Distinct modes of filament formation in Niobium Oxide
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Characteristic resistance changes are observed in two-terminal metal-oxide-metal (MOM) structures when subjected to large electric fields or current densities and are of interest as the basis of nonvolatile memory and neuromorphic computing devices [1]. These resistance changes are often mediated by filamentary conduction, either in the form of a semi-permanent filament created by compositional changes in the oxide or as a transient filament created by inhomogeneous current or field distributions (e.g. current bifurcation). Knowledge of the filament location and morphology, and how these are affected by device geometry and material processing is important for understanding device operation and scaling. For example, enhanced filament formation is expected around the edges of cross-point devices due to local field enhancement or variations in oxide thickness. In contrast, the formation of high current density filaments is predicted to be at the center of the device structure as a result of thermal instability in a uniform material with no weak spots [2]. To gain an understanding of such effects it is desirable to have a simple, robust method of detecting and mapping filaments and to use this to study the statistics of filament formation. 

We have detected the location of conducting filaments using a new technique based on thermal denaturing of a thin photoresist layer [3]. The efficiency of this approach is demonstrated by applying it to MOM cross-point structure comprised of an Au (25 nm)/Nb (5 nm) /NbOx (45 nm)/Pt (25 nm) heterostructure, with cross point areas of 4-400 µm2. In-situ thermoreflectance measurements were also performed during electroforming step without the photoresist layer and results are compared with the method based on thermal denature of the photoresist layer. Statistical analysis of the filaments shows that forming generally produces one dominant filament but that the spatial distribution of the filaments depends on device parameters such as film’s conductivity and two distinct modes of filament formation can be observed which was further confirmed by thermal imaging. These results demonstrate the importance of filament mapping for understanding the relationship between device parameters and performance and highlight the utility of identifying and mapping conductive filaments.
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Figure 1: Optical microscope images of the same device before (a) and after (b) the electroforming process. The dark spot on the device after forming indicates the location of a conducting filament. (c) In-situ thermoreflectance measurements showing current bifurcation. 
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