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Electron Induced Outgassing Test Device
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Abstract An electron induced outgassing test device was developed to measure the material outgassing
properties under electron bombarding, and one of the most important units is the electron beam generator, which has
many adjustable parameters that can affect the output beam quality. Experiments were carried out to measure the
influence factors of electron beam spot and beam current. The results showed that both the focus voltage and grid
voltage have a direct effect on the size of the electron beam spot. However, the energy voltage almost has no effect
on the spot diameter. In addition, either cathode voltage, electron energy, or grid voltage can affect the emission
current, and so as to the outgoing electron beam current, although the changing trend of the influence curve varies.
In order to demonstrate the testing capability of the device for electron-stimulated desorption and outgassing, 316 L
stainless steel with degassing treatment was selected as the test sample, and the outgassing characteristics before and
after electron bombardment were tested and compared three times. It is indicated that the electron induced
outgassing rate can be determined obviously for the sample. The main outgassing component under electron
bombardment changes from N,/CO to H,.
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Tab. 1 Electron induced outgassing results for stainless steel

Items No.1 No.2 No.3

Q' /10° Pa-m’/s 1.24 1.21 1.18
0,/107 Pa-m’/s 7.78

0 /107 Pa-m’/s 4.62 432 4.02
A Jem’ 4.83

¢ /10 Pa-m’/(s-cm’) 9.57 8.94 8.32
1/uA 24.4

n /molecules/e” 0.74 0.69 0.64

F, o 25 o B 5 R RGA A5 4 75 < 20 %oF
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WS 28 amu(N,/CO) ., 2 amu(H,). 18 amu(H,0).



202 H oz M o2 5 # R 2R 444 %
32 amu(0,) #1 44 amu(CO,); B, F R 25 B, B4 & £ X
O R B MK R 2 2 amu(H,) . 28 amu(N,/CO) . [1] DA Daocan. The design manual of vacuum  third
18 amu(H,0) . 44 amu(CO,)Hl 32 amu(0,), 45 edition[M]. national defence industry press, Beijing,
. . _ Sl BN 5 .
B AR 9 2 2 amu(H) | 28 amu(N,/CO) i“g“ﬁﬁgfﬁhlmﬁ%ﬁ .
N 5t E R Tkt BAt, 2004: 1040—-1083 (in Chi
F1 44 amu(CO,), T B #Y 18 amu(H,0) Fl 32 amu 7 Fﬁ AL . i mese
(0.) JLT A5 o0 25 o 1 S [2] Yuan Xiaoxue, Zhou Chuanliang, Yang Dongsheng. The
YAy N SE=AI
2 > > e contamination control of aerospace optical system [J].
3.0 Spacecraft environment engineering, 2012, 29(2): 168—
)5 _ggﬁ:jzﬁrﬁmn 172 (Be/NT, Jal e B, M2 Tk, RO SR e 75 Y i
= S0l AR [7]. AR ZRIEE TR 2012, 29(2): 168-172(in
= Chinese) )
§ 1.3 [3] Fayazbakhsh K, Abedian A. Materials selection for appli-
=
g 10| cations in apace environment considering outgassing phe-
T os | ‘ nomenon[J]. Advances in Space Research, 2010, 45:
ol ol hee oo 741-749
0 1020 30 4r(:1asss?amio 708090 100 [4] Michiru Nishiwaki, Shigeki Kato. Electron stimulated gas
. . § desorption from copper material and its surface
K10 ANEEB LT R B R BRI 0 e IE]
. ” ST _ analysis[J]. Applied Surface Science, 2001(169-170):
Fig. 10 Comparison of the outgassing components of stainless 00705
steel before and after electron beam bombardment
[5] Andrey Shoshin, Alexander Burdakov, Maxim
Ivantsivskiy, et al. Properties of boron carbide ceramics
4 gé':-l‘/b\ made by various methods for use in ITER[J]. Fusion En-
ASCE e T —E B BRI e gineering and Design, 2019, 146: 2007-2010
FFRE T - o A AR S i X e R BE A SRR 4 5 ) [6] Luo Yan, Wang Kuibo, Wu Xiaobin. Measurement study
AN, SLEGAE e . R T B R I H, R B on materials' partial outgassing rate for EUVL vacuum
RFs 2% U/ Uge M 0.6~0.7 B, HL - o BE R T /N system based on single quadrupole mass spectrometer [J].
o U/ U 9 1 1, HE Tl B, WM L Journal of Chinese Mass Spectrometry Society, 2018,
. ; N, 39(4): 392-398 . ERELE, RO, A2
0, o3 2 S S Lo SROERE AR e, B0 o 202 398 (I8, LA SR BLCA
S T B o B o 7 T FLAS BRI 0 B B I SR DESE (9], B
N ! 4 . . %, 2018, 39(4): 392-398(in Chinese) )
fﬁfo %%T&EEEE@ Ejm’ %?jﬂi%ﬂf%%ﬁll?,?ﬂi [7] Zhang Dixin, Zeng Xiangpo, Feng Yan, et al. Review of
by oz NS Y . oG4k = S
Ui 216 25 15 HH 0 R A 0 B e R TR (300, measuring methods of outgassing rate [J]. Vacuum, 2010,
TR TGRSR, R TR 47(6): 1-5 GRIHT, BHEYE, 1085, 55 BRI TR L
KL R AAC B 316 L A4S MR A il vt JrER [7]. 2075, 2010, 47(6): 1-5(in Chinese) )
5, JFR T H T EOBC R I A ;Eﬂiﬁﬁ Gy [8] Chen Changgi. Outgassing rate test for capacitor core [J].
1 G R al Aa) C BARZE  R a  L R 7 W Chinese instrument, 95, 1 (FRIC T}, HUA RS TR
A% L) 350 U Hin (25 M8 L 1R 2% 316 L ASAEAURE S 1Y AYIA [3]. h EMARGR. 95,1(in Chinese) )
LT SO %, 2 TR E S RIS [9] Wang Yong, Zhang Yaofeng, Wei Wei, et al. Thermal
S4B L NL/CO S A5 L H, 2 2. outgassing rate of( t})le vacuurzl Epge’;ﬁ%i:o;:;g ig
X P e Vacuum, 2007, 44(4): 59-61 , KRR, RS, 2.
T4 et B O P TREE L L T SR B SR e o
‘ \ B TIN B SR SRS (1], 2%, 2007,
2 ELHESE I AR L BUBCUR, i TRk R
. - o o 44(4):59-61(in Chinese) )
PR AL 2 AT B2 W 1 TR A2 e, Pt R A [10] Yang Xiaotian, Meng Jun, Zhang Junhui, et al. Out-

