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The phase-field method has been widely used as a very
effective methodology to simulate the grain growth of
polycrystalline materials. In three dimensions, grain
boundaries have five degrees of freedom, and grain
growth modeling that fully considers grain boundary
energy anisotropy is a very challenging task due to the
complexity of the phenomenon and the limitations of
computational resources. The limitation of computational
resources is a parallel acceleration method using CUDA,
which expands the time scale to ten times compared
to the previous one, and N. Moelans et al. Modeling
was performed using the proposed fully anisotropic
three-dimensional grain growth model. The UO2 grain
boundary energy dependent on crystallographic orientation
and inclination was analytically applied to the proposed
model. A comparison was performed with the existing
three-dimensional isotropic grain structure and the
experimentally obtained UO2 microstructure, and the
future development direction was suggested.
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HfO, thin films exhibit promising potential as high-K
dielectrics capable of replacing conventional SiO; gate
dielectrics. Among various deposition techniques,
atomic layer deposition (ALD) offers distinct advantages:
precise control over film thickness down to the Angstrom
level, exceptional reproducibility, and superb conformality,
especially on complex topological structures. Plasma-
enhanced ALD (PEALD) is acknowledged for producing
thin films of higher density at lower temperatures
compared to thermal ALD. Moreover, PEALD thin films
often possess improved physical, chemical, and optical
properties compared to thermal ALD thin films.
However, as PEALD involves complex particles like
radicals, ions, and photons, which might be energetically
unstable and/or directionalities, the crystallinity,
interface properties, and film thickness of PEALD thin
films deposited on trench structures might differ
depending on trench location. In this study, we
systematically characterize various properties of PEALD
HfO, thin films, primarily focusing on growth rate,
surface roughness, chemical composition, and crystallinity.
Film conformality was meticulously assessed for HfO;
thin films deposited on trench structures with a 1:13
aspect ratio.
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With the reduction in semiconductor device size, the
thickness of thin films has exponentially decreased to
a nanometer scale. However, the reduction in thickness
leads to the degradation in film properties such as
dielectric constant, leakage currents, and crystallinity.
In this study, we aim to deposit ultrathin transition metal
oxide films doped with rare earth elements with
maintaining the excellent properties below 5 nm. The
supercycle method by atomic layer deposition is not
suitable for deposition of ultrathin multicomponent
films since it requires a certain film thickness to maintain
the desired mixing ratio. Therefore, in this research,
we introduce a new approach, atomic layer modulation
(ALM), for fabrication of dielectric layers below 5 nm
with excellent properties. ALM allows the growth of
multicomponent with predetermined composition ratio
by regulating the steric hindrance and chemical reactivity
of the two precursors within a single layer. This research
can provide another route to overcome the challenges
in the down scaling of semiconductor devices.
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