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The 23rd (FY2022) Japan Society of Applied Physics Achievement Award Recipients

The 23rd Japan Society of Applied Physics Achievement Award (Research Achievement)

Subject  Contribution to industrial development through elucidation of fundamental properties of liquid crystals and development of high-performance liquid crystal

displays.

Recipient Dr. Tatsuo Uchida (Professor Emeritus, Tohoku University)

Since the 1970s, when the potential of liquid crystals as display materials was not fully recognized, Tatsuo Uchida led the world's R&D and industrialization of liquid crystal displays
by publishing highly original and pioneering research papers on the synthesis of liquid crystal molecules, elucidation of their basic properties, and their development into

high-performance color displays. He has been a world leader in the research and development of liquid crystal displays and their industrialization.

In liquid crystal displays, it is important to elucidate and control the molecular alignment mechanism of liquid crystals on the substrate surface. Dr. Uchida has elucidated the molecular
orientation mechanism of liquid crystals by devising quantitative measurement methods and evaluating them. Until this point, the mainstream theories of orientation based on surface
energy and distorted orientation due to surface topography had been the dominant theories, but Uchida clarified that the intermolecular interaction between the polymer and liquid
crystal molecules oriented by rubbing is the dominant factor in the orientation of liquid crystal molecules. These results contributed to the establishment of highly reproducible

production technology in the liquid crystal display industry that began in Japan.

Initially, liquid crystals attracted attention as a low-voltage, low-power consumption display and were put to practical use as a simple black-and-white numeric display, but they had
problems with colorization, viewing angle, and response time. Dr. Uchida has tackled these issues head-on and contributed to the establishment of the basic technology for recent
high-performance liquid crystal displays. In particular, for colorization, he devised and demonstrated an additive mixed-color full-color liquid crystal display with red, green, and blue
color filters in the liquid crystal cell. This achievement contributed greatly to the colorization of LCDs. Today, notebook PCs, computer monitors, and LCD color TVs based on this

method are still in practical use.

On the other hand, the color LCDs mentioned above require a backlight and have the problem of high power consumption. Dr. Uchida has developed an ultra-low power reflective color
liquid crystal display that uses ambient light to display images using a reflective plate, giving rise to new applications for small color liquid crystal displays, such as electronic

organizers, portable game consoles, and color cell phones.

In addition, he invented and developed a guest-host color liquid crystal display in which a dichroic dye is added to the liquid crystal, and an Optically Compensated Bend (OCB) liquid
crystal display that displays moving images 10 times faster and has wider viewing angles than conventional displays by controlling the flow of liquid crystal molecules. He has also

contributed to the practical application of this technology.

Thus, Tatsuo Uchida's outstanding achievements in leading the development of high-performance liquid crystal displays are truly deserving of the Japan Society of Applied Physics

Achievement Award (Research Achievement).

Tatsuo Uchida

Affiliation/Position

Professor Emeritus, Tohoku University

Academic Background

1970 Graduated from Tohoku University, Department of Electronic Engineering

1975 Completed Doctoral program in Electronic Engineering, Graduate School of Engineering, Tohoku University (Doctor of Engineering)
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2006 Dean, Graduate School of Engineering, Tohoku University - Dean of Engineering
2008 Distinguished Professor, Tohoku University
2010 Retired from Tohoku University, Professor Emeritus
2010 Principal, Sendai National College of Technology
2013 Director, National Institution of National Colleges of Technology
2016 Retired from National College of Technology Organization and Sendai National College of Technology, Professor Emeritus
Awards
1986 Director-General of the Science and Technology Agency Award, Science and Technology Merit Award
1994 SID Fellow
2001 Inoue Harushige Prize, Japan Science and Technology Corporation
2003 Fellow, Institute of Electronics, Information and Communication Engineers
2004 SID - Jan Rajchman Prize
2005 Minister of Education, Culture, Sports, Science and Technology Award, Award for Meritorious Service in Industry-Academia-Government Collaboration, Cabinet Office,
Government of Japan
2008 SID-Slottow-Owaki Prize
2009 The Institute of Electronics, Information and Communication Engineers (IEICE) Achievement Award
2013 Niwa Takayanagi Award and Achievement Award, The Institute of Image Information and Television Engineers
2013 Honorary Member, Institute of Image Information and Television Engineers
2014 Japan Broadcasting Corporation Broadcasting Culture Award
2016 Achievement Award, Liquid Crystal Society of Japan
2018 Honorary Member of the Liquid Crystal Society of Japan
2021 Japan Academy Prize
Specialization

Image Electronics, Liquid Crystal Properties

The 23rd Japan Society of Applied Physics Achievement Award (Research Achievement)

Subject

Winner

Pioneering research on magnesium oxide magnetic tunnel junctions

Dr. Shinji Yuasa (National Institute of Advanced Industrial Science and Technology)

Dr. Shinji Yuasa's pioneering work on magnetic tunnel junctions (MTJs) with magnesium oxide (MgO) tunnel barriers, which have a large room temperature magnetoresistance (MR)

ratio, has contributed significantly to the practical application of MgO MTJ devices.

