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Fabrication of High-quality Pyrochlore Oxide Thin Films
in an Attempt to Materialize Quantum Phenomena Related with Flat Band Structure
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Pyrochlore oxides 4,B,0; have been a fruitful playground for condensed matter physics because
of the unique geometry in the crystal structure. Especially focusing on the 4-site tetrahedral
sub-lattice in certain pyrochlore oxides 4,8,07 (4 = Sn, Pb; B =Nb, Ta), recent theoretical
studies predict the emergence of “quasi-flat band” structure because of the strong hybridization
between filled 4-ns and O-2p orbitals. Due to this, this class of compounds is expected to be an
ideal platform for realizing numbers of emergent quantum phenomena related with flat band
structure, such as ferro-magnetism, high-temperature superconductivity, the fractional quantum
Hall effect, and topological states, as in the case of moiré materials. Yet, previous work on
bulk samples of the 4,B,0- reported that the quasi-flat band was fragile against chemical off-
stoichiometry because of the unstable valence state of the 4-site cation. In this study, we have
established the growth conditions of the high-quality 4,8,0- films by pulsed laser deposition
to elucidate their comprehensive optical properties related with the band structure. Absorption-
edge energies, both of direct and indirect band gaps, increase in the order of Sn,Nb,O-, Sn,Ta,07,
Pb,Nb,O-, and Pb,Ta,0;. This tendency is successfully explained by considering the energy
level of the constituent elements. Furthermore, a comparison of the difference between the direct
and indirect band gaps reveals that Pb,B,0- tends to have a less dispersive valence band than
Sn,B,0-. These results are consistent with the theoretical predictions and are suggestive of the
common existence of the quasi-flat band states in this class of compounds. However, our thin
film samples show an insulating behavior, which renders the formidable quantum phenomena
undetectable through electrical transport measurements. Our findings will be a guiding principle
for band engineering of the “flat-band oxides”, which could lead to multifunctional devices

in the future.
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