US 20070059595A1

a2y Patent Application Publication o) Pub. No.: US 2007/0059595 A1

a9y United States

Endo et al.

43) Pub. Date: Mar. 15, 2007

(54) POLYMER ELECTROLYTE BATTERY AND
METHOD FOR MANUFACTURING SAME

(75) Inventors: Takahiro Endo, Kanagawa (JP);
Koichiro Kezuka, Miyagi (JP);
Kazuhito Hatta, Fukushima (JP);
Takayuki Kondo, Fukushima (JP)

Correspondence Address:

SONNENSCHEIN NATH & ROSENTHAL LLP
P.O. BOX 061080

WACKER DRIVE STATION, SEARS TOWER
CHICAGO, IL 60606-1080 (US)

(73) Assignee: Sony Corporation, Tokyo (JP)
(21) Appl. No.: 11/556,108
(22) Filed: Novw. 2, 2006

Related U.S. Application Data

(62) Division of application No. 10/181,504, filed on Oct.
7, 2002, now Pat. No. 7,163,762, filed as 371 of

international application No. PCT/JP01/10183, filed
on Nov. 21, 2001.

30) Foreign Application Priority Data
Nov. 21, 2000 (JP) cceveveevrecrerrerrcrennne JP 2000-354871

Publication Classification

(51) Int. CL
HOIM  2/02 (2006.01)
HOIM 10/04 (2006.01)
(52) US.CLl oo 429/176; 429/94; 29/623.4
(57) ABSTRACT

In a polymer electrolyte battery including a battery element
having a cathode and an anode coiled through a polymer
electrolyte, a section of the battery element perpendicular to
the coiling axis has a curved form. As compared with a
polymer electrolyte battery having a flat plate type battery
element curved, the former battery has an extremely low
possibility of short-circuit at the end of an electrode and
excellent battery characteristics.
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POLYMER ELECTROLYTE BATTERY AND
METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD

[0001] The present invention relates to a polymer electro-
lyte battery having a battery element in which a cathode and
an anode are coiled through a polymer electrolyte and a
method for manufacturing it, and more particularly to an
improvement of the form of the battery element.

BACKGROUND ART

[0002] In recent years, as portable electronic devices are
made compact and the weight of them are reduced, it has
been highly demanded for batteries which supply electric
power to these electronic devices to decrease their size,
thickness or weight irrespective of uses thereof such as
driving means or backup means.

[0003] As abattery for satisfying such a demand, has been
developed and put into practical use a nonaqueous electro-
lyte battery, what is called a lithium battery which includes
a cathode and an anode having active materials capable of
reversibly inserting and extracting lithium ions and a non-
aqueous electrolyte and has such advantages as a high output
and high energy density.

[0004] Especially, the lithium battery including a polymer
electrolyte as the nonaqueous electrolyte has characteristics
that the battery is excellent in its leak resistance and high in
its safety. Further, since the lithium battery including the
polymer electrolyte is light in its weight and may be thinned
in this thickness, the configuration of the battery can be
designed so as to meet the forms or size of various kinds of
electronic devices. Therefore, this lithium battery has a
feature that has not been seen in the conventional batteries.

[0005] For example, when a thin and flat plate type
polymer electrolyte battery is produced, a battery element
may be formed by providing a polymer electrolyte between
a thin sheet type cathode and a thin sheet type anode and the
battery element may be covered with a laminate film having
an aluminum foil as a core material.

[0006] Nowadays, in order to make various types of
electronic devices more compact, it has been necessary to
efficiently employ the inner spaces of the electronic devices,
and it has been especially demanded to use the inner spaces
having curved surfaces as spaces for accommodating the
batteries serving as the power sources of the electronic
device.

[0007] However, for instance, as shown in FIG. 1, when a
flat plate type polymer electrolyte battery 102 is attached to
an inner space having a curved surface in a portable elec-
tronic device 101 such as a portable telephone or a PDA,
useless spaces 103 are inconveniently generated between the
casing of the electronic device 101 and the flat plate type
polymer electrolyte battery 102 so that the inner space of the
electronic device 101 cannot be efficiently used.

