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Abstract High vacuum acquisition and maintenance technology is crucial for scientific research and
industrial applications in the fields of micro nano material preparation, microelectronic equipment manufacturing,
and vacuum electronic device process optimization. Key scientific issues about the suction mechanism of getter
materials and the optimizing material substitution during the acquisition and maintenance of high vacuum are
emphasized in this work. It is committed to overcoming shortcomings of traditional high vacuum technology, such
as high energy consumption in maintaining high vacuum state, and the dependence of traditional high vacuum
acquisition methods on expensive equipment and complex operations. A new method based on the induction of high
vacuum acquisition and pressure lower limit breakthrough by fresh glass crushing surface is proposed. This work
first conducts experiments on the composition and partial pressure of the suction, as well as experiments on breaking
through the lower limits of molecular pump pressure and ion pump pressure under open states. Fresh glass shattered
surfaces are found to have suction effects. The main gas components and partial pressure changes adsorbed on the
fresh glass surface are analyzed. The main adsorbed gas components are found to be H, and N,. The pumping
capacity of the new method is quantitatively evaluated. The pipeline transmission probability of the pump outlet and
the maximum effective pumping speed are analyzed by performing Monte-Carlo simulations. Compared with
existing vacuum acquisition and maintenance technologies, the high vacuum acquisition method proposed in this
work has advantages such as easy activation, high material cost performance, and observable pumping speed, which
can help to provide new theoretical and technical approaches and effective application references for acquiring and
maintaining high vacuum in narrow spaces.

Keywords High vacuum acquisition, Fresh surface elicitation, Fast pumping, Maximum effective pump-

ing speed

WE o EE RS LR AR 5 Gl TR s L 1A i TR R T 2O A SUB A B2 5 S Tk R ]
FOCH S, SCHE I [A] 5 B 28 AR AT B kil A2 v W PRI SODL B AT S SRR AR Z OGS 27 1), B0 T v IRAL 5 1o
LS PR AR i ELZIRASREAE 5 | 1250 B AR AT TR MO T 5 S 4 A 2 A S RS, B HE T — b T Bl o ff
TET 5 A2 v B 23 AR A B T 0 BRERBE AR 7 7 15 SC 8 SE T 1 W B o s g A S5 36 K me KA Bl i SR E A . S
L SRR W e BB T 3 T L 78 WO R8O R A BB i 4 T O B ) = B MR o3 B o s 0 AR, BT i S B AR 2L 23

Weis B #P: 2023-11-13
ELTWR: ZHE ARES T ETH (2308085MF198); FEZ HARAT FIH (62271187)
* BX % A : E-mail: yugingw@hfut.edu.cn; wxudi@hfut.edu.cn; wumuyao@hfut.edu.cn


mailto:yuqingw@hfut.edu.cn
mailto:wxudi@hfut.edu.cn
mailto:wumuyao@hfut.edu.cn

%03 M

(R S5 B R PRI fof 2 T U SOHZ S PRIl ~OR T A 205

AR VPG TR A B RE ST, PRI SRR Tk O T 1 2 DA I ) AR S, AR A T vk Y e A
RO . R A FL S AR A AN AR ROR, SO T H A8 v B 20 0 . PR e L s ] SO, A B T

23 [ 18 L 25 AR AS B AR R LR B BOR i A2 R AT B 2%

KR REZPG O HEERmTA L PR SRR

hE 45 E: TB7 XHERARIAAD: A

fo FLAS ARAR NG FFBOR T2 W T2 A
BN /20 7 1 R 11 A o7 £ e B
1 45 FL 23 BT B AR 1 R DL MR A% i 20 R I
B R0 SR, AT B S HRTE R IR AR
D7 THIAETE = RE IR AE 4 A5 B ot L R 2% L O
PSR S =R e s N UL S Ty U o

AT )b i B2 3RS S YR BOR TR K,
Brdt Rkl LI, 42 48 5 R P il <07 2 2 o 38
Y5 SO i DGR 2 [ R 5 HE R [A)#T, Fattahza-
deh ZE" BF5E T 428 Y XF Zr-Co Fefb &9 iy e <k
RESZ M o Luo " HF— 5% T8 k% T 4%
ZrVFe 5 HA IGAPERE . WA PERERYSZ A . Li
AU S 28 T ANEME A H R A9 TiZeMnFe W <0R,
5T T HW EHLFE, Moghadam 5" #f5% T Ce. La,
TG A SRAEXT Ze-Co B 45 Z AL A R B R 1) 52 ),
oAb G 4 A B ) S At A, $RA5 94 K 4540 W =<5
Ky, B AR S MERE . Alamgir 28" SR HIBH
L AT AR BORTE A 85 A IS B i 4% 1 Ti-Al-Zr
e Ti-Zr B 28 ORI 050 (NEG) i, #4717 NEG
FEE S MERE . Litvinov 2521 SR W B T i R
W9R T Z & Zr,Fe &4 MR LA Y555 A0
HAE RS A B A G 4 5 S EAE T B 52 0

