
 Expansion of demand for electrochemical devices in various application fields.
 Limitation in operation principle of conventional electrochemical devices. 
 Expectations for breakthrough in electrochemical devices.

 Innovative transistors based on magnetically induced movement of ions.
 Observation of reversible variation in electromotive force.
 Exploring novel electrochemical devices operated by magnetic field.
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Innovative transistors based on 
magnetically induced movement of ions

 Low power consumption memories switched by a 
magnetic filed.

 Sensors and power generators using surface 
charge.

 Remote control of electrochemical devices.

 Enhancement of magnetically induced 
electromotive force.

 Improvement of response speed of ion transport.
 Development of solid magnetic electrolyte for 

various application. 

 Takashi Tsuchiya, Masataka Imura, Yasuo Koide, Kazuya Terabe. Magnetic Control of Magneto-
Electrochemical Cell and Electric Double Layer Transistor. SCIENTIFIC REPORTS. 7 (2017) 10534-1-10534-9

Illustration of two-terminal magneto-electrochemical 
cell (left) and components of liquid electrolyte (right).

An electric double layer transistor composed of 
diamond and magnetic electrolyte (left). Cross section 
TEM image of the hydrogen terminated surface (right).

Variation in electromotive force (EMF) of the cell in 
response to magnetic field switching (left). Variation in 
electrode potential with respect to Ag/AgCl (right).

Variation in drain current in response to magnetic field 
sweep (left), and one in response to magnetic field 
switching (right).

 With the development of IT society, the increase in power consumption of electronic 
equipment has become a big problem. Normally-off computing is advocated with this 
view. High performance non-volatile devices are desired in order to realize it.

 A switching effect of aluminum oxide with oxygen defects induced by electric fields is 
applied to resistive random access memories (ReRAM) and non-volatile switching 
devices. This device has high resistance ratio, high-speed response and low 
consumption current. It does not include rare/toxic elements.
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Non-volatile Device with Aluminum Oxide

 Applications for non-volatile memory.
 Applications for non-volatile switch.
 Challenge for multivalued logic device.
 Related patents are more then five. 

A cluster structure of amorphous aluminum oxide with an 
appropriate amount of oxygen vacancy (AlOx) changes by 
electrons injection or extraction, and it becomes a 
metastable ON or OFF state. It is expected that AlOx is 
practically infinite times rewritable, because the state 
change without chemical changes such as the oxidation-
reduction reaction. 

 With the present condition, yield ratio is low and 
stability of switching is poor. Issues for practical 
use are resolving them by improving the 
manufacturing methods. 

 S. Kato et al., J. Phys. Conf. Series 38 (2006) 148-151.
 S. Kato et al., J. Phys. Conf. Series 109 (2008) 012017.

Comparison of the performance of 
non-volatile memories.

The operating current and speed of 
AlOx ReRAM are lower and quicker 
than other non-volatile memories.  
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