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Elucidation of Phase Stability and Novel Fluorite Type Ferroelectric Phase Thin
Films by Controlling Stress Induced Phase Transition
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Recently, HfO2-based novel phase without spatial symmetry, which is
interesting ferroelectric material as Pb-free and non-perovskite-type structure. Hf0.5Zr0.502 (HZ0)
thin films are one of the representative materials with the orthorhombic phase Pca2l in the wide
compositional range. We have attempted and realized the epitaxial growth of HZO thin films with the
orthorhombic phase Pca2l using solid-state epitaxy with ion-beam sputtering followed by rapid
thermal annealing. We have also described the nanoscale morphology and the domain structure of
orthorhombic (Pca2l) and coexisting monoclinic (P21/c) phases in HZO thin films using the
aberration-corrected scanning transmission electron microscopy. These results indicate that two
effects, the solute and the elastic constraint effects, are necessary for the stabilization of the
orthorhombic phase.
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Figure 1 XRD 260/w profile of an HfysZrys0,
thin film deposited on SiO, glass substrates
followed by annealing at 1073 K, (b) enlarged
profiles of (a) around 30 deg, and (c) simulated
powder diffraction patterns.
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Figure 2 (a) XRD 20/w profile of an
Hf sZry 50, thin film deposited on YSZ (100)
substrates followed by annealed at 1073 K, (b)
enlarged profiles of (a) around 35 deg, and (c)
simulated powder diffraction patterns.
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Figure 3

(a) HAADF-STEM
HfysZrys0O, thin film and (b) selected area
electron diffraction pattern.
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Figure 4 (a) STEM-EDS mapping, using the net intensity of Y-K, Zr-K, and Hf-L characteristic
X-rays, with a HAADF-STEM image obtained simultaneously, and (b) the line profiles of Y-K, Zr-K,
and Hf-L elemental maps, which were integrated along the in-plane direction.
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Figure 5 (a) an atomic-resolution HAADF-STEM image of thin film with (b) enlarged images of
typical region in (a) for orthorhombic, monoclinic, and cubic phases (YSZ) with corresponding
diffractograms. Here, the notation “Axy” signifies A (orthorhombic or monoclinic) phase with the
orientation x-axis and y-axis in the out-of-plane and in-plane directions.
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