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The brain, which has z lot of networks made by tens of thousand of neurons, enables sensing,
movement and other many fur_xctions. However, most of the neural networks are still unknown and
neurocscientists try to unveil the brain functions. Optical, magnetic and electrical measurement
methods are used to measure the brain functions, in which electrical measurement is known as a
better way because of the spatial/time resolution. To measure the electrical functions of the brain,
the neural electrode devices were previously proposed. Additionally, so-called Brain-Machine
Interface (BMI), which is the method to connect the brain and the machines, is demonstrated as an
application of the neural electrode devices. These electrode devices are minimized by Micro Electro
Mechanical Systems (MEMS) fabrication process techniques for increasing the spatial resolution.
In addition, film type neural electrode device is proposed to reduce the damage of the device
penétration. To advance these methods, I propose 1) the high performance electrode material for
neural recording and stimulation with microelectrode, 2) fabrication of functional film type
electrode for electrocorticogram (ECoG) recording and optogenetic applications.

The spatial resolution of the electrode array can be increased by minimizing/increasing the
electrodefelectrode density. However, since the electrode area is reduced by the electrode
minimization, the electrode impedance is increased and the charge injection delivery capacity is
decreased. Some electrode materials were proposed for such problems [e.g. platinum black
(Pt-black), iridium oxide (IrOx), poly(3,4-ethylenedioxythiophene) (PEDOT)] but stimulating
current of these materials may not be enough for micrometer-scaled electrode. To improve the
electrical properties, here I propose the nanorough-IrOx/Pt-black electrode, which has IrOx on the
nanoporous structure of Pt-black, to improve the electrical properties of electrode with effective
surface area. The plating technique was used for the electrode fabrication process. First of all, the
surface roughness and nanoporous structure was observed by Atomic Force Microscope (AFM) and
Transmission Electron Microscope (TEM). As a result, thé increased surface roughness was
observed compared to the IrOx plated on the flat Pt electrode. In addition, the nanoporous
structure was observed with the Ir plating process. These results indicate that the effective surface
area of the IrOx was increased by nanoporous structure of Pt-black. After the roughness

obgervation, the impedance and cyclic voltammetry of IrOx/Pt-black were measured as the




electrical properties of the material. As the measurement result, compared to the flat-Pt and
Pt-black, the impedance of nanorough IrOx/Pt-black electrode was 40-fold and 2-fold lower
impedance at 1 kHz. In addition, according to the measurement result of the cyclic voltammetry,
nanorough IrOx/Pt-black has 12 times, 2 times and 2.4 times higher charge injection delivery
capacity compared to the flat-Pt, Pt-black and IrOx on flat-Pt, respectively. Finally, the electrical
stimulation experiment was executed on the mice’s sciatic nerve. As the result, 8-pm-diameter
nanorough IrOx/Pt-black electrode could stimulate the nerve with the threshold voltage of 700 mV.
And the threshold voltage could be decreased to 300 mV by ll-um-diameter nanorough
IrOx/Pt-black. Such low voltage stimulation is impotant for the electrode stability, neural tissue
damage and low power consumption for implantable devices. '

Thin film ECoG electrode device is important to increase the adhesion between the brain and
the electrode. The thin film substrate, which thickness is less than 10 pm, can be fit on the brain
with a roughness. However, such thin substrate cannot be handled easily because of the substrate
stiffness. To solve such issues of the handling, T propose the thin ECoG electrode, which has
‘self-actuation’ function. The proposed electrode is rolled itself by combining the parylene-N and
—C, and the film can be self-actuated on a wet brain surface because of the water surface tension
between the film and the brain surfaces. First of all, the mechanical properties of the parylene
substrate were calculated and preliminary experiment was executed. As the result, the prepared
‘bi-parylene’ structure was rolled itself and self-actuated on a wet rough surface. These results
show that the self-actuating ECoG electrode can be fabricated with the proposed bi-parylene
structure. After the preliminary experiments, the self-actuating ECoG electrode was fabricated.
The electrical impedance of fabricated ECoG electrode, which has 5-um-thickness, was low enough
to record the neural signals. In addition, the fabricated ECoG electrode was self-actuated on a
brain model. These result indicate that the proposed self-actuation ECoG electrode can be used for
the neural signal measurement on the rough brain surface. )

To confirm the recording capability of self-actuation ECoG électrode, the neural signal
measurement was executed. First, the ECoG signal measurement test was executed on the rat’s
visual cortex. As a result, the ECoG electrode detects the ECoG signals, which responded to the
visual stimulation. Next, to obtain the self-actuation capability, the proposed ECoG electrode was
{ put on the somatosensory and orbitofrontal cortices of 2 monkey. As the result, the ECoG electrode
was self-actuated on the somatosensory cortex. In addition, by ‘self-inserting’ into the narrow gap
between dura-matter and brain gurface, the ECoG electrode was reached to the orbitofronatl
cortex. Finally, self-actuating ECoG electrode was used on a human brain. The ECoG electrode was
placed on the somatosensory cortex. As a result, the ECoG signals were clearly observed while the
gkin stimulation. These results indicate that the proposed self-actuating ECoG electrode is
applicable to use for the diagnostics of diseases and BMI applications.

In recent neuroscience, the light sensitive neuronal cell can be generated by genetic technology
and it so called, ‘optogenetics’. Optogenetics is used to research the details of the neural networks
by combining the electrophysiology and a lot of optrode devices were proposed. To use the device on
the spherical surface and to reduce the device penetration damage, the device should be flexible. In

this thesis, flexible parylene optical waveguide is proposed for the completely flexible optrode




device. First, the optical properties of the parylene waveguide were calculated. Based on the
calculation, the parylene optical waveguide was prepared and light propagation test was executed
as a preliminary experiment. As a result, the light propagation was observed from the edge of the
waveguide. Next, the optrode device was fabricated and electrode impedance was measured in
Phosphate Buffered Saline (PBS). The measured impedance was low enough_ to record the neural
signals. Similar to the preliminary experiment, the light propagation test was executed and the
light illumination was observed from the edge of the waveguide. Additionally, the light propagation
characteristics while the bending was measured and the result was almost same as the calculation
result. These results indicate tha:t the fabricated device can be used for the spherical sample, such
as brain surface and spinal cord. The shank-shaped optrode device with parylene waveguide and
microfluidics was proposed as a future work. Additionally, the anisotropic conductive sheet is

proposed for the electrical connection between the parylene electrode subsequent FPC/PCB.




