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Outline of the work:

The liquid crystal display (LCD) of the dynamic scattering mode (DSM) was reported by G� 
Heilmeier at RCA in the USA in 1968, and this raised the interest of researchers and industries� 
However, at that time, the application of liquid crystals (LCs), that are both liquids and organic 
materials, to electronic devices was an unexplored field, and it was necessary to clarify its physical 
properties�

Dr� Shunsuke Kobayashi published a book “Liquid Crystal—Its Properties and Application” (in 
Japanese) in 1970. This book is the world’s first book to cover physical and chemical properties and 
LCD, which created a flow of the production of LCDs in Japan. Afterward, low-voltage and -power 
twisted nematic LCD (TN-LCD) was discovered by M� Schadt and W� Helfrich and by J� Fergason, 
independently, in 1971� However, the superiority of the TN-LCD over the DSM-LCD was not 
apparent because the TN-LCD had a problem of orientational defects such as reverse twist and 
reverse tilt disclination that considerably degraded image quality� Dr� Kobayashi conducted 
statistical and quantum mechanical studies to solve the defect problem and invented a rubbing 
machine that effectively and uniformly oriented LC molecules on a substrate surface with a small 
pretilt angle to the surface� He successfully avoided the reverse twist defect and reverse tilt defect 
and realized a defect-free TN-LCD in 1972� As a result, the TN-LCD achieved high optical quality 
and then became the mainstream� Afterward, the super twisted nematic (STN) method, enabling a 
large capacity dot matrix LCD, was invented by T. Scheffer and J. Nehring in 1984. However, this 
LCD required a high pretilt angle by a special surface alignment method of oblique evaporation, 
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which was unsuitable for producing large-area LCDs� Moreover, in the conventional rubbing 
method, stripe domains were generated and the contrast ratio was largely degraded� In addition, Dr� 
Kobayashi devised a polyimide with an alkyl branch for the surface alignment layer and realized 
high pretilt angles of 7°–10° using the polyimide and rubbing machine, producing a large-area and 
defect-free STN-LCD in 1987, which marked the beginning of producing personal computers (PCs) 
with large capacity dot matrix LCDs. Further, Dr. Kobayashi made a significant contribution to the 
development of information display by publishing many academic books on LC and LCD, in 
English and Japanese languages, for enlightening and educating young scientists and engineers and 
establishing the new international conference of information display and organizing existing 
conferences in this field.

Dr. Tatsuo Uchida’s realization of color LCD was another significant breakthrough that led to 
the high performance of LCDs� He started his research on the fundamental properties of LCs 
through theory and experiment of LCD in 1970� He researched color LCDs, focusing on the guest–
host (GH) method with dichroic dye added to LCs� It was invented by G� Heilmeier in 1968, but its 
display characteristics were considerably lower than the practical use level� Dr� Uchida improved 
the characteristics of dyes and established an optical design theory of devices, achieving high 
contrast, color purity, and brightness� Thus, the optical design theory was implemented in 
monochromatic LCDs for office machines and automobiles. In addition, he considered multicolor 
LCDs based on the subtractive color mixing for non-light-emitting materials and devised a method 
for stacking three GH cells of cyan, magenta, and yellow. Consequently, he realized the world’s first 
color LCD. Further, to realize a high-definition color LCD, he clarified in 1981 that even a non-
light-emitting material could realize an arbitrary color mixing by the two-dimensional fine 
arrangement of three-color pixels based on additive color mixing. Specifically, thin color films of 
red, green, and blue were formed on electrode arrays, which was called “in-cell micro color filter.” 
The in-cell was essential to obtain high-quality color� The full-color LCD method invented by Dr� 
Uchida in this way has become an international standard in cooperation with high-resolution active-
matrix LCD and has become widespread globally in LCD-TVs, note PCs, and mobile phones, etc�

These paramount technologies invented by Dr� Kobayashi and Dr� Uchida, independently, 
became the basis of high-performance and high-quality LCDs. Based on the efforts of many 
researchers, engineers, and managers, full-scale industrialization of LCDs began in Japan� In 
addition, around 2000, Japan became the leader in manufacturing LCDs� Afterward, the technology 
spread overseas, Asian countries became major manufacturers for mass production, and the industry 
enormously developed along with the development of information society�
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