ERE LT
J. Kor. Inst. Surf. Eng.
Vol. 39, No. 2, 2006.

<PHEE>

2X} £0i5} TAE 0|88t Fe(100) EMO| AHEZ A
A5 s

7 |ANATH BT |[EdTA EHI[ETME

Sputtering of Fe(100) Substrate Due to Energetic lon Bombardments:
Investigation with Molecular Dynamics Simulations

Dong-Ho Kim"

Korea Institute of Machinery and Materials, Surface Technology Research Center,
Changwon 641-010, Korea

(Received 3 March 2006 ; accepted 5 April 2006)

Abstract

Molecular dynamics simulations were carried out to investigate physical sputtering of Fe(100) substrate
due to energetic ion bombardments. Repulsive interatomic potentials at short internuclear distances were deter-
mined with ab initio calculations using the density functional theory. Bohr potentials were fitted to the ab
initio results on diatomic pairs (Ar-Fe, Fe-Fe) and used as repulsive screened Coulombic potentials in sputtering
simulations. The fitted-Bohr potentials improve the accuracy of the sputtering yields predicted by molecular
dynamics for sputtering of Fe(100), whereas Moliére and ZBL potentials were found to be too repulsive
and gave relatively high sputtering yields. In spite of assumptions and limitations in this simulation work,
the sputtering yields predicted by the molecular dynamics method were in fairly good accordance with the
obtainable experimental data in absolute values as well as in manner of the variation according to the incident
energy. Threshold energy for sputtering of Fe(100) substrate was found to be about 40 eV. Additionally,
distributions of kinetic energies of sputtered atoms and their original depths could be obtained.
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Fig. 1. Snapshot images of sputtering simulation of
1 keV Ar ion bombardment on Fe(100) surface.
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Table 1. Simulation conditions for each ion impact energy

Tmp a(éi\ell)lergy Sir?;ﬁﬁggl;"e“ Total No. of atoms ést‘) (tf)'gi) Total No. of impacts
30740 12x12x6 2047 0.40/ 0.35 { 2145
50770 14 x 14 x 7 3172 0307027

100 18 x 18 x 9 6526 0.25
200 20 x 20 x 10 8851 0.18 3
500 22 x 22 x 11 11672 0.10 1035
1000 24 x 24 x 12 15037 0.07 5
2000 30 x 30 x 15 28876 0.05
5000 44 x 44 x 18 73323 0.03 7 630
7000 52 x52x%x 18 102043 0.025
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ROoZ 1 keVY YANUAE Ad Arelo] 7] fitted-Bohr
o 2EF T A7H] B AXE9] 9wzt
Lyehdth, 713937 HFe-Fe)l 45 ATEL many- S 2001
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Fig. 2. Repulsive interatomic potentials for (a) Ar-Fe,
(b) Fe-Fe interactions.
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Fig. 3. Sputtering yields of Fe(100) according to incident
energy of Ar ion.
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Table 2. Comparison of sputtering yields predicted by MD simulations for energetic ion bombardments on Fe(100)

Impact energy Bohr Moliere ZBL Exp.
100 eV 0.210 + 0.014 0.292 + 0.016 0.260 + 0.015 0.11'Y,0.20"?
1 keV 2.294 + 0.078 2.915 + 0.089 2.632 + 0.087 1.37"%, 1.767"
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Fig. 4. Kinetic energy distribution of sputtered atoms.
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Table 3. Probability of depth origins of sputtered atoms
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