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(57) ABSTRACT

A lithium 1on secondary battery includes: (a) a positive
clectrode plate comprising an active material part and a
current collector carrying the active material part, the active
material part comprising a positive electrode active material
capable of absorbing or desorbing a lithium 1on during
charge and discharge; (b) a negative electrode plate com-
prising an active material part and a current collector car-
rying the active matenial part, the active matenial part
comprising a negative electrode active material capable of
absorbing or desorbing a lithium 1on during charge and
discharge; (c) a separator interposed between the positive
and negative electrode plates; (d) an electrolyte; and (e) a
battery case accommodating the positive and negative elec-
trode plates, the separator, and the electrolyte. The positive
and negative electrode plates are wound with the separator
interposed therebetween, thereby to form an electrode plate
assembly. The electrode plate assembly 1s so configured that
cach lengthwise edge of the positive electrode current col-
lector 1s positioned on an outer side of each lengthwise edge
of the negative electrode active material part.
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LITHIUM I1ON SECONDARY BATTERY

BACKGROUND OF THE INVENTION

[0001] With the rapidly growing trend toward cordless and
more portable electronic equipment such as audio-visual
equipment or personal computers, there 1s an increasing
demand that secondary batteries be smaller and more light-
weight with higher energy density as the driving power
source. Among such secondary batteries, lithium 1on sec-
ondary batteries including lithium as an active material
particularly have high voltage and high energy density.

[0002] Of conventional lithium ion secondary batteries,
wound-type batteries are predominant. Wound-type batteries
have an electrode plate assembly 1n which a positive elec-
trode plate and a negative electrode plate are wound with a
separator interposed between the electrode plates. The posi-
tive electrode plate comprises a positive electrode active
material part and a positive electrode current collector
carrying the positive electrode active material part, and the
negative electrode plate comprises a negative electrode
active material part and a negative electrode current collec-
tor carrying the negative electrode active material part. The
positive electrode active material part comprises a positive
clectrode active material capable of absorbing or desorbing
a lithium 10n during charge and discharge, and the negative
clectrode active material part comprises a negative electrode
active material capable of absorbing or desorbing a lithium
ion during charge and discharge. The electrode plate assem-
bly 1s accommodated with an electrolyte 1n a battery case.

[0003] In the case of wound-type batteries, when the
clectrode plates are wound, the electrode plates and the
separator are deformed where they are bent or curved. Such
deformation may trigger an internal short-circuit. Also,
deviation 1n position of the separator upon the winding of the
clectrode plates may 1induce an internal short-circuit.

[0004] In view of the above points, the inventors of the
present 1mvention have focused on eliminating the main
cause of the iternal short-circuit in wound-type lithium 1on
secondary batteries.

[0005] The internal short-circuit may be classified into the
following four types:

[0006] (1) A short-circuit between the positive electrode
active material part and the negative electrode active mate-
rial part.

[0007] (2) A short-circuit between the positive electrode
active material part and the negative electrode current col-
lector.

[0008] (3) A short-circuit between the positive electrode
current collector and the negative electrode active matenal
part.

[0009] (4) A short-circuit between the positive electrode
current collector and the negative electrode current collector.

[0010] The inventors of the present invention observed the
presence or absence of a spark and 1gnition by decomposing,
overcharged batteries into respective parts and bringing the
respective parts 1n direct contact with each other. As a result,
in short-circuit types (1) and (2), netther spark nor i1gnition
occurred, but in short-circuit type (3), a spark and 1gnition
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occurred. In short-circuit type (4), although a spark
occurred, 1ignmition did not take place.

0011] These results indicate the following:

0012 In short-circuit types (1) and (2), the resistance of
the positive electrode active matenal 1tself 1s large, so that a
large current does not flow even 1f the positive electrode
active material part and the negative electrode active mate-
rial part are short-circuited.

[0013] In short-circuit type (4), a spark is caused by the
short-circuit between the conductive current collectors.
However, since the current collectors themselves are not
flammable, the short-circuit does not result 1n 1gnition.

[0014] In short-circuit type (3), since the positive elec-
trode current collector and the negative electrode active
material are both conductive, the short-circuit between them
causes a spark, resulting 1n ignition of the flammable nega-
tive electrode active material.

[0015] The above observations suggest that short-circuit
type (3) 1s the main cause of the internal short-circuit. The
short-circuit type (3) actually takes place when conductive
burrs come i contact with the surface of the negative
clectrode active material part. The burrs are produced when
the positive electrode current collector 1s slit.

[0016] Recently, there has been proposed a stacked type
lithium 10n secondary battery comprising an electrode plate
assembly 1n which a positive electrode plate and a negative
clectrode plate are stacked with an electrolyte layer, instead
of a conventional separator, interposed between the elec-
trode plates. With respect to such batteries that the electro-
lyte layer 1s integrated to the positive electrode plate and the
negative electrode plate, Japanese Laid-Open Patent Publi-
cation No. 2000-30742, for example, proposes to prevent the
short-circuit by regulating the dimensions of the electrode
plates and the separator. However, the production process of
such a stacked/integrated type electrode plate assembly 1s
generally complicated, and heightening the capacity 1s also
difficult. Further, from the viewpoint of making the battery
more lightweight, Japanese Laid-Open Patent Publication
No. Her 9-213338, for example, proposes to use a current
collector comprising a resin film such as polyethylene
terephthalate and a metal deposited film formed on the
surface of the resin film 1n such an electrode plate assembly.

BRIEF SUMMARY OF THE INVENTION

[0017] In view of the above-described findings, an object
of the present invention 1s to produce a wound-type lithium
ion secondary battery with high safety by preventing the
short-circuit between burrs of a positive electrode current
collector and a negative electrode active material part.

[0018] A lithium ion secondary battery in accordance with
the present invention includes: (a) a positive electrode plate
comprising a positive electrode active material part and a
positive electrode current collector carrying the positive
clectrode active material part, the positive electrode active
material part comprising a positive electrode active material
capable of absorbing or desorbing a lithium 1on during
charge and discharge; (b) a negative electrode plate com-
prising a negative electrode active material part and a
negative electrode current collector carrying the negative
clectrode active matenal part, the negative electrode active
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material part comprising a negative electrode active material
capable of absorbing or desorbing a lithium 1on during
charge and discharge; (¢) a separator interposed between the
positive electrode plate and the negative electrode plate; (d)
an electrolyte; and (e) a battery case accommodating the
positive electrode plate, the negative electrode plate, the
separator, and the electrolyte.

