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Abstract: The ion optical system is an important component of electron impact (EI) ion source,
which uses electrostatic lens to extract ions in the ion chamber, further focus, accelerate and shape,
and regulate the speed and energy of the ion beam. The performance of the ion optical system will
directly affect the sensitivity and stability of the mass spectrometer. Based on the digital simulation,
the ion optical system of EI source can be used to track the movement trajectory of ions from
generation to the moment before entering the mass analyzer, which is helpful to deeply understand
and recognize the dynamic behavior of ions in the system, and study the key influencing factors of ion
movement. In this paper, the ion optical digital simulation system of EI source named Sim-EI-Lens-

COM-V1.0 was developed. The geometric structure of each component in the simulation system can
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be uniformly configured and modified, which is suitable for the simulation of different types of ion
optical systems. Based on the developed simulation system, two kinds of typical ion optics with
cylindrical and sheet lenses were constructed. The key factors affecting the ion transport efficiency,
such as geometric size and voltage parameter of each component in the simulation system, the species
and total number of ions produced, and the time of the ion to pass through the system, were studied.
Firstly, the influences of the electrostatic lens thickness on the ion dynamic behavior and transport
efficiency were investigated. Then appropriate number and initial distribution of ions were selected,
and the parametric scanning calculations of the voltage parameters were carried out. Through coarse,
fine and precise adjustment of different voltage step values, the optimal voltage combinations of two
typical ion optics systems were achieved. The performances of the two ion optical systems were
compared under the optimal voltage combination. The result showed that the ion transmission in
cylindrical lens ion optical system can reach to 97%, and it can reach more than 99% in sheet lens.
The time for ions to pass through the system increases with the increasing of ion mass-charge ratio.
The time to pass through the cylindrical lens is shorter than that of the sheet lens under the same ion
mass-charge ratio. The radial energy distributions of ions at the outlet of the two ions optical systems
are similar, and the axial energy distribution at the outlet of the sheet lens is more concentrated with
higher consistency.

Key words: electron impact (EI) ion source; ion optics; electrostatic lens; transmission efficiency
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Fig.2 Geometric structure diagrams of two ion

optical system
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Table 1 Parameters of geometric modeling

R HORE SR FRE S
Name Cylindrical lens Sheet lens
HeFR R B dy/mm 1 1
A PO B zg/mm 0.5 0.5
1Ry /mm 4 05
BB Bz /mm 12 12
#EGi2)RE dy/mm 8.8 0.5
B2 AL B zy/mm 19.4 19.4
B8535 dy/mm 7.3 0.5
BEBI3 L B zy/mm 28.45 28.45
#E4)FE R d,/mm 0.5 0.5
B4 Ez/mm 33.35 33.35
B IFALAE A r/mm 2 2
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Table 2 Parameters of voltage
£ FK Name LR B Voltage/V

TR 0~40
HLEI % 0
B 0~-100
B2 0~-200
B3 0~-100
B4 0
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Fig. 4 Ion position and energy change in ion optics

system of sheet lens
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Table 3 Step values of voltage adjustment

experiments

HEE 1k B B2 B3
Step value  Repeller/V  Lens 1/V Lens 2/V  Lens 3/V
HL AR 1 10 -25 -50 -25
HL H 2 2 -5 -10 -5
HL A 14 1 -1 -2 -1
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Table 4 Optimal values of coarse voltage adjustment

for two ion optical systems

®6 2HMBTAFRGEARMBEELAS
Table 6 Optimal values of fine voltage adjustment

for two ion optical systems
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&L UN  UN UV U R &L UN  UN  UN U AT R
Lens Ton transmission Lens Ton transmission
[EN 0 -25 =200 —50 0.9519 [EN 0 -25 =200 40 0.9694
JIRIN 0 0 -200 —100 0.9651 JIRIN 0 0 -150  —100 0.9909
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Table 5 Optimal values of coarse voltage adjustment

range for two ion optical systems
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Table 7 Optimal values of fine voltage adjustment

range for two ion optical systems
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Table 8 Optimal values of precise voltage
adjustment range for two ion optical systems
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Table 9 Optimal values of precise adjustment for two ion optical systems

BB Lens  Wifiitb(m/z)  U/N  UJN UV U/V  FI5ESE] Computation time/s  #F-iliid % lon transmission
(IR N 2 0 -25 200 -39 5x107° 0.9690
69 1 -25 200 -39 5x107° 0.9700
1002 1 =25 200 -39 5x107° 0.9695
AR 2 0 0 -152  -100 5x107° 0.9924
69 0 0 -152  -100 5x107° 0.9923
1002 0 -5 -160 -100 5x107° 0.9374
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Fig. 6 Ion position and kinetic energy distribution at the outlet in two ion optical systems
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Fig. 7 Kinetic energy component distribution based on the optimal voltage

parameters from precise adjustment in two ion optical systems
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