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Researchers at MANA have investigated the dynamical behavior of neuromorphic
systems made of memristive nano-switches connected together forming complex
networks. They have shown experimentally the interplay between network topology and
memristor dynamics giving rise to self-organized states.

 

In self-assembled networks of polymer-coated silver nanowires, the junction between two
connected nanowires acts as a memristive switch. Upon application of current-voltage cycles it is
seen that the network as a whole also behaves as a memristor, showing critical activation.
However, when transient signals are applied to the network, random events produced by the
breakage of individual junctions could affect the conduction properties of the whole network.

Thousands of memristive junctions interact when electrical current is passing through, dynamically
routing current through the network as switching events occur between individual nanowires. This
complex dynamical landscape has been sorted out by devising an original measurement scheme in
which both the static and dynamic properties of the network are systematically distinguished. It
has been shown that the critical activation that is characterized by a sudden increase in
conductance through networks is accompanied by a change in the power-law collective dynamics.
The MANA researchers discovered that an activated network finds a route to convey current in a
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self-organized manner, but sudden bursts of reorganization events occur whenever individual
junctions fail, and the network finds other pathways, thus self-repairing.

This emergent and collective behavior provides a promising venue not only to understand better
the collective dynamics of other complex systems, i.e., the brains, but also to explore new
strategies for hardware integration of these networks as unconventional computing devices with
the capability to perform machine learning tasks.

This research was carried out by Tomonobu Nakayama (Deputy Director, MANA Principal
Investigator (PI), MANA, NIMS) and his team.
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