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57 ABSTRACT

Provided is a battery in which collector foil is unlikely to
break.

In a lithium-ion secondary battery, as for a distance from a
connection section between a positive electrode tab and the
positive electrode terminal to a boundary section between
applying and non-applying sections of positive-electrode
active material in a direction perpendicular to a stacking
direction, compared with a reference positive electrode hav-
ing the boundary section that is located closest to the connec-
tion section by straight-line distance, a layer of a positive
electrode that is stacked in such a way as to be farthest from
the reference positive electrode has a smaller distance from a
boundary of the applying and non-applying sections of the
positive-electrode active material to a connection section
with the positive electrode tab in a direction perpendicular to
a stacking direction.
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LITHIUM-ION SECONDARY BATTERY AND
METHOD OF PRODUCING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a lithium-ion sec-
ondary battery that is high in strength against vibration and
shock and whose opening is sealed with a film exterior mate-
rial.

BACKGROUND ART

[0002] Indevices that use a battery as a drive power source,
such as electric bicycles, electric motorcycles, and electric
cars, a battery pack that houses large-capacity secondary
batteries is used. Lithium-ion secondary batteries that are
high in both volumetric energy density and mass energy den-
sity are suitable as drive-power-source batteries.

[0003] Among the known lithium-ion batteries are a
columnar battery, which is made by winding up a stacked
product in which a positive electrode and a negative electrode
are stacked through a separator, and a flat battery, which is a
stacked product in which a positive electrode and a negative
electrode are stacked through a separator.

[0004] Among those batteries, the flat battery is suitable as
a power-source battery for a power motor and the like,
because the capacity can be easily increased per unit battery
by increasing the areas of the positive and negative electrodes
or by increasing the number of positive and negative elec-
trodes stacked.

[0005] Even if the number of positive and negative elec-
trodes that are stacked as battery elements is increased to
increase the capacity per unit battery, in order to minimize an
increase in the volume of the battery, the distances from a
positive electrode tab and a negative electrode tab, which are
taken out from the positive and negative electrodes and are
used for conductive connection, to a positive electrode pull-
out tab and a negative electrode pull-out tab need to be made
shorter. Meanwhile, if the positive electrode tab and the nega-
tive electrode tab are being connected to the positive electrode
pull-out tab and the negative electrode pull-out tab by the
shortest distances, the curvature of the positive and negative
electrode tabs gradually increases as the battery elements are
located closer to an outer surface of a stacked body. There-
fore, if a large force is applied to the positive and negative
electrode tabs, the possibility is high that the positive and
negative electrode tabs would break.

[0006] As a solution to the above problem, for example,
Patent Document 1 is proposed.

[0007] Incidentally, in the lithium-ion secondary battery, in
order to avoid the deposition of metallic lithium in an end
portion of the negative electrode at the time of charging, the
negative electrode is made larger than the positive electrode,
and, in a portion of the negative electrode that faces a portion
to which a positive-electrode active material has been
applied, a negative-electrode active material needs to be
formed.

PRIOR ART DOCUMENT

Patent Document

[0008] Patent Document 1: JP2005-142028A

Oct. 8, 2015

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0009] However, when a film exterior material is used, the
exterior material itself can easily deform. If the exterior mate-
rial is deformed in a portion where a tab exists, the exterior
material might come in contact with an electrode tab near an
outermost layer with a large curvature, or other trouble could
happen. As a result, the possibility is high that the outermost
layer or the positive and negative electrode tabs near the
outermost layer break. Moreover, as the layers stacked are
further increased in number, a negative electrode that is closer
to the outermost layer tends to have a larger curvature. In
particular, the curvature is large near a portion that faces a
positive electrode end, resulting in an increase in the stress on
the negative electrode.

[0010] The active materials contain a binder that is a mini-
mum necessity, and are being bound to each other and to a
current collector. Therefore, the possibility is higher that
cracks would emerge on a surface of a negative-electrode
active material corresponding to the positive electrode end
and in an internal portion; that the active materials would
drop; and that collector foil would break.

[0011] Meanwhile, in order to avoid an increase in the
curvature, one idea is to make an electrode long enough to
ensure that the electrode is gradually bent. In this case, how-
ever, the problem is that the per-unit-volume capacity of the
battery is small.

[0012] Moreover, Patent Document 1 does not take into
account the breakage of positive-electrode-side electrode foil
at all.

[0013] Accordingly, the present invention is intended to
provide a lithium-ion secondary battery in which the cracks
and the dropping of the active material and the breakage of
collector foil are unlikely to occur even if a large number of
layers are stacked, and a method of producing the lithium-ion
secondary battery.

Means for Solving the Problems

[0014] The problems of the present invention are solved by
a lithium-ion secondary battery that includes: an electrode-
stacked body including a positive electrode that includes an
applying section of positive-electrode active material on a
positive electrode current collector, and a non-applying sec-
tion of positive-electrode active material which becomes a
positive electrode tab, a negative electrode that includes an
applying section of negative-electrode active material on a
negative electrode current collector, and a non-applying sec-
tion of negative-electrode active material which becomes a
negative electrode tab, and a separator, wherein a plurality of
the positive electrodes and negative electrodes are alternately
stacked via separators; a positive electrode terminal that is
electrically connected to the positive electrode tabs; a nega-
tive electrode terminal that is electrically connected to the
negative electrode tabs, wherein the electrode-stacked body,
an electrolysis solution, the positive electrode terminal, and
the negative electrode terminal are housed in an exterior body
except for one end of the positive electrode terminal and one
end of the negative electrode terminal, and, as for a distance
from a connection section between the positive electrode tab
and the positive electrode terminal to a boundary section
between the applying and non-applying sections of positive-
electrode active material in a direction perpendicular to a
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stacking direction, a positive electrode that is stacked in such
away as to be farthest from a reference positive electrode has
a shorter distance than the reference positive electrode having
the boundary section that is farthest from the connection
section by straight-line distance.

