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Fig. 1. Schematic diagram of Langevin method model divi-

sion.
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Fig. 2. Sputtering yield curves under different incident

angles.
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Fig. 3. Initial state (a) and continuous incidence (b) of 316L
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Fig. 4. Sputtering yield of 316L stainless steel and 625

alloy under different incident conditions.
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Table 1.  Calculation conditions for the life of metal

wires.
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Fig. 6. Cross sections of metal wires with different total in-

cident ions.
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Fig. 7. Surface morphology of metal wire using SEM.
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Fig. 8. Sputtering yield of Ni-Ti alloy, 625 alloy, and 316L

stainless steel.
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Fig. 9. Cross sections of Ni-Ti alloy wires with different

total incident ions.
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Abstract

When energetic heavy ions are incident on negatively charged structure that collects and deposits ions, ion
sputtering will occur. Metal wire is a structure commonly used for accelerating ions, the incidence of continuous
high-throughput ions can cause surface loss of metal wire, affecting the service performance and lifespan of the
metal wire. The SRIM software commonly used for calculating sputtering yield cannot consider the multi-body
interaction problem contained in the alloy crystal structure. So, there is a significant error in calculating the
sputtering yield of high-energy ions incident on alloy target. Based on the molecular dynamics method and
Langevin temperature control model, the calculation model of ion sputtering parameters of energetic metal ions
incident on alloy target is established in this work. The model is used to calculate the sputtering yield under the
conditions of intact surface lattice of the target material and long-term incident surface lattice damage. The
damages to the cathode metal wire under different incident ion fluences are further calculated, and the cross-
sectional characterization of the metal wire is carried under typical working condition. The results show that
the discrepancy between the experimental value and the theoretical value is less than 10%, which verifies the
accuracy and applicability of the theoretical model. Based on this model, the search direction for sputtering
resistant materials is proposed, meanwhile, a theoretical optimization is carried out to improve the service life of
metal wire, and a method of using Ni-Ti alloy to improve the service life of metal wires is proposed, which is of

great significance for predicting the service life of the metal wire under different conditions.
Keywords: ion sputtering, molecular dynamics, alloy target, service life
PACS: 02.70.Ns, 68.35.bd, 68.49.5f DOI: 10.7498/aps.74.20240711
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