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Abstract Non-evaporable getter pump (NEG) is a vacuum pump made of the sorption characteristics of
transition group metal materials, which is used for obtaining ultra-high/extremely high vacuum environments and
gas purification. In this paper, a performance test system for getter pump is developed, the pumping characteristics
of non-evaporable getter pump for N, gas are studied, and the factors affecting the pumping performance are
analyzed. The developed system adopts the standard flow method to test the pumping speed, and provides
(10°~10"") Pam’/s standard gas flow rate by constant conductance flowmeter, which can achieve pumping speed test
under the gas pressure of (10 °~107") Pa obtained in the test chamber. The experimental results show that the NEG
pump is in the best pumping state after activation, and when the pumping speed decreases, it can be placed under
ultra-high vacuum conditions for a period of time to restore the pumping speed to the initial state, but the overall
pumping performance of the pump changes to a certain extent. When the pump continuously pumps, the pumping
speed gradually decreases with the increase of sorbed quantity, and decreases with the increase of test chamber
pressure.
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Fig. 1 The schematic of the test system

W A = 22 R VC3L T V-V,
H2511 G3 A G4, HLIRZE RP2. 43T %% TMP2 Fl1K
1] V8 %5 A5 NEG % 22 hig, FAMNULANIA 2 s .

G3 e ESE T, HTHW ve3 s

K2 s AR LA
Fig. 2 Photo of the test chamber

J&, S B R (10°~107°) Pa, G4 K Bl S hr ik
FATE, T EARESAR RS A VC3 J5 Ak
FE 1R/, Hl ey FE 4 (107'~107) Pa,

B e S B EE AR R % VL R
VC2. AR GAS. HLA I B %51 G Al G2,
WS oot ¢ W VI-VT, HLIE RPL. 4> T %
TMP1 G4 A, HAMIUNEL 3 iR .

..........

&3 ARdE AR T
Fig. 3 Photo of the standard flowmeter

B SRR TR E(107°~10) Pam’/s 14
Bl A s o AR T B, R R G2 W] S (1~80) Lis ¥
il %) A ) 3

e 3 PR 3 o IR T T C R R MR
MmiEGIA VC3 H, ZEVIBR F7 il NEG 5 2Z A0
B ERE, 7 VC3 SR R e Ja, e sk
G4 (1 55 (E, = (D) AR R ECy

s=2 (1)
De

L (D, SR, BNk mY/s; O HARMESIA
Tt Yk Pam's; p, A VC3 W SRR ST, Hf
M Pa,

i A, BE T R Rk R A bR o AR IR
=" o i E AR A

Q=(pn—p)f (2)

(2, fFRRAEITH C W5+ T E, 3
B2k m'fs; p, ML FICMEA DA ARE S1, B4R
Pa; p i oot 0 ), 547K Pa.

— BT, BT pn > pe, (2 LN



o2 W BT 2. ARZ8 BRI ~n

FE(NEG) X} N, KA AR oY 81

szmf (3)

NEG S7E 72 1 g i ik g
0= (pu-p,) far (4)
FER (), ¢ 9 NEG FEAGHELE R ], 7
H's, O NEG FAEIF ] B ¢ 19 600 Sk, 007

3
Pam’,

2 NEG R¥ N, SHH SR %

2.1 NEG Jxt N, SHiELIRER

FESC B TF LR AT, X B NEG E 17 300G . 5
K 7E VC3 H 51 AR RE T 69 N, <, 3 i PH 252 5
LB IFREIISE, 4415 R HUR , A A NEG 58
SHE AT T A% NEG 58 0 7648 85 1058 2% 1
24 h J5AREESH, LA RN 4 FTR

13 ¢
—a— A
12 ¢ —eo—B
1 —a—C

—~v—D
10 +

S(L-s)

W (=)} ~ ] O
T T T T T

0 5 10 15 20 25 30
t/min
K4 NEG ZXF N, “THIE L4,
Fig. 4 The test results t of pumping speed of NEG pump for N,

gas

W — 2SI (A) SR VO3 S hh R HL B A
INF 1x107° Pa 5, il 3 i T VE3 R a] AR
iR, G4 BT /R (EARE R L% VC3 i {i, il
iRod 2 B 3 min [ VC3 W RS AR, G4
AIFE R (E M 2.6x10° Pa iZ A1 %] 1.0x10° Pa, Fifl
& VC3 AR IE 7 B3GR, BRI 2 ) i A 12
L/s B/ N 7.5 L/s, T3/ T 38%.

