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Abstract: Abundance sensitivity is an important technical index of magnetic mass spectrometer,
which describes the extent to which the tailing of intense ion peaks at a mass number in its
neighborhood affects the weak ion peaks during isotope ratio measurement. It is particularly
important in the measurement of isotope ratios containing low abundance nuclides, such as >*U/>*U
B5U/7*U, and °Th/**Th. However, the abundance sensitivity of magnetic mass spectrometer is only
of the order of 10°° without taking additional technical measures. To further improve the abundance
sensitivity, the techniques of tandem mass spectrometer, such as magnetic-electric, magnetic-
magnetic and magnetic-electric-quadrupole tandem mass spectrometer, and retarding filter can be
adopted. In fact, while various tandem mass spectrometer techniques can effectively improve the
abundance sensitivity of an instrument, they also significantly increase the size, complexity, and cost

of instrument, and therefore are not widely used. In contrast, due to its simple structure, small size,

and excellent performance, the retarding filter has become a key component for commercial magnetic
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mass spectrometers to improve abundance sensitivity. Based on the basic principles of ion optics, a
retarding filter consisting of five electrodes with a compact structure of only (40x50x50) mm® was
developed by utilizing the ion optics simulation software SIMIONS.1. In addition to the function of
energy retarding, the retarding filter also has the function of direction retarding, which greatly
enhances the filtering capability to scatter ions. To test the ion transmission efficiency and the
abundance sensitivity under different voltages, the retarding filter was installed on a domestic double-
focusing thermal ionization mass spectrometer (TIMS). The instrument mainly consists of a thermal
ionization source, a double focusing mass analyzer consisting of an electrostatic analyzer and a
magnetic mass analyzer, a zoom lens, and a multi-collector detector, which can be configured with up
to 16 faraday cups, 4 electron multipliers, and 2 retarding filters. The results showed that the
abundance sensitivity of the mass spectrometer is successfully improved from <2x107° to <5x107°
without either main ion beam transmission efficiency reduction or the peak shape deformation. The
best abundance sensitivity obtained is 2x10~°, which is highly competitive to commercial thermal
ionization mass spectrometers in the market today. The as-designed retarding filter provides important
technical support for the development of domestic high-performance magnetic mass spectrometers.

Key words: thermal ionization mass spectrometer (TIMS); abundance sensitivity; retarding filter;

SR WGP A BE AL B O DR T o 5 P RE I 1K 601

scatter ions; transmission efficiency

= R 72 B R A o S (M R A — T T
T bR, TR AR AE TSI e R v R B 0 R
Xof LS5 e AR AT 55 T R R A AR B, A T
F 3 SRR TS SR 0 S v ) A T
AR o o T e 2 322 AR 0 B 1 5 0 by
JE R A SR AT L B SRR T e e 4 il 5 |
B, BRI, M AR 100 ~107 Pa 2
[ A, B2s B Al s 2 g, £ R AU n] ol
ARG M ES T 107 Pali, R
BCRE (1R B3 Bt o L2 el B AR A 7 185 X LA
JE4FF 107° Pa i, 38 R BUE £ 2x107 9%
B o o8 T E 2 AR T R, 2R R
HX ST S MR Ak A 1 O 2 G IR K T
25 S R i P T KRR B i ) R
MOE RN 20 T2l 50 4R, AT i PR H W g
F Ak R R, 80U 7R I LA 237 Ab i R B 2
2 4%, 7E 239 Ab pyd R B 2 36 1 . R G -FR
FR IR 7 8 WA 8000 I T A v P 4 2 . 20 tE4D
80 AR, 3K T 25 ML 42 150 mm, MR f 90°
[ 3R & 0 Dn 5% 5 1F BB &t o 08 2% 5 K AR
MAT-261 A $4 3 T 25 51 % (TIMS) X, X 2%
FRERGER 1.5x10  HEE 1.3x107, 20 {42
90 4EALH), FelE VG A FHE2E4% 300 mm ) A
B AR R 18 O IR AR G AE LR A 1Y VG-54
P DUR AR R AW ), (il R R 1107,

il - FEL - DU R FF G 0K T S 2 R B A FE R
BUE . 2013 47, 35 5w — USRI RE - R - DU R AR
G, FEJFA BUR AR B SEH T 6x107 (1
FRE R . BORWE-FR - DU AR AT S5 AT L 0 3
P AN 1 B R AL (B 32 BT DUAR AT 1 [
FEVE, WHE T RE BT A B A% R (1 R
INT10%) FF TR R PR, SR T o 2 ) 4[]
fLR WAl D35k, BARA R ER IR BTiE Iy 2 vl LA
ROCEA i 00 =F B R U, {HL W] Ih s 25 18 A 2%
PAARTR . B 2% B RUA .