Advantages of the Invention

[0015] As for adistance from a connection section between
the positive electrode tab and the positive electrode terminal
to aboundary section between the applying and non-applying
sections of positive-electrode active material in a direction
perpendicular to a stacking direction, compared with a refer-
ence positive electrode that is located farthest from the con-
nection section by straight-line distance, a positive electrode
that is stacked in such a way as to be farthest from the refer-
ence positive electrode has a smaller distance from a bound-
ary of the applying and non-applying sections of the positive-
electrode active material to a connection section between the
positive electrode tab and the positive electrode terminal in a
direction perpendicular to a stacking direction. Therefore, it
is possible to provide a lithium-ion secondary battery that has
high resistance against shock and vibration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1is diagrams illustrating a lithium-ion second-
ary battery: FIG. 1A is a plan view, and FIG. 1B is a cross-
sectional view of FIG. 1A taken along line A-A".

[0017] FIG. 2 is an enlarged view illustrating a portion of C
near a positive electrode terminal in FIG. 1.

[0018] FIG. 3 is an enlarged view illustrating a portion of C
near a positive electrode terminal in FIG. 1.

[0019] FIG. 4 is a diagram illustrating a cross-section of a
portion of a negative electrode terminal side.

[0020] FIG.5is a diagram illustrating another embodiment
ofthe present invention, and is a diagram showing a portion of
CinFIG. 1.

[0021] FIG. 6 is a diagram illustrating a positive electrode
and a negative electrode according to one embodiment of the
present invention.

[0022] FIG. 7 is a diagram illustrating a positive electrode
and a negative electrode according to another embodiment of
the present invention.

[0023] FIG. 8 is a diagram illustrating an evaluation casing
of a lithium-ion secondary battery.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0024] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

[0025] FIG.1is diagrams illustrating a lithium-ion second-
ary battery: FIG. 1A is a plan view, and FIG. 1B is a cross-
sectional view of FIG. 1A taken along line A-A".

[0026] A lithium-ion secondary battery 100 of the present
invention includes a power generation element 110 in which
a plurality of positive electrodes 1 and a plurality of negative
electrodes 6 are alternately stacked through separators 20.
The power generation element 110 and electrolysis solution
(not shown) are covered with a flexible film 30. To the power
generation element 110, a positive electrode terminal 11 and
a negative electrode terminal 16 are electrically connected.
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Portions or all of the positive electrode terminal 11 and nega-
tive electrode terminal 16 have been pulled out of the flexible
film 30.

[0027] In the positive electrode 1, on the front and back
sides of a positive electrode current collector 2 made of alu-
minum, a positive-electrode active material applying section
3, to which a composition containing a positive-electrode
active material, a conductive auxiliary agent, a binding agent,
and the like has been applied, is formed.

[0028] The positive-electrode active material applying sec-
tion 3 mainly includes one, or two or more, of the following
substances: lithium manganese composite oxides, lithium
cobalt composite oxides, lithium nickel composite oxides,
and lithium-transition metal composite oxides such as oliv-
ine-based materials like LiFePO,.

[0029] The positive-electrode active material applying sec-
tion 3 can be made by mixing this and a conductive auxiliary
agent such as carbon black, and applying and drying the
composition into which a binding agent, such as polyvi-
nylidene fluoride, polytetrafluoroethylene, carboxymethyl-
cellulose, or modified acrylonitrile rubber particles, has been
blended.

[0030] In the negative electrode 6, on the front and back
sides of a negative electrode current collector 7 made of
copper, a negative-electrode active material applying section
8, to which a composition containing a negative-electrode
active material, a conductive auxiliary agent, a binding agent,
and the like has been applied, is formed.

[0031] The negative-electrode active material applying
section 8 mainly includes graphite, which absorbs or dis-
charges lithium ions at the time of charging or discharging,
amorphous carbon, diamond-like carbon, fullerene, carbon
nanotube, carbon nano horn, or any other carbon material,
and a compound containing silicon and tin.

[0032] The negative-electrode active material applying
section 8 can be made by mixing this and a conductive aux-
iliary agent such as carbon black, and applying and drying the
composition into which a binding agent, such as polyvi-
nylidene fluoride, polytetrafluoroethylene, carboxymethyl-
cellulose, or modified acrylonitrile rubber particles, has been
blended.

[0033] As the positive electrode current collector, alumi-
num, stainless steel, nickel, titanium, or an alloy of these
substances may be used. Aluminum is particularly preferred.
As the negative electrode current collector, copper, stainless
steel, nickel, titanium, or an alloy of these substances may be
used.

[0034] As the separator, porous membranes, woven fabrics,
and nonwoven fabrics are available. In particular, one, or two
or more, of polypropylene- and polyethylene-based porous
membranes may be used.

[0035]  As the electrolysis solution, one, or two or more, of
organic solvents, such as chain carbonates, cyclic carbonates,
aliphatic carboxylic acid esters, y-lactones including y-buty-
rolactone, chain ethers, and cyclic ethers, are mixed, and the
organic solvents in which lithium salts such as LiPF6 have
been dissolved can be used.

[0036] The chain carbonates include ethyl methyl carbon-
ate (EMC), diethyl carbonate (DEC), dimethyl carbonate
(DMC), and dipropyl carbonate (DPC), such as ethylene car-
bonate, propylene carbonate, vinylene carbonate, and buty-
lene carbonate.

[0037] As the flexible film that covers the lithium-ion sec-
ondary battery of the present invention, a film in which resin
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layers are provided on the front and back sides of a base
material or a metal layer can be used.

