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Long-term recording of neuronal signals from experimental animals such as mice is essential for
neuroscience, medical research, and the development of brain—computer interfaces (BCIs). Among various
recording techniques, intracortical microelectrodes with high spatiotemporal resolution are particularly
powerful. However, conventional electrodes with large shank diameters (>10 um) and high stiffness cause
severe tissue damage, leading to signal degradation over time. To reduce mechanical mismatch with brain
tissue, flexible electrodes made of polymers such as parylene, or polyimide have been developed.
Although these flexible electrodes effectively reduce chronic damage, they require insertion guides due to
their low stiffness, which still induces acute tissue damage during insertion. To address these issues,
5-um-diameter silicon (Si) microneedle electrodes, fabricated using vapor—liquid—solid (VLS) crystal
growth, have been proposed and shown to cause less acute damage than conventional electrodes.
However, these electrodes are fabricated on rigid Si substrates, and the microneedle is composed of stiff
Si, resulting in chronic damage caused by substrate compression and mechanical stress from the needle.

In this study, we developed a parylene-based microneedle electrode device with a
S5-um-diameter tip that possesses both a flexible substrate and a flexible needle while maintaining
self-insertion capability. In addition, to suppress signal degradation due to high impedance associated with
electrode miniaturization, we also proposed a noise reduction method to improve recording quality.

First, to reduce chronic tissue damage, we introduced a parylene flexible substrate to the
VLS-grown Si microneedle electrodes, achieving a device structure capable of floating on brain tissue.
Neural recordings from mouse cortex using the fabricated electrodes demonstrated detection of spike
signals 1 day after implantation, and stable recording performance was maintained for more than one year
(up to 617 days). Power spectral density (PSD) analysis 1 month after implantation revealed a lower noise
level, suggesting that gliosis and impedance increases were suppressed by reducing tissue damage around
the Si microneedles. Immunohistochemical analysis further confirmed that neuronal loss within 0—-50 pm
from the electrode was less than that observed for commercial tungsten electrodes and was comparable to
the neuronal density in non-implanted regions (sham control).

Next, to further improve signal quality, we proposed a noise-reduction assembling method
utilizing the device configuration. By placing the reference electrode near the recording Si microneedle
electrode and performing local differential recording, noise was effectively reduced. During freely moving
mouse recordings, high-frequency noise (500—1500 Hz) decreased to approximately 20% of that in
conventional configurations, enabling spike detection during behavior.

Furthermore, to further reduce chronic damage, we developed flexible hollow parylene
microneedle electrode devices with a 5-uym diameter by removing the internal Si core of the Si
microneedles. Insertion experiments using mouse brain tissue demonstrated that the device was capable of
self-insertion with minimal acute damage. Immunohistochemical analysis showed that neuronal density
within 0—10 pum from the electrode was higher than that around stiff Si microneedles, indicating that the
flexibility of the parylene microneedle contributed to reduced chronic damage. Electrophysiological
evaluation over one month revealed increased spike signal-to-noise ratio (SNR) and firing rate, as well as
recovery of gamma-band local field potentials (LFPs), suggesting functional recovery of the tissue
surrounding the electrode.

These results demonstrate that the developed microneedle electrode device enables long-term,
high-quality neural recordings while preserving the structural and functional integrity of brain tissue. This
device is expected to serve as a promising platform for future neural interface technologies.




