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Interfaces and surfaces play an important role in the application of advanced materials, as well as for fundamental research in solid state physics. The comprehension and the exploitation of physical properties of conventional semiconductors near interfaces are at the basis of present electronics. In particular, the quality step in this field occurred thanks to the engineering of physical phenomena at interfaces between semiconductors with different doping level or band structure. The atomic scale control of interface structure and properties led to the realization of several milestone devices starting form p-n junctions to FET and more recently to quantum devices. These results triggered intensive researches in the field of material preparation and characterization as well as of lithographic techniques allowing the well known high-level integration of such devices of the present days. Silicon technology is approaching now its physical limit for scale reduction, due to two main aspects: first the limited dielectric properties of the amorphous SiO2 barrier that also prevents the possibility of vertically stacking multiple devices and the “large” characteristic lengths (diffusion length, screening length) that limit the size to tens of nanometers.


On the other hand, a large scientific and technological interest aroused recently on oxide materials, and especially on transition metal oxides, for their rich spectrum of physical properties, and for the extreme sensitivity to external parameters such as electric and magnetic fields, internal or external pressure and so on.

Nowadays, oxides are under investigation in view of device applications both by integrating them in the silicon technology (for instance growing crystalline high-K oxides on Si substrates) or in the ambitious field of oxide electronics, which aims to develop new electronics based on oxides. 
The motivation of researches on oxide functional materials for application in electronics arises from:

1) the exploitation of new functionalities exhibited by oxides as compared to conventional semiconductors. The rich spectrum of physical properties exhibited by isostructural oxides encompasses superconductivity, ferromagnetism, ferroelectricity, semiconducting and metallic behaviour, and so on. Almost all this phenomenology results from strongly correlated electronic behaviour and strong coupling between electrons and lattice degrees of freedom, so that it turns out to be very sensitive to external parameters such as electric and magnetic fields, internal or external pressure, doping and strain, making this class of materials ideal for the development of a completely new concept of “electronics”. Moreover, almost all of the transition metal oxides join different functionalities in the same compound and they can be considered multifunctional materials. 

2) the striking possibility of size reduction due to the nanometric characteristic lengths. With respect to conventional semiconductors, the high density of states in oxide materials shrinks characteristic lengths to unit cell scale. For instance, the HTS coherence length is typically of the order of 1 nm; the screening length of SrTiO3, a semiconducting oxide with one of the smallest state density, close to the MIT is of about 100 nm, ten times smaller than of silicon close to MIT. 

Nanometer scale characteristic lengths, make this class of materials ideal for the nanoscale miniaturization of devices and enhancement of high package density.

3) their isostructure, which allows the vertical integration of multiple devices through epitaxial heterostructures. Such possibility is ruled out in the present electronics, based on the amorphous SiO2 as dielectric barrier. This limits the device integration only to the in plane directions, thus excluding the realization of multifunctional devices.


A completely new class of nanodevices can be envisaged and engineered exploiting the functional properties of oxides and a real breakthrough in this field could be obtained by controlling and tailoring the physical properties at the interfaces between different oxide materials. Indeed, interfaces and surfaces in such highly correlated systems are much more complex and offer far more application possibilities than interfaces involving only conventional metals and semiconductors. Interfaces alter the bulk electronic system sometimes with dramatic consequences; interfaces break the translational and the rotational symmetry, induce stress or strain, consequently altering the distances and bonds between the ions, giving rise to shift and distortion of the electronic states and energy levels and modifying the bands. By altering the electronic states, interfaces modify also electronic correlations. Because the correlations control the electronic behaviour of the material, their modification can induce dramatic changes of the collective electronic and magnetic properties, to the extent that phase transitions, for example from the superconducting to the insulating state, are induced. 
The NANOXIDE project aims to foster the understanding of structural, chemical and physical properties of selected interfaces between oxide materials and, by controlling and modifying such properties, to engineer new materials and heterostructures for future applications in nanoelectronics or photonics. The final goal of the project will be the realization of new nanoscale devices based on oxides showing new functionalities or improved performances with respect to conventional electronic devices. Important outcomes of the project will be progress in understanding complex physical properties of oxide compounds, engineering of oxide based interfaces with new functional properties for applications in electronics and optoelectronics and the development of novel advanced techniques for materials deposition, characterization and nanopatterning.


In the project, 3 different typologies of interfaces, selected on the basis of the physical mechanism involved in their working, will be deeply investigated and modelled: 
Interfaces for charge induction

Field effect allows studying the influence of the electronic band filling on the physical properties without altering the crystal lattice. This is particularly interesting in correlated materials where band filling affects the band shape and where the possibility of discriminating between the roles of charge density and crystal structure modification is crucial. We will investigate the behaviour of 2 interfaces upon field effect application: HTS/dielectric and semiconductor/dielectric interfaces. FETs, can be used to modify the number of carriers in a thin layer of the order of the Thomas-Fermi or of the Debye screening length thus modifying the conducting properties of the layer. If the dielectric barrier is ferroelectric, such interfaces can also lead to non volatile memory elements.

Interfaces for strain induction

We will exploit the modification of the physical properties of ultrathin films and interfaces induced by lattice defects and strain with the aim of developing high performing electromechanical devices. We will investigate the effect of strain (strain engineering) on interfaces made of ferroelectrics and colossal magnetoresistive materials, which exhibit the most dramatic dependence of the physical properties on lattice deformation among perovskites. 

Interfaces for carrier injection

The transport of charge across interfaces is one of the key elements of the conventional electronics. In case of oxide based interfaces, due to the complex nature of these materials, also injection of quasiparticles and spin may play a role. As injection interfaces, we selected a magnetic/magnetic interface for spintronics applications and a non conventional superconducting Josephson Junction that can be exploited in quantum computation devices.

The NANOXIDE project integrates knowledges of seven european groups leaders in the fields of electronics, optics, material-science, nano-sciences and nano-manufacturing applied to non conventional materials like oxides.
More in details, the project NANOXIDE is aimed to pursue:

a) Research on interfaces between functional oxides to achieve a deep understanding of their structural, chemical and physical properties and to control them for advanced applications in electronics and optoelectronics. 
b) Development of deposition techniques for fabrication of interfaces with tailored properties. 
c) Development of advanced characterization tools for analysing material structural, chemical and physical properties on sub-micrometric scale. 
d) Development of advanced nano-structuring and nano-patterning techniques to pattern engineered interfaces at nanometric scale. 
e) Realization of non-conventional nanodevices like memories, FET, and Filters. 
