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Optoelectronic, microelectronic, energy conversion or even medical devices
becoming ever smaller and structured into complex three dimensional shapes, the need for
nanometric conformal thin films has never been greater !. The Atomic Layer Deposition
(ALD) process [?I has emerged as the appropriate process to produce such films. Due to the
self- limiting nature of the deposition reactions involving two precursors alternatively fed,
the process is characterized by its high film thickness control, uniformity and composition

purity.

However, for the deposition of ultra thin films (<10 nm), the substrate initial surface
plays a crucial role. The deposition during the first ALD cycles is either enhanced or
inhibited®!, depending on the substrate nature. This nucleation period limits the minimum
ALD cycles used to obtain a continuous film. Furthermore, even when the ALD regime is
attained, the competition between surface mechanisms, such as desorption and surface
reactions, play a crucial role on the ALD growth. All these phenomena need to be
understood, while the substrate pretreatment should be optimized to minimize the

nucleation period.



In this work, the surface mechanisms including reaction, adsorption and desorption
steps during the ALD of Al>O3; from TMA and H>O on Si substrates are investigated. The
analysis is performed using a surface chemistry model, coupled to a CFD model for a
commercial reactor treating 20 cm Si wafers. ¥ This model is used to feed a geometric
model that simulates island growth on a surface. The model predictions are validated by
comparing its results with experimental measurements and literature data. It is shown that
for ALD exposures in the range of ms, no reactions between a perfect Si substrate and
reactants take place due to the low activation energy of the desorption step. The effect of
initial long duration TMA exposures before deposition is investigated, showing that they
clearly lead to an increase of nucleation sites on the surface by allowing TMA adsorption
and reaction to occur, thus producing methyl groups transformed in active hydroxyl bonds
by the subsequent H>O exposure. This significantly reduces the nucleation period, hence

decreasing the number of ALD cycles needed to obtain a conformal continuous film.
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