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Continuing on from the previous year, this study focused on analytical technology using
microfluidics and other microdevices. Based on the micro high hydraulic actuator developed in the
previous year, we integrated a nanofluidic valve, evaluated its performance, and verified its fluid
operation. Based on the design by material mechanics and fluid mechanics, a 160 ym wide and 60
nm deep valve was fabricated on a glass substrate by top-down processing such as electron beam
lithography and dry etching, connected to the nanofluidic channel, and integrated with the micro-
high water pressure actuator. Integration of the valves was also achieved by constructing two
valves in one nanofluidic device. The durability of the valve was verified by pumping a sample into
the nanofluidic channel and performing open/close operations. The open/close ratio (volume when
the valve is closed/volume when the valve is open) was 6%, response time was 0.1 second, and
the durability of the valve was verified for more than 1,000 open/close operations. Furthermore, the
stop/go operation of the flow by opening and closing the valve was verified and shown to be
effective for applications such as analysis. As a result, we succeeded for the first time in integrating
a nano flow open/close valve that enables complex operations such as transport and switching of
reagents for extreme analysis of a sample volume of fL-pL. In addition, the development of the
nanocarbon light source itself and the construction of analytical technology using it were promoted.
As a result, in the development of the light source, we succeeded in developing a new light source
that directly generates polarized light as a result of using a densely aligned CNT alignment film,
and this light source was found to have a high-speed modulation performance of about 20 MHz.
Furthermore, the mechanism of the high-speed modulation performance was clarified by simulation
analysis, and it was found to be due to the high thermal conductivity in the alignment direction of
the carbon nanotube alignment film. In this study, we also studied infrared analysis chip technology
using nanocarbon materials. As a result, we succeeded in fabricating a prototype of a microfluidic
device equipped with a nanocarbon light source and actually obtained emission spectra, etc. We
will now proceed with analytical verification.
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Continuing on from the previous year, this study focused on analytical technology using microfluidics and other
microdevices. Based on the micro high hydraulic actuator developed in the previous year, we integrated a
nanofluidic valve, evaluated its performance, and verified its fluid operation. Based on the design by material
mechanics and fluid mechanics, a 160 uwm wide and 60 nm deep valve was fabricated on a glass substrate by
top-down processing such as electron beam lithography and dry etching, connected to the nanofluidic
channel, and integrated with the micro-high water pressure actuator. Integration of the valves was also
achieved by constructing two valves in one nanofluidic device. The durability of the valve was verified by
pumping a sample into the nanofluidic channel and performing open/close operations. The open/close ratio
(volume when the valve is closed/volume when the valve is open) was 6%, response time was 0.1 second, and
the durability of the valve was verified for more than 1,000 open/close operations. Furthermore, the stop/go
operation of the flow by opening and closing the valve was verified and shown to be effective for applications
such as analysis. As a result, we succeeded for the first time in integrating a nano flow open/close valve that
enables complex operations such as transport and switching of reagents for extreme analysis of a sample
volume of fL-pL. In addition, the development of the nanocarbon light source itself and the construction off
analytical technology using it were promoted. As a result, in the development of the light source, we succeeded
in developing a new light source that directly generates polarized light as a result of using a densely aligned
CNT alignment film, and this light source was found to have a high-speed modulation performance of about 20
MHz. Furthermore, the mechanism of the high-speed modulation performance was clarified by simulation
analysis, and it was found to be due to the high thermal conductivity in the alignment direction of the carbon
nanotube alignment film. In this study, we also studied infrared analysis chip technology using nanocarbon
materials. As a result, we succeeded in fabricating a prototype of a microfluidic device equipped with a
nanocarbon light source and actually obtained emission spectra, etc. We will now proceed with analytical
verification.
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