W A S (B) RN VO3 gk R B B2
/NT 1107 Pa J5, 1] VC3 Fh 5| A SR 2, G4 1Y
F&IRME A 2.7%10°7° Pa, I EE 345 52 Al ol 12
L/s, 3 min Z J& 7] VC3 H 5| AR RIS
T G4 FIF5 /R EAE 30 s R RS 1.8x107° Pa, il
I/ NE] 7.9 Ls, AR %R F T F54E 3 min, 1453
RN 6.2 Lis, /N T 48%.

B S SRR (C) X VO3 S /< H L 2s F
/NT 1x107° Pa J, 18] VC3 H5| ARG 91 HAa
S, G4 1IFE R E N 2.9%10°° Pa, AT ZE A A 12
L/s; fRFE5] A VC3 1 A9 AR it 2 A4, 30 min J5
G4 W35 /R 18 A 5.0x107° Pa, 15 2 i i 4 6.5
L/s, /N T 46%.

5 D02 52586 (D) J& % VO3 i gl < H B 2%
FE/NT 1x107° Pa i, [ VC3 5| AR =1 A
FasE, G4 T8 7R MH N 2.9x107 Pa, 815 2 5 A h
WO 12 Lis, R3S A VO3 Hh B SR i 8 A2, 30
min J&7 G4 BUFE /R 5.8x107" Pa, 815 5 % 14l
B R 5.3 Lis, s BN T 56%.

SRR ZE AT LIAS . (1) NEG Z s 2 16 25 ik
AU RIS T BN B R B, LR N SRR )
7 R ) i o R P, I 9000 B PN R R T &
3R 2 107 Pa J5, NEG %2 44l 10 45 i ] Py i
B IH 48%; (2) 243K B N AR K S/ T 107
Pa I}, Jh 3k Fifi 25 4l s ] ) R R 242 T B, B NEG
A E A [R] A0 8  EL 2 RS 24 h R IR LR, il
) A A 5 5 B4 W S RIS ] ) SRR 56, AR TR] At
Vi) J3Z PAY P9 R = A e T o P B, 5 AT
P B[R] — ARG T, B TRl il o T R (3)
A 0 S 2 R R WK g 4h T 107 Pa~ 107 Pa
() 71 454 F , NEG ZE [l KT B A C 52550
fagha, FEEPEE A SR JETE NEG RIMiEZ G
HIVAM A, I 2R A T fe Rl A= i O IR A,
M H B Sk 7 (B, C. D) &XF NEG ZE 00 E 75# 5
B ST — B a], il [ B ok 2 ik A 5 14
S ERE, PRI TG 2 I BB I A X N, S
A — R, MRS LRSI A5 5, NEG ZEBE %5 Hh
AT T SR ARURTAh A R BGn, FLh F RR X —
MG, FEF R R 5 0l S BRI A A BT S
XiFF WG 52 B NEG 2, Hor fif 36 i 7 25 19 <R
GrFHRER A, I HL R AA AR B4 PR Ak T A R R AR
A, M I 2R 2 T PN S A S R B K A SR
i 5 2 1R o3 W BB 35 22, TR BB ) IR
BT R, 51 I T [, — 0 2 3 1T R B
(ARG AN ) B, FR T ] N O R
ANTFRTH R B R, S B AR AR SR AR
FRUIF WG 22, 30 S5 25 3R 1T A0 W B 2 67 34 T
kb, TS S NEG 28 (3 T [ . NEG 58 fif
FETA PRI AN AR B R AN ] S(a) BT, 2R 2R I



82 Ho o= B

ST 5 I NI S

i 43 4%

(a) %

0o 8

&
0SbVOd
000000
Q00000 QO
000000

K5 NEG ZRWRHURER . (a) B RERE, (b) fiEk
TR R IR

Fig. 5 The schematic diagram of adsorption g principle of NEG

pump. (a) Fresh surface, (b) surface when pumping

speed decreases

RS9 NS R GRS R E A o X U RIS
e

2.2 NEG ZESE3F N, SHEAZME

T Bk NEG A4 0345 Wt i b T B
J , TEHR A 2T s — Bt ) (i Ak A2 40 <
A7), AS3C 2.1 45 A SE IR HE = (4) A B A9 ZE 1
WA X P S A ] 6 T

10
2
A
—a—A
—o—B
——C
—v—D
1 L . .
10°° 10 1073

Q'/(Pa-m?)
K6 NEG ZERSEXT N, S0
Fig. 6 The influence of the sorbed quantity of NEG pump
pumping speed for N,

