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(57) ABSTRACT

A nerve impulse signal stimulation device and a method for
fabricating the same are provided. The nerve impulse signal
stimulation device includes: a substrate having a first surface
and a second surface opposite to the first surface; a first
metal layer formed on the first surface of the substrate; a
second metal layer formed on the first metal layer; a plurality
of openings exposing a portion of the first surface of the
substrate, a portion of the first metal layer and a portion of
the second metal layer; and a ferromagnetic material
attached to the second surface of the substrate. The openings
cause the nerve impulse signal stimulation device to obtain
a parallel circuit structure, thereby increasing the current
load and the magnetic field intensity, reducing the size of the
device, and ensuring the safety of operations.
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NERVE IMPULSE SIGNAL STIMULATION
DEVICE AND METHOD FOR FABRICATING
THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to nerve impulse
signal stimulation devices and methods for fabricating the
same, and, more particularly, to a nerve impulse signal
stimulation devices applicable to spinal nerve-related opera-
tions and a method for fabricating the same.

[0003] 2. Description of Related Art

[0004] During a spinal nerve-related operation, to prevent
damage to a patient’s spinal nerves, a stimulation device is
usually placed on the spinal nerves to generate continuous
nerve impulse signal stimulations. In the case that a doctor
touches the spinal nerves, stimulation signals received by
the spinal nerves will vary, which facilitates the doctor to
determine whether the spinal nerves are damaged.

[0005] Nerve impulse signal stimulations can be divided
into direct electric stimulations and magnetic stimulations.
In a direct electric stimulation, wires are connected to two
ends of the spinal nerves so as to directly apply an electric
current to the spinal nerves. Variation of the electric current
facilitates the doctor to determine whether the spinal nerves
are damaged. However, it has been pointed out that nerve
tissues may be damaged by a direct electric stimulation and
a large impedance of the nerve tissues may adversely affect
the electric stimulation effect.

[0006] In a magnetic stimulation, a magnetic field is
generated by an electromagnet so as to induce an electric
current in the spinal nerves. Different from the direct electric
stimulation, the magnetic stimulation does not need to be in
direct contact with the spinal nerves.

[0007] However, currently, magnetic stimulation devices
are generally fabricated in a series manner, and consequently
magnetic fields generated by these devices are limited by
electric current loads that wires can withstand. To increase
the magnetic field of a magnetic stimulation device, input
current needs to be increased. For example, a common
copper wire can withstand an electric current density of 1
mA/um?, and an electric current having a density greater
than 1 mA/um? easily causes the copper wire to be burned.
[0008] Further, the magnetic stimulation device must be
placed in a space under the spine to induce an electric
current in the spinal nerves. However, limited by the space,
to increase the magnetic field of the magnetic stimulation
device, the number of windings of the wire needs to be
increased, thus increasing the volume of the magnetic stimu-
lation device.

[0009] Therefore, how to overcome the above-described
drawbacks has become critical.

SUMMARY OF THE INVENTION

[0010] In view of the above-described drawbacks, the
present invention provides a method for fabricating a nerve
impulse signal stimulation device, which comprises: provid-
ing a substrate having a first surface and a second surface
opposite to the first surface; forming a first metal layer on the
first surface of the substrate; forming a second metal layer on
the first metal layer; forming on the second metal layer a
patterned resist layer that covers the second metal under the
patterned resist layer; continuing formation of the second
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metal layer on a portions of the second metal layer that is not
covered by the patterned resist layer; removing the patterned
resist layer and the first metal layer and the second metal
layer that are under the patterned resist layer so as to form
a plurality of openings that expose a portion of the first
surface of the substrate, a portion of the first metal layer and
a portion of the second metal layer; and attaching a ferro-
magnetic material to the second surface of the substrate.
[0011] The present invention further provides a nerve
impulse signal stimulation device, which comprises: a sub-
strate having a first surface and a second surface opposite to
the first surface; a first metal layer formed on the first surface
of the substrate; a second metal layer formed on the first
metal layer; a plurality of openings exposing a portion of the
first surface of the substrate, a portion of the first metal layer
and a portion of the second metal layer; and a ferromagnetic
material attached to the second surface of the substrate.
[0012] In an embodiment, each of the openings has a rib
shape, and the openings are arranged in parallel to one
another.
[0013]
titanium.
[0014] In an embodiment, the second metal layer is made
of copper.

