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Development of Copper Smelting and Refining Technologies
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m Abstract

Copper is the first metal that human beings used in their hands. At any time of history,

copper has played an important role as a functional material. Ever since the development of
Electrical engineering applications, the consumptions of copper have been rapidly increasing all over the world,
and it continues to grow.
In a review of the history of copper smelting and refining technology, which led to the rapid growth in copper
consumption, the development of copper smelting and refining technologies in Japan was surveyed. During the
World War II, Japanese smelters and refineries were critically damaged. After ten years, though, they recovered
to their previous level of before the war. However, pollution became a serious problem with the rapid growth of
Japanese economy. In the meantime, developments included a floatation method for the disintegration of ore and
the introduction of the Flash Smelting Process, which was used by every company except for the Mitsubishi
group. Thus, modernization advanced significantly.

The Flash Smelting Process is now used to produce forty percent of world’ s copper, and sixty percent of
Japan’ s copper. Mitsubishi Materials was the first in the world to develop a continuous smelting process. This
process is in use in four countries, and is expected to undergo further developments. Copper Refineries have
been aggressively developing larger electrodes and automation systems to handle electrodes and have been
making environmental improvements based on the expansion of smelter capacities.

Research on copper smelting in Japan was examined from the birth of the Flash Smelting Process to the
mainstream technologies in use throughout the world. In particular, research and development of the flash

smelting process was examined in detail, and this was depicted in a systemization diagram.
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A History of Electronic Desktop Calculator Technologies
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m Abstract

The history of electronic desktop calculators of Japan dates back to 1964 when four companies, Hayakawa
Electric Industry, Canon Camera, Sony and Oi Electric (corporate names of the four companies at that time),
exhibited their products in a business machine show at the Harumi Fair Ground in Tokyo. The transistors used
in these products were replaced two years later in 1966 by ICs and another two years later in 1968 by LSIs in
enhancement of circuit integration. The electronic desktop calculator industry rapidly grew to a leading industry
of Japan at that time.

Beginning around 1969, large and small manufacturers alike rushed to the electronic desktop calculator market
and engaged in a cutthroat electronic desktop calculator competition. In this process, the electronic desktop
calculator manufacturers vied in technological innovation and developed multifunctional compact and thin
electronic desktop calculators with sophisticated and diverse functions. In 1983, what was called an “ultimately
thin” card-type electronic desktop calculator only 0.8mm in thickness was a commercial reality. Many people
agree that no other consumer electronic product accomplished such an amazing technological innovation in
slightly less than 20 years. In addition, the electronic desktop calculator industry caused immeasurably deep
impacts to the Japanese industry as a whole. One of them is the semiconductor industry of the top level of the
world. Another example is the liquid crystal industry supplying display devices that are indispensable to personal

computers, PDAs and other information equipment, as well as to audio and video equipment. We must not forget
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that the electronic desktop calculator industry laid the foundation of the leading edge IT industry of today.
”Competition is an incubator of technological innovation” and “Better than any other product and low price.”
These untiring challenges to the market principle have achieved great results of the technological innovation.
This report studies in time series the evolution phases of the electronic desktop calculator technology from
before the birth of the electronic desktop calculator industry. The condition of the market as the background of

the evolution is also studied.
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Investlgatlon on Systemization of Technological Development of Photolithography Equipment

BiE gt

Kazuo Takahashi

mEE

PR T ASAAOREL, T — BN DR DR Lo TR B OSSR Z T, £ TR SLE
HeH A E R LET 0D [T+ YT T7 0—Hil ] bAERT ANAADFRREILITHRATE, FRZ, b
MENZBW T, IATEHLELT N PR & BEARTEL T A= — 23, tt%&ﬁ@@wﬁ%ﬂ%%#ﬁ%ﬁs%
HIEE S EICS AL TEY, DRAM & MPU ZHULETAEMEREIBOTFEN NS 1970 FRE-ICE. B
EALRIOMFZEREREE THE LSI JL[RAFZEMLE ) 2SRk S ., 7 e AT @ e E i w78 F'aﬂ%&mﬂ@émf:o
_m:)?%%%ékbf PR T SAARA— T — OEANE &G R RE R [ A— ) — O HE OLZHHEEY, Th
i PEL T2 bbb CEmE RO LR bR 2 B HEBRR IS MSE T or,

ZOYEEART RAZAOR S, BEEEORBE TIL. 2O LR BN BES, AT —OERNIR RS
Nou—R~y 7 LREENDEANT TR OAFRICE > THIEIORSNDEOTRD, R IEER D72 BAFE 3 D 5
NizZé, MAT, ZORIT, BEEAIMEOZ V=TV 78 TIvIA V=T VT T TAF VIR
(KR BT E S OB LML, V=7 « 77F 2 —%0 PZT FHICESNLEM « mFEERE
i EREB R AT, ~T e A HROL —FFBRIREIFICRBSNDEE L, Z2<OBLWE
WS NTEY, ZNDEFAL)—IZHD ANLNTZZELENL TS,