FH I 6 B S5 45 R a] 1, #E NEG A IR 3k A5
IRk 5, A 4 R R AR AN R, Y
WA A B i 2, A B A IR A G
SETREEER . AR T RS2
A, H7E NEG EWR AR AL, RE T A ER
TS ST () AN HE ], {5 NEG 22 09905 Fe #3583
B AAE N S A 1.6x107" Pam’® IF, POV 52 56 3545 (1
343590 R 10.7. 9.0, 9.9, 9.9 L/s, HAHXT S50 2=
AL 10%, 6 NEG % A 18 52 1 < 1 52 i
EH R A AL BIRR L EM I, YRR T 5

B = 2 S A ] 8 A B, DU SR A A At A
X # R, H R KR NEG 8 B RS Tk fT T
WO, A AL T R AR iR AR, e LA
SO vl T AR AR R A SR TS — B ]
P2 A RE 1, 5 E0E JE R AR E —
P3N

NEG & 0 W % N, Al 14572 i) 552 396 7 LA
Fih, HEZFEEYS 2.1 7 Frd Y Hd #2 3 A [F
AR SC R B B AT 107 Pa~ 107 Pa 5510 F Y
FH TP BRI R S5, SR T A AR AR i R I
AR OC R, WA SL50 1) FE KT 107 Pa 3k
PR AR LB R K . ik, AR S ER A5 S vT L
HEWTH NEG 238 T80 /Al i B s B il F B,
R A R LS PR T O S Y SR RS IR AR
et BT 9 NS 1 2/ SO < S S e ol =l Sl A S <]
NEG %, 75540 T i B 28 Il A, X N, S
MO AR T B, AT B A e R v W
JEIX— 55
3 g

T HFSE NEG ZEXT N, Sl —UREE, A8 S
il 1 35 v e D R 4, SR
TSR R AE(107°~10™) Pam’/s IUFRHES AR
T, ZEDE B 4045 (107°~107) Pa SR TR 1 F 3
137525 SCER s 3R (1) &I NEG EXT N,
A Y B E LN R JE NEG RS R, BEE
A BRI Il 2 T % (2)NEG 22X T N,
SN RZ T AR 7 W52, Al SR R iR
R B (3) XTIl —& NEG 28, 3l Z 5 1)
FARE KT HCE — BERHRNK B 00 4R ik 2 5 1)
=hed.

& £ X #t

[1] Li D, Cheng Y. Applications of non evaporable getter
pump in vacuum metrology[J]. Vacuum, 2011, 85(7):
739-743

[2] Chuntonov K, Setina J. Reactive getters for MEMS appli-
cations[J]. Vacuum, 2016, 123: 42—48

[3] YangH, DaiJ, Lin C. Application of getter pump in pas-
sive hydrogen maser device[J]. Chinese Journal of Vacu-
um Science and Technology, 2012, 32(04): 337-340 (1%
T, WO, MM w2 U1 I R 2R B
WF7E0]. K2 B2 5 8 R 2 i, 2012, 32(04):
337-340(in chinese) )


https://doi.org/10.1016/j.vacuum.2010.11.008
https://doi.org/10.1016/j.vacuum.2015.10.012
https://doi.org/10.1016/j.vacuum.2010.11.008
https://doi.org/10.1016/j.vacuum.2015.10.012

EH

2

WRTF 45 AEZRIORIR “URI A8 (NEG) X N, Rl URAERT Y 83

(4]

(5]

l6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Cecchi J L. Impurity control in TFTR[J]. Journal of Nu-
clear Materials, 1980, 93—94(1): 28—43

Feng T, Chen L, Zhu J, et al. Research status and devel-
opment of ZrVFe getter[J]. Vacuum and Cryogenics,
2017, 023(001): 7-12 (KA, BRIE, RN, 55, 5540
R SR B WF 5 UK K 0k D). EL A SRR, 2017,
023(001): 7-12(in chinese) )

B RS R T A T 78 ORI R R A R R,
g as ag R HBETE[D]. ALt E AR,
2021

Motojima G, Murase T, Shoji M, et al. New installation of
in-vessel Non Evaporable Getter pumps for the divertor
pump in the LHD[J]. Fusion Engineering and Design,
2019, 143(JUN.): 226-232

Br A, Sc A, Fd A, et al. Non-evaporable getter pump op-
erations in the TCV tokamak[J]. Fusion Engineering and
Design, 165

