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m Abstract

The electron microscope is a equipment that enables small things that cannot be seen with the naked eye to be
magnified and observed. There are three main types of electron microscopes each named for the method it uses
for observing objects using the properties of electrons. These are the transmission electron microscope, scanning
electron microscope, and scanning probe microscope. In this report, we focus on the transmission electron
microscope and endeavor to present a systematic survey of its technical development.

The performance of optical microscopes reached their limit in the latter half of the 19th century enabling
disease—causing bacteria that play a role in epidemics to be identified and sufficient countermeasures to be taken.
Then, in the early years of the 20th century, the need arose to identify viruses to eliminate the threat caused by
virus strains that give rise to devastating diseases such as the Spanish flu, but the small size of viruses exceeded
the limits of optical microscopes. The development of an electron microscope, which could exploit the wave
properties of electrons to enable objects that exceed the limits of optical microscope to be observed, was
therefore anticipated.

The first electron microscope was built by the Ernst Ruska, a German physicist, in 1932. Seven years later, in
1939, a commercial version was completed by Siemens AG that was used to observe viruses that could not be
seen with optical microscopes. Before this success, the observation of living organisms by electron beams was
difficult, and only a small minority of people expected electron microscopes to become a substitute for optical
microscopes. This successful observation of disease—causing viruses, however, immediately raised the usefulness
of electron microscopes.

The development of electron microscopes in Japan started not with the introduction of machines from overseas
but rather with the development of original equipment based on knowledge obtained from books and publications
or from actual experiences. At that time, the construction of a power network and stable supply of power were
national issues, and Japanese students were dispatched to Germany for this reason. On returning, however, these
students came to focus their research efforts on the development of electron microscopes, and in 1937, the
development of electron microscopes began in Japan as a national project. Son after the war, domestically
produced commercial electron microscopes came to be supplied by five companies. While the commercial market
in Japan was not very large at this time, there were many researchers whose work could benefit from electron
microscopy. More than 250 units came into operation in the 1950s, and their export to overseas markets began in
1955 as Japanese—manufactured electron microscopes came to be recognized for their high technical level and
electron—diffraction capability. Progress was also made at this time in increasing resolution so that
electron—microscope equipment could observe the formation and shape of living organisms. Nevertheless, the aim
of Hitachi and JEOL was to develop technology that would raise the performance of an electron microscope to a
level of resolution at which a single atom could be observed. The images that could be obtained by an electron
microscope with such high resolution would prove useful in analyzing metallic and non—metallic materials, which
was necessary to observe crystal lattices. On entering the 1970s, the focus of biology came to shift from the
discovery of DNA to molecular biology, and the importance of electron microscopes in this field started to
decline. At the same time, the need for electron microscopes in the development of new materials and devices
increased. As a result, electron microscopes from Japan (Hitachi and JEOL), which had promoted the
development of high-resolution equipment, were able to occupy a major portion of the world market.

In the 1970s, developed nations turned into mass consumption societies as the development and mass
production of automobiles and electrical appliances accelerated, and it came to be realized that improving the
quality of these articles could not be achieved without improving the quality of constituent materials. The
importance of physical analysis and chemical analysis as material-evaluation technologies increased as a result.
Against this background, and considering that the industry in Japan had already accumulated basic
electron—microscope technologies involving the electron optical lens, stage, and other components, it was found
that secondary electrons and characteristic X-rays could be used in addition to transmitted electrons that occur
when irradiating a sample with an electron beam as traditionally used in transmission electron microscopes. This
capability meant that electron microscopes could also be used as analysis equipment. In the 1980s, key
equipment came to be divided into those for biological use and those for materials use, and in addition to
general—-purpose equipment, there also came to be developed equipment with special features not found in other
analysis techniques. This equipment included ultra—high—-vacuum electron microscopes, electron—interference
(holographic) electron microscopes, ultra—high—voltage electron microscopes, and extremely—low—temperature
electron microscopes.
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Today, as well, electron microscopes manufactured in Japan occupy a leading position in the world. They
provide great benefit not only to Hitachi and JEOL as electron—microscope manufacturers but also to universities
that actively use their electron microscopes as world-leading research tools. And by enabling materials
manufacturers to supply high—function, high—quality world—leading materials, component manufacturers to supply
high—function components, and semiconductor device manufacturers to supply products with exceptional cost
performance, electron microscopes are benefiting industry in a big way. In the years to come,
electron—microscope technology will be developed for research in such advanced fields as nanotechnology and
biotechnology that are expected to reach a practical stage in the 21st century. We can expect this technology to
become the basis for next—generation, general-purpose electron microscopes and to make a significant
contribution to society.
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® Abstract

Twenty kinds of amino acids are the building blocks of proteins. Many useful characteristics have been found in
amino acids, and they are used as “umami” seasoning, medicines, feed—additives, chemicals, cosmetics, and so
on.