MTIJs with a thin insulator layer (tunnel barrier) sandwiched between two ferromagnetic layers exhibit the tunnel magnetoresistance (TMR) effect, in which the resistance changes

depending on the relative direction of magnetization in the ferromagnetic layers. When this effect is applied to magnetic heads in hard disk drives (HDDs) or magnetic memory in

integrated circuits (LSIs) (MRAM), the MR ratio, which is determined by the amount of change in resistance due to differences in the relative directions of magnetization, is an

important index for determining device performance.

In 1994, Terunobu Miyazaki et al. at Tohoku University found that amorphous aluminum oxide barrier MTJs exhibit a large MR ratio of 18% at room temperature. This led to
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worldwide research and development of MTJ devices and improved MR ratios. However, MTJs with a larger MR ratio were needed to achieve even higher performance in HDDs and
MRAMs. Around the year 2000, structures using crystals such as MgO as tunnel barriers began to emerge. Shortly after that, Shinji Yuasa invented MTJs combining MgO and cobalt
iron boron (CoFeB) alloys in collaboration with Canon ANELVA, and developed a process that enabled device fabrication on arbitrary underlying layers. This structure and process
enabled mass production on large-diameter wafers by room-temperature sputter deposition, which opened the door to industrial applications of MgO MTJ devices. In addition, he
developed technologies to reduce the resistivity of elements, which is indispensable when increasing the density of HDDs and MRAMs. These are now the core technologies in the
fabrication of MgO MTIJ devices, and have contributed greatly to the development of the field. Almost all magnetic heads used in current HDDs use MgO MT]J elements. In addition,
current-induced write MRAM (STT-MRAM) that uses MgO MTJ devices is beginning to be employed as nonvolatile mixed memory in system LSIs, and is expected to contribute to

significant power savings in information and communication equipment.

Shinji Yuasa's pioneering research on MgO MTJs and his outstanding contributions to the practical application of these devices are truly deserving of the Japan Society of Applied

Physics Achievement Award (Research Achievement).

Shinji Yuasa

Affiliation/Position

Research Center Head, National Institute of Advanced Industrial Science and Technology (AIST)

Professor, Cooperative Graduate School Program, University of Tsukuba

Brief Biography

1996 Completed doctoral program in Graduate School of Science and Technology, Keio University Doctor of Science.
1996 Researcher, Electronics Research Institute, Agency of Industrial Science and Technology

2001 Senior Researcher, National Institute of Advanced Industrial Science and Technology (AIST)

2010 Head of the Research Center, National Institute of Advanced Industrial Science and Technology

2010 Concurrent appointment as Cooperative Graduate School Professor, University of Tsukuba

Awards and Recognition

2005 JJAP Paper Award, Japan Society of Applied Physics

2005 Ichimura Academic Award

2006 Tokyo Techno Forum 21 Gold Medal Award

2006 Marubun Academic Award

2007 IBM Japan Science Award

2008 Asahi Prize

2008 Prime Minister's Award for Distinguished Service to Industry-Academia-Government Collaboration
2009 Inoue Harushige Prize

2009 Tsukuba Prize

2010 Japan Society for the Promotion of Science Award

2013 IEEE Distinguished Lecturer

2014 Fellow of the Applied Physics Society of Japan Award

2015 Magnetics Society of Japan Achievement Award

2016 Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science and Technology
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Specialization
Spintronics, Magnetics, Magnetic Materials
The 23rd Committee for the Japan Society of Applied Physics Achievement Award
Chairman Toshihiko Baba (Yokohama National University)
Tetsuya Tatsumi, Vice Chair (Sony Semiconductor Solutions)
Committee members: Taiichi Tsuji (Tohoku Univ.), Keiji Sasaki (Hokkaido Univ.), Masaru Shimizu (Hyogo Univ.), Jun Takeuchi (Waseda Univ.), Jun Yada (Osaka Univ.), Eiichi Tamiya (AIST, Osaka Univ.), Emi

Tamechika (Yokohama National Univ.), Hiroyoshi Naito (Osaka Public Univ.), Dai Hisamoto (Hitachi), Ayumi Hirano (Tohoku Univ.), Tsuyoshi Horikawa (Tokyo Tech), Kaname Matsumoto (Kyushu Institute

of Technology), Yasuyuki Miyamoto (Tokyo Tech), Shinya Mori (Osaka Univ.)

Secretary Yoshihiro Karime (Executive Director)
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