DESCRI PTI ON

TI TLE OF | NVENTI ON: Bl O- ELECTRODE, PRODUCTI ON METHOD FOR
Bl O- ELECTRODE, AND MEASUREMENT METHOD FOR BI O- SI GNAL

TECHNI CAL FI ELD
[ 0001]

The present invention relates to: a bio-electrode
that is in contact with a skin of a living body, and
that is capable of detecting a body state such as a
heart rate using an electric signal fromthe skin; a
producti on nmethod for the bio-electrode; and a
measur ement nethod for a bio-signal.

BACKGROUND ART
[ 0002]

A recent growing popularity of Internet of Things
(1 0T) has accel erated the devel opnment of a wearable
devi ce. Representative exanples of the wearabl e device
i nclude a watch and eye gl asses that allow for Internet
access. Even in the fields of nedicine and sports, a
wear abl e device for constantly nonitoring the user’s
physi cal state is increasingly demanded, and is a
growing field in the future. Especially, the worl dw de
epi dem ¢ of the new coronavirus (COVID-19) has caused a
heavy nedi cal burden, and there is a crying need for
hone care for people who are not infected by the virus
and accel eration of the home care.
[ 0003]

In the field of nedicine, for exanple, sold is a
wear abl e device that nonitors the state of an organ of
t he body by sensing a small current, |ike

el ectrocardi ographi ¢ measurenent for sensing the notion



of the heart using an electric signal. 1In the

el ectrocardi ographi c nmeasurenent, el ectrodes to which a
conductive paste is applied are put on the body for
measurenment, which is only single-time neasurenent for a
short period of time. 1In contrast, the devel opnent of
the nedi cal wearabl e device as descri bed above ains at
devel opi ng a device that constantly nonitors a health
state for consecutive several weeks. Thus, a bio-

el ectrode used in a nedical wearable device is required
to be capable of acquiring a bio-signal even if used for
a long period of tine in daily life with showering,
bat hi ng, sweating, and the like, be free of itching and
skin allergy, and have confortableness. |In addition to
t hese requirenents, the bio-electrode is also required
to be light and thin to such an extent as to provide no
feeling of wearing, and be able to be produced at | ow
cost with high productivity.

[ 0004]

The el ectrocardi ographi c neasurenent has becone
possi ble by a wistwatch device represented by an Apple
Watch and contactl ess sensing with radar. However, an
el ectrocardi ograph of a type of which bio-electrodes are
attached to the body at several locations is still
required for high-accuracy el ectrocardi ographic
measur enent for medi cal purposes.

[ 0005]

As the nmedi cal wearable device, there is a type
adhering to the body and a type incorporated into
clothing. As the type adhering to the body, w dely used
is a bio-electrode that is made of the above-nenti oned
conductive paste material, that uses a hydrophilic gel
contai ning water and electrol ytes, and that is described
in, for exanple, Patent Literature 1. The hydrophilic



gel contains, as the electrolytes, sodium potassium
and calciumin a hydrophilic polymer to retain water,
and converts a change in concentration of ions fromthe
skin to an electric signal by a reduction reaction of
silver chloride that is in contact with the hydrophilic
gel. In contrast, as the type incorporated into

cl othing, proposed is a nethod using a cloth in which a
conducti ve polynmer such as poly-3, 4-

et hyl enedi oxyt hi ophene- pol yst yrenesul f onat e ( PEDOT- PSS)
or a silver paste is incorporated into fibers for an

el ectrode (Patent Literature 2).

[ 0006]

In a case where the above-nentioned hydrophilic
gel that contains water and electrolytes is used,
however, there are an issue that conductivity is |ost
when the hydrophilic gel runs dry, and an issue that a
gel (conductive gel) expands when the hydrophilic gel
cones in contact with water by showering or bathing and
cones off the skin. To address this, an attenpt to
attach a protective filmfor the gel to increase water
resi stance or the |ike has been made (Patent Literature
3). When a water-resistant base material is used as a
base material that is in contact with the gel to
i ncrease water resistance, there are various issues such
as an issue that the skin is prevented from breathing
and itching occurs when the wearabl e device has been
attached for a long period of time, an issue that an
i ncrease in the nunber of sheets of gel and the nunber
of base materials increases a filmthickness of the gels
and the base materials in conbination, and thereby
I ncreases a feeling of strangeness when the wearable
device is put on the skin, and the wearabl e device

easily comes off due to friction against clothing. As a



result, the wearable device is difficult to be worn for
a long period of tine.
[ 0007]

Meanwhil e, also in a case where the conductive
pol ymer such as the PEDOT-PSS is used, there are an
i ssue of risk of causing skin allergy due to high
acidity of the conductive polyner, an issue that a
feeling of disconfort increases due to wearing of
cl othing containing the conductive polymer for many
consecutive days, an issue that measurenent during
bat hi ng cannot be performed because of necessity for
undr essi ng during bathing, and an issue that the
conducti ve polyner peels away from fibers during |aundry.
[ 0008]

A dry bio-el ectrode using conductive silicone has
been proposed (Patent Literature 4). 1In this dry bio-
el ectrode, ion conductivity is inproved by addition of a
silicone conpound, in which alkali metal salts of
sul fonic acid defined as a surface-active agent and a
cl eaning agent is pendent, to a silicone rubber that is
intrinsically insulating, and a bio-signal is detected.
[ 0009]

The bi o-el ectrode described in the above-nenti oned
Patent Literature 4 does not have adhesiveness. To
acquire the bio-signal accurately even when the body is
nmovi ng, the bio-el ectrode needs to be constantly in
contact with the skin. Thus, the bio-electrode needs to
have t he adhesi veness. Anong the conductive gels
descri bed above, there are sone gels without the
adhesi veness. Although there is a case where the
adhesi veness is ensured by an adhesive layer that is
attached to the periphery of the conductive gel, the

conductive layer itself needs to have the adhesiveness



to obtain a bio-signal nore stably.
[ 0010]

A bio-electrode material in which an ionic polyner
is mxed with a silicone adhesive has been proposed
(Patent Literatures 5 and 6). |In each bio-electrode
material, an ionic polyner that has high ion
conductivity and that does not penetrate the skin is
conbined with a silicone adhesive that is less allergic
to the skin, that has high water repellency, and that
provi des an effect of preventing occurrence of itching
and redness of the skin after the bio-electrode materi al
is peeled off, whereby bio-signals can be stably
obt ai ned wi t hout com ng-off of the bio-electrode
material even if the bio-electrode material has been
attached for a long period of time including daily
bat hi ng and exercise. However, the bio-electrode
mat eri al has been required to inprove confortabl eness at
the time of being attached and worn for a |onger period

of time.
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The present invention has been nade in view of the
above-descri bed circunstances. An object of the present
i nvention is to provide: a bio-electrode that has high
sensitivity to a bio-signal and excell ent bio-
conpatibility, that is lightweight, that can be produced
at low cost, that is free of itching, red spots, rash,
and the |i ke of the skin and confortable even when being
wet, dried, or attached to the skin for a long period of
time, without a significant decrease in sensitivity to
t he bi o-signal; a production nmethod for the bio-

el ectrode; and a measurenent nethod for a bio-signal

SOLUTI ON TO PROBLEM
[ 0013]

To achieve the object, the present invention
provi des a bi o-el ectrode conpri sing:

a porous, stretchy base materi al;

an adhesive, conductive film containing silicon;
and

a conducting path,

wherein the conductive filmis fornmed on one
surface of the porous, stretchy base material,

t he conducting path is connected to the conductive
film and penetrates the stretchy base material to be
exposed on the opposite side, or is exposed on a side
surface of the stretchy base materi al
[ 0014]

Such a bio-electrode has high sensitivity to a
bi o- si gnal and excellent bio-conpatibility, that is
i ghtwei ght, that can be produced at |ow cost, that is
free of itching, red spots, rash, and the like of the
skin, and confortable even when being wet, dried, or

attached to the skin for a |long period of time, wthout



a significant decrease in sensitivity to the bio-signal.
[ 0015]

In the present invention, the porous, stretchy
base material is preferably a non-woven fabric or a
menbrane film
[ 0016]

Such a stretchy base material can inplenment the
bi o-el ectrode that allows the skin to breathe even when
bei ng attached to the skin for a | ong period of tine.
[0017]

In the present invention, the adhesive conductive
filmcontaining the silicon preferably contains an ionic
material (A) selected fromthe group consisting of salts
of ammonium |ithium sodium potassium and silver
formed with any of fluorosul fonic acid,
fl uorosul foni mde, and N-carbonyl fl uorosul fonic am de.

[ 0018]

Such an adhesive conductive film does not swell by
absorption of water even in a state of being constantly
and closely attached to the skin and i mrersed in water,
keeps adherence for a |long period of tinme, and is
capabl e of stably obtaining an electric signal.

[ 0019]

In this case, the above-nentioned ionic materi al
(A) preferably has a partial structure shown by the
foll ow ng general formulae (1)-1 to (1)-4,
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wherein Rf1 and Rf. each represent a hydrogen atom a
fluorine atom an oxygen atom a nethyl group, or a
trifluoronmethyl group, provided that when Rf: and Rf>
represent an oxygen atom the single oxygen atom
represented by Rfi1 and Rf2 bonds to a single carbon atom
to forma carbonyl group; Rfs and Rf4 each represent a
hydrogen atom a fluorine atom or a trifluoronethyl
group, provided that at |east one of Rf1 to Rf4 is a
fluorine atomor a trifluoromethyl group; Rfs, Rfs, and
Rf 7 each represent a fluorine atom a trifluoromethyl
group, or a linear or branched al kyl group having 1 to 4
carbon atoms, and have at |east one fluorine atom M
represents an ion selected fromthe group consisting of

an ammoni um ion, a sodiumion, a potassiumion, and a



silver ion; and, “n’ represents an integer of 1 to 4.
[ 0020]

The ionic material (A) having such a parti al
structure can inplenent the bio-electrode having nore
excel l ent conductivity and bio-conpatibility.

[ 0021]

The above-nentioned ionic material (A) conprises
at | east one ionic polynmer selected fromthe group
consisting of repeating units Al to A7 shown by the

foll ow ng general fornula (2),
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wherein R, R}, R5, R8, R0 R and R!3 each

I ndependently represent a hydrogen atom or a nethyl
group; R, R4 RS, R9 R!I2 and R4 each independently
represent a single bond, or a linear, branched, or
cyclic hydrocarbon group having 1 to 13 carbon atons,

t he hydrocarbon group optionally having either or both
of an ester group and an ether group; R’ represents a

| i near or branched al kyl ene group having 1 to 4 carbon

atonms, and one or two hydrogen atons in R are



optionally substituted with a fluorine atom Xi;, Xz, Xa,
X4, Xe and Xz each independently represent any of a
singl e bond, a phenyl ene group, a naphthyl ene group, an
et her group, an ester group, and an am de group; Xs
represents any of a single bond, an ether group, and an
ester group; Y represents any of an oxygen atom and a
-NR1®- group; R!® represents any of a hydrogen atom a
| i near, branched, or cyclic alkyl group having 2 to 12
carbon atonms, and a phenyl group, and optionally have
one or nore selected fromthe group consisting of an
et her group, a carbonyl group, an ester group, and an
am de group; Y optionally fornms a ring together with R%
Rf 17 and Rfs" each represent a fluorine atom a
trifluoronmethyl group, or a linear or branched al kyl
group having 1 to 4 carbon atons, and have at | east one
fluorine atom “ni represents an integer of 1 to 4; al,
a2, a3, a4, a5, a6, and a7 are 0<al<1.0, 0<a2<1.0,
0<a3<1.0, 0<a4<1.0, 0<£a5<1.0, 0<a6<1.0, 0<£a7<1.0, and
O0<al+a2+a3+ad+ab+a6+a7<1.0; M* represents an ion
sel ected fromthe group consisting of an ammoniumion, a
sodiumion, a potassiumion, and a silver ion.
[ 0022]

The ionic material (A) having such a structure can
i npl ement the bio-electrode having furthernore excellent
conductivity and bio-conpatibility.
[ 0023]

In the present invention, the above-descri bed
ionic material (A) preferably contains an ammoni um i on
shown by the follow ng general formula (3) as an

ammoni umion for form ng the ammoni um salts,

10



RlOle

RlOld_N+_R101f )

RI01g

wher ei n R101d Ri0le  RI101f = and R1019 each represent a
hydrogen atom a linear, branched, or cyclic alkyl group
having 1 to 15 carbon atons, a linear, branched, or
cyclic al kenyl group or al kynyl group having 2 to 12
carbon atonms, or an aromatic group having 4 to 20 carbon
atonms, and optionally have one or nore selected fromthe
group consi sting of an ether group, a carbonyl group, an
ester group, a hydroxy group, an am no group, a nitro
group, a sulfonyl group, a sulfinyl group, a hal ogen
atom and a sul fur atom and R01d gnd R10le or R101d ~ R10le
and R0 are optionally bonded to each ot her together
with a nitrogen atom bonded therewith to forma ring in
whi ch R101d gnd R10le or R101d ~ Rl0le  gnd R0 represent

an al kyl ene group having 3 to 10 carbon atons, or to
forma heteroaromatic ring having the nitrogen atomin

t he general fornmula (3) within the ring.

[ 0024]

The bi o-el ectrode, which includes the ionic
material (A) containing such an anmoni umion, can have
further excellent conductivity and bio-conpatibility.

[ 0025]

The bio-electrode preferably contains, in addition
to the above-nmentioned conponent (A), an adhesive resin
as a conponent (B) that is different fromthe conponent
(A), which is one or nore selected fromthe group
consisting of a silicone resin, a (neth) acrylate resin,
and a urethane resin.

[ 0026]

11



Such a resin (B) is conpatibilized with the ionic
material (A) (salts) and prevents elution of salts,
retains a conductivity inprover such as a netal powder,
a carbon powder, a silicon powder, a lithiumtitanate
powder, contains silicone for inparting water repellency,
and is capable of nmanifesting adhesi veness.

[0027]

At this tinme, the conponent (B) preferably
contai ns a diorganosil oxane havi ng an al kenyl group and
an organohydr ogenpol ysi | oxane having a SiH group.

[ 0028]

Such a resin (B) is conpatibilized with the ionic
material (A) and is capable of preventing elution of
salts.

[ 0029]

At this tinme, the conponent (B) preferably further
contains a silicone resin having an SiG unit and an
RxSi Q4-x)/2 unit, wherein R represents a substituted or

unsubsti tuted nonoval ent hydrocarbon group having 1 to

10 carbon atoms, and
from2.5 to 3.5.
[ 0030]

Even when such a resin (B) is used, the resin (B)

X" represents a nunber in a range

is conpatibilized with the ionic material (A) and is
capabl e of preventing elution of salts.
[ 0031]

In the present invention, the bio-electrode
preferably further contains a conponent (C), which is
one or nore selected fromthe group consisting of a
carbon powder, a nmetal powder, a silicon powder, and a
lithiumtitanate powder
[ 0032]

Since the carbon powder and the netal powder each

12



function as a conductivity inmprover and are capabl e of
I nparting nore excellent conductivity and the silicon
powder and the lithiumtitanate powder are capabl e of
further increasing ion reception sensitivity, it is
possible to inmplenent a nore preferabl e bio-el ectrode.
[ 0033]

At this tinme, the carbon powder is preferably one
or both of carbon black and carbon nanotube.
[ 0034]

The bi o-el ectrode containing such a carbon powder
i s capabl e of providing higher conductivity.

[ 0035]

In the present invention, the conducting path
preferably includes one or nore selected fromthe group
consisting of gold, silver, silver chloride, platinum
al um num nmagnesium tin, tungsten, iron, copper, nickel,
stainless steel, chromum titanium carbon, and a
conducti ve pol yner.

[ 0036]

In the bio-electrode according to the present
i nvention, such a conducting path can be preferably used.
[ 0037]

In the present invention, the conducting path
preferably has a snap shape.

[ 0038]

Such a conducting path can be easily connected to
a device for receiving a bio-signal and processing the
bi o- si gnal .

[ 0039]

In the present invention, a filmthickness of the
stretchy base material and the conductive filmin
conbination is preferably 1 mmor |ess.

[ 0040]

13



Wth such a filmthickness, the bio-electrode is
formed in a thin film and is confortably worn with a
| ess feeling of wearing.

[ 0041]

At this time, the total filmthickness of the
stretchy base material and the conductive filmin
conbination is preferably 500 pm or | ess.

[ 0042]

Wth such a filmthickness, the bio-electrode is
nore confortably worn.
[ 0043]

In the present invention, the stretchy base
mat eri al preferably includes an adhesive | ayer.
[ 0044]

Such a stretchy base material is capabl e of
I ncreasi ng an adhesive force of the bio-electrode.

[ 0045]

In the present invention, a top of the conductive
filmis preferably covered with a release |iner.

[ 0046]

Such a bio-electrode can be preferably used.
[ 0047]

At this time, the release liner is selected from
t he group consisting of a fluorine resin, polyethylene,
pol ypropyl ene, cyclic polyolefin, polyethylene
t erepht hal ate, pol ybutyl ene terephthal ate, pol yethyl ene
napht hal at e, pol ybutyl ene napht hal ate, pol yvi nyl
chl ori de, polynethyl methacryl ate, polyvinyl acetate,
pol ystyrene, polynethyl pentene, polyimde, polyphenyl ene
sul fide, polysul fone, polyethersulfone, polyetherketone,
pol yam de-i m de, pol yetherim de, polyacetal
pol ycar bonat e, pol yphenyl ene ether, polyacrylonitrile,

cel | ophane, and paper, to which, excluding the fluorine

14



resin, a fluorine-based peeling agent or a
silicone/fluorine-based peeling agent is preferably
applied.

[ 0048]

The release |iner used in the bio-el ectrode
according to the present invention as described above is
easily peeled off the conductive film
[ 0049]

The present invention provides a production nethod
for the bio-electrode, the nmethod conpri sing:

preparing a conducting path that penetrates a
porous, stretchy base material, or preparing a
conducting path on the stretchy base material so that
t he conducting path is exposed on a side surface of the
stretchy base material and form ng an adhesi ve,
conductive filmconprising silicon so as to be connected
to one side of the conducting path, the one side being
attached to a skin.