[0015] In an embodiment, the nerve impulse signal stimu-
lation device further comprises a third metal layer formed on
side surfaces of the first metal layer and upper and side
surfaces of the second metal layer, and a fourth metal layer
formed on upper and side surfaces of the third metal layer.
[0016] In an embodiment, the ferromagnetic material is
made of cobalt, iron, bismanol, nickel, manganese anti-
monide, chromium oxide, manganese arsenide or manga-
nese-zinc alloy.

[0017] According to the present invention, a plurality of
openings are formed to cause the nerve impulse signal
stimulation device to obtain a parallel circuit structure,
thereby increasing the current load and the magnetic field
intensity, reducing the size of the device, and ensuring the
safety of operations.

In an embodiment, the first metal layer is made of

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIGS. 1A to 1G are schematic diagrams showing a
method for fabricating a nerve impulse signal stimulation
device according to the present invention;

[0019] FIG. 2A is a schematic diagram of a parallel
structure of the nerve impulse signal stimulation device
according to an embodiment of the present invention;
[0020] FIG. 2B is a structural cross-sectional view of the
nerve impulse signal stimulation device according to an
embodiment of the present invention;

[0021] FIG. 3A is a schematic diagram of a parallel
structure of the nerve impulse signal stimulation device
according to another embodiment of the present invention;
[0022] FIG. 3B is a structural side view of the nerve
impulse signal stimulation device according to another
embodiment of the present invention;

[0023] FIG. 4A is a schematic diagram of a conventional
stimulation device;

[0024] FIG. 4B is a schematic diagram of a nerve impulse
signal stimulation device according to the present invention;
[0025] FIG. 5A shows a practical example of a nerve
impulse signal stimulation device according to the present
invention;
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[0026] FIG. 5B shows a practical example of a conven-
tional stimulation device;

[0027] FIG. 6Ais a schematic diagram of an apparatus for
testing the nerve impulse signal stimulation device accord-
ing to the present invention;

[0028] FIG. 6B is a plot diagram of test signals of the
nerve impulse signal stimulation device according to the
present invention;

[0029] FIG. 7A is a diagram of an input waveform of the
nerve impulse signal stimulation device according to the
present invention;

[0030] FIG. 7B is a diagram of an input waveform of the
conventional stimulation device;

[0031] FIG.7C is a plot diagram of voltage induced by the
nerve impulse signal stimulation device according to the
present invention;

[0032] FIG. 7D is a plot diagram of voltage induced by the
conventional stimulation device;

[0033] FIG. 8 is a plot diagram showing a relationship
between distance and voltage induced by the nerve impulse
signal stimulation device according to the present invention
and the conventional stimulation device; and

[0034] FIG. 9 is a schematic diagram showing placement
of the nerve impulse signal stimulation device on spinal
nerves of a human body.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0035] The following illustrative embodiments are pro-
vided to illustrate the disclosure of the present invention,
these and other advantages and effects can be apparent to
those in the art after reading this specification.

[0036] It should be noted that all the drawings are not
intended to limit the present invention. Various modifica-
tions and variations can be made without departing from the
spirit of the present invention. Further, terms such as “first”,
“second”, “on”, “a” etc. are merely for illustrative purposes
and should not be construed to limit the scope of the present
invention.

[0037] FIGS. 1A to 1G are schematic diagrams showing a
method for fabricating a nerve impulse signal stimulation
device 1 according to the present invention.

[0038] Referring to FIG. 1A, a substrate 11 having a first
surface 11a and a second surface 115 opposite to the first
surface 11a is provided, and a carrier layer 10 is attached to
the second surface 115 of the substrate 11.

[0039] The carrier layer 10 can be made of silicon, and the
substrate 11 can be made of a polyimide film such as Kapton.
[0040] Referring to FIG. 1B, a first metal layer 12 is
formed on the first surface 11a of the substrate 11, and then
a second metal layer 13 is formed on the first metal layer 12.
[0041] The first metal layer 12 can be made of titanium,
and the second metal layer 13 can be made of copper. Both
the first metal layer 12 and the second metal layer 13 can be
formed by sputtering.

