
A barrier layer determines the MTJ performance, such as device electric resistance and magneto-
resistance (change in resistance). We have developed an MgAl2O4 barrier, enabling very high 
quality MTJ film structures. Recently, we developed polycrystallization technology for MgAl2O4
based MTJs (Middle image), suitable for various applications. In addition, we developed a new 
spinel barrier with gallium (Ga): MgGa2O4 (Right image), which made it possible to effectively 
reduce the device resistance. This feature is desirable for high-density MRAM applications.
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A new research field “spintronics”, which uses both electron charges and spins, has 
attracted a great deal of attention due to applications for low energy consumption, 
high density, and non-volatile electronic devices. Read head sensors of hard disks and 
non-volatile memory device (MRAMs) have already been developed.

Development of new materials is required to improve performance of a magnetic 
tunnel junction (MTJ), a major spintronics device. In this research, we focus on spinel 
oxides with a AB2O4 type structure as a new material family for a thin insulator layer 
(barrier) of MTJs. 
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 New barrier for spintronics devices: 
Spinel-oxides

 Devices with a defect-free and flat interfaces
 Low-resistance MTJs suitable for MRAMs 

through development of a new spinel MgGa2O4

 Large-capacity magnetic random access 
memories (MRAMs)

 Non-volatile magnetic logic circuits
 High-sensitive magnetic sensors toward mobile 

and in-vehicle electronic devices   
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Spin-orbit materials
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Owing to recent development in mobile computing, the digital age is growing with 
ever-increasing demand for storage devices. Spintronic devices use electrons’ spin to 
store and compute information.

We use ultrathin magnetic heterostructures to develop novel Spintronic devices.  Unlike 
conventional devices, heterostructures with large spin orbit coupling are studied to 
develop technology that enable magnetization manipulation with low power.
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- Magnetic chirality 
depends on the film 
stacking

 The Spin Nernst Effect in Tungsten. Science Advances 3, e1701503 (2017).
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 Spin orbit effects and related phenomena in thin 
film heterostructures

- Spin Hall and Rashba Edelstein effects
- Chiral magnetism
- Spin orbit induced thermo-electric effects
- Magneto-optics

 Application to MRAM technology
- Ultrafast three terminal devices

 Storage class memories
 Energy harvesting devices
 Non-linear optics
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