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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a living body
stimulating electrode, a living body stimulating electrode
apparatus, and a method for producing a living body stim-
ulating electrode, and relates, for example, to one that is
mounted on the skin and stimulates a pain sensory nerve.

2. Description of the Related Art

[0002] For clinical investigations of diabetes and brain
waves, such a method has been proposed that a pair of
electrodes containing a cathode and an anode is mount-
ed on an end of the finger of the subject or the like, and
the pain sense of the subject is stimulated thereby by
applying an electric current thereto.
[0003] For example, in the case of diabetes where the
nerve tissue of the patient is degenerated with the
progress of the disease, clues to the condition of the dis-
ease of the subject may be found by applying electric
stimulation to the pain sensory nerve of the subject and
investigating the reaction in the subject.
[0004] As the electrode for stimulating a pain sense,
the following have been proposed.
[0005] JP-A-2010-213929 describes a skin stimulating
electrode apparatus that has an insulating part capable
of retaining relative positions of a positive electrode and
a negative electrode, thereby retaining the difference in
height between the tip of the positive electrode and the
tip of the negative electrode, which are in contact with
the skin.
[0006] JP-A-2013-154023, JP-A-2013-154024 and
JP-A-2013-154025 each describe a living body stimulat-
ing electrode apparatus that has a stimulating electrode
having an edge line and stimulating a pain sensory nerve
and a contact electrode forming a pair with the stimulating
electrode, which are integrated with each other from the
portion in contact with the skin to the portion having con-
nectors to wire leads, and are fixed to a resin chassis
through insert molding or thermal caulking.
[0007] JP-A-2013-154026 describes a living body
stimulating electrode apparatus that has a stimulating
electrode and a contact electrode, which are each formed
solely at the skin contact portions, in which leg parts pro-
vided on each of the stimulating electrode and the contact
electrode are press fitted into through holes formed in a
resin part, thereby fixing the electrodes to the resin part,
and simultaneously connecting the electrodes electrical-
ly to circuits provided on the inner peripheral surface of
the through hole and the back surface of the resin part.
[0008] The living body stimulating electrode may have
factors of impairing the sense of electric stimulation, for
example, due to the weights of the electric parts and the
devices itself, the weight of the wire leads (copper wire)

for conducting electricity, and the tensile force formed by
handling the wire leads for fixing or the like. In addition,
there is an increasing demand of a metal terminal (living
body stimulating electrode) that is capable of controlling
more complex electric signals.
[0009] In the aforementioned ordinary electrodes hav-
ing a wire lead formed of copper wire connected thereto,
a complex circuit applied thereto may increase the factors
including the weight of the wire lead and the tensile force,
which are desirably reduced.

SUMMARY OTHE INVENTION

[0010] Under the circumstances, an object of the in-
vention is to provide a living body stimulating electrode,
in which the various factors of impairing the sense of
electric stimulation are reduced as much as possible
without increase of the weight of the wire leads by forming
the circuit of the wire lead as an FPC (i.e., a flexible print-
ed circuit, which may also be referred to as a flexible
board or a flexible circuit board), thereby providing a
mechanism capable of applying pure electric stimulation
to a nerve fiber.
[0011] Another object of the invention is to ensure the
electric connection to the circuit of the flexible circuit
board.
[0012] Still another object of the invention is to achieve
a mechanism capable of controlling complex electric sig-
nals.
[0013] For achieving the aforementioned objects of the
invention, the following embodiments may be provided.
[0014] According to an embodiment of the invention,
there is provided a living body stimulating electrode ac-
cording to claim 1.
[0015] According to another embodiment of the inven-
tion, there is provided a living body stimulating electrode
apparatus according to claim 7.
[0016] According to yet another embodiment of the in-
vention, there is provided a method according to claim 9.
[0017] Preferable features according to still further em-
bodiments are set out in the remaining claims.
[0018] According to the embodiments of the invention,
the circuit for the wire leads is formed as an FPC, and
thereby the various factors of impairing the sense of elec-
tric stimulation are reduced as much as possible without
increase of the weight of the wire leads, so as to apply
pure electric stimulation to a nerve fiber.
[0019] According to the embodiments of the invention,
furthermore, the electric connection to the circuit of the
flexible circuit board is ensured.
[0020] According to the embodiments of the invention,
furthermore, a mechanism capable of controlling com-
plex electric signals is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Embodiments of the present invention will now
be described by way of further example only and with
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reference to the accompanying drawings, in which:

Fig. 1 is a perspective view showing an example of
a living body stimulating electrode.
Fig. 2 is a perspective view showing an example of
a living body stimulating electrode.
Figs. 3A and 3B are schematic enlarged cross sec-
tional views showing an example of a fixed state
(electric connection) of an electrode.
Figs. 4A and 4B are schematic enlarged cross sec-
tional views showing an example of an electrode.
Figs. 5A and 5B are schematic enlarged cross sec-
tional views showing an example of an electrode.
Figs. 6A and 6B are schematic enlarged cross sec-
tional views showing an example of an electrode.
Figs. 7A and 7B are schematic enlarged cross sec-
tional views showing an example of an electrode.
Figs. 8A, 8B and 8C are schematic enlarged cross
sectional views showing an example of an electrode.
Figs. 9A and 9B are perspective views showing an
example of a living body stimulating electrode appa-
ratus.
Fig. 10 is a perspective view showing an example of
a living body stimulating electrode apparatus.
Fig. 11 is a table showing experimental results.
Figs. 12A and 12B are perspective views showing
examples of an electrode.
Fig. 13 is a schematic cross sectional view showing
an example of an electrode.
Fig. 14 is a perspective view showing an example of
a method for producing a living body stimulating elec-
trode.
Fig. 15 is a perspective view showing an example of
a method for producing a living body stimulating elec-
trode.
Fig. 16 is a perspective view showing an example of
a method for producing a living body stimulating elec-
trode.
Fig. 17 is a perspective view showing an example of
a method for producing a living body stimulating elec-
trode.
Fig. 18 is a perspective view showing an example of
a method for producing a living body stimulating elec-
trode.
Fig. 19 is a perspective view showing an example of
a method for producing a living body stimulating elec-
trode.

DESCRIPTION OTHE EMBODIMENTS

(1) Summary of the Embodiments

[0022] In one embodiment of the invention, the living
body stimulating electrode has a flexible circuit board
(FPC) between a living body stimulating electrode (i.e.,
a metal terminal or an electrode terminal) and a resin
part (i.e., an insulating board).
[0023] In the living body stimulating electrode in the

embodiment, the resin part and the FPC are fixed to each
other by utilizing the living body stimulating electrode,
thereby achieving simultaneously the mechanical and
physical connection between the resin part and the flex-
ible circuit board and the electric connection between the
flexible circuit board and the living body stimulating elec-
trode.
[0024] Specifically, the flexible circuit board is dis-
posed between the living body stimulating electrode and
the resin part, and both or one of a stimulating electrode
and a contact electrode constituting the living body stim-
ulating electrode has an engaging part having a pressing
part and a fixing part.
[0025] The pressing part presses and fixes the flexible
circuit board to the resin part. Simultaneously, the fixing
part is penetrated through a through hole formed in the
flexible circuit board and pressed into a hole formed in
the resin part, and thereby the flexible circuit board is
fixed to and held by the resin part.
[0026] According to the structure, the flexible circuit
board is physically fixed to the resin part, and simultane-
ously the electrodes are electrically connected to the cir-
cuit of the flexible circuit board.
[0027] Furthermore, the engaging part is chamfered to
form an inclined plane or a curved (round) plane (i.e., the
edge is chamfered into an angulated plane or a round
plane).
[0028] According to the structure, the electric connec-
tion is enhanced in reliability.

(2) Details of Embodiments

[0029] Preferred embodiments will be described in de-
tail with reference to Figs. 1 to 19.
[0030] In all the embodiments and modified embodi-
ments, the term "hole" includes all a through hole, a de-
pressed part formed on a plane, and a non-through hole.