[0042] Referring to FIG. 1C, a patterned resist layer 14 is
formed on the second metal layer 13. The patterned resist
layer 14 can be formed through a lithography process that
includes, but not limited to, dehydration bake, spin coating,
soft bake, exposure, development, hard bake and so on.
[0043] Referring to FIG. 1D, formation of the second
metal layer 13 is continued on a portion of the second metal
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layer 13 that is not covered by the patterned resist layer 14.
In an embodiment, the second metal layer 13 can be formed
by electroplating.

[0044] Referring to FIG. 1E, the patterned resist layer 14
and the first metal layer 12 and the second metal layer 13 that
are under the patterned resist layer 14 are removed so as to
form a plurality of openings 131 that expose a portion of the
first surface 11a of the substrate 11, a portion of the first
metal layer 12 and a portion of the second metal layer 13.
[0045] The patterned resist layer 14 can be removed by
acetone, the second metal layer 13 under the patterned resist
layer 14 can be removed by a copper etching solution, and
the first metal layer 12 under the second metal layer 13 can
be removed by hydrofluoric acid. In an embodiment, after
the patterned resist layer 14 and the first metal layer 12 and
the second metal layer 13 that are under the patterned resist
layer 14 are removed, a third metal layer made of such as
nickel (not shown) is formed on side surfaces of the first
metal layer 12 and upper and side surfaces of the second
metal layer 13 by electroless plating so as to encapsulate the
first metal layer 12 and the second metal layer 13, and a
fourth metal layer made of such as gold (not shown) is
formed on upper and side surfaces of the third metal layer to
encapsulate the third metal layer, thereby preventing oxida-
tion of the second metal layer 13 and achieving a better
biocompatibility.

[0046] Referring to FIG. 1F, the carrier layer 10 is
removed.
[0047] Referring to FIG. 1G, a ferromagnetic material 20

is attached to the second surface 115 of the substrate 11 so
as to form the nerve impulse signal stimulation device 1.
[0048] The ferromagnetic material 20 can be made of
cobalt, iron, bismanol, nickel, manganese antimonide, chro-
mium oxide, manganese arsenide or manganese-zinc alloy
and so on.

[0049] FIG. 2A is a schematic diagram of a parallel
structure of the nerve impulse signal stimulation device
according to an embodiment of the present invention. Refer-
ring to FIG. 2A, the second metal layer 13 is formed on the
substrate 11, and the openings 131 expose a portion of the
first surface 11a of the substrate 11, a portion of the first
metal layer 12 and a portion of the second metal layer 13.
Each of the openings 131 has a rib shape, the openings 131
are arranged in parallel to one another, and the second metal
layer 13 is divided by the openings 131 into a plurality of
strip-shaped structures 132a, 1325b. The strip-shaped struc-
tures 1324, 1325 are equivalent to a parallel circuit so as to
allow the second metal layer 13 to have a parallel circuit
configuration.

[0050] FIG. 2B is a structural cross-sectional view of the
nerve impulse signal stimulation device 1 taken along a line
A-A of FIG. 2A. Referring to FIG. 2B, the second surface
116 of the substrate 11 is attached to the ferromagnetic
material 20, thus forming the nerve impulse signal stimula-
tion device 1.

[0051] FIG. 3A is a schematic diagram of a parallel
structure of the nerve impulse signal stimulation device
according to another embodiment of the present invention.
FIG. 3A differs from FIG. 2A in that the openings 131 are
arranged in two or more columns so as to increase the
number of the parallel circuit.

[0052] FIG. 3B is a structural side view of the nerve
impulse signal stimulation device 1 according to another
embodiment of the present invention. Referring to FIG. 3B,
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similar to FIG. 2B, the second surface 115 of the substrate
11 is attached to the ferromagnetic material 20 to encapsu-
late both upper and lower surfaces of the ferromagnetic
material 20, thus forming the nerve impulse signal stimula-
tion device 1.

[0053] FIG. 4A is a schematic diagram of a conventional
stimulation device 30, and FIG. 4B is a schematic diagram
of the nerve impulse signal stimulation device 1 according
to the present invention.

