JP2014225326A NONAQUEOUS ELECTROLYTE SECONDARY BATTERY

Data originating from sources other than the EPO may not be accurate, complete, or up to date.

Nonaqueous electrolyte secondary batteries

The present invention relates to a non-aqueous electrolyte secondary battery, and particularly to a non-aqueous
electrolyte secondary battery in which an electrode plate structure and a current collecting structure are suitable.

In recent years, with the spread of portable devices such as notebook personal computers and mobile phones, the
demand for batteries as power sources thereof has been increasing. In particular, there is an increasing demand
for a secondary battery that is small, lightweight, has a high energy density, and can be repeatedly charged and
discharged. In addition, recently, new demand as a driving power source for electric tools, hybrid cars, electric
vehicles, and the like has been increasing.

In response to such demand, research and development of non-aqueous electrolyte secondary batteries
represented by lithium ion secondary batteries have been actively conducted. As the performance and output of
devices are increased, non-aqueous electrolyte secondary batteries have been designed to retain a larger amount
of energy, and the amount of heat generated during an abnormality is also large. The abnormal heat generation
of the battery is, for example, heat generation during internal short circuit or overcharging of the battery. Among
internal short circuits of the battery, when a short circuit between the positive electrode and the negative
electrode occurs in the electrode group due to deformation of the battery can and the electrode group due to
external foreign substances such as nail penetration, safety of the battery becomes a problem due to heat
generation due to a short-circuit current to the positive electrode active material.

Various studies have been conducted on improvement of safety of a high-capacity and high-output non-aqueous
electrolyte secondary battery.

For example, Patent Document 1 or 2 proposes that in a non-aqueous electrolyte secondary battery in which a
battery can accommodates a circulating electrode group, 1 or more of the current collector exposed portions of
the negative electrode are formed so as to face the current collector exposed portions of the positive electrode
current collector. In particular, it is described that a configuration in which the positive electrode current
collector exposed portion and the opposing negative electrode current collector exposed portion are formed on
the outermost peripheral portion of the winding type electrode group is highly useful for impact on the battery
can by external foreign substances. It is considered that the exposed portions of the positive electrode and the
negative electrode current collector provided on the outermost peripheral side of the electrode group first come
into contact with each other and short-circuits the exposed portions, thereby short-circuiting metals having low
electrical resistance, and thus suppressing a rapid temperature rise of the battery.

Patent Document 3 proposes forming an exposed metal portion on which a positive electrode mixture layer is
not applied on a side edge portion of a positive electrode current collector, and forming a plurality of positive
electrode leads on the exposed metal portion.

BB 08-15354 2 5 AWM 4HIE09-18076 1 5AHKAFE09-30647 0 5AH

In recent years, with the increase in capacity and output of non-aqueous electrolyte secondary batteries, the
short-circuit current in the case where an internal short-circuit of the battery occurs also increases, and it is not
possible to sufficiently cope with only the above-described measures.

In a non-aqueous electrolyte secondary battery in which a wound electrode group is housed in a battery can,
when foreign matter such as nails pierces the outside of the battery can, stress is applied to the electrode group
after the battery can deforms, and short-circuiting between the positive electrode and the negative electrode on
the outermost peripheral side of the electrode group is likely to occur. Further, when stress from the outside is
applied, short circuits sequentially occur from the outer peripheral side of the electrode group toward the inside.
In this case, as proposed in Patent Documents 1 and 2, in a case where the current collector exposed portion of
the negative electrode facing the current collector exposed portion of the positive electrode of the electrode
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group is formed on the outer peripheral portion side, it is considered that short-circuiting between the metal
current collectors on the outer peripheral portion side has a smaller resistance than short-circuiting between the
positive electrode mixture and the negative electrode mixture inside, and thus a short-circuiting current is
intensively generated. However, even when short-circuiting occurs between the metal current collectors on the
outer peripheral portion side, the active material on the inner peripheral portion side of the electrode group has a
potential, that is, electric energy, and thus a short-circuit current flows toward the short-circuit location through
the metal current collectors of the positive electrode and the negative electrode. That is, a short-circuit current is
generated in a direction from the inner peripheral portion side toward the short-circuit point through the current
collector. At this time, it was found that it was difficult to secure the safety of the battery because the short-
circuit current was concentrated through the current collector at the short-circuit location generated inside the
electrode group, which was considered to be a resistance larger than the resistance on the outer peripheral
portion side, and large heat was locally generated.

In Patent Document 3, the output characteristics are improved by forming a current collecting tab structure in
which a plurality of positive electrode leads are formed in an exposed metal portion to which a positive
electrode mixture layer formed on a side edge portion of a positive electrode current collector is not applied.
However, the exposed metal portion of the negative electrode current collector is not opposed to the exposed
metal portion formed on the side edge portion of the positive electrode current collector in the positive electrode
current collector and the negative electrode current collector that are opposed to each other via the separator,
and an effect of improving safety such as internal short-circuiting cannot be found.

An object of the present invention is to provide a non-aqueous electrolyte secondary battery capable of securing
high safety even when an internal short circuit occurs in a battery in the event of an abnormality.

The non-aqueous electrolyte secondary battery of the present invention is composed of an electrode group
wound or laminated between a positive electrode plate having a positive electrode active material layer coated
on both surfaces of a positive electrode current collector and a negative electrode plate having a negative
electrode active material layer coated on both surfaces of a negative electrode current collector via a separator, a
battery can forming a terminal of any one of the electrodes of the electrode group, and a sealing plate forming a
terminal of the other electrode to be sealed to the battery can via an insulator, and in an electrode plate
connected to the sealing plate, the electrode plate connected to the sealing plate includes a 1st exposed current
collector portion in which a current collector is exposed without coating an active material layer over a length of
1 circumference or more on an outermost peripheral side of the electrode group, and a 2nd exposed current
collector portion in which a current collector is exposed without coating an active material layer, the 1st exposed
current collector portion is provided with a 1st current collector tab, the 2nd exposed current collector portion is
provided with a 2nd current collector tab, and the 1st current collector tab and the 2nd current collector tab are
connected outside the electrode group.

By using the non-aqueous electrolyte secondary battery of the present invention, even if an internal short circuit
occurs in the electrode group due to stress applied to the battery can by external foreign substances such as nails,
the internal short circuit due to a small resistance occurs in the 1st exposed current collector portion, and at the
same time, the short circuit current generated in the electrode group can be diverted from the 2nd exposed
current collector portion to the 1st exposed current collector portion, so that a battery with high safety can be
provided even in a battery with high capacity and high output.

