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Abstract of Thesis

Over the last century, thanks to the constant improvement of manufacturing techniques, the typical sizes of
semiconductor devices steadily decreased to reach atomic scales. At such small scales, further size reducing
becomes very challenging and expensive. As traditional planar structures were reaching their scaling limits,
device structures shifted from planar structures to three-dimensional (3D) structures such as FinFET, while
layers of semiconductor devices are vertically staked in skyscraper-like structures to increase device density as in
3D NANDs memories. In parallel, the development of new devices, such as MRAMs memories, requires the use of
new materials which require the use of new processing techniques. Plasma etching processes, which are widely
used in semiconductor device manufacturing, consists in removing atoms from the material surface by
bombarding it with incident particles, typically ions and radicals. The numerous theoretical and experimental
studies on sputtering contributed to a better understanding of the sputtering mechanisms. However, none of
these studies give a comprehensive understanding of the etching mechanisms and of its dependency on physical

quantities such as the incident energy or the atomic mass.

In this thesis, the physical etching of a material surface is studied using molecular dynamics (MD) simulations, to
obtain a better understanding of the sputtering mechanisms dependency on physical parameters.

Physical sputtering was first studied for a LdJ solid, i.e., for a material made of atoms interacting through a simple
two-body potential function, the Lennard-Jones (LJ) potential function. When the incident particles are of the
same species as the material atoms, i.e., for self-sputtering, all interactions were represented by the same LdJ
potential function. It was found that the physical sputtering yield only depends on the normalized incident
energy, defined as the ratio of the incident energy to the bonding strength of the LJ potential functions, and on
the incident angle. It was also found that the potential function at low interatomic distances plays an important
role in the evaluation of the physical sputtering yield, especially at high incident energies. When incident
particles and the material atoms are of different species, i.e., for sputtering, interactions were represented by two
distinct LdJ potential functions. The physical sputtering then depends on two additional parameters, the ratio of
the masses and the relative interaction range. For actual materials, these two parameters were found to be
strongly correlated and to vary within a narrow range, which explains why similar physical sputtering yields are
observed for incident species of different masses.

The self-sputtering of a nickel (Ni) material was then studied for several potential models obtained by modifying
the repulsive part of existing Embedded Atom Method (EAM) potential function for bulk Ni. It was found that,
although each potential model is accurately reproducing Ni mechanical properties, the obtained self-sputtering
yields were quite different, especially at high incident energies.

Lastly, trench etching of silicon (Si) surface covered by silicon dioxide (SiO2) hard masks was studied for chlorine
(CD) ion beam etching (IBE) and chlorine-based reactive ion etching (RIE). The study of the etching properties of
Si and SiOg surfaces by IBE and RIE showed that, although sputtering yield of Si is larger than one of SiO2, both
materials present similar etching rate due to the lower Si density in SiOz than in Si. Trench etching of Si surfaces
by IBE and RIE was then studied. For IBE, the etched trench presents a tapered profile, indicating that etching
takes place faster at the center of the trench than near the sidewalls. For RIE, the trench presents a wider and

flatter profile, indicating a better pattern transfer compared to IBE.
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