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Pathways to form unconventional states in new oxide thin films
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New states of matter are driven by materials discovery. While several strategies exist to engi-
neer states in epitaxial oxide systems, new methods to induce unconventional lattice symme-
tries, bond coordination, and defect structures could lead to as yet unrealized electronic and
magnetic states, collective excitations, or emergent functionalities.
Here, we explore the potential of misfit dislocation cores to host novel static and non-equilibrium
states by designing highly-ordered defect networks at thin film/substrate interfaces. Our re-
cent work describes highly-ordered misfit dislocation networks created at SrTiO3/substrate
interfaces [1]. These systems contain a long-range periodic structural modulation and Moiré
motif that open a pathway to observe the nature of the dislocation core separately from the
bulk films using x-ray synchrotron and x-ray free-electron laser techniques. We will describe
our recent findings to understand local electric and magnetic states within such ordered in-
terfacial networks, including our recent time-resolved x-ray diffraction studies from SwissFEL
using THz pumping of the ferroelectric soft-mode of STO and the resulting propagation and
scattering of phonons.
Our work highlights advances in the synthesis and discovery of ordered defect networks and
demonstrates their promise to open new avenues to explore interfacial electronic and magnetic
states in correlated oxides.
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