
Advanced Institute for Materials Research (AIMR) ① 

 

(Summary) 

Professor Masayoshi Esashi is one of the key researchers and a leader in the field of Micro Electro 

Mechanical Systems (MEMS) in Japan, and his work ranges from fundamental research to industrial 

applications. In addition to developing the necessary foundations and core technologies in the field, 

Professor Esashi and his collaborators have also established an open-concept facility named 

“Hands-on-access fab.” that researchers and engineers from companies can access easily, and where 

they can create prototypes and manufacture products in small quantities. To date, more than 180 

corporations have made use of this facility. They have also set up the MEMS Park Consortium, 

which is an industry-academia-government collaboration with members from universities, local 

governments, and public institutions. This organization aims to raise the standard of MEMS 

technology in Japan and the Tohoku region, and has also succeeded in global initiatives including the 

establishment of the Fraunhofer Project Center within AIMR, based on the output from many years 

of collaborative research activities with the Fraunhofer-Gesellschaft in Germany. Professor Esashi 

has also played a leading role in facilitating the return of research output generated in AIMR to 

society, such as through the establishment of the Denso Joint Research Department. 

 

(Note) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Wireless system that utilizes the variable band surface acoustic wave filter developed, and 

which can be used during disasters (jointly developed with NICT, Murata Manufacturing Co., Ltd., 

Chiba University, etc.) 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Tactile sensor network used on the surfaces of safe nursing care robots, etc. (jointly 

developed with Toyota Motor Corporation)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Scene of experiment taking place in the Hands-on-access fab. 

 

  



Advanced Institute for Materials Research (AIMR) ② 

 

(Summary) 

Professor Tadafumi Adschiri and his collaborators have established supercritical hydrothermal 

synthesis technology that can enable the mass continuous synthesis of nanoparticles such as various 

metals, oxides, and sulfides. With regard to reaction test apparatus, in addition to the production and 

sale of continuous flow apparatus (ITEC Co.,Ltd.) and batch apparatus (AKICO Corporation), 

practical devices are in operation overseas. By harnessing supercritical fields, they have also enabled 

the mass processing of the organic modification of nanoparticle surfaces. Through this, they are 

developing technology that disperses nanoparticles in solvents and polymers at high concentration. 

The commercialization of these technologies was carried out in the form of a national project 

involving 11 companies, spanning a period of five years from FY2007 and at a research cost of 3 

billion yen (over the five-year period). To commend these research achievements, Professor Adschiri 

has received many awards including the Award for Persons of Merit in 

Industry-Academia-Government Collaboration (Minister of Education, Culture, Sports, Science and 

Technology Award) and the National Invention Award. Through these new technologies, a 

consortium comprising more than 70 companies has been established, and research and development 

work on commercialization toward the creation of new functional materials is currently underway in 

various fields of industry.  

 

 

(Note) 

 

 

 

 

 

 

 

 

 

Figure 1. Flexible high heat transfer sheet (polymer nanoparticle composite material) 

  



 
Figure 2. Transmission electron microscope image of surface-modified metal oxide nanoparticles 

synthesized by supercritical hydrothermal synthesis 

 

 

 
Figure 3. Continuous process for supercritical hydrothermal synthesis of organic modified 

nanoparticles 

 

  



Advanced Institute for Materials Research (AIMR) ③ 

 

(Summary) 

Professor Shigemi Mizukami, Emeritus Professor Terunobu Miyazaki, and other collaborators 

(Mizukami Laboratory with effect from FY2013) have been engaged in collaborative research and 

development together with Toshiba Corporation and the National Institute of Advanced Industrial 

Science and Technology (AIST), among others, on TMR elements, a new material. Based on 

Miyazaki’s research achievement in the field of high Tunnel Magneto Resistance (TMR) effect 

under room temperature, which was the first to be validated in the world, their aim is to bring about 

the realization of nonvolatile memory MRAM (Magnetoresistive Random Access Memory). In 

FY2011, Toshiba Corporation succeeded in developing fundamental technology for producing 

gigabit-class spin transfer torque MRAM that simultaneously satisfies both the criteria of a small 

write current and a high TMR effect. This joint research team is keeping up its determined 

collaborative research efforts with the aim of creating gigabit MRAM.  

