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ARTICLE INFO ABSTRACT

Multichannel recording of the electrical signals from soft biological tissue of brain is an important technique in
electrophysiology. However, penetration of conventional rigid needle-electrodes causes physical-stress to the
tissue and induces the tissue damage, making the stable recording impossible. The approach reported here
involves the use of a flexible “thread-like” device with microelectrodes that enables precise penetration and
placement inside the brain tissue, with the help of a guiding microneedle, similar to sewing mechanism. A
device-holding protocol, which uses a dissolvable material, is proposed to enable a stress-free “catch” and
“release” of the needle. The device is placed in the primary visual cortex (V1) of an in vivo mouse and both the
local field potentials (LFP) and the action potentials (spike) are recorded. For over a period of two weeks after
device implantation, no remarkable decrease in mouse’s weight is observed. Therefore, we conclude that the
proposed sewing thread-device enhances the recording of neuronal signals while minimizing the device—induced
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stress.

1. Introduction

Recent advances in micro/nano-scale electrode device for multi-
channel recording of biological signals from the tissue and the organs,
such as brain, nerves, heart, and muscles play an important role in
electrophysiology. However, conventional methods that use invasive
rigid needle microelectrodes (e.g., 50 um diameter or width of silicon
needle) cause motion-induced stress and damage to the tissue, thereby
making robust recording difficult [1-3]. In particular, for chronic ap-
plications to brain tissues, the stress at the device interface induces
sustained inflammation and tissue response that will cause vascular
injuries, which will ultimately result in the formation of glia and the
degradation of neuron around the microelectrode site [4-6]. These
chronic degradations increase the electrical interfacial impedance be-
tween the microelectrode site and neurons, increasing the noise level of
the device and decreasing the signal amplitude as well as the signal to
noise ratio [7,8].

The flexibility of the needle reduces penetration-induced tissue
damage [2,9-11]. Furthermore, the miniaturization of the overall
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needle geometry (diameter or width) decreases the degree of tissue
inflammation. To combine these features, micro-electro-mechanical
system (MEMS) devices based on flexible materials were fabricated.
However, their application was challenging as they were to be inserted
into biological tissue. Furthermore, the precise penetration of the
needle as well as the microelectrodes in it with respect to their position
is an important consideration in electrophysiology. Moreover, these
positions of microelectrode should be fixed for a long period recording
(e.g., chronic device implantation). Several techniques have been pro-
posed to penetrate the flexible needle [12-15]; however, as the next
step, the penetration method requires features of minimized tissue da-
mage and the precise position control of the microelectrodes during the
penetration and fixation of these electrodes towards the chronic re-
cording.

The approach reported in this study is based on conventional sewing
mechanism. It involves the use of a “thread-like” flexible device with
microelectrodes that enables precise penetration and placement inside
the brain and other biological tissues with the help of a guiding mi-
croneedle. We use a tungsten microneedle, which is connected to the tip
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of the flexible thread-device. Similar to conventional sewing, the
tungsten microneedle plays a role during tissue penetration and guides
the flexible device into the tissue; however, the tungsten needle is
further entirely extracted from the tissue. To minimize physical stress to
the brain tissue during device penetration, we also propose a sewing
method wherein the flexible thread-bioprobe is manipulated via a dis-
solvable material. During the device penetration, the proposed meth-
odology offers advantages of i) minimized tissue damage ii) precise
positioning of the microelectrodes by guiding the tungsten needle, and
iii) implantation capability by fixing each side of the thread’s portion to
the cranium.

