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electrode plate 1 and a second electrode plate
2 stacked via a separator 3. The first electrode
tab 4 is connected to the first electrode plate 1,
and the second electrode tab 5 is connected to
the second electrode plate 2. The second
electrode tab 5 is opposite the first electrode
plate 1 via the separator 3, and protective tape
6 is placed between the opposing second
electrode tab 5 and first electrode plate 1.
Protective tape 6 is affixed to the core surface
of the electrode plate 1 opposing the second
electrode tab 5. The first electrode plate 1 is
insulated from the electrode tab of the second
electrode plate 2 by the protective tape 6
adhering to its surface and the separator 3.
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[Claims]
[Claim 1]

An electrode structure for a battery having a
first electrode plate (1) and a second electrode
plate (2) stacked via a separator (3) and wound
into a spiral shape, a first electrode tab (4)
being connected to the first electrode plate (1)
and a second electrode tab (5) being connected
to the second electrode plate (2), the second
electrode tab (5) opposing the first electrode
plate (1) via the separator (3), and a protective
tape (6) being placed between the opposing
second electrode tab (5) and first electrode
plate (1), the electrode structure for a battery
characterized in that the protective tape (6) is
affixed to a core surface of the first electrode
plate (1) opposing the second electrode tab (5),
and the first electrode plate (1) is insulated from
the second electrode tab (5) of the second
electrode plate (2) via the separator (3) and the
protective tape (6) affixed to the surface.

[Claim 2]

The electrode structure for a battery according
to claim 1, wherein the core of the first electrode
plate (1) is a metal foil.

[Claim 3]

The electrode structure for a battery according
to claim 1, wherein a tip portion of the core of
the first electrode plate (1) is bent into a U
shape, and the first electrode tab (4) is fixed
inside the bent U-shaped portion.

[Claim 4]

The electrode structure for a battery according
to claim 1, wherein the first electrode plate (1)
is the positive electrode plate, and the second
electrode plate (2) is the negative electrode
plate.

[Claim 5]

The electrode structure for a battery according
to claim 1, wherein the first electrode plate (1)
and the second electrode plate (2) stacked on
top of each other via a separator (3) are wound
into a long and narrow shape.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]
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The present invention relates to the electrode
structure of a battery, and specifically to an
electrode structure in which a connected portion
of an electrode tab has a unique structure.

[0002]
[Background Art]

The positive electrode plate and negative
electrode plate inserted into a battery case are
connected to electrode tabs to allow current to
be drawn out. These electrode tabs are
connected to the cores of the positive electrode
plate and negative electrode plate. FIG. 1 is a
cross-sectional view of an example of a
conventional electrode structure in which the
electrode tabs are connected to the cores.

[0003]

The electrode structure shown in this drawing is
composed of a first electrode plate 1 (positive
electrode plate) and a second electrode plate 2
(negative electrode plate) that are stacked on
top of each other via a separator 3 and wound
into a spiral shape. These electrodes are
rectangular in shape so that they can be built
into a square battery. The electrode structure
can be made rectangular by winding the
electrode plates into a spiral shape and
subjecting the wound unit to pressing.

[0004]

The first electrode plate 1 and the second
electrode plate 2 are connected to the first
electrode tab 4 (positive electrode tab) and the
second electrode tab 5 (negative electrode tab)
in the beginning portion of the winding. The first
electrode tab and second electrode tab, while
not shown in the diagram, are electrically
connected to the positive electrode and the
negative electrode, which are insulated from
each other, at the sealing plate that closes the
opening in the outer can, using the spot welding
method, etc.

[0005]

The electrode structure in the drawing has the
first electrode tab 4 fixed along the leading edge
of the first electrode plate 1, which is a U-
shaped electrode. The second electrode tab 5 is
fixed to the tip portion of the second electrode
plate 2. The first electrode tab 4 is covered on
both sides by the first electrode plate 1, the first
electrode plate 1 being a U-shaped electrode.



