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Optogenetics technology, in which neurons can be controlled by light, is a powerful tool for
elucidating the relationship between brain regions and brain layers. Advances in gallium nitride
semiconductors and the development of brain function and medicine are expected through the fusion
of different fields of engineering and neuroscience using gallium nitride light-emitting devices. The
MicroLED neural probe is the key to the realization of the above. The key to the realization of this
technology is the development of basic technology for MicroLEDs that can be integrated and inserted
into the brain, as well as the understanding of the temperature increase when driven into thebrain. The
purpose of this study is to establish a MicroLED probe technology that canbe implanted in the brain.

First, the MicroLED neural probe with 6 MicroLEDs and 15 neural recording electrodes was
fabricated. LFP signals were successfully recorded from mouse cortical tissue. Next, the number of
neurons optically stimulated by the light output was estimated by simulating the light distribution in
the cortical tissue. The results showed that the temperature rise of the MicroLED was closely related
to the wall plug efficiency. Therefore, to suppress the temperature rise AT of MicroLEDs, a backside
Ag mirror structure was introduced to improve the wall plug efficiency.

Next, the heat generation in the brain during the operation of the fabricated MicroLED neural
probe and its effect were analyzed. The temperature rise AT of the MicroLED was obtained by
changing the heat dissipation parameters corresponding to the ambient environment. The temperature
rise AT in the brain decreased compared to thatin the air, but as the area of the LED probe touching
the brain tissue decreased, thedepth of penetration changed and AT increased. This suggests that it is
difficult to determine the temperature rise AT in advance during animal experiments. Therefore,
thepossibility of monitoring temperature in the brain was examined using the temperature dependence
of the electrical characteristics of MicroLEDs. As a result, it was confirmed that the forward voltage
depended linearly on temperature. The obtained values of dV/dT (constant current drive) or dI/dT
(constant voltage drive) were used to estimate the AT in air and in the brain.

Local Field Potential (LFP) recordings were performed by inserting MicroLED probes and
recording electrodes into ChR2-expressing mice: LFP was observed under conditions where the heat
generated in the brain during LED operation was less than 2 °C. LFP was also observed under
conditions in which ChR2 was expressed in the brain. The same recording experiment was also
conducted in mice that did not express ChR2, and it was confirmed that the response was not caused
by thermal or electrical stimulation. The results confirmed that under the manipulated conditions, the
higher the light output, the more the neurons were activated by the light stimulation, demonstrating
that light stimulation using MicroLEDs is effective in controlling neural activity.