According to the present invention, it is possible to provide a non-aqueous electrolyte secondary battery capable
of securing high safety even when an internal short circuit occurs in a battery in the event of an abnormality.
Further, even when the technical innovation for increasing the capacity and the output of the non-aqueous
electrolyte secondary battery has advanced, the non-aqueous electrolyte secondary battery having a high
capacity, a high output, and a high safety can be provided by using the configuration of the present invention.

While the novel features of the invention are set forth in the appended claims, the invention, both as to
organization and content, together with other objects and features of the invention, will be better understood by
the following detailed description when read in conjunction with the drawings.
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FIG. 4 is a schematic longitudinal cross-sectional view of a cylindrical lithium ion battery according to an
embodiment of the present invention. FIG. 1 is a schematic plan view showing a positive electrode plate
according to an embodiment of the present invention. FIG. 4 is a schematic plan view showing a positive
electrode plate according to another embodiment of the present invention. FIG. 4 is a schematic plan view
showing a positive electrode plate according to another embodiment of the present invention. FIG. 4 is a
schematic plan view showing a positive electrode plate according to another embodiment of the present
invention. FIG. 4 is a schematic plan view showing a positive electrode plate according to another embodiment
of the present invention. FIG. 4 is a schematic plan view showing a positive electrode plate according to another
embodiment of the present invention. FIG. 4 is a schematic plan view showing a positive electrode plate
according to another embodiment of the present invention. FIG. 4 is a schematic plan view showing a positive
electrode plate according to another embodiment of the present invention. FIG. 4 is a schematic plan view
showing a positive electrode plate according to another embodiment of the present invention. FIG. 4 is a
schematic plan view showing a positive electrode plate according to another embodiment of the present
invention. FIG. 4 is a schematic plan view showing a negative electrode plate according to an embodiment of
the present invention. FIG. 4 is a schematic plan view showing a negative electrode plate according to another
embodiment of the present invention.

The present invention relates to a non-aqueous electrolyte secondary battery including an electrode group
wound or laminated between a positive electrode plate having a positive electrode active material layer formed
on both surfaces of a positive electrode current collector and a negative electrode plate having a negative
electrode active material layer coated on both surfaces of a negative electrode current collector with a separator
interposed therebetween, a battery can forming a terminal of one of the electrodes of the electrode group, and a
sealing plate forming a terminal of the other electrode sealed with the battery can via an insulator. The electrode
plate connected to the sealing plate is provided with the 1st exposed current collector part in which the active
material layer was not applied over the length of 1 or more circumferences on the outermost peripheral side of
the electrode group, and the 1st exposed current collector part, The 1st current collector tab is provided in the 1st
exposed current collector part, the 2nd current collector tab is provided in the 2nd exposed current collector part
and the 2nd exposed current collector part in which the active material layer was not applied and the current
collector was exposed, The 1st current collector tab and the 2nd current collector tab are connected outside the
electrode group.

When stress is applied to the battery can by external foreign substances such as nails, and an internal short
circuit occurs in the electrode group, an internal short circuit due to a small resistance occurs between the
electrode plate facing the first exposed current collector portion provided on the outermost peripheral side of the
electrode group 1. At this time, since the 1st exposed current collector part and the 2nd exposed current collector
part are connected by the 1st current collector tab and the 2nd current collector tab outside an electrode group,
when an internal short circuit occurs in the outer peripheral side of an electrode group, the current generated in
the electrode group can be shunted to the 1st exposed current collector part separately from a current collector
from the 2nd exposed current collector part via the 1st current collector tab and the 2nd current collector tab.
Therefore, even when an internal short circuit occurs inside the electrode group, the short-circuit current through
the current collector to the portion can be reduced, and thus abnormal heat generation can be suppressed. On the
other hand, in the case of a normal battery without the 1st current collecting tab and the 2nd current collecting
tab, the current generated at the time of short-circuiting inside the electrode group flows through the current
collector to the internal short-circuiting point of the 1st exposed current collector part. Therefore, when an
internal short circuit occurs further inside the electrode group, it may be difficult to avoid abnormal heat
generation due to the flow of the short-circuit current at that location.

The 2nd exposed current collector part may have the length of 1 round or more in a winding direction, and the
current collector part of the opposite surface may also be exposed. In this case, in addition to the short circuit of
low resistance generated in the 1st exposed current collector part, the internal short circuit part of small
resistance can be distributed and provided in the electrode group.

The collector may be exposed without applying the active material layer to a part or all of the back surface side
of the first exposed collector part 1. The short-circuit resistance generated in the outermost peripheral exposed
current collector portion can be reduced.

In the electrode plate connected to a sealing plate, the 3rd exposed current collector part which the current
collector was exposed to one side surface or both side surfaces without applying an active material layer with a
length of 1 round or more in a winding direction may be provided separately from the 1st exposed current
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collector part and the 2nd exposed current collector part. Also in this case, in addition to the short circuit of the
small resistance in the 1st exposed current collector part, the internal short circuit part of the small resistance can
be distributed and provided in the electrode group.

In the electrode plate connected to the battery can, the current collector portion facing the outermost exposed
current collector portion or the inner exposed current collector portion may be exposed. In this case, an internal
short circuit with a small resistance is formed, and thus safety can be ensured.

In the electrode plate connected to the battery can, the current collector is exposed on one of the innermost
peripheral side and the outermost peripheral side of the electrode group, and the portion where the current
collector is exposed and the battery can are connected via the current collecting tab. When the current collecting
tab is connected to the battery can from both the innermost peripheral side and the outermost peripheral side, the
output current on the inner peripheral side at the time of short-circuiting can be diverted to the exposed core
material on the outermost peripheral side through the current collecting tab and the battery can.

In the electrode plate connected to the battery can, the current collector may be exposed at the center of the
electrode plate end portion to which the active material layer is applied, and the portion where the current
collector is exposed and the battery can may be connected via the current collector tab.

When a battery can is connected to a negative electrode plate, the 1st exposed current collector part and the 2nd
exposed current collector part are provided in a positive electrode plate, and each is connected by the conductor
of a current collector tab, By shunting the short-circuit current at the time of internal short-circuiting separately
from a current collector, it is possible to suppress abnormal heat generation of a battery caused by heat
generation of a positive electrode active material. When the battery can is connected to the positive electrode
plate, the positive electrode plate may be provided with an exposed current collector portion on the innermost
peripheral side or the center portion of the electrode plate end portion, and the exposed current collector portion
and the battery can may be connected to each other.

Even in a case where the battery can is a non-aqueous electrolyte secondary battery that is made of an insulating
material such as a laminate film and is not electrically connected to either the positive electrode plate or the
negative electrode plate, by using the technical idea of the present invention, it is possible to suppress abnormal
heat generation due to an internal short circuit caused by an external foreign substance such as nail penetration,
and to provide a battery with high safety.