[0038] As the metal layer, a metal layer having barrier
properties, such as those designed to prevent the leak of
electrolysis solution or the intrusion of water from outside,
may be selected. Aluminum, stainless steel, or the like may be
used. At least on one side of the metal layer, a heat-welding
resin layer, such as modified polyolefin, is provided in such a
way as to face a heat-welding resin layer of the flexible film,
and the periphery of a portion in which an electrode-stacked
body is housed is thermally welded to form an exterior body.
[0039] On an exterior body’s surface that is on the opposite
side from the surface where the heat-welding resin layer is
formed, a resin layer, such as nylon film or polyester film,
may be provided.

[0040] As the positive electrode terminal, a positive elec-
trode terminal made of aluminum or aluminum alloy may be
used. As the negative electrode terminal, a negative electrode
terminal made of copper or copper alloy, or a negative elec-
trode terminal that is made by plating such a terminal with
nickel may be used.

[0041] Each of the terminals is pulled out of the flexible
film. In an area of each terminal that is located in a portion
where the periphery of the exterior body is thermally welded,
heat-welding resin may be provided in advance.

[0042] A non-applying section of a positive-electrode
active material in the positive electrode current collector is
regarded as a positive electrode tab 2a, which is connected to
the positive electrode terminal. A non-applying section of a
negative-electrode active material in the negative electrode
current collector is regarded as a negative electrode tab 7a,
which is connected to the negative electrode terminal.
[0043] On the positive electrode terminal, the positive elec-
trode tabs are connected together along with the positive
electrode terminal by ultrasonic welding or any other method.
On the negative electrode terminal, the negative electrode
tabs are connected together along with the negative electrode
terminal by ultrasonic welding or any other method.

[0044] Then, one end of the positive electrode terminal is
pulled out of the flexible film, and one end of the negative
electrode terminal is pulled out of the flexible film.

[0045] Inorder to prevent the deposition of lithium metal in
an outer peripheral portion of the negative electrode at the
time of charging, the negative-electrode active material
applying section 8 is made larger than the external dimen-
sions of the positive-electrode active material applying sec-
tion 3 that faces the negative-electrode active material apply-
ing section 8. In order to prevent contact between the positive
and negative electrodes, the separators 20 are larger than the
external dimensions of both.

[0046] As for the lithium-ion secondary battery of the
present invention, in FIG. 1, the direction in which the posi-
tive electrodes 1, the negative electrodes 6, and the separators
20 are stacked is defined as z-direction; the direction that is
perpendicular to z-direction and is from the side from which
the positive electrode terminal 11 is pulled out to the side of
the negative electrode terminal that faces the positive elec-
trode terminal 11 is defined as x-direction.

[0047] In the lithium-ion secondary battery of the present
invention, the x-direction distance from the positive electrode
terminal to a boundary surface 4 of the positive-electrode
active material applying section 3 from which the positive
electrode tab 2a is pulled out becomes larger as the z-direc-
tion distance increases.

Oct. 8, 2015

[0048] FIG. 2 is an enlarged view illustrating a portion of C
near the positive electrode terminal in FIG. 1.

[0049] Among the boundary sections 4 between the posi-
tive-electrode active material applying sections 3 formed on
the positive electrode current collectors 2 of the positive
electrodes 1 and the non-applying sections that function as
the positive electrode tabs 24, if a positive electrode having
the longest x-direction distance between a connection posi-
tion 11a of a portion in which a positive electrode tab is
connected to the positive electrode terminal 11 and which is
closest to the positive-electrode active material side and a
boundary section 4 between the active material’s applying
and non-applying sections is regarded as a reference positive
electrode 1a, a positive electrode having a larger z-direction
distance from the reference positive electrode 1a is preferably
disposed in such a way that the distance b to the boundary
section 4 in x-direction is smaller than the distance a from the
connection position 11a to the boundary section of the refer-
ence positive electrode 1a in x-direction.

[0050] However, if the electrodes are shifted excessively,
the area where the positive and negative electrodes do not face
each other would increase, resulting in a decrease in the
capacity of the battery. Therefore, it is preferred that the
positional shift should be kept as minimum as possible.
[0051] Incidentally, as for battery elements described in the
embodiment shown in FIG. 2, one end of a negative electrode
6 is located on a negative electrode tip position line 6a, which
indicates the tip of a negative electrode.

[0052] Meanwhile, in the case where positive electrodes of
the same size are used as each positive electrode and negative
electrodes of the same size are used as each negative elec-
trode, if the end portion of a positive electrode is shifted from
the end portion of a negative electrode by a certain amount,
the positive electrode ends up being shifted toward the posi-
tive electrode terminal by the same amount.

[0053] In the case of the lithium-ion secondary battery, a
negative electrode needs to be disposed in such a way as to be
in a portion that faces across a separator of a positive elec-
trode. The amount of positional shift of the positive electrode
toward the positive electrode terminal needs to be accurately
disposed in such a way as to ensure that the negative electrode
exists in a portion that faces the positive electrode even at the
negative electrode terminal’s side.

[0054] The description here focuses on the state of stacking
on the negative electrode terminal’s side when the positive
electrode terminal’s side is formed in such a state. As shown
in FIG. 4, which is a diagram illustrating a cross-section of a
portion of the negative electrode terminal’s side, even at the
negative electrode terminal 16’s side, a positive electrode 1 is
shifted toward the positive electrode terminal’s side.

[0055] Accordingly, at the negative electrode terminal’s
side, the x-direction positions of the end portions of the posi-
tive electrodes are not aligned with each other and are shifted
in a stepwise manner. Therefore, a negative electrode 6 that is
closer to an outermost layer has a longer negative-electrode
active material applying section 8 that does not face an apply-
ing section of a positive-electrode active material. As a result,
the end portion of the negative electrode can be easily bent
toward a negative electrode current collector connection sec-
tion. In this example, it is possible to reduce the risk that the
negative electrode current collector will break.

