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Molecular Dynamics Simulations of lon-Induced
Rearrangement of Ultrathin Oxide Films on Silicon
Alison A. Kubota and Demeter J. Economou

Fig. 1. (a) An off-axis view of a space filling representation of an oxide island formed after successive 100 eV argon ion bombardment at nornel incidenc
and a fluence of 38 monolayers (1216 ions). The white and red spheres represent Si and O atoms, respectively. The sphere radii have been dosen arbitrari
to provide optimal viewing of the surface. (b) Constant energy surfaces for the cell shown at left. The outer transparent blue surface correppterdsmto a

of approximately 2 eV. Higher energies are probed in green (50 eV) and yellow-ofaste0 eV).

Abstract— We present three-dimensional images of ion- an exposed area of 47%’. Case studies involved normally
irradiated ultrathin oxide films on silicon surfaces, generated jncident and off-normal (45 and 73) 100 eV Art ions
from molecular dynamics simulations. The surface has the . . L - .
tendency to form oxide islands as the film is sputtered away by |mpact|n_g the oxidized silicon surface. _The lattice temperature
100 eV Ar™ ions. We also show an image of a “peeling” oxide Was varied from 300-973 K to examine the dependence of
strand which forms occasionally as a result of ions impacting oxide removal rate (cleaning) on substrate temperature and
at an angle of 45 from normal. incident ion angle to complement the experimental results of

Index Terms—Oxide islands, sputtering, surface cleaning. Leeetal.[1]. Lattices shown in this report were kept at 300 K,

and ion doses of up t6-100 ML (3200 ions) were typically

used. A reparameterized Jiang and Brown [2], [3] potential

E have simulated low energy argon ion beam irradid/@s used, while Ar interactions with Si and O were modeled
Wtion and sputtering of ultrathin oxide layers on silicosing the Moliere potential. Details and further results of the
surfaces using the technique of molecular dynamics (MD§imulations are published elsewhere [4].

Ultrathin oxide films of approximately 2.3 monolayers (ML) When subjected to successive ion irradiation, the oxide film
on Si(100) initially (2x 1)-reconstructed surfaces were formewas found to undergo structural and compositional changes
by chemisorption of O atoms. O-atom chemisorption followedith increasing At fluence. For example, the O-to-Si sput-
Langmuir kinetics with an initial sticking probability of O ontering yield ratio varied with increasing ion fluence. In the limit
silicon equal to unity. The MD cell was 11—]§6high and had of reduced oxygen content of the surface, the sputter yield for
normally incident 100 eV At was found to be approximately
_ _ _ ~ 0.03, comparable to the sputtering yield of pure silicon [5], [6].
e 0 o e s oo e Nl the regime of 05-L5 ML oxygen conten, the Surface
Advanced Technology Program. appeared to take on island-like formation8-5A thick. Such
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Fig. 2. (a) An off-axis view of a space filling representation of a “peeled” oxide strand formed after successive 100 eV argon ion bombardrienft at 45
normal incidence and a fluence of 30 monolayers (960 ions). (b) Constant energy surfaces for the cell shown at left. Other details as in Fig. 1.

to enhanced oxygen transport and diffusion in the oxide layeigher energies can be thought as scattering barriers seen by

[8]. An ion-enhanced diffusion mechanism may be responsitii@gh energy ions that can penetrate into the lattice.

for the formation of the islands observed in our study. Figs. 1(a) and 2(a) were rendered using Rasmol [9] molecu-
Fig. 1 shows an off-axis rendering graphic of an oxidizeldr visualization software. Further techniques have been devel-

silicon surface after exposure to 38 ML (1216 ions) of 100ped to provide rapid generation of time-resolved animation

eV normally incident At. Although the oxygen distribution of simulation results.

was rather uniform on the original surface, an oxide island

forms on the ion-irradiated surface, which also increases the ACKNOWLEDGMENT

surface roughness. The rms roughness was calculated to hFhe authors would like to thank D. C. McCleney for her
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in Fig. 1, two and, rarely, three islands could statistically for
on the surface as a function of ion fluence. The island size
could be affected by the limited computational cell size but
this effect was not studied. On rare occasions, short livel] S. M. Lee, C. J. Fell, D. Marton, and J. W. Rabalais, “Synergistic effects

. . . . in annealing and low energy ion bombardment of Si(100) surfaces,”
metastable configurations as shown in Fig. 2 were observed. Appl. Phys, vol. 83, pp. 5217-5223, 1998.

The lattice of Fig. 2 was computed after an ion dose 0f2] z. Jiang and R. A. Brown, “Modeling oxygen defects in silicon crystals
30 ML (960 ions) of 100 eV Ar impacting at 45 from using an empirical interatomic potentialChem. Eng. Scivol. 49, pp.

I Th ffect of off i . t to i 2991-3000, 1994.
normal. 1he emnect of or-normal 1on 1Impact was 10 INCreasqs; z. jiang and R. A. Brown, “Atomistic calculation of oxygen diffusivity

the film removal rate, as well as generate configurations in crystalline silicon,”Phys. Rev. Lettvol. 74, pp. 2046-2049, 1995.
such as shown in Fig 2 InitiaIIy an oxide “strand” on the[4] N. A. Kubota, “Molecular dynamics simulations of plasma surface inter-

. . . . . actions for microelectronics processing applications,” Ph.D. dissertation,
surface, this configuration formed after further ion impact pep. chem. Eng., Univ. Houston, Aug. 1998.

which caused “shaking” and “peeling” of the island over thel5] P. C. Zalm, “Energy dependence of the sputtering yield of silicon

: : : - : bombarded with neon, argon, krypton, and xenon iodsAppl. Phys.
short time scales simulated using MD. The projected size of |\ 54, pp. 2660-2666, 1983,

the strand is substantially smaller than the cell size. Thereforg] N. A. Kubota and D. J. Economou, “Molecular dynamics simulations

the strand does not appear to be an artifact of the periodic gf |0t\;V-enf3rlgy (25d—200dth)fargont_ion inttiracg;r]; w:thpiilicon ISLg;acesr
i . . putter yields and product formation pathwayk, Appl. Phys.vol. 83,
boundary conditions. The simulation was not run long enough pp. 4055-4063, 1998.

in between ion impacts to check the stability of the strand§?] T. Horie, Y. Takakuwa, and N. Miyamoto, “Two-dimensional growth

against desorption. However, there were cases where a peeledand decomposition of initial thermal SiOayer on Si(100),"Jpn. J.
9 P P Appl. Phys. vol. 33, pp. 4684-4690, 1994.

strand could be sputtered away by an inCiqent ion. Figs. 1(.%] J. R. Engstrom, D.J. Bonser, and T. Engel, “The reaction of atomic
and 2(b) show surfaces of constant potential of the respective oxygen with Si(100) and Si(111). Il. Adsorption, passive oxidation and

lattices. The outer transparent blue surface corresponds to a ‘2h398_e2ﬁgft fég"zomddem ion bombardment3urf. Sci. vol. 268, pp.

potential of approximately 2 eV. Higher energies are probegh] RasMol Molecular Graphics Visualization TooR. A. Sayle, Glaxo
in green (50 eV) and yellow-orange 100 eV) surfaces. These Research and Development, Biomolecular Structures Group, 1994.
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