ZOPRAERE T TIX, SRR R, 1980 R PENS 1990 L E T, HREAEELIZAT v/ —
BAICE B L, 2O E8KT SAZRDOBMEDOR U RE, ZDOH 2 T, EDEINTHh Db THREMNIC
DWCHELTZOT, ZOFERIZDONTRARTHIZN,

B Abstract

Fabrication of semiconductor devices has achieved great progress through the invention of the planar—type
transistor. Together with this progress in semiconductor devices, great progress in the developed light—exposure
technology — of which so—called “photolithography” plays a leading role — has also been made. In particular, as
regards the situation in Japan, the manufacturers that produce and distribute optical devices (mainly cameras)
entered the field of semiconductor photolithography in the relatively early stage. And in the latter half of the
1970s — a time when the demand for integrated circuits like DRAMs (dynamic random access memories) and
MPUs (microprocessor units) was increasing — a research body called the “VLSI Joint Research
Association” was set up by the government and private sector (five computer manufacture companies) . As a
result, research and development on process technologies and photo lithography technologies was accelerated.
With this time marking a turning point, technical exchanges deepened between the process engineers of
semiconductor—device manufacturers and the engineers at development section of semiconductor—fabrication
equipment. In addition, the national laboratories and the academic institutes also joining in these lively
exchanges, these technologies were refined, and these refinements were reflected in the subsequent development
of devices and equipment.

As regards development of both fabrication equipment and semiconductor devices, tangible values were set as

development targets by means of a chronological table of technological forecasts (known as a “roadmap”) as
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represented by Moore’ s Law. Efficient development could thus be pushed forward according to such roadmaps.

In addition, during that time, many new technologies were developed, for example, new materials technologies

such as new lightweight & high—strength engineering ceramics, engineering plastics, a low—expansion materials, and

new technologies such as precise servo equipments & control technologies, and precise measurement technologies

such as heterodyne—laser interferometer. And it was fortunate that these technologies were introduced just at the

right time.
Focusing on photolithography equipment — particularly world-beating stepper technology developed from the
mid—1980s to the late 1990s — this report presents the results of an investigation on how this technology was

related at any given time to the trend concerning the nano—fabrication of semiconductor devices.
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Historical Development of Turbine Generators for Nuclear Power Plants
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®m Abstract

Electricity generation in Japan began in the late 1870s with small-sized and dispersed coal firing thermal power
generation was introduced as a DC power for lighting. Later, Japan entered an era in which hydroelectric power
superseded thermal power as the main power source, and high voltage and long distance transmitted AC power
was produced at hydraulic power stations.

Thermal and hydraulic power generations were combined to respond to the rapidly increasing electricity demand
from the early 1920s through to the 2nd World War, and advanced thermal power plants were built one after
another to respond to the massive demand due to reconstruction after the war. By 1961, thermal electric power
had become again the main power source and growth continued at a rapid pace.

The environmental problems that arose later, however, in addition to two oil crises, created difficulties in the
construction and operation of thermal power plants, which supplied about 75% of the total electricity, and Japan
developed a new focus on energy saving and shift away from oil. These circumstances increased need for the
aggressive development of nuclear power generation. The Japanese government laid out a new basic policy calling
for the oil dependency as a primary energy source to be below 50%, and aiming for the best mix of electric power
sources, the government changed its course to enter an era in which nuclear power was the primary and oil the
secondary source of electric power.

Feasibility studies targeting nuclear power as a source of next—generation electric power had already begun in
1954, and the “Three laws of nuclear power” (the Atomic Energy Basic Law, the Atomic Energy Commission
Establishment Law, and an amendment to the Law on the Establishment of the Prime Minister’s Cabinet) were
put into effect in 1955. The Japan Atomic Power Co. was established in 1957 to be engaged in the construction of
a commercial-use nuclear power plant, and a Gas Cooled Reactor, which was much experienced at the time, was
installed at the Tokai Power Station, going into 166MW of full load operation on July 16, 1967. This marked the
beginning of nuclear power development in Japan.

As a result of the development of nuclear power generation in keeping with the energy policies of the Japanese
government, the ratio of nuclear power to total power generation increased steadily with each passing year,
reaching a peak of 36.8% in 1998. The 54 nuclear power plants currently in operation (as of the end of 2005) had
a total capacity of 48,222MW, the largest capacity in the world after America and France. There are two plants
under construction and 12 under planning. Plant capacity began at 166MW with imported equipments, and the
largest plant manufactured using self established technologies is 1,380MW. Japanese nuclear power plant are now
classified as the world’s top ranking in terms of plant capacity, operationability , reliability, plant efficiency, and
safety, and there is a sense of unity in the framework of government, electric power companies, and
manufacturers.

Generators play an important role in nuclear power plants as the final energy conversion, and have been
developed while responding to requirements and at the same time maintaining compatibility with the whole plant
equipments. Basically, 2nd system (e.g., turbine/generator) can be manufactured by thermal power plant
technologies. The rotating speed is half that of thermal plant generator and the design limitations of rotating parts
are relatively less, so turbine/generator units do not limit the plant capacity. There are several issues related to
power system operations due to specific characteristics of nuclear power plants, such as constant load operations
and long—distance / high power transmissions, but technologies have been established to solve these issues, and
nuclear power has secured a position in the power system.