Hereinafter, the non-aqueous electrolyte secondary battery according to the embodiment of the present invention
will be described with reference to the drawings of a cylindrical lithium ion battery having the most significant
effect, but the present invention is not limited to the following embodiment.

FIG. 1 is a schematic longitudinal sectional view of a cylindrical lithium ion battery according to an
embodiment of the present invention.

In FIG. 1, the cylindrical lithium ion battery includes a positive electrode plate 1 in which a positive electrode
mixture is applied to an aluminum foil current collector, a negative electrode plate 2 in which a negative
electrode mixture is applied to a copper foil current collector, and a cylindrical electrode group 4 wound in a
spiral shape by disposing a separator 3 having a thickness of 16 um between both electrodes. A positive
electrode lead current collector 5 is resistance-welded to the aluminum foil current collector. The positive
electrode lead current collector 5 is formed on a mixture-uncoated portion formed at substantially the center of 2
end portions of the positive electrode active material layer coated on the current collector. A negative electrode
lead current collector 6 is resistance-welded to the negative electrode plate 2. The negative electrode lead
current collector 6 is formed on a mixture-uncoated portion formed on the copper foil current collector. The
positive electrode lead current collector 5 and the negative electrode lead current collector 6 are connected to the
respective electrode plates so as to be in opposite directions in the circumferential axis direction of the electrode
group 4. The electrode group 4 is housed in a battery can 7. The battery can 7 is made of iron and has a bottom
portion and an open end portion, and the inside thereof is plated with nickel. Upper insulating plates 10 aand
lower insulating plates 10 bare disposed on the upper and lower portions of the electrode group 4. The negative
electrode lead current collector 6 is resistance-welded and electrically connected to the bottom portion of the
battery can 7. The positive electrode lead current collector 5 is laser-welded and electrically connected to the
metal filter 9 of the sealing plate 8 from the open end of the battery can 7. A non-aqueous electrolyte solution is
injected from the open end of the battery can 7. A groove is formed in the open end of the battery can 7 to form
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a seat, the positive electrode lead current collector 5 is bent, a resin gasket 10c and a sealing plate 8 are attached
to the seat portion of the battery can 7, and the entire open end of the battery can 7 is sealed by swaging.

FIG. 2 is a schematic plan view showing a positive electrode plate 1 according to an embodiment of the present
invention. The positive electrode lead current collector 5 is provided in the place which is located in the inner
peripheral side of the electrode group 4 in the positive electrode plate 1a of FIG. 2, The 1st exposed current
collector part 21 which the aluminum foil current collector was exposed without coating a positive electrode
mixture in the part which covers 1 or more circumference of the outermost peripheral side surface of the
electrode group 4 in the outermost peripheral end part of a current collector is provided, and the 1st current
collector tab 11 is formed. Further, the 2nd exposed current collector part 22 which the aluminum foil current
collector was exposed without coating a positive electrode mixture is provided in the positive electrode plate 1,
and the 2nd current collector tab 12 is formed. The 1st current collecting tab 11 and the 2nd current collecting
tab 12 are protruded from the positive electrode plate 1 in the same direction as the winding axis direction of the
electrode group 4. The 1st current collecting tab 11 and the 2nd current collecting tab 12 which protruded from
the positive electrode plate 1 are resistance-welded or laser-welded at the end part of the electrode group 4, and
are electrically connected.

The 1st exposed current collector part 21 and the 2nd exposed current collector part 22 become a structure
electrically connected by the 1st current collector tab 11 and the 2nd current collector tab 12 separately from the
aluminum foil current collector existing between them and the positive electrode active material layer coated on
it. When an internal short circuit occurs in the 1st exposed current collector part 21, the short circuit current
generated in the electrode group 4 flows through the aluminum foil current collector and the positive electrode
active material layer coated on it in the case of the normal battery which does not have the 1st current collector
tab 11 and the 2nd current collector tab 12. When an internal short circuit occurs at a portion of the electrode
group 4 where the active material layer is further applied due to an external foreign substance such as a nail, a
short circuit current generated inside the electrode group flows also at the short circuit portion, heat is generated,
and a problem may arise in safety of the battery. In the positive electrode plate 1 of the present invention, the
short-circuit current generated in the electrode group 4 can be diverted to the 1st exposed current collector part
21 via the st current collector tab 11 and the 2nd current collector tab 12 separately from flowing to the
aluminum foil current collector and the positive electrode active material layer coated thereon. Therefore, even
when the short-circuit portion proceeds from the outer peripheral side of the electrode group 4 to the inside by
an external foreign substance such as a nail, abnormal heat generation can be suppressed by suppressing the
short-circuit current at the short-circuit portion flowing through the positive electrode mixture by shunting the
short-circuit current to the first exposed current collector portion 21.

FIG. 3 is a schematic plan view showing a positive electrode plate 1 according to another embodiment of the
present invention. In the positive electrode plate 1b of FIG. 3, in the 2nd exposed current collector portion 22 of
the positive electrode plate 1a of FIG. 2, the current collector portion is exposed so as to have a length of 1
round or more in the winding direction of the electrode group 4. When a short circuit occurs in this 2nd exposed
current collector part 22, since an active material is not coated, safety can be enhanced by generating a short
circuit with small resistance inside the electrode group 4.

FIG. 4 is a schematic plan view showing a positive electrode plate 1 according to another embodiment of the
present invention. In the positive electrode plate 1c of FIG. 4, in the positive electrode plate 1a of FIG. 2, the 3rd
exposed current collector part 23 in which the aluminum foil current collector is exposed without the positive
electrode mixture being applied so that the positive electrode mixture has a length of 1 round or more in the
winding direction of the electrode group 4 is formed. Even when a short circuit occurs in the 3rd exposed
current collector part 23, since the active material is not applied, a short circuit with a small resistance is
generated inside the electrode group 4, thereby enabling safety to be enhanced.

In the positive electrode plate (1a, 1b, 1¢) of the present invention shown in FIG. 2 to FIG. 4, the positive
electrode lead current collector 5 is located on the innermost peripheral side of the electrode group 4, that is, on
the side opposite to the first exposed current collector portion in the positive electrode plate 1, but the present
invention is not limited thereto, and may be provided in any of the insides of the positive electrode plate 1. A
schematic plan view showing a positive electrode plate 1 according to another embodiment of the present
invention in which a positive electrode lead current collector 5 is formed substantially at the center of the
positive electrode plate 1 is shown in a positive electrode plate 1d of FIG. 5.

