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Nanoscale ferroelectrics are expected to exhibit various exotic domain config-
urations, such as the full flux-closure pattern well-known in ferromagnetic mate-
rials. Here we observe not only the atomic morphology of the flux-closure quad-
rant but also a periodic array of flux-closures in ferroelectric PbTiO; films, media-
ted by tensile strain on a GdScO; substrate. Using aberration-corrected scanning
transmission electron microscopy, we directly visualize an alternating array of
clockwise and counter-clockwise flux-closures, whose periodicity depends on the
PbTiO; film thickness. In the vicinity of the core, the strain is sufficient to rup-
ture the lattice, with strain gradients up to 10°/m. The results provide a new
similarity between ferroelectric and ferromagnet, and extend the potential of em-
ploying epitaxial strain for modulating ferroelectric domain patterns. Designs
based on controllable ferroelectric closure-quadrants could be fabricated for inves-
tigating their dynamics and flexoelectric responses, and in turn assist future de-
velopment of nanoscale ferroelectric devices such as high-density memories and

high-performance energy-harvesting devices.
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