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Fig. 1. Schematic diagram of PIC method.
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Fig. 2. Schematic diagram of one dimensional electric ion

extraction of parallel type.

F1 BB
Table 1.  Simulation parameters in onedimensional

cases.

2

;;j FIfRA WGBS TE Sl BRETH
REER/% /(100 cm™®)  FE/KV  E/(10" em™)

1 2.5 5.0 2.0 4.0

2 2.5 5.0 1.0 4.0

3 5.0 5.0 2.0 2.0

4 1.25 5.0 2.0 8.0

5 50 100.0 10.0 4.0
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Fig. 3. Plots of remaining ion ratio versus extraction time
(Case 1).
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Fig. 4. Energy distribution of ions deposit on the collection

plates (Case 1): (a) General distribution; (b) local distribu-

tion.
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Fig. 5. Energy distribution of ions deposit on the collection

plates with several initial plasma densities (Case 1).
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Fig. 6. Plots of remaining ion ratio versus extraction time

with several applied voltages (Case 1 and Case 2).
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Fig. 7. Energy distribution of ions deposit on the collection
plates with several applied voltages (Case 1 and Case 2).
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* 2 SABIEET AR A RIS R

Table 2. Simulation and empirical formula results of several simulation cases.

B 5IHEE] /us SRS | BT LA/ % IR AR LB
. . S A8 0
e WR/%  BAWRRESRAEEWIN%  RRUR/%  BLH/%
1 37.23 84.62 0.780 (0.846) 0.921 (1.000) 0.371 (0.395) 1.151 (1.241)
2 66.78 70.24 0.615 (0.702) 0.876 (1.000) 0.663 (0.691) 1.278 (1.393)
3 37.20 84.61 0.384 (0.423) 0.454 (0.500) 0.192 (0.200) 0.576 (0.623)
4 37.36 84.65 1.151 (1.693) 1.784 (2.000) 0.740 (0.785) 2.250 (2.478)
5 51.62 75.78 0.654 (0.758) 0.864 (1.000) 0.549 (0.533) 1.203 (1.291)
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Fig. 8. Plots of remaining ion ratio versus extraction time
with several background atomic densities (Case 1, Case 3,
Case 4).
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Fig. 9. Energy distribution of ions deposit on the collection
plates with several background atomic densities (Case 1,
Case 3, Case 4): (a) General distribution; (b) local distribu-

tion.
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Fig. 10. Plots of remaining ion ratio versus extraction time
(Case 5).
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Abstract

The electric ion extraction, which plays an important role in productivity and abundance of product, is a
critical step in laser isotope separation (LIS) technology. Several collision processes happen during the electric
ion extraction, such as resonant and non-resonant charge exchange between ion and atom, the secondary
ionization process and the ion-electron recombination. The resonant charge exchange process between target
isotope ions and no-target background atoms is one of the major reasons of product contamination. As a result,
the study of ion extraction with the consideration of resonant charge exchange process is essential. However, the
resonant charge exchange process in ion extraction has not received enough attention. Besides, contradictory
findings have been deduced in published studies. Therefore, it is necessary to clarify the effect of resonant
charge exchange process in the electric ion extraction. In this article, the particle-in-cell (PIC) method and
preprocessing hybrid-PIC method are adopted in both one- and two-dimensional numerical simulation. The
preprocessing hybrid-PIC method is a calculation scheme by which accurate results can be obtained with less
computational consumption. In this calculation scheme, the PIC method and hybrid-PIC method are used
sequentially in different stages of ion extraction process. One-dimensional parallel type simulation cases are
carried out under the circumstances of different initial plasma densities, applied voltages and background atom
densities. The results show that the resonant charge exchange process happens in both shield layer and sheath
layer. The ionic resonant charge exchange proportion in shield layer and sheath layer are related to the ion
extraction time and average travel length in background vapor, respectively. Besides, they are proportional to
the resonant charge exchange cross section and background atom density. And an empirical formula for deriving
the resonant charge exchange ratio roughly is proposed. Two-dimensional simulations are carried out in four
electrode configurations: parallel type, alternately biased parallel type, II-type, and M-type. The extraction
mechanisms are discussed and compared with each other. The simulation results show that M-type electrode
configuration has the minimum resonant charge exchange ratio and extraction time among the configurations

above. The results and conclusions provide an important reference for designing the LIS device.

Keywords: resonant charge exchange, particle-in-cell method, sheath layer, shield layer
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