(First Embodiment)

[0031] A living body stimulating electrode 1 according
to a first embodiment will be described.
[0032] Fig. 1 is a perspective view showing the living
body stimulating electrode 1 according to the first em-
bodiment, and is an illustration showing the state before
fixing (fixing and holding) the devices (constitutional
parts) to a resin board (a resin part 50) as a fixing board.
[0033] Fig. 2 is a perspective view showing the living
body stimulating electrode 1 according to the first em-
bodiment, and is an illustration showing the state where
the devices (constitutional parts) shown in Fig. 1 are fixed
to (fixed to and held by) the resin board (the resin part
50) as a fixing board. In Fig. 2, a contact electrode fixing
part 32 and a contact electrode pressing part 33 are
shown to depict the positional relationship thereof, but in
the actual implementation, the contact electrode fixing
part 32 is entirely embedded in the resin part 50.
[0034] The living body stimulating electrode 1 accord-
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ing to the first embodiment is constituted by a stimulating
electrode 20, a contact electrode 30, a flexible circuit
board 40, the resin part 50, and the like.
[0035] The flexible circuit board 40 is a flexible printed
circuit (FPC) obtained by laminating an insulating thin
flexible base film as a substrate and an electric circuit
(wiring) formed of a conductive metal, such as a copper
foil.
[0036] In the first embodiment, the flexible circuit board
40 is used instead of a wire lead formed of copper wire
having been ordinarily used, and is disposed between
the pairs of electrodes (including the stimulating elec-
trode 20 and the contact electrode 30) and the resin part
50 (which are described in detail later).
[0037] The flexible circuit board 40 used in the first em-
bodiment, for example, has a thickness of 0.08 mm and
has a fixing part hole 41, a stick fixing hole 42, a posi-
tioning hole 43 and a lead part 44.
[0038] In this embodiment, the fixing part hole 41
formed in the flexible circuit board 40 is a through hole,
through which the fixing part (i.e., the stimulating elec-
trode fixing part 23 or the contact electrode fixing part
32) of the metal terminal (the electrode terminal, i.e., the
stimulating electrode 20 or the contact electrode 30) is
penetrated.
[0039] In the following, the fixing part hole 41 is referred
to for the penetration of the fixing part of one or both of
the electrode terminals, whereas a fixing part hole 41a
is referred to for the penetration of the contact electrode
fixing part 32 of the contact electrode 30, and a fixing
part hole 41b is referred to for the penetration of the stim-
ulating electrode fixing part 23 of the stimulating elec-
trode 20.
[0040] The contact electrode fixing part 32 of the con-
tact electrode 30 (described later) is inserted in and pen-
etrated through the fixing part hole 41a, and the stimu-
lating electrode fixing part 23 of the stimulating electrode
20 is inserted in and penetrated through the fixing part
hole 41b.
[0041] In the first embodiment, as shown in Figs. 1 and
2, the fixing part hole 41 as a contact pattern hole of the
flexible circuit board 40 has a circular opening, and the
fixing part (i.e., the stimulating electrode fixing part 23 or
the contact electrode fixing part 32) of the terminal (i.e.,
the stimulating electrode 20 or the contact electrode 30)
to be inserted into the opening has a polygonal cross
sectional shape, but the fixing part holes 41a and 41b
need not necessarily have a circular shape.
[0042] The stick fixing hole 42 formed on the flexible
circuit board 40 is a hole for fixing by sticking a cushioning
member 70 (see Fig. 9) described later and the resin part
50.
[0043] The positioning hole 43 formed on the flexible
circuit board 40 is a hole that is utilized for positioning in
the assembling process described later.
[0044] The lead part 44 is a conductor wire part for
connecting the circuit 60 formed on the flexible circuit
board 40 to a connector 45 (see Figs. 9 and 10) supplying

an electric current to the circuit 60.
[0045] The connector 45 has no problem in weight in-
crease since the connector 45 is not provided on the side
of the electrode terminals, i.e., the side that is in contact
with the living body for measuring electric stimulation.
[0046] The circuit 60 is formed by laminating a metal
foil, such as a copper foil, and etching the metal layer
formed therewith.
[0047] A connecting part 61 is an area of the circuit for
electrically connecting the circuit 60 and the electrode
terminal (i.e., the stimulating electrode 20 or the contact-
ing electrode 30), and circuits are formed around the fix-
ing part hole 41a for connecting to the contact electrode
30 and around the fixing part hole 41b for connecting to
the stimulating electrode 20. In the connecting part 61,
the circuits are formed within a range that the pressing
part of the electrode terminal (i.e., the stimulating elec-
trode pressing part 22 or the contact electrode pressing
part 33) reaches.
[0048] One or plural connecting parts 61 may be
formed on the flexible circuit board 40 depending on the
objects and purposes.
[0049] In this embodiment, three electrode pairs each
of which is formed of one stimulating electrode 20 and
one contact electrode 30 are provided, to each of which
a circuit is independently connected. According to the
structure, control of complex electric signals may be en-
abled.
[0050] In this embodiment, the engaging part (i.e., the
stimulating electrode pressing part 22 and the stimulating
electrode fixing part 23 or the contact electrode fixing
part 32 and the contact electrode pressing part 33) press-
es and fixes the flexible circuit board 40 to the resin part
50. According to the structure, the flexible circuit board
40 may be effectively prevented from being floated at the
center part thereof from the resin part 50.
[0051] In the first embodiment as shown above, the
use of the flexible circuit board 40 achieves a complex
circuit without the use of many wire leads using copper
wire, thereby providing the living body stimulating elec-
trode 1 having a light weight capable of controlling com-
plex electric stimulation.
[0052] The resin part 50 is a fixing member that func-
tions as an insulating board and has a flat surface. The
resin part 50 has a fixing part hole 51 for fixing the elec-
trode pair formed of the stimulating electrode 20 and the
contact electrode 30 and a positioning hole 52 used in
the assembling process described later.
[0053] In the following, the fixing part hole 51 is referred
to for fixing the fixing part of one or both of the electrode
terminals, whereas a fixing part hole 51a is referred to
for fixing the contact electrode fixing part 32 of the contact
electrode 30, and a fixing part hole 51b is referred to for
fixing the stimulating electrode fixing part 23 of the stim-
ulating electrode 20.
[0054] The resin part 50 has three groups of holes (i.e.,
three pairs of the fixing part hole 51a and the fixing part
hole 51b) at the three vertices of the equilateral triangle
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having the center of gravity at the center of the resin part
50.
[0055] In the resin part 50, one electrode pair is dis-
posed in one group of holes to form one living body stim-
ulating electrode, and the electrode pairs are disposed
in the three vertices of the equilateral triangle to form
three living body stimulating electrodes. The resin part
50 thus may be used as both a resin part for one electrode
and a resin part for three electrodes.
[0056] The resin part 50 is formed of a resin having an
approximately cylindrical shape and has, for example, a
diameter of approximately from 10 to 16 mm and a thick-
ness of approximately from 2 to 4 mm.
[0057] As shown in Fig. 2, the electrode pair, which is
the pair of the stimulating electrode 20 and the contact
electrode 30, is disposed on the surface of the resin part
50 and thus protrudes from the center parts of the resin
part 50. The protruding amount of a cylindrical part 34 of
the contact electrode 30 may be, for example, approxi-
mately 1 mm.
[0058] The fixing part hole 51 formed in the resin part
50 is for fixing and holding the stimulating electrode 20
or the contact electrode 30 described later. More specif-
ically, the contact electrode fixing part 32 of the contact
electrode 30 is pressed into the fixing part hole 51a, and
the contact electrode fixing part 32 is engaged with the
fixing part hole 51a, whereas the stimulating electrode
fixing part 23 of the stimulating electrode 20 is pressed
into the fixing part hole 51b, and the stimulating electrode
fixing part 23 is engaged with the fixing part hole 51b.
[0059] Accordingly, while the details are described lat-
er, the stimulating electrode 20 is fixed to and held by
the resin part 50 by embedding the stimulating electrode
fixing part 23 in the resin part 50. Similarly, the contact
electrode 30 is fixed to and held by the resin part 50 by
embedding the contact electrode fixing part 32 in the resin
part 50.
[0060] In the first embodiment, as shown in Fig. 2, the
electrode pairs are disposed along the circumference of
the concentric circle with the bottom surface of the resin
part 50. Accordingly, on pressing the living body stimu-
lating electrode 1 onto the skin, the force applied thereto
may be distributed to the electrode pairs in a well-bal-
anced manner.
[0061] The resin part 50 may be formed of any resin
that is harmless to the living body and has insulating prop-
erty, and examples thereof used include a polypropylene
resin (PP) and a polycarbonate resin (PC). The resin part
50 may be formed of ceramics.
[0062] The metal terminal (electrode) according to the
first embodiment will be described.
[0063] As shown in Fig. 1, the stimulating electrode 20
according to the first embodiment is an electrode for stim-
ulating a pain sensory nerve that has the stimulating part
21 at the tip thereof, the stimulating electrode pressing
part 22 protruding in the side direction, and the stimulat-
ing electrode fixing part 23 provided at the opposite tip
to the stimulating part 21.

