Annual Report No.36 2022

SRS EARNT Z 7 R R DR

Development of Hafnia-Based Ferroelectric Nanoparticles
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Ferroelectricity in nano-scale objects have long attracted much attention from the scientific
viewpoint related with size effect and due to the importance for an application to electronic
devices such as FeRAM (ferroelectric random-access memory) as well as MLCC (multi-
layer ceramic capacitor). It is well known that, in the case of compounds with perovskite-type
crystal structure, which is the most popular type of material, ferroelectricity disappears when
its crystallite size is below a critical size. Ferroelectricity was discovered in hafnium dioxide
(HfO,)-based thin films in 2011. Since ferroelectricity of HfO»-based films are retained even
for very thin films, HfO,-based material may also be promising for ferroelectric nanoparticle.

Based on this background, in the present study, we have hydrothermally synthesized
nanoparticle (NP) of zirconium-doped hafnium dioxide (HZO: Hf; sZr, s0O,), and their atomistic
structure was characterized in detail by using atomic-resolution scanning transmission electron
microscopy (STEM). It was found that major crystal phase of the HZO NP synthesized at 200 °C
and 160 °C was thermodynamically stable, monoclinic phase and that major phase for the HZO
NP synthesized at 120 °C was quasi-stable phase such as cubic, tetragonal, or orthorhombic
phase. Atomic-scale STEM observation further clarified that the atomic arrangement in the NP
synthesized at 120 °C was orthorhombic-phase like. This result importantly implies that the
HZO NP possibly exhibits ferroelectricity.
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