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Abstract
characteristics, RF frequencies of 2.1 MHz, 13.56 MHz and 40.68 MHz are employed to perform radio-frequency
glow discharge cleaning (RF-GDC) during the initial discharge phase of HL-2M. Results show that the breakdown
pressure of 2.1 MHz RF-GDC is 2.0x10 "' Pa, while that of 13.56 MHz is 5.6x10 ' Pa with a preset power of 1500
W. However, the breakdown happens at 9.2x10 ' Pa only when DC bias voltage is added for the 40.68 MHz case.

The impurity cleaning efficiency is also studied by monitoring the residual gas composition during the RF-GDC

In order to study the influence of RF driven frequency on the glow discharge cleaning

with different driven frequencies. Results show that, due to the more heated electrons at low frequency, the 2.1 MHz
RF-GDC has the highest impurity yield. Additionally, although the 40.68 MHz RF-GDC has the lowest power
coupling efficiency, its impurity yield is still higher than 13.56 MHz RF-GDC due to its high plasma density. The
results indicated that the 2.1 MHz RF-GDC has the best cleaning performance. However, because the power
coupling efficiency of different frequency is different, which also have an impact on the cleaning efficiency, the
impedance matching problem should be solved to improve the coupling power in the next step.
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Fig.2 Procedure of RF-GDC: (a) breakdown, (b) add DC-

GDC, (c) reduce pressure, (d) uniform plasma formed
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Tab. 1 Breakdown pressure at different frequency and power

WEHE/MHz  BEIREW MEYIER/W diFESE/Pa
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13.56 2000 700 4.6x10"
40.68 1500 260 9.2x10™'*
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Fig.4 lon current of mass at different radio-frequency:

(a) pressure in the vacuum vessel, (b) ion current of
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1 40.68 MHz it FE BT CH, 1 CO

BT IR S SRIEIN, vT BE R MG B RN FE A [H] Y

AAR )R A AR, X A B AN A S g 4
BATIE .

2.1 MHz #il 13.56 MHz i HL, 19 T A/ R 35 S AR 2
e 1~2x10" Pa Ze 45, % B SHAR A h 2R Ik 5 15
M, TAESEA B sh. KPR, S50 7w
HHH, B A, R 2.1 MHz BH 8 8o 7
BT 13.56 MHz, HiH, CH, 7 T 4 25%, H,0
BT 49 59%, CO 5 1 £ 21%.



4438 H o= B %

ST 5 I NI S 543 &

1T 40.68 MHz Jilt Hi i 7 ZF R i, 7R S5 50
1 R O SR R SR T A IR = ~1%107 Pas AN EI T
71N, 40.68 MHz it H 1Y) H,O & F Ui W i = T 13.56
MHz, BT 2.1 MHz; ifii CH, 1 CO & F-if s & T
13.56 MHz, B f2{X T 2.1 MHz.

TS TR TE PR AR B E R SR T
W BT R R A AN RE TR A
FLF R, R (1) R Y KA RBRT A
I BE TH] A9 I B ZURL T2, T LAV BRSO IE T &R
TR R (2) 0 T IR U™ WA S5 B TR
HOELYHL B L T L PR B AR RE R I, A5 AR
FEL L RN P i R BORNRE K 55 (3) e BE RN 1T LA
St A B ) SR R L R I ) A B
(4) 1= RiB B 5 TR ) A FRE 2 I 2 % i A A 31—
EVER

HRAE SCHR [7] BRI FE 25 S, e A FL S0z 1) F,
WE 3R, A TR R R L, B R, BT
5 N B R T IR R B L RS Y R
/D, R TR R, M B R 2, iR
FEw o A, X AR, R B S T R A L
= VAR BTN 4 = N [T B2 ) | P (2 BN - R NG RN £
e L R B e R e R 2 (AR SN 7 ) FETT
RO 82 SR =4 TR AR AU L, 382 1Y 3%
P O A S T A A2 A2 Bl A RE T i, i
R RETR T, DT 1 B 22 4 2 7740 o

X B B BE 4 v ) CH,. CO, B T 35 % ] fE X
BT MO B A A, BT AR 2.1 MHz L Y
e B VIR T BB AR 1 L BRSO = T 53 AR AR i
HL A RN BB BE R IR ) HL0, He e
A 40.68 MHz Ji FL 1) /5 45 25 114285 B e 1 in JHL s
PR, A5 5 2.1 MHz HCH R Y 1 74

