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Abstract

Improving the electrode configuration has been proved to be effective to improve the ion extraction efficiency
of atomic vapor laser isotope separation.

In this study, based on the analytical model of the ion extraction process of the one-dimensional parallel plate
electrode, the theoretical analysis and numerical simulation of the ion extraction process under the M-type
electrode structure were carried out by using the two-dimensional particle simulation software (EDIPIC-2D).
On the one hand, the particle-in-cell (PIC) modeling results show that, for the M-type electrode configuration,
the physical processes such as electron oscillations, Langmuir sheath formation and expansion, and ion rar-
efaction wave (IRW) propagation can be observed during the ion extraction process. However, different from
the 1-D ion extraction process, the IRW propagation occurs in both directions within the M-type electrode,
both of which affect the ion density distributions.

On the other hand, if the insertion depth or width of the anode is large enough, the potential of the main
plasma region will reach the level of the anode, forming a virtual anode. And with other parameters being
unchanged, increasing in the insertion depth and width of the anode can effectively improve the potential
of the main plasma region and shorten the ion extraction time; the insertion depth of the anode has a more
significant influence on the ion extraction features, and simultaneously, the potential value of the anode also
limits that of the main plasma region. In addition, the gap spacing between the plasma and cathode surface
has no significant impacts on the overall extraction time.

The above research work has a certain theoretical guiding significance for the selection of structural parame-
ters of ion extraction devices in practical applications.
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