[0019] The positive electrode plate and the negative elec-
trode plate are wound with the separator interposed ther-
cbetween, thereby to form an electrode plate assembly. The
lithium 10on secondary battery 1n accordance with the present
invention has either one of the following characteristics [ A ]
to [E] with respect to the electrode plate assembly:

10020] [A] Each lengthwise edge of the positive electrode
current collector 1s positioned on an outer side of each

lengthwise edge of the negative electrode active material
part.

10021] [B] FEach lengthwise edge of the positive electrode
active maternial part 1s positioned on an outer side of each
lengthwise edge of the positive electrode current collector.

10022] [C]Each lengthwise edge of the negative electrode
active maternial part 1s positioned on an outer side of each
lengthwise edge of the positive electrode current collector,
cach lengthwise edge of the positive electrode current col-
lector 1s positioned on an outer side of each lengthwise edge
of the positive electrode active material part, and exposed
parts of the positive electrode current collector which are not
covered with the positive electrode active material part are
coated with an insulating materal.

10023] [D] The positive electrode current collector com-
prises an msulating sheet and a conductive layer formed on
cach side of the insulating sheet, and an exposed part of the
insulating sheet which 1s not covered with the conductive
layer 1s provided at each lengthwise edge of the mnsulating
sheet.

10024] [E] Each lengthwise edge of the positive electrode
plate 1s coated with an insulating material.

[0025] As the separator, woven fabric, non-woven fabric
or a micro-porous film comprising, for example, polyolefin
may be used.

10026] While the novel features of the invention are set
torth particularly in the appended claims, the mnvention, both
as to organization and content, will be better understood and

appreciated, along with other objects and features thereof,
from the following detailed description taken 1n conjunction
with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

10027] FIG. 1 is a schematic view of a section perpen-
dicular to the longitudinal direction of the positive electrode
plate, negative electrode plate and separator of an electrode
plate assembly 1n Embodiment 1 of the present mnvention.

10028] FIG. 2 1s a schematic view of a section perpen-
dicular to the longitudinal direction of the positive electrode
plate, negative electrode plate and separator of a conven-
tional electrode plate assembly.

10029] FIG. 3 is a schematic view of a section perpen-
dicular to the longitudinal direction of the positive electrode
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plate, negative electrode plate and separator of an electrode
plate assembly 1n Embodiment 2 of the present invention.

[0030] FIG. 4 is a schematic view of a section perpen-
dicular to the longitudinal direction of the positive electrode
plate, negative electrode plate and separator of an electrode
plate assembly 1n Embodiment 3 of the present mnvention.

10031] FIG. 5 is a schematic view of a section perpen-
dicular to the longitudinal direction of the positive electrode
plate, negative electrode plate and separator of an electrode
plate assembly 1n Embodiment 4 of the present mnvention.

10032] FIG. 6 is a schematic view of a section perpen-
dicular to the longitudinal direction of the positive electrode
plate, negative electrode plate and separator of an electrode
plate assembly in Embodiment 5 of the present invention.

10033] FIG. 7 is a longitudinal sectional view of a lithium
ion secondary battery in Example 1 of the present invention.

10034] FIG. 8 is a top view of a positive electrode current
collector, showing a process for producing a positive elec-
trode plate 1n Example 1 of the present invention.

10035] FIG. 9 is another top view of the positive electrode
current collector, showing the process for producing the
positive electrode plate in Example 1 of the present inven-
tion.

10036] FIG. 10 is a front view of the positive electrode
plate 1in Example 1 of the present invention.

10037] FIG. 11 is a top view of a positive electrode current
collector, showing a process for producing a positive elec-
trode plate 1n Example 2 of the present invention.

10038] FIG. 12 is another top view of the positive elec-
trode current collector, showing the process for producing

the positive electrode plate 1n Example 2 of the present
invention.

[0039] FIG. 13 1s a front view of the positive electrode
plate in Example 2 of the present invention.

10040] FIG. 14 is a top view of a positive electrode current
collector, showing a process for producing a positive elec-
trode plate 1n Example 3 of the present invention.

[0041] FIG. 15 1s a front view of the positive electrode
plate 1n Example 3 of the present invention.

10042] FIG. 16 is a top view of a positive electrode current
collector, showing a process for producing a positive elec-
trode plate 1n Example 4 of the present invention.

10043] FIG. 17 is another top view of the positive elec-
trode current collector, showing the process for producing
the positive electrode plate 1n Example 4 of the present
invention.

10044] FIG. 18 1s a front view of the positive electrode
plate 1n Example 4 of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Embodiment 1

[0045] The lithium ion secondary battery in this embodi-
ment has such a structure that each lengthwise edge of the
positive electrode current collector 1s positioned on an outer
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side of each lengthwise edge of the negative electrode active
material part. Thus, even 1f burrs occur at the edges of the
positive electrode current collector when the positive elec-
trode plate 1s slit, this structure makes 1t possible to prevent
the short-circuit between the burrs and the negative elec-
trode active material part.

[0046] On each lengthwise end of the positive electrode
current collector, a non-active material part which does not
absorb or desorb a lithium 10n during charge and discharge
may be carried. The non-active material part can stabilize
the edges of the positive electrode current collector. Further,
the thickness of the non-active material part 1s preferably the
same as that of the positive electrode active material part so
that there 1s no difference 1n height between them and they
make a flat, smooth surface, since this makes winding
deviation unlikely to occur upon winding of the electrode
plates. The use of an insulating material as the non-active
material part can suppress not only the short-circuit between
the burrs of the positive electrode current collector and the
negative electrode active material part but also general
short-circuits.

[0047] In the electrode plate assembly, it is preferable that
cach lengthwise edge of the negative electrode active mate-
rial part be positioned on an outer side of each lengthwise
edge of the positive electrode active material part. This
arrangement allows the opposing negative electrode active
material to securely receive L1 1ons released from the
positive electrode active material during charge, thereby
preventing such problems as unevenness of the load of the
negative electrode active material and deposition of metal
lithium.

10048] FIG. 1 is a schematic view of a section perpen-
dicular to the longitudinal direction of a positive electrode
plate 110, a negative electrode plate 120 and a separator 130
in an electrode plate assembly of this embodiment. In FIG.
1, in order to facilitate the understanding of the arrangement
of the positive electrode plate 110, the negative electrode
plate 120 and the separator 130, the respective elements are
illustrated with a space interposed between them 1in the
stacking direction.