[0008] Thus, as a method for efficiently using these spaces
103, the flat plate type polymer electrolyte battery 102 may
be curved so as to meet the form of the inner space of the
electronic device 101.

[0009] However, since the flat plate type polymer electro-
lyte battery 102 has a flat plate type battery element includ-
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ing a thin sheet type cathode and a thin sheet type anode and
a polymer electrolyte interposed therebetween, even when
the flat plate type polymer electrolyte battery 102 is curved,
a desired curved form cannot be held for a long time.
Further, an electrode active material layer may be cracked or
further may be separated from a current collector due to an
external force when the flat plate type battery element is
bent. Therefore, when the flat plate type polymer electrolyte
battery 102 is bent, battery characteristics are disadvanta-
geously extremely deteriorated.

[0010] For example, in Japanese Patent Application Laid-
Open No. hei 11-307130, is disclosed a method for bending
a flat plate type battery element by applying a thermocom-
pression bonding process to the battery element (refer it to
simply as a flat plate type battery element, hereinafter)
having a cathode and an anode laminated through a polymer
electrolyte using two rolls respectively having different
diameter. According to this method, although the curved
configuration of the battery element is maintained, a shear-
ing stress by the rolls with different diameter is exerted on
a part between an active material layer and a current
collector, so that the resistance of a cell is undesirably
increased, a short-circuit is apt to be generated at the end of
a stacked electrode, and accordingly, a stable battery per-
formance cannot be inconveniently obtained. Further, not
only the curvature of a desired curved configuration can be
extremely hardly obtained, but also the thickness of a cell is
inconveniently greatly regulated.

DISCLOSURE OF THE INVENTION

[0011] The present invention is proposed by taking these
conventional circumstances into consideration and it is an
object of the present invention to provide a polymer elec-
trolyte battery in which a possibility of short-circuit is low
in the end part of an electrode and battery characteristics are
good even when the electrode has, for instance, a curved
form or a semicircular curved surface so as to be adapted to
the form of each of the inner spaces of various kinds of
electronic devices and a method for manufacturing it.

[0012] For achieving the above-described object, a poly-
mer electrolyte battery according to the present invention
includes a battery element having a cathode and an anode
coiled through a polymer electrolyte, wherein a section of
the battery element perpendicular to the coiling axis has a
curved form.

[0013] The polymer electrolyte battery according to the
present invention constructed as mentioned above includes
a battery element having a cathode and an anode coiled
through a polymer electrolyte whose section perpendicular
to the coiling axis of the battery element has a curved form.
Therefore, when the polymer electrolyte battery of the
present invention is compared with a polymer electrolyte
battery having a flat plate type battery element curved, the
former battery has an extremely low possibility of short-
circuit at the end of an electrode and excellent battery
characteristics. Further, in the polymer electrolyte battery
according to the present invention, at least a part of the
curved form may have a flat part.

[0014] Further, a polymer electrolyte battery includes a
battery element having a cathode and an anode coiled
through a polymer electrolyte, wherein a section of the
battery element perpendicular to the coiling axis has a
semicircular form.
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[0015] The polymer electrolyte battery according to the
present invention configured as mentioned above includes a
battery element having a cathode and an anode coiled
through a polymer electrolyte whose section perpendicular
to the coiling axis of the battery element has a semicircular
form. Therefore, when the polymer electrolyte battery of the
present invention is compared with a polymer electrolyte
battery having a flat plate type battery element curved, the
former battery has an extremely low possibility of short-
circuit at the end of an electrode and excellent battery
characteristics. Further, in the polymer electrolyte battery
according to the present invention, at least a part of a
substantially circular arc part of the semicircular form may
have a flat part.

[0016] A method for manufacturing a polymer electrolyte
battery according to the present invention comprises a
battery element forming step of forming a battery element
having a cathode and an anode coiled through a polymer
electrolyte; and a thermocompression bonding and forming
step of applying a thermocompression bonding process to
the battery element between a recessed heater block having
a curved recessed surface and a protruding heater block
having a curved protruding surface so that a section of the
battery element perpendicular to the coiling axis has a
curved form.

