regeneration axons pass through a channel, individual sig-
nals can be distinguished by using muitiple electrode out-
puts. Further, one can expect this channel configuration to
limit the attenuation of neural spikes in extracellular meas-
urements.

In addition, connection with nerve bundles can be
implemented, instead of the silicon tubes used in the con-
ventional configuration (Fig. 1), if the width of the elec-
trode substrate in the last (outermost) coil is larger than the
channel length: In this case suture holes are provided.

2.2 Design

In this study, a prototype probe was fabricated assum-
ing implantation in the sciatic nerve (diameter about 1.5
mm) of a 300-g rat. In particular, the dimensions were set
as follows: outer diameter of the electrode 1.6 mm, channel
length (nerve fiber direction) 1.5 mm, inner width of the
channel 100 pim, channel height 30 [m, channel pitch 100
pm. The electrode substrate made of parylene C had an
overall thickness of 25 pm: bottom layer 10 pim, insulating
layer 5 ym, top layer 10 im (Fig. 4). Tubular portions (1.5
mm) intended for connection with the nerve bundle were
provided on both ends, and the whole electrode length was
4.5 mm: Gold with a thickness of about 300 jtm was used
for the electrodes and interconnections. The interconnec-
tion width was.30 to 60 um, and rectangular windows with
a size of 20 x 50 {tm were opened inside the channels for
use as electrodes. The total number of guidance channels
was 98. Some of the electrodes (3to 1.1) were linked to the
connectors. The principles of parameter setting are given in
Section 4. .

2.3 Fabrication method

The fabrication of the proposed electrode on asilicon
wafer is illustrated in Fig. 4.

(1) Assilicon wafer (used as the base in the fabrication
process) was coated with 10-pm parylene C, then a layer of
gold about 300 nm was deposited, and: patterning was
performed to form electrodes and interconnections measur:
ing 30 to 60 pm.

(2) The second 5-pm layer of parylene C was applied,
and windows were produced by oxygen plasma etching
using an aluminum mask so as to expose the electrodes and
connectors,

(3) A thick-filmresist (dry film resists THB-611P and

- SUNFORT AQ-4059 were used in this study) was applied,
and patterning was performed, producing a sacrificial layer
to form microchannels, :

(4) The third 10-iim layer of parylene C was applied.
The device was trimmed, and the channel openings and
connectors were finished (Fig. 4-1).
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photoresist

Fig. 4. Fabrication process (photoresist is removed in
the course of rolling).

(5) The electrode was coiled during or after peeling
from the silicon wafer. The middle part of a tungsten wire

- with a diameter of 12 im and a length of about 5 cm was

attached to the electrode tip using a cyanoacrylate adhesive
(Aron Alpha, produced by Toagosei). An epoxy adhesive
(Excel Epo produced by Cemedine) was inserted in order
to prevent the electrode from uncoiling (Fig. 4-3).

' (6) After completion of coiling, the electrode was
immersedfor [ to 24 hours in acetone, and the tungsten wire
used as a stiffener was removed together with the thick-film
resist.

This fabrication method is basically the same as that
used for the previous multichannel flexible electrode: [5],
except for the coiling. In this study, we employed thick-film
resists of two types, THB-611P and SUNFORT AQ-4059,
for comparison:;

3. Results: Prototype Fabrication

A photograph of the prototype is given in Fig: 5. As
shown in panels (A) and (C), the width: of the electrode
substrate in the last coil is greater than the channel length
so as to allow connection to the nerve bundle. Every channel
has a width of 100 im, a height of 30 um, and a length of
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Fig. 5. Photo of fabricated probe. (A) Before rolling;
the whole length is 29.9 mm. (B) Tip of the probe; fluidic
channel dimensions: W100 pm X H30 pim x 11,500 pm.
(C) After rolling; before removing the photoresist. (D)
After removing the photoresist:

1500 um. As shown in panel (B), an overlap is provided at
the electrode tip to attach the tungsten wire, and a bevel is
provided for easier rolling. The average impedance of five
electrodes linked to connectors was 376 k2 (1 kHz).
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4. Discussion

4.1 Fabrication

Fabrication of the prototype confirms the feasibility
of the proposed 3D nerve regeneration electrode. Compara-
tive experiments with the two resists showed that SUN-
FORT AQ-4059 often could not be removed: completely
from the fluid channels; hence, we concluded that the
conventional resist (THB-611P) was more suitable.

The channel height can be controlled via the thick-
ness of the resist layer (for example, by adjusting the speed
of the spin coater). This may be useful to obtain an appro-
priate channel size as necessary for further evaluation tests
in vitro and-in vivo.

When the tungsten wire used as a stiffener is de-
tached, a hole remains in the probe. The hole should be
filled with an adhesive in order to prevent axon regeneration
outside the guidance channels. This must be done with
caution so as not to inadvertently seal the neighboring
channels. In any case, anmore efficient coiling method must
be developed.