The 2nd current collecting tab 12 may have a structure which also serves as the positive electrode lead current
collector 5. In this case, the 1st current collecting tab 11 connected to the 2nd current collecting tab 12 on the
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outside of an electrode group may be connected directly to the positive electrode lead current collector 5 or via
the metal filter 9 of the sealing plate 8. FIG. 6 and FIG. 7 show schematic plan views showing a positive
electrode plate 1 of another embodiment of the present invention in which the second current collector tab 12
also serves as the positive electrode lead current collector 5. FIG. 2 shows a case where the second collector tab
13 serving as a positive electrode lead collector is provided on the innermost peripheral side of the electrode
group, and FIG. 7 shows a case where the second collector tab is provided in the electrode plate, as shown in the
positive electrode plate 1 eof FIG. 6. When the 2nd current collector tab 12 also serves as the positive electrode
lead current collector 5 and the 2nd current collector tab 13 also serves as a positive electrode lead current
collector is used, the number of parts and the number of process steps can be reduced.

A schematic plan view showing the positive electrode plate 1 of another embodiment of the present invention in
a case where the 2nd exposed current collector portion 22 in which the current collector is exposed with a length
of 1 round or more in the winding direction is formed by providing the 2nd current collector tab 13 serving as a
positive electrode lead current collector and the 2nd current collector tab 13 serving as a positive electrode lead
current collector 5 at the central portion of the electrode plate, and a schematic plan view showing the positive
electrode plate 1 of another embodiment of the present invention in a case where the 3rd exposed current
collector portion 23 is formed on the positive electrode plate 1 gof FIG. 8 is shown in the positive electrode
plate 1 hof FIG. 9. When the 2nd current collector tab 13 which also serves as a positive electrode lead current
collector which also serves as the 2nd current collector tab 12 and the positive electrode lead current collector 5
is used, the number of parts and the process man-hour can be reduced.

Although the case where the 1st current collecting tab 11 and the 2nd current collecting tab 12 are connected by
the open end side of the battery can 7, i.e., the case where the 1st current collecting tab 11 and the 2nd current
collecting tab 12 are formed in the same direction as the positive electrode lead current collector 5 and the
winding axis is shown above, the present invention is also achieved by connecting by the bottom part side of the
battery can 7. The positive electrode lead current collector 5 and the current collecting tabs are formed in
directions different from the winding axis. In this case, another positive electrode plate 1 of Embodiment 1 of
the present invention is shown in a positive electrode plate 1i of FIG. 10 and a positive electrode plate 1j of FIG.
11. The 1st current collecting tab 11 and the 2nd current collecting tab 12 are formed in the side opposite to the
positive electrode lead current collector 5, i.e., the same side as the negative electrode lead current collector 6,
and are electrically connected by resistance welding, laser welding, or the like at the end part of the electrode
group 4. The connected current collecting tab may be insulated so as not to electrically interfere with the
negative electrode lead current collector 6.

The 2nd current collecting tab 12 is preferably provided at any position in the range of 3/4L from the innermost
peripheral mixture end portion when the length of the outermost peripheral mixture end portion from the
innermost peripheral mixture end portion of the electrode group 4 which is the 2 end portions obtained by
applying the positive electrode mixture on the current collector is L. When the amount of the short-circuit
current is within this range, the shunt effect of the short-circuit current to the short-circuit location generated in
the first exposed current collector portion 21 is high, and even when a short-circuit location occurs inside the
electrode group 4 due to, for example, a nail or the like traveling into the electrode group 4, the flow of the
short-circuit current to the location can be avoided, and safety can be enhanced.

In the negative electrode plate 2 connected to a battery can, the 1st exposed current collector part of the positive
electrode plate 1 or the current collector part which opposes the 2nd exposed current collector part may be
exposed. In particular, in the negative electrode plate 2 facing the first exposed current collector portion, the
negative electrode active material layer is not applied and the copper foil current collector is exposed, so that
small resistance between the metal foils is generated. In this case, an internal short circuit with a small resistance
is formed, and thus safety can be ensured.

In the negative electrode plate 2 connected to the battery can, the current collector may be exposed on one of the
innermost peripheral side and the outermost peripheral side of the electrode group, and the portion where the
current collector is exposed and the battery can may be connected via the current collecting tab 16. In addition,
the current collector may be exposed at the center of the electrode plate end portion of the negative electrode
plate 2 where the active material layer is formed, and the portion where the current collector is exposed and the
battery can may be connected via the current collector tab. The current collecting tab 16 connected to the battery
can 7 can be regarded as a configuration that also serves as the negative electrode lead current collector 6.

When an internal short circuit occurs in the outer peripheral portion of the electrode group 4 due to an external
foreign substance such as a nail, the electrode group is electrically connected to the outermost peripheral side
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current collector portion of the negative electrode plate 2 via the current collector tab 16 provided on the
negative electrode plate 2, the battery can 7, and the external foreign substance such as a nail. Therefore, the
short-circuit current generated in the negative electrode plate 2 in the inner peripheral portion of the electrode
group 4 can be diverted to the short-circuit point on the outer peripheral portion side through the current
collecting tab 16 connected to the battery can 7 and the battery can 7 separately from flowing between the
copper foil current collector and the short-circuit point on the outer peripheral portion side. When an internal
short circuit occurs further inside the electrode group 4, the short circuit current flowing through the copper foil
current collector can be shunted and the short circuit current can be shunted to the short circuit point having a
low resistance on the outer peripheral side, so that even when a short circuit occurs inside the electrode group 4,
it is possible to suppress the occurrence of abnormal heat generation, and it is possible to provide a safe battery
even in the event of an abnormality. In particular, it is more preferable that the negative electrode lead current
collector 6 is provided on the outermost peripheral side of the negative electrode plate 2, and the current
collecting tab 16 is provided at any position of the inner peripheral portion. Even if there is no electrical
connection by an external foreign substance such as a nail, since the electrical connection between the second
current collecting tab 12, the battery can 7, and the negative electrode lead current collector 6 is formed,
shunting of the short-circuit current can be effectively expressed.

FIG. 12 shows a negative electrode plate 2 according to an embodiment of the present invention. The negative
electrode lead current collector 6 and the current collecting tab 16 are formed at respective positions where the
copper foil current collector is exposed on the outermost peripheral side and the innermost peripheral side of the
electrode group 4 to form a negative electrode plate 2 ashown in FIG. 12, and these are electrically connected by
resistance welding at the bottom portion of the battery can 7.

Another negative electrode plate 2 according to an embodiment of the present invention in a case where the
current collecting tab 16 also serves as the negative electrode lead current collector 6 and the negative electrode
lead current collector 6 is provided at the center portion of the negative electrode plate 2 is shown in the
negative electrode plate 2 bin FIG. 13. Here, the central portion of the electrode plate in the negative electrode
plate 2 indicates a portion located within 2/3 of the length of the negative electrode active material layer applied
from each of the outermost periphery and the innermost periphery to which the negative electrode active
material layer is applied.