[0017] In the method for manufacturing a polymer elec-
trolyte battery according to the present invention constructed
as mentioned above, the battery element having the cathode
and the anode coiled through the polymer electrolyte under-
goes a thermocompression bonding process between the
recessed heater block and the protruding heater block so as
to be curved. Therefore, according to the method for manu-
facturing the polymer electrolyte battery of the present
invention, can be manufactured the polymer electrolyte
battery in which, while a manufacturing process is simple,
an electrode interface adhesion property is improved, the
curved form can be maintained for a long time, a possibility
of short-circuit at the end of the electrode can be reduced and
battery characteristics are desirably maintained.

[0018] Further, in a method for manufacturing a polymer
electrolyte battery according to the present invention, the
battery element may undergo a thermocompression bonding
process between the recessed heater block having a flat
surface part at least in a part of the curved part and the
protruding heater block having a flat surface part at least in
a part of the curved part so that a section of the battery
element perpendicular to the coiling axis has a curved form
having a flat part at least in a part thereof.

[0019] Further, a method for manufacturing a polymer
electrolyte battery according to the present invention com-
prises: a battery element forming step of forming a battery
element having a cathode and an anode coiled through a
polymer electrolyte; and a thermocompression bonding and
forming step of applying a thermocompression bonding
process to the battery element between a recessed heater
block having a curved recessed surface and a flat surface
type heater block having a flat surface so that a section of the
battery element perpendicular to the coiling axis has a
substantially semicircular form.

[0020] In the method for manufacturing a polymer elec-
trolyte battery according to the present invention constructed
as mentioned above, the battery element having the cathode
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and the anode coiled through the polymer electrolyte under-
goes a thermocompression bonding process between the
recessed heater block and the flat surface type heater block
so as to have a substantially semicircular form. Therefore,
according to the method for manufacturing the polymer
electrolyte battery of the present invention, can be manu-
factured the polymer electrolyte battery in which, while a
manufacturing process is simple, an electrode interface
adhesion property is improved, the substantially semicircu-
lar form can be maintained for a long time, a possibility of
short-circuit at the end of the electrode can be reduced and
battery characteristics are desirably maintained.

[0021] Still further, in a method for manufacturing a
polymer electrolyte battery according to the present inven-
tion, the battery element may undergo a thermocompression
bonding process between the recessed heater block having a
flat surface part at least in a part of the curved part and the
flat surface type heater block having the flat surface so that
the section of the battery element perpendicular to the
coiling axis has a substantially semicircular form and a flat
part is formed at least in a part of a substantially circular arc
part.

[0022] Still other objects, characteristics or advantages of
the present invention will become more apparent from the
detailed description in accordance with embodiments of the
present invention which will be described below and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic sectional view showing an
electronic device to which a flat plate type polymer electro-
lyte battery is attached.

[0024] FIG. 2 is a perspective view of a polymer electro-
lyte battery including a battery element in which a section
perpendicular to a coiling axis has a curved form.

[0025] FIG. 3 is a schematic view showing a flat type
battery element.

[0026] FIG. 4 is a sectional view of main parts showing
the flat type battery element.

[0027] FIG. 5 is a schematic sectional view showing an
electronic device to which a polymer electrolyte battery
including a battery element whose section perpendicular to
a coiling axis has a curved form is attached.

[0028] FIG. 6 is a perspective view showing a battery
element in which a section perpendicular to a coiling axis
has a curved form having a flat part at least in a part thereof.

[0029] FIG. 7 is a schematic view showing a state that a
flat type battery element is inserted into a part between a
recessed heater block and a protruding heater block.

[0030] FIG. 8 is a schematic view showing a state that the
recessed heater block and the protruding beater block are
clamped.

[0031] FIG. 9 is a schematic view showing a state that the
recessed heater block and the protruding heater block are
opened.

[0032] FIG. 10 is a schematic view showing a state that a
flat type battery element is inserted into a part between a
recessed heater block having a flat surface part in the central
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part of a curved surface part and a protruding heater block
having a flat surface part in the central part of a curved
surface part.

[0033] FIG. 11 is a perspective view of a polymer elec-
trolyte battery having a battery element in which a section
perpendicular to a coiling axis has a substantially semicir-
cular form.