4.2 Design

Assuming implantation in the sciatic nerve (diameter
about 1.5 mm) of a 300-g rat, we fabricated a prototype
probe with an outer diameter of 1.6 mm. However, the
choice of this value requires further examination. In addi-

- tion; the channel length (nerve fiber direction) was 1.5 mm

due to considerations of electrode arrangement. More elec-
trodes can be placed in longer channels, but axon regenera-
tion: would become. more congested; therefore, further
study including the evaluation of axon regeneration is nec-
essary for appropriate choice of this dimension. As regards
the inner size of the channel (width and height), the number
and diameter of regenerating axons should be taken into
consideration. However, neurons are thin at the initial stage
of regeneration, then gradually become thicker; hence;
experiments are required in order to determine the appro-
priate setting. The channel height is restticted by the speci-
fications of the thick-film resist. Since the distance between
the axons and electrodes inside the channel increases with
the channel height, attenuation of neural spikes must be
considered. In this study, channels with a width and height
of 100 m and 30 um, respectively, were placed atintervals
of 100 um, assuming regeneration of several motor nerves
of a healthy rat. The thickness of the parylene C was set in
accordance with previous studies; however, long-term im-
plantation tests ate needed because this parameter, together
with the channel spacing, affects the durability and flexibil-
ity of the whole probe:




The maximum number of guidance channels that can
be arranged in the probe is determined by the channel
-dimensions_(height,. width, spacing); the thickness of the
parylene C layers, and the outer diameter of the probe. In
the prototype probe with a diameter of 1.6 mm, the maxi-
mum number of channels was 309, assuming that the spac-
ing is 20 pum, and that the area of the gaps between the
channels becomes ((30 + 10 + 10) x (100 + 10 + 10+ 10))
um? as a result of coiling, while the total cross-sectional
area is (0.8 x 0.8 x ) mm?. Defined as the ratio of the total
inner cross-sectional area of all channels to the cross-sec-
tional area of the whole probe, the opening factoris 0.46 in
this case. This value determined by the thickness of the
parylene C layers and the channel spacing, in combination
with the channel length; is assumed to affect the overall
success rate of regeneration of the whole nerve bundle. In
contrast to-conventional nerve regeneration: electrodes,
thereis a risk that the change inlength of the proposed probe
may impede regeneration; this risk must be minimized by
using appropriate coating and filling materials:

The maximum number of channels and the opening
factor are also affected by how tightly the electrode is
coiled, and by the use of the stiffening wire, which depends
on the design. Thus, the design parameters can be adjusted
depending on the purpose (for example, to improve the
accuracy of signal separation by providing more channels
and setting fewer axons per channel, or to increase the axon
generation rate by setting an appropriate opening factor).

The length of the probe portion used for connection
to the nerve bundle (instead of the silicon tube in the
previous device) was 1.5 mm at both ends. This dimension
too should be optimized by implantation experiments, be-
cause it may affect device operability and stability as well
as nerve regeneration.

In addition, the connectors should be made more
compact so that more electrodes can be linked.

4.3 - Electrode impedance

In the prototype device, a layer of ‘gold was sand-
wiched between parylene C layers, and the exposed por-
tions: were used as the-electrodes, which is:the same
structure as was proposed previously by the authors [3-5].
We may consider possible damage to the interconnection
layer during coiling, but in the previous study [4], the
electrode impedance did not change significantly even
when the interconnection portions were bent at a right
angle. In the present study too, the measured results suggest
that the electrodes and interconnections were not damaged
in the course of rolling.
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4.4 Future topics

‘We assume that the distal stump of a severed nerve
bundle is fixed at the periphery of the proposed electrode,
just as in conventional nerve regeneration electrodes. How-
ever, if chemicals could be injected into the channels from
outside, then one could use NGF (nerve growth factor) or
some other substance to simulate regeneration, thus avoid-
ing the need for fixing the distal stump of the netve bundle.

A nerve regeneration electrode functions only when
regeneration axons pass through it, and therefore evaluation
experiments with nerve regeneration should be carried out
as soon as possible. We are currently performing implanta-
tion tests with rats sciatic nerves to verify the effectiveness
of the nerve regeneration electrode.

5. Conclusions

To allow long-term stable signal exchange with the
peripheral nervous system, and to solve problems of con-
ventional nerve regeneration electrodes with planar struc-
ture, we have proposed a new nerve regeneration electrode
with bundled microfluidic channels. By fabrication of a
prototype,  we showed. that the proposed design can be
implemented using parylene layers and sacrificial layers of
thick-film resist; in addition, we examined design direc-
tions and other issues.
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Phase series analysis
for analyzing phase-related phenomena in MEG epochs

Ayumu Matanj +?
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Abstract Phase series analysis is.-an extended
stimulus-locked averaging method for MEG epochs.
The Oth average is identical to the conventional
average, so this is only one. The 1st average or higher,
however, varies with permutation orders of MEG
epochs and has two types of averages, auto- and
cross-averages, with respect to. the combination of a
channel to determine MEG epoch order and a channel
to be analyzed. These two averages clarify phase
synchronization in a channel and between channels
and, on the basis of this characteristic, introduce a new
coneept; epoch order synchronization/
desynchronization (EOS/EOD). EOS/EOD of 1st auto-

and cross averages can visualize phase-resets and long

distance synchronization, respecctively.

