In the inductively coupled plasma (ICP) discharge, surface processes, such as reflection, de-excitation, and
recombination, can occur when active species arrive at material surfaces, which accordingly influences the
plasma properties. In this work, a fluid model is used to study the Ar/O, plasma generated by ICP reactors
made of different materials. In simulation, sticking coefficient is employed to estimate the surface reactions on
different materials. As the reactor material changes from stainless steel to anodized aluminum to Cu, the
sticking coefficient of surface reaction O—1/20, decreases accordingly. It is found that the reactor material has
a great effect on species density. In the stainless steel reactor, the density of O atoms at grounded state and
excited state are much lower because more O, molecules are generated from the surface reaction, yielding a
much higher density of O molecular ions which are mainly created from the ionization process of O,
molecules. Similarly, the high density of O, molecules also enhances the production of O (a'4,) molecules
through the excitation process and O ions through the dissociation attachment reaction. On the contrary, more
electrons are consumed via the collisions between electrons and O, molecules or OF molecular ions. Therefore,
the electron density obtained in the Cu reactor is highest. The density of Ar' ions and Ar,, atoms also increase
with sticking coefficient decreasing. The density of O* ions and O molecular ions peak below the coil in the
stainless steel reactor, whereas the radial uniformities are improved in the Cu reactor. In the three reactors, the
electrons distribute evenly at the reactor center region. The O density and O (a'A,) density significantly
peak at the reactor center, while the maximum value of

. . . Max Min
Ar™ density and Ar,, density are below the coil. As for [ m——— ]
O('D), the maximum density below the coil region Max = 5.83 X 1016 m—3 Max = 2.61x 1016 m~3
Min = 2.72 X 1013 m~3 Min = 3.04 X 103 m~3
moves toward the reactor center as the reactor g i
material changes from stainless steel to Cu. Finally, the

effect of sticking coefficient of O—1/20, is studied.
The results show that the O atom density decreases -
with the sticking coefficient increasing, but the

opposite trend is observed in Oy molecular density. It is

noticed that the sticking coefficient has little effect on

species density when it is higher than 0.5.
Keywords: inductively coupled plasma, Ar/O, plasma, reactor material, fluid simulation
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