[0034] FIG. 12 is a schematic sectional view showing an
electronic device to which a polymer electrolyte battery
having a battery element whose section perpendicular to a
coiling axis has a substantially semicircular form is attached.

[0035] FIG. 13 is a perspective view of a battery element
in which a section perpendicular to a coiling axis has a flat
part at least in a part of a substantially circular arc part.

[0036] FIG. 14 is a schematic view showing a state that a
flat type battery element is inserted into a part between a
recessed heater block and a flat surface type heater block.

[0037] FIG. 15 is a schematic view showing a state that the
recessed heater block and the flat surface type heater block
are clamped.

[0038] FIG. 16 is a schematic view showing a state that the
recessed heater block and the flat surface type heater block
are opened.

[0039] FIG. 17 is a schematic view showing a state that a
flat type battery element is inserted into a part between a
recessed heater block having a flat surface part in the central
part of a curved surface part and a flat surface type heater
block.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0040] Now, embodiments of a polymer electrolyte battery
according to the present invention will be described in detail
by referring to the drawings.

[0041] In a polymer electrolyte battery 1 to which the
present invention is applied, a battery element 2a in which
a section perpendicular to a coiling axis has a curved form
is covered with a laminate film 3 made of an insulating
material or the like and sealed under reduced pressure as
shown in FIG. 2.

[0042] The battery element 2a is formed by forming a flat
type battery element 25 shown in FIG. 3 and including a
cathode and an anode coiled longitudinally through a poly-
mer electrolyte layer in accordance with a forming method
as described below so that a section perpendicular to a
coiling axis has a curved form.

[0043] Specifically shown in FIG. 4, the battery element
2b includes a cathode 6 having cathode active material
layers 5 respectively formed on both the main surfaces of a
cathode current collector 4, an anode 9 having anode active
material layers 8 respectively formed on both the main
surfaces of an anode current collector 7 and polymer elec-
trolyte layers 10 formed on the cathode active material
layers 5 and polymer electrolyte layers 11 formed on the
anode active material layers 8. Then, the cathode 6 having
the polymer electrolyte layers 10 and the anode 9 including
the polymer electrolyte layers 11 are laminated through a
separator 12, and then, the laminated body is coiled in the
longitudinal direction to form the battery element 25. Fur-
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ther, as shown in FIG. 3, a cathode terminal 13 using
aluminum is formed at one end of the cathode current
collector 4 and an anode terminal 14 using copper or nickel
is formed at one end of the anode current collector 7,
respectively.

[0044] The battery element 25 is formed as the battery
element 2a with its section perpendicular to the coiling axis
having a curved form as shown in FIG. 2 and then accom-
modated in the above-described laminate film 3 while the
cathode terminal 13 and the anode terminal 14 are guided
outside.

[0045] As the cathode current collector 4, may be used
aluminum, titanium or alloys of them, etc. The cathode
current collector 4 may be formed in a foil shape, a lath
form, a punching metal, a net or the like. The thickness of
the cathode current collector 4 is preferably 20 m or lower.

[0046] The cathode active material layers 5 are formed by
applying on both the main surfaces of the cathode current
collector 4 cathode composite mixture slurry obtained by
dispersing a cathode composite mixture including a cathode
active material, a conductive material and a binding agent in
a solvent.

[0047] As the cathode active material, any of convention-
ally known cathode active materials may be employed in
such polymer electrolyte batteries. For instance, composite
oxides with lithium and transition metals may be used. More
specifically, there may be employed materials including only
one kind of transition metal such as LiCoO,, LiNiO,,
LiMn,O,, LiAlO,, etc. or materials including two or more
kinds of ftransition metals such as LiNijCo, 5O,,
LiNi, ¢Co, ,0,, etc.

[0048] As the conductive agent, for instance, carbon mate-
rials may be used. Further, as the binding agent, for instance,
polyvinylidene fluoride can be used. As the solvent, for
instance, N-methylpyrrolidone my be used.

[0049] As the anode current collector 7, for instance,
copper may be used. The anode current collector 7 may be
configured to be a foil form, a lath form, a punching metal,
a net, etc.

[0050] The anode active material layers 8 are formed by
applying on both the main surfaces of the anode current
collector 7 anode composite mixture slurry obtained by
dispersing an anode composite mixture including an anode
active material and a binding agent in a solvent.