1. Introduction ,
Phases of ongoing spontaneous rhythms have been
received much attention. Phases may be modulated by

the information processing of the brain. For instance,

the phase-reset is the phenomenon that the phase is
Jumped into a specified phase (reset) by a stimulus®"?
and the long distance = synchronization is the
' phenomenon that phases among distént brain area are
synchronized by a stimulus®. These phase-related
_ phenomena have not yet been visualized as a
waveform.
Phase series analysis was ofiginally proposed for

@)

echography . Since echography is an active

measurement technique, Gabor pulses having different

initial phases are transmitted to a specimen. The
received echoes are treated as epochs. MEG, however,
is a passive measurement technique and hence the
sequential order of epochs has intrinsically no pﬁ?sical
meaning. If a physical meaning is given to the order of
epochs, the order will be the third independent

variable like time and channel.

2. Phase Series Analysis

If stimuli are presented at sufficiently random
timing, the alpha thythm phases of epochs at stimulus
onsets are expectedkto be uniformly distributed from 0
to 2rr. We call the epochs sorted according to the phase
order phase series. Now, phase series analysis is
outlined as follows. The phase series are discrete
Fourier transformed at each time sampling point. The
transformed phase series is treated as a function in
terms of time again. The function has independent
information from the DC term to the Nyquist
frequency term without information loss in the sense
of Parséval's law. The Oth average, or the DC term, is
identical to the conventional average. Therefore, phase
series analysis is an extended averaging method. From
this viewpoint, the analysis with only the conventional
average suffers huge information loss. The Ist average
indicates the alpha rhythm modulated by stimuli
because the phase series is sorted with, the alpha
phases. Thus, the 2nd average or higher indicates
modulations of the beta and gamma rhythms as
harmonics of the alpha rhythm. Note that the multiple

~ 84 -
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averages except the Oth average are intrinsically
complex valued. Therefore, the real part, imaginary
: paft, absolute value, and phase of these averages are
visualized as a waveform.
Phase series analysis, as an extended averaging
method, derives two new concepts: auto-/cross-
averages and ‘epoch . order - synchronization/
desynchronization (EOS/EOD). First, auto-/ cross-
averages have the. similar concept of auto-/cross-
correlations: but ‘auto-/cross-averages ‘are directional:
Two MEG channels are nominally necessary for phase
series analysis. One is for determining a phase order
and the other is actually analyzed. These two are not
necessarily chosen from different MEG channels. We
call the multiple averages calculated from the same
MEG channels auto-averages and those from different
MEG channels cross-averages. Second, the phase of
the 1st average introduces EOS/EOD. If the alpha
band activity stably exists over epochs, the phase of
the Ist average shows the straight line having the
alf:ha band slope (EOS). On the other hand, if phase
modulation occurs, the straight line will be distorted
(EOD). Note that EOS/EOD is evaluated in not the
single shot but the average sense.

'EOS/EOD of auto- and cross- averages may indicate
the phase reset and the long distance directional

synchronization, respectively.
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Tactile Sensor for Measuring Load Distribution Using Selected Scé;nning Method with a Few Wires

Takaaki NISHINO*; Makoto SHIMOJO® and Masatoshi TSHIKAWA**

A tactile sensor is developed with the aim of covering a robot’s entire body, while reducing wiring requirement
and ensuring high-speed response. The sensor detects the load distribution on 2-dimensional surfaces. The sensor
use only 7 signal wires regardless of the number of detection eleménts. Moreover, the sensor ha@hlgh‘speed re-
sponse because it can detect only areas where there is contact. In this paper, the principles behind the opera,tlon
of this sensor and the results of experiments using the sensor are described.

Key Words: tactile sensor, network, high speed, analog circuit, tactile sensor, fast response, a few wires
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Abstract Processing architectures for sensing aim to transform from data in real world to avaﬂable information in virtual
world. Dependmg on physical constrains of targets and applications, there are various constrains and specification in
processing. On the other hand, network technology just like as packet commumcatmn is a method not for real world but
for information world. In this paper, differences between them will be considered based on understanding ‘of sensing
structure and constrains for fusion of those technologies. In addition, real and practical fusion of them will be shown.
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High Sensitive Initial Slip sensor using Pressure Conductive Rubber
-A Study about Detection Condition-

O Seiichi TESHIGAWARA(UEC), Satoru SHIMIZU(UEC), Aiguo MING,
Masatoshi ISHIKAWA(Tokyo Univ.), Makoto SHIMOJO(UEC)

Abstract: By the recent research; we found that the electrical resistance change oceurs because of the shear defor-
mation of pressure conductive rubber. Therefore, we expect that can detect the object slippage by measuring the
electrical resistance change of pressure conductive rubber when the object slips on the rubber. In this paper, we
discuss the results of trial manufacture and of slip detection property testing of this sensor.
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Fig.2: Voltage change just before object slip : We put the
object on the surface of slip sensor and slided it.
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