The second electrode tab 5 is positioned in the
drawing with the upper surface facing the first
electrode plate. The second electrode tab 5
opposing the first electrode plate 1 is insulated
by a separator 3 interposed between them.
However, because the second electrode tab 5
protrudes from the second electrode plate 2, an
internal short circuit occurs if the tab pierces the
separator 3 and comes into contact with the first
electrode plate 1. In order to prevent a short
circuit if the second electrode tab 5 comes into
contact with the first electrode plate 1, a
protective tape 6 is affixed to the surface of the
second electrode tab 5. The protective tape 6
covers the surface of the second electrode tab 5
to prevent internal shorting between the second
electrode tab 5 and the first electrode plate 1
that oppose each other.

[0006]
[Technical Problem]

The electrode structure shown in FIG. 1 has a
disadvantage in that it is difficult to securely

affix the protective tape 6 in the correct position.

This is because the protective tape 6 is affixed
to the surface of the second electrode tab 5 and
the second electrode plate 2, which has a step.
In addition, as shown by the arrows in FIG. 2,
this electrode structure has a disadvantage in
that the portion of the protective tape 6 that is
not affixed due to forming a bridge is easily
damaged at the corner of the second electrode
tab 5 when pressed against by the separator 3.
This portion is liable to break because the
bridging portion is secured by affixing it to the
second electrode tab 5 and the second electrode
plate 2 on either side. The portion secured on
both sides floats as a bridge and does not have
a supporting portion on the back. As a result, it
is liable to break at the corner of the second
electrode tab 5 when pressed against.

[0007]

The present invention was developed with the
aim of resolving these disadvantages. An
important object of the present invention is to
provide a battery electrode structure that
enables protective tape to be simply and easily
affixed at a fixed position without shifting, and
that effectively prevents electrical contact
between opposing electrode tabs and plates.

[0008]

[Solution to Problem]
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In the electrode structure of the present
invention, a first electrode plate 1 and a second
electrode plate 2 are stacked via a separator 3
and wound into a spiral shape. A first electrode
tab 4 is connected to the first electrode plate 1,
and a second electrode tab 5 is connected to the
second electrode plate 2. The second electrode
tab 5 opposes the first electrode plate 1 via the
separator 3. A protective tape 6 is placed
between the opposing second electrode tab 5
and first electrode plate 1.

[0009]

Also, in the electrode structure of the present
invention, the protective tape 6 is affixed to a
core surface of the first electrode plate 1
opposing the second electrode tab 5. The first
electrode plate 1 is insulated from the second
electrode tab 5 of the second electrode plate 2
via the separator 3 and the protective tape 6
affixed to the surface.

[0010]

The electrode structure in claim 2 of the present
invention uses a metal foil as the core of the first
electrode plate 1, and in the electrode structure
in claim 3 of the present invention, a tip portion
of the core of the first electrode plate 1 is bent
into a U shape, and the first electrode tab 4 is
fixed inside the bent U-shaped portion.

[0011]

In the electrode structure in claim 4 of the
present invention, the first electrode plate 1 is
the positive electrode plate, and the second
electrode plate 2 is the negative electrode plate.

[0012]

In the electrode structure in claim 5 of the
present invention, the first electrode plate 1 and
the second electrode plate 2 stacked on top of
each other via a separator 3 are wound into a
long and narrow shape.

[0013]
[Embodiments of the Invention]

An example of the present invention will now be
described with reference to the drawings.
However, the example provided below is
intended to explain an electrode structure that
embodies the technical concept of the present



invention, and the present invention is not
limited to the following electrode structure.

[0014]

In order to make the claims easier to
understand, the numbers corresponding to
components shown in the example have been
added to the components described in the
Claims and Solution to Problem sections.
However, this is not to specify that the
components described in the Claims are the
components in the example.

