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Abstract In this paper, the development of calibration of ultrasensitive leak detection in the world is
reviewed. The ultrasensitive leak detector is a significant tool for packaging high reliability and long-life vacuum
devices, at present, the reported lower limit of that can reach 10'° Pa-m’/s. However, the correctness of leak
detection results is the key factor for device reliability, which mainly depends on the performance and calibration of
the leak detector. The standard leak, the platinum wire leak with variable leak rates and the standard gas flowmeter
have been used as reference standards to improve the correctness of leak detection results for long years all over the
world. The method of the standard leak is to use the leak with the current lower limit of only 10 "' Pa-m’/s as the
reference standard. Due to the deviation of the leak itself and the linear recurrence method of mass spectrometer
spanning several orders of magnitude, the deviation of the leak detection results in the range of less than 10"
Pa'm’/s can reach one order of magnitude. Using the platinum wire leak as the reference standard can provide
variable leak rates in the range of (10 '°~ 10'*) Pa-m’/s, and the leak detection results will be more accurate
compared with the standard leak method. In recent years, the newly developed standard gas flowmeter with a lower
limit of 10 '° Pa-m’/s solves the calibration problem of the ultrasensitive leak detector in the whole measurement
range, reducing the combined standard uncertainty of the leak detection results to less than 15%, and improving the
reliability of long-life vacuum devices.

Keywords Ultrasensitive leak detection, Standard gas flowmeter, Calibration, Vacuum devices, Long-
life, High reliability
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Fig. 1 Schematic of the ultrasensitive leak detector
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Fig. 5 Schematic of the platinum wire leak™

463 22 AL F SR P R 72 B s 0 T
I3, N BRI S RT R A g Al R G
B TR A SR, itk 4 2R AL AT LR (107 ~
10 ") Parm’/s (% . %I FLARX Tt AL — 7
T4 JBE 1 1 S35 B, 3 — O 4R 14 B4 T 3 6 i 22/
T 10%, fHXHF /T 10 Parm’/s (19 T 3R A6 T 73 %
PR HE R s, th T2t R 10 Parm’/s
FO TS BRI 58— O 2, B v Al e 0 i 22 7
20% LA™ SRy, 14 22 il 4R T AR T 25 e LA
NS HRUE, AR AT AR T 8 SRR A T A A e
TR, I Pt TN E R IE ST, A2
AR R I FL S AR 6 R, RS R G R,
RSHCA 40 em*30 em*30 cm,

Gl 22 F iR R T ER R

Fig. 6 Picture of the platinum wire leak™

14 RAREEMRESERETEASEIRE
AR L)l e 52 8 A T A3 114 A6 T 45
TR T FUE TR L S BARMERREE . R
PR R 275 b e ) R0 A T A5 ) A

T, 5 R AR IR LA (4 22 U AL 008 2 U G
TR A AR TR], A T 2 ) 25 Sl i = (1) 115
53], {H 3% Fh 5 B B RN QMS 7E At 7] Py il 2
VC1 HRil He S8 I fF 522 (ALY B fb 2, 58
o I 2 K A TR T 3 5 A U 1 A TR
FIAR/HR I A5 58 18, X FERE B R B
DT BT R AR R 2 . %R 2L M
Yy BRI 5T T 245 R 5% 03 B8 HH 1 D SR O i
VR TER R B b, B T e o 4 i AV L
Xof G i 45 TR ) S AR A AED T R A
A BB R S o A A SRR R T
FAF T I KT W H R Ty, a2 A
i

Q=PC (2)
X, P RS A LURIE He KUK J7, Pa; C RS
TCIFTE SRR T BT, mYs.

2013 4F, T A K2 F5 R SCHF i R BR R 107
Pa-m’/s I i 52 4 7 8 R SORE AR A 1Y, ST
T (107"~ 1.3x10™) Pa-m’/s 7 Bl PN XA T AL R A
SEEE TR e 4 R 0 B bR HEAS B A N AT 6%
JITRIF ) R SR A T (A W R 4 Rl R R
F G0N 5 W A T AL, H v B e S R R
I 107 Parm’/s A4 T I Tl 1L HOGHT
FLFN 22 R B o 4 10 SCARAS, RO s s
EANCE N AEFFAE 107 Pa 4, il AR IFH T H
25 I [ R R R AR DRI He ST, S
JCEA DR BRE S FEAH 2 107 Pa, 3RS TR
1.3x10" Pa-m’/s RUARES IR T & . U 2T
R ARG T 2 R S R AN R 7 TR o

P77 B AT k17 8 A A £ e
Fig. 7 Schematic of the ultrasensitive leak detector with the

standard gas flowmeter'”



394 H = B

ST 5 I NI S 543 &

[ 7 #1 RP1, RP2 1% ; TMP1, TMP2 4 43
T2 NEG1, NEG2 MIAFHNE; VL V10 KB ;
V2., V3, V8, V9 & EmMIK; V4, V5. V6. VT H
WBUE BRI VI R30I QMS b U 4% i 15
Gl. G2 Wi EL25 15 SRG N #E & iP5 T H 25 1
C, A 5 I T 54 GAS 4 He <Uffi o

Sk, T AR R 2 3l o AR o AR T,
i TR AR R T AR HL B AR o R e AR
HAE S AR UE, 7R Tt A8 RS ] BE AR iR A
it 2 A M U e A, DT B R R T 5 SR A
J5 R SRS TR A A v R BRAE AR 2 107 Parm /s

2019 4, Jb gt Eas TR I TR R AR B SE h
O FORESCHIR Rt o8 1 A A2 AR E SR T, X
T AT AR L A R (107 ~ 107°) Parm’s,
B AR AT AT 39, SEEL T X K4S
A A e, HFEFE 8 fif/n . &l 8 1 RP1
HHTZZE ; TMPL A 7095 NEG A UFIZE; VCI,
VC2, VC3 NEZI%; VI~ VI3 HI®IT, V8 =il
HEAZ]; Gl G2 AE AR EZ I, G3 N A
EE 2515 CL, C2 M4 F i T oufF; Gasl i He <
i, Gas2 MARfEIR &SR,

v7 Gl

> —

V10 }Svs V6 G2
Vil V9 V8 v4 NEG
V(3 A&
VCl1
vizX vi2 P V3 V2 Gl
G3
&) T™p1
Vi
Gas2 Gasl
QJ) rr1

P8 Ao AL fat s P

Fig. 8 Schematic of the standard flowmeter
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