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Memristor technology will strongly influence the architecture of computer systems in the near future. Its
potential in several application domains, e.g. in-memory information processing [1], neuromorphic computing [2],
hardware cryptography [3], and machine learning makes it more than ever necessary to understand the
underlying resistive switching mechanisms and to look for electroforming-free memristors.

We have developed an electroforming-free bipolar and an electroforming-free unipolar memristor, namely BiFeO3
and YMnO3, respectively. Impedance data analysis and quasi-static test measurements on BiFeO3 [4] with mobile
oxygen vacancies and substitutional Ti donors on Fe lattice sites reveal that the field-accelerated ion mobility
constitutes a source of ultra-nonlinearity and that the redistribution of oxygen vacancies during the writing step
causes a nonvolatile reconfiguration of the barrier height of the top and bottom electrode.

Temperature dependent transport measurements on YMnO3 [5] with vortex states reveal that the density of
vortex states is changed during the writing step. A large and small concentration of vortices sets the YMnO3 into
low resistance state and high resistance state, respectively. We discuss how electroforming-free memristors can
be exploited for hardware cryptography and neuromorphic computing.
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