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Abstract: As the core part of the portable mass spectrometers, the ion trap mass analyzer is
equivalent to the "engine", which determines the analytical capability of the mass spectrometer. Ion
trap mass analyzers require a high degree of precision in both machining and assembly. However,
there will inevitably be certain errors in the actual machining and assembly processes of the ion trap,
which introduce the high-order field of some components and affect the analytical performance of the
ion trap mass analyzer, thereby causing the analytical performance of the mass spectrometer to
deteriorate. In this paper, when the mass resolution remained stable, the tolerated maximum assembly
error for a ion trap mass analyzer was discussed. On the basis of the hyperboloid linear ion trap

structure, the resolution of the ion trap was improved by optimizing the tensile distance Ar, of the x
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electrode in the ion exit direction, and a reasonable high-order electric field was introduced. The ion

trap was modeled by SIMION software, PAN33 software was used to analyze the internal electric

field distribution of a hyperboloid linear ion trap, and AXSIM software was used to simulate ion

motion trajectories and mass spectra. The results showed that when Ar,is 0.9 mm, by optimizing

parameters such as the alternating voltage (AC) amplitude and frequency, the best mass resolution of

the hyperboloid linear ion trap reach 3 958 at m/z 609. Then, three cases of assembly error in the x, y

and xy directions were discussed, and the step size of each error variable was 0.01 mm (10 microns),

and the simulation studies were successively given. When the assembly error in the x, y and xy

directions are less than 0.06, 0.06, 0.04 mm, respectively, the resolution is relatively stable, which can

provide a reference for the subsequent actual assembly error.

Key words: ion trap; electric field analysis; assembly error; AXSIM; SIMION
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Table 1 Higher-order field contents of different sizes under compressive and tensile electrodes

CiR &S IEETES NSRS F AR PRI FEL i ST
Electrode radius r,/mm A, Ay A Ag Ao
3.7 0.7316 —0.0219 —0.0144 —0.0063 —0.0068
3.8 0.7580 —0.0203 —0.0146 —0.0061 —0.0070
3.9 0.7838 -0.0185 -0.0147 -0.0058 -0.0074
4.0 0.8091 —0.0167 —-0.0149 —0.0055 —0.0074
4.1 0.8337 —0.0148 —0.0149 —0.0051 —0.0076
42 0.8578 —0.0128 -0.0150 —0.0046 -0.0079
43 0.8813 —0.0107 -0.0151 —0.0040 —0.0082
4.4 0.9042 —0.0086 —0.0152 —0.0034 —0.0087
45 0.9265 —0.0065 -0.0153 -0.0026 —0.0091
4.6 0.9482 —0.0043 —0.0153 —0.0018 —0.0097
4.7 0.9692 —0.0021 —0.0155 —0.0009 —0.0104
4.8 0.9897 =0.00001 —0.01564 —0.0000005 —-0.0111
49 0.9689 0.0020 —0.0140 0.0009 —0.0101
5.0 0.9483 0.0037 —0.0125 0.0017 —0.0090
5.1 0.9282 0.0052 -0.0113 0.0023 —-0.0082
5.2 0.9084 0.0064 —0.0102 0.0027 —0.0075
5.3 0.8890 0.0075 —0.0092 0.0031 —0.0069
54 0.8700 0.0083 -0.0084 0.0034 —0.0065
5.5 0.8514 0.0090 —-0.0077 0.0036 —0.0061
5.6 0.8332 0.0096 —0.0071 0.0038 —0.0057
5.7 0.8154 0.0100 -0.0066 0.0039 —0.0054
5.8 0.7980 0.0104 —0.0061 0.0040 —0.0052
5.9 0.7810 0.0106 —0.0057 0.0040 —0.0050
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Table 2 Resolutions of different dimensions under compression and tensile conditions
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