[0056] Inthis manner, even if the number of layers stacked
is increased, the negative electrode current collectors are
curved along the negative electrodes that are formed in a
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stepwise pattern. Therefore, in particular, it is possible to
reduce the possibility that the breakage of a current collector
in the applying and non-applying sections of active material
will occur.

[0057] In this case, due to variations in the manufacturing,
as for each positive electrode, the position of the boundary
section and the length of the applying and non-applying sec-
tions have tolerances. If the amount of positional shift is
small, the boundary section of a positive electrode that is far
from the reference positive electrode may have a larger dis-
tance to the connection position 11a than the boundary sec-
tion of a positive electrode that is near the reference positive
electrode 1a.

[0058] According to the present invention, the expression
“b becomes smaller as z becomes larger” means that b tends
to become smaller toward an outermost-layer positive elec-
trode from the reference positive electrode. Even if some of
the positive electrodes do not have the tendency due to manu-
facturing tolerances, these positive electrodes are not
exempted from the present invention.

[0059] Moreover, in the case of the present invention, as the
layers stacked are increased in number, or as the thickness of
an electrode-stacked body is increased, advantageous effects
become particularly noticeable. Therefore, as for a positive
electrode that has a z-direction distance from the reference
positive electrode 1a that is greater than or equal to a prede-
termined level, the positive electrode may be disposed in such
away that a x-direction distance b from the boundary section
to the connection position 1a is closer than a x-direction
distance a from the boundary section of the reference positive
electrode to the current collector connection section.

[0060] If all the positive electrodes except the reference
positive electrode are stacked in such a way as to be position-
ally shifted, the amount of positional shift increases as the
number of layers stacked becomes larger, possibly causing a
decrease in the capacity of the battery as described above.
[0061] Therefore, by positionally shifting mainly positive
electrode layers that are close to the outermost layer where the
collector foil can easily break, it is possible to minimize a
decrease in the capacity of the battery.

[0062] Incidentally, a predetermined or greater distance
may vary according to the thickness of the current collector.
For example, if the collector foil is 40 pm or less in thickness,
the distance z from the reference positive electrode to a posi-
tive electrode with the largest z-direction distance is 3 mm or
more, or particularly preferably 4 mm or more.

[0063] As shown in FIG. 3, which is an enlarged view
illustrating a portion of C near the positive electrode terminal
in FIG. 1, as for a positive electrode with a z-direction dis-
tance from the reference positive electrode that is greater than
or equal to a predetermined level, the end portion of the
positive electrode is preferably bent toward the positive elec-
trode terminal 11, with the positive-electrode active material
applying section as a starting point.

[0064] One of the areas where the positive electrode current
collector can easily break is a boundary section 4 between the
applying and non-applying sections of positive-electrode
active material. One of the causes is a large curvature of the
collector foil in the boundary section of the outermost layer’s
side.

[0065] As shown in FIG. 3, by shifting the positive elec-
trode of the outermost layer’s side toward the current collec-
tor connection section, it becomes possible to bend the posi-
tive electrode toward the positive electrode terminal with the
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active material as a starting point, thereby reducing the pos-
sibility that the positive electrode current collector will break.
[0066] As shown in FIG. 4, which is a diagram illustrating
a cross-section of a portion of the negative electrode termi-
nal’s side, even at the negative electrode terminal’s side, the
positive electrodes 1 are shifted toward the positive electrode
terminal’s side.

[0067] Accordingly, at the negative electrode terminal’s
side, the x-direction positions of the end portions of the posi-
tive electrodes are not aligned with each other and are shifted
in a stepwise manner. Therefore, a negative electrode 6 that is
closer to an outermost layer has a longer negative-electrode
active material applying section 8 that does not face an apply-
ing section of a positive-electrode active material. As a result,
the end portion of the negative electrode can be easily bent
toward a negative electrode current collector connection sec-
tion.

[0068] FIG.5 is a diagram illustrating another embodiment
ofthe present invention, and is a diagram showing a portion of
CinFIG. 1.

[0069] To prevent the dropping of active material and other
trouble, insulation members 40 are formed in such a way as to
cover the boundaries between the applying and non-applying
sections of positive-electrode active material.

[0070] If an insulation member that is provided on the
surface of a positive-electrode active material applying sec-
tion 3 overlaps at the same position, the thickness of an area
where an insulation section exists becomes very large, lead-
ing to an increase in the curvature of a positive electrode tab
of the outermost layer’s side. Moreover, the difference in
thickness between the area where the insulation section exists
and an area where no insulation section exists becomes very
large. In this case, the electrode-stacked body has a concave
central portion. The shape is not preferred in terms of the
appearance and the stability of electrical characteristics.
Accordingly, in the case of FIG. 5, the layers are stacked in
such a way as to be positionally shifted. Therefore, the insu-
lation members 40 of the layers are positionally shifted in
x-direction, too. Accordingly, the area where the insulation
sections overlap with one another at the same positions is
reduced, and an increase in the thickness of the electrode-
stacked body is curbed, and an increase in the curvature of the
active material is prevented. In this manner, such remarkable
advantageous effects can be obtained.

[0071] Incidentally, in this diagram, in order to make clear
the positions of the insulation members 40 provided on the
positive-electrode active material applying sections 3, the
components are linearly shown. Therefore, it looks as if there
are spaces between the positive-electrode active material
applying sections 3 and the separators 20. However, in an
actual battery, a positive electrode, a separator, and a negative
electrode are gradually curved from the side of a thick insu-
lation member 40 that is large in thickness, and the members
are in close contact with each other.