10049] The positive electrode plate 110 comprises a posi-
tive electrode current collector 111 and a positive electrode
active material part 112, and the negative electrode plate 120
comprises a negative electrode current collector 121 and a
negative electrode active material part 122. The positive
clectrode plate 110 and the negative electrode plate 120 are
opposed to each other with the separator 130 interposed
between them. Between an edge 111a of the positive elec-
trode current collector and an edge 112a of the positive
clectrode active material part and between an edge 1115 of
the positive electrode current collector and an edge 1125 of
the positive electrode active material part, there 1s no coating,
ol the positive electrode active material, and it 1s preferable
to form a non-active material part 113 therebetween.

[0050] The lengthwise edges 111a and 1115 of the positive
clectrode current collector 111 are positioned on outer sides
of lengthwise edges 122a and 1225 of the negative electrode
active matenal part 122. Thus, even 11 burrs occur at the edge
111a or 1115 of the positive electrode current collector and
pierce the separator 130, this arrangement does not cause a
short-circuit between the burrs and the negative electrode
active matenial part 122.
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[0051] In employing the structure as illustrated in FIG. 1,
it 1s preferable that the interval between the edge 1114 of the
positive electrode current collector and the edge 1224 of the
negative electrode active material part and the interval
between the edge 11156 of the positive electrode current
collector and the edge 12256 of the negative electrode active
material part be from 30 to 300 um. These intervals are
preferably greater than “A-(B+C)” wherein A 1s the length
ol the burrs which are assumed to occur on the slit sections

= .

of the positive electrode current collector, B 1s the thickness
of the positive electrode active maternal part on one side of
the positive electrode current collector, and C 1s the thick-
ness ol the separator. The length of the burrs which are
assumed to occur on the slit sections of the positive electrode

current collector 1s generally 50 to 100 um.

10052] FIG. 2 is a schematic view of a section perpen-
dicular to the longitudinal direction of a positive electrode
plate 210, a negative electrode plate 220 and a separator 230
in a conventional electrode plate assembly, and FIG. 2 is
illustrated in the same manner as FIG. 1.

[0053] The positive electrode plate 210 comprises a posi-
tive electrode current collector 211 and a positive electrode
active matenal part 212, and the negative electrode plate 220
comprises a negative electrode current collector 221 and a
negative electrode active material part 222.

[0054] Both lengthwise edges 211a and 2115 of the posi-
tive electrode current collector are positioned on 1nner sides
of both lengthwise edges 222a and 2226 of the negative
clectrode active material part 222. In such an arrangement,
if burrs occur at the edge 211a or 2115 of the positive
clectrode current collector and pierce the separator 230, a
short-circuit occurs between the burrs and the negative
clectrode active material part 222.

Embodiment 2

[0055] The lithium ion secondary battery in this embodi-
ment has such a structure that each lengthwise edge of the
positive electrode active material part 1s positioned on an
outer side of each lengthwise edge of the positive electrode
current collector. In this structure, when the positive elec-
trode active maternial part 1s slit near 1ts edges, both the
positive electrode current collector and the positive elec-
trode active material part are not slit at the same time, and
burrs are therefore unlikely to occur. On the other hand, in
the conventional structure as illustrated in FIG. 2, the
positive electrode current collector 211 and the positive
clectrode active material part 212 are slit at the same time,
and burrs are therefore likely to occur at the edge 211a or
2115 of the positive electrode current collector.

[0056] In this embodiment, it is also preferable that each
lengthwise edge of the negative electrode active material
part be positioned on an outer side of each lengthwise edge
of the positive electrode active maternial part.

[0057] An insulating material part extending in the plane
of the positive electrode current collector 1s preferably
disposed at each lengthwise edge of the positive electrode
current collector. The 1nsulating material part can stabilize
the edges of the positive electrode active matenial part. The
insulating material part 1s preferably connected to the end
face of each lengthwise edge of the positive electrode
current collector so that the positive electrode current col-
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lector and the insulating material parts at both lengthwise
edges of the current collector are integrated. When 1nte-
grated, the positive electrode current collector and the 1nsu-
lating material parts can be handled as one core member.

|0058] It is preferable that the insulating material part
extending 1n the plane of the positive electrode current
collector be a low-cost insulator having good workability.
Examples of the insulating material part include polypro-
pylene, polyethylene, polyvinylidene fluoride, and polyeth-
ylene terephthalate. They may be used singly or 1n combi-
nation of two or more of them.

[0059] It 1s preferable that the positive electrode current
collector be wholly covered with the positive electrode
active maternal part.

[0060] The insulating material part extending in the plane
of the positive electrode current collector 1s not an essential
clement of this embodiment. Instead, the positive electrode
active material may be filled between the edge of the
positive electrode current collector and the edge of the
positive electrode active material part. In this case, the
positive electrode current collector 1s also wholly covered
with the positive electrode active material part.

[0061] In the case of not providing the insulating material
part extending in the plane of the positive electrode current
collector, it 1s preferable that each lengthwise edge of the
positive electrode current collector be coated with an insu-
lating material. As the insulating material coating the edges
of the positive electrode current collector, polypropylene,
polyethylene, polyvinylidene fluoride, polyethylene tereph-
thalate and the like may be used. Alternatively, thermal
spraying ol ceramic such as alumina may be used to coat the
edges of the positive electrode current collector with the
ceramic.

10062] FIG. 3 is a schematic view of a section perpen-
dicular to the longitudinal direction of a positive electrode
plate 310, a negative electrode plate 320 and a separator 330

in an electrode plate assembly of this embodiment, and FIG.
3 1s illustrated in the same manner as FIG. 1.

[0063] The positive electrode plate 310 comprises a posi-
tive electrode current collector 311 and a positive electrode
active material part 312, and the negative electrode plate 320
comprises a negative electrode current collector 321 and a
negative electrode active material part 322. The positive
clectrode plate 310 and the negative electrode plate 320 are
opposed to each other with the separator 330 interposed
between them. An insulating material part 313 extends
between an edge 311a of the positive electrode current
collector and an edge 312a of the positive electrode active
material part and between an edge 3115 of the positive
clectrode current collector and an edge 31256 of the positive
clectrode active material part.

[0064] The lengthwise edges 312a and 3124 of the posi-
tive electrode active material part are positioned on outer
sides of the lengthwise edges 311a and 3115 of the positive
clectrode current collector. In such an arrangement, when
the laminated parts of the positive electrode active maternial
part 312 and the insulating material part 313 are slit, the
positive electrode current collector 311 1s not slit, so that
conductive burrs do not occur.