[ 0050]

According to such a production nmethod, it is
possi ble to easily produce, at |ow cost, a bio-electrode
t hat has high sensitivity to a bio-signal and excel |l ent
bi o-conpatibility, that is lightweight, that is free of
itching, red spots, rash, and the |ike of the skin, and
confortabl e even when being wet, dried, or attached to
the skin for a long period of tine, wthout a
significant decrease in sensitivity to the bio-signal.

[ 0051]

At this tinme, it is possible to formthe adhesive,
conductive filmcontaining silicon on one side of the
conducting path that penetrates the porous, stretchy
base material, or the conducting path that is on the

stretchy base material and exposed on a side surface of

15



the stretchy base material, the one side being attached
to a skin, by transferring the fornmed, adhesive,
conductive filmconprising silicon onto a rel ease |inear
or by directly printing the formed, adhesive, conductive
filmconprising silicon onto the conducting path.

[ 0052]

According to such a production nmethod, it is
possi bl e to produce the bio-electrode of the present
i nvention nore easily.

[ 0053]

At this tinme, it is preferable to apply an
adhesi ve, conductive filmmterial containing silicon
onto a release linear, and curing the adhesive,
conductive filmmateri al .

[ 0054]

According to such a production nmethod, it is
possi bl e to produce the bio-electrode of the present
I nvention nore easily.

[ 0055]

The present invention provides a neasurenment
met hod for a bio-signal conprising:

attaching the bio-electrode to a skin; and

measuring the bio-signal after bathing or
showering, or during bathing or showering.

[ 0056]

The bi o-el ectrode according to the present

i nvention has water repell ency, and thereby enables

execution of such a neasurenment method for a bio-signal.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0057]
As descri bed above, the bio-el ectrode, the

producti on nethod for the bio-electrode, and the

16



measur ement nethod for the bio-signal according to the
present invention enable provision of the bio-electrode
t hat has high sensitivity to the bio-signal and

excell ent bio-conpatibility, that is |ightweight, that
can be produced at |ow cost, that is free of itching,
red spots, rash, and the |ike of the skin, and
confortabl e even when being wet, dried, or attached to
the skin for a long period of tine, wthout a
significant decrease in sensitivity to the bio-signal,

t he production nethod for the bio-electrode, the

measur enent nethod for the bio-signal.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0058]

FIG 1 is a schematic cross-sectional illustration
show ng a bio-el ectrode according to the present
i nvention, and show ng that upper and | ower snaps are
arranged at the center of a conductive film

FIG 2 is a schematic cross-sectional illustration
showi ng an exanple of a conponent configuration before
t he bi o-el ectrode according to the present invention is
assenbl ed,

FIG 3 is a schematic bird s-eye illustration
showi ng an exanple of a conponent configuration before
t he bi o-el ectrode according to the present invention is
assenbl ed;

FIG 4 is a schematic cross-sectional illustration
showi ng an exanple of a production nmethod for the bio-
el ectrode according to the present invention;

FIG 5 is a schematic cross-sectional illustration
showi ng anot her exanpl e of the production nmethod for the
bi o- el ectrode according to the present invention;

FIG 6 is a schematic cross-sectional illustration

17



showi ng still another exanple of the production nethod

for the bio-electrode according to the present

i nvention;
FIG 7 is a schematic cross-sectional illustration
showi ng still another exanple of the production nethod

for the bio-electrode according to the present
I nventi on;

FIG 8 is a schematic cross-sectional illustration
showi ng the bio-electrode in a |lead |ine whose term nal
is connected to a femal e connector;

FIG 9 is a schematic cross-sectional illustration
show ng the bio-electrode in a |lead |ine whose term nal
I's connected to a mal e connector;

FIG 10 is a photograph of the bio-electrode
produced according to an enbodi nent of the present
I nventi on;

FIG 11 is a schematic cross-sectional
il lustration show ng a thickness of each conponent of
t he bi o-el ectrode produced according to the enbodi nent
of the present invention;

FIG 12 is a schematic cross-sectional
il lustration show ng a thickness of a portion in which a
porous film and conductive filmof the bio-electrode
produced according to the enbodi nrent of the present
i nvention overlap with each other;

FIG 13 is a schematic cross-sectional
illustration show ng a dianeter of each conponent of the
bi o- el ectrode produced according to the enmbodi nent of
t he present invention;

FIG 14 is a schematic cross-sectional
il lustration show ng the bio-electrode according to the
present invention, and showi ng that the upper and | ower

snaps are arranged outside the conductive film

18



FIG 15 is a schematic cross-sectional
il lustration showi ng an exanple of a conponent
configuration before the bio-electrode according to the
present invention is assenbled, and the upper and | ower
snaps are arranged outside the conductive film

FIG 16 is a schematic bird s-eye illustration
show ng an exanple of a conponent configuration before
t he bi o-el ectrode according to the present invention is
assenmbl ed, and show ng that the upper and | ower snaps
are arranged outside the conductive film

FIG 17 is a schematic cross-sectional
illustration show ng the bio-electrode according to the
present invention, and a surface of the upper snap has a
flat shape;

FIG 18 is a schematic cross-sectional
il lustration show ng the bio-electrode according to the
present invention, and showi ng that the upper and | ower
snaps are arranged outside a silicone conductive film
and the | ower snap is covered with the silicon
conductive filn

FIG 19 is a schematic cross-sectional
il lustration showi ng an exanple of a conponent
configuration before the bio-electrode according to the
present invention is assenbled, and show ng that the
upper and | ower snaps are arranged outside the silicone
conductive filmand the |ower snap is covered with the
silicon conductive film

FIG 20 is a schematic bird s-eye illustration
showi ng an exanple of a conponent configuration before
t he bi o-el ectrode according to the present invention is
assenbl ed, and show ng that the upper and | ower snaps
are arranged outside the silicone conductive film and

the | ower snap is covered with the silicone conductive
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film

FIG 21 is a photograph of the bio-electrode
produced according to the enbodi nent of the present
i nvention, and show ng that the upper and | ower snaps
are arranged outside the silicone conductive film and
the | ower snap is covered with the silicone conductive
film

FIG 22 is a schematic cross-sectional
illustration showi ng the bio-electrode according to the
present invention, and showi ng that the upper and | ower
snaps are arranged outside the conductive film
penetrate a non-woven fabric, and are | ocated on the
opposite side of the conductive film

FIG 23 is a photograph of the bio-electrode that
is produced according to the enbodi ment of the present
I nvention and that is shown in FIG 22;

FIG 24 is a schematic cross-sectional
illustration show ng the bio-electrode according to the
present invention, and showing a form where the upper
and | ower snaps of the bio-electrode shown in FIG 22
are not attached,

FIG 25 is a photograph of the bio-electrode that
i's produced according to the enbodi nent of the present
i nvention and that is shown in FIG 24;

FIG 26 is a photograph show ng that a conductive
wiring line and a clip are attached to the bio-el ectrode
that is produced according to the enbodi ment of the
present invention and that is shown in FIG 24;

FIG 27 is a schematic cross-sectional
illustration showing the bio-electrode according to the
present invention in a formin which the conductive
wiring line and the filmin the bio-electrode shown in

FIG 24 are replaced with conductive fibers;
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FIG 28 is a schematic illustration show ng that
t he conductive film the conductive wiring |line, and the
filmin the bio-electrode shown in FIG 14 are
perforated,

FIG 29 is a schematic illustration show ng that
t he conductive film the conductive wiring |ine, the
film and the non-woven fabric in the bio-electrode
shown in FIG 14 are perforated;

FIG 30 is a schematic illustration show ng that
t he conductive film the conductive wiring |ine, the
film the non-woven fabric in a | ocation excluding an
adhesi ve | ayer, and the adhesive layer in the bio-
el ectrode shown in FIG 14 are perforated;

FIG 31 is a schematic cross-sectional
illustration showi ng the bio-electrode according to the
present invention in a formin which the conductive
wiring line in contact with the conductive film does not
penetrate the non-woven fabric;

FIG 32 is a schematic cross-sectional
illustration showing the bio-electrode according to the
present invention in a formin which the conductive
wiring line and the filmshown in FIG 31 are repl aced
wi th conductive fibers;

FIG 33 is a photograph showi ng that a sheet in
which a top and bottom of the conductive filmis
sandw ched by release liners, respectively;

FIG 34 is an illustration showi ng | ocations where
el ectrodes and a grounding termnal are attached to the
human body when a bio-signal is nmeasured in an exanple
of the present invention;

FIG 35 shows one el ectrocardi ographic wavef orm
that is obtained by using the bio-el ectrode according to

t he exanple of the present invention.
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[ 0059]

As descri bed above, there has been a demand for
devel opnent of a lightweight, thin-film bio-electrode
t hat has high sensitivity, high conductivity for
detecting a | ow noi se bio-signal, and excell ent bio-
conpatibility, that is lightweight, that can be produced
at low cost, that is capable of nmeasuring the bio-signa
even when being wet or dried, and that is free of skin
di sorders and itching even when being attached to the
skin for a long period of time, a production method for
t he bio-el ectrode, and a neasurenent nethod for a bio-
si gnal .

[ 0060]

Sodi um potassium and calciumions are enmtted
fromthe skin surface in conjunction with a heartbeat.
The bi o-el ectrode needs to covert an increase/decrease
of itons emtted fromthe skin into an electric signal.
Thus, a material that has excellent ion conductivity for
transmtting the increase/decrease of ions is required.
A potential of the skin surface also fluctuates in
conjunction with the heartbeat. This fluctuation of the
potential is subtle, and electron conductivity for
transmtting a small current to a device is also
required.

[ 0061]

A hydrophilic gel containing sodiumchloride or
pot assi um chl ori de has high ion conductivity and high
el ectron conductivity, but |oses conductivity when dried.
In addition, elution of the sodiumchloride or the
pot assium chl oride to the outside of the bio-electrode
by bat hing or showering al so decreases conductivity.

[ 0062]

A bio-electrode using a netal such as gold and
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silver detects only a small current and has |ow ion
conductivity, and thus has | ower sensitivity as the bio-
el ectrode. Carbon also has el ectron conductivity
simlarly to the nmetal, but has electron conductivity
that is lower than that of the netal and sensitivity, as
the bio-electrode, that is |lower than that of the netal.
[ 0063]

A conductive polyner represented by poly-3, 4-
et hyl enedi oxyt hi ophene- pol yst yrenesul f onat e ( PEDOT- PSS)
has both the electron conductivity and the ion
conductivity, but the ion conductivity is |ow because of
its low polarizability.
[ 0064]

Slats of fluorosulfonic acid, fluorosulfonimde,
and N-carbonyl fluorosul fonic am de have high
pol arizability and high ion conductivity. Conbining
these salts with carbon or the |Iike enables
mani festati on of both high ion conductivity and high
el ectron conductivity.
[ 0065]

The bi o-el ectrode needs to have adherence to
stably obtain a bio-signal by attaching the bio-
el ectrode to the skin. Meanwhile, a residue on the skin
after the bio-electrode is attached to the skin for a
| ong period of tine and peeled off could cause a rash or
skin disorders.
[ 0066]

Exanpl es of causes for the rash, the skin
di sorders, itching, or the like include prevention of
the skin from breathing. In a nmedical adhesive plaster
that is assuned to be attached for a | ong period of tine
of one week or nore, efforts have been made to form a

base material of the adhesive plaster as a thin film and
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use a breat hing non-woven fabric to allow the skin to
breat he as much as possi ble, and enboss the surface to
have concavo-convex shapes to facilitate sweat rel ease.
[ 0067]

As for a bio-electrode in which a conventional gel
el ectrode without containing silicon is attached to a
non-woven fabric in which a metal snap penetrates its
center portion, at the time of bathing in a state where
the bio-electrode is attached to the skin, the gel
swel | s because water easily passes through the non-woven
fabric and a volume of the bio-el ectrode expands, and
t he bio-el ectrode peels away fromthe skin. Wen a
wat er proof cover is attached to the bio-electrode to
prevent penetration of water as described in the above-
menti oned Patent Literature 3, the bio-electrode
i ncreases in thickness and does not provide a
confortable feeling of wearing.
[ 0068]

| f a waterproof conductive filmcould be conbined
with the thin-film non-woven fabric, the conductivity
woul d not be decreased by bathing. Furthernore, if the
conductive filmhad adhesi veness, the bio-el ectrode
could stably detect the bio-signal.
[ 0069]

Exanpl es of the waterproof conductive film can
i ncl ude a conductive filmcontaining silicone.
Furt hernore, exanples of an adhesive containing silicone
can include a silicone adhesive, a urethane adhesive,
and an acrylic adhesive. Anong these adhesives, the
silicone adhesive is the nost preferable in terns of
hi gh water repellency, |ow occurrence of a rash on the
skin, and allow ng the skin to breathe.
[ 0070]
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Silicone is an insulating material as a basic
property. Thus, in a case where the adhesive contai ning
silicone is used as a base, a material for inproving
conductivity is required. Wile exanples of a
conductivity inprover can include a netal powder and a
carbon powder, not only a small potential is generated
fromthe skin, but also ions such as sodium potassium
and calciumare emtted fromthe skin, as described
above. Hence, the material needs to have properties of
hi gh sensitivity to the increase/decrease of ions and
hi gh i on conductivity.

[ 0071]

To inprove ion conductivity of an ion battery,
addition of an ionic liquid has been exam ned. When
acidity of acid form ng neutralized salts is high, ions
are strongly polarized, and the ion conductivity
i nproves. This is why lithiumsalts of bis
(trifluoromethanesul fonyl) imde acid or tris
(trifluoromethanesul fonyl) nethide acid show high ion
conductivity as a lithiumion battery. Meanwhile, the
salts have an issue of being nmore irritating to the
l'iving body as acid strength beconmes greater in an acid
state before becom ng neutralized salts. That is, the
i on conductivity and the property of being irritating to
the living body have a trade-off relationship. However,
the salts to be applied to the bio-electrode need to be
hi ghly ion conductive and less irritating to the living
body at the sanme tine.

[ 0072]

An ionic conpound has a characteristic that as the
nol ecul ar wei ght becomes higher, the perneability to the
skin becones lower, and it is less irritating to the

skin. Proposed are bio-electrodes, to each of which an
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i on polymer containing salts of ammonium [1ithium

sodi um and potassium fornmed with any of fluorosulfonic
acid, which is described in JP 2018-099504 A,
fluorosul foni mde, which is described in JP 2018-126496
A, and N-carbonyl fluorosul fonic am de, which is
described in JP 2018-130533 A, or salts of silver, which
I's described in JP 2019-180467 A, is added.

[ 0073]

It is an adhesive material containing silicone to
which the ion polynmer is added. Wth such an adhesive
mat eri al, each of these bio-electrodes is closely
attached to the skin on a constant basis, does not swell
by absorption of water even in a state of being imersed
in water, keeps adhesiveness for a |long period of tine,
and is capable of stably obtaining an electric signal.
In these bio-electrodes, however, a |iving body contact
| ayer is fornmed on a non-porous conductive base materi al
by using a conposition containing the above-nenti oned
i on pol ymer.

[ 0074]

As a result of earnest exam nation of the above-
menti oned i ssues, the inventors of the present invention
have found out a bio-electrode having the foll ow ng
configuration, a production nmethod for the bio-electrode,
and a nmeasurenent nethod for a bio-signal, and have
conpl eted the present invention.

[ 0075]

That is, the present invention relates to a bio-
el ectrode that includes a porous, stretchy base materi al,
an adhesive, conductive filmcontaining silicon, and a
conducting path. The conductive filmis fornmed on one
surface of the porous, stretchy base material. The

conducting path is connected to the conductive film and
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penetrates the stretchy base material to be exposed on
t he opposite side, or is exposed on a side surface of
the stretchy base material.

[ 0076]

The bi o-el ectrode according to the present
i nvention has water repellency, and thereby allows for
daily showering and bathing. The bio-electrode allows
for not only nmeasurement of a bio-signal after bathing
or showering, but al so neasurenent during bathing or
shower i ng.

[0077]

The bio-el ectrode allows for not only
el ectrocardi ographi c measurenent, but al so neasurenent
usi ng an el ectromyogram neasurenent of brain waves, and
measurenment of a breathing rate. The bio-el ectrode
allows for not only neasurenment of a signal emtted from
t he skin, but also provision of an electric signal to
the skin to transmt a signal to nuscles and contro
brain waves. For exanple, the bio-electrode is expected
to be used for purposes for applying a stinulus to
nmuscl es during swimm ng to increase perfornmance or
reduce fatigue, and for enhancing relaxation during
bat hi ng.

[ 0078]

To configure the bio-electrode with a high
sensitivity, not only high ion conductivity, but also
hi gh el ectron conductivity is required. To increase
el ectron conductivity, it is effective to add a net al
powder or a carbon powder in addition to the ion polyner.
[ 0079]

The above-nenti oned ion polynmer can be used for
formati on of the above-nentioned adhesive, conductive

filmcontaining silicon. In a case where silicone is
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contained in the ion polynmer, another silicone is not

necessarily contai ned.

[ 0080]

The present invention will be described in detail
bel ow, but is not limted to the description.
[ 0081]

Bi o- el ectrode

The bi o-el ectrode according to the present
i nvention includes the porous, stretchy base material,
t he adhesive, conductive filmcontaining silicon, and
t he conducting path. The conductive filmis formed on
one surface of the porous, stretchy base material. The
conducting path is connected to the conductive film and
penetrates the stretchy base material to be exposed on
t he opposite side, or is exposed on the side surface of
the stretchy base material. |In addition, the bio-
el ectrode according to the present invention includes
t he adhesive, conductive filmcontaining silicone. The
adhesi ve, conductive film serves as the |living body
contact |ayer formed on the conducti ng path that
penetrates the porous filmor on the conducting path on
the porous film
[ 0082]

The bio-el ectrode is now briefly described using
t he drawi ngs. Regarding an exanple of a bio-electrode
10 according to the present invention, FIG 1 shows a
cross section of the bio-electrode 10. The bi o-
el ectrode 10 includes a porous, stretchy base material 1,
a conducting path 2, a conductive film3, and a rel ease
liner 4. The porous, stretchy base material 1 includes
a non-woven fabric 1-1, an adhesive layer 1-2, and a
reinforcing film1-3. The conducting path 2 includes an

upper snap 2-1 and a | ower snap 2-2.
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[ 0083]
Conposition of Conductive Film

Each component form ng the conductive filmof the
bi o- el ectrode according to the present invention is
descri bed below in a nore detail ed manner.

