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Magnetic tunnel junctions (MTJs), which consist of a thin insulating layer sandwiched by two
ferromagnetic (FM) layers, are among the key devices in the field of spintronics. Owing to the large
tunneling magnetoresistance (TMR) at room temperature, MTJs have been utilized for hard disk
drives, magnetic random access memories (MRAMSs), and highly sensitive magnetic sensors. On
the other hand, MTJs exhibit tunneling magnetocapacitance (TMC) at room temperature. TMC can
be increased when subjecting to a biasing voltage, thus exhibiting one of the most interesting spin
phenomena. In this project, we discovered a new phenomenon of bias induced doubling of the
magnitude of TMC in MgO-based MTJ system. We have observed a maximum TMC value of
332% under a bias voltage, which is the largest TMC ever reported for MTJs. There is an excellent
agreement between theory and experimental results for the TMC in the entire voltage regions at
each frequency using Debye-Frohlich model incorporating a parabolic barrier approximation, spin-
dependent drift diffusion model, and Zhang-sigmoid theory. Based on our calculations, we predict
that the voltage-induced TMC ratio could reach 3000% in MTJs, representing a dramatic
spintronics effect which can potentially benefit applications in various areas. Our research may
open new avenues to the development of spintronics applications, such as highly sensitive
magnetic sensors, high performance non-volatile memories, multi-functional spin logic devices,
voltage controlled electronic components, and energy storage devices.
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Room—temperature large magnetocapacitance effect in magnetic tunnel junctions using high spin polarization materials
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Magnetic tunnel junctions (MTJs), which consist of a thin insulating layer sandwiched by two ferromagnetic (FM) layers, are among
the key devices in the field of spintronics. Owing to the large tunneling magnetoresistance (TMR) at room temperature, MTJs have
been utilized for hard disk drives, magnetic random access memories (MRAMSs), and highly sensitive magnetic sensors. On the other
hand, MTJs exhibit tunneling magnetocapacitance (TMC) at room temperature. TMC can be increased when subjecting to a biasing
voltage, thus exhibiting one of the most interesting spin phenomena. In this project, we discovered a new phenomenon of bias induced
doubling of the magnitude of TMC in MgO—-based MTJ system. We have observed a maximum TMC value of 332% under a bias voltage,
which is the largest TMC ever reported for MTJs. There is an excellent agreement between theory and experimental results for the
TMC in the entire voltage regions at each frequency using Debye—Frdhlich model incorporating a parabolic barrier approximation,
spin—dependent drift diffusion model, and Zhang—sigmoid theory. Based on our calculations, we predict that the voltage—induced TMC
ratio could reach 3000% in MTJs, representing a dramatic spintronics effect which can potentially benefit applications in various areas.
Our research may open new avenues to the development of spintronics applications, such as highly sensitive magnetic sensors, high
performance non—volatile memories, multi—functional spin logic devices, voltage controlled electronic components, and energy storage
devices.
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