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Design and performance testing of a plasma traceability measurement device

LI Yao, JIA Junwei’, WANG Qingging, WU Yujing, CHANG Meng, DONG Xuejiang,
HAO Jiankun, LANG Hao, LI Shaofei, ZHANG Ren
(Beijing Orient Institute of Measurement and Test, Beijing 100086, China)

Abstract: A plasma traceability measurement device was designed in this article to verify the performance
of the inductively coupled plasma (ICP) as a calibration source. It is to identify the optimal plasma testing
conditions that satisfy the traceability calibration of the Langmuir probe, and to improve the test accuracy. The
control variable method was used to investigate the stability and uniformity of electron density and electron
temperature, the repeatability of electron density of ICP source under different working conditions. The results
show that, when the measurement time is within 5-20 min, the stabilities of electron density and electron
temperature of plasmas are better than 99.4% and 98.9% respectively. When the probe inserts into the vacuum
chamber 440-480 mm, the uniformities of electron density and electron temperature of plasmas are better than
97.2% and 93.6% respectively. When the discharge power of the plasma source is 100-900 W, the repeatability of
electron density is better than 86.6%, most of which is superior to 92%. The proposed research may provide a
reference for the future optimization of the plasma diagnostic means.

Keywords: plasma source; Langmuir probe; control variable method; structural design; electron density;
electron temperature
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Table 3  Electron temperature and its uniformity corresponding
to the distance of probe inserting into the chamber
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Fig. 12 Variation curve of electron density with discharge
power of ICP source under different operating
conditions
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Table 4 Repeatability of electron density under different
operating conditions

ICPJRTH HTEEEEN%

DI /W Thla | LHb | Lhlc | LHd
100 96.4 92.3 87.0 92.4
200 97.7 97.1 94.7 954
300 98.6 90.8 89.6 86.6
400 97.1 95.8 95.1 92.1
500 90.4 88.8 93.2 94.7
600 89.3 90.2 93.2 93.7
700 91.7 87.1 93.8 92.4
800 92.1 90.7 94.4 89.0
900 94.8 89.0 93.6 90.2

4 GRiE

AT UL 25 [ o) A B R 1 s A
%%, K B BRI ICP JRAE AA v Y5 A 3 45 2 1
PR TIRIN FE2%  o 12%5  AR R R D 2 ) X R
SRR A B 2 7000 [ 5 ) 1) T ) P 25 4 B D v
FL 25 B i X S8 B T R T B B AR B R 48 5 46 1 T
P22 0] AR AR AR By DT = A B A i A e
TR N

TEARFR IR, R E. B SR %
PR, W2 ICP Y~ S B TR T 5 E., B
TR S MERI B S 1, M7 B R e VAT
e, K. FEFCETFUE 5~20 min P, 2555 1R H
THEREMELT 99.4%, B iR EREEENT
98.9%, % B Z I B R S B - A i R 25 B 1Y A
R (8] FERE N AR ) 440~480 mm (174
Bl S B TR S e e fh, BT B3 AL T
97.2%, TR EI IR T 93.6%: 55 AR BT
25 T I T30 FL T SR R G N T 386 K, e gy BE SRR
BEOK, BRI, AR TR AE 100~900 W
i, B2 EEET LT 86.6%, 2 8 ETE 92%
Pl

WL AHE I, BT S ETAR IUR
IR TR E SHMERRYR, ERRE BT
PSR AR AR O R SRR T AR Lol RS
T R R R R R 2R, B0AE T ICP YR
B R 55 B T DR = 5 B b RS HEVR IR PR R,
T R R DR Y T S R S B T AR AR A A, 2
T+ T MRRAERPE, TN 5 S5 B TR R AR
RHtz%,



2 1

B OWF PR T AR A B B R P RE IR 189

(1]