[ 0084]
lonic Material (Salts) (A

Salts blended as the ionic material (A)
(conductive material) serving as a material for form ng
t he conductive filmused for the bio-el ectrode according
to the present invention can contain, as the ionic
material (A), a polynmer having ionic repeating units
selected fromthe group consisting of salts of anmoni um
lithium sodium potassium and silver formed with any
of fluorosulfonic acid, fluorosulfonimde, and N-
car bonyl fl uorosul foni ¢ am de.

[ 0085]

The ionic material (A) selected fromthe group
consisting of salts of ammonium sodium potassium and
silver formed with any of fluorosul fonic acid,
fl uorosul foni mde, and N-carbonyl fl uorosul foni c am de
can have a partial structure shown by the foll ow ng
general formulae (1)-1 to (1)-4.
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(In the general formula (1)-1, Rfi1 and Rf2 each
represent a hydrogen atom a fluorine atom an oxygen
atom a nethyl group, or a trifluoronethyl group. When
Rf 1 and Rf> represent an oxygen atom the single oxygen
atom represented by Rf:1 and Rf. bonds to a single carbon
atomto forma carbonyl group. Rfz and Rfs each
represent a hydrogen atom a fluorine atom or a
trifluoromethyl group. At least one of Rf1 to Rf4is a
fluorine atomor a trifluoronmethyl group. 1In the
general fornulae (1)-2, (1)-3, and (1)-4, Rfs, Rfe, and
Rf 7 each represent a fluorine atom a trifluoromethyl
group, or a linear or branched al kyl group having 1 to 4
carbon atoms, and have at |east one fluorine atom In

t he general fornmulae (1)-1 to (1)-4, M represents an
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ion selected fromthe group consisting of an anmmoni um
ion, a sodiumion, a potassiumion, and a silver ion.
In the general formula (1)-2, “n’ represents an integer
of 1 to 4.)

[ 0086]

The ionic polynmer preferably has at |east one
repeating unit selected fromthe group consisting of
salts of ammonium sodium potassium and silver forned
with any of fluorosulfonic acid shown by the above-
menti oned general formulae (1)-1 and (1)-2,
fluorosul fonimde shown by the general formula (1)-3,
and N-carbonyl fluorosul fonic am de shown by the general
formula (1)-4, which are at | east one selected fromthe
repeating units Al to A7 shown by the foll ow ng general

formula (2).

, © Fy TS50y M M
M g M
05 A4 AS
Al a M A3
@
RH R
N @
Xe O ;
RH
RZ 0O
PSE*\‘:O [4) o
O &
¥ MY %
i) I
A7
A6

(In the general formula (2), R, RS R° R8 R R and
R13 each i ndependently represent a hydrogen atomor a
met hyl group. R2, R4 RE, R9 R!2 and R each

i ndependent|ly represent a single bond, or a linear,
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branched, or cyclic hydrocarbon group having 1 to 13
carbon atonms. The hydrocarbon group optionally has

ei ther or both of an ester group and an ether group. R
represents a |linear or branched al kyl ene group having 1
to 4 carbon atons, and one or two hydrogen atonms in R’
are optionally substituted with a fluorine atom X, X,
X3, Xa, Xe¢ and X; each independently represent any of a
singl e bond, a phenyl ene group, a naphthyl ene group, an
et her group, an ester group, and an am de group. Xs
represents any of a single bond, an ether group, and an
ester group. Y represents any of an oxygen atom and a
-NR1®- group. R!9 represents any of a hydrogen atom a

| i near, branched, or cyclic alkyl group having 2 to 12
carbon atonms, and a phenyl group, and optionally have
one or nore selected fromthe group consisting of an

et her group, a carbonyl group, an ester group, and an
am de group. Y optionally forms a ring together with R4,
Rf 17 and Rfs" each represent a fluorine atom a
trifluoronmethyl group, or a linear or branched al kyl
group having 1 to 4 carbon atons, and have at | east one
fluorine atom “ni represents an integer of 1 to 4. al,
a2, a3, a4, a5, a6, and a7 are 0<al<l1.0, 0<a2<1.0,
0<a3<1.0, 0<a4<1.0, 0<£a5<1.0, 0<a6<1.0, 0<£a7<1.0, and
O<al+a2+a3+ad+ab+a6+a7<1.0. M* represents an ion
selected fromthe group consisting of an ammoniumion, a
sodiumion, a potassiumion, and a silver ion.)

[ 0087]

I n the above-nmentioned general formula (2), al to
a7 are ratios of the repeating units Al to A7,
respectively.

[ 0088]
Repeating Unit A

Speci fic exanpl es of nmononers of fluorosul fonic
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acid salts to obtain the repeating units Al to A5,

anong

the repeating units Al to A7 shown by the above-

menti oned gener al
[ 0089]

formula (2),

F;C

can include the follow ng.
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[0116]

Speci fic exanpl es of nmononers of N-carbonyl
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sul fonam de salts to obtain the repeating unit A7 shown
by the above-nentioned general fornula can include the
fol Il ow ng.

[0117]
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(In the formul ae, R, R3, R°, RE, R0, R,

descri bed above.)
[0119]
The above-descri bed

ionic materi al

o
Y %

0
Il CF,
e

N™™0
M+

o)

R13

and R13 are as

(A) preferably

contai ns an anmmoni um i on (ammonium cation) shown by the
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foll ow ng general fornula (3) as an ammoniumion for

constituting the ammonium salts.

RlOle
RlOld_N+_R101f 3)

R101g

(In the general formula (3), R0ld ~Rl0le RI101f = gnd R101g
each represent a hydrogen atom a |inear, branched, or
cyclic al kyl group having 1 to 15 carbon atons, a |inear,
branched, or cyclic al kenyl group or al kynyl group
having 2 to 12 carbon atons, or an aromatic group having
4 to 20 carbon atonms, and optionally have one or nore
selected fromthe group consisting of an ether group, a
carbonyl group, an ester group, a hydroxy group, an

am no group, a nitro group, a sulfonyl group, a sulfinyl
group, a hal ogen atom and a sul fur atom and R!01d and
Rlole or R101d ~R10le  agnd R0 are optionally bonded to
each other together with a nitrogen atom bonded
therewith to forma ring in which R0ld gnd R10le or R101d
Riole  and R01f represent an al kyl ene group having 3 to
10 carbon atons, or to forma heteroaromatic ring having
the nitrogen atomin the general formula (3) within the
ring.)

[0120]

Specific exanples of the ammoniumion shown by the
above-nmenti oned general formula (3) can include the
foll ow ng.

[0121]

62



X _/(\ \ﬂ <ﬂ
e f&v

5 @3 5 i;@ Jggj

N\ <

N+ \

_\_/ _\N+_ N+_ N +_ :: :E )
< /N /N AN /N\—

222222



[0123]

64

C



[ 0124]
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[ 0137]
As the ammoniumion shown by the above-nmenti oned
general formula (3), a tertiary amoniumion or a

quat ernary ammoniumion is especially preferable.
[ 0138]

Repeating Unit B
I n the conponent (A) of the material for formng
t he conductive filmused for the bio-electrode according

to the present invention, a repeating unit B having a
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gl yme chain can be copolynerized, in addition to the
above-nentioned repeating units Al to A7, to inprove
conductivity. Specific exanples of nononmers for
obtaining the repeating unit B having the glyne chain
can include the foll owing. Copolynerizing the repeating
unit having the glyme chain can pronote the novenment of
ions emtted fromthe skin within a dry electrode film
and increase sensitivity of the dry el ectrode.

[0139]

[ 0140]
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R represents a hydrogen atom or a nethyl group.
[ 0143]
Repeating Unit C

I n the conponent (A) of the material for formng
t he conductive filmused for the bio-el ectrode according
to the present invention, a hydrophilic repeating unit C
havi ng a hydroxy group, a carboxyl group, ammonium salts,
bet ai ne, an am de group, pyrolidone, a |actone ring, a
|actamring, a sultone ring, sodiumsalts of sulfonic
acid, or potassiumsalts of sulfonic acid can be
copolymeri zed, in addition to the above-nentioned
repeating units Al to A7, to inprove conductivity.
Specific exanples of nmononers for obtaining the

hydrophilic repeating unit C can include the follow ng.
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Copol ynmeri zing the repeating unit containing these
hydrophilic groups can increase sensitivity to ions
emtted fromthe skin and increase sensitivity of the
dry el ectrode.

[ 0144]
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[ 0145]
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group.

R represents a hydrogen atom or a net hyl

[ 0146]

Repeating Unit D
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I n the conponent (A) of the material for formng
t he conductive filmused for the bio-electrode according
to the present invention, a repeating unit D that adds
adhesi ve power, in addition to the above-nenti oned
repeating units Al to A7, B, and C. Specific exanples
of nmononers for obtaining the repeating unit D can
i nclude the follow ng.
[ 0147]
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[ 0151]
Repeating Unit E

I n the conponent (A) of the material for formng
t he conductive filmused for the bio-el ectrode according
to the present invention, a cross-linking repeating unit
E can be copolynerized in addition to the above-
menti oned repeating units Al to A7, B, C, and D.
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Exanpl es of the cross-linking repeating unit E can

I nclude a repeating unit having an oxirane ring or an
oxetane ring.

[ 0152]

Speci fic exanpl es of nmononers for obtaining the
repeating unit E having the oxirane ring or the oxetane
ring can include the follow ng.

[ 0153]
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[ 0155]

a hydrogen

R represents a nethyl group or

Her ei n,

atom

[ 0156]

F

The conponent

Repeating Unit

form ng the

for

(A) of the materi al
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conductive filmused for the bio-electrode according to
t he present invention can have a repeating unit F having
silicon, in addition to the above-nentioned repeating
units Al to A7, B, C, D, and E. Specific exanpl es of
nononmers for obtaining the repeating unit F can include
t he follow ng.

[ 0157]
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[ 0159]
Repeating Unit G

The conmponent (A) of the material for form ng the
conductive filmused for the bio-electrode according to
the present invention can have a repeating unit G having
fluorine, in addition to the above-nenti oned repeating
units Al to A7, B, C, D, E, and F.

[ 0160]

Speci fic exanpl es of nmononers for obtaining the
repeating unit G having fluorine can include the
fol Il ow ng.

[0161]
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[0163]
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[0167]
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[0168]
Herein, R represents a hydrogen atom or a nethyl
gr oup.
[ 0169]

Exanpl es of a nmethod of synthesizing the ionic
mat eri al of the conponent (A) can include a nethod of
adding a radical polynerization initiator to a desired
nononer, anmong the nmononers for providing the repeating
units Al to A7, B, C, Db E, F, and G in an organic
sol vent and heat-pol ymeri zing the desired nononer to
obtain a polymer conpound as a copol yner.

[ 0170]
Exanpl es of the organic solvent used at the tinme
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of polynerization can include toluene, benzene,
tetrahydrofuran, diethyl ether, and di oxane. Exanples
of the polynerization initiator can include 2,2 -
azobi si sobutyronitrile (AIBN), 2,2 -azobis(2,4-
di net hyl val eronitrile), dinmethyl 2,2-azobis(2-
nmet hyl propi onate), benzoyl peroxide, and | auroyl
peroxi de. A heating tenperature is preferably 50 to
80°C, and reaction tinme is preferably 2 to 100 hours,
nore preferably 5 to 20 hours.
[0171]

Rati os of the repeating units Al to A7, B, C, D, E,
F, and Gin the ionic material (A) satisfy relations of
0<al<1.0, 0<a2<1.0, 0<a3<l.0, 0<a4<l.0, 0<ab<1.0,
0<a6<1.0, 0<a7<1.0, O<al+a2+a3+ad4+ab+a6+a7<1.0, 0<b<1l.0,
0<c<1.0, 0<d<1.0, 0<e<0.9, 0<£f<0.9, and 0£g<0.9,
preferably satisfy relations of 0<al<0.9, 0<a2<0.9,
0<a3<0.9, 0<a4<0.9, 0<a5<£0.9, 0£a620.9, 0£a7<0.9,
0.01<al+a2+a3+ad4+ab5+a6+a7<0.9, 0.035<b<0.9, 0=£c<L0.8,
0<d<0.8, 0<e<0.8, 0<f<0.8, and 0£g<0.8, and more
preferably satisfy relations of 0<£al<0.8, 0<£a2<0.8,
0<a3<£0.8, 0<a4<0.8, 0<a5<£0.8, 0<a6<0.8, 0<£a7<0.8,
0.02Lal+a2+a3+ad4+ab5+a6+a7<0.8, 0.05%b<0.9, 0=<c<0.7,
0<d<0.5, 0<£e<0.3, 0L£f<0.7, and 0=£g<0.7. Db to g are
ratios of the repeating units Bto G respectively.
[0172]

Note that, for exanple,
al+a2+a3+ad4+ab+a6+a7+b+c+d+e+f +g=1 represents that, in
t he polymer conpound having the repeating units Al, A2,
A3, A4, A5, A6, A7, B, C, D, E, F, and G a sumof the
repeating units Al, A2, A3, A4, A5, A6, A7, B, C, D, E,
F, and Gis 100 nol % with respect to a sumof the entire
repeating units, and al+a2+a3+ad4+a5+a6+a7+b+c+d+e+f +g<l1

represents that a sumof the repeating units Al, A2, A3,
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A4, A5, A6, A7, B, C, D, E, F, and Gis less than 100
nmol % with respect to the sumof the entire repeating
units and the polynmer conpound has anot her repeating
unit other than the repeating units Al, A2, A3, A4, A5,
A6, A7, B, C, D, E, F, and G
[0173]

A nol ecul ar wei ght of the conponent (A), as a
wei ght - aver age nol ecul ar wei ght of each nononer, is
preferably 500 or nore, nore preferably 1,000 or nore
and 1, 000, 000 or less, nore preferably 2,000 or nore and
500,000 or less. In addition, when an anmount of an
i oni ¢ nononmer (remaining nononer) that is not
i ncorporated in the conponent (A) after polymerization
is small, there is no possibility that the remaining
nonomer soaks into the skin and causes allergy in a bio-
conpatibility test. Thus, the anount of the renaining
mononer is preferably reduced. The amount of the
remai ni ng nononmer is preferably 10 parts by nmass or |ess
relative to 100 parts by mass of the entire conponent
(A). One kind of the conponent (A) nay be used al one,
or two or nore kinds thereof having different nolecul ar
wei ghts, different degrees of dispersion, and different
pol ynmeri zed nononmers may be used in conbination. The
wei ght - aver age nol ecul ar wei ght (Mwn) and degree of
di spersion (MM M) of the polyner were checked by gel
pernmeati on chromat ography (GPC) using tetrahydrofuran
(THF) as a solvent.
[0174]
Resin (B)

The resin (B) that is a conponent blended with the
material for form ng the conductive filmused in the
bi o- el ectrode according to the present invention is

conpatibilized with the above-nentioned ionic materi al
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(salts) (A) and prevents elution of salts, that retains
a conductivity inmprover such as a netal powder, a carbon
powder, a silicon powder, and a lithiumtitanate powder,
that contains silicone for inmparting water repellency,
and that mani fests adhesiveness. In a case where the
ionic material (A) contains silicone and has
adhesi veness, the resin (B) is not necessarily required
and may not contain silicone. Note that the resin is
only required to be a resin other than the above-
descri bed conponent (A), and is preferably either or
both of a thernosetting resin and a |light curing resin,
nore preferably one or nore selected fromthe group
consisting of a silicone-based resin, an acrylic-based
resin, and a urethane-based resin, and especially
preferably one or nore selected fromthe group
consisting of the silicone-based resin, the acrylic-
based resin containing silicone, and the urethane-based
resin containing silicone. Anpbng these resins, a
silicone-based adhesive is the nost preferable in terns
of water repellency, allowing the skin to breathe, and
hardly giving a feeling of disconfort when the bio-
el ectrode is attached to the skin.
[ 0175]

Exanpl es of the adhesive, silicone-based resin can
i nclude an addition reaction curing type resin or a
radi cal cross-linking reaction curing type resin. As
the addition reaction curing type resin, for exanple, a
resin that is described in JP 2015-193803 A, and that
contai ns a diorganosi |l oxane havi ng an al kenyl group, an
MQ resin having an RsSi Q.5 unit and a Si G unit, an
or ganohydr ogenpol ysi | oxane having a plurality of SiH
groups, a platinumcatalyst, an addition reaction

control agent, and an organic solvent can be used. As
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the radical cross-linking reaction curing type resin,
for exanple, a resin that is described in JP 2015-193803
A, and that contains a diorganosil oxane that may not
have an al kenyl group, an MQ resin having an R:Si Q.5
unit and a SiOQ unit, an organic peroxide, and an
organi c solvent can be used. Herein, R represents a
substituted or unsubstituted nonoval ent hydrocarbon
group having 1 to 10 carbon atons.

[0176]

Al ternatively, a polysiloxane-resin integrated
conpound formed by a condensation reaction of an MQ
resin and a pol ysil oxane having silanol at a polynmer end
or in a side chain can be used. Since the MQ resin
contains a |l arge anount of the silanol, addition of the
MQ resin increases an adhesive force. However, the MQ
resin does not have a cross-linking property, and thus
is not nolecularly bonded to the polysil oxane. As
descri bed above, the integration of the polysiloxane and
the resin can increase the adhesive force.

[0177]

I n addition, nodified siloxane having a group
selected fromthe group consisting of an am no group, an
oxi rane group, an oxetane group, a polyether group, a
hydr oxy group, a carboxyl group, a mercapto group, a
met hacryl group, an acrylic group, a phenolic group, a
silanol group, a carboxylic acid anhydride group, an
aryl group, an aral kyl group, an am de group, an ester
group, and a |actone ring can also be added to the
silicone-based resin. The addition of the nodified
sil oxane increases dispersibility of the conponent (A)
in the silicone resin. The nodified siloxane nay be
nodi fied siloxane that is nodified at one end or both
ends or in a side chain.
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[0178]

As the adhesive, acrylic-based resin, for exanple,
a resin that is described in JP 2016-011338 A, and t hat
has a hydrophilic (meth)acrylic acid ester or a | ong
chai n hydrophobic (neth)acrylic acid ester as repeating
units can be used. In a case where the ion polymer does
not contain silicone, a (nmeth)acrylic acid ester having
a siloxane bond needs to be copolynerized to inprove
wat er repel |l ency.

