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Functional materials exhibiting ferroelectricity, ferromagnetic, and multiferroic behavior
undergo structural phase transitions from which one can obtain a dramatic change on the
electromagnetic properties such as giant dielectric and magnetic response. The emergence of
such enhanced physical properties is strongly influenced by the crystalline structure itself, at
nanometer scale, structural changes induced by the crystalline phase transition, ferroelectric
or magnetic domains, and defects such as dislocations or impurities. Furthermore, the
electromagnetic response in functional materials largely depends on dynamics of ferroelectric
and magnetic domains subject to a driving force; for instance electric field, electric current, and
magnetic field. Therefore, it is important to investigate the fine crystalline and domain structures
as well as to clarify the mechanism behind domain dynamics. A deeper understanding of the
electromagnetic response of functional materials should enable their use in the development
of device applications with improved performance.

In this study, using transmission electron microscopy (TEM), we focus on the TEM
investigation of the static and dynamic response of domains, in the presence of the driving
electric signal in functional materials. For this purpose, we have developed a variety of TEM
holders capable of applying a slow or fast electric signal to the specimen. These holders can
work under a wide range of experimental conditions where functional materials may exhibit
characteristic physical properties, such as temperature, inert atmosphere, and RF signal. The
methods for the fabrication and characterization of TEM specimens for in-situ TEM experiments
were well established in the laboratory, together with those for performance test of the high
frequency RF signal propagation. The effect of the RF signal on the electron beam conditions
in TEM has also been examined. These developments provide the basic technologies necessary
for performing TEM analysis of the domain structures of functional materials in the presence
ofelectric signals. TEM investigations of ferroelectric domains were performedin hexagonal
manganite and PMN-PT materials, revealing the relationship of ferroelectric domains and giant
ferroelectric properties, demonstrating one of the many advantages of TEM domain analysis.
The knowledge about the microscopic properties we pursue here by using TEM will be very
useful to design electric devices with ever decreasing physical dimensions, allowing us to make

use of the unique properties of functional materials.
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