[0015]

The electrode unit is produced by stacking the
first electrode plate and the second electrode
plate with a separator in between, winding the
stack into a spiral shape, and pressing the stack
into a long and narrow shape. The electrode unit
produced in this way is inserted into a
rectangular outer can 7 to form a battery, as
shown in the cross-sectional view in FIG. 3. The
battery is produced by inserting the spiral-
shaped electrode unit 8 into an outer can 7,
filling the outer can with electrolyte, and then
sealing the opening in the outer can 7 so as to
be airtight with a sealing plate 9. The sealing
plate 9 connects the electrode tabs that
protrude upward from the electrode unit 8 when
the opening in the outer can 7 is sealed.

[0016]

The beginning portion of the winding of the
electrode unit 8 is shown in FIG. 4 and FIG. 5.
Note that FIG. 5 does not show the separator
that insulates the first electrode plate 1 from the
second electrode plate 2.

[0017]

The electrode structure shown in these drawings
is secured by spot welding the first electrode tab
4 to the first electrode plate 1 and the second
electrode tab 5 to the second electrode plate 2.
The first electrode tab 4 and second electrode
tab 5 are made of a metal foil or a thin metal
sheet cut into strips and connect the first
electrode plate 1 and the second electrode plate
2 of the electrode unit 8 to the electrode
terminals provided on the sealing plate 9, which
are insulated from each other.

[0018]

The first electrode plate 1 is secured to the first
electrode tab 4 along the leading edge at the
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beginning of the winding. The first electrode
plate 1 is folded at the leading edge into a U-
shaped electrode, and the first electrode tab 4
is arranged on the inside. Stated differently, the
two sides of the first electrode tab 4 are covered
by the first electrode plate 1. Because the first
electrode tab 4 is covered on both sides by the
first electrode plate 1, it does not have to be
insulated from the second electrode plate 2 with
a protective tape 6.

[0019]

The first electrode plate 1 is affixed with
protective tape 6 on the surface opposite to the
second electrode tab 5, which is fixed to the
second electrode plate 2, and is positioned away
from the beginning of the winding at the tip. The
protective tape 6 is an insulating plastic tape
with an adhesive layer on one side. The
protective tape 6 is secured by affixing the
adhesive layer to the surface of the first
electrode plate 1. The protective tape 6 is wider
than the width of the second electrode tab 5.
The wide protective tape 6 can insulate the
second electrode tab 5 and the first electrode
plate 1 even if the position at which it is affixed
deviates slightly relative to the position of the
second electrode tab 5.

[0020]

In the electrode structure in the drawing, the
protective tape 6 is affixed to the surface of the
core of the first electrode plate 1. The core of
the first electrode plate 1 is a metal foil, such as
aluminum foil. The core of the metal foil has a
smooth surface, so the protective tape 6 can be
securely affixed to it. In the first electrode plate
1 in the drawing, the active material is applied
to the back surface of the second electrode plate
2, which is secured to the second electrode tab
5.

[0021]

In the second electrode plate 2, the second
electrode tab 5 is affixed to the tip portion,
which is at the beginning of the winding. The
second electrode plate 2 is wound into a spiral
shape, somewhat offset to the rear of the first
electrode plate 1. In the electrode unit shown in
FIG. 4 and FIG. 5, the first electrode plate 1,
which has a U-shaped tip, begins to be wound
with the second electrode plate 2 from the U-
shaped electrode portion. The second electrode
plate 2 is then stacked at a position where the
second electrode tab 5 secured to it is opposite
the protective tape 6 that is affixed to the first



electrode plate 1, and then wound into a spiral
shape. FIG. 5 omits the separator that is placed
between the first electrode plate 1 and the
second electrode plate 2, but a separator that
insulates the two stacked electrode plates is
placed between the first electrode plate 1 and
the second electrode plate 2.