[0064] The stimulating electrode 20 may be formed by
punching a metal plate that is harmless to the living body,
such as SUS304 and SUS316. Other metals that are
harmless to the living body may be used, and a material
plated with a metal that is harmless to the living body,
such as gold, may also be used.
[0065] The stimulating part 21 has an acute angled
shape with a minute area and is stuck in the skin of the
living body by pressing. In the first embodiment, for ex-
ample, the stimulating part 21 has a height in the axial
direction (longitudinal direction) of 2 mm from its tip to
the top of the pressing part 22, and a width in the side
direction (shorter direction) of 1 mm. An inner diameter
of the contact electrode 30 around the stimulating part
21 is 1.5 mm.
[0066] The stimulating electrode 20 has, in addition to
the stimulating part 21, an engaging part that achieves
fixation to the resin part 50, and the engaging part is
constituted by the stimulating electrode pressing part 22
and the stimulating electrode fixing part 23.
[0067] Figs. 3A and 3B are enlarged cross sectional
views showing the fixing state (electrically connecting
state) of the stimulating electrode 20 to the resin part 50
in the first embodiment.
[0068] Fig. 3A shows the state in the course of the fix-
ation of the stimulating electrode 20 to the resin part 50
with the flexible circuit board 40 intervening between
them, and Fig. 3B shows the state where the connection
(fixation) is completed.
[0069] In the first embodiment, the stimulating elec-
trode pressing part 22 functioning as a part of the engag-
ing part of the stimulating electrode 20 protrudes in the
width direction (shorter direction) in the side direction of
the approximate center in the longitudinal direction of the
stimulating electrode 20.
[0070] The stimulating electrode pressing part 22 thus
formed has the function of a stopper that restricts the
insertion amount on pressing the stimulating electrode
fixing part 23 of the stimulating electrode 20 into the hole
of the resin part 50 (i.e., the fixing part hole 51b), and
also has the function of electrically connecting the stim-
ulating electrode 20 to the circuit of the flexible circuit
board 40 present in the vicinity of the opening of the hole
of the resin part 50 (i.e., the fixing part hole 51b), the
function of fixing the flexible circuit board 40 to the resin
part 50 by pressing, and the function of mechanically
connecting the stimulating electrode 20 to the resin part
50. The overlap for electric connection A for the electric
connection of the electrode and the circuit is shown in
Fig. 3B.
[0071] The stimulating electrode pressing part 22 func-
tions as a stopper, and the distance between the end
surface of the stimulating electrode pressing part 22 on
the side of the stimulating part 21 (i.e., the surface thereof
opposite to the surface facing the resin part 50) and the
stimulating part 21 of the stimulating electrode 22 is a
prescribed value. Thus, the height of the top of the stim-
ulating part 21 above the resin part is fixed.
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[0072] In the first embodiment, the stimulating elec-
trode pressing part 22 is formed on both sides, but may
be formed on only one side.
[0073] In the case where the stimulating electrode
pressing part 22 is formed on both sides as in the first
embodiment, the positions of the end surfaces of the stim-
ulating electrode pressing parts 22 on the side of the
stimulating part 21 are at the same position (i.e., the dis-
tances thereof from the stimulating part 21 are the pre-
scribed value).
[0074] The stimulating electrode fixing part 23, which
functions as a part of the engaging part of the stimulating
electrode 20, is a single leg-like member that is provided
in the stimulating electrode 20 on the opposite side in the
longitudinal direction to the stimulating part 21. The stim-
ulating electrode fixing part 23 has such a function that
the stimulating electrode 20 is fixed to the resin part 50
with the flexible circuit board 40 intervening between
them, and simultaneously the stimulating electrode 20 is
electrically connected to the circuit of the flexible circuit
board 40 disposed on one surface of the resin part 50.
[0075] While the stimulating electrode pressing part 22
functioning as a part of the engaging part of the stimu-
lating electrode 20 is described in Figs. 3A and 3B as an
example, the fixation (electric connection) of the contact
electrode 30 to the resin part 50 may have the similar
embodiment as shown in Figs. 4A and 4B.
[0076] Returning to Figs. 1 and 2, the contact electrode
30 has a contact part 31, a contact electrode fixing part
32, a contact electrode pressing part 33 and a cylindrical
part 34.
[0077] The contact electrode 30 may be formed by
punching a metal plate formed of the same material as
the stimulating electrode 20. More specifically, a rectan-
gular part for forming the cylindrical part 34 and two con-
tact electrode fixing parts 32 are prepared. The rectan-
gular part thus punched is rolled up to make the width
direction of the rectangular part directed to the axial di-
rection of the cylindrical part 34, thereby making the cy-
lindrical part 34. The end surface of the cylindrical part
34 on the side having the contact electrode fixing part 32
functions as the contact electrode pressing part 33, and
the end surface thereof on the opposite side functions
as the contact part 31. In the first embodiment, the contact
part 31, which is in contact with the skin, of the contact
electrode 30 has a cylindrical shape, but the shape there-
of may not necessarily be a cylindrical shape and may
be various shapes including a rectangular shape, a tri-
angular shape and a U-shape in cross section.
[0078] The end surface of the cylindrical part 34 where
the contact electrode fixing part 32 is not formed has the
contact part 31, which has a flat shape to be pressed on
and in contact with the skin of the living body. The contact
part 31 may be in the form of a line or a plane for achieving
a function of restricting the sticking depth of the stimulat-
ing part 21 of the stimulating electrode 20.
[0079] The contact electrode 30 has on the opposite
side to the contact part 31 the engaging part achieving

fixation to the resin part 50, and the engaging part is
constituted by the contact electrode fixing part 32 and
the contact electrode pressing part 33.
[0080] The contact electrode fixing part 32 functioning
as a part of the engaging part of the contact electrode 30
is two leg-like members that each extend from the end
surface of the cylindrical part 34 on the opposite side to
the contact part 31 in the longitudinal direction of the cy-
lindrical part 34. The contact electrode fixing part 32 has
such a function that the contact electrode 30 is fixed to
the resin part 50, and simultaneously the contact elec-
trode 30 is electrically connected to the circuit of the flex-
ible circuit board 40 disposed on one surface of the resin
part 50.
[0081] The two members of the contact electrode fixing
part 32 are disposed along the virtual line passing through
and orthogonal to the center line (the longitudinal axis)
of the cylindrical part 34. The number of the members
constituting the contact electrode fixing part 32 may be
only one or three or more.
[0082] In the first embodiment as shown in Figs. 1 and
2, the center line of the stimulating part 21 of the stimu-
lating electrode 20 agrees with the center line of the cy-
lindrical part 34 of the contact electrode 30, and the stim-
ulating part 21 protrudes from the contact part 31 of the
contact electrode 30 by approximately from 0 to 0.5 mm.
[0083] An electrode pair is constituted by the stimulat-
ing electrode 20 and the contact electrode 30 thus dis-
posed, and on pressing the electrode pair to the skin of
the living body, the stimulating part 21 is stuck in the skin,
and the contact part 31 is in contact with the skin to
achieve electric contact with the skin and simultaneously
restricts the sticking depth of the stimulating part 21 into
the skin.
[0084] In the following description, the surface having
the electrode pair (i.e., the stimulating electrode 20 and
the contact electrode 30) formed thereon is referred to
as a front surface, and the opposite surface thereto is
referred to as a back surface.
[0085] The first embodiment may have, for example,
a structure that applies a pulse voltage with the stimulat-
ing electrode 20 (i.e., the stimulating part 21) as a cathode
and the contact electrode 30 (i.e., the contact part 31) as
an anode, but the embodiment is not limited to the struc-
ture. Specifically, the stimulating electrode 20 (i.e., the
stimulating part 21) may be used as an anode, whereas
the contact electrode 30 (i.e., the contact part 31) may
be used as a cathode, and the stimulating electrode 20
(i.e., the stimulating part 21) and the contact electrode
30 (i.e., the contact part 31) may be applied with an al-
ternating current voltage or a direct current voltage.
[0086] In this embodiment, the stimulating part 21 is
stuck in the skin, but the stimulating part 21 may not be
necessarily stuck in the skin, but may only dent in the
skin depending on the use purpose of the electrode pair.
[0087] In the first embodiment, the number of the elec-
trode pairs is three pairs but may be other number of
pairs, for example, only one pair or two or four pairs. In
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the case where plural electrode pairs are formed, even
if one (stimulating part 21) of them is stuck in a portion
having a low nerve fiber density, it is expected that an-
other electrode pair (stimulating part 21) may be stuck in
a portion having a high nerve fiber density. Accordingly,
the pain sense may be more definitely stimulated, there-
by enhancing the reliability.
[0088] In the resin part 50, the holding strength of the
metal terminals (i.e., the stimulating electrode 20 and the
contact electrode 30), which is the withdrawing strength
of the metal terminals, may be determined by the me-
chanical strength of the resin (i.e., the insulating material)
used as the board.
[0089] In the first embodiment, accordingly, a polyphe-
nylene sulfide resin (PPS) is used as the resin part 50,
and thereby the mechanical connection is enhanced in
reliability as shown by the experimental results shown
later.
[0090] In the case where a ceramic board or the like
is used as the resin part 50 instead of the resin board,
holes (e.g., depressed parts or through holes) are pro-
vided in the ceramic board, and the fixing parts provided
in the stimulating electrode 20 and the contact electrode
30 (i.e., the stimulating electrode fixing part 23 and the
contact electrode fixing part 32) are pressed into the
holes.
[0091] In the first embodiment, furthermore, the diag-
onal dimension in the horizontal cross section of the ter-
minal (i.e., the stimulating electrode 20 or the contact
electrode 30), which is to be inserted into the opening of
the fixing part hole 51 (connecting pattern hole) of the
resin part 50, is larger than the diameter of the opening
of the fixing part hole 51, thereby fixing them by interfer-
ence fit.
[0092] Instead of the interference fit, the terminal may
be fixed by such a fixing method that uses clearance fit
and an adhesive. In this case, the diagonal dimension in
the cross section of a parallel portion of the terminal (i.e.,
the stimulating electrode 20 or the contact electrode 30),
which is to be inserted into the opening of the fixing part
hole 51 of the resin part 50, is smaller than the diameter
of the opening of the fixing part hole 51.
[0093] In the first embodiment as described above, the
flexible circuit board 40 is disposed on one surface (i.e.,
the front surface) of the resin part 50, and the fixing parts
provided in the electrode terminals (i.e., the stimulating
electrode 20 and the contact electrode 30) are inserted
(pressed) in the fixing part holes 51 formed in the resin
part 50, whereby the electrode terminals (i.e., the stim-
ulating electrode 20 and the contact electrode 30), the
flexible circuit board 40 and the resin part 50 are fixed to
each other, and simultaneously the electrode terminals
(i.e., the stimulating electrode 20 and the contact elec-
trode 30) are electrically connected to the circuits of the
flexible circuit board 40 in the vicinity of the opening of
the fixing part holes 51.
[0094] The stimulating electrode 20 and the contact
electrode 30 may be formed from a metal plate by sheet

