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The emergent functionalities in two-dimensionalelisyin the limit of a few unit cells is
becoming a hot topic both for fundamental new lomergy physics and for new exciting
applications. Novel heterostructures at atomictlisfiow unconventional ferroelectrics, magnetic
and superconducting properties which can be tunedttain and photo-induced effects. Recent
breakthroughs have led to intense research intsettierroelectrics and more generally ferroic
materials. Understanding the ferroelectric propsrof such engineered thin film systems requires
taking into account the interfaces with electrodesstrates, or atmosphgrthe use of piezo-effets
allows nanoscale domain writii¢yand strain engineering allows significantly changdues of
remnant polarization, coercive field, or the Cur@mperaturé® The scientific interest is now
focusing to networks where superconducting, magrestid ferro-electric nano-domains compete.
New materials made of atomic layers intercalatedliffgrent atomic layers show nanoscale phase
separation with co-existence of ferroelectric, negnand superconducting phases, where defects,
and strain tune the material functionality. We haddressed our interest to develop a new method to
get the spatial imaging of the fluctuating ordertle k-space: scanning micro x-ray diffraction
(SmXRD)®*in these multi-phase materials. We have develofmitstical methods of data analysis
of SmXRD to get new information on the statistigalysics of the complex nanoscale phase
separation taking place in these novel functionatemal$*' Using SmXRD we have shown that
statistical physics of the spatial distributiontbé& grains controls the material functionality,tie

case of unconventional granular superconductots thvé key role of percolation.
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