[0051] As the anode active material, any of conventionally
known anode active materials may be employed in such
polymer electrolyte batteries. For instance, lithium metals,
lithium alloys or materials capable of inserting/extracting
lithium may be used.

[0052] As the materials capable of inserting/extracting
lithium, for instance, carbon materials such as graphite,
non-graphitizable carbons, graphitizable carbons, etc. may
be employed. More specifically, there may be utilized,
pyrocarbons or coke (pitch coke, needle coke, petroleum
coke), graphite, vitreous carbons, organic polymer com-
pound sintered bodies (obtained by sintering phenol resins
or furan resins at suitable temperature and carbonizing the
sintered products), carbon fibers and activated carbons, etc.
Further, as the materials capable of inserting/extracting
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lithium, there may be used polymers such as polyacetylene
or polypyrrole, oxides such as SnO,, etc.

[0053] To the anode composite mixture, a conductive
material may be added as required. As the conductive
material, for instance, carbon materials or the like may be
used. Further, as the binding agent, for instance, polyvi-
nylidene fluoride may be used. As the solvent, for instance,
N-methylpyrrolidone may be employed.

[0054] As the polymer electrolyte forming the polymer
electrolyte layers 10 and 11, any kind of polymer electro-
lytes used in such nonaqueous electrolyte batteries may be
used. Especially, a solid polymer electrolyte having a heat
sealing property or a thermosetting property and high in its
electrochemical stability or a gel electrolyte obtained by
adding a plasticizer to the solid polymer electrolyte can be
preferably employed.

[0055] The above-described gel electrolyte includes a
nonaqueous solvent, electrolyte salt and a matrix polymer.

[0056] As the nonaqueous solvent, there may be employed
carbonates such as ethylene carbonate, propylene carbonate,
y-butyrolactone, dimethyl carbonate, diethyl carbonate,
ethyl methyl carbonate, dipropyl carbonate, ethyl propyl
carbonate, vinylene carbonate or solvents obtained by
replacing hydrogens of these carbonates by halogens, etc.
These nonaqueous solvents may be independently used or
two or more kinds of them may be mixed together and the
mixture may be used.

[0057] As the electrolyte salt, there may be used, for
instance, LiPF,, LiClO,, LiCF;SO,, LiAsF,, LiBF,,
LiN(CF;S0;),, C,F4SO,Li, etc. One kind of these electro-
lyte salts may be independently used or two or more kinds
of them may be mixed and the mixture may be used.

[0058] As the matrix polymer, polymers which can suit-
ably hold nonaqueous electrolyte solution obtained by dis-
solving the electrolyte salt in the nonaqueous solvent to be
gel are employed. As the specific matrix polymers, may be
used polymers including polyvinylidene fluoride, polyeth-
ylene oxide, polypropylene oxide, polyacrylonitrile, poly-
methacrylonitrile as a repeated unit, however, the matrix
polymer is not limited thereto. As such a thermoplastic
matrix polymer, one kind of polymer may be independently
used or two or more kinds of polymers may be mixed
together and the mixture may be used.

[0059] Further, as the matrix polymer, may be utilized
polymers in which monomers having one or more reactive
unsaturated groups in molecules are bridged in nonaqueous
electrolyte solution. As the monomer having the reactive
unsaturated groups, can be used, for instance, acrylic acid,
methyl acrylate, ethoxyethyl acrylate, methoxyethyl acry-
late, polyethylene glycol monoacrylate, ethoxyethyl meth-
acrylate, methoxyethyl methacrylate, glycidyl acrylate,
acryl acrylate, acrylonitrile, diethylene glycol diacrylate,
triethylene glycol diacrylate, polyethylene glycol triacrylate,
diethylene glycol dimethacrylate, etc. Monomers desired in
view of reactivity or polarity may be independently used or
combined together and the combination thereof may be
used. However, the monomers are not limited thereto. As
methods for polymerizing these monomers, for instance,
means by heat, ultraviolet rays, electron beam or the like
may be utilized. A polymerization method by the heat among
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these methods in which an electrode layer/a gel electrolyte
layer can be easily formed integrally is most effective.