Next, each component of the nonaqueous electrolyte secondary battery of the present invention will be
described in more detail.

The positive electrode plate 1 includes a positive electrode current collector and a positive electrode active
material layer.

As the positive electrode active material, a lithium-containing transition metal composite oxide, specifically,
lithium cobalt oxide, lithium nickel oxide, lithium manganate, a modified product thereof, or the like can be
used. The modified product may contain an element such as magnesium, barium, scandium, yttrium, titanium,
vanadium, niobium, tantalum, chromium, tungsten, copper, zinc, boron, aluminum, or lead. In addition, cobalt,
nickel, and manganese elements may be mixed and contained.

Examples of the conductive agent include graphites of natural graphite and artificial graphite that are stable
under a positive electrode potential, carbon blacks such as acetylene black, Ketjen black, channel black, furnace
black, lamp black, and thermal black, conductive fibers such as carbon fibers and metal fibers, metal powders
such as fluorocarbon and aluminum, conductive whiskers such as zinc oxide and potassium titanate, conductive
metal oxides such as titanium oxide, and organic conductive material metal powders such as phenylene
derivatives.

As the binder, polyvinylidene fluoride (PVDF), polytetrafluoroethylene (PTFE), or the like that is stable under
the positive electrode potential is used.

As the positive electrode current collector, a metal foil, a perforated body, or the like containing aluminum, an
aluminum alloy, stainless steel, titanium, or the like is used. Among these, aluminum foil and aluminum alloy
foil are preferable. The thickness of the positive electrode current collector is not particularly limited, but is
preferably 1 to 500 um, and more preferably 10 to 40 um. By setting the thickness of the current collector within
the above range, the weight can be reduced while maintaining the strength of the electrode plate.
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The amounts of the binder and the conductive agent to be added can be appropriately selected according to the
design of the positive electrode plate 1 and the non-aqueous electrolyte secondary battery. The binder and the
conductive agent can be used individually by 1 type or in combination of 2 or more types, respectively.

The positive electrode active material layer can be applied, for example, by applying the positive electrode
mixture slurry to the surface of the positive electrode current collector, drying, and rolling. The positive
electrode mixture slurry can be prepared by dissolving or dispersing a positive electrode active material, a
binder, a conductive agent, and the like in an organic solvent or water. As the organic solvent, N-methyl-2-
pyrrolidone or the like can be used.

The positive electrode plate 1 is manufactured by providing an uncoated portion at a desired position of the
positive electrode current collector and welding and attaching the positive electrode lead current collector 5, the
1st current collector tab 11, and the 2nd current collector tab 12. The positive electrode lead current collector 5,
the 1st current collector tab 11, and the 2nd current collector tab 12 formed in a positive electrode current
collector are formed from aluminum or the like.

The negative electrode plate 2 includes a negative electrode current collector and a negative electrode active
material layer.

In the present embodiment, the negative electrode current collector is provided on both surfaces in the thickness
direction of the negative electrode current collector, but may be provided on one surface. The negative electrode
active material layer contains a negative electrode active material, and may further contain a binder, a
conductive agent, a thickener, and the like.

As the negative electrode active material, those commonly used in the field of non-aqueous electrolyte
secondary batteries can be used. Specific examples thereof include a carbon material, an element capable of
alloying with lithium, a silicon compound, a tin compound, a lithium metal, and an alloy.

Examples of the carbon material include natural graphite, artificial graphite, and hard carbon.

Examples of elements capable of alloying with lithium include Al, Si, Zn, Ge, Cd, Sn, Ti, Pb, and the like.
Among these, Si and Sn are preferable. Examples of the silicon compound include silicon oxides represented by
the formula SiOx (0(x(2). Tin compounds include tin oxides such as SnO. Examples of the alloy include lithium
alloys such as Li-Al alloys, and lithium-free alloys such as Ni-Si alloys and Ti-Si alloys.

The negative electrode active material may be used in 1 type alone or in combination of 2 or more types.
Examples of the binder include polyvinylidene fluoride, styrene butadiene rubber (BM-500B) containing an
acrylic acid monomer, styrene butadiene rubber (BM-400B), polyacrylic acid, and the like.

The same conductive agent as the conductive agent contained in the positive electrode active material layer can
be used as the conductive agent.

Examples of the thickener include carboxymethyl cellulose, polyethylene oxide, and modified polyacrylonitrile
rubber. The modified polyacrylonitrile rubber is, for example, a product name BM-720H (manufactured by
Zeon (Japan Corporation)).

The amounts of the binder, the conductive agent, and the thickener to be added can be appropriately selected
according to the design of the negative electrode and the non-aqueous electrolyte secondary battery.

As the negative electrode current collector, for example, a metal foil such as stainless steel, nickel, or copper, a
perforated body, or the like is used. The thickness of the negative electrode current collector is not particularly
limited, but is preferably 1 to 500 um, and more preferably 5 to 20 um. By setting the thickness of the current
collector within the above range, the weight can be reduced while maintaining the strength of the electrode
plate.

The negative electrode active material layer can be formed, for example, by applying a negative electrode
mixture slurry to the surface of a negative electrode current collector, drying, and rolling. The negative electrode
mixture slurry can be prepared by dissolving or dispersing a negative electrode active material, a binder, a
conductive agent, a thickener, and the like in an organic solvent or water. As the organic solvent, NMP or the
like can be used.
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When the negative electrode active material is an element capable of alloying with lithium, a silicon compound,
a tin compound, or the like, the negative electrode active material layer may be applied by a gas phase method.

Examples of the vapor phase method include a chemical vapor deposition method (CVD), a vacuum deposition
method, and a sputtering method.

The negative electrode plate 2 is produced by providing an uncoated portion at a desired position of the negative
electrode current collector and welding and attaching the negative electrode lead current collector 6 and the
current collecting tab 16.

The negative electrode lead current collector 6 and the current collector tab 16 formed on the negative electrode
current collector are formed of nickel, a nickel alloy, copper, copper coated with nickel, or the like.

The positive and negative electrode plates (positive electrode plate 1 and negative electrode plate 2) are wound
so that the positive electrode lead current collector 5 and the negative electrode lead current collector 6 are taken
out from different directions via the separator 3, thereby forming the electrode group 4 of the present invention.
Thereafter, the electrode group 4 is inserted into the battery can 7, and the negative electrode lead current
collector 6 and the current collecting tab 16 are welded to the bottomed portion of the battery can 7 to be
electrically connected.

