Deep data analysis of conductive phenomena
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voltage curves are fitted to physical models ; g
transport through a barrier, 3. low conductivity, 4.

Memristive behavior in different parts of the
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Narrative Highlight Text: Materials and phenomena in the world around us exist in an
interweaved, entangled form. Decomposition of complex materials’ behavior and processes are the
key to understanding manifestations of Nature. However, tools for enabling such decomposition
are not readily available, and therefore, complex systems often remain well-characterized
experimentally, but still not well understood due to intricacy of the collected data. The
spectroscopic modes of scanning probe microscopy (SPM) are an example of such data. Such high
variability data on the nanoscale behavior of materials should be very useful for understanding and
controlling materials functionality. Yet, to date there is no established method of analyzing such
data or for understanding what they mean. In this paper we introduce a universal approach for
treating multidimensional data sets and extracting physical meaning from them. Multivariate
statistical analysis, which has proven be extremely useful in image recognition, electronic noses,
etc., can be used for decomposing SPM spectra into few spatially-localized components to provide a
straightforward physical meaning. We show that the conductive behavior of the BiFeO3-CoFe204
nanocomposite can optimally be represented by four components: a linear, non-linear, noisy low
signal, and memristive. We demonstrate the power of the presented approach/method and discuss
the limits of its applicability. This deep data analysis approach is very promising for aiding in the
unraveling of nanoscale behavior in a wide range of systems and it can complement a large number
of other types of experimental techniques (other imaging modalities, chemical spectroscopies,
etc.).
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