[0072] InFIG. 1, the positive electrode terminal 11 and the
negative electrode terminal 16 are pulled out from different
sides of the lithium-ion secondary battery 100 that face each
other, as the positive electrodes 1 shown in FIG. 6A and the
negative electrodes 6 shown in FIG. 6B are alternately
stacked through separators.

[0073] The configuration is not limited to this. The positive
electrodes 1 shown in FIG. 7A having positive electrode tabs
whose width is less than 50% of the electrode width thereof,
and the negative electrodes 6 shown in FIG. 7B having nega-
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tive electrode tabs whose width is less than 50% of the elec-
trode width thereof, may be alternately stacked through sepa-
rators, and a positive electrode terminal and a negative
electrode terminal may be pulled out from the same side (not
shown).

[0074] As the insulation members that are formed in the
boundary sections between the applying and non-applying
sections of positive-electrode active material, polyimide,
glass fiber, polyester, polypropylene, or a composition con-
taining these substances may be used. To form the insulation
members, members of these substances may be welded to the
boundary sections by applying heat, or gel-like resin may be
applied to the boundary sections and dried. However, the
method is not specifically limited to these. It is preferred that
the thickness of the insulation members be made as small as
possible in terms of volumetric efficiency. However, in terms
of insulation and strength, the thickness is particularly pref-
erably greater than or equal to 7 um and less than or equal to
100 um, or more preferably greater than or equal to 15 um and
less than or equal to 50 pm.

[0075] Furthermore, by positionally shifting a positive
electrode layer of the outermost layer’s side relative to the
reference positive electrode, a local increase in the thickness
associated with the insulation members is reduced, and the
thickness-direction size of the battery can be made smaller.

[0076] If the thickness-direction size is made equal to that
of a conventional battery, the insulation members that are
greater in thickness than conventional ones can be used.

[0077] The width and thickness of a tab affect how easily
the tab or collector foil can break. In the case of the present
invention, it was confirmed that, when the collector foil that is
200 mm or less in width and 40 um or less in thickness is used,
or particularly when the thin collector foil that is 20 pm or less
in thickness is used, remarkable advantageous effects can be
obtained.

[0078] Inthiscase, the electrode tabs are welded together to
aone-side surface of an electrode terminal. However, the tabs
may be separated and welded to both sides of the electrode
terminal.

EXAMPLES
Example 1

Production of Positive Electrode

[0079] As an active material, a composite oxide containing
lithium manganate and lithium nickelate was used. As a con-
ductive agent, carbon black was used. As a binder, PVdF was
used. Slurry was prepared as these substances were dispersed
in an organic solvent.

[0080] The slurry was continuously applied and dried on a
piece of aluminum foil with a thickness of 20 um, which was
apositive electrode current collector. A positive electrode roll
was produced in such a way as to include an applying section
2 of the positive electrode current collector and a non-apply-
ing section where the substance was not applied.

[0081] From the positive electrode roll, a positive electrode
that was 220 mm long and 95 mm wide and which had one
surface of active material with a thickness of 80 um was
produced in such a way as to leave a non-applying section that
would become a tab to be connected to the positive electrode
terminal as shown in FIG. 6A.
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Production of Negative Electrode

[0082] As an active material, graphite was used. As a con-
ductive agent, carbon black was used. As a binder, PVdF was
used. Slurry was prepared as these substances were dispersed
in an organic solvent.

[0083] The slurry was continuously applied and dried on a
piece of copper foil with a thickness of 10 pm, which was a
negative electrode current collector. A negative electrode roll
was produced in such a way as to include an applying section
of'the negative electrode current collector and a non-applying
section where the substance was not applied.

[0084] From the negative electrode roll, an electrode that
was 225 mm long and 100 mm wide and which had one
surface of active material with a thickness of 60 um was
produced in such a way as to leave anon-applying section that
would become a tab to be connected to the negative electrode
terminal as shown in FIG. 6B.

Production of Power Generation Element

[0085] A separator made of polypropylene that was 230
mm long, 105 mm wide, and 25 pum thick was disposed. A
power generation element was produced in such a way that
the distance from a boundary section of positive-electrode
active material on a reference positive electrode to a connec-
tion position of a positive electrode terminal and a positive
electrode tab closest to the positive electrode active material’s
side, or to the connection position 11a shown in FIG. 2, was
14 mm. Incidentally, the reference positive electrode was set
as the 157 positive electrode located at the center in the
stacking direction.

[0086] Twenty-nine positive electrodes and 30 negative
electrodes obtained were alternately stacked through separa-
tors with a thickness of 30 um, which were of a two-layer
structure of polypropylene and polyethylene, in such a way
that a negative electrode became an outermost layer. As a
result, a stacked body with a thickness of 10 mm was
obtained. Moreover, a negative electrode tab and a positive
electrode tap were disposed in such a way as to be taken out
from the sides of the stacked body that faced each other.
[0087] The non-applying sections of the layers of positive
electrodes were welded together on a positive electrode ter-
minal made of aluminum. The non-applying sections of the
layers of negative electrodes were welded together on a nega-
tive electrode terminal in which a surface of copper was
plated with nickel.

[0088] When the layers were stacked, the layers were
stacked in such a way that the end surfaces of positive elec-
trode taps were aligned with one another. Accordingly, as
shown in FIG. 2, a positive electrode that had a larger distance
in the stacking direction from the positive electrode terminal
was disposed in such a way that a boundary between the
applying and non-applying sections of electrode active mate-
rial was located closer to the positive electrode terminal’s side
in x-direction.

[0089] At this time, the x-direction distance from a positive
electrode collector foil connection section to the boundary
section of the reference positive electrode was made closer
than a creepage distance of a positive electrode tab that
extended from the positive electrode collector foil connection
section to the boundary section of the reference positive elec-
trode. Moreover, when the positive electrode collector foil
and the positive electrode terminal were connected, the posi-
tive electrode terminal was disposed in such a way that only
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the positive electrode current collector was slightly curved,
while the applying section of positive-electrode active mate-
rial was not curved.