[0054] Referring to FIG. 4A, the conventional stimulation
device 30 has a wire 31 wound around a core 32 and a total
resistance R, ,,; equivalent to a series circuit as shown at a
lower portion of FIG. 4A. Therein, the number of windings
of'the wire 31 is N, and each of the windings has a resistance
value of R,. Thus, the total resistance R,,,,; of the conven-
tional stimulation device 30 is represented as:

N
Rioat = ) R = NR;
i=1

[0055] The power P of the conventional stimulation device
30 is represented as:

P=P(NR))

[0056] Particularly, due to the direction of the magnetic
field generated by the conventional stimulation device 30,
the direction 33 of spinal nerves must be identical to the
winding direction of the wire 31 so as to cause the conven-
tional stimulation device 30 to generate a maximum induced
current in the spinal nerves.

[0057] Referring to FIG. 4B, the total resistance R,,,; of
the nerve impulse signal stimulation device 1 according to
the present invention is equivalent to a parallel circuit as
shown at a lower portion of FIG. 4B. Therein, the parallel
circuit has N resistors R, (resistors R, of FIG. 4B have very
small values and are negligible). Thus, the total resistance
R,,,.; of the nerve impulse signal stimulation device 1 is
represented as:

Nl R:
Rroral = [; F‘ = N
[0058] The power P of the nerve impulse signal stimula-

tion device 1 is represented as:

p= (NI)Z(%) = I’NR;

[0059] Particularly, the length direction L of the nerve
impulse signal stimulation device 1 is identical to the
direction 33 of spinal nerves so as to generate a maximum
induced current in the spinal nerves.

[0060] Therefore, the nerve impulse signal stimulation
device 1 according to the present invention consumes the
same power P as the conventional stimulation device 30.
[0061] FIG. 5A shows a practical example of the nerve
impulse signal stimulation device 1 according to the present
invention.
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[0062] Referring to FIG. 5A in combination with FIGS.
1A to 1G, the nerve impulse signal stimulation device 1 is
fabricated through the following steps:

[0063] (a) attaching a substrate 11 made of a polyimide
film (such as Kapton®, Krempel, Germany) and having a
thickness of 75 pm to a carrier layer 10;

[0064] (b) sputtering titanium having a thickness of 30 nm
on the substrate 11 so as to form a first metal layer 12;
[0065] (c) sputtering copper having a thickness of 120 nm
on the first metal layer 12 so as to form a second metal layer
13;

[0066] (d) forming a patterned resist layer 14 (such as
AZ-4620, Microchemicals) on the second metal layer 13 to
cover the second metal layer under the patterned resist layer;
[0067] (e) continuing to deposit copper having a thickness
of' 4 um on a portion of the second metal layer 13 that is not
covered the patterned resist layer 14 so as to increase the
thickness of the second metal layer 13;

[0068] (f) removing the patterned resist layer 14 by
acetone;
[0069] (g) etching or removing the first metal layer 12 and

the second metal layer 13 that are under the patterned resist
layer 14 by hydrofluoric acid and a copper etching solution,
respectively, so as to form a plurality of openings 131 (as
shown in FIG. 2A), wherein 125 strip-shaped structures
132a, 1326 are formed (that is, 125 strips in parallel) and
each of the strip-shaped structures 132a, 1325 has a width of
30 pm;

[0070] (h) plating or forming a third metal layer made of
nickel, for example, on side surfaces of the first metal layer
12 and upper and side surfaces of the second metal layer 13
by electroless plating, plating or forming a fourth metal layer
made of gold, for example, on upper and side surfaces of the
third metal layer, and then removing the carrier layer 10; and
[0071] (i) attaching a ferromagnetic material 20 to a
second surface 115 of the substrate 11 so as to form the nerve
impulse signal stimulation device 1, wherein the ferromag-
netic material 20 is made of manganese-zinc alloy and has
a size of 20 mm in length, 5 mm in width and 2 mm in
height.

[0072] FIG. 5B shows a practical example of the conven-
tional stimulation device 30. Referring to FIG. 5B, the
conventional stimulation device 30 is provided by Ainhsin
electronic Co., Ltd. The conventional stimulation device 30
has a core 32 and a wire 31 having 50 windings. The wire
31 is made of copper and has a diameter of 0.3 mm, and the
core 32 has a diameter of 1.9 mm and a length of 10 mm.
[0073] The conventional stimulation device 30 can with-
stand an input current of about 200 mA. If the input current
is above 200 mA, the wire 31 will be burned.