[0022]

The electrode structure in the present invention
can be used as an electrode unit for a lithium-
ion secondary battery, with the first electrode
plate 1 serving as the positive electrode plate
and the second electrode plate 2 serving as the
negative electrode plate. The positive electrode
plate serving as the first electrode plate 1 and
the negative electrode plate serving as the
second electrode plate 2 in a lithium-ion
secondary battery are manufactured as follows.
However, the electrode structure in the present
invention can be used not only in lithium-ion
secondary batteries, but also in nickel-cadmium
batteries, nickel-hydrogen batteries, and other
types of batteries. In addition, the electrode
structure of the present invention does not
specify the first electrode plate must be the
positive electrode plate and the second
electrode plate must be the negative electrode
plate. For example, the present invention can be
used in an electrode structure in which the first
electrode plate is the negative electrode plate
and the second electrode plate is the positive
electrode plate.

[0023]

[Manufacturing steps for a first electrode plate
serving as a positive electrode plate]

(1) Step of preparing the positive electrode
slurry

Here, 85 parts by weight of LiCoO; serving as
the positive electrode active material, 5 parts by
weight of artificial graphite powder, and 5 parts
by weight of carbon black were mixed together
thoroughly, and then polyvinylidene fluoride
(PVdF) dissolved in N-methyl-2-pyrrolidone was
added to prepare a positive electrode slurry with
5 parts by weight of solid content.

[0024]

(2) Step of applying the positive electrode slurry
to the core

The positive electrode slurry is applied on both
sides of a conductive core consisting of 20 pm
thick aluminum foil. After drying, this was rolled
using a roller press. This was then vacuum dried
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at 110°C for 3 hours to produce a first electrode
plate 1, which is a strip-shaped positive
electrode plate. Metal plates other than
aluminum foil can also be used as the core
material. The thickness of the core material can
be 10 ym to 100 ym, and preferably 15 uym to
50 pm.

[0025]

[Manufacturing steps for a second electrode
plate serving as a negative electrode plate]

(1) Step of preparing the negative electrode
slurry

Here, 95 parts by weight of natural graphite
powder (interlayer distance: 3.35 angstroms)
with a particle size of 5 to 25 pm serving as the
negative electrode active material was added to
5 parts by weight of PVdF dissolved in N-methyl-
2-pyrrolidone to obtain a negative electrode
slurry.

[0026]

(2) Step of applying the negative electrode
slurry to the core

The negative electrode slurry was applied on
both sides of a copper foil core with a thickness
of 18 um. After drying, it was rolled using a
roller press. The copper foil serving as the core
was prepared so that the portion to which the
second electrode tab 5 is fixed is an exposed
portion on which the negative electrode slurry
was not applied. A nickel negative electrode tab
(3 mm wide) was spot-welded to this exposed
portion and then vacuum dried at 110°C for 3
hours to form a strip-shaped negative electrode
plate. Other metals can be used for the core unit
in addition to copper foil. In addition, the
thickness of the core unit can be something
other than 18 pm.

[0027]

The electrode unit of a lithium-ion secondary
battery is completed by rolling the first and
second electrode plates, prepared as described
above, into a cylindrical shape with a separator
in between to insulate them, and then pressing
them into a rectangular shape. The separator is
a microporous membrane made of polyethylene.
However, microporous membranes made of
polyolefins, such as a microporous membrane
made of polypropylene, can also be used as the
separator. In addition, a non-woven separator
made from polyolefin fibers can also be used.
The thickness of the separator can be, for
example, 34 pm.



[0028]

The electrode unit is secured by affixing a
polypropylene adhesive tape (not shown) to the
surface at the terminating end of the winding.
The cylindrical electrode is pressed on both
sides in a press machine to form a rectangular
cross-section, as shown in FIG. 4 and FIG. 5.
After connecting the first electrode tab 4 and the
second electrode tab 5, the rectangular
electrode unit 8 is inserted into the outer can 7,
and the opening in the outer can 7 is sealed with
a sealing plate 9 to complete the battery.