Amino acids are now manufactured by three methods : extraction from acid—hydrolysates of various proteins,
chemical synthesis, and fermentation. Among these, fermentation is dominant. Amino acid fermentations, in which
microbes are used to produce amino acids, was conceived in Japan and has been developed with Japanese
techniques. More than 70% of the world’s supplies of amino acids are now manufactured by fermentation
processes.

This report provides a systematic survey of amino acids fermentation techniques, tracing the history of the
development and overviewing future prospects.

Monosodium glutamic acid (MSG) , which was the first amino acid to be commercialized as a seasoning in 1908
under the brand name of “Ajinomoto” by S. Suzuki, the progenitor of Ajinomoto Co., on the basis of an invention
by K. lkeda, a professor at Tokyo Imperial University. This production process, extraction from wheat and
soybean proteins, continued successfully for about 50 years. However, the process had drawbacks : the high cost
of raw materials and the problems of using hot hydrochloric acid in the manufacturing facilities. New approaches
were searched for from the direction of both chemical synthesis and fermentation. However, the concept of
producing glutamic acid by chemical synthesis was not accepted by consumers. The first successful fermentative
production of glutamic acid was achieved by Kyowa Hakko in 1957, by finding a novel glutamate—-producing
bacterium, Corynebacterium glutamicum, and establishing culturing methods.

Producers of the other 15 amino acids beside glutamic acid were successfully bred by deriving auxotrophic
mutants and analog—resistant mutants, and production was expanded to the industrial scale.

Techniques in fermentation are made up of four parts : breeding of producing strains, large—scale culturing,
isolation and purification of amino acids from culture liquids, and plant engineering. Among these, the breeding of
strains is the most important and fundamental technique. Wild type bacteria have intracellular metabolic
regulation mechanisms for preventing over—production of essential metabolites such as amino acids, so the
breeding of strains involves deregulating these mechanisms through the application of scientific information from
biochemistry, genetics, and genetic engineering techniques.

Deregulated production achievements include the following. Glutamic acid fermentation was accomplished by
culturing C. glutamicum under optimum conditions corresponding to its characteristics. Producers of the other 15
amino acid were derived as auxotrophic mutants and amino acid—analog resistant mutants, as mentioned above,
from C. glutamicum, E. coli, S. marcescens, and so on. Another approach for amino acid production is the
enzymatic conversion to amino acids of cheaply available materials, such as intermediates of the chemical
synthesis of amino acids. Bioreactors, which contain immobilized enzymes and/or enzyme—containing bacterial
cells as catalysts, have been used for long—term production with stable and repeated uses.

Breeding methods have been improved drastically by recombinant DNA techniques, which appeared in the 1970’
and provided tools for the isolation, amplification, and modification of DNA. As a result, enzymes of amino acid
synthesis could be changed for better production of amino acids. A genetically improved high producer of
threonine was constructed by amplifying threonine—producing enzymes, and indusrtialized.

Large—scale cultures for amino acid production were established by modelling the techniques developed for the
production of antibiotics. The productivity of amino acids was improved by supplying a high concentration of
oxygen to the culture medium, by using fed—batch cultures, and so on.

The isolation and purification of amino acids accumulated in culture liquids are important steps that determine
the quality and final cost of amino acids. Plant engineering for large—scale cultures and purification processes are
controlled by computer—control systems.

Starch, crude sugar, and molasses are the raw materials for amino acid fermentation. In these processes, a major
portion of the cost of amino acids is the price of raw materials. Thus, amino acid plants have been constructed
mainly in areas, where raw materials are produced, all over the world except in Africa and Oceania. As a result,
the amounts of amino acids produced in domestic plants have been reduced rapidly. The amount of amino acids
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produced is increasing steadily. Among them, the world supply of MSG was estimated to reach 1.7 million tons in
2005.

Fermentation processes are harmonious with the enviroment, like the brewing processes of “sake” and soy
sauce. In the MSG plants of Ajinomoto Co. of Indonesia and Brazil, waste waters, which contains bacterial cells,
ions of ammonia, potassium, and phosphate, and some minerals, are recycled on farms that produce sugar cane,
coffee, and so on, as a good fertilizer.

The supplementation of amino acids, which are deficient in cereals for domestic animals, improves the amino
acid balance of feeds, enabling a reduction in the release of ammonia in excrement, and reducing pollution of the
atomosphere, rivers, and lakes.

In around 1970, the safety problem of amino acids arose in consumer’s movements. However, the FDA
concluded that all the amino acids were safe compounds, judging from many scientific demonstrations, and fair
and open discussions.

Demand for amino acid will continue to increase in the future, because alternatives to them cannot be found.

A big problem, nowadays and in the future, is the rise of raw material prices, especially in competition with
materials for bioethanol. Therefore, the most important subject for Japan, as a progenitor, is making use of
advanced techniques to overcome foreign competitors, who have secured cheaper raw materials. For this
purpose, the construction of novel producer strains having the highest yields are expected to improve metabolic
flows to amino acids through the application of genetic informations and genetic techniques. It should also lead to
the construction of new strains that can produce amino acids effectively from raw materials, such as biomasses,
methanol, and COZ2 , which are not in competition with bioethanol and materials for foods.