2.1 MHz #il 13.56 MHz jit H & 72, H, & ikl
I [ 388 0 77 920, 02 14 HLO 85 F- i 4 in, 1B CH,.
CO W B F I FEARAE . 7] Ul b 25 5 e B (] 358
BER TR, 2 WM AR 25 3R RV A H,0 If
JIR B o

g5 R, 7F HL-2M %6 8 9] 0 0 B B, 2.1
MHz [ 5550 15 38 8 5 i B AT e v 1 3 TR0
SR, T AR SZ 3 13.56 MHz 1 40.68 MHz f
A TR /NT 2.1 MHz, — @12 L5200 T 53X B
BRI B VE VERCR o AN 1 TR, 40.68 MHz i
L AR & o R HA A F 13.56 MHz i f i —2F, (H

HA& A P T 13.56 MHz, 26 2 0 TA/EER
2974 0.2 Pa, KSRGS DR IH—A o 1 kW J5 045
IR I AR I S R s B BRACR . AT LA B, Y T AE
JEGRAR Y | A DR A AERT, 40.68 MHz Jift AL ) 24 it
THRECR R . B LSRR N 40.68 MHz HYARA
T, w] LA L HAE BRACR 2 W] 4

K2 TERERRELRFUERAE

Tab.2 Equivalent removed rate at different frequency

WEE,  CH,EBRE/  HO EHRE/ CO TBH %/
MHz (molecules.s ') (molecules.s ') (molecules.s ')
2.1 3.78x10' 6.10x10" 6.35x10'
13.56 1.45x10" 1.57x10" 2.47x10"
40.68 4.64x10" 6.84x10"7 7.51x10'°
3 B4

FE HL-2M %& B W] iiis 17 B Bt SRk A [R] 3K 2)) 53
2R SRR YR R T ) 25 1 S AR B ' L
VELIAGY . A5 R R, 1548 TR h e 7 5
SB[ B o) X S S A R 1 £ R A
%, 2.1 MHz B A RARME2F <. Ji4h, 2.1 MHz
i FEL Y PR AR i e, AR AT A e HLRE 1A R R A,
) T 2R T N R R . 40.68 MHz il HL I TR
R 13.56 MHz =, B A i 19 5 5 1 1R 2% 13 34
INT R R N

SEI R kR, AR 40.68 MHz I HL B B 5 A
RORAR, (A5 3RA% T /T 13.56 MHz 978 VERUR .
PRI 20 SR BE 45 78 40.68 MHz il i B4 Bh 2%, Filit
A DLARAS B IS VRSO . TEAH IR ARG T,
2.1 MHz F1 40.68 MHz I 331 2 5 A7 5 4 (95 Dk
VAT B — 5T

WA, BHAE 0] R JF i S A A Bl WSt il i i 5
BRI SR R, A P A B R D RS
RO, A BERATF A TG VERIOCR o 7RIS a5,
A5 Xk B A B A B S5 R | A B AR R AT IR RIS, JF
WA B 1% D E o 265 L At e 12 ) AL

& £ X #t
[1] Zhu Yukun. Vacuum Science and Technology in Nuclear
Engineering[M]. 1% ed, Beijing, China: Atomic energy
Press, 2010: 170-177. CRER I A% B 25 B 22 H AR M)
U, 65T JRFREH kL, 2010: 160-177(in chinese) )
[2] Philipps V. Wall conditioning on TEXTOR[J]. Fusion
Science and Technology, 2005, 47(2): 119125



5 1

B[ B S5 SRS TR R B C O T TR R

449

(3]

(4]

[5]

6]

(7]

(8]

[9]

[10]

Jackson G L, Taylor T S, Taylor P L, et al. Particle con-
trol in DIII-D with helium glow discharge conditioning
[J]. Nuclear Fusion, 1990, 30(11): 2305-2317
Herschbach K, Maurer W, Vetter J E. The JET glow dis-
charge cleaning system[J]. Fusion Technology, 1994:
203-206

Kim K M, Yang H L, Hong S H, et al. Wall conditioning
of the KSTAR vacuum vessel[J]. Fusion Engineering &
Design, 2009, 84(2-6): 1026-1028