[0090] Meanwhile, the negative electrodes were stacked in
such a way as to be aligned with the end surfaces of the
negative electrodes on the positive electrode terminal’s side.
In this manner, since the end surfaces of the positive electrode
tabs were aligned with each other, the end portions of the
positive electrodes on the negative electrode terminal’s side
were arranged and stacked in a stepwise pattern in such a way
that an inner layer’s side had a smaller distance to a connec-
tion section between the negative electrode terminal and the
negative electrode current collector than the outermost layer.
Accordingly, the negative electrode current collector of the
negative electrode terminal’s side was curved along a positive
electrode. Therefore, compared with when the positive elec-
trodes were not positionally shifted, the negative electrode
current collector of the negative electrode terminal’s side was
curved toward the negative electrode terminal in such a way
as to have a gentle curvature.

Production of Lithium-Ion Secondary Battery

[0091] In the power generation element produced, the ref-
erence positive electrode was at the center in the stacking
direction. Therefore, both flexible films had a housing section
that matches the outer shape of the electrode-stacked body.
[0092] The peripheries of the two flexible films were ther-
mally welded together, and the electrode-stacked body was
housed inside the flexible films in such a way that one end of
the positive electrode terminal and one end of the negative
electrode terminal were pulled out of the flexible films.
[0093] At this time, only one side that was different from
the sides from which the positive electrode terminal and the
negative electrode terminal were pulled out was not thermally
welded, and was used as an opening through which electroly-
sis solution would be poured. Then, through the opening,
electrolysis solution was poured for sufficient impregnation.
[0094]  After that, the opening was thermally welded, and
all the peripheries of the flexible films were thermally welded
together as a result.

Evaluation Test

[0095] The produced lithium-ion secondary battery was
housed in an evaluation casing and was evaluated.

[0096] An evaluation casing 80 was made by fitting
together a box section 80a, which included a battery mount-
ing section, and a lid section (not shown), which served as a
lid of the box section. FIG. 8 shows the appearance thereof.
[0097] Inthe positive electrode terminal and negative elec-
trode terminal of the lithium-ion secondary battery, screw-
holding holes 81 and 82 were provided. A buffer member or
the like was not provided around the lithium-ion secondary
battery or the tabs. Into the holes of the positive electrode
terminal and negative electrode terminal, a pin was inserted to
hold a positive electrode terminal provided on the evaluation
case, and a pin was inserted to hold a negative electrode
terminal. By only using the pins, the lithium-ion secondary
battery 100 was fixed to the evaluation casing.

[0098] After that, the 1id section was fitted thereon. From
outside the evaluation casing, a force of impact was applied
with an acceleration of 150 G in a direction from the negative
electrode terminal to the positive electrode terminal, and in a
direction from the positive electrode terminal to the negative
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electrode terminal. At this time, the state of positive electrode
tabs and negative electrode tabs in the boundary sections of 20
lithium-ion secondary batteries was observed.

[0099] As a result, a battery in which both the positive
electrode tabs and the negative electrode tabs broke was not
confirmed. Only one of the positive electrode tabs suffered a
small broken portion that was less than 100 um. However, the
broken portion was not serious enough to affect the charac-
teristics and reliability of the product. No broken portion was
confirmed in the negative electrode tabs.

[0100] Thereason why the negative electrode tabs were not
broken or cut may be that, since the negative electrode tabs
were curved from the applying sections of negative-electrode
active material along the end portions of the positive elec-
trodes of the negative electrode’s side that were arranged in a
stepwise pattern, the curvature of the boundary sections
between the applying and non-applying sections of negative-
electrode active material was small.

[0101] The reason why the positive electrode tabs were not
broken may be that the boundary sections of the positive
electrodes were kept from being aligned with one another,
and the positive electrodes’ end portions of the positive elec-
trode terminal’s side and the negative electrodes’ end por-
tions could be shifted to the reference positive electrode’s
side by an amount equivalent to a difference in level between
the applying and non-applying sections of active material,
and the breakage of the foil in the boundary sections was
therefore prevented.

[0102] Thereason why only one tab was slightly cut may be
that, since the collector foil was sagging slightly, a large load
was instantaneously applied to one positive electrode tab
when a force of impact was given. However, compared with
comparative examples described later, a sufficient advanta-
geous effect of reducing the cut was confirmed.

Example 2

[0103] A lithium-ion secondary battery was produced and
evaluated in a similar way to Example 1 except that: when the
positive electrodes and the negative electrodes were stacked
in such a way that the end surfaces of the positive electrode
tabs were aligned with each other, the distance from a bound-
ary section of active material to the connection position clos-
est to the positive-electrode active material’s side, or to 11a
shown in FIG. 2, was set to 8 mm; and the electrodes were
disposed in such a way that a positional shift between the
reference positive electrode and a boundary section of the
applying and non-applying sections of outermost layer’s
positive-electrode active material came to 1.3 mm; and, when
the positive electrode collector foil and the positive electrode
terminal were connected, the positive electrodes were slightly
bent toward a current collector connection section with the
position of a positive-electrode active material applying sec-
tion as a base point.

[0104] As aresult of the evaluation, a battery in which both
the positive electrode tabs and the negative electrode tabs
broke, or a battery in which the tabs were partially cut, was not
confirmed.