metal processing (press processing including punching
process, bending process and drawing process), and
thus may be easily mass-produced with high dimensional
accuracy.
[0095] In the first embodiment as described above,
while the flexible circuit board 40 is inserted between the
metal terminals (i.e., the first electrode and the second
electrode) and the insulating board, the pressing part
(i.e., the stimulating electrode pressing part 22 or the
contact electrode pressing part 33), which functions as
a part of the engaging part of the metal terminal (elec-
trode), presses the contact surface with the flexible circuit
board 40, and simultaneously the fixing part (i.e., the stim-
ulating electrode fixing part 23 or the contact electrode
fixing part 32) fixes the metal terminal to the insulating
board (i.e., the resin part 50). Accordingly, the metal ter-
minal is disposed on (inserted and pressed in) the insu-
lating board just like a terminal embedded in the insulat-
ing board, and the flexible circuit board 40 is in a state
where it is pressed (fixed) with the metal terminals as
pins.
[0096] Modified embodiments of the engaging part
(i.e., the pressing part and the fixing part) in the first em-
bodiment will be described.

(Modified Embodiment 1)

[0097] Figs. 5A and 5B are schematic enlarged views
describing a stimulating electrode 20 according to a mod-
ified embodiment 1 of the first embodiment.
[0098] As shown in Figs. 5A and 5B, the stimulating
electrode 20 according to the modified embodiment 1
has an engaging part, which has functions of both a stim-
ulating electrode pressing part 22 in contact with the flex-
ible circuit board 40 and a stimulating electrode fixing
part 23 fixed to and held by the resin part 50, and an
overlap for electric connection B, in which the stimulating
electrode pressing part 22 and the stimulating electrode
fixing part 23 are continuous with a curved plane (i.e., a
round shape).
[0099] Specifically, the engaging part of the stimulating
electrode 20 is chamfered to form a round shape (i.e., a
rounded overlap for electric connection B2) in a part of
the contact surface.
[0100] According to the structure of the modified em-
bodiment 1, the overlap for electric connection may be
increased by such a length that is obtained by subtracting
the straight overlap for electric connection B1 from the
rounded overlap for electric connection B2 (B2 > B1)
shown in Figs. 5A and 5B, as compared to the case where
the electrode and the circuit are in contact with each other
through a flat plane (i.e., the overlap for electric connec-
tion A) as shown in Figs. 3A and 3B.
[0101] Furthermore, it is expected by the structure that
the local contact strength (i.e., the physical contact
strength) may also be increased.
[0102] In the case shown in Figs. 3A and 3B where the
electrode and the circuit are in contact with each other
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through a flat plane, there may be a possibility that the
shortage of the insertion depth (embedding depth) of the
electrode terminal (i.e., the stimulating electrode 20)
causes contact failure. In the structure of the modified
embodiment 1, however, the contact part may be en-
hanced in such an amount that is enhanced by the round
shape (i.e., the length obtained by subtracting the overlap
for electric connection B1 from the overlap for electric
connection B2), thereby further ensuring the contact.
[0103] Consequently, the electric connection may be
further enhanced in reliability.

(Modified Embodiment 2)

[0104] While the stimulating electrode pressing part 22
functioning as a part of the engaging part of the stimu-
lating electrode 20 is described in Figs. 5A and 5B as an
example, the fixation (electric connection) of the contact
electrode 30 to the resin part 50 may also or instead have
the similar embodiment as shown in Figs. 6A and 6B.

(Modified Embodiment 3)

[0105] Figs. 7A and 7B are schematic enlarged views
describing an electrode according to a modified embod-
iment 3 of the embodiment.
[0106] While a stimulating electrode 20 is described
as an example of the electrode terminal in the modified
embodiment 3, the similar structure may be applied to a
contact electrode 30 as well or instead.
[0107] As shown in Figs. 7A and 7B, the stimulating
electrode 20 according to the modified embodiment 3
has an engaging part, which has functions of both a stim-
ulating electrode pressing part 22 in contact with the flex-
ible circuit board 40 and a stimulating electrode fixing
part 23 fixed to and held by the resin part 50, and a portion,
in which the stimulating electrode pressing part 22 and
the stimulating electrode fixing part 23 are continuous
with an inclined plane.
[0108] Specifically, the engaging part of the stimulating
electrode 20 is chamfered to form a chamfered shape,
and an inclined overlap for electric connection B3 is
formed in a part of the contact surface.
[0109] According to the structure of the modified em-
bodiment 3, the overlap for electric connection may be
increased by such a length that is obtained by subtracting
the straight overlap for electric connection B1 from the
inclined overlap for electric connection B3 (B3 > B1)
shown in Figs. 7A and 7B, as compared to the case where
the electrode and the circuit are in contact with each other
through a flat plane (i.e., the overlap for electric connec-
tion A) as shown in Figs. 3A and 3B.
[0110] Furthermore, it is expected by the structure that
the local contact strength (i.e., the physical contact
strength) may also be increased.
[0111] In the case shown in Figs. 3A and 3B where the
electrode and the circuit are in contact with each other
through a flat plane, there may be a possibility that the

shortage of the insertion depth (embedding depth) of the
stimulating electrode 20 (or the contact electrode 30)
causes contact failure. In the structure of the modified
embodiment 3, however, the contact part may be en-
hanced in such an amount that is enhanced by the cham-
fered shape (i.e., the length obtained by subtracting the
overlap for electric connection B1 from the overlap for
electric connection B3), thereby further ensuring the con-
tact.
[0112] Consequently, the electric connection may be
further enhanced in reliability.

(Modified Embodiment 4)

[0113] Figs. 8A, 8B and 8C are schematic enlarged
views describing an electrode according to a modified
embodiment 4 of the embodiment.
[0114] While a stimulating electrode 20 is described
as an example of the electrode terminal in the modified
embodiment 4, the similar structure may also or instead
be applied to a contact electrode 30.
[0115] As shown in Fig. 8A, in the modified embodi-
ment 4, the flexible circuit board 40 has a fixing part hole
46 having an opening that is smaller than the opening of
the fixing part hole 51.
[0116] As shown in the modified embodiment 4, the
fixing part hole formed in the flexible circuit board 40 for
holding the fixing part of the stimulating electrode 20 (or
the contact electrode 30) may not necessarily have the
same size and shape as the fixing part hole 51 formed
in the resin part 50. However, such a hole is preferred
that the opening area thereof is smaller than the projected
area of the pressing part of the electrode terminal (i.e.,
the stimulating electrode pressing part 22 or the contact
electrode pressing part 33) to the resin part 50.
[0117] A living body stimulating electrode apparatus
10 that is constituted by the living body stimulating elec-
trode 1 thus produced as described above and a mount-
ing part (including a cushioning member 70 and a pro-
tective sheet 80) will be described with reference to Figs.
9A, 9B and 10.
[0118] Fig. 9A is a schematic overall view showing the
living body stimulating electrode apparatus 10, and Fig.
9B is an enlarged view showing a part of the apparatus
that is in contact with a living body (e.g., a human body
100 shown in Fig. 10).
[0119] Fig. 10 is a perspective view showing an exam-
ple of actual use of the living body stimulating electrode
apparatus 10. In an actual state, the living body stimu-
lating electrode apparatus 10 is connected to a control-
ling apparatus, which is not shown in the figures, via a
connector 45 connected to a lead 44 of the flexible circuit
board 40.
[0120] As shown in Fig. 9B, the living body stimulating
electrode apparatus 10 has a living body stimulating elec-
trode 21 and a mounting part for mounting the living body
stimulating electrode 1 to a human body 100. The mount-
ing part has a cushioning member 70 formed of medical
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sponge or the like having a fixing part hole 71 and a po-
sitioning hole 72, a protective sheet 80 formed of a film,
and the like.
[0121] While not shown in the figures, a sticking ma-
terial (such as a double-sided adhesive tape) capable of
sticking the living body stimulating electrode 10 to the
human body 100 after removing the protective sheet 80
is applied between the upper surface of the cushioning
member 70 and the protective sheet 80. The surface of
the living body stimulating electrode apparatus 10 (i.e.,
the surface thereof having the electrode protruding there-
from) may be stuck and fixed to the human body 100 as
shown in Fig. 10.
[0122] A sticking material capable of sticking the cush-
ioning member 70 to the flexible circuit board 40 after
removing another protective sheet 80 is applied between
the lower surface of the cushioning member 70 and the
another protective sheet 80. The flexible circuit board 40
has a stick fixing hole 42 (see, Figs. 1 and 2), and there-
fore the resin part 50 of the living body stimulating elec-
trode 1 and the cushioning member 70 can fix the flexible
circuit board 40 with the sticking material through the
stick fixing hole 42 by pressing onto the lower surface of
the cushioning material 70 even though the flexible circuit
board 40 intervenes between the resin part 50 and the
cushioning material 70.
[0123] Furthermore, the diameter of the resin part 50
is larger than the diameter of the flexible circuit board 40.
Accordingly, the resin part 50 of the living body stimulat-
ing electrode 1 at the position outside the flexible circuit
board 40 and the cushioning member 70 are stuck to
each other by pressing onto the lower surface of the cush-
ioning member 70, and thereby can fix the flexible circuit
board 40.
[0124] According to the structure, the living body stim-
ulating electrode 1 and the mounting part are stuck and
fixed to each other in the positional relationship shown
by the broken line in Fig. 9B.
[0125] In the living body stimulating electrode appara-
tus 10 having the structure shown above, by pressing
the surface of the living body stimulating electrode 1 onto
the skin of the human body 100, the contact part 31 of
the contact electrode 30 is in contact with the skin, and
the stimulating part 21 of the stimulating electrode 20 is
stuck into the skin and reaches the pain sensory nerve.
[0126] On applying a voltage to the stimulating part 21
and the contact part 31, the pain sense is favorably stim-
ulated by the stimulating part 21.
[0127] Fig. 11 is a table showing experimental results
of the living body stimulating electrode apparatus 10 ac-
cording to the first embodiment.
[0128] The item "Board material" is the material used
as the resin part 50.
[0129] The item "Shape of terminal connecting portion"
is the shape of the portion where the stimulating electrode
pressing part 22 and the stimulating electrode fixing part
23 are connected to each other, in which R means a
round shape (i.e., a curved line and a curved plane), and

