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Table 1. Related material parameters input for simula-

tion.
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Fig. 1. Dependence of sputtering yield on injection angle: (a) Injection energy 500 eV; (b) injection energy 1000 eV.
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Fig. 2. Dependence of sputtering yield on injection energy: (a) Injection angle 0°%; (b) injection angle 40°%; (c) injection angle 80°.

3.1.3  AGHE = xR AT~ B8RSR

&l 3 Aok ABTRERE N 500 eV B, =il
A RIS 50 L B L JEE it A S 3 AR A A 5. 4
Kl 3(a) Uran, A G388 N 1x10'/cm? 34 Jii1 5
11018 /cm?, Wl 4 5 52 vl i #4, Bt #  Al
(A ek /L ST 5 5 ik DU A 38 3 B/ ML T G 34
T 3k FR T B AR S R ) SrORE T AR 2 1Y
MRS A AR AR A, U T TS 4

0.020

0.015 | 7>
o
0.010 f0¢

0.005

Sputtering yeild

0

120 ]
100 AE0a¥ 0 5200 Qg .‘
80 F
60 -
40
20

Depth/nm

Fluence/(10'7 cm~—2)

P 3 TSP (a) FIHEJEE (b) B SHE Bt 592 1k
Fig. 3. Dependence of (a) sputtering yield and (b) target

thickness on injection fluence.

sl 3(b) R, FiE ASTE G, =Fhi
A B JEE B 34 e HE . R 2 1x 1017 /em? B
FERE Y JEE B2 T B T80, FEIR B2 5% 1017 /cm? B
W 2, 7E 1108 /cm? i #0JEE B 28/ N T-40) R J5E
4 1/2. MACZT, TIEEAY R B AR 218, TEil =2
1% 10" fem? i I JE 88 LA (R 155 FN ) 46 J5E 2 A

. T IAARE A  JE A A A RO TR R Y A
TR, AR T HCE [N 52 T SR 5 LA i
B OTORL TR B2 M. T AN TR L, U™t L K
STREFAERE P A AT DR BE IR BE A e 25 5, 8K
ENIEERAS AR, JrZat it —2 0k
Hitoipee A ENIDEEN LS A N

3.2 WEH#RBBTES =i

XFZ 2L R, A SR ER R AL T AL T
e R AU . SO AEAT R, 520 R A AL A I S
FEER. AT R T ONZ FEAR AL 43501 DA R
RFENCASRE, XA 0 REAE R 2R 2 ARG
PR
3.2.1  ASA B IRST T B8R

Pl 4 4y HE U2 00 3 T J2 T S 7 5 Bt A B A
AR g, Hh B2 IE RN 100 nm, R
JEREE K 20 nm. JHrEs B .

1) BRIE SR IR 2 AT S 7= 06T e A U2
B B3R S A SR — 0 A R, —
SPNENT — 2L o TR A ST B (E =, RS
B T8I R A IS 0R) SrORE T 0K 28 v TRk . B,
L 500 eV 3 ELA ST Y STORL - o35 o B R EE
i, B T A A HE A SRR S 20 66%, Tk
Y SRR 20%. BEA, A4 (1) =X, FERER TR
HTORL T 1 2 B3 I BE B 290 4%, 1A% 386 25 B
REEE 290 50%, 3% B M NS Bt S S i) Jroh: 1465
Y RE BRI R T B B T R R T o —
T, FH TR 8 RS B (B AR, 32F ARG )2 ik
i f e kAR RS, R B AT T R A B3R )=
b VR R IR RS2 T R 2 IS A

195201-4


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 19 (2025)

195201

(a) D 500 eV, 1x10' cm~—2
— Li/C - Li/W

0.20 | — B/C --B/W
< — si/C -- Si/W
)
= 0.15
o0
b=
g
Q
£ 0.10
=3
R
w0

0.05

0 20 40 60 80

Angle/(°)

P4 I LT A A RE A At £

0.25 ‘
(b) D 1000 eV, 1x10'6 cm—2
— Li/C --- Li/W
0.20 | — B/C ---B/W
ke — Si/C ---Si/W
)
= 0.15
o0
=
g
Q
£ 0.10
=3
oR
wn
0.05

0 20 40 60 80
Angle/(°)

(a) AR T-AE R 500 eV; (b) ASH ik TfE & 1000 eV

Fig. 4. Dependence of sputtering yield on injection angle: (a) Injection energy 500 eV; (b) injection energy 1000 eV.
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Fig. 5. Dependence of sputtering yield on injection energy: (a) Injection angle 0°, coating thickness 20 nm; (b) injection angle 40°,

coating thickness 20 nm; (c¢) injection angle 80°, coating thickness 100 nm; (d) injection angle 0°, coating thickness 100 nm; (e) in-

jection angle 40°, coating thickness 100 nm; (f) injection angle 80°, coating thickness 100 nm.
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Fig. 6. Dependence of sputtering yield and target thickness on injection fluence: (a) Sputtering yield of carbon substrates; (b) sput-

tering yield of tungsten substrates; (c) thickness of carbon substrates; (d) thickness of tungsten substrates.
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Simulation study of physical sputtering behavior of different
wall conditioning layers in fusion devices under deuterium
particle bombardment”

HUANG Xiangmei HU Yi  CAO Chengzhi

(Southwestern Institute of Physics, Chengdu 610225, China)

( Received 20 June 2025; revised manuscript received 15 July 2025 )

Abstract

Wall conditioning coatings—lithium (Li), boron (B) and silicon (Si)—introduced by lithiumization,
boronization, or siliconization, serve as a critical strategy for suppressing fuel recycling and reducing impurity
fluxes from the wall of a tokamak. These techniques directly improve plasma initiation, reproducibility, energy
confinement, and operational stability in fusion devices. However, these coatings undergo both physical and
chemical sputtering by boundary plasma bombardment. This erosion behavior critically determines coating
lifetime and, consequently, long-pulse plasma performance. To evaluate the influence of physical sputtering on
coating durability and to compare material-specific differences, binary collision approximation (BCA)
simulations are conducted to investigate the physical sputtering behaviors of Li, B, and Si coatings. Carbon (C)
and tungsten (W) substrates are also modeled to assess interface effects. The results reveal the significant
differences in sputtering yields between Li, B, and Si in incident angles and deuterium energies. Owing to its
low surface binding energy, lithium exhibits the highest sputtering yield at large angles and low energies, while
silicon, with the highest atomic number, presents the highest sputtering yield at small angles and high energies.
Sputtering yields of carbon-based and tungsten-based coatings vary with angle and energy, driven by their
differences of deuterium backscattering and substrate sputtering at the interface. Notably, for tungsten-based
coatings, the sputtering yields increase dramatically at specific energies. This occurs because tungsten’s high
surface binding energy causes incident deuterium atoms to reflect off the tungsten interface and then collide
with coating elements. Consequently, when the energy transferred to the surface element is higher than its
sputtering threshold, the sputtering yield increases. Additionally, increasing incident fluence modifies the target
composition, leading to corresponding changes in the sputtering yields of coating materials. In summary, coating
materials should be selected according to the expected angle distribution and energy distribution of the incident
plasma particles. To suppress the abrupt yield increase observed in tungsten substrates at specific energies, the
coatings must be sufficiently thick. These findings provide a theoretical basis for selecting conditioning materials

and optimizing wall conditioning strategies in fusion devices.
Keywords: wall conditioning layers, sputtering yield, deuterium implantation, interface effect
PACS: 52.40.—w, 52.55.—s, 28.52.Fa DOI: 10.7498 /aps.74.20250805
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