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Performance of Quadrupole Mass Spectrometer

LI Xingyan', CHENG Yongjun'", FENG Tianyou', SUN Wenjun', CHEN Lian', WANG Xinghui’, ZHAO Lan'
(1. National Key Laboratory on Vacuum Technology and Physics, Lanzhou Institute of Physics, Lanzhou 730000, China,

2. Northwest Minzu University, College of Electrical Engineering, Lanzhou 730000, China)

Abstract The demand for quadrupole mass spectrometers in various industries is continuously increasing.
China has gradually started research on high-precision quadrupole mass spectrometers, thus putting forward higher
requirements for the performance of radio frequency (RF) power supplies. Based on the theory of quadrupole
electric fields and the influencing factors of electrical parameters, the ion optical simulation software SIMION was
used to model and simulate the electric field motion and ion trajectories for different electrical parameters. The
simulation results show that under the given simulation parameters, increasing the bias voltage can reduce the ion
incident energy, thereby improving the resolution to a certain extent. However, due to the greater influence of the
fringe field on large-mass ions, the pass rate of large-mass ions decreases significantly. Increasing the power supply
frequency can improve the resolution of the quadrupole mass spectrometer, but it will deteriorate the instrument
sensitivity. At the same time, the high frequency will lead to an increase in the corresponding voltage, increasing the
manufacturing difficulty of the power supply. Increasing the DC/RF ratio will reduce the ion pass rate and improve
the resolution. However, due to the non-linearity of the stability region under the same DC/RF ratio, the resolution
of large-mass numbers is significantly worse than that of small-mass numbers. In actual production, different DC/RF
ratios may need to be considered to meet the requirements. The above results provide theoretical support for the
development and application of RF power supplies.
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Fig. 1 Quadrupole electrode structure

doi: 10.13922/j.cnki.cjvst.202503017

FEXFBFE A v J7 6] o DURRAT =2 [0 4 FELASE 4 A B A
¢mx@=%f;f (1)

AP o AT B 2l 5 ) a5 (e y) B R, 251 2 Btk
AUtk g, Wl e, s sh 5 o8

@ - Q(U +Vcoswt)x=0

d? mrl

d’y 20
ﬁ—m—rg(U+Vcoswt)y:0 (2)

&z _

dr?
K m g7, o WA, O s, U
o B, VIR S IR, oS SR, T
AR R h=C(2) RITE 2 J5 ], KL A2 HL
SR, [, x 1y J7 In] 038 shA bt 7 o X (2)
() — L SR — AR 8, 4>

wt

= 2
a=§%% (3)
40V
mwr
B & B il R
d’u
e
%07 FEFR R Mathieu J5 2, 78 DUAR AT 5 &2 53 7
i, a F g JB T ICENSEL, EA15 0 5k
MR EREE U LRSS R VIE . & T
TP E B B, TR o [EA g (3840 F A Y
T XIS Fiz sh i As e A Al 2(a) B,
HAEY a 1 g BEUEFRR T x Jrm5 y 7 bk
S 1Y) H B XS, 285 B B R [R] () AR A A AN 25 %
o FESEBR T AR HL, PO AT BT 6 53 B 2 — e st
TARTEX —FE & XY, A 2(0) s,
F T DU A AT H 3 X3 X BR M, 3R B
B 2(b)H a >0 By X SR AT, WnE 3 s, 1% X 38
PR R =B, R FR A5 — R X .
MUEE alg=2U/V =K(K N H B0, Fa @ F FE
S FR 3 — RN K I HLR, I E LR ARE R
. MR —F 8K, fTH 5T XA AL, bl
Fa M q WAETTE LB K 6 m sk LA, &
a Fl g (HAL TREE XN, IS 2AH R L, BTt 53 3R m
my my W BRI B FE E 38 ) BT i o BT 4% o

+ (a+2gcosé)u=0 (4)


https://doi.org/10.13922/j.cnki.cjvst.202503017

698 H = B

5 8 R o

i 45 4%

[ stable region of x
[ stable region of y

[ the common stable
region of x and y

025}

—0.25¢

-0.50t

K2 Mathieu JFREER . (a)farE XA, (b)H R E XAk
Fig.2 Stability diagram of the Mathieu equation. (a) Stability

region, (b) commonly used stable region

table zone E

0.2 0.4 0.6 0.8
q

&3  Mathieu J5 FE2H—F g X 38}
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Fig. 4 Simulation model of quadrupole mass spectrometer
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Tab. 1 Resolution at different incident energies
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1 10 0.29
2 30 1.06
3 50 1.77
4 70 2.01
5 90 2.58
6 110 3.16
7 130 373
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Fig. 5 Resolution schematic diagram
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Fig. 8 Simulation results of ions under different bias voltages.
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