FE R — P AR BB /N | 5504 ] B0 B8 7Ol 2
75 555, BELT o U A U 52 0 e N 5L BRI Tk
LTS A B R BT B, FA7E 1967
4F., Freeman %55 F Hy 3 B e A 4 g 19 BEL ¥ aot
UE SRS F B R R 107 #2852 10° &
9, 22T 29 70 £ [RIAE, B DT [E 58 52 50 % 1Y Kaiser
SRR 2SR BRS040 b4 Hh 1.5
10°° 2035 28 5x10°°, Treland 25" F il () 20 — ¥k
B 7 B3 SHRIMP Fir >R F B¢ BEL i Ao 38 45 15 2 ik
T BBV, 1994 48, B bR IR T —
FlEs o & e, Tl iE e 48 KT 38 eV
(85, DAR B g o i A F R R R . H
I, 3 200 R G BT S A X T 25 5 22 DR E Y BEL
5 3 %, A Thermo Fisher 2y 7] /) DU # T BE &
i € %% (retarding potential quadrupole, RPQ)!**",



602

(i1 O AR

Nu {2 1 A9 2 116 75 ( deceleration filter) '
LA X Isotopx 7~ 7 f) WARP(wide aperture retarding
potential) iz i #§4E

SR R 7 v T R BT R A A B, AR 5
PEEE T B O A B, Gl ot R AT L (R
Bt SEEe I A A Y O g I kAR, B — K
e P B BELYS 2ok 0, D4R e 7 B A )
REUZIEIR

1 EigoHHH
Z R T 5 B = PR A SRR i1
[R]85, -7 L2 s B2 A R AR A AT
DL AR A 24,
kT

- \2nd2P
K, kR RS H R, T IR HREE, d N
BB AR, PR BT AL BB A e o il
JRTF242 0 1.56 A, BUP R 107° Pa, T2 300 K, k&
Sk 1.381x1072 J/K, W75 21 i) B 7135 [ i R
9.6x10° m. A B 7 CAT R R 2 m, WISF-3Y
Rl FE AR R 211074 Rk, 7E % 18k 5 B2
JiE TR A SRR I, AT Z BRI 2 YR S DL Y
FifF

TE RS I, SRS 1 i AT LR .

v, = 1/2](—T (2)
m
Hp, m o+, o FRISIEEL N,
%mvf, =kT ~0.026 eV (3)

FEBIE ) 04 T35 A, B8 fig i 7 8 000~
10 000 eV Z [H], PR it =% JE A48 [a] @, AT DATA K
BRI T 00 K, RGN R B
25 B T a3 8 % H, il He 552 S AR iy il )
Shy ik — 2 ik ) 8, AHIF A 2 R B T 5 A )
TRy . i B I x s st S
AT R A R R A, D) s A 2 R S RN 2
SPAE, B,

Qe

%mUvg = %muv% + %mszg
myVo = MyVy, + My, vy,
MyVyy + My, vy, =0 (4)
v+ v%y =
Forr, my S PPUTY R, v R PUTHY D IR
y 75 x J5 TR L, v v, 23 A Rl S U

5 H, A F R, x 1y 4300 R B Y x T ()
SR Ay 5l gy a o SRR R, RIS R S
U T BE = S AT A0 & U YOG R, B
FEFRERN 10 000 eV, R ZoR TH 1.

0.50

N
& 040+
=
A 030+
=
IE 020
Mo
# 0.10 +
j]

& 0.00 -—
9650 9700 9750 9800 9850 9900 9950 10000
BUBE ThHE S e E/eV

1 #iEE, P UB TR 5HEX M
REANXE
Fig. 1 Relationship between the energy and

scattering angle of **U" ions after collision
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Fig. 8 Domestic double-focusing thermal ionization mass spectrometer
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FERE
Lo CUPRIESIRE 237 ubERPEIECE BRI IR SRR Abundance sensitivity/<10”°
Voltage of center ~ Average signal ~ Average count rata of the Transmission efficiency of (LR KIERT (SRR IEG
electrode/V strenth of **U/mV tail at 237 u the retarding filter/%  Before transmission After transmission
efficiency efficiency

10010.0 2794.67 1.379 100 7.89 7.89

10010.2 2651.09 1.029 100 6.21 6.21

10010.4 2462.88 0.603 100 3.92 3.92

10010.5 2691.56 0.616 100 3.66 3.66
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