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Fig. 1. Schematic diagram of the magnetic mirror model and test particle MC model.
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Table 1.

Reactions of Ar discharge involving electrons!®®l.

SO 7 R

B R (m

e+ Ar — Ar + e
e+ Ar — Art + 2e

2.336 x 107 1T, 1-609 » exp [0.0618(InTe)* — 0.1171(In T¢)?] —

s 1) SV RERBE eV i
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2.34 x 10~ 14T0-59 x exp (—17.44/Te) 15.76 H, Byl A
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Table 2.  Reactions of Ar discharge involving Ar+?s].
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Fig. 2. Schematic diagram high-efficient PIC/MC model for

complex solution domain.
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Table 3. Main reactions of Ar gas discharge.
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Fig. 4. Distribution of magnetic field (a) and test-electron density of 0.5 us (b) at different magnetic mirror ratio R, with By= 36 mT.
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Fig. 5. Evolution tendency of the electron escape rate, the maximum test-electron density, the output ion beam density, and the

ratio of the output ions to the sputtering ions with R,,.
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Fig. 6. Magnetic induction intensity on the analytical line a
at different B, with R, = 2.50.
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Fig. 7. Distribution of magnetic field (a) and test-electron density of 0.5 ps (b) at different magnetic mirror ratio By with R, = 2.50.
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Fig. 8. Evolution tendency of the electron escape rate, the maximum test-electron density, the output ion beam density, and the

ratio of the output ions to the sputtering ions with B,
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Fig. 9. Distribution of the magnetic field (a) and the test-electron density (b) under the optimized cathode structures.
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Fig. 10. Evolution process of the plasma density simulated by the different model: (a) High-efficient PIC/MC model; (b) traditional

PIC/MC model.
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Fig. 11. Corresponding density distribution and potential distribution of different h,: (a) Distribution of ion density; (b) distribu-

tion of electron density; (c) distribution of potential.

085202-10


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

¥ B ¥ R Acta Phys. Sin.

Vol. 72, No. 8 (2023)

085202

Fed o ORIAD hyo XTI Y 2 B T AT L BRI

Table 4. Plasma discharge characteristics at different h,,.
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292 0.81, FHH BRI T IR B TR
Lo B, 1 M I B R BRI . B Ry, B
K, BIBHMR Z (A1 FE B 14, o A0 B Bl 22 08N, 75
S I D5, AR PO sSEH ) R AS , iR
KB BB O Q S Z IR, FE £ M)
BE AR Fr 206 38, 25 B 7 A I R i R U . Y by =
18 mm A}, &5 B 1R IGH 2 FE R & 3.40%x 10" m 3
Ivi) S} 7350 R DX 358 1 AR 2 0/ 28 38.4 mm 2, A 4
G5 T G B TR IS A HL. RAh, SRR 2 18]
F1%) EEL 7 568 D N, SECf F AR OX B 85 14 0 5 1 4
VO , O S AR R R A, i S T S TR
BT RRCR L) B2 BT, B A 2 h B S A5 51 2%
fiff. SR, BEARIY A5 B TR B A K i i i 42
[P S 50 T RO R R 55, X s R
TAHERREAR. AT W, A, = 10 mm B, 301 AR

hac =2 mm hac = 6 mm

hac =10 mm

4 B - RO, SRR R A v e AR
B R L, RUTI BFR A TARRCR G,
[ 220 ol I G 45 55 . (EAS U A2, DAl F s
fjﬂ: (31.6 mm, 54.8 mm), FEARHEEE 08 Q

G, REUS R B AV I R 2 2, HIREAS (R IE
o 9o TR HL R AR R4, ST L BRI 2 AR B AR 3R
[af:spiZng

4.3 PEMRSABARAKFEBEEE 4, WEEF
NS A

TE hye = 10 mm T, 353 #4% PIC/MC #5
W BEA S P9 AR 7K TR BE d,, X 55 B AR 52
I N W TR 8 o TN S R - £ D W& )
B, LI 12(a)—(c). BEZE d,. BB, FH
BRI 5 PN M BN (] R R B AR a5 v 1 v 3

hac = 14 mm hac =18 mm

(a)120 120 - 120 120 120 Eg%%}%/m%
110 110 110 110 110 1017
100 100 100 100 100
90 90 90 90 90 1016
80 80 80 80 80
70 70 70 70 70
60 60 60 60 60 10%
50 50 50 50 50
40 40 40 40 40 101

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

(b)120 120 120 120 120 HL T8 /m =3
110 110 110 110 110 1017
100 100 100 100 100
90 90 90 90 90 )
80 80 80 80 80 1010
70 70 70 70 70
60 60 60 60 60 10
50 50 50 50 50
40 40 40 40 40 1014

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

(c) 120 120 120 120 120 3k /v
110 110 110 110 110 1000
100 100 100 100 100
90 90 90 90 90 %800
80 80 80 80 80 r600
70 70 70 70 70 400
60 60 60 60 60
50 50 50 50 50 i200

10 4 0

40 40
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

B 12 T dy IS R85 B A1 2 g 4o A

40
0 10 20 30 40 50 60 70 80

(a) BEFHRE4MT: (b) BT

0
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

BESM i 5 (c) HL S Al

Fig. 12. Corresponding density distribution and potential distribution of different d,.: (a) Distribution of ion density; (b) distribu-

tion of electron density; (c) distribution of potential.
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Table 5.  Plasma properties at different d,.
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Abstract

Plasma simulation is important in studying the plasma discharge systematically, especially the anode layer
ion source which has the complex geometrical characteristics of the discharge structure. However, owing to the
complex solution domain formed by the geometric profile of the anode and cathode, the traditional simulation
models show extremely small computational efficiency and poor convergence. This work presents a separate
simulation for the ion source structure and the plasma discharge, separately, where the cathode geometric
parameters (including the size, the shape and the relative position of the inner and outer cathodes) are
simplified into two magnetic mirror parameters (the magnetic mirror ratio R, and the magnetic induction
intensity in the center of the magnetic mirror B,), and then a high-efficient particle-in-cell/Monte Carlo
collision (PIC/MCC) model is established to improve the computational efficiency and stability of the plasma
simulation later. As a result, the convergence time of the plasma simulation is shortened significantly from
1.00 ps to 0.45 ps, and by which the influences of the geometrical characteristics of the discharge structure on
the plasma properties are systematically studied. The simulation results reveal that magnetic mirror with
R, = 2.50 and B, = 36 mT can best confine the plasma in the central area between the inner cathode and
outer cathode. When the discharge center of the plasmacoincides with the magnetic mirror center, the anode
layer ion source presents both high density output of ion beam current and significantly reduced cathode
etching, suggesting that the best balance is obtained between the output and cathode etching.

Keywords: plasma simulation, anode layer ion source, discharge structure, plasma properties
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