[0060] As the separator 12, porous polyolefine or non-
woven fabric or the like can be employed. Specially, when
the diaphragm property of the polymer electrolytes 10 and
11 is low, the separator 12 is preferably inserted in a suitable
manner.

[0061] The polymer electrolyte battery 1 constructed as
described above has the battery element 2a including the
cathode 6 and the anode 9 coiled through the polymer
electrolyte layers 10 and 11 in which a section perpendicular
to a coiling axis has a curved form. Thus, when the polymer
electrolyte battery 1 is compared with a conventional poly-
mer electrolyte battery having a flat plate type battery
element bent, the electrolyte battery 1 is extremely low in its
possibility of short-circuit at the end part of an electrode and
has good battery characteristics.

[0062] Therefore, according to the polymer electrolyte
battery 1 to which the present invention is applied, since the
form of the polymer electrolyte battery 1 can be very easily
adapted to the form of the inner space of an electronic device
20 having a curved surface, the space accommodation
efficiency of the polymer electrolyte battery 1 can be
improved, as shown in FIG. 5. As a result, a useless space
which has been hitherto generated between the casing of the
electronic device and the flat plate type polymer electrolyte
battery can be filled with the generating element, so that the
polymer electrolyte battery can contribute to the variety of
the external form or the compact size of the electronic device
20.

[0063] Inthe above-mentioned polymer electrolyte battery
1, although an example in which the section of the battery
element 2b perpendicular to the coiling axis has a curved
form is described, the present invention is not limited
thereto. For instance, as shown in FIG. 6, the section of a
battery element 2¢ perpendicular to a coiling axis may have
a curved form having a flat part 50 at least in a part thereof.

[0064] Now, a method for manufacturing the above-de-
scribed polymer electrolyte battery 1 will be described.
When the polymer electrolyte battery 1 is manufactured, a
battery element forming step for forming the flat type battery
element 25 is initially carried out. Then, a thermocompres-
sion bonding and forming step for applying a thermocom-
pression bonding process to the battery element 26 to form
the battery element 2a whose section perpendicular to the
coiling axis has a curved form. Subsequently, a sealing step
for covering the battery element 2a with the laminate film 3
and sealing under reduced pressure is carried out.

[0065] In the battery element forming step, the cathode 6
and the anode 9 are coiled through the polymer electrolyte
layers 10 and 11 to form the flat type battery element 25.

[0066] In order to manufacture the cathode 6, the cathode
composite mixture formed by uniformly mixing the cathode
active material, the conductive material and the binding
agent together is dispersed in the solvent to prepare cathode
composite mixture slurry. Then, this cathode composite
mixture slurry is uniformly applied to both the surfaces of
the cathode current collector 4 by, for example, a doctor
blade method. Then, a film in a wet state is dried at high
temperature to blow off the solvent and form the cathode
active material layers 5.
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[0067] Then, the cathode terminal 13 is connected to one
end of the cathode current collector 4 by a spot welding
method or an ultrasonic welding method. The cathode
terminal 13 preferably protrudes in the same direction as that
of the anode terminal 14. However, in case a short-circuit is
not generated and a battery performance has no problem, the
cathode terminal 13 may protrude in any direction. Further,
when a position to which the cathode terminal 13 is con-
nected has an electric connection, a place to which the
cathode terminal 13 is attached and a method for attaching
the cathode terminal 13 are not limited to a prescribed place
or a prescribed method.

[0068] In order to manufacture the anode 9, firstly, the
anode composite mixture obtained by uniformly mixing the
anode active material with the binding agent is dispersed in
the solvent to prepare the anode composite mixture slurry.
The conductive material may be added to the anode com-
posite mixture as required. Then, the anode composite
mixture slurry is uniformly applied to both the surfaces of
the anode current collector 7 by, for instance, a doctor blade
method or the like. Subsequently, a film in a wet state is
dried at high temperature to blow off the solvent and form
the anode active material layers 8.

