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[Purpose and Background of the Research]

The sensing techniques of nano and micro-scale
thermophysical properties are very important not
only for the fundamental research of thermal
engineering but also in broad cross-disciplinary
fields on the basis of research and development of
leading-edge technology. For example, 1in
nanotechnology fields we need to evaluate thermal
conductivity of newly developed nano-materials
such as SWNT and graphene in order to design
various devices utilizing these materials. In
biotechnology fields it is important to control the
diffusion and separation of DNA and proteins.

The aim of this research project is to develop and
advance nano-micro thermophysical properties
sensing techniques to accurately determine energy,
momentum and mass transport properties with
high spatial and time resolutions which have
never been accomplished by any other
conventional techniques. Furthermore, we are
intending to apply those original sensing
techniques for wide variety of novel engineering
applications and to utilize those techniques as new
tools for sensing hitherto undetected phenomena.
The sensing techniques supported by optical
MEMS technology can be applicable to nano and
micro-level systems because they utilize physical
phenomena such as near-field light confinement,
interference of temperature wave, Soret effect and
thermally driven capillary wave which possess
inherently high spatial resolution.

[Research Methods]

We pursue the sophistication of 9 thermophyisical
properties sensing techniques (near-field optical
thermal  nanoscopy  (Fig.1),  photothermal
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radiometry, laser-induced capillary wave, ripplon
surface laser-light scattering, Soret forced
Rayleigh scattering, periodic heat
thermo-reflectance, optical MEMS viscosity sensor,
optical MEMS diffusion sensor and near-field
fluorescence correlation spectroscopy) in terms of
(1) significant improvement of accuracy and
spatial and time resolutions, (2) extension of
measurement parameters and sensing applications
for hitherto undetected phenomena.

[Expected Research Achievements and

Scientific Significance]

It 1s expected that the development and
sophistication of these sensing techniques can
contribute to quantitative evaluation of transport
phenomena in nano and micro-level in wide
variety of systems such as semiconductor devices,
biochips, fuel cells and other small systems in
which molecular transport phenomena play an
important role. It is also expected that this
research  project will establish a new
interdisciplinary  field called “nano-micro
thermophysical properties sensing engineering”
which combines thermal engineering, chemical
engineering, material engineering, measurement
engineering and nano engineering.
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