 

(Note) 

 

 

 

 

 

 

 

 

 

 

Figure: Conceptual diagram of a memory cell in Magnetoresistive Random Access Memory. The 

memory cell is made up of a transistor and perpendicularly magnetized TMR element. A 

perpendicularly magnetized TMR element comprises a perpendicularly magnetized magnetic 

material and an insulator. When the magnetization (spin) is parallel or antiparallel, the electric 

resistance of the element changes and exerts a TMR effect. This effectively creates a memory 

element that retains the information stored inside it even when the electricity is switched off.  
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(Summary) 

The pulse-time-modulated plasma of several tens of μ seconds, invented by Professor Seiji 

Samukawa, has become standard technology in the plasma etching process, and has developed into a 

form of technology that now makes up more than half of the plasma devices used in semiconductor 

production lines. Professor Samukawa and his collaborators have advanced on the 

commercialization of this pulse-time-modulated plasma, and it has already been adopted as a 

standard fitting on the inductively coupled plasma (ICP) device produced by Lam Research and 

Applied Materials. Recently, it has also been installed on the double-frequency parallel plate model 

produced by Tokyo Electron Limited. This pulse-time-modulated plasma is indispensable in future 

device production. Going forward, it is expected to contribute to the device manufacturing sector to 

the tune of about half of the global device market. In addition, they have also worked together with 

Tokyo Electron Limited to develop a neutral beam source based on this pulse-time-modulated 

plasma, and this was introduced into Tohoku University in FY2014. This technology is vital to the 

production of nano-devices beyond sub-10nm, and just like the pulse-time-modulated plasma 

equipment, is expected to contribute greatly to the field of ultra-advanced semiconductor device 

manufacturing.  

 

(Note) 
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(Summary) 

Through fusion research at AIMR based on proprietary technology on the synthesis of complex 

hydrides and the development of the related devices, Professor Shin-ichi Orimo and his collaborators 

are engaged in research and development work on new energy devices such as all solid-state 

rechargeable batteries that utilize complex hydrides. Through joint research with Mitsubishi Gas 

Chemical Company, Inc., they have succeeded in pioneering the global validation of such devices as 

power storage devices, and have filed for as many as six patent applications. Recently, they have 

also succeeded in the development of technology to enable the mass production of LiBH4-based 

solid electrolytes. They have also established an AIMR joint research department with Hitachi, Ltd., 

and contributed to the successful development of fundamental technology for high heat resistance, 

all-solid-state lithium-ion secondary batteries.  

 

With respect to the new functionality of hydrides and the relevant analysis techniques, they have also 

attracted much attention from the domestic industries. In FY2015, they established the 190th 

University-Industry Cooperative Research Committee (Hydrogen Function Analyses in Materials, 

chaired by Professor Shin-ichi Orimo) under the Japan Society for the Promotion of Science(JSPS), 

and are putting effort into building the relevant research platforms in cooperation with the industrial 

sector.  

 

(Note) 

 

 

 

  

Figure: Photograph of an all-solid-state 

lithium-sulfur rechargeable battery that 

utilizes complex hydrides (LiBH4). 

 

Image: Scene of the 190th 
University-Industry Cooperative 
Research Committee of the Japan 
Society for the Promotion of 
Science(JSPS) engaged in activities. 



Advanced Institute for Materials Research (AIMR) ⑥ 

 

(Summary) 

Professor Eiji Saitoh and his collaborators have developed a thermal power generation method 

through a completely new quantum principle based on the spin Seebeck effect that he discovered by 

himself. Currently, they are also engaged in joint research with NEC Corporation and NEC TOKIN 

Corporation to develop practical devices. At the end of FY2013, they achieved about 1 million times 

improvement in efficiency, and they are now making significant progress toward commercialization 

as a power generation device. 

 

(Note) 

 

 

 

 

 

 

Figure 1(a). A schematic diagram of the principles of the vertical spin Seebeck effect. When 

temperature gradient is applied to the direction perpendicular to the surface in a two-layer film of 

magnetic insulator and metal, electrical voltage is generated in the metallic film. 

(b) Example of the spin Seebeck voltage. Voltage proportional to the temperature 
gradient is observed. 
 

 
Figure 2. A spin Seebeck thermoelectric conversion film, a flexible heat flow sensor that uses ferrite. 