C means a chamfered shape.
[0130] The item "Dimension" is the dimension of the
overlap for electric connection of the terminal connecting
portion (unit: mm).
[0131] The item "Terminal withdrawing strength" is the
holding strength described above (unit: kgf).
[0132] The item "Dispersion of implantation height" is
a degree of the dispersion of the height of the electrode
terminal on pressing the living body stimulating electrode
apparatus 10 onto the skin, and is specifically the dis-
tance between the overlap for electric connection A (see
Figs. 3B and 4B) and the flexible circuit board 40, and
the electrode (stimulating electrode 20) in terms of dis-
persion from the standard value (unit: mm).
[0133] The item "Rate of occurrence of conduction fail-
ure" is the rate of occurrence of failure in supplying elec-
tric power (unit: %).
[0134] As shown in Fig. 11, the example G, in which
the terminal connecting portion has a flat shape, under-
goes a rate of occurrence of conduction failure that is
suppressed to 10%, whereas the other examples, in
which the terminal connecting portion has a round shape
or a chamfered shape, undergo a rate of occurrence of
conduction failure of 0%. It is understood from the results
that the electric connection is strengthened to enhance
the electric stability by using the terminal connecting por-
tion having a round shape or a chamfered (i.e., the mod-
ified examples 1 to 4 above).
[0135] The examples A, B, C, D, E and F using PPS
(polyphenylene sulfide resin) as the board material ex-
hibit a terminal withdrawing strength of 1.0 kgf, whereas
the example H using PP (polypropylene resin) as the
board material exhibits a terminal withdrawing strength
of 0.4 kgf, and the example I using PC (polycarbonate
resin) as the board material exhibits a terminal withdraw-
ing strength of 0.5 kgf, from which it is understood that
in the case where materials that have a relatively low
mechanical strength (i.e., PP and PC) are used, the ter-
minal withdrawing strength of the electrode terminal is
small, and the implantation height of the electrode termi-
nal exhibits dispersion (which is 0.02 mm in both the ex-
amples H and I).
[0136] The first embodiment describes an example, in
which both the electrode terminals (electrode pair) of the
stimulating electrode 20 and the contact electrode 30
have the engaging part (i.e., the stimulating electrode
pressing part 22 or the contact electrode pressing part
33), but the invention is not limited thereto.
[0137] As described in second and third embodiments
below, such a structure may be used that any one elec-
trode terminal of the electrode terminals (i.e., the stimu-
lating electrode 20 and the contact electrode 30) consti-
tuting the electrode pair has a pressing part that functions
as a part of the engaging part.

(Second Embodiment)

[0138] Fig. 12A is an enlarged view showing an elec-
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trode (i.e., a living body stimulating electrode 2) accord-
ing to a second embodiment.
[0139] Fig. 13 is an enlarged cross sectional view
showing the living body stimulating electrode 2 according
to the second embodiment.
[0140] The second embodiment is different from the
first embodiment in such a point that a contact electrode
300 having no engaging part is used instead of the con-
tact electrode 30 in the first embodiment.
[0141] In this case, a conductive adhesive 90 or the
like may be used for fixing the contact electrode 300 and
the flexible circuit board 40 to each other. Specifically,
as shown by the symbol α in Fig. 13, the adhesive 90 is
applied to the boundary between a cylindrical part 304
of the contact electrode 300 and the flexible circuit board
40, thereby connecting electrically the contact electrode
300 and the flexible circuit board 40.
[0142] Furthermore, as shown by the symbol β in Fig.
13, the stimulating electrode 20 and the flexible circuit
board 40 are fixed to each other by pressing the flexible
circuit board 40 with the stimulating electrode pressing
part 22 and fixing and holding the stimulating electrode
fixing part 23 by the resin part 50, and therefore the ad-
hesive 90 need not be necessarily used.

(Third Embodiment)

[0143] Fig. 12B is a view showing an electrode (i.e., a
living body stimulating electrode 3) according to a third
embodiment.
[0144] The living body stimulating electrode 3 is differ-
ent from the first embodiment in such a point that a stim-
ulating electrode 200 having no engaging part is used
instead of the stimulating electrode 20 in the first embod-
iment. That is, the stimulating electrode 200 has no press-
ing part.
[0145] In this case, a conductive adhesive 90 or the
like may be used for fixing the stimulating electrode 200
and the flexible circuit board 40 to each other. Specifi-
cally, an adhesive 90 is applied to the boundary between
a stimulating electrode fixing part 203 of the stimulating
electrode 200 and the flexible circuit board 40, thereby
connecting electrically the stimulating electrode 200 and
the flexible circuit board 40.
[0146] Furthermore, the contact electrode 30 and the
flexible circuit board 40 are fixed to each other by press-
ing the flexible circuit board 40 with the contact electrode
pressing part 33 and fixing and holding the contact elec-
trode fixing part 32 by the resin part 50, and therefore
the adhesive 90 need not be necessarily used.
[0147] In the third embodiment, the height positions of
the stimulating electrode 200 and the contact electrode
30 (i.e., the protruding amount of the stimulating part 201
from the contact part 31) may be controlled by the depth
of the fixing part hole 51b formed in the resin part 50, or
the like.
[0148] In the aforementioned embodiments, the fixing
part hole 41 (46) is formed in advance in the flexible circuit

board 40, but the invention is not limited thereto. Specif-
ically, such a structure may be used that no hole is formed
in advance on the flexible circuit board 40, and the elec-
trode terminal (i.e., the stimulating electrode 20 or the
contact electrode 30) breaks through the flexible circuit
board 40 at an appropriate position (i.e., a part capable
of achieving electric connection).
[0149] In the aforementioned embodiments, one or
both of the electrode terminals have a round plane or an
inclined plane (i.e., a round shape or a chamfered shape)
by the chamfering process at the contact surface to the
flexible circuit board 40, and in addition to the structure,
at least a part of the contact surface of the resin part 50
(i.e., the surface that is in contact with the electrode ter-
minals with the flexible circuit board 40 intervening be-
tween them) may have the processed shape as similar
to the aforementioned embodiments.
[0150] In this case, the dimension of the round shape
provided on the resin part 50 (R for resin part, where R
is the curvature of the round shape) is preferably approx-
imately half the dimension of the round shape provided
on the engaging part of the electrode terminals (R for
engaging part). Specifically, the dimension of the cham-
fering process (unit: mm) is preferably 0.1 for R for en-
gaging part and 5/100 for R for resin part.
[0151] According to the structure, the efficiency of the
process of inserting the electrode terminals to the resin
part 50 may be enhanced.
[0152] The living body stimulating electrode that is
used in the living body stimulating electrode apparatus
10 may be the living body stimulating electrode 2 accord-
ing to the second embodiment or the living body stimu-
lating electrode 3 according to the third embodiment in-
stead of the living body stimulating electrode 1 according
to the first embodiment.
[0153] Due to the structures, the living body stimulating
electrodes according the aforementioned embodiments
may provide the following advantageous effects.

(1) The use of the flexible circuit board reduces the
weight of the electrode and simplifies the structure
thereof.
(2) The use of the electrode for fixing (connecting)
the flexible circuit board and the electrode to each
other (i.e., the absence of an additional part, such
as a connector on the board, for connecting the flex-
ible circuit board and the electrode) avoids possible
deterioration of the reliability of the connecting part
(including the reliability in electric connection and the
reliability in mechanical connection).
(3) The use of the electrode for fixing the flexible
circuit board and the electrode to each other avoids
the cost for the connector and soldering, the cost for
the soldering process, and the like, and thus
achieves reduction of the cost including the cost for
parts and the cost for assembling process.
(4) The use of the electrode for fixing the flexible
circuit board and the electrode to each other avoids

17 18 



EP 2 868 270 B1

11

5

10

15

20

25

30

35

40

45

50

55

increase of the weight due to the additional part, such
as a connector, which is desirably reduced.