[0179]

As the adhesive, urethane-based resin, for exanple,
a reactant of a pol yurethane-polyol conpound which is
described in JP 2000- 256640 A and a pol yfuncti onal
i socyanate conmpound, and a resin that is described in JP
2019- 076695 A and JP 2019-076696 A and that has a
ur et hane bond, a pol yether or polyester bond, a
pol ycarbonate bond, and a siloxane bond in a side chain
can be used.
[ 0180]

To prevent a decrease of conductivity due to
elution of the conponent (A) fromthe conductive film
in the conposition of the conductive filmof the bio-
el ectrode according to the present invention, the resin
(B) preferably has high conpatibility with the above-
descri bed conponent (A). To prevent the conductive film
from being peeled off the porous filmor the conducting
path, in the conposition of the conductive filmof the
bi o- el ectrode according to the present invention, the
resin (B) preferably has adhesiveness with respect to
t he porous filmand the conducting path. To increase
conpatibility of the resin (B) with the porous film the
conducting path, and the ion polymer, it is effective to

use a resin with a high polarity or a resin with
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adhesi veness. Exanples of such a resin can include an
pol yacrylic resin, a polyurethane resin, and an adhesive
silicone resin, or the |like that has one or nore
selected fromthe group consisting of an ether bond, an
ester bond, an am de bond, an im de bond, a urethane
bond, a thiourethane bond, and a thiol group. Meanwhile,
the living body contact layer including the conductive
filmis in contact with the living body, and thus is
susceptible to the influence of sweat fromthe |iving
body. Hence, in the conposition of the conductive film
of the bio-electrode according to the present invention,
the resin (B) preferably has high water repellency and
is | ess susceptible to hydrolysis. To cause the resin
to have high water repellency and be | ess susceptible to
hydrolysis, it is effective to use the resin containing
silicone.

[0181]

I n the conposition of the conductive filmof the
bi o- el ectrode according to the present invention, a
bl endi ng amount of the component (B) is preferably 0 to
2000 parts by mass, nore preferably 10 to 1000 parts by
mass relative to 100 parts by mass of the ion pol yner
(A). One kind of the conponent (A) may be used al one,
or two or nore kinds thereof nmay be used in conbination.
[0182]

Note that the conductive filmis a cured product
of the conposition of the conductive filmfor obtaining
a bio-signal as described later. By curing the
conposition, the living body contact |ayer becones to
have preferabl e adhesi veness with respect to both the
skin and the conductive base material. Note that a
curing neans is not specifically limted, and a general

means can be used. For exanple, a cross-Ilinking
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reaction using either or both of heat and light, acid, a
base catalyst, or the |ike can be used.
[0183]

In a case where a diorganosil oxane havi ng an
al kenyl group and an organohydr ogenpol ysil oxane having a
plurality of SiH groups is used as the component (B),

t he di organosi |l oxane and the organohydrogenpol ysi | oxane
can be cross-linked by an addition reaction using a

pl ati num cat al yst .

[ 0184]

Exanpl es of the platinumcatal yst include: a
pl ati num based catal yst such as chloroplatinic acid, an
al cohol solution of chloroplatinic acid, a reactant of
chl oroplatinic acid and al cohol, a reactant of
chl oroplatinic acid and an ol efin conpound, a reactant
of chloroplatinic acid and sil oxane contai ning a vinyl
group, and a platinumolefin conplex, and a plati num
sil oxane containing a vinyl group conmplex; and a
pl ati num group netal -based catal yst such as a rhodi um
conpl ex and a ruthenium conplex. Alternatively, an
al cohol - based sol vent, a hydrocarbon-based sol vent, a
si | oxane-based solvent in which any of these catal ysts
i s dissolved and di spersed may be used.

[ 0185]

Note that an additive anmount of the platinum
catalyst is preferably in a range from5 to 2,000 ppm
especially from10 to 500 ppm relative to 100 parts by
mass of the resin that combines (A) and (B).

[ 0186]

In a case where an addition curing-type silicone
resin is used, an addition reaction control agent may be
added. This addition reaction control agent is added as

a quencher for preventing the platinum catal yst from
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acting in a solution under a | owtenperature environnent
after coating filmformation and before heat-curing.
Specific exanples of the addition reaction control agent
i nclude 3-nethyl-1-butyne-3-0l, 3-nethyl-1-pentyne-3-ol,
3, 5-di met hyl - 1- hexyne-3-o0l, 1-ethynylcycl ohexanol, 3-
met hyl - 3-trinethyl sil oxy-1-butyne, 3-nethyl-3-
trimethylsil oxy-1-pentyne, 3,5-dinethyl - 3-
trimethylsiloxy-1-hexyne, 1l-ethynyl-1-trimethylsiloxy-
cycl ohexane, bis(2,2-dinethyl-3-butynoxy)di nmet hyl sil ane,
1,3,5 7-tetramethyl -1, 3,5, 7-tetravi nyl cycl otetrasil oxane,
and 1,1, 3,3-tetramet hyl -1, 3-di vi nyl di si |l oxane.

[0187]

An additive amount of the addition reaction
control agent is preferably in a range fromO to 10
parts by mass, especially fromO0.05 to 3 parts by nass
relative to 100 parts by mass of the resin.

[0188]

Exanpl es of a photocuring nethod include a method
of using a resin having a (nmeth)acrylate term nal or an
olefin termnal, or adding a cross-|inker having
(nmeth)acrylate, olefin, or a thiol group at an end and
al so addi ng a photo-radical generator that generates a
radical with light, and a nethod of using a resin or a
cross-linker having an oxirane group, an oxetane group,
and a vinyl ether group, and adding a photo-acid
generator that generates acid with |ight.

[0189]

Exanpl es of the photo-radi cal generator can
i ncl ude acet ophenone, 4,4’ -di nmethoxybenzyl, benzil,
benzoi n, benzophenone, 2-benzoyl benzoic acid, 4,4 -
bi s(di net hyl am no) benzophenone, 4,4’ -
bi s(di et hyl am no) benzophenone, benzoin nethyl ether,

benzoin ethyl ether, benzoin isopropyl ether, benzoin
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butyl ether, benzoin isobutyl ether, 4-benzoyl benzoic
acid, 2,2 -bis(2-chl orophenyl)-4,4",5,5 -tetraphenyl -
1,2 -biimdazol e, 2-benzoyl benzoic acid nethyl, 2-(1, 3-
benzodi oxol -5-yl)-4, 6-bis(trichloronmethyl)-1, 3, 5-
triazine, 2-benzyl-2-(dimethylam no)-4’-
nor phol i nobut yrophenone, 4, 4’ -di chl orobenzophenone, 2, 2-
di et hoxyacet ophenone, 2, 2-di net hoxy-2-phenyl acet ophenone,
2, 4-di et hyl t hi oxant hen-9-one, di phenyl (2, 4, 6-
tri met hyl benzoyl ) phosphi ne oxi de( BAPO), 1, 4-
di benzoyl benzene, 2-ethyl ant hraqui none, 1-
hydr oxycycl ohexyl phenyl ketone, 2-hydroxy-2-
met hyl propi ophenone, 2-hydroxy-4'-(2-hydroxyethoxy) - 2-
nmet hyl pr opi ophenone, 2-isonitrosopropi ophenone, and 2-
phenyl - 2- (p-t ol uenesul f onyl oxy) acet ophenone.
[ 0190]

The resin can also be cured by addition of a
pyrol ysi s-type radi cal generator. Exanples of the
pyrol ysis-type radical generator can include 2,2 -
azobi s(i sobutyronitrile), 2,2 -azobis(2,4-
di met hyl val eronitrile), 2,2 -azobis(2-
met hyl butyronitrile), 2,2 -
azobi s(net hyl propi onam di ne) hydrochloric acid, 2,2 -
azobi s[ 2-(2-im dazol i n-2-yl)propane] hydrochl oric acid,
2,2 -azobi s(4-nmet hoxy-2, 4-di met hyl val eronitrile), 2,2 -
azobi s(2-met hyl butyronitrile), 2,2 -azobis(cycl ohexane-
l-carbonitrile), 1-[(1l-cyano-1-nethylethyl)azo]formm de,
2,2 -azobi s[ 2- met hyl - N- (2- hydr oxyet hyl ) pr opi onam de],
2,2 -azobi s[ N-(2-propenyl)-2-net hyl propi onam de], 2,2 -
azobi s(N-butyl - 2- met hyl propi onam de), dinethyl-2,2’"-
azobi s(i sobutyrate), 4,4’ -azobi s(4-cyanopentanoic acid),
di met hyl - 2, 2’ - azobi s(2- net hyl propi onate), benzoyl
peroxi de, tert-butyl hydroperoxide, cunmene hydroperoxide,
di -tert-butyl peroxide, di-tert-amyl peroxide, di-n-
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butyl peroxide, and di cunyl peroxide.
[0191]

Exanpl es of the photo-acid generator include a
sul fonium salt-based acid generator, iodonium salt-based
acid generator, sulfonyldi azonet hane-based acid
generator, N-sulfonyl oxyim de-based acid generator, and
an oxi me- O sul fonat e-based acid generator. Specific
exanpl es of the photo-acid generator include a photo-
aci d generator described in paragraphs [0122] to [0142]
of JP 2008-111103 A, and a photo-acid generator
descri bed in JP 2009-080474 A
[0192]

Note that an additive anount of the radical
generator or the photo-acid generator is preferably in a
range fromO0.1 to 50 parts by mass with respect to 100
parts by mass of the resin.

[0193]
Conmponent (C)

The conposition of the conductive film of the bio-
el ectrode according to the present invention can further
contain, as a conponent (C), one or nore selected from
t he group consisting of a carbon powder, a netal powder
a silicon powder, and a lithiumtitanate powder. The
carbon powder and the metal powder anong the conponent
(C) are added to increase electronic conductivity, and
the silicon powder and the lithiumtitanate powder are
added to increase ion reception sensitivity.

[ 0194]
Met al Powder

To increase electronic conductivity, a nmetal
powder selected fromthe group consisting of gold,
silver, platinum copper, tin, titanium nickel,

al um num tungsten, nolybdenum ruthenium chronme, and
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i ndium can be added to the conposition of the conductive
filmof the bio-electrode according to the present

I nvention. Note that an additive anmount of the netal
powder is preferably in a range from1l to 50 parts by
mass relative to 100 parts by mass of the resin.

[ 0195]

As a kind of the nmetal powder, gold, silver, or
platinumis preferable in ternms of conductivity, and
silver, copper, tin, titanium nickel, alum num
tungsten, nolybdenum ruthenium or chrome is preferable
in terns of price. A precious netal is preferable in
terms of bio-conpatibility. Fromthese vi ewpoints,
silver is the nost preferable on the whole.

[ 0196]

Exanpl es of the shape of the metal powder can
i ncl ude a spherical shape, a disk shape, a flake shape,
and a needl e shape, but a powder in the flake shape
exhi bits the highest conductivity when bei ng added, and
preferable. The metal powder preferably has such a
flake shape with a relatively |ow density and a | arge
specific surface area as that a size thereof is 100 um
or less, a tap density is 5 g/cn? or less, and a
specific surface area is 0.5 n?/ g or nore.

[0197]
Carbon Materi al

As the conductivity inprover, a carbon materi al
can be added. Exanples of the carbon material can
i ncl ude carbon bl ack, black |ead, carbon nanotube, and
carbon fiber. The carbon nanotube may be either single-
wal | carbon nanotube or nultiwall carbon nanotube, and a
surface thereof may be nodified by an organi c group.
Especially, the carbon material is preferably either or

both of the carbon black and the carbon nanotube. An
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addi ti ve amount of the carbon nmaterial is preferably in
a range from1l to 50 parts by mass relative to 100 parts
by nmass of the resin.
[ 0198]
Silicon Powder

The silicon powder can be added to the conposition
of the conductive filmof the bio-electrode according to
t he present invention to increase ion reception
sensitivity. Exanples of the silicon powder can include
powders conposed of silicon, silicon nonoxide, and
silicon carbide. A particle dianeter of the powders is
preferably 100 pym or less, more preferably 1 um or less.
Fi ner particles are capable of receiving nore ions
because a surface area thereof becones |arger, and
constitute a bio-electrode with high sensitivity. An
addi ti ve amount of the silicon powder is preferably in a
range from1l to 50 parts by nmass relative to 100 parts
by mass of the resin.
[ 0199]
Lit hium Ti tanate Power

The lithiumtitanate powder can be added to the
conposition of the conductive film of the bio-electrode
according to the present invention to increase ion
reception sensitivity. Exanples of the lithiumtitanate
power can include a powder shown by nol ecul ar fornul ae
of Li2Ti G, LiTi O, and LiaTisOw2 having a spinel
structure, and a spinel structure product is preferable.
Alternatively, a lithiumtitanate particle conpl exed
with carbon can be used. A particle dianmeter of the
powders 1is preferably 100 um or less, more preferably 1
um or less. Finer particles are capable of receiving
nore ions because a surface area thereof becones | arger,

and constitute a bio-electrode with a high sensitivity.
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These lithiumtitanate powers nay be a powder conpl exed
with carbon. An additive amount of the lithiumtitanate
power is preferably in a range from1 to 50 parts by
mass relative to 100 parts by mass of the resin.
[ 0200]
Opti onal Conponent

The conposition of the conductive film of the bio-
el ectrode according to the present invention can contain
an optional conponent such as a tackifier, a cross-
i nker, a cross-linking catalyst, an ionic additive, and
an organi c sol vent.
[ 0201]
Tacki fier

The tackifier may be added to the conposition of
t he conductive filmof the bio-el ectrode according to
t he present invention to add adhesi veness with respect
to the living body. Exanples of the tackifier can
I nclude a silicone resin, non-cross-Ilinked sil oxane,
non-cross-1|inked poly(neth)acrylate, and non-cross-
i nked pol yet her.
[ 0202]
Cross-|inker

An epoxy-based cross-linker can be added to the
conposition of the conductive film of the bio-electrode
according to the present invention. The cross-Ilinker in
this case is a conpound having a plurality of epoxy
groups or oxetane groups within one nolecule. An
addi ti ve amount of the cross-linker is 1 to 30 parts by
mass relative to the 100 parts by nass of the resin.
[ 0203]
Cross-1inking Catalyst

A catalyst for cross-linking the epoxy groups or

t he oxetane groups can be added to the conposition of
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t he conductive filmof the bio-el ectrode according to

t he present invention. As the catalyst in this case, a
catal yst described in paragraphs [0027] to [0029] of JP
2019-503406 A can be used. An additive amount of the
catalyst is 0.01 to 10 parts by mass relative to 100
parts by mass of the resin.

[ 0204]

lonic Additive

An ionic additive for increasing ion conductivity
can be added to the conposition of the conductive film
of the bio-electrode according to the present invention.
I n consideration of bio-conpatibility, exanples of the
ionic additive can include sodium chloride, potassium
chloride, calciumchloride, saccharin, acesulfane
potassium and salts described in JP 2018-044147 A, JP
2018- 059050 A, JP 2018-059052 A, and JP 2018-130534 A
[ 0205]

The conposition of the conductive film of the bio-
el ectrode according to the present invention can contain
a silicone conpound having a polyglycerol group shown by
the follow ng general formula (4). A blending amunt of
the silicone conpound having the pol yglycerol group is
preferably 0.01 to 100 parts by mass, nore preferably
0.5 to 60 parts by nass relative to 100 parts by mass of
t he component (A). One kind of the silicone conpound
havi ng the pol ygl ycerol group may be used al one, or two
or nmore kinds thereof may be used in conbi nation.
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(In the formula, R! represents identical or non-
identical a |inear or branched al kyl group having 1 to
10 carbon atoms or a phenyl group, R2 represents a group
havi ng a pol ygl ycerol group structure shown by the
formula (4)-1 or (4)-2, R3 and R* are identical or non-
identical Rl or R2. R4 and R* may be coupled to each

other to be an ether group and forma ring. a

represents 0 to 6, “b” represents 0 to 4, and “a + b”
represents 0 to 10. Note that at |east one R3
represents RZ when b is 0. R° represents an al kyl ene
group having 2 to 10 carbon atons or an aral kyl ene group

having 7 to 10 carbon atons, “c” represents 0 to 10, and
“d” represents 2 to 6.)
[ 0206]
Exanpl es of the silicone conpound having the
pol ygl ycerol group can include the follow ng.