Novel techniques for the production of peptides have been reported recently. As peptides are prepared from
amino acids, the science and technology of peptides will be ranked as an extended field of amino acid
fermentation. In the near future, new and big developments for peptides may be expected for physiologically
active substances such as hormones.
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m Abstract

According to JIS-B0155, process control is defined as operations that are performed with the intention of
making variables that affect a process’s operational state match their prescribed targets. A basic form of control
is feedback control, where the value of the variable to be controlled (called the control value) is measured, the
difference between this measured value and the setting value (called the deviation) is calculated, and the value of
the variable use to operate the process (the control input) is determined based on this deviation.

In 1778, James Watt invented a steam engine in which the speed of rotation was controlled by a centrifugal
governor. This governor could be described as the first instance of feedback control in an industrial sense. In
1922, Minorsky described the principles of PID control, and in 1936 the pneumatic PID controller was created
based on these principles, resulting in the construction of field instruments and pneumatic process control
systems.

Plant instrumentation systems tended to be concentrated in a central equipment room, but this placed a large
constraint on system configurations because pneumatic signals of 0.2-1 kg/cm2 could not be transmitted for
distances longer than about 300 m. As plants became larger, these pneumatic signals with highly limited
propagation distances were replaced with analog electronic instrumentation systems having a uniform signal
current of 4-20 mA. Then with the arrival of microprocessors and communication technology, the distributed
control system (DCS) was invented in 1975.

In this way, the DCS architecture was developed, featuring functional distribution, spatial distribution, risk
distribution and the like centered around the three ’C’s of control, computers and communications. Based on this
architecture, DCS systems have continued to evolve while incorporating developments in key technologies such
as semiconductors and maintaining upward compatibility with existing system functions.

In a DCS, functions such as control functions and the man—machine interface are implemented in software, but
with newly introduced builder functions it has become possible for users to configure systems using
instrumentation terminology instead of computer programs. Process variables can represent many different
physical parameters such as temperature, pressure, and flow rate, but a wide variety of sensors and actuators
have been developed to measure and control these variables. Control technology is also implemented in software
in many different forms ranging from PIDs to modern control logic. A DCS that controls a plant directly is
required to be very reliable indeed, and this has been implemented by employing the reliability enhancement
design techniques that lie behind reliability engineering, in conjunction with high quality construction materials,
high quality management techniques and the like.

Noise-resistant designs are employed to perform stably even in noisy process environments. In 1984, Fieldbus
was proposed by the [EC as a means of digital communication for the sensors and other field instruments, and was
formally standardized in 1996. As a result, not only has digital communication been introduced, but it has also
become possible for field instruments to exchange information about their internal states and maintenance
information, and with the development of predictive maintenance technology using field networks, this has had a
large effect on instrumentation systems as a whole. In this way, process control supports a very wide range of
technologies.

Process control technology is one of industry’s most important tools, and has supported the development of all
sort of processing industries such as oil refineries, chemical plants, steelworks, paper mills and power stations
from a diverse range of aspects including the improvement of product quality and productivity, reduction of
energy usage and introduction of safe working practices. It would be no overstatement to say that Japanese
industry depends on process control technology.

In the two oil crises of 1973 and 1978, the price of raw materials and energy jumped sharply, but processing
industries were able to survive by minimizing their use of energy and raw materials and promoting automation in
order to improve their productivity. The reduction of resources and energy was achieved by performing thorough
heat recovery, which was made possible by the practical application of optimized control and multivariate control
techniques such as model predictive control. The development of high—precision sensors using semiconductor
technology allowed for high—precision control, and made it possible to push processing performance to the limits.
Japan’s processing industries have developed with the ability to compete in the global market, and this was made
possible through a process of integration, scaling—up and combination to the point where Japan’s plants were
operated using some of the best process control technology in the world.

As the era of rapid growth came to a close, manufacturing industries had no choice but to shift towards more
flexible smaller—lot production schedules to cope with increasingly fluctuating and diverse demands. The
distributed control system (DCS) played an important role in this transition. In enterprise resource planning

ENHFEME RITORMLATRE g

3-2



(ERP) systems where the whole activity of a factory is streamlined by improving the efficiency of the business’s
production planning and administration activities, it is important to cooperate with the manufacturing execution
system (MES). Part of the role of the MES at the core of the operating control system is played by the DCS. With
further global economic growth in the future, it will be necessary to consider environmental issues as well as
operational efficiency, resulting in a increased demand for energy savings and reduced usage of resources. To
address these issues, the role played by process control is likely to become increasingly important.

This survey systematically reviews the technology of process control systems in such terms as their control
logic, control systems, constituent technologies and reliability enhancement techniques.
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