[0154] A method for producing the living body stimu-
lating electrode apparatuses according to the aforemen-
tioned embodiments and modified embodiments (such
as the living body stimulating electrode apparatus 10)
will be described with reference to Figs. 14 to 19.
[0155] In the production method for the embodiments
and the modified embodiments, a working pedestal 5
having two positioning bars 6 as shown in Fig. 14 is pref-
erably used as a positioning jig for the members. The
positioning bar 6 functions as a guide column for dispos-
ing the members properly on the resin part 50 as a fixing
base board, as described below.
[0156] The surface of the working pedestal 5 having
the positioning bars 6 formed is referred to as an upper
surface. In the member (part) that is disposed on the
upper surface of the working pedestal 5 and positioned
by the positioning bar 6, the surface thereof facing the
upper surface of the working pedestal 5 is referred to as
a lower surface, and the surface thereof opposite to the
lower surface is referred to as an upper surface.
[0157] In the first step, as shown in Fig. 15, the resin
part 50 is disposed on the upper surface of the working
pedestal 5. At this time, the resin part 50 is disposed in
such a manner that the positioning bars 6 formed on the
working pedestal 5 are penetrated through the position-
ing holes 52 formed in the resin part 50. According to the
procedure, the resin part 50 is positioned on the working
pedestal 5.
[0158] In the next step, as shown in Fig. 16, the flexible
circuit board 40 is disposed on the upper surface of the
resin part 50 thus positioned. At this time, the flexible
circuit board 40 is disposed in such a manner that the
positioning bars 6, which have been penetrated through
the positioning holes 52 of the resin part 50, are pene-
trated through the positioning holes 43 formed in the flex-
ible circuit board 40. According to the procedure, the flex-
ible circuit board 40 is positioned on the resin part 50 on
the working pedestal 5.
[0159] In the next step, as shown in Fig. 17, the stim-
ulating electrode 20 and the contact electrode 30 are
disposed on the flexible circuit board 40 thus positioned,
from the upper surface of the flexible circuit board 40.
[0160] According to the procedure, the fixing parts of
the electrode terminals (i.e., the stimulating electrode fix-
ing part 23 and the contact electrode fixing part 32) are
passed through the fixing part holes 41 of the flexible
circuit board 40 and then engaged in (pressed into) the
fixing part holes 51 of the resin part 50, and thereby the
stimulating electrode and the contact electrode 30 are
fixed to and held by the resin part 50. This step (fixing
and holding procedure) may be applied with any of the
embodiments and modified embodiments described
above.
[0161] According to the procedures up to this step, the
living body stimulating electrode 1 having the members

disposed at proper positions on the upper surface of the
resin part 50 is completed as shown in Fig. 18.
[0162] In the next step, as shown in Fig. 19, the cush-
ioning member 70, such as medical sponge, is disposed
over the upper surface of the living body stimulating elec-
trode 1 thus completed. Protective sheets 80 described
later are disposed on the upper and lower surfaces of
the cushioning member 70. For describing the procedure,
Fig. 19 shows the state where the protective sheet 80
disposed on the lower surface of the cushioning member
70 is passed through the positioning bars 6 prior to the
cushioning member 70.
[0163] At this time, the cushioning member 70 is dis-
posed in such a manner that the positioning bars 6, which
have been penetrated through the positioning holes 43
of the flexible circuit board 40, are penetrated through
the positioning holes 72 formed in the cushioning mem-
ber 70.
[0164] A sticking material is applied to the both surfac-
es (i.e., the upper and lower surfaces) of the cushioning
member 70. The occupied area of the sticking material
applied to the lower surface of the cushioning member
70 is preferably such an area that is larger than the outer
circumference of the upper surface of the flexible circuit
board 40 and is somewhat smaller than the resin part 50.
As described for the first embodiment, the sticking ma-
terial applied to the lower surface of the cushioning mem-
ber 70 is stuck to the resin part 50 through the stick fixing
hole 42 formed in the flexible circuit board 40, and thereby
the cushioning member 70 and the resin part 50 are stuck
and fixed to each other with the flexible circuit board 40
intervening between them.
[0165] Furthermore, the flexible circuit board 40 is fixed
to the resin part 50 further firmly by the fixation through
the outer circumference of the flexible circuit board 40
and the stick fixing hole 42, in addition to the fixation by
pressing with the engaging parts (i.e., the stimulating
electrode pressing part 22, the stimulating electrode fix-
ing part 23, the contact electrode fixing part 32 and the
contact electrode pressing part 33). In this case, the flex-
ible circuit board 40 is fixed through the stick fixing hole
42, and thereby the flexible circuit board 40 is effectively
prevented from being floated at the center part thereof.
[0166] In the final step, the protective sheet 80 is dis-
posed over the upper surface of the cushioning member
70. At this time, the protective sheet 80 is disposed in
such a manner that the positioning bars 6, which have
been penetrated through the positioning holes 72 of the
cushioning member 70, are penetrated through the po-
sitioning holes 82 formed in the protective sheet 80. The
protective sheet 80 has a living body stimulating elec-
trode hole 81, through which the living body stimulating
electrode 1 is to protrude, and the living body stimulating
electrode 1 protrudes from the living body stimulating
electrode hole 81.
[0167] On sticking and fixing the living body stimulating
electrode apparatus 10 thus completed to the human
body 100 (see Fig. 10), the protective sheet 80 is re-
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moved, and the surface, from which the protective sheet
80 has been removed, is pressed onto the human body
100.
[0168] The foregoing description has been given by
way of example only and it will be appreciated by a person
skilled in the art that modifications can be made without
departing from the scope of the present invention.

Claims

1. A living body stimulating electrode (1) comprising:

a first electrode (20) that has at a tip of one end
thereof a stimulating part (21) that has an acute
angled shape stimulating a skin of a living body,
a second electrode (30) that has at a tip of one
end thereof a contact part (31) that is in contact
with a skin of a living body through a line or a
plane and is formed with a prescribed positional
relationship to the stimulating part,
an engaging part (22, 23; 32, 33) that is formed
in at least one of the other end of the first elec-
trode and the other end of the second electrode,
the engaging part having a fixing part (23; 32)
that extends from the one end toward a direction
to the other end, and a pressing part (22; 33)
that extends in a side direction, and
an insulating board (50) that fixes and holds the
fixing part, wherein:

the living body stimulating electrode further
comprises a flexible circuit board (40) that
is disposed between the first electrode and
the second electrode, and the insulating
board, and has a circuit that is electrically
connected to each of the first electrode and
the second electrode,
the engaging part is fixed to and held by the
insulating board by insertion of the fixing
part into the insulating board with penetra-
tion through the flexible circuit board, and
thereby the pressing part is in contact with
the circuit and pressing and fixing the flex-
ible circuit board to the insulating board,
the fixing part and the pressing part are con-
tinuous with at least a part thereof through
an inclined plane or a curved plane (B2, B3),
and
a portion of the inclined plane or the curved
plane on the side of the fixing part is fixed
to and held by the insulating board, whereas
the other portion of the inclined plane or the
curved plane on the side of the pressing part
is in contact with the circuit, and presses
and fixes the flexible circuit board to the in-
sulating board.

2. The living body stimulating electrode according to
claim 1, wherein
the flexible circuit board has a first hole (41) having
such a diameter that the fixing part (23, 32) of the
engaging part is penetrated through the hole, but the
pressing part (22, 33) thereof is not penetrated
through the hole, and
the fixing part is penetrated through the first hole and
is embedded in the insulating board and fixed thereto
and held thereby, and thereby the pressing part is in
contact with the circuit and presses and fixes the
flexible circuit board.

3. The living body stimulating electrode according to
claim 1 or claim 2, wherein
the fixing part (23, 32) has a polygonal cross sec-
tional shape, and
the insulating board has a depressed part or a hole
(51) fixing and holding the fixing part and having an
opening having a circular shape.

4. The living body stimulating electrode according to
any one of claims 1 to 3, wherein the insulating board
and the fixing part are fixed to each other by inter-
ference fit.

5. The living body stimulating electrode according to
any one of claims 1 to 4, wherein the insulating board
(50) contains a polyphenylene sulfide resin.

6. The living body stimulating electrode according to
any one of claims 1 to 5, wherein the living body
stimulating electrode contains plural electrode pairs
(20, 30) each containing a combination of the first
electrode and the second electrode.

7. A living body stimulating electrode apparatus com-
prising
the living body stimulating electrode according to any
one of claims 1 to 6, and
a cushioning member (70) that is fixed to the insu-
lating board by sticking to a surface thereof having
the first electrode and the second electrode fixed
thereto and held thereby, and has through holes (72),
from which the first electrode and the second elec-
trode fixed to and held by the insulating board pro-
trude.

8. The living body stimulating electrode apparatus ac-
cording to claim 7, wherein
the flexible circuit board further has a second hole
(42) in at least a part, and
the cushioning member and the insulating board are
fixed to each other by sticking through the second
hole.