[0065] In employing the structure as illustrated in FIG. 3,
there 1s no particular limitation with respect to the interval
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between the edge 311a of the positive electrode current
collector and the edge 312a of the positive electrode active
material part and the interval between the edge 3115 of the
positive electrode current collector and the edge 3125 of the
positive electrode active material part, but these intervals are
preferably 2 mm or less.

Embodiment 3

[0066] This embodiment is directed to a lithium ion sec-
ondary battery including an electrode plate assembly so
configured that each lengthwise edge of the negative elec-
trode active material part 1s positioned on an outer side of
cach lengthwise edge of the positive electrode current col-
lector, that each lengthwise edge of the positive electrode
current collector 1s positioned on an outer side of each
lengthwise edge of the positive electrode active material
part, and that exposed parts of the positive electrode current
collector which are not covered with the positive electrode
active material part are coated with an 1nsulating material.

[0067] In such an arrangement, the edges of the positive
clectrode current collector are opposed to the surface of the
negative electrode active material part. However, since the
exposed parts of the positive electrode current collector
which are not covered with the positive electrode active
material part are coated with an msulating material, even 1t
burrs occur on the positive electrode current collector, no
short-circuit occurs between the burrs and the surface of the
negative electrode active material part.

[0068] As the insulating material covering the exposed
parts ol the positive electrode current collector, polypropy-
lene, polyethylene, polyvinylidene fluoride, polyethylene
terephthalate and the like may be used. They may be used
singly or 1n combination of two or more of them. Alterna-
tively, thermal spraying of ceramic such as alumina may be
employed to coat the exposed parts of the positive electrode
current collector with the ceramic. Also, an msulating tape
may be aflixed to the exposed parts of the positive electrode
current collector. As the insulating tape, 1t 1s preferable to
use a tape comprising a base material such as polypropylene
and an acrylic resin type adhesive carried on one side of the
base material.

10069] FIG. 4 is a schematic view of a section perpen-
dicular to the longitudinal direction of a positive electrode
plate 410, a negative electrode plate 420 and a separator 430
in an electrode plate assembly of this embodiment, and FIG.
4 1s 1llustrated in the same manner as FIG. 1.

[0070] The positive electrode plate 410 comprises a posi-
tive electrode current collector 411 and a positive electrode
active maternial part 412, and the negative electrode plate 420
comprises a negative electrode current collector 421 and a
negative electrode active material part 422. The positive
clectrode plate 410 and the negative electrode plate 420 are
opposed to each other with the separator 430 interposed
between them. At least the part between an edge 4114 of the
positive electrode current collector and an edge 412a of the
positive electrode active material part and the part between
an edge 4115 of the positive electrode current collector and
an edge 4126 of the positive electrode active material part
are coated with an insulating material 413.

[0071] Both lengthwise edges 422a and 4225 of the nega-
tive electrode active material part are positioned on outer
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sides of the lengthwise edges 411a and 4115 of the positive
clectrode current collector. The lengthwise edges 411a and
41156 of the positive electrode current collector are posi-
tioned on outer sides of the lengthwise edges 412a and 4125
of the positive electrode active material part. Also, the
exposed parts of the positive electrode current collector not
covered with the positive electrode active material part are
coated with the msulating material 413. This positive elec-
trode plate does not cause a short-circuit, even 1t burrs occur
on the positive electrode current collector, between the burrs
and the surface of the negative electrode active material part.

[0072] In employing the structure as illustrated in FIG. 4,
there 1s no particular limitation with respect to the interval
between the edge 422a of the negative electrode active
maternial part and the edge 411a of the positive electrode
current collector and the interval between the edge 4225 of
the negative electrode active material part and the edge 4115
of the positive electrode current collector, but these intervals
are preferably 2 mm or less. Also, there 1s no particular
limitation with respect to the interval between the edge 411a
of the positive electrode current collector and the edge 412a
of the positive electrode active material part and the interval
between the edge 4115 of the positive electrode current
collector and the edge 4125 of the positive electrode active
material part, but these intervals are preferably 2 mm or less.

Embodiment 4

10073] This embodiment relates to a lithium ion secondary
battery including an electrode plate assembly, wherein the
positive electrode current collector comprises an insulating,
sheet and a conductive layer formed on each side of the
insulating sheet, and an exposed part of the insulating sheet
which 1s not covered with the conductive layer 1s provided
at each lengthwise edge of the insulating sheet.

[0074] The positive electrode current collector in this
embodiment 1s mostly composed of the isulating sheet, so
it 1s lightweight. Also, when such a current collector 1s slit,
the slit section has an insulating property, so 1t 1s free from
occurrence of conductive burrs.

[0075] As the material of the insulating sheet, polypropy-
lene, polyethylene, polyvinylidene fluoride, polyethylene
terephthalate and the like may be used. These materials are
also advantageous 1n terms of flexibility. As the conductive
layer, a deposited film of aluminum, aluminum alloy or the
like 1s preferable. The deposited film may be formed by
conventional vapor deposition such as an electron beam
method.

[0076] The thickness of the insulating sheet is preferably
from 10 to 30 um, and the thickness of the conductive layer
1s preferably from 1 to 20 um.

[0077] In this embodiment, it is also preferable that each
lengthwise edge of the negative electrode active material
part be positioned on an outer side of each lengthwise edge
of the positive electrode active matenal part.

10078] FIG. 5 is a schematic view of a section perpen-
dicular to the longitudinal direction of a positive electrode
plate 510, a negative electrode plate 520 and a separator 530
in an electrode plate assembly of this embodiment, and FIG.
5 1s 1llustrated 1n the same manner as in FIG. 1.

[0079] The positive electrode plate 510 comprises a posi-
tive electrode current collector 511 and a positive electrode
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active matenal part 512, and the negative electrode plate 520
comprises a negative electrode current collector 521 and a
negative electrode active material part 522. The positive
clectrode plate 510 and the negative electrode plate 520 are
opposed to each other with the separator 530 interposed
between them. The positive electrode current collector 511
comprises an insulating sheet 511x and a conductive layer
511y formed on each side of the insulating sheet, and an
exposed part S11x' of the insulating sheet 1s provided at each
lengthwise edge of the insulating sheet 511x. In employing
the structure as illustrated 1n FIG. 5, there 1s no particular
limitation with respect to the width of the exposed part S11x'
of the msulating sheet, but the width 1s preferably 2 mm or
less.

[0080] Both lengthwise edges 511a and 5115 of the posi-

tive electrode current collector 511 have a cut section
composed of the insulating sheet, and hence conductive
burrs do not occur. Therefore, 1n spite of the opposed
arrangement ol the lengthwise edges 511a and 5115 of the
positive electrode current collector 511 and the surface of
the negative electrode active matenial part 522, the short-
circuit between the positive electrode current collector and
the negative electrode active material part can be prevented.