2. Materials and methods

The proposed parylene-thread bioprobe device was fabricated based
on a parylene-film MEMS process (Fig. 1al) [16-18]. The device pro-
cess was initiated with a 5-um thick parylene film on a Si substrate. To
form 5-um-thick parylene film on a Si substrate, we used vacuum de-
position equipment (model PDS2010, LABCOTER), in which an amount
of parylene dimer of 9.0 g was vaporized at 175 °C, decomposed to its
monomer at 690 °C, and then deposited on the Si substrate (Fig. 1al-1).
Thickness of parylene film was measured with a spectroscopic film-
thickness measurement system (VM-1230, SCREEN). For both the mi-
croelectrode site and the device interconnection, a platinum (Pt, 60-nm
thick) layer with an adhesion layer of titanium (Ti, 40 nm thick) was
formed on the parylene film via sputtering. The formed Pt/Ti were then
patented via reactive ion etching (RIE) (chamber pressure =4.0 Pa and
Ar flow rate =20 sccm for Pt layer, and chamber pressure =100 Pa and
CF,4 flow rate =40 sccm for Ti layer) with a photoresist (Fig. 1al (1,2)).
The Pt/Ti layer was subsequently covered using another parylene layer
(5 um) via the same deposition parameters. For patterning the parylene
layers, we used a Ti hard mask (60-nm thick), which was patterned by
sputtering and etching with the same process used on the adhesion
layer during device metallization (Fig. 1al-4). The parylene layer with
the Ti mask was patterned by oxygen (O,) plasma (RIE, chamber
pressure =50 Pa, O, flow rate =40 sccm). The Ti hard mask was
etched away via RIE after the parylene etching (Fig. 1al-5). Finally, the
parylene film was released from the substrate using ethanol. Using this
fabrication technology, we designed the 15,000 pm length and 150 ym
width thread portion, which had an array of three Pt microelectrodes
(10 um x 40 pm) with a spacing of 500 um. The overall device geo-
metry of parylene was 33,000 pum in length, including the three pads of
Pt-electrode for the external connections (Fig. S1).

Fig. 1a2 depicts the thread portion of the fabricated flexible thread-
bioprobe device of parylene with a thickness of 10 um. Each size of the
fabricated Pt-electrodes shows ~15 pm x 40 pym (Fig. 1la-3, 1la-4),
which are larger than the designed values (10 pum X 40 pm). This size
difference is due to the over-etching of the top parylene layer (5 um) in
O, plasma etching (Fig. 1al-5). The process can be improved by com-
pensating the exceeded parylene etching. Fig. 1b depicts the packaging
device in which the tip portion of the thread-bioprobe is connected to
an tungsten microneedle [two types of diameters used: 150 pm (Fig. 1b)
and 50 um in animal experiment] by a ultraviolet (UV)-curable acrylic
ester resin with the geometry of < 150 pm in width (Fig. S2). On the
other device-sided each microelectrode’s pad is connected to conven-
tional pin connectors (three channels).

The Pt-microelectrode’s impedance characteristics at 10 Hz — 10
kHz, measured in phosphate buffered saline (PBS) at room temperature,
ranged from 69 + 16 kQ to 12 + 3 MQ [500 * 100 kQ (mean * SD) at
1 kHz]. These were further reduced to 19 + 2kQ -1 = 0.2MQ [54 = 6
kQ (mean = SD) at 1 kHz] by additional plating with a low impedance
material of platinum black (Pt black) [19-21] (Fig. 1c). These values
are sufficiently low for measuring the neuronal activity [20-22]. As the
actual sewing of the device into the tissue, a device characterization of
twist test was also conducted while the electrode impedance was
measured. Herein, the parylene-thread was twisted in five turns,
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showing no significant change in the electrode’s impedance (Fig. S3).

We also explored the amplitude attenuation of recorded neuronal
signals associated with the electrodes’ impedance characteristics and a
recording system with a preamplifier (ZC64, Tucker-Davis
Technologies, USA, input resistance = 1 x 10'* Q), as measuring the
output/input signal amplitude ratios of the thread-bioprobe device with
the recording system (Fig. 1d). By applying test signals of 300 uV peak-
to-peak sinusoidal waves at 1 Hz — 10 kHz, the measured output/input
ratios ranged from 69 % to 89 % (averages of 3 electrodes) (84 % at 1
kHz for spike recording), while the measured root mean square noise
voltage was 26.4 pVrms. Considering the used test signals (300 uV, 1
kHz), the calculated signal-to-noise ratio of the recording system was 18
dB.

