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In this study, we proposed a coaxial microneedle-electrode with a coaxial
structure using VLS crystal growth method with the aim of improving the quality
of neural measured technology. In order to solve the high electrode impedance that
was a problem of the conventional VLS crystal growth method, we propose a
source follower circuit using Si-MOSFET and a thin technology for low
invasiveness. Furthermore, in the conventional neuronal signal measurement
generally wired measurement, and there is a problem that the behavior of the
animal is inhibited by the cable and the signal quality is degraded by the noise
from the cable. This can be solved by measuring neuronal signals using wireless
technology, but conventional wireless measurement systems have problems with
large size and heavy weight, and cannot attach in small animals such as mice.
Therefore, in this study, we propose a wireless measurement system using small
and lightweight Bluetooth technology for mice as a way to further improve the
quality of neuronal measurement technology.

First, we proposed a coaxial cable—inspired microneedle-electrode device to
explore potential improvements in the quality of the electrophysiological recording
using microelectrodes. The fabrication of the coaxial microneedle-electrode was
based on a VLS-grown silicon microneedle and the subsequent layer-by-layer
formation of metal and insulating layers to realize the core and shell electrodes for
individual needles. The neuronal recording capability of the fabricated electrode
device was confirmed by conducting multichannel recording via the core electrode
and the shell electrode using a mouse in vivo. Connecting the shell electrode to the
reference line of the amplifier yielded a differential recording at the localized
region within the tissue, which resulted in an improvement in terms of SNR and
firing rate in the recording. As demonstrated in this paper, the coaxial
microneedle-electrode will contribute to improving electrophysiological recordings
including ex vivo and In vitro applications, similar to the in vivo recording,
offering the possibility of recording neuronal activities with high-quality signals.

Next, described various designs and fabrication process of the film type MOS and
various electrical characteristics. We measured the electrical characteristics. Also
we confirmed recording capability of neural signal by mice. As a result, the
response to the stimulus could be measured as the LFP, and the neural signal




through the film MOSFET.

Finally, electrophysiological recording, which has made significant contributions
to the field of neuroscience, can be improved in terms of signal quality,
invasiveness, and use of cables. Although wireless recording can meet these
requirements, conventional wireless systems are relatively heavy and bulky for
use in small animals such as mice. This study developed Bluetooth low-energy
(BLE)-based wireless neuronal recording system weighing <3.9 g and measuring
15 x 15 x 12 mm3, with easy assembly, good versatility, and high signal quality for
recordings. Both acute and chronic in vivo recordings of mice confirm the wireless
recording capabilities of the system, with improvements in terms of the power
spectral density (PSD) and signal-to-noise ratio (SNR) compared with wired
recording. Because of its low weight and compactness, the BLE-based wireless
neuronal recording system can be used not only in mice but also in other animals,
such as rats and monkeys, thus expanding the application of electrophysiological
recordings in neuroscience.