As the separator 3, a microporous thin film, a woven fabric, a nonwoven fabric, or the like having a large ion
permeability and having both a predetermined mechanical strength and an insulating property is used. As a
material of the separator, for example, polyolefin such as polypropylene or polyethylene is preferable from the
viewpoint of safety of the nonaqueous electrolyte secondary battery because it has excellent durability and a
shutdown function. The thickness of the separator is generally 10 to 300 pum, but is preferably 40 um or less.
Further, the thickness of the separator is more preferably in the range of 15 to 30 um, and further preferably in
the range of 10 to 25 pum. Further, the microporous film may be a single layer film made of 1 type of material, or
may be a composite film or a multilayer film made of 1 type or 2 or more types of materials. The porosity of the
separator is preferably in a range of 30 to 70%. Here, the porosity refers to a volume ratio of pores to a separator
volume. A more preferable range of porosity of the separator is 35 to 60%.

The liquid non-aqueous electrolyte (non-aqueous electrolyte solution) is obtained by dissolving an electrolyte
(for example, a lithium salt) in a non-aqueous solvent. The gel-like nonaqueous electrolyte contains a
nonaqueous electrolyte and a polymer material in which the nonaqueous electrolyte is held. As the polymer
material, for example, polyvinylidene fluoride, polyacrylonitrile, polyethylene oxide, polyvinyl chloride,
polyacrylate, polyvinylidene fluoride hexafluoropropylene, and the like are suitably used.

As the non-aqueous solvent for dissolving the electrolyte, a known non-aqueous solvent can be used. The type
of the nonaqueous solvent is not particularly limited, and for example, a cyclic carbonate ester, a chain
carbonate ester, a cyclic carboxylic acid ester, or the like is used. Examples of the cyclic carbonate ester include
propylene carbonate (PC), ethylene carbonate (EC), and the like. Examples of the chain carbonate ester include
diethyl carbonate (DEC), ethyl methyl carbonate (EMC), dimethyl carbonate (DMC), and the like. Examples of
the cyclic carboxylic acid ester include y-butyrolactone (GBL), y-valerolactone (GVL), and the like. The non-
aqueous solvent may be used alone by 1 type, or may be used in combination of 2 or more types.

Examples of the electrolyte to be dissolved in the non-aqueous solvent include LiClIO 4 ,LiBF 4 | LiPF 6 ,
LiAIC14 , LiSbF 6 , LiSCN, LiCF 3 SO3 ,LiCF3 CO2 ,LiAsF6 ,LiB1 O Cl1 O , lower aliphatic
lithium carboxylate, LiCl, LiBr, Lil, chloroborane lithium, borate salts, imide salts, and the like. Examples of
the borate include lithium bis(1,2-benzenediolate (2-)-0,0'") borate, lithium bis(2,3-naphthalenediolate (2-)-
0,0") borate, lithium bis(2,2'-biphenyldiolate (2-)-O,0") borate, and lithium bis(5-fluoro-2-olate-1-
benzenesulfonic acid-O,0") borate. Examples of the imide salt include lithium bistrifluoromethanesulfonate
imide ((CF 3 SO 2 )2 NLi), lithium trifluoromethanesulfonate nonafluorobutanesulfonate imide (LiN(CF 3
SO 2 )(C4 F9 SO 2)), and lithium bispentafluoroethanesulfonate imide (C2 F5 SO 2 )2 NLi). The
electrolyte may be used alone by 1 type, or may be used in combination of 2 or more types.

The non-aqueous electrolyte solution may contain a material that can decompose on the negative electrode to
form a coating film having high lithium ion conductivity and increase charge and discharge efficiency as an
additive. Examples of the additive having such a function include vinylene carbonate (VC), 4-methylvinylene
carbonate, 4,5-dimethylvinylene carbonate, 4-ethylvinylene carbonate, 4,5-diethylvinylene carbonate, 4-
propylvinylene carbonate, 4,5-dipropylvinylene carbonate, 4-phenylvinylene carbonate, 4,5-diphenylvinylene
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carbonate, vinylethylene carbonate (VEC), and divinylethylene carbonate. These may be used alone, or 2 or
more types may be used in combination. Among these, at least 1 selected from the group consisting of vinylene
carbonate, vinyl ethylene carbonate, and divinyl ethylene carbonate is preferable. In the above compound, a part
of hydrogen atoms may be substituted with fluorine atoms. The amount of the electrolyte dissolved in the
nonaqueous solvent is 0. It is desirable that the content be in the range of 5 to 2 mol/L.

Further, the non-aqueous electrolyte solution may contain a known benzene derivative that decomposes during
overcharge to form a film on the electrode and deactivate the battery. The benzene derivative preferably has a
phenyl group and a cyclic compound group adjacent to the phenyl group. The cyclic compound group is
preferably a phenyl group, a cyclic ether group, a cyclic ester group, a cycloalkyl group, a phenoxy group, or the
like. Specific examples of the benzene derivative include cyclohexylbenzene, biphenyl, diphenyl ether, and the
like. These may be used alone, or 2 or more types may be used in combination. However, the content of the
benzene derivative is preferably 10% by volume or less of the total non-aqueous solvent.

Through the above-described procedure, the positive electrode lead current collector 5 taken out from the
opening of the battery can 7 is welded and electrically connected to the metal filter 9 of the sealing plate 8.
When the 1st current collecting tab 11 and the 2nd current collecting tab 12 are taken out in the same direction
of a winding axis as the positive electrode lead current collector 5, the 1st current collecting tab 11 and the 2nd
current collecting tab 12 are welded directly or to the metal filter 9. When the 1st current collecting tab 11 and
the 2nd current collecting tab 12 are protruded in the direction of a winding axis different from the positive
electrode lead current collector 5, the 1st current collecting tab 11 and the 2nd current collecting tab 12 are
welded and electrically connected before inserting the electrode group 4 into the battery can 7. A non-aqueous
electrolyte solution is injected from the open end of the battery can 7. A groove is formed in the open end of the
battery can 7 to form a seat, and the sealing plate 8 is attached to the battery can 7, and the periphery of the
battery can 7 is crimped and sealed via a resin gasket 10 c, thereby forming the non-aqueous electrolyte
secondary battery of the present invention.

Although the form and the configuration procedure of the cylindrical non-aqueous electrolyte secondary battery
including the wound electrode group have been described above, the non-aqueous electrolyte secondary battery
of the present invention is not limited thereto, and includes various forms of secondary batteries. Examples of
the above-described embodiments include a rectangular battery including a wound electrode group, a
rectangular battery including a flat electrode group obtained by pressure-molding the wound electrode group, a
laminated film battery including a laminated electrode group housed in a laminate film pack, and a rectangular
battery including a laminated electrode group. The effects of the present invention can be utilized in the non-
aqueous electrolyte secondary batteries of these various forms as described above.

Hereinafter, examples of the present invention will be described in detail, but the present invention is not limited
to these examples.

