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Abstract In this study, the Monte Carlo method is used to examine the effects on the sputtering characteristic parameters
of sputtering yields, damage density distributions, and longitudinal energy damage distributions with different sputtering
parameters and material models. Based on the particle tracking and physical statistical results of SRIM-2013 software, the
effects of the initial energy of the ion beam, incident angle, ion type, and material type on surface sputtering and energy
deposition are analyzed, and the relationship among surface damage distribution, sputtering parameters, and sputtering
yield are studied. The results show that a beam-source inclination of 85° can promote the density concentration and peak
density group of cascading particles to a surface of 2. 8X 10" atom/cm” and 3X10™ ' m, respectively, thereby reducing the
average energy loss by 45.6% and increasing the Ar~ sputtering yield by a factor of 4.7. The substantial energy loss
caused by phonons and ionization inhibits the increase in sputtering yield, and the two energy losses account for 69% and
30% of the total loss, respectively, at an incidence angle of 0°.
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Fig. 1 Diagram of collision cascade classification. (a) Single collision regime; (b) linear collision process; (¢) nonlinear collision process
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Fig. 2 Flow chart of program algorithm for linear collision theory
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Type of condition Parameter setting A C 7R 57 [B) AH B3 AH 56 5L sy R T 5
lon species Inert gas (He \Ne Ar.Kr.Xe) S JRCT T G A AR O R K (i e B TR A O AR R0
Ton energy 100-1500 &V ) sm 275 55 AR T B BN 85 I 5 08
Incident angle 0°-85° T B 24 300~1200 eV, I} ma< 0. 25/%)) .
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Table 2 Parameters of material model
Displ Lattice bindi Surf: indi
Type of sample Element Atom stoich /% isplacement attice binding Surface binding
energy E,, /eV energy E,,, /eV energy E.. /eV
N Si 33.33 21 2.1 3.1
Fused silica
O 66. 66 22 2.2 3.2
Silicon Si 100. 00 15 4.7 2.0
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Table 3 Concept of target damage parameter

Type of parament

Concept of contents

Displacement energy Ey,,
Lattice binding energy E,,
Surface binding energy E,

Minimum energy that a recoil needs to overcome and to move away from its original site
Minimum energy that a recoil loses when it leaves its lattice site

Minimum energy that a target atom must overcome to leave surface
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Fig. 3 Distribution of sputtering yield under different energies and incident angles. (a) 0°; (b) 45°%; (c) 85°
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