3. Results

Fig. 2 shows the sewing and signal recording capabilities of the
fabricated thread-bioprobe device using hindlimb muscle of the mouse.
The mouse (male, 20-25 g) was anesthetized by intraperitoneal injec-
tion of urethane (50 pl of 10 % solution per 10 g body weight) and
chlorprothixene (100 pl of 0.5 % solution per 10 g body weight). For
the device sewing in the biological tissue, we used the tungsten mi-
croneedle with the diameter of 50 um, which was manipulated by hand
with tweezers. By guiding the tungsten needle, the fabricated thread-
bioprobe was punched and embedded into the medial gastrocnemius
(MG) muscle. Fig. 2b depicts two of the three Pt black microelectrodes
that were placed on the muscle surface while the other one was em-
bedded in the muscle. For multichannel recording, three microelec-
trodes were embedded in the muscle (picture not depicted). During the
recording, the nerve corresponding to the MG muscles was electrically
stimulated with a current ranging from +0.1 to +1.0 mA, 0.1 mA step,
with a 100 ps duration at 1 s intervals (100 trials for each current
range). No response was observed from these three microelectrodes to
the stimuli ranging from +0.1 to +0.2 mA (Fig. 2c1). However, a re-
sponse could be observed at the current stimulation of +0.3 mA; fur-
ther, a response clearly appeared at the current stimuli of more than
+0.5 mA (Fig. 2c2). Because the latency of responses is approximately
5 ms, the waveforms that were recorded via the three microelectrodes
were considered to be the electromyography (EMG) signals that were
generated by the current stimuli to the nerve.

We further investigated the device displacement through the cycling
tests of the muscle stimulation. Fig. 2d shows a set of photographs
before and after the stimulation for 500 trials. Herein, two of the three
microelectrodes (Pt black) were placed on the muscle surface for the
displacement observation, while the other one (upper right in each
picture) was embedded in the muscle. The device displacement analysis
was performed by measuring the distance between positions of an
electrode and a blood vessel as shown in the photograph. After 500
trials, this distance was measured as approximately 3 pm.

The multichannel neuronal signal recording within the tissue for
both acute and chronic cases can be obtained by applying the designed
parylene-thread bioprobe; however, the tissue damage associated with
the device penetration via the tungsten needle by hand (as earlier de-
monstrated using muscle, Fig. 2) should be minimized. To overcome the
issue of tissue damage, a surgical sewing method of using a dissolvable
material of polyethylene glycol (PEG) is proposed. Because PEG shows
both the liquid and solid phases at varying temperatures (~60 °C), it
enables the ‘catch’ and ‘release’ of the tungsten needle during manip-
ulation without significant needle displacement (< 50 pm), as explored
in the penetration using a gelatin brock (Fig. S4).

Fig. 3a shows the proposed surgical procedure in the sewing of
parylene-thread bioprobe into the mouse brain tissue. The tungsten
microneedle, which was held by a manipulator (first manipulator) via
PEG, penetrated the tissue and passed through the two holes of cranial
opening (Fig. 3a-1). The tip portion of the tungsten needle was subse-
quently caught using a liquid—-PEG of the other manipulator (second
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Fig. 1. A sewing flexible parylene-thread bioprobe device. al) Device fabrication process steps: (1) first, parylene deposition on a substrate (Si); (2) Pt layer as both
the electrode-site and the device interconnection that was formed on parylene by sputtering and etching; (3) second parylene deposition; (4, 5) parylene patterning
by O, plasma with a Ti-mask; and (6) release of parylene film from the substrate using ethanol. a2) Photograph of overview of the device. a3, a4) Insets of blue and
green squares that denote the SEM images of an array of three Pt microelectrodes and one electrode in the device, respectively. Each electrode’s size is 10 pm X 40
um. The overall length of the device is 33,000 pm. The needle portion with the length of 15,000 um has an array of three Pt microelectrodes (10 yum x 40 pm) with a
spacing of 500 pum (Fig. S1). b1, b2) Photographs showing the packaging device. The tip portion of the bioprobe is connected to a tungsten microneedle; further, each
electrode’s pad at the other device-side is connected to conventional pin connectors (three channels). ¢) The impedance characteristics of Pt black plated micro-
electrodes measured in phosphate buffered saline (PBS) at room temperature. d) Output/input signal amplitude ratios of Pt black microelectrodes measured in PBS.
Test signals of 300 pV peak-to-peak sinusoidal waves from 1 Hz to 10,000 Hz are applied to the PBS. (For interpretation of the references to colour in the Figure, the
reader is referred to the web version of this article).

