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B Abstract

Electrical discharge machining is a fabrication process that melts and removes metal from a workpiece
by repeatedly applying a small electrical discharge between an electrode and the workpiece. The principle
behind this process was invented in 1943 in the Soviet Union, and by the 1950s, dozens of manufacturers
of electrical discharge machines were founded throughout the Soviet Union, Europe and the United States.
Research into the process began in Japan in 1949, with the first electrical discharge machine manufacturer
established in 1953.

One of the advantages of electrical discharge machining is the ability to machine hard or tough metals—
called difficult-to-cut materials—that are difficult to handle with mechanical processes. It is because of
this that the process became increasingly used in America for machining special components for the
aerospace industry—in Japan, electrical discharge machining came to be used for machining die and mold
components.

While European and American manufacturers led the market in the early days, Japanese manufacturers
grew to claim more than half the global share by the 1980s. One of the factors contributing to Japan’s
sharp rise in market share is that Japanese electronics technology, including semiconductors which had
made remarkable progress, supported the development of electrical discharge machines. In addition, the
electrical discharge machine industry was blessed with the strong demand arising from the rapid growth of
its main market—the die and mold industry.

The first half of this report covers the history of development of the core technologies dedicated for
electrical discharge machines by the 1980s, such as the power supplies used for machining, axial feed
mechanism, and applied technology like numerical control devices. While development of electrical
discharge machines benefited from the die and mold industry, the process also served to transform the
methods used for making die and molds. The report outlines how both suppliers and customers worked
hand in hand to further development, and also includes specific examples of the advantages of using
electrical discharge machines.

The second half of the report describes the results of research on the subsequent development of
electrical discharge machines, focusing on the period from around 1980 to around 2015, with examples
including high-speed machining power supply that use new semiconductor elements, high-speed axis
feed mechanisms driven by linear motors, and adaptive control that utilizes intellectual machining know-
how. Japanese electrical discharge machine manufacturers led the world in developing new state-of-the-art
technologies like these, which in turn boosted their competitive edge on the world stage.

European and American manufacturers found themselves left behind from the 1980s and on, with only
two premium machining tool brands based in Switzerland considered potential competitors. Japan took
over the world in the 1990s with countless high-performance and compact products. It goes without
saying that Japan became the global power in precision die and mold technology that underpinned the
manufacture of tiny precision components essential for a broad range of products that were small and
light—just like the catchphrase of the time. The Japanese die and mold industry demanded the world’s
highest standard of machining accuracy and quality, but now miniaturization had become essential—
this sparked fierce competition amongst Japanese electrical discharge machine manufacturers to further
develop high-accuracy machining technologies, which eventually went on to exceed that of premium Swiss
manufacturers. The second half of the report explores the history of development of elemental technology
required for such high-accuracy machining, like enhancing machining accuracy and surface finish, and
miniaturization of machined shapes.

With die and mold currently accounting for around 70 to 80% of electrical discharge machining in Japan,
this report mainly examined how electrical discharge machines are used for fabricating die and mold.
Electrical discharge machines are expected to be developed to cover a wider range of applications for
machining high-value added components in the future, so the last section of this report covers special
electrical discharge machines designed for machining high-value added components that are expected to
grow in demand moving forward.
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B Abstract

Thin-film transistors (TFTs) have greatly contributed to the increase in the area of liquid crystal displays
and organic electroluminescence displays. In recent years, amorphous silicon (a-Si:H) is being replaced
by an oxide semiconductor known as “IGZO” (In-Ga-Zn-O) in TFTs. This is nothing less than a major
revolution in the semiconductor field, where silicon has prospered. This revolution was brought about by two
consecutive papers in Science (2003) and Nature (2004) published by the ERATO project group led by
Prof. Hideo Hosono. The paper in Science discussed a homologous series of oxide crystals INGaOz(ZnO)
(m = integer) with a layered structure that serve as the active layer of the transistor. The paper in Nature
discussed an amorphous oxide semiconductor (a-1GZ0O, InGaZnO.) . a-IGZO TFTs in particular are easy
to fabricate at low temperatures, are highly compatible with conventional silicon processes, have ten times
higher electron mobility than amorphous silicon, and have much lower leakage currents. These are the
reasons why 1GZ0 has attracted attention from electronics manufacturers around the world. As a result, this
discovery and invention has sparked a "game change" in the semiconductor field. The paper in Nature,
which is the source of this innovation, has become a landmark in both the fields of materials science and
semiconductor transistors.