The remarkable development of nuclear power plants in Japan has been strongly affected by numerous factors,
including government energy policies, reactor technologies, turbine technologies, and plant operations, as well as
social trends. We will first survey nuclear power plants, and then investigate the historical development of turbine
generator technology, innovative technologies and products.

Nuclear power has many advantages, but there are many problems and issues that must be resolved. One of

these is achieving of plant availability with high reliability together. Much effort has been made to learn from the
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troubles that have occurred through the progress of nuclear power generation systems, by clearly identifying the

root causes and thoughtful conduction of countermeasures, thereby changing “negative legacy” into “positive

assets,” and improving reliability of nuclear power plants. The major accidents that have actually occurred,

however, have taught us the fact that one misstep in handling this vast energy source lead to an out of controlled

situation resulting in environmental pollution on a global scale. This issue is one that must be given the utmost

priority hereafter. Many other issues that participants of nuclear power have challenged will be also examined.
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Systematic Survey of Technological Developments in Mobile Communication Terminals/Portable Telephones
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m Abstract

This report is the result of an investigation of the development process of approximately 100—year history of
communication technology, which provides a basis for today’ s "KEITAI (portable telephone) ”, the changes
undergone by service providers, the interaction of technological developments with society, culture, economy,
radio wave administration and other countries, international standardization activities, technological

systematization, strength and weakness of Japan’ s unique technologies and the pertinent issues and
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considerations among others.

Initially, Japan’ s wireless communication evolved around independent technological developments: Dr.
Rinsaburo Shida successfully conducted an experiment on electromagnetic guidance at the Sumida River in 1885,
ten years before Marconi’ s communication test, and established the Institute of Electrical Engineers of Japan
and predicted the practical use of wireless communication and the realization of systems for optical
communication, audio recording, picture recording and others. In 1896, research on wireless communication
began in the research laboratories of the Communication Department of Japan. In 1897, Dr. Matsunosuke
Matsushiro succeeded in a radiotelegraphy experiment over one nautical mile in Tokyo Bay with the help of
technical literature only. In 1925, Dr. Hidetsugu Yagi and Dr. Shintaro Uda invented the “Yagi-Uda antenna”, a
world—class invention.

The domestically—produced Type 36 radiotelegraph played an important role in the Russo—Japanese War. In
1912, the “TYK wireless telephone”, a predecessor of the portable telephone, was invented. Subsequently,
domestically—developed and —produced medium—wave and short-wave wireless telephones were put into practical
use in the 1940s. Yet it was after World War II that mobile communications became accessible to the public.
VHF-wave police radio, maritime telephones and train telephones were introduced. A portable telephone system
using an automatic exchange connection was developed in 1967 for urban disasters. The “pager” service was
introduced in 1968. In 1970, Japan’ s first portable telephone was exhibited at Expo ‘70 by Nippon Telegraph
and Telephone Public Corporation (NTT) . These technologies were applied to portable and cordless
telephones. In 1985, a car telephone (about 7 kg in weight and 7,000 cc in volume) using the 800-MHz band
was introduced for the first time in the world. It was only after the deregulation of the telecommunications
sectors enforced in 1985 that car telephone services by companies other than NTT began. In 1987, Japan’ s
first service for “portable telephone” (500 cc in volume and 750 g in weight) began. In 1991, an analog
telephone, the world” s smallest and lightest first—generation portable phone, was introduced. In 1993, “a digital
portable telephone” of the second generation was introduced. With the deregulation of telephone terminals
in1994, an age of free competition started. In 1999, Internet connection services for portable telephones were
introduced. In 2000, “portable telephones with a built-in camera” were introduced in the market. In 2001, a
third—generation advanced portable telephone was introduced for the first time in the world.

The technological development themes in mobile communication have been for transmission quality
improvement, larger capacity, wider coverage, personalized equipment development, diversification of services,
etc. In particular, technologies for effective use of frequency resource; wireless equipment, size/weight/cost
reduction and packaging/mounting have been promoted. Over the years, the signal transmission system evolved
from Morse code to analog, to digital, and finally to Internet multimedia. The transmission media have advanced
from sound only to data, to pictures and to video. Various mobile communication features have been developed
along with complexity, efficiency improvement and high-networked information in socioeconomic activities. A
marriage of the portable telephone and the Internet led to the birth of the "KEITAI culture” now highly revered
around the world. The "KEITAI culture” progressed from the “establishment of the convenience in business
activities” in the first generation, to the “establishment of the companionship culture inherent to the nature of
humankind” in the second generation and to the “establishment of a diversified and individualized culture” in the
third generation.

What really matters is the technology development for a “self-willed ubiquitous communication terminal” which

is usable by anyone without any restrictions, oriented for human nature, easy to use, safe and untroubled.
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