9. A method for producing a living body stimulating
electrode (1) comprising
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a first electrode (20) that has at a tip of one end there-
of a stimulating part (21) that has an acute angled
shape stimulating a skin of a living body, and an en-
gaging part (22, 23) having a fixing part (23) that
extends from the one end toward a direction to the
other end and a pressing part (22) that extends in a
side direction,
a second electrode (30) that has at a tip of one end
thereof a contact part (31) that is in contact with a
skin of a living body through a line or a plane and is
formed with a prescribed positional relationship to
the stimulating part, and an engaging part (32, 33)
having a fixing part (32) that extends from the one
end toward a direction to the other end and a press-
ing part (33) that extends in a side direction,
a flexible circuit board (40) that has a circuit that is
electrically connected to each of the first electrode
and the second electrode, and
an insulating board (50) that has a hole (51b) for the
fixing part corresponding to the first electrode and a
hole (51a) for the fixing part corresponding to the
second electrode,
the method comprising
a first step of placing the flexible circuit board (40)
on the insulating board (50),
a second step of pressing the fixing part (23) of the
first electrode (20) into the corresponding hole (51b)
for the fixing part of the insulating board with pene-
tration through the flexible circuit board, until the
pressing part of the first electrode is in electrical con-
tact with the circuit of the flexible circuit board, and
at the contact part, the flexible circuit board is
pressed and fixed to the insulating board, and
a third step of pressing the fixing part (32) of the
second electrode (30) into the corresponding hole
(51a) for the fixing part of the insulating board with
penetration through the flexible circuit board, until
the pressing part of the second electrode is in elec-
trical contact with the circuit of the flexible circuit
board, and at the contact part, the flexible circuit
board is pressed and fixed to the insulating board,
wherein the fixing part and the pressing part are con-
tinuous with at least a part thereof through an inclined
plane or a curved plane (B2, B3), and
a portion of the inclined plane or the curved plane
on the side of the fixing part is fixed to and held by
the insulating board, whereas the other portion of
the inclined plane or the curved plane on the side of
the pressing part is in contact with the circuit, and
presses and fixes the flexible circuit board to the in-
sulating board.

Patentansprüche

1. Elektrode zur Stimulation eines lebenden Körpers
(1) umfassend:

eine erste Elektrode (20), die an einer Spitze
eines Endes ein Stimulationsteil (21) hat, das
eine spitzwinkelige Form hat, die eine Haut ei-
nes lebenden Körpers stimuliert,
eine zweite Elektrode (30), die an einer Spitze
eines Endes ein Kontaktteil (31) hat, das durch
eine Linie oder eine Ebene mit einer Haut eines
lebenden Körpers in Kontakt ist und mit einer
vorgeschriebenen Positionsbeziehung mit dem
Stimulationsteil gebildet ist,
ein Eingriffsteil (22, 23; 32, 33), das in zumindest
einem des anderen Endes der ersten Elektrode
und des anderen Endes der zweiten Elektrode
gebildet ist, wobei das Eingriffsteil ein Fixierteil
(23; 32), das sich von dem einen Ende in einer
Richtung zum anderen Ende erstreckt, und ein
Pressteil (22; 33) hat, das sich in einer Seiten-
richtung erstreckt, und
eine Isolierplatte (50), die das Fixierteil fixiert
und hält, wobei:

die Elektrode zur Stimulation eines leben-
den Körpers ferner eine flexible Leiterplatte
(40), die zwischen der ersten Elektrode und
der zweiten Elektrode angeordnet ist, und
die Isolierplatte umfasst, und einen Schalt-
kreis hat, der elektrisch mit jeder der ersten
Elektrode und der zweiten Elektrode ver-
bunden ist,
das Eingriffsteil durch Einschub des Fixier-
teils in die Isolierplatte mit einem Durchstoß
durch die flexible Leiterplatte an der Isolier-
platte fixiert und durch diese gehalten wird
und dadurch das Pressteil mit dem Schalt-
kreis in Kontakt ist und die flexible Leiter-
platte an die Isolierplatte presst und an die-
ser fixiert,
das Fixierteil und das Pressteil mit zumin-
dest einem Teil davon durch eine schräge
Ebene oder eine gekrümmte Ebene (B2,
B3) fortlaufend sind und
ein Abschnitt der schrägen Ebene oder der
gekrümmten Ebene an der Seite des Fixier-
teils an der Isolierplatte fixiert und von die-
ser gehalten ist, wohingegen der andere
Abschnitt der schrägen Ebene oder der ge-
krümmten Ebene an der Seite des Press-
teils mit dem Schaltkreis in Kontakt ist und
die flexible Leiterplatte an die Isolierplatte
presst und an dieser fixiert.

2. Elektrode zur Stimulation eines lebenden Körpers
nach Anspruch 1 oder Anspruch 2, wobei
die flexible Leiterplatte ein erstes Loch (41) hat, das
einen derartigen Durchmesser hat, dass das Fixier-
teil (23, 32) des Eingriffsteils durch das Loch durch-
gestoßen wird, sein Pressteil (22, 33) aber nicht
durch das Loch durchgestoßen wird, und
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das Fixierteil durch das erste Loch durchgestoßen
und in die Isolierplatte eingebettet und daran fixiert
und durch diese gehalten davon und dadurch das
Pressteil mit dem Schaltkreis in Kontakt ist und die
flexible Leiterplatte anpresst und fixiert.

3. Elektrode zur Stimulation eines lebenden Körpers
nach Anspruch 1 oder Anspruch 2, wobei
das Fixierteil (23, 32) eine polygonale Querschnitts-
form hat und
die Isolierplatte ein vertieftes Teil oder ein Loch (51)
hat, das das fixierte Teil fixiert und hält, und eine
Öffnung in Kreisform hat.

4. Elektrode zur Stimulation eines lebenden Körpers
nach einem der Ansprüche 1 bis 3, wobei die Iso-
lierplatte und das Fixierteil durch Presspassung an-
einander fixiert sind.

5. Elektrode zur Stimulation eines lebenden Körpers
nach einem der Ansprüche 1 bis 4, wobei die Iso-
lierplatte (50) ein Polyphenylensulfidharz beinhaltet.

6. Elektrode zur Stimulation eines lebenden Körpers
nach einem der Ansprüche 1 bis 5, wobei die Elek-
trode zur Stimulation eines lebenden Körpers meh-
rere Elektrodenpaare (20, 30) beinhaltet, wobei je-
des eine Kombination der ersten Elektrode und der
zweiten Elektrode beinhaltet.

7. Vorrichtung mit Elektrode zur Stimulation eines le-
benden Körpers, umfassend
die Elektrode zur Stimulation eines lebenden Kör-
pers nach einem der Ansprüche 1 bis 6 und
ein Dämpfungsbauteil (70), das durch Anhaften an
einer Fläche davon an der Isolierplatte fixiert ist, an
welcher die erste Elektrode und die zweite Elektrode
fixiert sind und durch die sie gehalten werden, und
Durchlasslöcher (72) hat, aus welchen die erste
Elektrode und die zweite Elektrode, die an der Iso-
lierplatte fixiert sind und durch diese gehalten wer-
den, hervorragen.

8. Vorrichtung mit Elektrode zur Stimulation eines le-
benden Körpers nach Anspruch 7, wobei
die flexible Leiterplatte ferner ein zweites Loch (42)
in zumindest einem Teil hat und
das Dämpfungsbauteil und die Isolierplatte durch
Anhaften durch das zweite Loch aneinander fixiert
sind.

9. Verfahren zur Herstellung einer Elektrode zur Stimu-
lation eines lebenden Körpers (1), umfassend
eine erste Elektrode (20), die an einer Spitze eines
Endes ein Stimulationsteil (21), das eine spitzwinke-
lige Form hat, die eine Haut eines lebenden Körpers
stimuliert, und ein Eingriffsteil (22, 23) mit einem Fi-
xierteil (23), das sich von dem einen Ende in einer

