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A Systematic Survey of the Technical Development of Transmission Electron Microscopes
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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 prop-
erties 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 there-
fore anticipated.

The first electron microscope was built by the Ernst Ruska, a German physicist, in 1932. Seven years later, in 1939, a commercial ver-
sion was completed by Siemens AG that was used to observe viruses that could not be seen with optical microscopes. Before this suc-
cess, the observation of living organisms by electron beams was difficult, and only a small minority of people expected electron micro-
scopes 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 biolo-
gy 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 tech-
nologies increased as a result. Against this background, and considering that the industry in Japan had already accumulated basic elec-
tron-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.

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 tech-
nology will be developed for research in such advanced fields as nanotechnology and biotechnology that are expected to reach a practi-
cal stage in the 2Ist century. We can expect this technology to become the basis for next-generation, general-purpose electron micro-
scopes and to make a significant contribution to society.
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