[ 0207]
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[ 0208]
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[ 0209]
Or gani ¢ Sol vent

The organi ¢ solvent can be added to the
conposition of the conductive film of the bio-electrode
according to the present invention. Specific exanples
of the organic solvent can include an aromatic
hydr ocar bon- based sol vent such as tol uene, xylene,

cunene, 1,2,3-trimethyl benzene, 1,2,4-trinethyl benzene,
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1,3,5-trinmethyl benzene, styrene, al pha-nethyl styrene,
butyl benzene, sec-butyl benzene, isobutyl benezene, cynene,
di et hyl benzene, 2-ethyl-p-xylene, 2-propyltoluene, 3-
propyl t ol uene, 4-propyltoluene, 1,2,3,5-
tetranmet hyl tol uene, 1,2,4,5-tetranethyltol uene,

t et rahydr onapht hal ene, 4-phenyl-1-butene, tert-

anyl benzene, anyl benzene, 2-tert-butyltoluene, 3-tert-
butyl t ol uene, 4-tert-butyltoluene, 5-isopropyl-mxylene,
3-net hyl et hyl benzene, tert-butyl-3-ethyl benzene, 4-tert-
butyl - o- xyl ene, 5-tert-butyl-mxylene, tert-butyl-p-

xyl ene, 1,2-diisopropyl benzene, 1, 3-diisopropyl benzene,
1, 4-diisopropyl benzene, dipropyl benzene,

pent amet hyl benzene, hexanet hyl benzene, hexyl benzene, and
1,3,5-triethyl benzene; an aliphatic hydrocarbon-based
sol vent such as n-heptane, isoheptane, 3-nethyl hexane,
2, 3-di net hyl pent ane, 3-ethyl pentane, 1, 6-heptadi ene, 5-
met hyl - 1- hexyne, norbornane, norbornene,

di cycl opent adi ene, 1-nmethyl -1, 4-cycl ohexadi ene, 1-
heptyne, 2-heptyne, cycl oheptane, cycl oheptene, 1, 3-

di net hyl cycl opent ane, et hyl cycl opent ane,

met hyl cycl ohexane, 1-nmethyl-1-cycl ohexene, 3-nethyl-1-
cycl ohexene, nethyl enecycl ohexane, 4-nethyl-1-

cycl ohexene, 2-nethyl-1-hexene, 2-nethyl-2-hexene, 1-
hept ene, 2-heptene, 3-heptene, n-octane, 2, 2-

di net hyl hexane, 2, 3-di nmet hyl hexane, 2, 4-di net hyl hexane,
2, 5-di net hyl hexane, 3, 3-di net hyl hexane, 3, 4-

di met hyl hexane, 3-ethyl-2-nethyl pentane, 3-ethyl-3-

nmet hyl pent ane, 2-net hyl heptane, 3-nethyl hept ane, 4-

nmet hyl hept ane, 2,2, 3-tri nmethyl pentane, 2,2, 4-

tri met hyl pentane, cycl ooctane, cyclooctene, 1, 2-

di met hyl cycl ohexane, 1, 3-di nethyl cycl ohexane, 1, 4-

di met hyl cycl ohexane, ethyl cycl ohexane, vinylcycl ohexane,
i sopropyl cycl opent ane, 2, 2-di net hyl - 3- hexene, 2, 4-
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di net hyl - 1- hexene, 2, 5-di net hyl - 1- hexene, 2, 5-di net hyl -
2- hexene, 3, 3-di net hyl - 1-hexene, 3, 4-di nmethyl-1-hexene,
4, 4-di et hyl - 1- hexene, 2-ethyl-1-hexene, 2-nethyl-1-
hept ene, 1-octene, 2-octene, 3-octene, 4-octene, 1,7-
oct adi ene, 1-octyne, 2-octyne, 3-octyne, 4-octyne, n-
nonane, 2, 3-di net hyl hept ane, 2, 4-di nmet hyl hept ane, 2, 5-
di met hyl hept ane, 3, 3-di net hyl hept ane, 3, 4-

di met hyl hept ane, 3, 5-di net hyl hept ane, 4-ethyl heptane, 2-
nmet hyl oct ane, 3-net hyl octane, 4-nethyl octane, 2,2, 4, 4-
tetranet hyl pentane, 2,2, 4-trinmethyl hexane, 2,2, 5-

tri met hyl hexane, 2, 2-di net hyl -3-heptene, 2, 3-di net hyl - 3-
hept ene, 2, 4-di nmet hyl - 1-heptene, 2,6-dinethyl-1-heptene,
2, 6-di met hyl - 3- hept ene, 3, 5-di nethyl -3-heptene, 2,4, 4-
trimethyl-1-hexene, 3,5,5-trinmethyl-1-hexene, 1-ethyl-2-
met hyl cycl ohexane, 1-ethyl-3-nethyl cycl ohexane, 1-ethyl-
4- met hyl cycl ohexane, propyl cycl ohexane,

i sopropyl cycl ohexane, 1,1, 3-trinethylcyclohexane, 1,1, 4-
trimethyl cycl ohexane, 1,2,3-trinmethylcyclohexane, 1,2, 4-
trimethyl cycl ohexane, 1,3,5-trinethylcyclohexane,

al lyl cycl ohexane, hydrindane, 1, 8-nonadi ene, 1-nonine,
2-noni ne, 3-nonine, 4-nonine, 1l-nonene, 2-nonene, 3-
nonene, 4-nonene, n-decane, 3, 3-dinethyl octane, 3, 5-

di met hyl oct ane, 4, 4-di net hyl oct ane, 3-ethyl - 3-

nmet hyl hept ane, 2-net hyl nonane, 3-nethyl nonane, 4-

met hyl nonane, tert-butyl cycl ohexane, butyl cycl ohexane,

i sobutyl cycl ohexane, 4-isopropyl-1-methylcycl ohexane,
pentyl cycl opentane, 1,1, 3,5-tetranethyl cycl ohexane,

cycl ododecane, 1-decene, 2-decene, 3-decene, 4-decene,
5-decene, 1, 9-decadi ene, decahydronapht hal ene, 1-decyne,
2-decyne, 3-decyne, 4-decyne, 5-decyne, 1,5,9-decatriene,
2,6-dinmethyl-2,4,6-octatriene, |inonene, nyrcene,

1,2, 3,4, 5-pentanet hyl cycl opent adi ene, al pha-phell andrene,

pi nene, terpinene, tetrahydrodicycl opentadiene, 5, 6-
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di hydr odi cycl opent adi ene, di cycl opent adi ene, 1, 4-

decadi yne, 1,5-decadiyne, 1,9-decadiyne, 2,8-decadiyne,
4, 6- decadi yne, n-undecane, anyl cycl ohexane, 1l-undecene,
1, 10-undecadi ene, 1-undecyne, 3-undecyne, 5-undecyne,
tricyclo[6.2.1.027]undeca-4-ene, n-dodecane, n-tridecane,
2- met hyl undecane, 3-net hyl undecane, 4-nethyl undecane, 5-
nmet hyl undecane, 2, 2, 4, 6, 6- pent anet hyl hept ane, 1, 3-

di met hyl adamant ane, 1-et hyl adamant ane, 1,5, 9-

cycl ododecatriene, 1,2,4-trivinylcyclohexane, and

i soparaffin; a ketone-based solvent such as

cycl ohexanone, cycl opentanone, 2-octanone, 2-nonanone,
2- hept anone, 3-heptanone, 4-heptanone, 2-hexanon, 3-
hexanon, diisobutyl ketone, nmethylcycl ohexanone, and

met hyl n-pentyl ketone; an al cohol -based sol vent such as
3- net hoxybut anol , 3-nmet hoxy- 3- net hyl but anol, 1-nethoxy-
2- propanol, and 1-ethoxy-2-propanol; an ether-based

sol vent such as propyl ene glycol nononethyl ether,

et hyl ene gl ycol nononet hyl ether, propylene glycol
nonoet hyl et her, ethylene glycol nonoethyl ether,

propyl ene glycol dinmethyl ether, diethylene glycol
mononet hyl et her, diethylene glycol nonoethyl ether,

di et hyl ene gl ycol nonopropyl ether, diethylene glycol
nmonobutyl ether, diethylene glycol nonopentyl ether,

di et hyl ene gl ycol nonoheptyl ether, diethylene glycol

di et hyl ether, diethylene glycol dipropyl ether,

di et hyl ene gl ycol dibutyl ether, diisopropylether,

di i sobutyl ether, diisopentyl ether, di-n-pentylether,
met hyl cycl opentyl ether, nethyl cyclohexyl ether, di-n-
butyl ether, di-sec-butyl ether, diisopentyl ether, di-
sec-pentyl ether, di-tert-anyl ether, di-n-hexyl ether,
and ani sol e; an ester-based sol vent such as propyl ene

gl ycol nononet hyl ether acetate, propylene glycol

nonoet hyl et her acetate, ethyl lactate, ethyl pyruvate,
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butyl acetate, 3-nethoxypropionic acid nethyl ester, 3-
et hoxypropionic acid ethyl ester, tert-butyl acetate,
tert-butyl propionate, and propyl ene glycol nono-tert-
butyl ether acetate; a | actone-based sol vent such as
ganma- but yrol actone; and water.

[ 0210]

Note that an additive anount of the organic
solvent is preferably in a range from 10 to 50,000 parts
by mass relative to 100 parts by nass of the resin.
[0211]

Ot her Additives

Silica particles can be m xed with the conposition
of the conductive filmof the bio-electrode according to
t he present invention. The silica particles have
hydrophilic surfaces, are well conpatible with a
hydrophilic ion polynmer and polyglycerol silicone, and
are capabl e of enhancing dispersibility of the ion
pol ymer and the polyglycerol silicone with respect to a
hydr ophobi c silicone adhesive. Either dry silica
particles or wet silica particles can be preferably used.
Silica particles modified by fluorosul fonam de salts or
fluorosul fonimde salts can al so be added.

[0212]

The conposition of the conductive film described
above is mxed, and filtered as necessary, and a
solution of the conductive filmis thereby produced.
[0213]

Bi 0- el ectrode

The bi o-el ectrode according to the present
invention will be described in detail below wth
reference to the drawi ngs, but the present invention is
not limted thereto.

[ 0214]
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FIG 1 shows a cross section of the bio-electrode
10 according to the present invention. The bio-
el ectrode 10 i ncludes the porous, stretchy base materi al
1, the conducting path 2, the conductive film 3, and the
rel ease liner 4. The porous, stretchy base material 1
i ncludes the non-woven fabric 1-1, the adhesive |ayer 1-
2, and the reinforcing film1-3. The conducting path 2
I ncludes the upper snap 2-1 and the |lower snap 2-2. The
bi o- el ectrode 10 has such a shape as to protrude by a
t hi ckness of the conductive film 3 and has a
configuration that the conductive film3 nore easily
adheres to the skin.

[ 0215]

FIG 2 is a schematic cross-sectional expl oded
illustration showi ng conponents of the bio-electrode
according to the present invention. FIG 3 is a
schematic bird s-eye illustration show ng the conponents
of the bio-electrode according to the present invention.
As the conducting path penetrating the non-woven fabric
1-1 serving as the porous, stretchy base materia
(porous film, the upper snap 2-1 and the | ower snap 2-2
t hat sandw ch the top and bottom of the non-woven fabric
1-1 are shown. The reinforcing film21-3 nmay be | ocated
to be in contact with the conductive film3 as shown in
FIG 1, may be located on the surface of the non-woven
fabric 1-1 on the opposite side of the skin, or may be
| ocated on both sides. Alternatively, there may be no
reinforcing film1-3. The reinforcing film1-3 may have
el ectric conductivity. To have electric conductivity, a
plastic filmsurface may be covered with a conductive
filmof silver, copper, iron, stainless used steel (SUS),
silver chloride, or the like, the netal film may be used,

or a fiber cloth coated with a nmetal may be used.
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[ 0216]

The porous filmis used for allowing the skin to
breat he, and has stretchiness. The porous film has at
| east the stretchiness of 5% preferably 10% or nore.
The porous filmmy have a fibrous form or my be a
menbrane fil m having continuous holes. As the fibrous
film a non-woven fabric is preferable. Exanples of a
material of the porous film can include polyethyl ene,
pol ypropyl ene, polystyrene, nylon, polycarbonate,
pol yet hyl ene terephthal ate (PET), polyethylene
napht hal ate (PEN), pol yurethane, polyin de, and
tetrafl uoroethyl ene. Fibers used for the porous film
such as the non-woven fabric and the nmenbrane film may
be subjected to antimcrobial treatment. The total film
t hi ckness of the porous, stretchy base material and the
conductive filmin conmbination is 1 nmor |ess,
preferably 800 um or less, more preferably 500 um or
|l ess. When the filmthickness is small, the bio-
el ectrode is confortable to be worn with a |l ess feeling
of wearing. When the filmthickness is too small,
however, the bio-electrode gets winkled when the
rel ease linear is peeled off and the bio-electrode is
attached, and becones easy to cone off due to decreased
filmstrength. Thus, an optimum filmthickness needs to
be selected, and can be, for example, 5 um or more.
[0217]

The adhesive layer 1-2 made of an adhesive can be
attached to the porous film 1In a case where the
adhesi veness of the conductive filmalone is
insufficient, the adhesive |ayer around the conductive
filmis effective to prevent the bio-electrode from
peeling away. As the adhesive for the porous film the

above-descri bed silicone-based adhesive, acrylic-based
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adhesi ve, and uret hane-based adhesive can be used.
However, in a case where the adhesiveness of the
conductive filmis sufficiently high, the adhesive |ayer
of the porous filmis not necessarily required.

[ 0218]

The conducting path that penetrates the porous
filmis preferably a snap-type conducting path, but may
not have a sandw ching form and the snaps may be
substituted by wiring. A material of the snaps may be a
metal or conductive carbon. The conducting path
preferably contains one or nore selected fromthe group
consisting of gold, silver, silver chloride, platinum
al um num nmagnesium tin, tungsten, iron, copper, nickel,
stainl ess-steel, chronme, titanium carbon, and a
conductive polynmer. Each snap does not need to be
conductive to the inside. In this case, only a surface
of a resin snap is coated with a metal or carbon. In a
case of a gel electrode, a surface of the gel electrode
in contact with a gel on a | ower surface of the | ower
snap needs to be made of silver chloride. However,
since the ion polymer according to the present invention
has hi gh pol arization, the bio-electrode is capable of
transmtting an electric signal w thout using a
reduction reaction of silver chloride, and thus there
may be or may not be silver chloride.

[ 0219]

In a case where the inside of each snap is made of
a resin and the snap is coated with carbon, the bio-
el ectrode passes X rays when an x-ray radi ograph is
taken with the bio-electrode being attached to the skin,
and thus does not becone a shadow. In a case where each
snap is coated with a precious netal such as gold,

pl ati num and silver, in addition to carbon, the bio-
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el ectrode is favorable even under an intense nagnetic
field environment such as magnetic resonance i nmagi ng
(MRI) wi thout generating heat.

[ 0220]

The reinforcing film1-3 shown in FIGs. 2 and 3 is
inserted to relax stress on an interface between the
soft, stretchy non-woven fabric 1-1 and the hard | ower
snap 2-2. A PET film a PEN film a thernoplastic
pol yuret hane (TPU) film or the like can be applied to
the reinforcing film1-3. Since the reinforcing film 1-
3 is used only for the purpose of stress rel axation,
there may be or may not be the reinforcing film 1-3.

[ 0221]
Producti on Method for Bio-el ectrode

FIG 4 shows an exanple of the production nethod
for the bio-electrode according to the present invention.
A non-woven fabric sheet with the adhesive layer is
perforated and a top and bottomthereof is sandw ched by
the snaps. In a case where the reinforcing filmis used,
the reinforcing filmis preferably sandwi ched between
t he non-woven fabric sheet with the adhesive | ayer and
the | ower snap. The adhesive conductive film containing
silicone is printed on the release liner. Exanples of a
printing nmethod can include screen printing, stenci
printing, flexographic printing, gravure printing, and
i nk-jet printing. After printing, baking is perforned
for drying of the solvent and curing. Finally, the
conductive filmis crinped onto the snap with the
rel ease |liner being attached thereto, and the bio-
el ectrode is thereby produced.

[ 0222]
The bi o-el ectrode according to the present

invention is preferably a bio-electrode in which top of

127



the conductive filmis covered with the release |iner.
Alternatively, it is possible to produce the bio-

el ectrode by applying the adhesive conductive film
containing silicone onto the entire surface of the

rel ease liner, evaporating the solvent, curing the film
by baking or the |ike, thereafter covering the other
surface of the filmwth the release liner, cutting into
a predeterm ned shape with | aser or a sharp bl ade,
peeling off the release |liner on the one side, and
crinmping the conductive filmonto the snap with the one
side of the release |iner being attached thereto.

[ 0223]

In a case where the adhesive conductive film
containing silicone is applied to the entire surface of
the release liner, the conductive filmcan be applied to
the release liner on a plate using a bar coater or a
roll coater, or can be continuously applied to the
release liner on a roll by a roll-to-roll process. The
filmthickness of the adhesive conductive filmis
preferably in a range from 1 to 1000 um, more preferably
in a range from 5 to 500 um.

[ 0224]

The above-nentioned release liner is selected from
t he group consisting of a fluorine resin, polyethylene,
pol ypropyl ene, cyclic polyolefin, polyethylene
t erepht hal ate, pol ybutyl ene terephthal ate, pol yethyl ene
napht hal at e, pol ybutyl ene napht hal ate, pol yvi nyl
chl ori de, polynethyl methacryl ate, polyvinyl acetate,
pol ystyrene, polynethyl pentene, polyimde, polyphenyl ene
sul fide, polysul fone, polyethersulfone, polyetherketone,
pol yam de-i m de, pol yetherim de, polyacetal
pol ycar bonat e, pol yphenyl ene ether, polyacrylonitrile,

cel | ophane, and paper, and a fluorine-based peeling
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agent or silicone/fluorine-based peeling agent is
preferably applied to the release liner other than the
rel ease liner consisting of the fluorine resin. Each of
these materials for the base material may be used al one,
but may be a base material obtained by |amnating a
plurality of materials. For exanmple, when a silicone
adhesi ve solution is applied onto fibers such as paper,
the solution soaks into the fibers, and the rel ease

| i ner beconmes unable to be peeled off after being cured.
Hence, another plastic filmis pasted onto the paper

and a top of the plastic filmis coated with a fluorine-
based peeling agent.

[ 0225]

Since the release |iner needs to be peeled off the
conductive film the base material preferably does not
have stretchiness for snooth peel-off.

[ 0226]

To peel off the silicone adhesive-based conductive
film a fluorine-based peeling agent needs to be applied
onto the base material of the release |iner.
Specifically, the release liner is coated with, for
exanpl e, a fluorosilicone peeling agent described in JP
2011- 201033 A and JP 2020-100764 A as the peeling agent.
[ 0227]

In a case where the adhesive conductive filmis
sandwi ched by two release liners, each release liner is
cut into a specific shape, and thereafter one of the
release liners is peeled off and an adhesive surface
thereof is attached to the | ower snap. However, there
is a case where differential peeling does not occur when
one release liner is peeled off. In a case where pee
forces of the release liners are equal, the differential

peeling becones difficult. 1In this case, the peeling
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force needs to be changed by changing of a kind of the
peel i ng agent of either one of the release liners or a

t hi ckness of the base material. The thicker the base
material is, the peeling force tends to be larger. Thus,
in a case where the identical peeling agent is used, two
sheets of release liner base materials having different
filmthicknesses are used.

[ 0228]

Alternatively, the adhesive conductive filmis
applied onto a release liner, and another release |liner
having a fibrous form fine irregularities forned
t hereon, or holes formed therein can be used as the
other release |liner. The release liner having the
fibrous form the fine irregularities formed thereon, or
the holes formed therein is capable of mtigating a
peeling force because of its small contact area with
respect to the adhesive conductive film and the issue
of differential peeling is unlikely to occur.

[ 0229]

The adhesi ve conductive film does not contain a
vol atil e conmponent such as water unlike the gel
el ectrode, and thus does not degrade in perfornmance due
to evaporation of the conponent. Hence, the adhesive
conductive filmis covered with the release liner having
the fibrous formor the holes formed therein, and can be
t hereby stored for a |l ong period of tine.

[ 0230]

FIG 5 shows a case where the conductive filmis
applied to the entire surface of the rel ease |iner.
Exanpl es of an application nethod can include rol
coating, bar coating, slit coating, spray coating, and
spin coating. After application and baking, the rel ease

liner is cut into a predeterm ned size, and crinped and
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transferred onto the | ower snap. Since the transferred
release liner is present only in a region of the
conductive film the release liner is replaced with a
rel ease liner having a | arge area to cover a surrounding
adhesi ve porti on.