[0074] FIG. 6A is a schematic diagram of an apparatus for
testing the nerve impulse signal stimulation device 1 accord-
ing to the present invention, and FIG. 6B is a plot diagram
of'test signals of the nerve impulse signal stimulation device
according to the present invention.

[0075] Referring to FIG. 6A, the nerve impulse signal
stimulation device 1 according to the present invention is
connected to a first oscilloscope 40 and a power input unit
41. The power input unit 41 is used to provide power
required by the nerve impulse signal stimulation device 1,
and the first oscilloscope 40 is used to detect whether the
power inputted by the power input unit 41 into the nerve
impulse signal stimulation device 1 is correct.



US 2017/0245771 Al

[0076] The nerve impulse signal stimulation device 1 can
be replaced by the conventional stimulation device 30 for
cross comparison.

[0077] A test wire 50 is connected to an amplifier circuit
43, and a DC power input unit 42 is used to provide power
to the amplifier circuit 43. The nerve impulse signal stimu-
lation device 1 is separated from the test wire 50 by a
distance d. An electric current signal obtained by the test
wire 50 is displayed in a second oscilloscope 44.

[0078] Referring to FIG. 6B, when an electric current of
1.5 A and a square wave of 1 kHz are input to test the nerve
impulse signal stimulation device 1 that is moved close to
the test wire 50, the second oscilloscope 44 (as shown in
FIG. 6A) displays a waveform 61 with a peak value up to 50
mV. When the nerve impulse signal stimulation device 1 is
moved away from the test wire 50, the second oscilloscope
44 displays a waveform 62.

[0079] The nerve impulse signal stimulation device 1
generates an electric current in the test wire 50. For ease of
illustration, the electric current is converted into a voltage,
as shown in FIGS. 6B, 7C, 7D and 8.

[0080] FIG. 7A is a diagram of an input waveform of the
nerve impulse signal stimulation device according to the
present invention, FIG. 7B is a diagram of an input wave-
form of the conventional stimulation device, FIG. 7C is a
plot diagram of voltage induced by the nerve impulse signal
stimulation device according to the present invention, and
FIG. 7D is a plot diagram of voltage induced by the
conventional stimulation device.

[0081] Referring to FIGS. 7A and 7B, the power input unit
41 (as shown in FIG. 6A) inputs an electric current of 1.5 A
to the nerve impulse signal stimulation device 1 to present
a curve 71, and the power input unit 41 (as shown in FIG.
6A) inputs an electric current of 30 mA to the conventional
stimulation device 30 to present a curve 72. In FIGS. 7A and
7B, the longitudinal axis represents electric current, and the
horizontal axis represents time.

[0082] An electric current of 30 mA is input to the
conventional stimulation device 30, and the number of the
windings of the conventional stimulation device 30 is 50 (as
described above with regard to FIG. 5B). According to the
equation B=uni, the conventional stimulation device 30
generates a magnetic field that is equivalent to a conven-
tional stimulation device 30 having an input current of 1.5
A and a winding number of one. Referring to FIGS. 7C and
7D, when the nerve impulse signal stimulation device 1
according to the present invention is separated from the test
wire 50 by a distance d of 1 mm, a waveform 73 is
generated; and when the conventional stimulation device 30
is separated from the test wire 50 by a distance d of 1 mm,
a waveform 74 is generated. In FIGS. 7C and 7D, the
longitudinal axis represents induced voltage, and the hori-
zontal axis represents time.

[0083] Therefore, under the same test condition, an
induced voltage (see a curve 73) generated by the nerve
impulse signal stimulation device 1 according to the present
invention is greater than an induced voltage (see a curve 74)
generated by the conventional stimulation device 30.
[0084] FIG. 8 is a plot diagram showing a relationship
between a distance and a voltage induced by the nerve
impulse signal stimulation device according to the present
invention and the conventional stimulation device. Referring
to FIG. 8, the horizontal axis represents a distance d between
the nerve impulse signal stimulation device 1 or the con-
ventional stimulation device 30 and the test wire 50, and the
longitudinal axis represents a voltage that is induced by the
nerve impulse signal stimulation device 1 or the conven-
tional stimulation device 30 and the induced voltage is not
amplified by the amplifier circuit 43. The voltage induced by
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the nerve impulse signal stimulation device 1 is denoted by
81 and the voltage induced by the conventional stimulation
device 30 is denoted by 82. An electric current of 1.5 A is
input to the nerve impulse signal stimulation device 1, and
an electric current of 30 mA is input to the conventional
stimulation device 30.