Richtung zum anderen Ende erstreckt, und ein
Pressteil (22) hat, das sich in einer Seitenrichtung
erstreckt,
eine zweite Elektrode (30), die an einer Spitze eines
Endes ein Kontaktteil (31), das durch eine Linie oder
eine Ebene mit einer Haut eines lebenden Körpers
in Kontakt ist und mit einer vorgeschriebenen Posi-
tionsbeziehung zum Stimulationsteil gebildet ist, und
ein Eingriffsteil (32, 33), das ein Fixierteil (32) das
sich von dem einen Ende in einer Richtung zum an-
deren Ende erstreckt, und ein Pressteil (33) hat, das
sich in einer Seitenrichtung erstreckt,
eine flexible Leiterplatte (40), die einen Schaltkreis
hat, der elektrisch mit jeder der ersten Elektrode und
der zweiten Elektrode verbunden ist, und
eine Isolierplatte (50), die ein Loch (51b) für das Fi-
xierteil entsprechend der ersten Elektrode und ein
Loch (51a) für das Fixierteil entsprechend der zwei-
ten Elektrode hat,
das Verfahren umfassend
einen ersten Schritt zum Platzieren der flexiblen Lei-
terplatte (40) auf der Isolierplatte (50),
einen zweiten Schritt zum Pressen des Fixierteils
(23) der ersten Elektrode (20) in das entsprechende
Loch (51b) der Isolierplatte für das Fixierteil mit
Durchstoß durch die flexible Leiterplatte, bis das
Pressteil der ersten Elektrode mit dem Schaltkreis
der flexiblen Leiterplatte in elektrischem Kontakt ist
und am Kontaktteil die flexible Leiterplatte an die Iso-
lierplatte gepresst und fixiert wird, und
einen dritten Schritt zum Pressen des Fixierteils (32)
der zweiten Elektrode (30) in das entsprechende
Loch (51a) der Isolierplatte für das Fixierteil mit
Durchstoß durch die flexible Leiterplatte, bis das
Pressteil der zweiten Elektrode mit dem Schaltkreis
der flexiblen Leiterplatte in elektrischem Kontakt ist
und am Kontaktteil die flexible Leiterplatte an die Iso-
lierplatte gepresst und fixiert wird,
wobei das Fixierteil und das Pressteil mit zumindest
einem Teil davon durch eine schräge Ebene oder
eine gekrümmte Ebene (B2, B3) fortlaufend sind und
ein Abschnitt der schrägen Ebene oder der ge-
krümmten Ebene an der Seite des Fixierteils an der
Isolierplatte fixiert und durch diese gehalten wird,
wohingegen der andere Abschnitt der schrägen
Ebene oder der gekrümmten Ebene an der Seite des
Pressteils mit dem Schaltkreis in Kontakt ist und die
flexible Leiterplatte an die Isolierplatte presst und fi-
xiert.

Revendications

1. Electrode de stimulation de corps vivant (1)
comprenant :

une première électrode (20) qui a, sur un bout
d’une extrémité de celle-ci, une partie de stimu-
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lation (21) qui a une forme en angle aigu stimu-
lant une peau d’un corps vivant,
une deuxième électrode (30) qui a, sur un bout
d’une extrémité de celle-ci, une partie de contact
(31) qui est en contact avec une peau d’un corps
vivant à travers une ligne ou un plan et est for-
mée avec un rapport de position prescrit par rap-
port à la partie de stimulation,
une partie de mise en prise (22, 23 ; 32, 33) for-
mée à au moins l’une parmi l’autre extrémité de
la première électrode et l’autre extrémité de la
deuxième électrode, la partie de mise en prise
ayant une partie de fixation (23 ; 32) qui s’étend
de cette extrémité vers une direction vers l’autre
extrémité, et une partie de pression (22 ; 33) qui
s’étend dans une direction latérale, et
une plaque isolante (50) qui fixe et maintient la
partie de fixation, dans laquelle :

l’électrode de stimulation de corps vivant
comprend en outre une carte de circuit im-
primé flexible (40) qui est disposée entre la
première électrode et la deuxième électro-
de, et la plaque isolante, et a un circuit rac-
cordé électriquement à chacune parmi la
première électrode et la deuxième électro-
de,
la partie de mise en prise est fixée à la pla-
que isolante, et est maintenue par celle-ci,
par insertion de la partie de fixation dans la
plaque isolante avec pénétration à travers
la carte de circuit imprimé flexible, et ainsi
la partie de pression est en contact avec le
circuit et presse la carte de circuit imprimé
flexible contre la plaque isolante et la fixe
sur celle-ci,
la partie de fixation et la partie de pression
sont ininterrompues avec au moins une par-
tie de celles-ci à travers un plan incliné ou
un plan incurvé (B2, B3), et
une partie du plan incliné ou du plan incurvé
du côté de la partie de fixation est fixée à la
plaque isolante, et est maintenue par celle-
ci, alors que l’autre partie du plan incliné ou
du plan incurvé du côté de la partie de pres-
sion est en contact avec le circuit et presse
la carte de circuit imprimé flexible contre la
plaque isolante et la fixe sur celle-ci.

2. Electrode de stimulation de corps vivant selon la re-
vendication 1, dans laquelle
la carte de circuit imprimé flexible a un premier trou
(41) ayant un diamètre tel, que la partie de fixation
(23, 32) de la partie de mise en prise pénètre à tra-
vers le trou, mais la partie de pression (22, 33) de
celle-ci ne pénètre pas à travers le trou, et
la partie de fixation pénètre à travers le premier trou
et est incorporée dans la plaque isolante et fixée à

celle-ci et maintenue ainsi, et ainsi la partie de pres-
sion est en contact avec le circuit et presse et fixe la
carte de circuit imprimé flexible.

3. Electrode de stimulation de corps vivant selon la re-
vendication 1 ou la revendication 2, dans laquelle
la partie de fixation (23, 32) a une forme de section
transversale polygonale, et
la plaque isolante a une partie en dépression ou un
trou (51) fixant et maintenant la partie de fixation et
ayant une ouverture ayant une forme circulaire.

4. Electrode de stimulation de corps vivant selon l’une
quelconque des revendications 1 à 3, dans laquelle
la plaque isolante et la partie de fixation sont fixées
l’une à l’autre par un joint à ajustement serré.

5. Electrode de stimulation de corps vivant selon l’une
quelconque des revendications 1 à 4, dans laquelle
la plaque isolante (50) contient une résine de po-
ly(sulfure de phénylène).

6. Electrode de stimulation de corps vivant selon l’une
quelconque des revendications 1 à 5, dans laquelle
l’électrode de stimulation de corps vivant contient
plusieurs paires d’électrodes (20, 30) contenant cha-
cune une combinaison de la première électrode et
la deuxième électrode.

7. Appareil à électrode de stimulation de corps vivant
comprenant
l’électrode de stimulation de corps vivant selon l’une
quelconque des revendications 1 à 6, et
un élément de rembourrage (70) qui est fixé sur la
plaque isolante en collant à une surface de celle-ci
ayant la première électrode et la deuxième électrode
qui y sont fixées et ainsi maintenues, et a des trous
traversants (72) desquels dépassent la première
électrode et la deuxième électrode fixées sur la pla-
que isolante et maintenues par celle-ci.

8. Appareil à électrode de stimulation de corps vivant
selon la revendication 7, dans lequel
la carte de circuit imprimé flexible a en outre un
deuxième trou (42) dans au moins une partie, et
l’élément de rembourrage et la plaque isolante sont
fixées l’un à l’autre en collant à travers le deuxième
trou.

9. Procédé pour produire une électrode de stimulation
de corps vivant (1) comprenant
une première électrode (20) qui a, sur un bout d’une
extrémité de celle-ci, une partie de stimulation (21)
qui a une forme en angle aigu stimulant une peau
d’un corps vivant, et une partie de mise en prise (22,
23) ayant une partie de fixation (23) qui s’étend de
cette extrémité vers une direction vers l’autre extré-
mité et une partie de pression (22) qui s’étend dans
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une direction latérale,
une deuxième électrode (30) qui a, sur un bout d’une
extrémité de celle-ci, une partie de contact (31) qui
est en contact avec une peau d’un corps vivant à
travers une ligne ou un plan et est formée avec un
rapport de position prescrit par rapport à la partie de
stimulation, et une partie de mise en prise (32, 33)
ayant une partie de fixation (32) qui s’étend de cette
extrémité vers une direction vers l’autre extrémité et
une partie de pression (33) qui s’étend dans une
direction latérale,
une carte de circuit imprimé flexible (40) qui a un
circuit raccordé électriquement à chacune parmi la
première électrode et la deuxième électrode, et
une plaque isolante (50) qui a un trou (51b) pour la
partie de fixation correspondant à la première élec-
trode et un trou (51a) pour la partie de fixation cor-
respondant à la deuxième électrode,
le procédé comprenant
une première étape de placement de la carte de cir-
cuit imprimé flexible (40) sur la plaque isolante (50),
une deuxième étape consistant à presser la partie
de fixation (23) de la première électrode (20) dans
le trou (51b) correspondant pour la partie de fixation
de la plaque isolante avec pénétration à travers la
carte de circuit imprimé flexible jusqu’à ce que la
partie de pression de la première électrode est en
contact électrique avec le circuit de la carte de circuit
imprimé flexible, et au niveau de la partie de contact,
la carte de circuit imprimé flexible est pressée contre
la plaque isolante et est fixée sur celle-ci, et
une troisième étape consistant à presser la partie de
fixation (32) de la deuxième électrode (30) dans le
trou (51a) correspondant pour la partie de fixation
de la plaque isolante avec pénétration à travers la
carte de circuit imprimé flexible jusqu’à ce que la
partie de pression de la deuxième électrode est en
contact électrique avec le circuit de la carte de circuit
imprimé flexible, et au niveau de la partie de contact,
la carte de circuit imprimé flexible est pressée contre
la plaque isolante et est fixée sur celle-ci,
dans lequel la partie de fixation et la partie de pres-
sion sont ininterrompues avec au moins une partie
de celles-ci à travers un plan incliné ou un plan in-
curvé (B2, B3), et
une partie du plan incliné ou du plan incurvé du côté
de la partie de fixation est fixée sur la plaque isolante
et est maintenue par celle-ci, alors que l’autre partie
du plan incliné ou du plan incurvé du côté de la partie
de pression est en contact avec le circuit et presse
la carte de circuit imprimé flexible contre la plaque
isolante et la fixe sur celle-ci.
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