FIG 5 shows a case where one surface of the
conductive filmis covered with the release liner. FIG
6 shows a case where both surfaces of the conductive
filmare covered with the respective release liners.

[ 0231]

In FIG 7, the non-woven fabric whose top and
bottom are sandw ched by the snaps is flipped vertically,
and the conductive filmis directly formed on the | ower
snap. In the formation of the conductive film since
there is the adhesive |ayer on the periphery, a non-
contact printing method is preferable to prevent the
conductive filmfrombeing in contact with the adhesive
| ayer. Exanples of the non-contact printing can include
i nk-jet printing and nozzle-jet printing.

[ 0232]

By maki ng a conparison of processes in FIGs. 4, 5,
and 6, the process in FIG 4 is preferable because of
its sinplicity and high throughput. The sinplest
process anong processes in FIGs. 4 to 7 is a process in
FIG 7.

[ 0233]

In FIG 8, a wiring line is extended fromthe
| ower snap in substitution for the upper snap, and a
femal e connector is attached to a termnal of the wiring
line. FIG 9 shows a male connector. Only the | ower
snap can be arranged w thout the upper snap.

[ 0234]
FIG 10 shows a photograph of a bio-el ectrode that
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has been actually produced. A conductive filmside in
bl ack, which is to be attached to the skin, is shown as
the front side on the left, and an upper snap side is
shown as the front side on the right.

[ 0235]

FIGs. 11 and 12 each show a thickness of the
produced bio-electrode shown in FIG 10. The bio-
el ectrode has such a thin filmconfiguration as that the
film thickness of the conductive film is 20 um, and the
total filmthickness of the porous filmand the
conductive film in combination is 390 um.

[ 0236]

FIG 13 shows a size of each conponent of the
produced bi o-electrode shown in FIG 10.

[ 0237]

The snap for extracting a bio-signal can al so be
arranged outside the conductive film \When the snap for
the bio-electrode attached to the skin is connected to a
measur enent apparatus, the center snap type shown in FIG
1 applies slight stress, which causes the conductive
film3 to conme off the skin. Thus, there is a case
where sensitivity to the bio-signal decreases. To
reduce stress applied to the conductive film 3 when the
snap for the bio-electrode is connected to the
measur enment apparatus, the bio-electrode preferably has
a configuration in which the snap is arranged outside
t he conductive filmas shown in FIG 14. 1In this case,
t he conductive film3 and the | ower snap 2-2 need to be
connected to each other by a conductive wiring line 1-5
as the conducting path. The conductive wiring line 1-5
preferably has stretchiness. FIG 14 shows the
conductive wiring line 1-5 forned on a film1-4. Each

of the film1-4 and the conductive wiring line 1-5
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preferably has stretchiness. The conductive wiring |ine
havi ng an accordi on shape has stretchiness. The
stretchy, conductive wiring line is preferable because a
i near wiring |layout can be used and an area thereof is
small. In this case, for exanple, a polyurethane sheet
is preferable as the stretchy film A conductive paste
i n which a conductive filler and a solvent are mxed in
a stretchy resin is printed to formthe conductive
wiring line.
[ 0238]

FIG 15 is a schematic cross-sectional
il lustration showi ng an exanple of a conponent
configuration before the bio-electrode according to the
present invention is assenbled. The upper snap 2-1 and
the | ower snap 2-2 are arranged outside the conductive
film 3.
[ 0239]

FIG 16 is a schematic bird s-eye illustration
showi ng an exanple of a conponent configuration before
t he bi o-el ectrode according to the present invention is
assenbl ed. The upper snap 2-1 and the | ower snap 2-2
are arranged outside the conductive film 3.
[ 0240]

As shown in FIG 17, the upper snap 2-1 can al so
be made flat. 1In this case, the upper snap 2-1 and a
code term nal of the neasurenment apparatus can be
coupled to each other using a magnetic force.
[ 0241]

Alternatively, as shown in FIG 18, the upper snap
2-1 and the | ower snap 2-2 can be arranged outside the
conductive film3, and the | ower snap 2-2 can be covered
with the conductive film3. 1In this case, since the

conductive film3 is in contact with both the conductive
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wiring line 1-5 and the conductive | ower snap 2-2, the
bi o- el ectrode can mani fest high conductivity.
[ 0242]

FIG 19 is a schematic cross-sectional
illustration showi ng an exanpl e of a conponent
configuration before the bio-electrode according to the
present invention is assenbled. The upper snap 2-1 and
the | ower snap 2-2 are arranged outside the conductive
film3, and the |lower snap 2-2 is covered with the
conductive film 3.

[ 0243]

FIG 20 is a schematic bird s-eye illustration
show ng an exanple of a conponent configuration before
t he bi o-el ectrode according to the present invention is
assenmbl ed. The upper snap 2-1 and the | ower snap 2-2
are arranged outside the conductive film3, and the
| ower snap 2-2 is covered with the conductive film 3.

[ 0244]

FIG 21 shows a photograph of the bio-el ectrode
produced according to an enbodi nent of the present
I nvention. The upper snap 2-1 and the | ower snap 2-2
are arranged outside the conductive film3, and the
| ower snap 2-2 is covered with the conductive film 3.

[ 0245]

Alternatively, as shown in FIG 22, the upper snap
2-1 and the | ower snap 2-2 sandw ching the conductive
wiring line 1-5 formed on the stretchy filmcan be
arranged on the opposite side of the non-woven fabric 1-
1.

[ 0246]

FIG 23 shows a photograph of the bio-el ectrode

t hat has been actually produced. The conductive film

side in black, which is to be attached to the skin, is
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shown as the front side on the |left, and the upper snap
side is shown as the front side on the right.
[ 0247]

As shown in FIG 24, the snap may not be attached.
FI G 25 shows a photograph of a bio-electrode that has
been actually produced. The conductive filmside in
bl ack, which is to be attached to the skin, is shown as
the front side on the left, and the conductive wring
line side is shown as the front side on the right. 1In
this case, as shown in FIG 26, the bio-electrode is
sandw ched by conductive clips or the like to be
conducted with a device.

[ 0248]

As shown in FIG 27, a conductive wiring line
printed on the stretchy film can be substituted by
conductive fibers 1-6 as the conducting path. The
conductive fibers, in a configuration in which the
surface of the fibers is coated with a netal or a
conducti ve pol yner, has both stretchiness and
conductivity.

[ 0249]

The present invention relates to the bio-electrode
i ncludi ng the adhesive, conductive filmformed on the
non-woven fabric that allows the skin to breathe, and
may have hol es for escaping sweat to the outside. This
I s because, when sweat is accunul ated between the skin
and the conductive film the conductive film cones off
the skin and the sensitivity to a bio-signal decreases.
FIG 28 shows a case where the conductive filmand the
conductive wiring line are perforated. FIG 29 shows a
case where the non-woven fabric is additionally
perforated. FIG 30 shows a case where the adhesive

| ayer and the non-woven fabric outside the conductive
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filmare al so perforated.
[ 0250]

Each hole in FIGs. 28 to 30 preferably has a size
of 3 M or less in dianmeter, preferably 2 nmor less in
di ameter, and preferably has such an area as that a void
ratio is 20% or less. When the area of a perforated
portion is 20% or nore, the bio-electrode comes off the
skin due to decreased strength, and the area of a
portion of the bio-electrode is reduced, whereby the
sensitivity to a bio-signal decreases.

[ 0251]

As shown in FIG 31, the conductive wiring line 1-
5 can al so be arranged on the conductive film 3 side.
In this case, since the conductive wiring line 1-5 does
not penetrate the non-woven fabric 1-1, the bio-
el ectrode can be nore easily produced.

[ 0252]

As shown in FIG 32, the conductive wiring |line
and the filmcan be replaced with the conductive fibers
1-6.

[ 0253]

Each conmponent of the bio-electrode according to
the present invention will be described in a nore
detail ed manner herei nbel ow.

[ 0254]
Li vi ng Body Contact Layer

The bi o-el ectrode according to the present
i nvention includes the adhesive, conductive filmthat
contains silicone and that serves as the |iving body
contact |ayer formed on the conducting path that
penetrates the porous film This conductive filmis a
portion that is actually in contact with the |iving body

when the bio-electrode is used, and has conductivity and
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adhesi veness. The conductive filmis a cured product of
t he conposition of the conductive film of the bio-

el ectrode according to the present invention described
above, that is, an adhesive resin |ayer containing
silicone and additives such as the ionic materia
(salts) (A) and the resin (B) described above.

[ 0255]

Note that as an adhesive force of the conductive
filmis preferably in a range of 0.5 N 25 nm or nore and
20 N'25 mmor less. As a nethod of nmeasuring the
adhesive force, a nethod shown in JIS Z 0237 is
generally used. As the base material, a nmetal substrate
such a SUS (stainless-steel) substrate and a PET
substrate can be used, but the adhesive force can al so
be measured with the human skin. Surface energy of the
human skin is |ower than that of netals and various
pl astics and close to that of Teflon (registered
trademark), and the human skin has | ess adhesiveness.

[ 0256]

The thickness of the conductive filmof the bio-
electrode is preferably 1 um or more and 5 mm or less,
more preferably 2 um or more and 3 mm or less. As the
conductive filmbecomes thinner, the adhesive force
becones | ower, but the conductive film becones nore
flexible, lighter, and nore conpatible to the skin. The
t hi ckness of the conductive film can be selected in view
of adhesiveness and a texture wth the skin.

[ 0257]

In the bio-electrode according to the present
i nvention, another adhesive filmaside fromthe
conductive filmmay be arranged to prevent the
conductive filmfromcomng off the |living body when

used simlarly to a conventional bio-electrode (for
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exanpl e, the bio-electrode described in JP 2004-033468
A). In a case where another adhesive filmis arranged,

t he adhesive filmis only required to be formed using an
acrylic-based adhesive filmmaterial, a urethane-based
adhesive filmmaterial, a silicone-based adhesive film
material, or the |like. Especially, the silicone-based
adhesive film mterial has high oxygen perneability, and
t hereby allows the skin to breathe while the bio-

el ectrode remains to be attached to the skin. The
adhesive filmmterial of the silicone type has high

wat er repellency, and thus is |l ess susceptible to a
decrease in adhesiveness due to sweat. Furthernore, the
adhesive filmmterial of the silicone type is

pref erabl e because of its property of being |ess
irritating to the skin. Note that in the bio-electrode
according to the present invention, since the addition
of the tackifier to the conposition of the conductive
filmor the use of the resin having preferable

adhesi veness to the living body can prevent the bio-

el ectrode fromcom ng off as descri bed above, the above-
menti oned adhesive filmis not necessarily arranged
separately.

[ 0258]

The wiring |line between the bio-el ectrode
according to the present invention and the sensor device
and ot her menbers when the bio-electrode is used as a
wear abl e device are not specifically limted. For
exanple, a joining part to be joined with a hook
described in JP H5-082405 A and JP H5- 009505 A may be
used. In this case, the hook protruding fromthe bio-
el ectrode is connected to a conductive wiring |ine,
wher eby the bio-electrode is connected to the device.

Alternatively, a stretchy base material on which wring
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formed by printing described in JP 2004-033468 A and a
devi ce are nounted can be attached to the skin. In this
case, electrocardi ogram neasurenent during bathing or
showeri ng becones possible with use of a water-proof
devi ce.

[ 0259]

Production Method for Bio-el ectrode

The present invention provides a production nethod
for a bio-electrode that includes preparing a conducting
path that penetrates a porous, stretchy base material,
or preparing a conducting path on the stretchy base
material so that the conducting path is exposed on a
side surface of the stretchy base material and formng
an adhesive, conductive filmcontaining silicon so as to
be connected to one side of the conducting path, the one
side being attached to the skin.

[ 0260]

At this time, it is preferable to formthe
adhesi ve, conductive filmcontaining silicon on one side
of the conducting path that penetrates the porous,
stretchy base material, or the conducting path that is
on the stretchy base material and exposed on the side
surface of the stretchy base material, the one side
bei ng attached to a skin, by transferring the formed,
adhesi ve, conductive filmcontaining silicon onto a
rel ease linear or by directly printing the forned,
adhesi ve, conductive filmcontaining silicon onto the
conducti ng pat h.

[ 0261]

Furthernmore, it is preferable to formthe bio-
el ectrode by applying an adhesive, conductive film
material containing silicon onto the rel ease |inear and

curing the adhesive, conductive filmmaterial.
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[ 0262]

Note that the porous, stretchy base material, the
conductive film and the |like used in the production
met hod for the bio-electrode according to the present
i nvention may be simlar to those descri bed above.

[ 0263]

Whil e a nmethod of applying the conposition of the
conductive filmonto the conducting path is not
specifically limted, exanples of the nmethod include a
met hod of directly applying the conposition and a nethod
of applying the conposition onto another substrate and
thereafter transferring the conposition. 1In either
met hod, for exanple, nethods such as dip coating, spray
coating, spin coating, roll coating, flow coating,
doctor coating, screen printing, flexographic printing,
gravure printing, and ink-jet printing are preferable.

[ 0264]

I n addition, the conposition of the conductive
filmcan be applied onto the stretchy base material. A
met hod of applying the conposition of the conductive
filmonto the stretchy base material is not specifically
limted, and the above-nentioned nmethod is preferable.

[ 0265]

A nmet hod of curing the conposition of the
conductive filmis not specifically Iimted, and may be
sel ected as appropri ate dependi ng on kinds of the
conmponents (A) and (B) used in the conposition of the
conductive film For exanple, it is preferable to cure
t he conmposition of the conductive filmusing either or
both of heat and light. Alternatively, it is possible
to cure the conposition of the conductive film by addi ng
a catalyst that generates an acid or a base to the

above-nmenti oned conposition of the conductive film and
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t hereby causing a cross-1linking reaction.
[ 0266]

Note that a tenperature for heating is not
particularly limted, and may be sel ected as appropriate
dependi ng on ki nds of the conmponents (A) and (B) used in
t he conposition of the conductive film and is, for
exanpl e, preferably about 50 to 250°C
[0267]

Additionally, in a case of conbining heating and
l'ight irradiation, heating and light irradiation may be
si mul t aneously perfornmed, heating may be perforned after
l'ight irradiation, or light irradiation my be perfornmed
after heating. Alternatively, air drying may be
perfornmed for the purpose of evaporating the solvent
before heating after film coating.

[ 0268]

Putting water droplets onto the surface of the
cured conductive filmor spraying water vapor or m st
onto the surface of the cured conductive filmincreases
conpatibility with the skin, and thereby enabl es quick
obtaining of a bio-signal. It is also possible to use
water m xed with alcohol to fine a size of droplet of
wat er vapor or mst. It is also possible to bring the
surface of the filminto contact with absorbent cotton
or a cloth containing water and noi sten the surface of
the film
[ 0269]

Water with which the surface of the cured
conductive filmis noistened nmay contain a salt. Water-
soluble salts to be mxed with water are preferably
selected fromthe group consisting of sodiumsalts,
potassium salts, calciumsalts, magnesium salts, and

bet ai ne.
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[ 0270]

The water-soluble salts can be, specifically,
salts selected fromthe group consisting of sodium
chl ori de, potassium chloride, calciumchloride,
magnesi um chl ori de, saccharin sodium salts, acesulfanme
pot assi um sodi um carboxyl ate, potassi um car boxyl at e,
cal cium carboxyl ate, sodi um sul fonate, potassium
sul fonate, cal cium sul fonate, sodi um phosphate,
pot assi um phosphat e, cal ci um phosphate, nmagnesi um
phosphat e, and betaine. Note that the above-nentioned
pol ymer conpound (A) is not included in the above-
menti oned water-sol uble salts.

[0271]

More specific exanples of the water-soluble salts
can include, other than the above-nentioned salts,
sodi um acet ate, sodi um propionate, sodium pival ate,
sodi um gl ycol ate, sodium butyrate, sodium val erate,
sodi um caproate, sodium enanthate, sodium capryl ate,
sodi um pel argonate, sodi um caprate, sodi um undecyl at e,
sodi um | aurate, sodiumtridecanoate, sodium nyristate,
sodi um pent adecyl ate, sodium palmtate, sodium nmargarate,
sodi um st earate, sodium benzoate, disodium adi pate,

di sodi um mal eate, di sodi um pht hal ate, sodi um butyrate,
sodi um 2- hydr oxybutyrate, sodi um 3-hydroxybutyrate,

sodi um 2- oxobutyrate, sodium stearate, sodium gluconat e,
sodi um nmet hanesul fonate, sodium 1-nonanesul f onat e,

sodi um 1-decanesul fonate, sodi um 1-dodecanesul f onat e,
sodi um 1-undecanesul f onate, sodi um cocoyl sethionate,
sodi um | auroyl nethyl al ani ne, sodi um cocoyl

met hyl t aurat e, sodi um cocoyl glutanmate, sodi um cocoyl
sarcosi nate, sodium nethyl |auroyl taurate,

| aum dopropyl, potassiumisobutyrate, potassium

propi onate, potassium pival ate, potassium glycol ate,
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pot assi um gl uconat e, potassi um nmet hanesul fonate, cal ci um
stearate, calciumglycolate, calciumgluconate, cal cium
3- nmet hyl - 2- oxobutyrate, and cal ci um nmet hanesul f onat e.
Betaine is a general termfor intranolecular salts.
Specifically, betaine is a conpound in which three

met hyl groups are added to an am no group of am no acid.
More specific exanples of betaine include
trimethylglycine, carnitine, trinethylglycine, and
proline betaine.

[0272]

The water-soluble salts can further contain
monohydri c al cohol or polyhydric al cohol having 1 to 4
carbon atonms. The alcohol is preferably selected from
t he group consisting of ethanol, isopropyl alcohol,
et hyl ene glycol, diethylene glycol, triethylene glycol,
gl ycerin, polyethylene glycol, polypropylene glycol,
pol ygl ycerol, diglycerine, and a silicone conpound
havi ng a pol ygl ycerol structure. The silicone conpound
havi ng the pol yglycerol structure is nmore preferably
shown by the above-nentioned general formula (4).