2E 3k (References)
IR AR 55 B TR IR RS T2 Tk 7T [D]. e 7R
IR Tk K%, 2016
MR, kP8, WEM, & WEMRHEA ECR 5585 T4
P RIS WE AT D] R 2834 58 TR, 2020, 37(6): 602-
609
DENG X L, ZHANG S F, JIA J W, et al. Experimental
study of characteristics of ECR plasma source for probe
calibration[J]. Spacecraft Environment Engineering, 2020,
37(6): 602-609
PAISSONI C A, VIOLA N, MAMMARELLA M, et al.
Deep space transportation enhanced by 20 kW-class Hall
thrusters[J]. Acta Astronautica, 2020, 171: 83-96
ZHANG Z, ZHANG Z, TANG H B, et al. Measurement of
the distribution of charge exchange ions in a Hall-effect
thruster plume[J]. Plasma Sources Science and
Technology, 2020, 29(8): 085001
BULER, B fts, dkoa, 5. R TS5 8 1 1A i HE Bt wF Uit
I BAFLR, 2016, 22(2): 175-185
HANG G R, LIANG W, ZHANG Y, et al. Research
progress of high power plasma propulsion[J]. Manned
Spaceflight, 2016, 22(2): 175-185
CHOUEIRI E Y. A critical history of electric propulsion:
the first 50 years (1906-1956)[J]. Journal of Propulsion &
Power, 2004, 20(2): 193-203
MARTINEZ-SANCHEZ M, POLLARD J E. Spacecraft
electric propulsion: an overview[J]. Journal of Power and
Propulsion, 1998, 14(5): 688-699
TRAR. LA BE RO FRRIT 5T S IR K R R A F (T]. K
ek, 2005, 31(2): 27-36
ZHANG Y. Current status and trend of electric propulsion
technology development and application[J]. Journal of
Rocket Propulsion, 2005, 31(2): 27-36
R, SRIRKE, £, 4. FAEREPIR 5 T R 45 A0 ELAE
HIRE LR 5 A [I]. R 4% 3 88 A2, 2011, 28(5):
440-445
LIU L, ZHANG Q X, WANG L, et al. Research status and

suggestions on the interaction between electric propulsion

plumes and spacecraft[J]. Spacecraft Environment
Engineering, 2011, 28(5): 440-445

[10] ZHANG Z, ZHANG Z, XU S T, et al. Three-dimensional
measurement of a stationary plasma plume with a Faraday
probe array[J]. Aerospace Science and Technology, 2021,
110: 106480

[11] NING Z X, LIU C G, ZHU X M, et al. Diagnostic and
modelling investigation on the ion acceleration and plasma
throttling effects in a dual-emitter hollow cathode micro-
thruster[J]. Chinese Journal of Aeronautics, 2021, 34(12):
85-98

[12] Fi, SRIEM, A, 45, LIPS200 25 F#k ) 3 F i i Ge
TR B B FE 0], AR A S R 4, 2016, 36(10):
1156-1161
YANG Z, CAI G B, GU Z, et al. Ground simulation of
contamination induced by plume of LIPS200 ion
thruster[J]. Chinese Journal of Vacuum Science and
Technology, 2016, 36(10): 1156-1161

[13] ESCH. BAZUREREHESHII RS 7 b Il &R 220 5T D).
HTRH: PR, 2021

[14] BROWNING P K. Introduction to plasma physics: with
space and laboratory application[J]. Plasma Physics and
Controlled Fusion, 2005, 47(7): 1109

[15] ¥, TKANE, BL—75, 5. 2 YR AR & 55 B T 1 7

A BB TR ). W FLEEAR, 2006(7): 3494-3500

XINY,DIXL, YUY Q, et al. Generation of multi-source

inductively coupled plasma and its diagnostics[J]. Acta

Physica Sinica, 2006(7): 3494-3500

RART, B, R K. ICP %5 85 F R U5 K2R 8L it [7].

R HHEARER, 2004(1): 42-44

WUZY, YANG Y T, WANG J Y. Antenna design of a

[16

—_

new inductively coupled plasma source[J]. Vacuum
Science and Technology, 2004(1): 42-44

F, KR, SR, BORE S E TS W B BURRE
WA T[], B A 51K, 2018, 24(4): 275-278

WANG T, ZHANG T P, ZHANG H L. Analysis and

—
—
~

—

design of Langmuir probe for diagnose of ion thruster
discharge plasma[J]. Vacuum & Cryogenics, 2018, 24(4):
275-278

(Y% XiF3)

—{ERiN: F O, MEHRA, TEAFRRBCMRLF B TRICCBIRA LB F AR,
BEEE: TFEMS, LR, TZAFMAELIRLARFFHA.


https://doi.org/10.1016/j.actaastro.2020.02.012
https://doi.org/10.1088/1361-6595/aba12c
https://doi.org/10.1088/1361-6595/aba12c
https://doi.org/10.2514/2.5331
https://doi.org/10.2514/2.5331
https://doi.org/10.1016/j.ast.2020.106480
https://doi.org/10.1016/j.cja.2021.02.007
https://doi.org/10.1088/0741-3335/47/7/B01
https://doi.org/10.1088/0741-3335/47/7/B01

	0 引言
	1 等离子体溯源测量装置
	1.1 等离子体源
	1.1.1 射频功率源
	1.1.2 射频天线
	1.1.3 匹配网络
	1.1.4 真空腔室

	1.2 探针测量系统
	1.2.1 装置选型

	1.3 真空系统

	2 实验过程及数据处理方法
	2.1 实验过程
	2.2 数据处理方法

	3 实验结果及分析
	3.1 等离子体电子密度和电子温度的稳定性验证
	3.2 等离子体电子密度和电子温度的均匀性验证
	3.3 等离子体电子密度的重复性验证

	4 结束语
	参考文献