Embodiment 5

[0081] This embodiment pertains to a lithium ion second-
ary battery including an electrode plate assembly, wherein
cach lengthwise edge of the positive electrode plate 1s coated
with an 1nsulating material.

[0082] Since each lengthwise edge of the positive elec-
trode plate 1s coated with an insulating material, even it
burrs occur on the positive electrode current collector when
the positive electrode active matenial part and the current
collector are slit at the same time, the msulating material
prevents the short-circuit between the burrs and the negative
clectrode active material part. For example, each lengthwise
edge of the conventional positive electrode plate as 1llus-
trated 1n FIG. 2 may be coated with an insulating material
to carry out this embodiment.

[0083] Examples of the insulating material coating the
lengthwise edges of the positive electrode plate include
polypropylene, polyethylene, polyvinylidene fluoride, and
polyethylene terephthalate. They may be used singly or in
combination of two or more of them.

[0084] The step of coating the lengthwise edges of the
positive electrode plate with the insulating material may be
performed either before or after the slitting of the positive
clectrode plate. When this step 1s performed after the slitting
of the positive electrode plate, the whole slit sections can be
coated with the insulating material.

[0085] In this embodiment, it is also preferable that each
lengthwise edge of the negative electrode active material
part be positioned on an outer side of each lengthwise edge
of the positive electrode active materal part.

[0086] FIG. 6 is a schematic view of a section perpen-
dicular to the longitudinal direction of a positive electrode
plate 610, a negative electrode plate 620 and a separator 630
in an electrode plate assembly of this embodiment, and FIG.
6 1s 1llustrated 1n the same manner as FIG. 1.

[0087] The positive electrode plate 610 comprises a posi-
tive electrode current collector 611 and a positive electrode
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active material part 612, and the negative electrode plate 620
comprises a negative electrode current collector 621 and a
negative electrode active material part 622. The positive
clectrode plate 610 and the negative electrode plate 620 are
opposed to each other with the separator 630 interposed
between them. Since each lengthwise edge of the positive
clectrode plate 610 1s coated with an msulating material 613,
even 11 the positive electrode current collector has burrs, the
short-circuit between the burrs and the negative electrode
active material part 1s prevented.

[0088] In Embodiments 1 to 5, of the four sides of the
positive electrode plate, the lengthwise edges/sides have
been described 1in terms of their arrangement and constitu-
tion, but the same arrangements and constitutions may be
applied to at least one of the widthwise edges/sides of the
positive electrode plate. In this case, the short-circuit can be
prevented more eflectively. Further, the arrangements and
constitutions of the positive electrode plates described 1n
Embodiments 1 to 5 may also be employed singly or in
combination.

[0089] Inthe following, the present invention will be more
specifically described by way of examples. These examples,
however, are not to be construed as limiting 1n any way the
present mvention.

EXAMPLE 1

[0090] An example of Embodiment 1 will be explained
with reference to FIGS. 7 to 10.

(1) Production of Positive Electrode Plate

[0091] A positive electrode plate 708 was produced by
forming a positive electrode active matenal part 7085 on
cach side of a positive electrode current collector 708a.

[0092] The positive electrode active material part 70856
was formed by applying a positive electrode material paste
on both sides of the positive electrode current collector 708a
and drying and rolling the applied paste.

[0093] The positive electrode material paste was prepared
by mixing a positive electrode active material Li1CoO,, a
conductive agent acetylene black and a binder polyvi-
nylidene fluoride in a weight ratio of 92:3:5. The binder
polyvinylidene fluoride was used after being dissolved in
N-methyl-2-pyrrolidone (NMP). The NMP solution of poly-
vinylidene fluoride was also used as a non-active material
paste 1n the production of the positive electrode plate.

10094] The positive electrode material paste and the non-
active material paste were applied onto both sides of the
positive electrode current collector 708a comprising alumi-
num foil having a thickness of 20 um 1n such a manner as
to form stripes.

[0095] FIG. 8 1s a top view of the positive electrode
current collector 708a on which a positive electrode paste
801 and a non-active material paste 802 are applied. Where
the positive electrode material paste and the non-active
material paste are not applied, the positive electrode current
collector 708a 1s exposed, and the width of the exposed part
1s 40 mm. The length of the positive electrode material paste
801 and the length of the non-active material paste 802 are
both 419 mm. The width of the positive electrode material
paste 801 1s 50 mm, and the width of the non-active material
paste 802 1s 8 mm for the middle one and 6 mm for each of
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the left and right ones. The width of the unapplied parts at
both lengthwise edges of the positive electrode current
collector 7084 1s 10 mm.

[0096] Subsequently, a non-active material paste 802' was
also applied to the paste-unapplied parts, as 1illustrated 1n
FIG. 9. The thickness of the coatings of the non-active
material pastes 802 and 802' was the same as that of the
coating of the positive electrode maternial paste 801, and the
total thickness of the dried coatings on both sides was 280
um. The whole thickness including the thickness of the
positive electrode current collector 708a was 300 um.

[0097] Thereafter, the resultant positive electrode current
collector carrying the dried pastes was rolled by a roller
having a diameter of 300 mm until the whole thickness
thereol became 180 um, to produce a positive electrode plate
hoop having the positive electrode active material parts and
the non-active material parts in a striped pattern. The posi-
tive electrode plate hoop was slit at the non-active material
parts, to produce a positive electrode plate. The positive
clectrode maternial density of the obtained positive electrode
plate was 3.1 g/cc.

[10098] FIG. 10 1s a top view of the positive electrode
plate. In FIG. 10, the positive electrode plate 1s 428 mm 1n
length 1n the longitudinal direction and 54 mm 1n width. A
positive electrode active matenial part 1002 1s 419 mm 1n
length and 50 mm 1n width in the same manner as the coating
of the positive electrode material paste. Around the positive
clectrode active matenal part 1002 1s a non-active material
part 1003 having a width of 2 mm.

[0099] Part of the non-active material part 802' was peeled
ofl 1n a width of 5 mm to form an exposed part of the positive
clectrode current collector 708a. To the exposed part was
welded a positive electrode lead 716 having a length of 75
mm and a width of 3 mm. The welded part of the positive
clectrode lead 716 was coated with an insulating tape.

(11) Production of Negative Electrode Plate

[0100] A negative electrode plate 709 was produced in a
conventional method by forming a negative electrode active
material part 7096 on each side of a negative electrode
current collector 709a.