[ 0273]

As the pre-processing nethod using the solution
containing salts, it is possible to noisten a bio-
el ectrode filmby an atom zing nmethod or a water droplet
di spense met hod performed on the conposition of the
cured conductive film (bio-electrode film. It is also
possi ble to noisten the bio-electrode filmin a high-
tenperature and hum dity state such as in a sauna. It
is also possible to cover the noistened bio-el ectrode
filmwth a sheet to prevent the bio-electrode filmfrom
being dried. The sheet needs to be peeled off
I mmedi ately before the bio-electrode filmis attached to

the skin. Thus, the sheet is coated with a peeling
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agent, or a Teflon film having a peeling property is
used. A dry electrode covered with a peeling sheet is
sealed with a bag covered with alum num for storage for
a long period of tinme. To prevent drying in the bag
covered with alumnum it is preferable to seal npoisture
within the bag.

[0274]

A pre-processi ng nethod of spraying the solution
containing salts is the nost effective in a dry
el ectrode that contains an ionic polymer having the
repeating unit shown by the general fornula (2), but is
al so effective in a dry el ectrode made of conductive
fibers containing PEDOT-PSS, silver chloride, carbon, or
a netal.

[ 0275]

W ping the skin where the bio-electrode is
attached with a cloth containing water or al cohol such
as et hanol containing water and glycerin or spraying
wat er or al cohol onto the skin immedi ately before the
bi o-el ectrode is attached is effective in noistening the
surface of the skin to obtain a bio-signal with high
sensitivity and high accuracy in a short period of tine.
W ping the skin with the cloth containing water is
effective not only in noistening the skin, but also in
renmoving oils and fats on the surface of the skin, and
t hereby enhances the sensitivity to the bio-signal.

[ 0276]

As descri bed above, the production nmethod for the
bi o- el ectrode according to the present invention allows
t he bi o-el ectrode according to the present invention
t hat has excellent conductivity and bio-conpatibility,
that is lightweight, and that does not significantly

decrease in conductivity to be produced easily at |ow
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cost .
[0277]
Measur ement Met hod for Bio-signa

The present invention provides a nmeasurenent
met hod for a bio-signal including attaching the bio-
el ectrode according to the present invention to the skin,
and nmeasuring the bio-signal after bathing or showering,
or during bathing or showering.
[0278]

The bi o-el ectrode according to the present
i nvention has water repellency, and thereby enabl es
execution of such a neasurenent nmethod for a bio-signal.
[ 0279]

The neasurement method is not specifically limted
except neasurenent is performed after bathing or
showering or during bathing or showering, and a

conventi onal neasurenment method can be used.

EXAMPLE
[ 0280]

Herei nafter, the present invention will be
specifically described using Exanples and Conparative
Exanpl es. However, the present invention is not limted
t her et o.

[ 0281]

The ionic polymer 1 blended with the conductive
filmsolution was synthesized as follows. Each nononer
in an amount of 20 mass% in a cycl opentanone sol ution
was put into a reaction container and m xed, the
reaction container was cooled to -70°C in a nitrogen
at nosphere, and each of deconpression/deaerati on and
ni trogen bl ow ng was repeated three tines. After a

t enper ature was i ncreased to a room tenper at ur e,
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azobi si sobutyronitrile (AIBN) as a polynerization
initiator was added in an anmount of 0.01 noles relative
to 1 nole of the entire nononers, the tenperature was
i ncreased to 60°C, thereafter the solution was reacted
for 15 hours, and cycl opentanone was evaporated by an
evaporator. After a part of a polymer solution was
dried, the conmposition of the obtained pol yner was
checked by H-NMR. A nol ecul ar wei ght (Mv) and degree
of dispersion (Mwv Mn) of the obtained polymer were
checked by gel perneation chromatography (GPC) using
tetrahydrofuran (THF) as a solvent. The ionic polyner 1
Is as follows.
[ 0282]

The ionic polyner 1

Mv = 38, 100

MM WMn = 1.91

Xk Y**ﬁ

F

C2
\SO ‘€ —Sl

O (T,

(The nunber of repetitions in the fornmula represents an
aver age val ue)
[ 0283]
The followi ng ionic polynmers 2 to 14 were
pol ymeri zed by a simlar nethod.
[ 0284]
The ionic polyner 2
Mv = 36, 100
MV Mn = 1.93
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(The nunber of repetitions in the fornmula represents an

aver age val ue)

[ 0285]
The ionic polyner 3
Mv = 150, 600
MV WMn = 1. 85

%*K*I*g*

O\|Nsé) HF, O~g
| I}
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0
[ 0286]
The ionic polynmer 4
Mv = 44,400
MV Mn = 1.94
TW 0
H\SIAGO S|l OI
| | /10 J
0’&“ 0

(The nunber of repetitions in the fornmula represents an

aver age val ue)



[ 0287]
The ionic polyner 5
Mv = 43,100
Mv/ Mh = 1. 88

(The nunber of repetitions in the fornmula represents an
aver age val ue)

[ 0288]
The ionic polyner 6
Mv = 41, 200
MM VN = 1.72

0.4
o 0" o
/N /-—\_0 LT\
O NH'
07N N/ _\—0 b—) é{o—é
oS | | /4
Cr;
[ 0289]
The ionic polyner 7
Mv = 43, 600

MV Mh = 1. 93
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[ 0290]
The ionic polyner 8
Mv = 31, 600

MV Mh = 2.10

0O "0 0" o 0o "0
KL . N
gN’ S0

| | o
SPCF Sl'€0 Si I J
0 3 | | /10 0

(The nunber of
aver age val ue)
[ 0291]

repetitions in the formula represents an

The ionic polyner 9
Mv = 55,100
MV Mh = 2.02

0O "0

AR

0" N l e IJ

O

(The nunber of

aver age val ue)

repetitions in the formula represents an
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[ 0292]
The ionic polyner 10
Mv = 87, 500
MV Mh = 2. 01

%

SANTAN

O =S| =0
O

4 ~
K+

(The nunber of repetitions in the fornmula represents an

aver age val ue)

[ 0293]
The ionic polymer 11
Mv = 43, 600
MM WMn = 1.91

(The nunber of repetitions in the fornmula represents an
aver age val ue)
[ 0294]

The ionic polymer 12

Mv = 97,100

MV Mh = 2. 20
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(The nunber of repetitions in the fornmula represents an
aver age val ue)
[ 0295]

The ionic polyner 13

Mv = 68, 900

MV Mn = 2. 26

O’éEO O

3

[ 0296]
The ionic polyner 14
Mv = 67, 300

MV Mh = 2. 00

0 0 O 0
FSC)\(l]F2 H
505 0

Na“* I J

0

[ 0297]
Si | oxane conpounds 1 to 4 bl ended as the silicone-
based resin in the conductive film solution are shown

bel ow.
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Si | oxane Conpound 1

A vinyl group-containing polydi methyl sil oxane
having a viscosity of 27,000 nmPa in a 30% tol uene
solution, and having an al kenyl group content of 0.007
nol s/ 100 g, in which a term nal of the nol ecular chain
is blocked with a SiMe2Vi group was used as the sil oxane
conmpound 1.
Si | oxane Conpound 2

A 60% t ol uene sol uti on containing polysiloxane of
an MQ resin conposed of an MesSi Gv.s unit and a Si G unit
(MesSi Q.5 unit/SiG unit = 0.8) was used as the sil oxane
conmpound 2.
Si | oxane Conpound 3

A solution conposed of 40 parts by mass of vinyl
gr oup- cont ai ni ng pol ydi net hyl si |l oxane having a viscosity
of 42,000 nmPa in a 30%tol uene solution, and having an
al kenyl group content of 0.007 nols/100 g, in which a
term nal of the nolecular chain is blocked with OH 100
parts by mass of a 60% t ol uene sol ution containing
pol ysi | oxane of an MQ resin conposed of an MesSi v.5 unit
and a SiG unit (Me3SiQ.s unit/Si® unit = 0.8), and 26.7
parts by mass of toluene was heated for four hours while
bei ng refl uxed, cool ed, a polydi nethyl sil oxane was
bonded to the MQ resin, and the resultant was used as
t he sil oxane conpound 3.
(Si | oxane Conpound 4)

KF-99 from Shi n-Etsu Chem cal Co., Ltd. was used
as nmet hyl hydrogen silicone oil.
[ 0298]

Acrylic adhesive polyners 1 and 2 bl ended as
acrylic-based adhesive resins in the conductive film
sol ution are shown bel ow.
[ 0299]
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Acrylic adhesive polyner 1
Mv = 560, 000
MV Mn = 2.69

0 0

[ 0300]
Acrylic adhesive pol yner 2
Mv = 410, 000
MvV WM = 2. 87

[ 0301]

As the urethane adhesive, a m xture of Polythick
UPS- 1A and Pol yt hi ck UPS-1B from Sanyo Chem cal
I ndustries, Ltd. was used. These urethane adhesives do
not contain silicone.
[ 0302]

An organic solvent blended in the conductive film
solution is shown bel ow
| soper G isoparaffin-based solvent from Standard QO |
Conmpany
| soper M isoparaffin-based solvent from Standard QO |
Conpany
DGDE: di et hyl ene gl ycol diethyl ether
[ 0303]
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The lithiumtitanate powder, the platinum catalyst,
and the conductivity inprover (carbon black, carbon
nanot ube) bl ended as additives in the conductive film
solution, silver flakes bl ended as the nmetal powder, 1-
et hynyl cycl ohexanol bl ended as the addition reaction
control agent are shown bel ow.

Lithiumtitanate powder: from Sigma-Aldrich Co. LLCin a
size of 200 nm or |ess
Pl ati num cat al yst: CAT-PL 50T from Shi n- Et su Chem cal
Co., Ltd.
Carbon bl ack: DENKA BLACK Li-400 from Denka Conpany
Limted
Mul tiwall carbon nanotube: from Sigma-Aldrich Co. LLC in
a diameter of 110 to 170 nmand a length of 5 to 9 um
Silver flakes: from Sigma-Aldrich Co. LLC in an average
size of 10 pum
Addition reaction control agent: 1-ethynylcycl ohexanol
[ 0304]
Conductive Film Solutions 1 to 13, Conparative
Conductive Film Solution 1

I n the conpositions described in Tables 1 and 2,
the ionic polymer, the adhesive resin, the organic
solvent, and the additives (the lithiumtitanate powder,
t he platinumcatal yst, and the conductivity inprover),
t he netal powder, and the addition reaction control
agent were blended and filtrated with a stainl ess-steel
filter having 300 neshes, whereby conductive film
solutions (conductive filmsolutions 1 to 13 and
conparative conductive filmsolution 1) were prepared.
[ 0305]
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[ Tabl e 1]

Conducti ve lonic Silicone- Or gani ¢ sol vent Additive (parts by nmss)
filmsolution pol yner based resin (parts by nmass)
(parts by and adhesi ve
mass) resin (parts
by mass)
Conducti ve lonic Si | oxane | soper G (100) CAT- PL- 50T (0.7)
filmsolution pol ymer compound 1 Lithium titanate power (12)
1 (20) (40) Car bon bl ack (8)
Si | oxane 1- et hynyl cycl ohexanol (2)
compound 2
(100)
Si | oxane
compound 4
(3)
Conducti ve lonic Si | oxane n-octane (40) CAT- PL- 50T (1.5)
filmsolution pol ymer 2 compound 3 n- decane (20) Carbon bl ack (10)
2 (20) (126) Cycl opent anone (70) Silver flakes (20)
Si | oxane 1- et hynyl cycl ohexanol (2)
compound 4
(3)
Conductive lonic Si | oxane n- nonane (60) CAT- PL- 50T (1.5)
filmsolution polyner 3 conmpound 3 Cycl opent anone (70) Car bon bl ack (5)
3 (20) (126) 1- et hynyl cycl ohexanol (2)
Si | oxane
conmpound 4
(3)
Conductive lonic Si | oxane I soper G (60) CAT- PL- 50T (1.5)
filmsolution polyner 4 conmpound 3 Cycl opent anone (70) Carbon bl ack (12)
4 (20) (126) Mul tiwall carbon nanotube
Si | oxane (4)
?o?pound 4 1- et hynyl cycl ohexanol (2)
3
Conductive lonic Pol yt hi ck DGDE ( 60) Carbon bl ack (20)
filmsolution polyner 5 UPS- 1A (60) Cycl opent anone (40)
5 (20) Pol yt hi ck
UPS- 1B (40)
Conductive lonic Pol yt hi ck DGDE ( 60) Car bon bl ack (20)
filmsolution pol ymer 6 UPS- 1A (60) Cycl opent anone (40)
6 (20) Pol yt hi ck
UPS- 1B (40)
Conductive lonic Acrylic DGDE ( 60) Carbon bl ack (20)
filmsolution polyner 7 adhesi ve Cycl opent anone (40)
7 (20) pol ymer 2
(100)
Conductive lonic Si | oxane n- decane (30) CAT- PL-50T (1.5)
filmsolution polyner 8 compound 3 n-octane (30) Car bon bl ack (6)
8 (20) (126) Cycl opent anone (70) 1- et hynyl cycl ohexanol (2)
Si | oxane
conmpound 4
(3)
Conductive lonic Si | oxane n- decane (30) CAT- PL-50T (1.5)
filmsolution pol ymer 9 compound 3 n-octane (30) Carbon bl ack (18)
9 (20) (126) Cycl opent anone (70) 1- et hynyl cycl ohexanol (2)
Si | oxane
compound 4
(3)
Conductive lonic Si | oxane n- decane (30) CAT- PL- 50T (1.5)
filmsolution pol ymer 10 | conmpound 3 n-octane (30) Carbon bl ack (20)
10 (25) (126) Cycl opent anone (70) 1- et hynyl cycl ohexanol (2)
Si | oxane
compound 4
(3)
Conductive lonic Si | oxane n-decane (30) CAT- PL- 50T (1.5)
filmsolution polymer 11 | conmpound 3 n-octane (30) Carbon bl ack (20)
11 (20) (126) Cycl opent anone (70) 1- et hynyl cycl ohexanol (2)
Si | oxane
compound 4
. _ (3)
Conductive lonic Si | oxane I soper M (30) CAT- PL-50T (1.5)
filmsolution pol ymer 12 | conmpound 3 n-octane (30) Carbon bl ack (20)
12 (20) (126) Cycl opent anone (70) 1- et hynyl cycl ohexanol (2)
Si | oxane
compound 4
(3)
Conducti ve lonic Si | oxane n- decane (20) CAT- PL- 50T (1.5)
film solution pol ymer 13 | conmpound 3 n- dodecane (20) Carbon bl ack (20)
13 (20) (126) n-tridecane (20) 1- et hynyl cycl ohexanol (2)
Si | oxane Cycl opent anone (70)
compound 4
(3)
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[ 0306]

[ Tabl e 2]
Conductive lonic Adhesi ve Or gani ¢ sol vent Additive (parts by nmss)
film solution pol ymer resin (parts (parts by nmass)
(parts by by mass)
mass)
Conmparative lonic Acrylic DGDE ( 60) Car bon bl ack (20)
conductive polyner 14 | adhesive Cycl opent anone (40)
filmsolution (20) polymer 1
1 (100)
[ 0307]

Production of Bio-el ectrode

As the stretchy base material, a polyethyl ene non-
woven fabric (with a thickness of 400 um to which an
acrylic adhesive is applied as a porous film1l and that
has stretchiness of 20% a pol yurethane non-woven fabric
(with a thickness of 400 um} to which an acrylic
adhesive is applied as a porous film2 and that has
stretchi ness of 50% a pol yethyl ene non-woven fabric
(with a thickness of 380 um) to which a urethane
adhesive is applied as a porous film3 and that has
stretchi ness of 20% a pol yethyl ene non-woven fabric
(with a thickness of 330 um) to which a silicone
adhesive is applied as a porous film4 and that has
stretchiness of 20% and a urethane nenbrane film (with
a thickness of 150 um to which an acrylic adhesive is
applied as a porous filmb5 and that has stretchi ness of
20% were used. As a conparative non-porous film a TPU
sheet that has stretchiness of 10% and a filmthickness
of 50 pum was used.

[ 0308]

As the conducting path, a snap 1 including upper
and | ower snaps whose plastic surfaces were coated with
silver, a snap 2 coated with carbon, and a snap 3 that
was coated with silver and that has a | ower snap whose
contact portion with a conductive film was coated with

silver chloride were used.
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[ 0309]

As Conparative Exanple 3, a commercially avail abl e,
gel el ectrode-based bio-el ectrode (Kendall H135SG) was
used.

[ 0310]

As a reinforcing filmaround the snaps, a PET film
with a thickness of 20 um was used.
[ 0311]

The bi o-el ectrode was produced in the processes
shown in FIG 4. The porous filmw th the adhesive or
t he TPU sheet, and the PET filmwere perforated by
punchi ng, and sandw ched by the upper and | ower snaps.
To print the conductive film each conductive film
solution or the conparative conductive film solution was
screen-printed on a Teflon sheet and baked at 125°C for
15 m nutes, whereby a conductive filmpattern with a
di ameter of 17 mm and a thickness of 20 pum was for ned.
The conductive film pattern was crinped and transferred
onto the |l ower snap, and the release |liner was attached
onto the conductive film pattern.
[0312]
Production of Silicone Adhesive Conductive Filmon
Rel ease Li ner
(1) Production of the silicone adhesive conductive film
on the release liner shown in FIG 4

The silicone adhesive conductive film pattern was
printed by a screen printing machine on the rel ease
i ner using the conductive filmsolution with a
perforated stencil mask, air-dried at a roomtenperature
for ten mnutes, and thereafter cured at 125°C in an
oven for ten m nutes, whereby the silicone adhesive
conductive filmpattern with a filmthickness of 50 pm

was f or ned.
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[ 0313]
(2) Production of the silicone adhesive conductive film
sandwi ched by the release liners shown in FIG 6

The conductive film solution was applied onto the
rel ease |linear using an automatic film applicator (slit
coater) from Al l good Conpany, air-dried at a room
tenperature for ten mnutes, and thereafter cured at
125°C in an oven for ten mnutes. A slit wdth of the
slit coater was set as 350 uym 550 pum and 740 pm
respectively, whereby the silicone adhesive conductive
films with respective filmthicknesses of 50 um 100 pm
and 150 pm after curing were formed. The silicone
adhesi ve conductive filmwth the filmthickness of 50
um was applied to production of the bio-electrode in
Exanpl es 16, 19, 20, and 21 in Table 3, the silicone
adhesi ve conductive filmwth the filmthickness of 100
um was applied to production of the bio-electrode in
Exanple 17 in Table 3, and the silicone adhesive
conductive filmwith the filmthickness of 150 pum was
applied to production of the bio-electrode in Exanple 18
in Table 3.
[ 0314]

As the release linear, the follow ng rel ease
l'iners were used.
1: PET Separator SS1A (thickness of 100 pum) from Ni ppa
Cor poration
2. PET Separator SS1A (thickness of 50 um from Ni ppa
Cor por ati on
3: PET Separator FSD5 (thickness of 100 pum) from Ni ppa
Cor por ati on
4. PET Separator FSD5 (thickness of 38 um from Ni ppa
Cor poration
5. Teflon fiber sheet (thickness of 280 pm
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A peel force of the PET Separator FSD5 is |ess
than a peel force of the PET Separator SS1A, and is
easily peeled off. A peel force of the PET Separator
SS1A (thickness of 50 um is |less than a peel force of
t he PET Separator SS1A (thickness of 100 um. A peel
force of the Teflon sheet is less than a peel force of
t he PET Separator FSD5 (thickness of 38 um.