This systematic survey starts with historical changes in the research and development of well-known
indium tin oxide (ITO) materials and multi-component transparent conductive oxides. From the author’s
point of view, this survey discusses the creation of new oxide semiconductors by Hideo Hosono, a professor
at Tokyo Institute of Technology, who has always been up for a challenge and initiated innovation in this area
since the mid-1990s. This survey also discusses the formulation of a "working hypothesis" logically derived
from the results of several experiments by young researchers, as well as the workflow of the technology.
In parallel with technology accumulation to epitaxially-grown single-crystal oxide thin films, this survey
describes the detailed history of major discoveries and inventions that resulted from concrete validation of
the “Hosono’s working hypothesis” that even “amorphous” materials, which differ vastly from “crystals,” can
be endowed with electrical properties comparable to those of crystals. This survey deciphers how Hosono
created “IGZ0O oxide semiconductors” as well as joint research with companies and research by individual
project members while interweaving the author’s speculations, theories, and imaginings.

During the era when silicon semiconductors flourished, even contamination with trace amounts of other
elements were prohibited, so putting composite oxides containing three metals such as In, Ga, and Zn on
the center stage of a new semiconductor industry was an arduous feat. This survey examines that difficulty
from the perspective of materials science as well as efforts to apply for patents and acquire rights to the
materials. In addition, this epoch of materials creation has encouraged researchers around the world.
Currently, the technology is spreading in the field of high-definition flat panel displays as well as in a wide
range of fields such as memory applications for electronics, X-ray detectors, and even biosensors. This
survey will provide a brief overview of those fields of application.

a-1GZ0O semiconductors have created a large new technological platform based on two new
cornerstones, materials science and device (TFT) technology. In March 2015, the Japan Academy
awarded Hideo Hosono the Imperial Prize and the Japan Academy Prize for his achievements in “Study on
creation and application of inorganic electro-active materials.” In addition, he was also awarded the Japan
Prize in 2016.

% As those who are familiar with materials research probably already know, Hideo Hosono is the pioneer
of transparent oxide semiconductors (IGZO) for next-generation TFTs. In addition to creating these
oxide semiconductors, the results of his outstanding research have had a profound impact on materials
other than those covered here. The mineral 12Ca0 7Al.Os (C12A7) is used in cement and was
considered to be a typical insulator, but Hosono converted this material into a semiconductor, metal,
and superconductor. This research led to the development of a new field called "electrides," in which
electrons act as anions. In addition, Hosono has created a new layered oxychalcogenide material that
is a semiconductor. He also discovered an innovative iron-based layered oxypnictide superconductor
(LaFeAsOqF,, Tc=26 K) that is unlikely to be an extension of the established BCS (Bardeen-Cooper-
Schrieffer) theory in conventional metal-based superconductivity, causing a second “Woodstock of
physics” in the superconducting materials field. Many of the results of his outstanding research are
sometimes described as “discovering a new continent in materials exploration,” and they have opened
a new chapter in solid state physics and created a new theory of materials science. | would like to add
that Prof. Hideo Hosono remains one of the world's leading researchers in the field of materials science.
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The History of Technology to Enhance the Reliability of Steel
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M Abstract