IAEEVR A0 2 L T 50 2 0 0l S 0 e T
SOMACRRE . R, 3 b 60 o T SO R I
FEitE— A

gassing comparison of stainless steel before and after high-
temperature degassing by vacuum furnace[J]. Vacuum,

2004, 41(3): 24-26 (BGIHER, SEIR, N, 55, NN


https://doi.org/10.1016/j.asr.2009.11.017
https://doi.org/10.1016/j.fusengdes.2019.03.088
https://doi.org/10.1016/j.fusengdes.2019.03.088
https://doi.org/10.1016/j.fusengdes.2019.03.088
https://doi.org/10.3969/j.issn.1002-0322.2004.03.007

%3 M B 4 T BORC AN RS B ST 203
PR 2 s R B SR B AR R 1), B, [14] M Mozetic, K Ostrikov, D N Ruzic, et al. Recent ad-

[11]

[12]

[13]

2004, 41(3): 24-26(in Chinese))

Yang Chunguang, Xiao Youming, Chen Nan, et al. A
comprehensive survey of development of outgassing
model for non-metal materials in vacuum [J]. Vacuum,
2006, 43(3): 48-50 (B, M LW, Wik, 55, A= T
BB R MR ST SRR [1]. H%E, 2006, 43(3):
48-50(in Chinese))

Feng Yan, Zeng Xiangpo, Zhang Dixin, et al. Design of
measurement apparatus for material outgassing rates by
orifice conductance method [J]. Journal of Astronautic
Metrology and Measurement, 2010, 30(3): 66—69 (15 %%,
RS, TRV, A5 ML SRR e
M. FHUTHIE A [7]. 2010, 30(3): 66-69(in Chi-
nese))

Luo Yan, Wang Kuibo, Zhang Luosha, et al. Modelling
and characterization of polymer outgassing behavior [J].
Chinese Journal of Vacuum Science and Technology,
2015, 35(9): 1100-1104 (P, T 1Lk, kP IF, 55 &
BYIIBCR RGBT [J]. ExFE SR
441, 2015, 35(9): 1100-1104(in Chinese) )

[15]

[16]

[17]

(18]

vances in vacuum sciences and applications [J]. J Phys D:
Appl Phys, 2014, 47: 153001

Oleg B. Malyshev. Vacuum in particle accelerators: mod-
elling, design and operation of beam vacuum systems
[M]. Wiley-VCH Verlag GmbH & Co. KgaA, 2019:
109-166

Huang Huayan, Liu Fang. Study of the electron-stimulat-
ed desorption equipment[J]. Vacuum, 2019, 56(2): 31-36
(BT, X5 . 3T H 1175 S MO B 0 S0 fe g 512 34
BT BT, 2019, 56(2): 31-36(in Chinese) )

Zhang Tong, Mao Fuming. Theoretical study of low ener-
gy electrons induced desorption [J]. Journal of Electron
Devices, 2000, 23(1): 60-66 (iKJ¥, & H]. fILAEHL T
75 T BB B B AFSE (3], L F &R R, 2000, 23(1):
60—66(in Chinese) )

Zeng Xiangpo, Zhang Dixin, Feng Yan, et al. Study on
measuring outgassing rate of materials via orifice
throughput method [J]. Vacuum, 2010, 47(3): 55-58 (}&
FEY, BRI, 1A%, A5 /NI Sk D A R R AT
3% [J]. H4E, 2010, 47(3): 55-58(in Chinese))


https://doi.org/10.3969/j.issn.1002-0322.2004.03.007

	1 测试原理
	2 测试
	2.1 电子致放气测试装置
	2.2 电子束发生器
	2.3 测试流程

	3 结果与讨论
	3.1 电子束斑的影响
	3.1.1 聚焦电压对电子束斑
	3.1.2 能量电压对电子束斑
	3.1.3 栅极电压对电子束斑

	3.2 电子束流的影响
	3.2.1 阴极电压对电子束流
	3.2.2 能量电压对电子束流
	3.2.3 栅极电压对电子束流

	3.3 电子致放气测试

	4 结论
	参考文献