Cai Xiao, Cao Zeng, Huang Xiangmei, et al. RF-assisted
glow discharge cleaning of HL-2A[J]. Journal of Vacu-
um Science & Technology, 2014, 34(6): 645—649 (2L,
R ), S SRR B 4 BTG Y MR AEHL -
2ARE ERININ]. B RE SHOR R, 2014, 34(6):
645-649(in chinese) )

Zhang Gailing, Hua Yue, Hao Zeyu, et al. Experimental
investigation of plasma parameters in 13.56 MHz/2 MHz
cylindrical inductively coupled plasma[J]. Acta Physica
Sinica, 2019, 68(10): 186195 (FKEL¥, IR, P,
4. 13.56 MHz/2 MHZAEAR BERS & 25 B TS H
FERISE (0] BB, 2019, 68(10): 186—195(in chinese) )
Brooks N H , Petersen P. Initial conditioning of the ves-
sel wall and the graphite limiters in DIII-D[J]. Journal of
Nuclear Materials, 1987, 145: 770-774

Dietz K J, Bartlett D, Baumel G, et al. Start up and initial
operation of JET[J]. Journal of Nuclear Materials, 1984,
128-129: 10-18

Cao Chengzhi, Cao Zeng, Cui Chenghe et al. Develop-
ment of the DC glow discharge cleaning system elec-

trodes for the first plasma discharge of HL-2M[J]. Nucle-

[11]

(12]

[13]

[14]

[15]

ar Fusion and Plasma Physics, 2021, 41(S1): 366—370 (%
R, R R, F HL-2ME B 0R A B AR
W B ) BRI L T R TR (0], AR AR A
TR, 2021, 41(S1): 366-370(in chinese) )

Ran Hong, Cao Zeng, Tang Le, et al. Design of HL-2M
Vacuum vessel[[J]. Nuclear Fusion and Plasma Physics,
2021, 41(81):327-331 (441, ¥, JE/R, 55 HL-2M*$
BHASFE BRI RS S E T R B, 2021,
41(81):327-331(in chinese) )

Zhou Jun, Cao Zeng, Cao Chengzhi, et al. Preliminary re-
sults of mass spectrometry measurements on HL-2M
tokamak[J]. Vacuum, 2022, 59(3): 68—73 (J& 7, & %',
ElakR, 5. HL-2MOR & Bl i 900 20 45 R 0], B,
2022, 59(3): 68—73(in chinese) )

Chabert P, Braithwaite N. Physics of Radio-Frequency
Plasmas[M].Wang Younian, Xu Jun,Song Hongyuan,
translated. Beijing, China: Science Press, 2015:13 (& )%
R P, A BT RENL SIS B AR BB (M. £ A,
TRAE, ORI AL, 3. st Bl i idt, 2015: 13(in chi-
nese))

Di Xiaolian, Xi Yu, Ning Zhaoyuan, et al. Effect of anten-
na configuration on power transfer efficiency for planar
inductively coupled plasmas[J]. Acta Physica Sinica,
2006, 55(10): 5311-5317 (Fk/INE, = 42, TIRTT. AR
TRV RE B 55 B TR P 2 BB T X D) 3 B R Y
SR [T]. PFEAAR, 2006, 55(10): 5311-5317(in chinese) )
Winter J. Wall conditioning in fusion devices and its in-
fluence on plasma performance[J]. Plasma Physics and

Controlled Fusion, 1999, 38(9): 1503


https://doi.org/10.1088/0029-5515/30/11/008
https://doi.org/10.1016/0022-3115(84)90323-4
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14
https://doi.org/10.1088/0029-5515/30/11/008
https://doi.org/10.1016/0022-3115(84)90323-4
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14
https://doi.org/10.1088/0029-5515/30/11/008
https://doi.org/10.1016/0022-3115(84)90323-4
https://doi.org/10.1088/0029-5515/30/11/008
https://doi.org/10.1016/0022-3115(84)90323-4
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.16568/j.0254-6086.2021s1008
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14
https://doi.org/10.13385/j.cnki.vacuum.2022.03.14

	1 实验过程
	2 实验结果与分析
	2.1 射频频率对击穿气压的影响
	2.2 射频频率对清除效率的影响

	3 总结
	参考文献