Humans first collected raw materials from nature. Since the 19th century, though, humans have mainly used
materials made from resources underground. In the 21st century, there are growing expectations for the use of
renewable and recyclable resources. Improving reliability, which is the ability to perform as requested under
given conditions for a given period of time without failing, will also become increasingly important. To that end,
damage and wear must be minimized. As a structural material, steel should be very strong and inexpensive.
The use of a high-strength material in a structure simultaneously reduces its weight and conserves the
materials used. However, increased strength reduces resistance against brittleness, fatigue, corrosion, and
high-temperature creep. Improving resistance to these phenomena is directly linked to improving reliability.
The development of high-strength steel is a history of increased limits of usable high-strength steel in each
field of application.

Technological development is also a history of negative outcomes such as failures and accidents. In any
case, achieving perfect safety and reliability is not possible. Therefore, designers must understand the
conditions and environments in which a material will be used, and select materials to meet those conditions.
Manufacturers and providers of materials must have a correct understanding of the limitations of those materials
and disclose and share relevant information. This will facilitate and enhance communication and cooperation
between designers and material providers. In turn, this will lead to a further increase in "usable high-strength'
materials. Therefore, the indices that are suited to increased cooperation and improved reliability have been
historically examined. The indices are not 100 % perfect at this point, but the direction is clear.

Since the Industrial Revolution began in Western Europe, steel has been used in large quantities for various
purposes due to its low cost and convenience. However, steel is not "perfect," and there are numerous ex-
amples of its fracturing and wear and tear. Nonetheless, steel has luckily overcome its weaknesses. Gradual
improvements have been made. In addition to advances in physics and chemistry, advances in mechanical
engineering have been the key to improving the reliability of steel. Moreover, new scientific theories and
observational techniques have also been put to use. The mechanics of materials developed from the theory
of elasticity. Non-brittle steel emerged, and interest turned to plastic deformation. However, interest had not
yet reached fracture resistance, which is a step further on from plastic deformation. The approach to fracture
resistance begins with brittleness. Identification of fracture resistance via a method known as the "transition
curve" (an empirical theory) was quickly established, and the basic concept (theory) of "crack resistance" was
also proposed. A technique for evaluating fatigue known as the "Woéhler curve" (S-N curve) was identified.
These were remarkable advances from the standpoint of technology to improve reliability. Over time, scien-
tists and engineers emerged as a group of experts. The expansion of universities, the establishment of basic
research institutes, and the beginning of international conferences to unify standards inevitably occurred.

Private industry has undoubtedly played a leading role in steel technology in Japan, which has lagged
behind Western Europe. That said, public research institutes have also played an important role. Universities
and research institutes are not only important to basic research, but they have also greatly contributed to col-
laboration among specialized fields in order to advance technology to improve the reliability of steel. More-
over, academic societies and public research institutes have become the main entities conducting large-
scale experiments, long-term tests, and collaborative research involving industry, government, and academia
that cannot be done by a single company. This is how academic societies and public research institutes have
made a significant contribution.

In pre-war Japan, testing facilities gradually improved and experience was being gained. In terms of grasp-
ing basic phenomena, Japan had unique knowledge in the field of brittleness, where test facilities and ap-
proaches were easy to improve and devise. In fields such as fatigue, however, standardization of testing
methods was delayed and the knowledge obtained was only an empirical understanding. After the war, West-
ern knowledge was comprehensively understood, and by around 1950, Japan seemed to have reached the
same level of knowledge as in the West. In the half-century that followed, Japan has made major advances,
and Japan can proudly say that it now holds a position as a global leader on par with Europe and the United
States. This paper describes brittleness, high-cycle fatigue, atmospheric corrosion, and high-temperature
creep.



