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In ferroelectric thin films, the complex interplay between mechanical and electrostatic bound-
ary conditions allows for the formation of a large variety of domain structures with fascinating
properties. These domain structures not only change the properties of the ferroelectric itself,
but can also be used, in heteroepitaxial structures, to change the properties of other materials
through electrostatic and structural coupling.
In this work, we study the complex ferroelastic/ferroelectric domain structure in the proto-
typical ferroelectric PbTiO3. We investigate epitaxially strained structures grown on (110)o-
oriented DyScO3 substrates, using a combination of atomic force microscopy (AFM), labo-
ratory and synchrotron x-ray diffraction and high-resolution scanning transmission electron
microscopy. We observe that the anisotropic strain imposed by the orthorhombic substrate
creates a large asymmetry in the domain configuration, with domain walls macroscopically
aligned along one of the two in-plane directions. We show that the film thickness dependence
of the domains periodicity deviates from the Kittel law. As the ferroelectric film thickness in-
creases, we find that the domain configuration evolves from flux-closure to a/c-phase, with a
larger scale arrangement of domains into superdomains.
In SrRuO3/PbTiO3 heterostructures, we find, above a certain critical thickness, that the large
structural distortions associated with the ferroelastic domains in PbTiO3 propagate to the top
layer, leading to nanoscale domain engineering in SrRuO3 thin films.
Finally, we remove the epitaxial strain imposed by the substrate and study the new domain
configuration in a freestanding PbTiO3 membrane that exhibits well-organized ripples. Using
piezo-response force microscopy, second-harmonic generation and contact resonance-AFM, we
show that both the ferroelectric domain configuration and mechanical properties of the ripples
are different from the rest of the membrane.
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