ANE T R SR AL GERIEY, 3 i SR T
WG AEATE 51 & B N A3 = G . Ware
25U S I A PR B B R TET X SO, €O, HLO B WL
B AR 2= B EE N . S, Fensterma-
cher'"" 1| FH 48 =7 B 25 i 2 40 % B 2 o o ol A o 7=
Az BT B 2 T B SR EAT TR T . AR
Z Ji, Sheen"" W 5T T & 1 B 15 % 1T A9 R B B
F 4. Baptist " HUIE T CO, 15 B4 55 B ek 3 1
FEAE s A I KRS R HLO AR AR, 48 H H,0 53
T8 2% THT 1) Ak TRk 4 % 3R TR B o TR A7 A 9 A B AR
FH SRR K S AT PR AAR TR . Souza 25
i — 2043 Bt W R4 39 385 3R T 5 /K 25 A< TR) A AH BAE
5 13 5 T SR I W 4 T 37 B R A T S Bt E A T
T I8 AR fef SUbe 2, K 5 I 78 Ak AR e B S 1 T
B T REEE LA . Leed 5™ R 4>+ 3h J1 244540

doi: 10.13922/j.cnki.cjvst.202311008

B W SR T 1K) 7K W B4 DA, ) 2 T 0% R A6 5
O B A A 2RI S AL RE SR, SRAE i RE AL
SRR 53T B A WS A 30) 34 TR P A2 A T o

HE, Lin 5520 W9 SR RIS - 00 60 Rk AR R
BT T 14 K W BT, W 5 1 IR RS A T A AR R
B2 ok o3 T S AR ELAE Y34 . Yoshitaka 25
S BRAE R R B B R 1A e B RE A 5 1 Si0, HARAS
HF 22 [a] Y S SE, 1 H L2 3 1 1 5 Sy S iz P 1)
Si0, 5 HF 5 xS A 1Y, figg BT i 1R 6 B B 2% 1T <
PRI AL o Kalahe 5™ 1 F 5 i 43 ¥ 2l g 246
FOUER o TR M B0 10 5 1 S 7 ) E A o 2% L BT
B, BB TR0 R B e
MR SRR 2 T O R R 2 35 T 22 o AR R )
MOV o SR, B XT3 T A v 26 T i U
(4 ZR GEVE AT ST 20, - ELRE B T B0 A 6 2 1 Il <
R T T i L 2s AR A e AR ™ B =

R, AR T — Rl B s B | B s
W 77 30 BRI A (EHE A4 DR 4 BT 7 ik (BRI A
vt SR T e 25T R i 6 5 0 Al U RE
J1), VARSI | o3 3« e KA R 2 0 U
PEFIMT A L, Bt i 2 0 S 562 B, R
PO S A AT 5k A A B, A L2 T e
I3, SO Ry B I T 5 i A LA, F B R R
A S A BB T A i i R T R L B,
PRVE T 5 1 A e 25 3R A B A i LR A BT B S B
JSE R BT DI 3

1 FLWEEBRAFE

1.1 SERSESEASHER

e, AR SCHI AR 1 TR SR RE B K5
BRGSO NEME . HFRE MRS BERE
SHVUSE . b SR CF16 36 & 1k 22 A2 4 v 1 2R
FH CF35 [ % 3% 255 F o [ 38 B CF100 35 %5 5
CF100 /) H e A B2 44 7% 32 5 CF100 ¥ 11 3% = Al
CF100 & Al N &8I0 T2 H %R BE 10 mm, 42 102 mm
(%) TR FH DA B B A o L8 S R R O i
IR 304 NGEHIM T LUK 32 18 BE LR . 7EMS


https://doi.org/10.13922/j.cnki.cjvst.202311008

206 H = B

ST 5 I NI S

i 44 4

1

o

? 9
7

V
8
1- AR BT ORBLEHE B 5 2-PUZRBTEAL; 3- R
4R SR 6. 8- & B M I 7-#ERE; 9-43 T4 10-
i %

1: Full scale vacuum gauge (Pirani combined with cold cathode),
2: Quadruple stage mass spectrometer, 3: Puncturing device,

4: Aspiration chamber, 5: Samples, 6 and 8: All-metal angle val-
ves, 7: Inlet chamber, 9: Molecular pumps. 10: Rotary vane pumps.
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Fig. 2 Glass piercing device
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1: Full scale vacuum gauge (Pirani combined with cold cathode),

I

2: Puncturing device, 3: Sample chamber, 4: Samples, 5 and
9: Ultra-high vacuum cartridge valves, 6: Tee chamber, 7: Sp-
uttering ion pump, 8: Full scale vacuum gauge (Pirani combined
with hot cathode), 10: Intake chamber, 11: All-metal angle
valves, 12: Molecular pumps, 13: Rotary vane pumps
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Fig. 3 Schematic diagram of the suction composition and par-

tial pressure test system
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Fig. 4 Flowchart of the maximum pumping speed algorithm
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Tab. 1 Fresh surface area induced by glass breakage samples
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Fig. 7 Pore size distribution on freshly crushed surfaces
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Fig. 8 Data of samples with thickness of 8 mm. (a) Pressure

change before and after puncture, (b) pressure change of

different gas fractions before and after puncture
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Fig. 9 Data of sample with thickness of 6 mm. (a) Pressure

change before and after puncture, (b) pressure change of

different gas fractions before and after puncture
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