[0101] The negative electrode active material part 7095
was formed by applying a negative electrode matenal paste
on both sides of the negative electrode current collector
709a and drying and rolling the applied paste.

10102] The negative electrode material paste was prepared
by mixing artificial graphite and a binder styrene-butadiene
rubber (SBR) 1n a weight ratio of 97:3. The binder styrene-
butadiene rubber was used after being dispersed in water.

[0103] The negative electrode material paste was applied
onto both sides of the negative electrode current collector
709a comprising copper foi1l having a thickness of 14 um.
Subsequently, the resultant negative electrode current col-
lector carrying the pastes was rolled by a roller having a
diameter of 300 mm until the whole thickness including the
coatings of the negative electrode material paste and the
negative electrode current collector became 196 um, to
produce a negative electrode plate hoop having the negative
clectrode active material part.

[0104] The negative electrode plate hoop thus obtained
was slit into a size which was larger than the positive
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clectrode active material part and smaller than the whole
positive electrode plate including the non-active material
part, to produce a negative electrode plate. The negative
clectrode material density of the obtained negative electrode
plate was 1.4 g/cc. The negative electrode plate was 513 mm
in length 1n the longitudinal direction and 52 mm in width.

[0105] Part of the negative electrode active material part
was peeled off 1n a width of 5 mm to form an exposed part
of the negative electrode current collector 709a. To the
exposed part was welded a negative electrode lead 717
having a length of 75 mm and a width of 3 mm. The welded
part of the negative electrode lead 717 was coated with an
insulating tape.

(111) Preparation of Electrolyte

[0106] An electrolyte was prepared by dissolving lithium
hexafluorophosphate (LiPF,) as a solute at 1 mol/dm” in a
mixed solvent of ethylene carbonate (EC) and diethyl car-
bonate (DEC) 1n a volumetric ratio of 1:1.

(1v) Assembling Step of Cylindrical Battery

[0107] A cylindrical lithium ion secondary battery as
illustrated 1n FIG. 7 having a diameter of 18 mm and a

height of 65 mm was assembled. The design capacity of the
battery was 1400 mAh.

[0108] The positive electrode plate 708 and the negative
clectrode plate 709 were placed on opposite sides of a
separator 710 of a polyethylene micro-porous film in the
arrangement as 1llustrated in FIG. 1, and were then spirally
wound to form an electrode plate assembly 711. The elec-
trode plate assembly 711 was accommodated with the elec-
trolyte (not shown) 1n a battery case 712 with an upper
insulating plate 718 and a lower 1nsulating plate 719 placed
above and under the electrode plate assembly. The battery
case 712 was composed of a combination of a cylindrical
battery can 713 also serving as a negative electrode terminal
and a sealing plate 714 also serving as a positive electrode
terminal. The separator 710 was also interposed between the

clectrode plate assembly 711 and the inner face of the battery
can 713.

10109] The positive electrode lead 716 of the positive
clectrode plate 708 was connected to the backside of the
sealing plate 714 through the central hole of the upper
insulating plate 718. The negative electrode lead 717 of the
negative electrode plate 709 was interposed between the
lower mnsulating plate 719 and the bottom of the battery can
713. The negative electrode lead 717 and the bottom of the
battery can 713 were welded 1nside the central hole of the
lower insulating plate 719. The opening of the battery can
713 was sealed with the sealing plate 714 with insulating
packing 715 fitted between the opening edge of the battery
can 713 and the circumierential edge of the sealing plate
714, so that the battery case 712 was hermetically sealed.

[0110] The electrode plate assembly of Example 1 had
such a structure that each lengthwise edge of the positive
clectrode current collector was positioned on an outer side of
cach lengthwise edge of the negative electrode active mate-
rial part. Thus, even 1f the burrs produced at the edges of the
positive electrode current collector pierce the separator, this
structure 1s considered to prevent the short-circuit between
the burrs and the negative electrode active material part.
Also, since the non-active material part comprising the
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insulating material 1s formed near the edges of the positive
clectrode plate, the positive electrode current collector 1s
stabilized while a general short-circuit 1s unlikely to occur.
Further, the thickness of the non-active material part 1s the
same as that of the positive electrode active material part, so
that there 1s no diflerence 1n height between them and they
make a flat, smooth surface. Thus, upon winding of the
clectrode plates, winding deviation 1s unlikely to occur.

EXAMPLE 2

[0111] An example of Embodiment 2 will be described
with reference to FIGS. 11 to 13.

(1) Production of Positive Electrode Plate

[0112] As illustrated in FIG. 11, 20-um-thick aluminum

to1l 1101 serving as a positive electrode current collector and
two 20-um-thick polypropylene films 1102 serving as 1nsu-
lating material parts were arranged 1n three rows to produce
a positive electrode core member. The width of the alumi-
num foil 1101 was 48 mm, and the width of each of the two
polypropylene films 1102 arranged on both sides of the
aluminum foil 1101 along the longitudinal direction was 3
mm. The positive electrode core member composed of the
three constituting elements was placed on a coating machine
ol a positive electrode material paste.

[0113] As illustrated in FIG. 12, a positive electrode
material paste 1201, which was the same as that prepared in
Example 1, was applied on both sides of the positive
clectrode core member 1n a width of 52 mm so as to partly
cover the msulating material parts comprising the polypro-
pylene films 1102. In FIG. 12, a broken line designates the

boundary between the aluminum foil and the polypropylene
f1lm.

[0114] It is noted that aluminum foil and polypropylene
f1lm may be arranged, for example, in five or seven rows, to
ellectively produce a larger number of positive electrode
plates.

[0115] In the same manner as in Example 1, the whole
thickness including the positive electrode current collector
and the dried coatings on both sides thereof was 300 um, and
the resultant positive electrode current collector carrying the
coatings was rolled until the whole thickness became 180 g
m, to produce a positive electrode plate hoop having a
positive electrode active material part. The positive elec-
trode plate hoop was slit at the laminated parts of the
polypropylene film 1102 (insulating maternial part) and the
positive electrode active material part, to produce a positive
clectrode plate.

[0116] FIG. 13 1s a top view of the positive electrode
plate. In FIG. 13, the positive electrode plate 1s 428 mm 1n
length 1n the longitudinal direction and 50 mm 1n width.