manipulator, Fig. 3a-2), which was cooled and solidified for holding of however, the needle was held by the second manipulator (Fig. 3a-3).
the needle. By dropping solution (PBS) on the PEG at the first manip- The tungsten needle was continuously pulled using the second manip-
ulator, the tungsten needle was released from the manipulator; ulator, resulting in a flexible thread-bioporobe device and that was
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Fig. 2. The sewing and signal recording capabilities of the fabricated flexible thread-bioprobe device, demonstrated using the muscle of a mouse’s leg in vivo. a, b)
Schematic of the device, which was sewn to the MG muscle in the mouse’s leg by guiding the tungsten microneedle. c1, c2) Signal waveforms recorded from the
muscle via three Pt black microelectrodes embedded in the muscle, during the electrical stimuli to the corresponding nerve: 0.1 mA (c1) and 0.5 mA (c2). d) Device
displacement during the muscle stimuli for 500 trials. The device displacement was analyzed by measuring the distance between the microelectrode and the blood

vessel in each photograph (before and after).

placed inside the mouse’s brain tissue (Fig. 3a-4). As a surgical ad-
vantage, the positions of microelectrodes in the tissue can be monitored
precisely by the second manipulator.

Fig. 3b depicts the cranial opening area in which the thread-biop-
robe device penetrated the brain tissue. Herein, the cranial opening
area measured 1-3 mm in diameter, and the device’s footprint in the
tissue was approximately 150 um in diameter (the diameter of the
tungsten needle is 50 um; the width and thickness of the parylene de-
vice are 150 and 10 um, respectively). Using this surgical procedure,
the tissue damage can be minimized, as confirmed by the minor
bleeding in the tissue after the trials for more than five times.

The in vivo acute neuronal recording capability was also demon-
strated using the mouse’s brain (Fig. 4a). The mouse (male, 20-25 g)
was anesthetized by intraperitoneal injection of urethane (50 pl of 10 %
solution per 10 g body weight) and chlorprothixene (100 pl of 0.5 %
solution per 10 g body weight). To record the visual response, after the
cranial opening (3.2-3.5 mm on the lateral side and 4.0 mm on the
caudal side from the bregma, having a diameter of 1-3 mm), the fab-
ricated thread-bioprobe consisting of Pt-black plated three microelec-
trodes was inserted into the tissue and placed in the cortical layers of
the primary visual cortex (V1) on the right hemisphere (~ 2.5 mm on
the lateral side and 4.0 mm on the caudal side from the bregma) by
manipulating the tungsten microneedle (50 pm diameter) with PEG
(Fig. 4b). With the needle’s guide, each microelectrode (Pt black, 10 um
X 40 pm in area) was precisely positioned in the tissue achieving lat-
eral distances of 3.0 mm for Ch. 1, 2.5 mm for Ch. 2, and 2.0 mm for Ch.
3 along with the device penetration (Fig. 4b). As a visual stimulus, a

light emitting diode (LED) array, consisting of nine white LEDs on a 20-
mm wide substrate, was used.

While visual stimuli was applied to the mouse’s eye for 0.5 s, neu-
ronal responses were repeatedly recorded via the three embedded mi-
croelectrodes in the tissue (Fig. 4c). The second panel in Fig. 4c re-
presents low frequency-band (filtering = 10-500 Hz), whereas third
panel shows high frequency-band (filtering = 500-3000 Hz) wave-
forms recorded by each microelectrode. The low frequency-band wa-
veform signals appeared at around 0.25 s, which were consistent with
the latency of the visual response, were subjected to be the LFP evoked
by the visual stimuli. Bottom two panels show raster plots and peri-
stimulus time histograms (PSTHs), respectively, taken from each high
frequency-band signals. The detection thresholds for each channel was
4 times the standard deviation (o) of the mean signal - 0.5to —1.0 s
before the stimulus onset. However, no significant responses to the
visual stimulus were obtained. This was probably due to the creation of
a gap between the recording electrodes and their neuronal signal
sources [1-3,23] (the geometries of our device are 50 pm diameter for
tungsten needle, 150 um width for parylene-thread, and 150 um width
for the resin junction, Fig. S2).

The chronic in vivo neuronal recording ability was also demon-
strated using the mouse’s brain (Fig. 5a). The mouse (male, 20-25 g)
was anesthetized by isoflurane, and Pt black plated three microelec-
trodes were inserted into the mouse brain tissue using the surgical
procedure similar to the acute recording (Fig. 4a). Using dental resin
(Fig. 5a), the thread-bioprobe and pin-connector were attached to the
cranium. Here, a gelatin sponge was placed around the thread-bioprobe
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Fig. 3. A proposed surgical procedure with a
dissolvable material of PEG for the brain tissue
of mice. a) Schematic of each step in the sur-
gical procedure: (1) tungsten microneedle pe-
netrates through the tissue while the needle is
held with PEG at first manipulator; (2) the tip
portion of the tungsten needle that is caught
\ using the second manipulator with PEG; (3)

release of the tungsten needle from the first
s manipulator by dipping PBS to the PEG; and
LA (4) continuous pulling of the tungsten needle
with the second manipulator for placing the
flexible thread-bioprobe device within the
tissue. b) Photographs depicting the cranial
opening area of the brain tissue before and
after device penetration.

