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A Study on Nonlinear Electron Transport in Nanoscale Magnetic Tunnel Junctions
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In mesoscopic systems, various quantum mechanical effects can be observed. The tunneling effect of electrons
passing through a potential barrier is a typical phenomenon. Tunnel junction devices based on this effect have been
well studied and have brought out fascinating physical phenomena such as the Esaki diodes and Josephson effect.
Among them, magnetic tunnel junctions (MTJs), consisting of a ferromagnetic/insulator/ferromagnetic structure
and exhibit spin-dependent tunneling conduction properties, have attracted much attention. MTJ has many
applications, such as magnetic field sensors, non-volatile memories, high-frequency oscillators, detectors, random
number generators, and reservoirs/stochastic computing. In this study, we investigate the nonlinear electron
transport in nanoscale CoFeB/MgO magnetic tunnel junctions with a perpendicular magnetic easy axis. This work
aims to understand the mechanism of nonlinear electron transport. We find an extrinsic contribution such as edge
damage by the microfabrication process on nonlinear conductance and noise. Edge damage causes asymmetry in
the band structure, resulting in enhanced nonlinear conductance and excitation of non-equilibrium magnons. The
results obtained in this work are expected to be helpful in understanding the nonlinear electron transport properties
in nanoscale MTJs from both fundamental and applied perspectives, and thus crucial for future development of the

MTIs utilized in many applications.
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