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“Nonvolatile Organic Memory: Structure-Function Relationships”
Masaki Kawano 

Department of Chemistry, School of Science, Tokyo Institute of Technology

Over the last decade, resistive switching memory devices (ReRAM) have been intensively studied in not only academia
but also in the industrial field because of expectations for replacing ordinary memory devices owing to their simple
architecture, scalability, CMOS compatibility, and fast operation. However, the development of ReRAM faces the limit of
commercialization because of the unstable switching mechanism ascribed to metallic filament formation through the
defects in the active layer which was hardly controlled. Although various switching mechanisms were proposed, they still
remain ambiguous because of lack of the detailed mechanistic study. To overcome these difficulties, we need a paradigm
shift to utilize molecular properties themselves. Herein, we report general guidelines for designing resistive switching
memory devices using redox-active organic molecules, highlighting the importance of redox-activity and molecular
arrangement. Redox-active organic molecule, 2,5,8-tri(4-pyridyl)1,3-diazaphenalene¹,², showed non-volatile bistable
resistance states with high on-off ratio, retention, and endurance only when the molecular orientation was anisotropic.
Control experiments using redox-active/redox-inert organic molecules with isotropic/anisotropic molecular orientations
implied that the formation of conductive oxidized 𝜋 െ 𝜋stacking layers from non-conductive neutral 𝜋 െ 𝜋 stacking
layers is responsible for the resistive switching phenomena. Our findings will give a comprehensive understanding of
electron transport in organic solid materials based on the effects of redox-activity and molecular arrangement.
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