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Many applications of materials require the growth of thin films on a substrate. It is known that the interface between an epitaxial film and a substrate is coherent when a film thickness is small, i.e. below the critical thickness for nucleation of interfacial dislocations.  There are increasing evidences that the thermodynamics of phase transitions in such epitaxial films can be profoundly affected by the strain imposed by a substrate.  This presentation will discuss the applications of thermodynamic theories and phase-field method to predicting phase transitions and domain structures in ferroelectric thin films.  Examples to be discussed include PbTiO3, BaTiO3, SrTiO3, PbZrxTi1-xO3 and superlattices.  It is shown that ferroelectric transition temperatures in thin films can be shifted by hundreds of degrees as compared to the corresponding bulk ferroelectric transition temperatures.  Such predictions are recently confirmed by high-temperature x-ray diffraction and second harmonic generation (SHG) measurements.  It is also demonstrated that strain can drastically modify the domain structures of a thin film.  Based on the phase-field simulations, domain stability maps can be constructed for various thin films, which can provide guidance for achieving desirable ferroelectric domain structures by choosing appropriate substrate and growth temperature of thin films.
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