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In 2021, the applicant successfully created an artificially low-dimensional electronic system
by reducing the thickness of the strongly correlated compound CaRuQO3; to the order of its
Fermi wavelength. A novel size effect was discovered, whereby the film becomes insulating
with a periodicity of approximately 25 A in thickness. Compared to conventional quantum
well-induced size effects, this phenomenon shows a resistivity change several billion times
greater at low temperatures. To further explore this low-dimensional system, the present
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study focused on fabricating high-quality CaRuQO; ultrathin films. The physical properties of
the films were investigated by systematically varying the conditions of molecular beam
epitaxy (MBE) growth, including substrate temperature, Ca/Ru flux ratio, and oxygen
partial pressure. A wide growth window for CaRuO3; deposition was identified across these
parameters.

The previously observed thickness-dependent metal-insulator transition (MIT) due to the
size effect was further examined by precisely controlling the flux of calcium and ruthenium.
The measurements revealed that CaRuO3; grows smoothly under calcium-rich conditions,
specifically in the Ca/Ru flux ratio range of 1.2-1.8. The most prominent size effect was
observed under Ca/Ru = 1.6, where the film exhibited an atomically flat surface with
roughness of ~2 A.

The unconventional nature of the observed size effect cannot be explained by
conventional mechanisms. The insulating state induced by the size effect corresponds to an
activation energy as high as Ea=2.4 eV. In this study, we demonstrated that this insulating
state is accompanied by lattice expansion and originates from strong intersite Coulomb
repulsion between Ru ions, identifying the system as a '"Mott insulator'. The applicant
performed in-plane X-ray diffraction measurements on CaRuQj films of varying thickness. A
periodic lattice expansion in the d o plane with a periodicity of 24.8 A was discovered,
corresponding precisely to the thickness at which the insulating state appears. Furthermore,
a nesting vector matching this ~25 A periodicity was found in the reported Fermi surface,
indicating the formation of a spin density wave (SDW), as no change in carrier density was
observed.
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