In order to evaluate the safety of the nonaqueous electrolyte secondary battery of the present invention, a
positive electrode plate, a negative electrode plate, a nonaqueous electrolyte solution, and a cylindrical
nonaqueous electrolyte secondary battery were produced and evaluated by the following procedures.

(Example 1) (1) Preparation of positive electrode plate The positive electrode plate was prepared as follows. To
100 parts by weight of a lithium cobalt oxide powder positive electrode active material, 3 parts by weight of
acetylene black as a conductive agent and a solution in which 4 parts by weight of polyvinylidene fluoride
(PVDF) as a binder was dissolved in a solvent of N-methylpyrrolidone (NMP) were mixed to obtain a paste
containing a positive electrode mixture. This paste was applied to both surfaces of an aluminum foil having a
thickness of 15 um serving as a current collector, dried, and then rolled to a thickness of 172 pm. The 1st
exposed current collector part 21 was formed on both surfaces of the outermost peripheral part of an electrode
group so that an aluminum foil current collector was exposed with the length of 1 circumference of the electrode
group outer periphery.

In addition, the 2nd exposed current collector part 22 in which the aluminum foil current collector was exposed
was formed on both surfaces of the central part where the positive electrode active material layer connected the
innermost peripheral part and the outermost peripheral part of the electrode group.

The resultant was cut into dimensions of a width of 58 mm and a length of 630 mm to prepare a positive
electrode plate 1. One end of the st current collector tab 11 and the 2nd current collector tab 12 which consist
of aluminum was connected to each location of the 1st exposed current collector part 21 and the 2nd exposed
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current collector part 22 of the positive electrode plate 1. A portion where the aluminum foil current collector
was exposed was provided at the innermost peripheral portion of the electrode group 4 of the positive electrode
plate 1, and one end of the aluminum positive electrode lead current collector 5 was connected to the portion so
that the two current collecting tabs and the positive electrode lead current collector were in the same direction as
the winding axis, thereby obtaining a positive electrode plate 1 aas shown in FIG. 2.

(2) Preparation of Negative Electrode Plate The negative electrode plate is prepared as follows. As a negative
electrode mixture, 100 parts by weight of artificial graphite powder and 1 part by weight of a 40% by mass
aqueous dispersion (trade name: BM-400B, manufactured by Zeon Corporation) of styrene-butadiene rubber
particles, 1 part by weight of carboxymethyl cellulose, and an appropriate amount of water were mixed and
stirred to prepare a slurry-shaped negative electrode mixture. The negative electrode mixture slurry was applied
to both surfaces of a copper foil current collector having a thickness of 8 pm, dried, and then rolled to a
thickness of 174 pm. On both surfaces of the outermost peripheral portion of the electrode group, an outermost
peripheral exposed current collector portion in which the copper foil current collector is exposed is formed at a
length equal to or longer than a length facing the outermost peripheral exposed current collector portion in
which the aluminum foil current collector is exposed.

The resultant was cut into dimensions having a width of 59 mm and a length of 685 mm to prepare a negative
electrode plate 2. One end of a nickel negative electrode lead current collector was connected to a portion of the
outermost peripheral portion of the negative electrode plate 2 where the negative electrode current collector was
exposed, thereby obtaining the negative electrode plate 2.

(3) Preparation of non-aqueous electrolyte solution The non-aqueous electrolyte solution is prepared as follows.
As a non-aqueous solvent, 1 part by weight of vinylene carbonate was added to 99 parts by weight of a mixed
solvent of ethylene carbonate, ethyl methyl carbonate, and dimethyl carbonate in a volume ratio of 1:1, and the
mixture was added to the mixture to obtain a non-aqueous solvent having a weight ratio of 1. Lithium
hexafluorophosphate (LiPF 6 ) was dissolved at a concentration of 0 mol/L to obtain a non-aqueous electrolyte
solution.

(4) Preparation of Nonaqueous electrolyte secondary battery A separator made of a microporous polyethylene
film having a thickness of 16 um was disposed between the positive electrode plate 1 and the negative electrode
plate 2 and wound to prepare a cylindrical electrode group 4. After the upper insulating plate 10 aand the lower
insulating plate 10 bare attached to both ends of the electrode group 4 in the gyration axis direction, the negative
electrode lead current collector 6 was welded and inserted into the battery can 7. The 1st current collecting tab
11 and the 2nd current collecting tab 12 were resistance-welded and connected. The positive electrode lead
current collector 5 was welded to the metal filter 9 of the sealing plate 8. Thereafter, 5 g of a non-aqueous
electrolyte solution was injected into the battery can 7 by a pressure reduction method. Finally, the open end of
the battery can 7 was crimped to the sealing plate 8 via the gasket 10 cto complete the battery A. The resulting
cylindrical cell had a diameter of 18. The battery capacity was 2860 mAh, which was 2 mm and 65 mm in
height.

(Example 2) A battery produced in the same manner as the battery A was used as the battery B, except that the
second exposed current collector portion 22 in Example 1 was formed to have a length of 1 round in the winding
direction to obtain the positive electrode plate 1 bas shown in FIG. 3. The battery capacity of the battery B was
2750 mAh.

(Example 3) A battery produced in the same manner as the battery A was used as the battery C, except that the
exposed portion of the aluminum foil current collector was not provided in the innermost peripheral portion of
the electrode group 4 in Example 1 and the positive electrode plate 1fas shown in FIG. 7 in which the second
current collector tab 12 also serves as the positive electrode lead current collector 5 was obtained. The battery
capacity of the battery C was 2860 mAh.

(Example 4) A battery produced in the same manner as the battery C was used as the battery D except that the

3rd exposed current collector portion 23 in which the aluminum foil current collector was exposed on one side
was formed between the 1st exposed current collector portion 21 and the 2nd exposed current collector portion
22 in Example 3 so as to have a length of 1 round in the winding direction to obtain the positive electrode plate
lg as shown in FIG. 8. The battery capacity of the battery D was 2740 mAh.

(Example 5) In the negative electrode plate of Example 3, a portion where the copper foil current collector was
exposed was provided at the innermost peripheral portion of the electrode group 4, and a nickel current collector
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tab 16 was connected to the portion to obtain a negative electrode plate 2 aas shown in FIG. 12. A battery
produced in the same manner as in the battery C was used as the battery E, except that the nickel current
collecting tab 16 of the negative electrode plate 2 was newly connected to the battery can. The battery capacity
of the battery E was 2860 mAh.

(Example 6) A battery produced in the same manner as in the battery E was used as the battery F except that the
2nd exposed current collector portion 22 in Example 5 was formed to have a length of 1 round in the winding
direction to produce a positive electrode plate 1 has shown in FIG. 9, and the negative electrode plate facing the
2nd exposed current collector portion 22 was obtained as the negative electrode plate 2 in which the copper foil
current collector was exposed without being coated with the negative electrode active material layer. The battery
capacity of the battery F was 2640 mAh.