1st Manipulator

1 mm

to protect the brain surface from infection. An array of LEDs was used to
record the visual responses as used in the acute recording (Fig. 4).
Signals from the free moving mouse were recorded a week after the
thread-bioprobe implantation (Fig. 5b). Visual stimuli were applied to
the mouse’s eye for 0.5 s, and the responses were continuously recorded
by the three microelectrodes. The second and third panels in Fig. 5b
represent low frequency-band (filtering = 10-500 Hz) and high fre-
quency-band (filtering = 500-3000 Hz) waveforms recorded by each
microelectrode, respectively. The two panels at the bottom show raster
plots and histograms, respectively, obtained from each high frequency-
band signals (the detection threshold of each channel was 40 of the
mean signal — 0.5 to — 1.0 s before the stimulus onset). These waveform
signals, which appeared at around 0.25 s were consistent with the la-
tency of the visual response, were subjected to be the LFPs (second
panels in Fig. 5b) and spikes (third panels in Fig. 5b) evoked by the

visual stimuli.

In order to observe the influence of the surgical procedure of sewing
on the mouse, the change in the mouse’s body weight was continuously
monitored for two weeks (Fig. 5c). Initially, we observed decrease in
mouse’s weight for three consecutive days after surgery and a recovery
on the seventh day. This suggested that the proposed surgical method of
sewing of the fabricated parylene-thread-bioprobe was applicable to the
chronic recording on the mouse.

4. Discussion

The parylene-based flexible thread-bioprobe device was designed
and fabricated. The tip portion of the device was connected to the
tungsten microneedle with a UV-curable resin, enabling the device
penetration into the tissue. The resin formed between the tip of
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Fig. 4. Acute in vivo neuronal recording using
mouse brain. a) Schematic of the recording
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setup and photograph of the bioprobe device
sewn to the brain tissue by guiding the tung-
sten microneedle with PEG. An LED array was
used for visual stimulation. b) Tangential and
coronal schematics of the primary visual cortex
(V1) based on stereotaxic coordinate, illus-
trating the position of the thread-bioprobe in
the tissue. Blue lines and yellow dots in both
schematics represent the footprint of thread-
bioprobe and microelectrodes (Pt black), re-
spectively. c¢) Signal waveforms recorded from
the V1 via three embedded microelectrodes in
the tissue. Top panels represent timing of the
optical stimulation. Second and third panels
are low-frequency-band (filtering = 10-500
Hz, n = 50 trials) and high frequency-band
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(filtering = 500-3000 Hz, single trial) signal
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are raster plots and PSTHs, respectively, taken
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onset. (For interpretation of the references to
colour in the Figure, the reader is referred to
the web version of this article).
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parylene-thread and the root of tungsten needle, achieves a connection
geometry of < 150 um in width (Fig. S2). As demonstrated in both the
recordings using mouse’s brain tissue as well as limb muscle, these
tissues could be punched with a flexible thread-bioprobe following the
guidance of the tungsten microneedle. During the tissue penetration, no
separation of the tungsten needle from the parylene-thread was ob-
served, indicating that the junction of UV-curable resin is strong enough
to sustain tissue punching.

The penetrating and recording capabilities of the fabricated par-
ylene-based flexible device were confirmed on the limb muscle of the
mouse. During the electrical stimulation, the limb showed large dis-
placement associated with the relaxation and contraction. However, as
confirmed from the recording sessions for 500 trials, no significant
electrode displacements (< 5 pm, Fig. 2d) could be observed because
the thread-device was sewn to the muscle. The advantage of being able

to sew microelectrodes with the tissue can be applied to other organs
and tissues that exhibit large displacement and deformation (e.g., pul-
sation). As to the position of microelectrodes within the muscle, be-
cause of the diameter of the guiding tungsten needle (50 pm diameter),
it was assumed that the thread-bioprobe penetrated the tissue between
fascicles (a group of muscle cells) in the skeletal muscle (groups of
fascicles). Compared to the device placement over the surface of the
skeletal muscles, such an electrode positioning within the skeletal
muscles enables us to detect signals inside the muscle, offering ad-
vantages for further analysis in muscles (e.g., three-dimensional signal
mapping of the muscle).

