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Scanning electrochemical microscopy is one of scanning probe microscopies, which uses a nano-
pipette sharpened from a glass capillary as a probe of microscopy. In this project, we have developed
an advanced scanning electrochemical microscope system for high-resolution imaging whose spatial
resolution is beyond the diffraction of the light.

Toward a commercialization in the world market, a prototype module for scanning electrochemical
microscope system was firstly established in Matsue laboratory of Tohoku University with Prof. Y.
Takahashi in Kanazawa University. Then, after the system improvement by trial and error, Hokuto
Denko was promoted the system to commercially available products. For realization of high resolution
imaging beyond the diffraction of the light, the highly reproducible nano-pipette’s tips were achieved
with 50 nm in a diameter. By utilizing the tips, the system developed was successfully obtained high
resolution images such as the neural network with 60 nm of the hippocampal cells.

Besides, for user friendly system, the reconfigurable piezo-units were refined in the microscope
system by Nano Control 1td. For example, to measure large area sub millimeter, the stroke of the XY

piezo unit was designed up to 110 um with high response unit (resonance frequency above 3 kHz).
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Further, the higher response for high-speed imaging, a new measurement algorithm was also
developed for high response piezo units (resonance frequency above 7 kHz). Consequently, a
topographic image is taken within 18 seconds with a 64 X 64 pixel resolution at 10 X 10 pm. As far as
we know, the speed for imaging is so-far world fastest as scanning ion conductance microscopic
measurement. The system also revealed a dynamics of the microvilli on the surface of A431 cells.

For next generation medical applications lead by the electrochemical microscope system in this
project, a method was successfully developed for collecting localized cell features in single cells or
meditation toward target cells by using a nanopipette in the microscopy. As the nanopipette was acted
as an electrochemical syringe, the collection or meditation can be applied toward nanoscale feature
which was observed by the high-resolution electrochemical microscopy.

The most advantage of the advanced scanning electrochemical microscope system for high-resolution
imaging is to obtain a sub-micro/nanoscale electrochemical reaction as an electrochemical imaging.
The feature was paid great attentions by material sciences. For example, corrosion on the surface of
metal electrodes. In general, it was difficult to investigate to visualize or distinguish localized
electrochemical features directly by different type of corrosion (corrosion fatigue, intergranular
corrosion, etc.) Additionally, in the secondary batteries such as lithium-ion batteries, the local
homogeneity of current response related to ion transport was able to investigate by the system. The
system has excellent potential to become only one system to measure such physical phenomena in
electrochemistry.

At last, the system was brushed-up by revising the system faults with a note for technical supports.
By the efforts and strong belief to establish commercial products from this project, we have
successfully developed an advanced scanning electrochemical microscope system for high-resolution
imaging as a commercial product. The system was demonstrated in the conferences or workshops
such as BioJapan 2016 and 2017 The 84nd Spring Meeting for The Electrochemical Society of Japan,

and it is commercially available soon by Hokuto Denko.
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