[0117] Part of a positive electrode active material part
1302 was peeled off 1n a width of 5 mm to form an exposed
part of the positive electrode current collector 1101, and a
positive electrode lead 1316, which was the same as that of
Example 1, was mounted on the exposed part. At each
lengthwise edge of the positive electrode plate, there
remained a 1-mm-wide laminated part of the polypropylene
film and the positive electrode active material part.
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(11) Production of Negative Flectrode Plate

[0118] A negative electrode plate was produced by slitting
a negative electrode plate hoop prepared in the same manner
as 1n Example 1 into a size larger than the positive electrode
plate. The constitution and size of the negative electrode
plate were the same as those of Example 1.

(III) Assembling Step of Cylindrical Battery

[0119] A cylindrical lithium 1on secondary battery having
a diameter of 18 mm, a height of 65-mm and a design
capacity of 1400 mAh was assembled 1n the same manner as
in Example 1.

10120] The positive electrode plate and the negative elec-
trode plate produced 1n the above manner were placed on
opposite sides of a separator of a polyethylene micro-porous
film 1n the arrangement as illustrated 1n FIG. 3, and were
then spirally wound to form an electrode plate assembly. A
battery of Example 2 was assembled in the same manner as
in Example 1 except for the use of this electrode plate
assembly.

[0121] In the electrode plate assembly of the battery of
Example 2, the positive electrode plate hoop was slit at the
laminated parts of the polypropylene film (insulating mate-
rial part) and the positive electrode active material part.
Thus, 1t 1s considered that no conductive burrs occur at the
lengthwise edges of the positive electrode plate.

EXAMPLE 3

[0122] An example of Embodiment 3 will be described
with reference to FIGS. 14 and 15.

(1) Production of Positive Electrode Plate

[0123] As illustrated in FIG. 14, a positive electrode
material paste 1402, which was the same as that prepared in
Example 1, was applied 1n a striped pattern on both sides of
a positive electrode current collector 1401, which was the
same as that used in Example 1. In FIG. 14, the width of the
positive electrode maternial paste was 50 mm for both leit and
right ones, and the width of the exposed part of the current
collector was 8 mm for the middle one and 4 mm for the left

and right ones.

[0124] In the same manner as in Example 1, the whole
thickness including the positive electrode current collector
and the dried coatings on both sides thereof was 300 um, and
the resultant positive electrode current collector carrying the
coatings was rolled until the whole thickness became 180
um, to produce a positive electrode plate hoop having
positive electrode active matenal parts 1501. The positive
clectrode plate hoop was slit at the exposed parts of the
current collector, and as i1llustrated in FIG. 15, the remained
exposed parts of the current collector were coated with an
insulating tape 1509 having a width of 1 mm, to produce a
positive electrode plate.

10125] In FIG. 15, the positive electrode plate 1s 428 mm

in length 1n the longitudinal direction and 52 mm 1n width.
Part of the positive electrode active material part 1501 was
peeled off 1n a width of 5 mm to form an exposed part of the
positive electrode current collector 1401, and a positive
clectrode lead 1516, which was the same as that of Example
1, was mounted to the exposed part.

Sep. 14, 2006

(11) Production of Negative Flectrode Plate

[0126] A negative electrode plate was produced by slitting
a negative electrode plate hoop prepared 1n the same manner
as 1n Example 1 into a size larger than the positive electrode
plate. The constitution and size of the negative electrode
plate were the same as those of Example 1.

(III) Assembling Step of Cylindrical Battery

[0127] A cylindrical lithium ion secondary battery having
a diameter of 18 mm, a height of 65 mm and a design
capacity ol 1400 mAh was assembled in the same manner as
in Example 1.

[0128] The positive electrode plate and the negative elec-
trode plate produced 1n the above manner were placed on
opposite sides of a separator of a polyethylene micro-porous
film 1n the arrangement as illustrated 1n FIG. 4, and were
then spirally wound to form an electrode plate assembly. A
battery of Example 3 was assembled 1n the same manner as
in Example 1 except for the use of this electrode plate
assembly.

[0129] In the electrode plate assembly of the battery of
Example 3, the edges of the positive electrode current
collector were coated with the msulating tape. Thus, even 1f
burrs occur at the edges of the positive electrode current
collector, 1t 1s considered that no short-circuit occurs
between the burrs and the negative electrode active material
part.

EXAMPLE 4

[0130] An example of Embodiment 4 will be described
with reference to FIGS. 16 to 18.

(1) Production of Positive Electrode Plate

[0131] As illustrated in FIG. 16, Al deposited films 1602

having a thickness of 5 um were formed on both sides, at the
same positions, of a hoop-shaped polypropylene sheet 1601
having a thickness of 20 um 1n such a manner as to leave an
exposed part of the polypropylene sheet having a width of 10
mm or more around each of the Al deposited films 1602.
Each Al deposited film 1602 was 426 mm 1n length and 48

mm 1n width.

[0132] Next, as illustrated in FIG. 17, a positive electrode
material paste 1701 prepared in the same manner as in
Example 1 was applied on both sides, at the same position,
of the polypropylene sheet 1601, one side at one time. Then,
at one end of the Al deposited film 1602, there was left a
S-mm-wide exposed part 1702 of the Al deposited film
where the positive electrode material paste was not applied.
The exposed parts 1702 of the Al deposited film were
formed on both sides, at the same position, of the polypro-
pylene sheet.

[0133] In the same manner as in Example 1, the whole
thickness including the positive electrode current collector
and the dried coatings on both sides thereof was 300 um, and
the resultant positive electrode current collector carrying the
coatings was rolled until the whole thickness became 180 g
m, to produce a positive electrode plate hoop having a
positive electrode active material part. The positive elec-
trode plate hoop was slit at the parts without the Al deposited
film, to produce a positive electrode plate as illustrated 1n
FIG. 18. The positive electrode plate was 428 mm 1n length
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and 52 mm 1n width. Positive electrode leads 1816 having a
length of 75 mm and a width of 3 mm were fixed, with a
conductive adhesive, to the 5 mm-wide exposed parts 1702
of the Al deposited film formed on both sides of the positive
clectrode current collector, and the open ends of the positive
clectrode leads 1816 were welded to each other. The fixed
parts of the positive electrode leads 1816 by the adhesive
were coated with an insulating tape. At the lengthwise edges
of the positive electrode plate, the positive electrode active
material part 1s directly carried on the polypropylene sheet
in a width of 1 mm without being carried on the Al deposited

f1lm.
(11) Production of Negative Electrode Plate

[0134] A negative electrode plate was produced by slitting
a negative electrode plate hoop prepared in the same manner
as 1n Example 1 into a size larger than the positive electrode
plate. The constitution and size of the negative electrode
plate were the same as those of Example 1.