Siviero F , Caruso L , Mura M, et al. Robustness of ZAO
based NEG pump solutions for fusion applications[J]. Fu-
sion Engineering and Design, 2021, 166(1): 112306
Marek Grabski, Eshraq Al-Dmour. Commissioning and
operation status of the MAX IV 3GeV storage ring vacu-
um system[J]. Journal of Synchrotron Radiation, 2021
ERA, BRI, B BORM]. S 20 LAt JL st as il
RRAFH AL, 2007

Chen L, Jiang D. Pumping characteristics of mixed gases
with non-evaporation getter[J]. Chinese Journal of Vacu-
um Science and Technology, 2004(03): 68—72 (BN,
Pt 25 AR 28 OB WS RHER A SR Bl AT A B
SE[J]. BRI SRR, 2004(03): 68—72(in chinese) )
Audi M , Dolcino L , Doni F , et al. A new ultrahigh vac-
uum combination pump[J]. Journal of Vacuum Science &
Technology A Vacuum Surfaces & Films, 1998, 5(4):
2587-2590

Erjavec B, Setina J. Investigations of a method for deter-
mining pumping speed and sorption capacity of nonevap-
orable getters based on in situ calibrated throughput[J].
Journal of Vacuum Science & Technology A Vacuum
Surfaces & Films, 2011, 29(5): 051602—051602-10

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Siviero F, Caruso L, Porcelli T, et al. Characterization of
ZAO® sintered getter material for use in fusion applica-
tions[J]. Fusion Engineering and Design, 2019(146):
1729-1732

Yoshida H. Testing of non-evaporable getter pills for
standardization of their pumping performance testing
method[J]. Vacuum, 2022(197-): 197

SRR . BR /B ik A 7% 1R AR g P M I R RE T
FE[D]. ALatA & m T S, 2021

GB/T 25497-2010. M T AR W BE I 1877 12 S].
Jemt: vh AR A, 2010

Lu Y, Wu D, Chen C, et al. Novel standard gas flowme-
ter covering (10™'~ 10™'°) Pa-m’/s range: an instrumenta-
tion study[J]. Chinese Journal of Vacuum Science and
Technology, 2020, 40(07): 674—678 (J5HESC, S, [k
F, & — B (107'~107)Pa-m’/skp S AR Y 3
] PR SEOREHR, 2020, 40(07): 674-678(in
chinese) )

Li D, Guo M, Ge M, et al. Calibration of Ultra-Low Leak
Rate with Constant Conductance Technique[J]. Chinese
Journal of Vacuum Science and Technology, 2006, 26(5):
358-362 (Z13K, BRI, B, 5. [ il ik i
FLA S B T]. 023 B2 5 HOR 2741, 2006, 26(5):
358-362(in chinese) )

Lu Y, Chen X, Li D, et al. Novel type of portable vacu-
um leak calibrator apparatus[J]. Chinese Journal of Vacu-
um Science and Technology, 2013, 33(5): 462467 (/5
WESC, BRl, 245K, 45 S TR )], ]
2 BhE SHAR L, 2013, 33(5): 462-467(in chinese) )
Lu Y, Qi J, Chen X, et al. A novel type of pressure leak
calibration apparatus in constant volume method[J]. Chi-
nese Journal of Vacuum Science and Technology, 2014,
34(06): 579-584 (JHESC, ¥ L, BRIE, 45 & Ak IEIR
AL RS B[], HAS R HHOR SR, 2014, 34(06):
579-584(in chinese) )

Xu chen, Tianbin Huang, Ligong Wang et al. Ultrasensi-
tive leak detection during ultrahigh vacuum evacuation by
quadrupole mass spectrometer[J]. J Vac Sci Technol A,
2006, 24(1): 91-94


https://doi.org/10.3969/j.issn.1006-7086.2017.01.002
https://doi.org/10.3969/j.issn.1006-7086.2017.01.002
https://doi.org/10.1116/1.2137330
https://doi.org/10.3969/j.issn.1006-7086.2017.01.002
https://doi.org/10.3969/j.issn.1006-7086.2017.01.002
https://doi.org/10.1116/1.2137330
https://doi.org/10.3969/j.issn.1006-7086.2017.01.002
https://doi.org/10.3969/j.issn.1006-7086.2017.01.002
https://doi.org/10.1116/1.2137330

	1 吸气剂泵性能测试系统
	2 NEG泵对N2气的抽气性能试验
	2.1 NEG泵对N2气的抽速实验结果
	2.2 NEG泵吸气量对N2气抽速的影响

	3 结论
	参考文献