[0105] Thereason may be that, since the positive electrodes
were bent toward the positive electrode current collector con-
nection section with the position of the positive-electrode
active material applying section as a base point, the curvature
of the positive electrodes in the boundary sections was small
compared with Example 1, thereby preventing the tabs from
being broken or slightly cut in the boundary sections.
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Example 3

[0106] A lithium-ion secondary battery was produced and
evaluated in a similar way to Example 1 except that: the first
to 117 layers from the reference positive electrode were
stacked in such a way as to avoid a positional shift in the
stacking; and the 127 to 15” positive electrodes were dis-
posed in such a way as to be gradually shifted to the positive
electrode terminal’s side by 0.5 mm apiece. Incidentally, the
127 to 157 positive electrodes were being curved toward a
positive electrode current collector connection section.
[0107] As in the case of Example 2, as a result of the
production and evaluation of the lithium-ion secondary bat-
tery, a battery in which the positive electrode tabs and the
negative electrode tabs broke, or a battery in which the tabs
were partially cut, was not confirmed.

[0108] Incidentally, the z-direction distance from a surface
where a current collector connection section of the reference
positive electrode was formed to a current collector in an
outermost layer’s boundary section was 4 mm. Moreover,
compared with Example 1, it was confirmed that a larger
capacity was obtained. In this example, the layers were
stacked by setting an amount of displacement in an automated
assembly device.

Example 4

[0109] A lithium-ion secondary battery was produced and
evaluated in a similar way to Example 3 except that: an
insulation member that was 30 wm in thickness and 5 mm in
width was formed in a boundary section of the applying and
non-applying sections of positive-electrode active material.
[0110] As aresult ofthe evaluation, a battery in which both
the positive electrode tabs and the negative electrode tabs
broke, or a battery in which the tabs were partially cut, was not
confirmed. Compared with comparative examples described
below, the electrodes could be made smaller in thickness.

Comparative Example 1

[0111] A lithium-ion secondary battery was produced and
evaluated in a similar way to Example 1 except that the
positive and negative electrodes were set in such a way that
the boundary lines of the applying and non-applying sections
of positive-electrode active material were aligned with one
another in X-direction.

[0112] As a result of the evaluation, it was confirmed that
five out of 20 lithium-ion secondary batteries had their tabs
broken, and that another five lithium-ion secondary batteries
suffered a cut of about 2 mm to 5 mm in their positive elec-
trode tabs.

Comparative Example 2

[0113] A lithium-ion secondary battery was produced and
evaluated in a similar way to Example 4 except that the
positive and negative electrodes were set in such a way that
the boundary lines of the applying and non-applying sections
of positive-electrode active material were aligned with one
another in X-direction.

[0114] As a result of the evaluation, it was confirmed that
eight out of 20 lithium-ion secondary batteries had their tabs
broken, and that another six lithium-ion secondary batteries
suffered a cut of about 2 mm to 5 mm in their positive elec-
trode tabs.
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INDUSTRIAL APPLICABILITY

[0115] A lithium-ion secondary battery covered with the
film exterior material of the present invention has strong
resistance against shock. Therefore, the lithium-ion second-
ary battery is suitable as a source of electric energy in fields
where shock or vibration could be applied, such as electric
bicycles and electric cars.

EXPLANATION OF REFERENCE SYMBOLS

[0116] 1: Positive electrode

[0117] 1a: Reference positive electrode

[0118] 2: Positive electrode current collector

[0119] 2a: Positive electrode tab

[0120] 3: Positive-electrode active material applying sec-
tion

[0121] 4: Boundary section

[0122] 6: Negative electrode

[0123] 6a: Negative electrode tip position line

[0124] 7: Negative electrode current collector

[0125] 8: Negative-electrode active material applying sec-
tion

[0126] 11: Positive electrode terminal

[0127] 11a: Connection position closest to positive-elec-

trode active material’s side

[0128] 16: Negative electrode terminal
[0129] 20: Separator

[0130] 30: Flexible film

[0131] 40: Insulation member

[0132] 80: Evaluation casing

[0133] 80a: Box section

[0134] 81, 82: Screw-holding hole

[0135] 100: Lithium-ion secondary battery
[0136] 110: Power generation element

1. A lithium-ion secondary battery characterized by com-
prising:
an electrode-stacked body including

a positive electrode that includes an applying section of
positive-electrode active material on a positive elec-
trode current collector, and a non-applying section of
positive-electrode active material which becomes a
positive electrode tab,

a negative electrode that includes an applying section of
negative-electrode active material on a negative elec-
trode current collector, and a non-applying section of
negative-electrode active material which becomes a
negative electrode tab, and

a separator, wherein a plurality of the positive electrodes
and negative electrodes are alternately stacked via
separators;

a positive electrode terminal that is electrically connected
to the positive electrode tabs;

a negative electrode terminal that is electrically connected
to the negative electrode tabs, wherein

the electrode-stacked body, an electrolysis solution, the
positive electrode terminal, and the negative electrode
terminal are housed in an exterior body except for one
end of the positive electrode terminal and one end of the
negative electrode terminal, and