[0085] Referring to FIG. 8, the voltage induced by the
nerve impulse signal stimulation device 1 in the test wire 50
is greater than the voltage induced by the conventional
stimulation device 30 in the test wire 50, no matter what the
distance d is. Therefore, the nerve impulse signal stimulation
device 1 according to the present invention has a better
induction effect.

[0086] FIG. 9 is a schematic diagram showing placement
of the nerve impulse signal stimulation device 1 on spinal
nerves of a human body. Referring to FIG. 9, there is a long
narrow gap between the spine 91 and the spinal nerves 92.
Therefore, the nerve impulse signal stimulation device 1
according to the present invention can be easily placed in the
gap between the spine 91 and the spinal nerves 92 so as to
induce a signal 93 in the spinal nerves 92, thereby helping
the doctor to avoid damage to the spinal nerves 92 during an
operation and improve the safety of the operation.

[0087] According to the present invention, a plurality of
openings are formed to cause the nerve impulse signal
stimulation device to obtain a parallel circuit structure,
thereby increasing the current load and the magnetic field
intensity, reducing the size of the device, and ensuring the
safety of operations.

[0088] The above-described descriptions of the detailed
embodiments are only to illustrate the preferred implemen-
tation according to the present invention, and it is not to limit
the scope of the present invention. Accordingly, all modifi-
cations and variations completed by those with ordinary skill
in the art should fall within the scope of present invention
defined by the appended claims.

What is claimed is:

1. A method for fabricating a nerve impulse signal stimu-
lation device, comprising:

providing a substrate having a first surface and a second

surface opposite to the first surface;

forming a first metal layer on the first surface of the

substrate;

forming a second metal layer on the first metal layer;

forming on the second metal layer a patterned resist layer

that covers the second metal layer under the patterned
resist layer;

continuing formation of the second metal layer on a

portion of the second metal layer that is not covered by
the patterned resist layer;

removing the patterned resist layer and the first metal

layer and the second metal layer that are under the
patterned resist layer so as to form a plurality of
openings that expose a portion of the first surface of the
substrate, a portion of the first metal layer and a portion
of the second metal layer; and

attaching a ferromagnetic material to the second surface

of the substrate.

2. The method of claim 1, wherein each of the openings
has a rib shape, and the openings are arranged in parallel to
one another.

3. The method of claim 1, wherein the first metal layer is
made of titanium.

4. The method of claim 1, wherein the second metal layer
is made of copper.

5. The method of claim 1, further comprising, after
removing the patterned resist layer and the first metal layer
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and the second metal layer that are under the patterned resist
layer, forming a third metal layer on side surfaces of the first
metal layer and upper and side surfaces of the second metal
layer, and forming a fourth metal layer on upper and side
surfaces of the third metal layer.

6. The method of claim 1, wherein the ferromagnetic
material is made of cobalt, iron, bismanol, nickel, manga-
nese antimonide, chromium oxide, manganese arsenide or
manganese-zinc alloy.

7. A nerve impulse signal stimulation device, comprising:

a substrate having a first surface and a second surface

opposite to the first surface;

a first metal layer formed on the first surface of the

substrate;

a second metal layer formed on the first metal layer;

a plurality of openings exposing a portion of the first

surface of the substrate, a portion of the first metal layer
and a portion of the second metal layer; and
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a ferromagnetic material attached to the second surface of

the substrate.

8. The nerve impulse signal stimulation device of claim 7,
wherein each of the openings has a rib shape, and the
openings are arranged in parallel to one another.

9. The nerve impulse signal stimulation device of claim 7,
wherein the first metal layer is made of titanium.

10. The nerve impulse signal stimulation device of claim
7, wherein the second metal layer is made of copper.

11. The nerve impulse signal stimulation device of claim
7, further comprising a third metal layer formed on side
surfaces of the first metal layer and upper and side surfaces
of the second metal layer, and a fourth metal layer formed
on upper and side surfaces of the third metal layer.

12. The nerve impulse signal stimulation device of claim
7, wherein the ferromagnetic material is made of cobalt,
iron, bismanol, nickel, manganese antimonide, chromium
oxide, manganese arsenide or manganese-zinc alloy.

#* #* #* #* #*