(Comparative Example 1) A battery produced in the same manner as the battery A except that the 2nd exposed
current collector portion 22, the 1st current collector tab 11, and the 2nd current collector tab 12 in Example 1
were not formed was used as the battery X. The battery capacity of the battery X was 2860 mAh.

(Comparative Example 2) A battery produced in the same manner as battery A except that the 1st current
collecting tab 11 was not formed in the 1st exposed current collector part 21 in Example 3 was used as battery
Y. The battery capacity of the battery Y was 2860 mAh.

(Evaluation Test) Using the non-aqueous electrolyte secondary batteries obtained in Examples 1 to 6 and
Comparative Examples 1 and 2, the following nail penetration test was performed to evaluate safety.

[Nail penetration test] Each battery was charged under the following conditions. Then, under an environment of
60° C., an iron nail having a diameter of 3 mm was pierced and penetrated from the side surface of the battery in
a charged state at a speed of 10 mm/second to a depth of 20 mm, and an internal short circuit was generated.
The same test was performed for each 5 cells to confirm whether abnormal overheating occurred. The results are
shown in the "number of abnormally overheated batteries" in (Table 1).

Charging conditions: constant current charging; current value of 0. 5C/charge termination voltage 4. 3 V
Constant voltage charging; voltage value 4. 3 V/charge stop current 100 mA.

The following is clear from (Table 1). In Examples 2 and 4 to 6, a battery having a high battery capacity without
abnormal overheating at the time of nail penetration was obtained. In Examples 1 and 3, abnormal overheating
occurred in the nail penetration by 1 cell out of 5 cells. In Examples 1 and 3, the center portion of the positive
electrode plate and the outer peripheral foil were connected by the current collecting tab, but it is considered that
the output was high in the center portion of the positive electrode plate and the heat generation inside the
electrode group was increased in an unexpected manner. It is considered that in Examples 2, 4, and 6 in which
the second exposed current collector portion 22 was provided inside the positive electrode plate, safety was
improved due to a low resistance short circuit at that portion. In Examples 5 and 6, the current collecting tab 16
provided on the negative electrode plate and the negative electrode lead current collector 6 were connected to
each other, thereby further improving safety.

In Comparative Examples 1 and 2, abnormal overheating occurred in a large amount. In Comparative Example
1, although a short circuit between the current collectors occurred in the outer peripheral portion, the shunt
effect of the short-circuit current to the outer peripheral portion did not occur, and thus safety was low.

As described above, it was found that the non-aqueous electrolyte secondary batteries A to F of Examples 1 to 6
of the present invention have higher safety against internal short-circuiting due to external foreign substances
due to nail penetration or the like than the non-aqueous electrolyte secondary batteries X to Y of Comparative
Examples 1 and 2.

The non-aqueous electrolyte secondary battery according to the present invention can provide a secondary
battery having a low heat generation temperature and high safety even if an internal short circuit occurs in the
battery due to an abnormality. The non-aqueous electrolyte secondary battery of the present invention can be
used for the same applications as conventional non-aqueous electrolyte secondary batteries, and is particularly
useful as a power source for portable electronic devices. Examples of the portable electronic device include a
personal computer, a mobile phone, a mobile device, a personal digital assistant (PDA), a portable game device,
and a video camera.
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The non-aqueous electrolyte secondary battery of the present invention can also be applied to applications such
as a main power source or an auxiliary power source for driving an electric motor in an electric vehicle, a hybrid
electric vehicle, a plug-in HEV, or the like, an auxiliary power source in a fuel cell vehicle, a driving power
source for an electric tool, a vacuum cleaner, a robot, or the like, and a power source for power storage.

1 Positive electrode plate 2 Negative electrode plate 3 Separator 4 Electrode group 5 Positive electrode lead
current collector 6 Negative electrode lead current collector 7 Battery can 8 Sealing plate 9 Metal filter 10a
Upper insulating plate 10b Lower insulating plate 10c Gasket 11 1st current collecting tab 12 2nd current
collecting tab 13 Positive electrode current collector lead and 2nd current collecting tab 16 Current collecting
tab 21 1st exposed current collector portion 22 2nd exposed current collector portion 23 3rd exposed current
collector portion

1. A non-aqueous electrolyte secondary battery comprising: an electrode group wound between a positive
electrode plate having a positive electrode active material layer coated on both surfaces of a positive electrode
current collector and a negative electrode plate having a negative electrode active material layer coated on both
surfaces of a negative electrode current collector via a separator; a battery can forming a terminal of one of
electrodes of the electrode group; and a sealing plate forming a terminal of the other electrode to be sealed via
the battery can and an insulator, wherein the electrode plate connected to the sealing plate includes a first
exposed current collector portion in which the current collector is exposed without coating the active material
layer over a length of 1 or more cycles on an outermost peripheral side of the electrode group, and a second
exposed current collector portion in which the current collector is exposed without coating the active material
layer, the first exposed current collector portion is provided with a first current collector tab, the second exposed
current collector portion is provided with a second current collector tab, and the first current collector tab and
the second current collector tab are connected outside the electrode group.

2. The non-aqueous electrolyte secondary battery according to claim 1, wherein the second exposed current
collector portion has a length of 1 or more round in the winding direction.

3. The non-aqueous electrolyte secondary battery according to any one of claims 1 to 2, wherein the current
collector is also exposed in the current collector portion on the opposite surface of the 2nd exposed current
collector portion.

4. The non-aqueous electrolyte secondary battery according to any one of claims 1 to 3, wherein the current
collector is also exposed in the current collector portion on the opposite surface of the first exposed current
collector portion.

5. The non-aqueous electrolyte secondary battery according to any one of claims 1 to 4, wherein the electrode
plate connected to the sealing plate comprises a 3rd exposed current collector portion in which a current
collector is exposed without being coated with an active material layer having a length of 1 or more round in the
winding direction, separately from the 1st exposed current collector portion and the 2nd exposed current
collector portion.

6. The non-aqueous electrolyte secondary battery according to any one of claims 1 to 5, wherein a current
collector portion of a portion of an electrode plate having the same polarity as that of the battery can, which
faces the first exposed current collector portion, is exposed.

7. The non-aqueous electrolyte secondary battery according to claim 2 or 3, wherein a current collector portion
of a portion of the electrode plate of the same polarity as that of the battery can, which faces the 2nd exposed
current collector portion, is exposed.

8. The non-aqueous electrolyte secondary battery according to claim 5, wherein a current collector portion of a
portion of the electrode plate of the same polarity as that of the battery can, which faces the 3rd exposed current
collector portion, is exposed.
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