as for a horizontal distance from a connection section
between the positive electrode tab and the positive elec-
trode terminal to a boundary section between the apply-
ing and non-applying sections of positive-electrode
active material, a positive electrode that is stacked in
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such a way as to be farthest from a reference positive
electrode has a shorter distance than the reference posi-
tive electrode having the boundary section that is closest
to the connection section by straight-line distance.
2. The lithium-ion secondary battery according to claim 1,
characterized in that
from the reference positive electrode toward a layer of
positive electrode that is stacked at a position that is
farthest from the reference positive electrode, the dis-
tance from the boundary section to the connection sec-
tion becomes gradually shorter.
3. The lithium-ion secondary battery according to claim 1,
characterized in that
an insulation section is formed in a boundary section of
applying and non-applying sections of the positive-elec-
trode active material.
4. The lithium-ion secondary battery according to claim 1,
characterized in that
the positive electrode tab and the negative electrode tab are
pulled out from the same side of the exterior body.
5. The lithium-ion secondary battery according to claim 1,
characterized in that
the positive electrode tab and the negative electrode tab are
pulled out from different sides of the exterior body that
face one another.
6. A method of producing a lithium-ion secondary battery,
characterized by comprising:
forming an applying section of positive-electrode active
material on a positive electrode current collector, and a
non-applying section of positive-electrode active mate-
rial which becomes a positive electrode tab, to make a
positive electrode;
forming an applying section of negative-electrode active
material on a negative electrode current collector, and a
non-applying section of negative-electrode active mate-
rial which becomes a negative electrode tab, to make a
negative electrode;
stacking a plurality of the positive and negative electrodes
alternately through separators, and stacking in such a
way that boundary sections between the applying and
non-applying sections of the positive-electrode active
material in at least some of a plurality of the positive
electrodes are not aligned with each other in a direction
perpendicular to a stacking direction;
connecting a positive electrode terminal electrically to the
positive electrode tab;
connecting a negative electrode terminal electrically to the
negative electrode tab, wherein
the electrode-stacked body, an electrolysis solution, the
positive electrode terminal, and the negative electrode
terminal are housed in an exterior body except for one
end of the positive electrode terminal and one end of the
negative electrode terminal, and
the positive electrodes are stacked and positioned with
respect to the boundary sections of the applying and
non-applying sections of positive-electrode active mate-
rial in a plurality of positive electrodes.
7. A method of producing a lithium-ion secondary battery,
characterized by comprising:
forming an applying section of positive-electrode active
material on a positive electrode current collector, and a
non-applying section of positive-electrode active mate-
rial which becomes a positive electrode tab, to make a
positive electrode;
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forming an applying section of negative-electrode active
material on a negative electrode current collector, and a
non-applying section of negative-electrode active mate-
rial which becomes a negative electrode tab, to make a
negative electrode;

stacking a plurality of the positive and negative electrodes
alternately through separators, and stacking in such a
way that boundary sections between the applying and
non-applying sections of the positive-electrode active
material in at least some of a plurality of the positive
electrodes are not aligned with each other in a direction
perpendicular to a stacking direction;

connecting a positive electrode terminal electrically to the
positive electrode tab;

connecting a negative electrode terminal electrically to the
negative electrode tab, wherein

the electrode-stacked body, an electrolysis solution, the
positive electrode terminal, and the negative electrode
terminal are housed in an exterior body except for one
end of the positive electrode terminal and one end of the
negative electrode terminal,

an insulation member is formed at a boundary of the apply-
ing and non-applying sections of positive-electrode
active material on the positive electrode, and

the positive electrodes are stacked and positioned with
respect to the boundary sections of the applying and
non-applying sections of positive-electrode active mate-
rial in a plurality of positive electrodes.

8. A method of producing a lithium-ion secondary battery,

characterized by comprising:

forming an applying section of positive-electrode active
material on a positive electrode current collector, and a
non-applying section of positive-electrode active mate-
rial which becomes a positive electrode tab, to make a
positive electrode;

forming an applying section of negative-electrode active
material on a negative electrode current collector, and a
non-applying section of negative-electrode active mate-
rial which becomes a negative electrode tab, to make a
negative electrode;

stacking a plurality of the positive and negative electrodes
alternately through separators, and stacking in such a
way that boundary sections between the applying and
non-applying sections of the positive-electrode active
material in at least some of a plurality of the positive
electrodes are not aligned with each other in a direction
perpendicular to a stacking direction;

connecting a positive electrode terminal electrically to the
positive electrode tab;

connecting a negative electrode terminal electrically to the
negative electrode tab, wherein

the electrode-stacked body, an electrolysis solution, the
positive electrode terminal, and the negative electrode
terminal are housed in an exterior body except for one
end of the positive electrode terminal and one end of the
negative electrode terminal,

aninsulation member is formed at a boundary of the apply-
ing and non-applying sections of positive-electrode
active material on the positive electrode, and

the positive electrodes are stacked and positioned with
respect to the boundary sections of the applying and
non-applying sections of positive-electrode active mate-
rial in a plurality of positive electrodes.
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9. The method of producing the lithium-ion secondary
battery according to claim 6, characterized in that
the positive electrode is curved toward the positive elec-
trode terminal.
10. The method of producing the lithium-ion secondary
battery according to claim 7, characterized in that
the positive electrode is curved toward the positive elec-
trode terminal.
11. The method of producing the lithium-ion secondary
battery according to claim 8, characterized in that
the positive electrode is curved toward the positive elec-
trode terminal.
12. The lithium-ion secondary battery according to claim
2, characterized in that
an insulation section is formed in a boundary section of
applying and non-applying sections of the positive-elec-
trode active material.
13. The lithium-ion secondary battery according to claim
2, characterized in that
the positive electrode tab and the negative electrode tab are
pulled out from the same side of the exterior body.
14. The lithium-ion secondary battery according to claim
2, characterized in that
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the positive electrode tab and the negative electrode tab are
pulled out from different sides of the exterior body that
face one another.
15. The lithium-ion secondary battery according to claim
3, characterized in that
the positive electrode tab and the negative electrode tab are
pulled out from the same side of the exterior body.
16. The lithium-ion secondary battery according to claim
3, characterized in that
the positive electrode tab and the negative electrode tab are
pulled out from different sides of the exterior body that
face one another.
17. The lithium-ion secondary battery according to claim
3, characterized in that
the positive electrode tab and the negative electrode tab are
pulled out from the same side of the exterior body.
18. The lithium-ion secondary battery according to claim
3, characterized in that
the positive electrode tab and the negative electrode tab are
pulled out from different sides of the exterior body that
face one another.

* * #* #* #*
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