In terms of physical effects on the brain tissue, the device features of
small geometry and flexibility offer various advantages, including less
destabilization of intracranial pressure, reduction of the infection risk,
and less amount of damage of the brain tissue and blood vessels located
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Fig. 5. Chronic in vivo neuronal recording
using mouse brain. a) Schematic of the surgical
procedure for the chronic recording and the
photograph of the mouse that was implanted
thread-bioprobe. The parylene-thread biop-
robe device was implanted in the visual cortex
(V1) in the right hemisphere of the mouse. For
the recording of the visual responses from the
mouse, we used an array of white LEDs. b)
Waveforms recorded from the free moving
mouse a week after the implantation via three
microelectrodes in the V1. Top panels re-
present timing of the optical stimulation.

] Second and third panels are low-frequency-
band (filtering = 10-500 Hz, n = 50 trials)

and high frequency-band (filtering =

i 500-3000 Hz, single trial) signal waveforms,
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beneath the bone. Theoretically, the required opening area of cra-
niotomy is considered to be adequate with the cross-sectional areas for
both the tungsten needle (50 um diameter) and the parylene-thread
device (150-um wide and 10-um thick). In addition, because the
tungsten microneedle exhibited sufficient hardness, it was not neces-
sary to remove the dura matter, reducing the risk of infection during
long-period recordings.

The advantages of the proposed surgical procedure of sewing with
PEG include the reduction of the physical influence on the tissue and
the risk of infection as well as precise position control of the flexible
microelectrode in the tissue. Since the “catch” and “release” of tungsten
microneedle was done in dissolvable PEG, its displacement of the
tungsten-needle during the sewing ranged within 50 um (Fig. S4),
greatly reduced compared to conventional ways with undesirable
physical stress on the needle. While recording the brain tissue, precise
placement of microelectrodes is considered to be important for de-
termining the recording region. As demonstrated in case of device pe-
netration using a mouse brain tissue, both the direction and the dis-
tance of the tungsten needle’s penetration were determined by referring
to the bregma and the lambda, while the position of three
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microelectrodes (500 um apart) in the tissue were determined by ma-
nipulating the tungsten needle (Fig. 4b). For performing acute re-
cording, the position of the thread-bioprobe as well as microelectrodes
in the tissue could be fixed by the manipulator system after extracting
the tungsten needle from the tissue. In the chronic recordings, each side
of the thread-bioprobe’s portion was fixed to the cranium with dental
resin while the thread-bioprobe was passed through the two narrow
openings (1-3 mm diameter) in the cranium at each side. This method
enabled the fixation of the flexible device within the tissue with little or
no significant misalignment or displacement during the implantation.

Based on the parylene-MEMS process, the geometry of the fabri-
cated thread-bioprobe can further be reduced by decreasing both fac-
tors, such as sizes of the recording site (10 um X 40 pum area) and the
device interconnection (20-um width) with reduced mask patterns.
Since contact printing-based photolithography was used, these pattern
sizes will be reduced through i) electron beam-based lithography and
ii) multiple layers of device interconnection. It is also possible to
combine both processes. These fabrication processes also enable the
increase in the number of microelectrodes, permitting the application of
the device in bio-signal recording applications.
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5. Conclusion

In summary, the flexible parylene-thread bioprobe was fabricated,
and the tissue was penetrated by guiding the tungsten microneedle
based on the sewing mechanism. The fabricated thread-bioprobe en-
abled us to acquire EMG signals from a mouse’s MG muscle and neu-
ronal signals of LFP and spike from the mouse’s visual cortex in vivo.
The proposed thread-bioprobe device that exhibits the features of de-
vice flexibility, electrode position controllability, and implantation
capability will contribute to both acute and chronic in vivo electro-
physiological recordings. The sewing method of the flexible thread
device using a dissolvable material of PEG has been proposed to prevent
physical stress on the tissue. These features of both flexible thread-de-
vice and surgical method proved unachievable earlier using conven-
tional methods and devices.
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