[ 0315]

The release liner to be attached after the
silicone adhesive conductive solution is applied and
cured needs to have a peel force that is |less than that
of the release liner to which the silicone adhesive
conductive solution is applied. This is because the two
upper and | ower release |liners having equal peel forces
may prevent differential peeling.

[ 0316]

In a case where two release liners are described
in Table 3, the release liner on the left side is the
one to which the silicone adhesive conductive sol ution
is applied and the release liner on the right side is
the one that covers the cured silicone adhesive
conductive film
[0317]

FI G 33 shows a photograph of a sheet of the
silicone adhesive conductive filmthat was used to
produce the bio-electrode in Exanple 16, to a top and
bottom of which the release liners were attached, and
that had a width of 16 cm a length of 29 cm and a
t hi ckness of 50 pum
[ 0318]

FIG 10 shows a photograph of the bio-el ectrode
produced according to Exanples and having a cross-

sectional formshown in FIG 1. FIG 21 shows a
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phot ograph of the bio-electrode in a formshown in FIG
18. FIG 23 shows a photograph of the bio-electrode in
a formshown in FIG 22. FIG 25 shows a phot ograph of
the bio-electrode in a formshown in FIG 24.
[ 0319]
Measur ement of Thi ckness of Living Body Contact Layer

I n the bio-electrode produced according to the
above-nenti oned production of the bio-electrode, the
total thickness of the porous filmand the conductive
filmin conbination was nmeasured with a mcroneter. In
a case where the base material is the TPU sheet, the
total thickness of the TPU sheet and the conductive film
I n conbi nati on was measured. Each of these thicknesses
was regarded as the thickness of the bio-electrode.
Results are shown in Table 3.
[ 0320]
Measur ement of Bi o-signal

The release |iner of the bio-el ectrode was peel ed
of f, the skin where the bio-electrode was to be attached
was w ped with noistened gauze i nmmedi ately before the
attachnent, a positive el ectrode of an
el ectrocardi ograph was attached to the human body in a
| ocation of LA in FIG 34, a negative electrode of the
el ectrocardi ograph was attached in a location of LL, and
a grounding term nal was attached in a | ocation of RA

| medi ately after the attachnment and at the sane
time every day, in a sedentary, resting state, the snap
of the bio-electrode was pinched by a clip attached to
the tip of a conductive wire line, and a portable
el ectrocardi ograph HCG 901 from OVRON HEALTHCARE Co.,
Ltd. and the conductive wire |line were connected to each
ot her, and el ectrocardi ographi ¢ nmeasurenent was

perfornmed. When the nmeasurenent was not perforned, the
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bi o- el ectrode remained to be attached to the body, and
only the portable el ectrocardi ograph and the conductive
wire line were renoved. Bathing was perforned once a
day, for 15 to 30 mi nutes, at about 40°C. Results are
shown in Table 3. Whether an el ectrocardi ogram ( ECG
signal typified by PQRSTU waves shown in FIG 35 was
appeared was checked, and the neasurenent was perforned
until this waveform did not appear.

[ 0321]
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[ Tabl e 3]

Exanpl e Stretch Condu | Adhesi ve, Met hod of Rel ea Cross Thi ckness Days ECG I'tchi
y base cting | conductive fil attaching | se section of bio- si gnal can ng on
materia path sol ution conductiv | liner f orm of el ectrode be obt ai ned skin
| e film bi o- | ayer after

el ectrode (mcron) at tachnment

Exanple 1 Por ous Snap Conductive fil FIG 4 1 FIG 1 410 15 None
film1l 1 solution 1

Exanpl e 2 Por ous Snap Conductive fil FIG 4 1 FIG 1 410 15 None
film2 1 solution 2

Exanple 3 Por ous Snap Conductive fil FIG 4 1 FIG 1 395 21 None
film3 1 solution 3

Exanple 4 Por ous Snap Conductive fil FIG 4 1 FIG 1 345 30 None
film4a 1 solution 4

Exanple 5 Por ous Snap Conductive fil FIG 4 1 FIG 1 171 13 None
filmb5 1 solution 5

Exanple 6 Por ous Snap Conductive fil FIG 4 1 FIG 1 405 12 None
filml 2 solution 6

Exanple 7 Por ous Snap Conductive fil FIG 4 1 FIG 1 400 12 None
filml 3 solution 7

Exanple 8 Por ous Snap Conductive fil FIG 4 1 FIG 1 415 18 None
filml 1 solution 8

Exanpl e 9 Por ous Snap Conductive fil FIG 4 1 FIG 1 420 19 None
filml 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 4 1 FIG 1 415 16 None

10 film1l 1 solution 10

Exanpl e Por ous Snap Conductive fil FIG 4 1 FIG 1 412 20 None

11 film1l 1 solution 11

Exanpl e Por ous Snap Conductive fil FIG 4 1 FIG 1 418 22 None

12 film1l 1 solution 12

Exanpl e Por ous Snap Conductive fil FIG 4 1 FIG 1 415 21 None

13 film1l 1 solution 13

Exanpl e Por ous Snap Conductive fil FIG 4 1 FIG 14 400 21 None

14 film1l 1 solution 4

Exanpl e Por ous Snap Conductive fil FIG 4 1 FIG 22 410 26 None

15 film1l 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 6 12 FIG 22 410 24 None

16 film1l 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 6 12 FIG 22 460 26 None

17 film1l 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 6 12 FIG 22 510 28 None

18 film1 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 6 2 4 FIG 22 420 26 None

19 film1 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 6 3 4 FIG 22 400 27 None

20 film1 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 6 45 FIG 24 410 25 None

21 film1 1 solution 9

Exanpl e Por ous Snap Conductive fil FIG 4 1 FIG 24 390 27 None

22 filml 1 solution 4

Exanpl e Por ous Snap Conductive fil FIG 6 12 FIG 18 410 25 None

23 filml 1 solution 9

Conpar at i TPU Snap Conductive fil FIG 4 1 FIG 1 215 3 YES

ve sheet 1 solution 1

Exanple 1

Conpar at i Por ous Snap Conductive film FIG 4 1 FIG 1 415 5 None

ve film1 1 solution 1

Exanpl e 2

Conpar at i - - - - - - 1135 1 None

ve

Exanpl e 3

[ 0322]
As shown in Exanples 1 to 23 in Table 3, the bio-

el ectrode according to the present

i nvention using the

porous filmas the stretchy base materi al

t he adhesi ve,
conducti ng path enabl ed obtaining of the bio-signal
a long period of time after

and incl uding

conductive filmcontaining silicon and the
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in a case of Conparative Exanple 1 using the non-
perforated TPU sheet as the stretchy base material,

I tching occurred because the skin was unable to breathe,
t he bi o-el ectrode was peeled off in three days after the
attachnment. 1In a case of Conparative Exanple 2 in which
the porous filmwas used as the stretchy base materi al
but the conductive film does not contain silicon,
degradati on by water occurred, and days when the bio-

si gnal was obtai ned becane shorter. In a case of

Conpar ative Exanple 3 using the commercially-avail abl e
gel, the thickness of the living body contact |ayer was
greater than that of the living body contact |ayer of

t he bi o-el ectrode according to the present invention,
and furthernmore, the gel swelled and the bio-el ectrode
cane off at the tinme of bathing on the first day. The
total filmthickness of the porous filmand conductive
filmof the bio-electrode in conbination in Exanples was
smal |, and the bio-el ectrode was confortably worn

wi thout a feeling of wearing caused by the attachnent to
t he skin.

[ 0323]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi nrents are just exanples, and any exanples that
substantially have the sane feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAI Ms

1. A bio-el ectrode conpri sing:

a porous, stretchy base nmaterial;

an adhesive, conductive film containing silicon;
and

a conducting path,

wherein the conductive filmis fornmed on one
surface of the porous, stretchy base material,

t he conducting path is connected to the conductive
film and penetrates the stretchy base material to be
exposed on the opposite side, or is exposed on a side
surface of the stretchy base materi al

2. The bi o-el ectrode according to claim 11, wherein
t he porous, stretchy base material is a non-woven fabric
or a nmenbrane film

3. The bi o-el ectrode according to claim1l or 2,
wherei n the adhesive, conductive film containing silicon
contains an ionic material (A) selected fromthe group
consisting of salts of ammonium Ilithium sodium
potassium and silver formed with any of fluorosulfonic
acid, fluorosulfonimde, and N-carbonyl fluorosulfonic

am de.
4. The bi o-el ectrode according to claim 3, wherein

the ionic material (A) has a partial structure shown by

the follow ng general formulae (1)-1 to (1)-4,
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SO,y M*
(-1
Rf, Rf,

(Rfg),
SO;5 M* ) (1)_2
0o
{’ﬁ—N\ ) -3
0 S5=0
[/
O Rfy
O M+
‘FLN‘ ) (1)-4
N
5=0
V7N
O Rf;

wherein Rf1 and Rf. each represent a hydrogen atom a
fluorine atom an oxygen atom a nethyl group, or a
trifluoronmethyl group, provided that when Rf: and Rf>
represent an oxygen atom the single oxygen atom
represented by Rfi1 and Rf2 bonds to a single carbon atom
to forma carbonyl group; Rfs and Rf4 each represent a
hydrogen atom a fluorine atom or a trifluoronethyl
group, provided that at |east one of Rf1 to Rf4 is a
fluorine atomor a trifluoromethyl group; Rfs, Rfs, and
Rf 7 each represent a fluorine atom a trifluoromethyl
group, or a linear or branched al kyl group having 1 to 4
carbon atoms, and have at |east one fluorine atom M
represents an ion selected fromthe group consisting of

an ammoni um ion, a sodiumion, a potassiumion, and a
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silver ion; and “n’ represents an integer of 1 to 4.

5. The bi o-el ectrode according to claim3 or 4,
wherein the ionic material (A) conprises at |east one

i onic polymer selected fromthe group consisting of
repeating units Al to A7 shown by the foll ow ng general

formula (2),

. 0 F 505 Mt M
M g M* 5
- A
At A;% M A3 A
)
3 R
N @
Xe ;7
u
PSE%O 0 - M+
OQS LN
r Mt '1:0
i) >
A7

wherein R, R}, RS RS, RI0O Rl and R!3 each

I ndependently represent a hydrogen atom or a nethyl
group; R, R4 RS, R9 R!12 and R4 each independently
represent a single bond, or a linear, branched, or
cyclic hydrocarbon group having 1 to 13 carbon atonmns,

t he hydrocarbon group optionally having either or both
of an ester group and an ether group; R’ represents a

| i near or branched al kyl ene group having 1 to 4 carbon
atonms, and one or two hydrogen atons in R are
optionally substituted with a fluorine atont X;, Xz, Xa,
X4, Xe and Xz each independently represent any of a

si ngl e bond, a phenyl ene group, a naphthyl ene group, an
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et her group, an ester group, and an am de group; Xs
represents any of a single bond, an ether group, and an
ester group; Y represents any of an oxygen atom and a
-NR19- group; R!® represents any of a hydrogen atom a

| i near, branched, or cyclic al kyl group having 2 to 12
carbon atonms, and a phenyl group, and optionally have
one or nore selected fromthe group consisting of an

et her group, a carbonyl group, an ester group, and an
am de group; Y optionally forns a ring together with R4
Rf 17 and Rfs° each represent a fluorine atom a
trifluoronmethyl group, or a linear or branched al kyl
group having 1 to 4 carbon atons, and have at | east one
fluorine atom “ni represents an integer of 1 to 4; al,
a2, a3, a4, a5, a6, and a7 are 0<al<1l.0, 0<£a2<1.0,
0£a3<1.0, 0<a4<1.0, 0<£ab<1.0, 0<a6<1.0, 0<£a7<1.0, and
O0<al+a2+a3+ad+ab+a6+a7<1.0; M* represents an ion
selected fromthe group consisting of an ammoniumion, a

sodiumion, a potassiumion, and a silver ion.

6. The bi o-el ectrode according to any one of clainms 3
to 5, wherein the ionic material (A) conprises an
amoni um i on shown by the follow ng general fornula (3)

as an ammoniumion for formng the ammonium salts,

RlOle

RlOld_N+_R101f )

RI01g

wher ei n R101d Ri0le  RI101f = gnd R1019 each represent a
hydrogen atom a |inear, branched, or cyclic al kyl group
having 1 to 15 carbon atons, a linear, branched, or
cyclic al kenyl group or al kynyl group having 2 to 12

carbon atonms, or an aromatic group having 4 to 20 carbon
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atonms, and optionally have one or nore selected fromthe
group consi sting of an ether group, a carbonyl group, an
ester group, a hydroxy group, an am no group, a nitro
group, a sulfonyl group, a sulfinyl group, a hal ogen
atom and a sul fur atom and R01d gnd R10le or R101d ~ R10le
and RI01f are optionally bonded to each ot her together
with a nitrogen atom bonded therewith to forma ring in
whi ch R01d gnd R10le or R101d ~ Rl0le  and R0 represent

an al kyl ene group having 3 to 10 carbon atons, or to
forma heteroaromatic ring having the nitrogen atomin

t he general fornula (3) within the ring.

7. The bi o-el ectrode according to any one of clains 3
to 6, further conprising, in addition to the conponent
(A), an adhesive resin as a conponent (B) that is
different fromthe conmponent (A), which is one or nore
selected fromthe group consisting of a silicone resin,
a (nmeth) acrylate resin, and a urethane resin.

8. The bi o-el ectrode according to claim?7, wherein

t he conponent (B) conprises a diorganosil oxane having an
al kenyl group and an organohydr ogenpol ysil oxane having a
Si H group.

9. The bi o-el ectrode according to claim?7 or 8,
wherein the conponent (B) further conprises a silicone
resin having an Si & unit and an R«Si Qa4-x)/2 unit, wherein

R represents a substituted or unsubstituted nonoval ent

hydr ocar bon group having 1 to 10 carbon atonms, and “Xx”
represents a nunmber in a range of 2.5 to 3.5.
10. The bi o-el ectrode according to any one of clains 3

to 9, further conprising a conponent (C), which is one
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or nore selected fromthe group consisting of a carbon
powder, a netal powder, a silicon powder, and a lithium
titanate powder.

11. The bi o-el ectrode according to claim 10, wherein
t he carbon powder is one or both of carbon black and

car bon nanot ube.

12. The bi o-el ectrode according to any one of clainms 1
to 11, wherein the conducting path conprises one or nore
selected fromthe group consisting of gold, silver,
silver chloride, platinum alum num magnesium tin,
tungsten, iron, copper, nickel, stainless steel,

chromum titanium carbon, and a conductive polynmner.

13. The bi o-el ectrode according to any one of clains 1
to 12, wherein the conducting path has a snap shape.

14. The bi o-el ectrode according to any one of clainms 1
to 13, wherein a total filmthickness of the stretchy
base material and the conductive filmin conmbination is

1 mm or | ess.

15. The bi o-el ectrode according to claim 14, wherein
the total filmthickness of the stretchy base materi al

and the conductive filmin conmbination is 500 um or | ess.
16. The bi o-el ectrode according to any one of clainms 1
to 15, wherein the stretchy base material includes an

adhesi ve | ayer.

17. The bi o-el ectrode according to any one of clains 1

to 16, wherein a top of the conductive filmis covered

169



with a rel ease |iner.

18. The bi o-el ectrode according to claim 17, wherein
the release liner is selected fromthe group consisting
of a fluorine resin, polyethylene, polypropylene, cyclic
pol yol efin, polyethylene terephthal ate, polybutyl ene

t erepht hal ate, pol yethyl ene napht hal ate, pol ybutyl ene
napht hal ate, polyvinyl chloride, polymethyl methacryl ate,
pol yvi nyl acetate, polystyrene, polynethyl pentene,
pol yi m de, pol yphenyl ene sul fide, polysulfone,

pol yet hersul f one, pol yet herketone, polyam de-i m de,

pol yet heri m de, polyacetal, polycarbonate, polyphenyl ene
et her, polyacrylonitrile, cellophane, and paper, to

whi ch, excluding the fluorine resin, a fluorine-based
peeling agent or a silicone/fluorine-based peeling agent

I's applied.

19. A production nmethod for the bio-el ectrode
according to any one of clainms 1 to 18, the method
conpri si ng:

preparing a conducting path that penetrates a
porous, stretchy base material, or preparing a
conducting path on the stretchy base material so that
t he conducting path is exposed on a side surface of the
stretchy base material and form ng an adhesi ve,
conductive filmconprising silicon so as to be connected
to one side of the conducting path, the one side being

attached to a skin.

20. The production nethod for the bio-el ectrode
according to claim 19, the nmethod conpri sing:
form ng the adhesive, conductive film containing

silicon on one side of the conducting path that
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penetrates the porous, stretchy base material, or the
conducting path that is on the stretchy base materi al
and exposed on a side surface of the stretchy base
material, the one side being attached to a skin,

by transferring the forned, adhesive, conductive
filmconprising silicon onto a release |inear or by
directly printing the fornmed, adhesive, conductive film
conprising silicon onto the conducting pat h.

21. The production nethod for the bio-el ectrode
according to claim 19 or 20, further conprising applying
an adhesive, conductive filmmmaterial conprising silicon
onto a release linear and curing the adhesive,

conductive filmmterial .

22. A nmeasurenment nmethod for a bio-signal conprising:
attaching the bio-electrode according to any one
of claims 1 to 18 to a skin; and
measuring the bio-signal after showering, or

duri ng bathing or showering.
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