[0029]
[Effects of the Invention]

The electrode structure of the present invention
is characterized by protective tape that is affixed
to the electrode plates to reliably prevent
electrical contact between opposing electrode
tabs and electrode plates. This is because the
protective tape in the electrode structure of the
present invention does not adhere to the surface
of an electrode tab with a step, but to the
surface of a flat electrode plate without a step.
This electrode structure, in which protective
tape is affixed to the surface of an electrode
plate, has two layers of insulation between the
electrode plates and the electrode tabs, namely,
the protective tape and the separator.

[0030]

There is a significant difference in the damage
to the protective tape when the tape is affixed
to an electrode plate with no step, as in the
electrode structure of the present invention, and
when the tape is affixed to the surface of an
electrode tab with a step, as in the conventional
electrode structure. This is because, as shown
in FIG. 2, protective tape that is affixed to the
surface of the electrode tab with a step creates
a bridge that is not affixed to either the
electrode tab or the electrode plate, and the two
sides of the bridge are reliably affixed and
secured. A bridge secured on both sides is more
likely to break at the corner of the electrode tab
when pressure is applied. This is because the
inner surface protrudes at the corner of the
electrode tab and the adjacent bridge is pulled.

[0031]

The electrode structure of the present invention
has a protective tape affixed to a flat electrode
plate. The protective tape affixed to the surface
of the electrode plate prevents the formation of
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a bridge and prevents the tape from breaking at
the corner of the electrode tab. For this reason,
protective tape does not break at the corner of
an electrode tab, and it has the feature of being
able to reliably prevent internal shorting of the
battery. However, the electrode structure in the
present invention, in which the protective tape
is affixed to the surface of the electrode plate,
has the separator on the surface of the electrode
tab, and there is a concern that the separator
may break at the corner of the electrode tab.
However, the separator is not affixed and
secured to the surface of the electrode tab and
electrode plate like protective tape. Therefore,
if pressure is applied to the bridge portion, the
separator becomes deformed along the surface
of the electrode tab and the electrode plate, and
the back surface is not stretched as it is
supported by the electrode tab and electrode
plate. For this reason, there is no strong
breaking force acting on the corner of the
electrode tab, as there is with protective tape.
Therefore, a structure, such as the electrode
structure in the present invention, in which the
surface of an electrode tab is covered with a
separator and the surface of the electrode plate
is covered with a protective tape, effectively
prevents both the separator and protective tape
from breaking, and effectively prevents internal
shorting.

[0032]

The electrode structure in the present invention
is also characterized by protective tape being
affixed to the surface of the first electrode plate
without any step. As a result, it can be easily
and securely affixed without any misalignment
or delamination, compared to electrode tabs
with steps, and can reliably prevent internal
shorts.

[Brief Description of the Invention]
[FIG. 1]

FIG. 1 is a cross-sectional view of an example
of a conventional electrode structure.

[FIG. 2]

FIG. 2 is an enlarged cross-sectional view
showing a state in which the protective tape for
the electrode structure in FIG. 1 has broken.

[FIG. 3]

FIG. 3 is a cross-sectional view of an example
of a battery in which the electrode unit of the



electrode structure in the present invention has
been inserted.

[FIG. 4]

FIG. 4 is a cross-sectional view showing the
beginning of the winding process for the
electrode structure in an example of the present
invention.

[FIG. 5]

FIG. 5 is a cross-sectional view showing the
beginning of the winding process for the
electrode structure in an example of the present
invention.
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[Reference Numbers]

: First electrode plate

: Second electrode plate
: Separator

: First electrode tab

: Second electrode tab

: Protective tape

: Outer can

: Electrode unit

*9: Sealing plate

10: Electrode terminal
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To whom it may concern:

I, Frank McGee, a translator fluent in the Japanese and English languages, on behalf of
Morningside Translations, do solemnly and sincerely declare that the following is, to the best of
my knowledge and belief, a true and correct translation of the documents listed below in a
form that reflects the intention and meaning of the original text.

| hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code.
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