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B.J. Ramshaw, D.G. Schlom, K.M. Shen, L.F. Kourkoutis, CornellSr2RuO4 is the most disorder-sensitive superconductor known. It

has also been a leading candidate for a novel type of quantum
computer that would enable calculations to occur over much
longer time scales before suffering decoherence than is the case
for today’s superconductor-based quantum computers.
Establishing whether Sr2RuO4 is viable for such applications
would be aided by the ability to make structures containing
superconducting Sr2RuO4 films.
Achieving superconducting Sr2RuO4 films was an enigma for over
15 years. PARADIM’s in-house research team recently became
the only group in the United States to synthesize superconducting
thin films of Sr2RuO4. The temperature at which PARADIM’s
Sr2RuO4 films superconduct is nearly twice as high as the best
prior superconducting Sr2RuO4 films and is comparable to the
best Sr2RuO4 single crystals.
To get an idea of whether the relatively high Tc observed in
PARADIM’s Sr2RuO4 thin films can be attributed to film
cleanliness or something else, quantum oscillation measurements
were made. The electronic structure of Sr2RuO4 films and single
crystals were found to be nearly identical, but important
differences arise from the types of defects in thin films (out-of-
phase boundaries) versus in single crystals (point defects).
Y. Fang, et al. Phys. Rev. B 104, 045152 (2021). 
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What Has Been Achieved: We measure Shubnikov–de Haas oscillations in a thin-film of Sr2RuO4 grown on an (LaAlO3)0.29-(SrAl1/2Ta1/2O3 )0.71 substrate. We detect all three known Fermi surfaces and extract the Fermi surface volumes, cyclotron effective masses, and quantum lifetimes. We show that the electronic structure is nearly identical to that of single-crystal Sr2RuO4, and that the quasiparticle lifetime is consistent with the superconducting transition temperatire, Tc, of comparably clean, single-crystal Sr2RuO4. Unlike single-crystal Sr2RuO4, where the quantum and transport lifetimes are roughly equal, we find that the transport lifetime is 1.3 ± 0.1 times longer than the quantum lifetime. This may suggest that extended (rather than point) defects could be the dominant source of quasiparticle scattering in these films. To test this hypothesis, we perform cross-sectional scanning transmission electron microscopy and find that out-of-phase boundaries extending the entire thickness of the film occur with a density that is consistent with the quantum mean free path. The long quasiparticle lifetimes make these films ideal for studying the unconventional superconducting state in Sr2RuO4 through the fabrication of devices—such as planar tunnel junctions and superconducting quantum interference devices.Importance of the Achievement: Due to its sensitivity to disorder (Sr2RuO4 is the most disorder-sensitive superconductor known), it took more than 15 years between the growth of the first Sr2RuO4 thin film and the achievement of superconducting Sr2RuO4 thin films. By understanding the thermodynamics of growth of Sr2RuO4, PARADIM’s In-House research team was able to grow superconducting Sr2RuO4 films with nearly twice the Tc of prior superconducting Sr2RuO4 films, reaching a value higher than that of the very best Sr2RuO4 single crystals. This raised the question of why the Tc is so high. Do the films have less disorder than single crystals? Is there a strain enhancement of Tc in the films due to the slight lattice mismatch to the substrate they are grown upon? Is the defect microstructure different? This work answers these questions and shows that the disorder in the films is comparable to that of the best single crystals. The films do have differences in defect structure and this difference gives rise to the transport lifetime in the films being 30% longer than the quantum lifetime, whereas in single crystals the two lifetimes are comparable.Unique Feature(s) of the MIP that Enabled this Achievement: This achievement was facilitated by the highly collaborative atmosphere and knowledge sharing within the MIP. It required the combined expertise of thermodynamic modelling, MBE growth, electrical transport measurements, and superb electron microscopy. These span beyond the expertise of PARADIM’s In-House research team. But by teaming up with PARADIM users—users who know and trust each other because of their positive collaborative experiences within the MIP—this research team organically assembled, rose to the challenge, and succeeded in their research goal. Publication: Y. Fang, H.P. Nair, L. Miao, B. Goodge, N.J. Schreiber, J.P. Ruf, L.F. Kourkoutis, K.M. Shen, D.G. Schlom, and B.J. Ramshaw, "Quantum Oscillations and Quasiparticle Properties of Thin Film Sr2RuO4," Phys. Rev. B 104, 045152 (2021), DOI: 10.1103/PhysRevB.104.045152.Acknowledgement: B.J.R. and Y.F. acknowledge support from the National Science Foundation under Grant No. DMR-1752784. A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by the National Science Foundation Cooperative Agreement No. DMR-1644779 and the State of Florida. H.P.N., L.M., N.J.S., B.H.G., L.F.K., K.M.S., and D.G.S. acknowledge support from the National Science Foundation [Platform for the Accelerated Realization, Analysis and Discovery of Interface Materials (PARADIM)] under Cooperative Agreement No. DMR-1539918. N.J.S. acknowledges support from the National Science Foundation Graduate Research Fellowship Program under Grant No. DGE-1650441. This research is funded in part by the Gordon and Betty Moore Foundation’s EPiQS Initiative through Grants No. GBMF3850 and No. GBMF9073 to Cornell University. This work made use of the Cornell Center for Materials Research (CCMR) Shared Facilities, which are supported through the NSF MRSEC Program (No. DMR-1719875). Substrate preparation was performed in part at the Cornell NanoScale Facility, a member of the National Nanotechnology Coordinated Infrastructure (NNCI), which is supported by the NSF (Grant No. NNCI-2025233). The FEI Titan Themis 300 was acquired through Grant No. 1429155, with additional support from Cornell University, the Weill Institute, and the Kavli Institute at Cornell. The Thermo Fisher Helios G4 UX FIB was acquired with support by NSF Grant No. DMR-1539918. K.M.S. acknowledges support from NSF Grant No. DMR-1709255 and Air Force Office of Scientific Research Grant No. FA9550-15-1-0474.
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