Collaboration between material mechanics and materials science is essential to technology to improve the
reliability of steel. When a technology is developing, manufacturers play a major role. When a technology
is mature, consumers or users must also be emphasized. A safer, more secure, and more prosperous so-
ciety can be operated sustainably by organically linking these two groups. Academic societies and public
research institutes play a role in connecting those groups, and specific contributions by those societies and
research institutes will become increasingly important in the future. There are mounting expectations for
international standards that take into consideration the diversity of the natural environment and the inclusion
of fracture and wear in allowable conditions for materials. At the same time, use of numerical simulation and

data science will also be important.
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Historical Investigation of Antenna Technology in Domestic Public Radio Communication

iE 1?2*” Toshikazu Hori
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M Abstract

Information and communications are an essential part of infrastructure used for living our social lives.
In particular, although wireless communication using invisible radio waves were invented by Guglielmo
Marconi in 1895 only around 130 years, people in modern society grasp a mobile phone in one hand while
making full use of advanced personal telecommunications.

Domestic public radio communications in Japan began with the maritime telegram service from the
Choshi coast station in 1908 using low frequencies (LF) and medium frequencies (MF), followed by the
very-high frequency multiplex radio telephone link in 1940 linking Ishizaki (in Aomori Prefecture) and
Tobetsu (in Hokkaido). In the 1950s, maritime communications entered the era of very-high frequencies
(VHF), and multiplex radio telephone links also entered the era of full-scale microwave relay links. These
microwave relay links became the backbone radio links that made up the domestic telecommunications
network in Japan, and led to the golden era of backbone radio relay network. At the start of the 1980s the
telecommunications network began to take the form of an information and communications network, where
backbone radio communications networks began to evolve into access radio communications networks for
information transmission of phone calls, messages and movies using mobile phones.

The role of radio waves in these types of radio communications is to transmit information through
space, and antennas are the devices that serve as the interface for sending or receiving radio waves
between space and transmission or reception circuits. Antennas are an essential component for radio
communications, and their development has advanced at a tremendous pace in line with the progress of
radio communications.

We conducted a systematic survey titled the “Historical Investigation of Antenna Technology in Domestic
Public Radio Communication” to examine the relationship between public radio communications in Japan
and the antennas used for those communications. This survey focuses on fixed radio communications,
domestic satellite communications and public mobile communications that have been researched,
developed and put into practical use as domestic public radio communications.

Fixed radio communications covers long-distance relay links used for long-distance calls and broadcast
television, short-distance relay links used for long-distance calls, and fixed access lines for subscriber
radio. Domestic satellite communications covers domestic communication satellites and domestic satellite
communication links using these satellites. The early type of public mobile communications covers maritime
telephones, radio pagers, car phones (1G mobile communications technology), and in-flight telephones.
The digital mobile communications using 2G and newer mobile communications technology are covered as
personal communications, which includes Personal Digital Cellular (PDC), Personal Handy-Phone System
(PHS), and high-speed data transmission systems.

Various types of communications antennas have been used for these domestic public radio
communications. Fixed radio communications and domestic satellite communications mainly used aperture
antennas, while public mobile communications first used linear antennas before array antennas comprising
component planar antennas began to be used.

This systematic survey report outlines the results of the survey conducted based on the description above.
A closer look at the frequencies used for domestic public radio communications reveals the relationship
between the frequencies and antennas suitable for public radio communications. The report also outlines
the relationship between high-performance antenna technologies developed for the practical application of
public radio communications and the trends in public radio communications. Different antenna types exist
to suit various radio communications systems, and the design of antennas for public radio communications
involved efforts to identify the most suitable design for maximizing the characteristics specific to each type
of antenna. This led to the development of remarkable antenna technology offering higher performance
and better functionality to cater to the advances in each type of radio communications system. In a way,
development of communications antenna technology has evolved in line with the advances made to radio
communications systems. Note that antennas used for domestic public radio communications covered
by this systematic survey were progressively dismantled after the termination of each type of service, and
almost no such antennas exist today. It is hoped that the design technology used for the research and



practical application of radio communication systems and antennas for these systems will be applied to
new research and development going forward.
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