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The resistance random access memory (RRAM�) device, with its electrically
induced nanoscale resistive switching capacity, has attracted considerable
attention as a future nonvolatile memory device. Here, we propose a mecha-
nism of switching based on an oxygen vacancy migration-driven change in the
electronic properties of the transition-metal oxide film stimulated by set pulse
voltages. We used density functional theory-based calculations to account for
the effect of oxygen vacancies and their migration on the electronic properties
of HfO2 and Ta/HfO2 systems, thereby providing a complete explanation of the
RRAM� switching mechanism. Furthermore, computational results on the
activation energy barrier for oxygen vacancy migration were found to be
consistent with the set and reset pulse voltage obtained from experiments.
Understanding this mechanism will be beneficial to effectively realizing the
materials design in these devices.
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INTRODUCTION

Technological advances in materials design are
apparently geared towards the development of
materials for devices that are small but perform their
intended functions faster, are more cost-effective to
produce, and that can be operated with low power. In
the development of nonvolatile memory, a metal–
insulator–metal device, usually called resistance
random access memory (RRAM�),1–8 appears to be
very promising due to its scalability and ability
to be operated with low power. Materials such as
transition-metal oxides (TMOs), which are used as
the insulator that is sandwiched between two
metallic electrodes, can switch properties from an
insulating material (high resistance, OFF state) to a

metallic material (low resistance, ON state), and vice
versa.9–11

Studies related to the RRAM� switching mecha-
nism suggest that the ON–OFF mechanism is
related to the creation of a conduction path by either
cation migration or anion migration within the
insulator, thereby connecting one electrode to the
other.7 The switching mechanism based on anion
migration suggests that the creation of a conduction
path through defect formation and charge carrier
trapping might be responsible for the switch-
ing,12–16 although this has not yet been conclusively
clarified. Theoretical understanding behind this
mechanism is of great interest to our research
group, which has also carried out investigations on
the oxidative reaction of the anode through experi-
mental and theoretical approaches.17–21

In this study, we investigated the formation of a
conduction path through anion migration, and the
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