(III) Assembling Step of Cylindrical Battery

[0135] A cylindrical lithium ion secondary battery having
a diameter of 18 mm, a height of 65 mm and a design
capacity of 1400 mAh was assembled 1n the same manner as
in Example 1.

10136] The positive electrode plate and the negative elec-
trode plate produced 1n the above manner were placed on
opposite side of a separator of a polyethylene micro-porous
film 1n the arrangement as illustrated in FIG. 5, and were
then spirally wound to form an electrode plate assembly. A
battery of Example 4 was assembled in the same manner as
in Example 1 except for the use of this electrode plate
assembly.

[0137] In the electrode plate assembly of the battery of
Example 4, the slit sections of the positive electrode current
collector were composed of an isulating material. Thus, 1t
1s thought that no conductive burrs occur and that a short-
circuit 1s not caused by burrs.

EXAMPLE 5
[0138] An example of Embodiment 5 will be described.

(1) Production of Positive Electrode Plate

10139] The same positive electrode material paste as that
prepared in Example 1 was applied on the whole surfaces of
both sides of the same positive electrode current collector as
that used 1 Example 1.

[0140] In the same manner as in Example 1, the whole
thickness including the positive electrode current collector
and the dried coatings on both sides thereof was 300 um, and
the resultant positive electrode current collector carrying the
coatings was rolled until the whole thickness became 180
um, to produce a positive electrode plate hoop having a
positive electrode active material part. The positive elec-
trode plate hoop was slit into a size of 50 mm 1n width and
428 mm 1n length. Both lengthwise edges of the resultant
positive electrode plate 2 mm 1n width were immersed 1n a
dispersion of a polyethylene powder (melting point: about
100° C.) and dried, and the polyethylene powder athixed to
the edges were then melted to form a polyethylene coating.

[0141] Part of the positive electrode active material part
was peeled off 1n a width of 5 mm to form an exposed part
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of the positive electrode current collector, and a positive
clectrode lead, which was the same as that of Example 1,
was mounted on the exposed part.

(11) Production of Negative Electrode Plate

[0142] A negative electrode plate was produced by slitting
a negative electrode plate hoop prepared 1n the same manner
as 1n Example 1 into a size larger than the positive electrode
plate. The constitution and size of the negative electrode
plate were the same as those of Example 1.

(III) Assembling Step of Cylindrical Battery

[0143] A cylindrical lithium ion secondary battery having
a diameter of 18 mm, a height of 65 mm and a design
capacity of 1400 mAh was assembled 1n the same manner as
in Example 1.

[0144] The positive electrode plate and the negative elec-
trode plate produced 1n the above manner were placed on
opposite sides of a separator of a polyethylene micro-porous
film 1n the arrangement as illustrated 1n FIG. 6, and were
then spirally wound to form an electrode plate assembly. A
battery of Example 5 was assembled 1n the same manner as
in Example 1 except for the use of this electrode plate
assembly.

[0145] In the electrode plate assembly of the battery of
Example 5, even if burrs occur upon slitting of the positive
clectrode plate, the polyethylene coatings formed at the
edges of the positive electrode plate prevent the short-circuit

between the burrs and the negative electrode active material
part.

COMPARAIITV.

L1

EXAMPLE 1

[0146] A positive electrode plate hoop was prepared in the
same manner as in Example 35, and was slit into a size of 50
mm 1n width and 428 mm 1n length. Using the obtained
positive electrode plate without providing a polyethylene
coating on both lengthwise edges, a cylindrical lithium 10n
secondary battery having a diameter of 18 mm, a height of
65 mm and a design capacity of 1400 mAh was assembled
in the same manner as in Example 3.

'Evaluation |

0147] The batteries of Examples 1 to 5 and Comparative
Example 1 were evaluated in the following manner.

[0148] (1) For each Example, 100 batteries were prepared,
and were charged at 500 mA until the battery voltage
became 4.4 V, which was an overcharged state.

[0149] (i11) The overcharged batteries were pressed and
broken by a flat plate until the battery voltage started
lowering.

[0150] (111) The number of batteries whose safety valve
was activated by the evolution of gas due to an increase in
temperature after the break was counted.

[0151] The counting results of the number of such batter-
1es are given below.

[0152] Example 1: 0 out of 100 batteries
0153] FExample 2: 0 out of 100 batteries
0154] Example 3: 0 out of 100 batteries
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0155] Example 4: 0 out of 100 batteries
0156] FExample 5: 0 out of 100 batteries
0157] Comparative Example 1: 26 out of 100 batteries

0158] As described above, the lithium ion secondary
battery 1n accordance with a present invention can prevent
occurrence of burrs when a positive electrode current col-
lector 1s slit. Further, even 1f burrs occur, a present invention
can prevent the short-circuit between the burrs and a nega-
tive electrode active material part.

[0159] Although the present invention has been described
in terms of the presently preferred embodiments, 1t 1s to be
understood that such disclosure 1s not to be 1nterpreted as
limiting. Various alterations and modifications will no doubt
become apparent to those skilled 1n the art to which the
present 1nvention pertains, after having read the above
disclosure. Accordingly, 1t 1s intended that the appended
claims be interpreted as covering all alterations and modi-
fications as fall within the true spirit and scope of the
invention.

1-11. (canceled)
12. A lithium 10n secondary battery including:

(a) a positive electrode plate comprising a positive elec-
trode active material part and a positive electrode
current collector carrying said positive electrode active
material part, said positive electrode active matenal
part comprising a positive electrode active matenal
capable of absorbing or desorbing a lithium 10n during
charge and discharge;

10
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(b) a negative eclectrode plate comprising a negative
clectrode active material part and a negative electrode
current collector carrying said negative electrode active
material part, said negative electrode active material
part comprising a negative electrode active material
capable of absorbing or desorbing a lithium 10n during,
charge and discharge;

(c) a separator 1interposed between said positive electrode
plate and said negative electrode plate; (d) an electro-
lyte; and

(¢) a battery case accommodating said positive electrode
plate, said negative electrode plate, said separator, and
said electrolyte,

wherein said positive electrode plate and said negative
clectrode plate are wound with said separator inter-
posed therebetween, thereby to form an electrode plate
assembly, and said electrode plate assembly 1s so
configured that each lengthwise edge of said negative
clectrode active material part 1s positioned on an outer
side of each lengthwise edge of said positive electrode
current collector, that each lengthwise edge of said
positive electrode current collector 1s positioned on an
outer side of each lengthwise edge of said positive
clectrode active material part, and that exposed parts of
said positive electrode current collector which are not
covered with said positive electrode active material part
are coated with an insulating matenal.

13-15. (canceled)
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