[0069] After that, the anode terminal 14 is connected to
one end of the anode current collector 7 by a spot welding
method or a ultrasonic welding method. The anode terminal
14 is preferably extended in the same direction as that of the
cathode terminal 13. However, in case a short-circuit is not
generated and a battery performance has not trouble, the
anode terminal 14 may be extended in any direction. Further,
when a position to which the anode terminal 14 is connected
has an electric connection, any place to which the anode
terminal 14 is attached and any method for attaching the
anode terminal 14 may be employed without limitation.

[0070] Then, polymer electrolyte solution including, for
instance, solvent such as dimethyl carbonate, a plasticizer
and matrix polymer is applied to the cathode active material
layers 5 and the anode active material layer 8, and then,
dimethyl carbonate is vaporized and removed so that the gel
polymer electrolyte layers 10 and 11 are formed.

[0071] Subsequently, the band shape cathode 6 on which
the polymer electrolyte layers 10 are formed and the band
shape anode 9 on which the polymer electrolyte layers 11 are
formed are longitudinally coiled through the separator 12 to
obtain the flat type battery element 25.

[0072] In the thermocompression bonding and forming
step, the thermocompression bonding process is applied to
the battery clement 2b between a recessed heater block
having a curved recessed surface and a protruding hater
block having a curved protruding surface so that the section
of the battery element 26 perpendicular to the coiling axis
has a curved form.

[0073] When the thermocompression bonding process is
applied to the battery element 24, the flat type battery
element 26 is firstly inserted between the recessed heater
block 21 and the protruding heater block 22 as shown in
FIG. 7. Then, as shown in FIG. 8, the recessed heater block
21 and the protruding heater block 22 are clamped to
perform a thermocompression bonding process by properly
adjusting the temperature and pressure of the heater blocks
21 and 22.
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[0074] Then, as shown in FIG. 9, the recessed heater block
21 and the protruding heater block 22 are opened so that the
battery element 2a whose section perpendicular to the
coiling axis has a curved form is released therefrom.

[0075] The flat type battery element 2b is subjected to a
thermocompression bonding process to be formed by using
the recessed heater block 21 and the protruding heater block
22 as described above, so that the battery element 2a in
which the section perpendicular to the coiling axis has the
curved form is obtained.

[0076] In the thermocompression bonding and forming
step, since the entire body of the battery element 25 under-
goes the thermocompression bonding process by using the
recessed heater block 21 and the protruding heater block 22
so that the section of the battery element perpendicular to the
coiling axis has the curved form, the battery element 2a
having an excellent electrode interface adhesion property,
provided with a good electrode/electrolyte interface for the
polymer electrolyte battery 1 and capable of holding the
curved form for a long time can be obtained.

[0077] Inthe sealing step, the battery element 2a in which
the section of the battery element perpendicular to the
coiling axis has the curved form is held by the laminate films
3 and the outer peripheral edge parts of the laminate films 3
are heat-sealed under reduced pressure.

[0078] Thus, the polymer electrolyte battery 1 in which
the battery element 2a is sealed in the laminate films 3 is
obtained.

[0079] According to the method for manufacturing the
polymer electrolyte battery 1 having the above-described
steps, the flat type battery element 25 formed by coiling the
cathode 6 and the anode 9 through the polymer electrolyte
layers 10 and 11 is subjected to the thermocompression
bonding process by using the recessed heater block 21 and
the protruding heater block 22 so that the section of the
battery element 25 perpendicular to the coiling axis thereof
has the curved form.

[0080] Therefore, according to the method for manufac-
turing the polymer electrolyte battery 1, can be manufac-
tured the polymer electrolyte battery 1 in which an electrode
interface adhesion property is more improved, the curved
form in section perpendicular to the coiling axis can be held
for a longer time, a possibility of short-circuit in the end part
of the electrode is more reduced and the battery character-
istics are more desirably maintained, while manufacturing
processes are simple, than a conventional polymer electro-
lyte battery having a flat plate type battery element curved
produced by a conventional battery producing method.

[0081] In the above-described method for manufacturing
the polymer electrolyte battery 1, although a case in which
the battery element 2a formed in such a way that the section
of the battery element perpendicular to the coiling axis has
the curved form is covered with the laminate film 3 is
mentioned, the present invention is not limited thereto. After
the flat type battery element 26 is covered and sealed with
the laminate film 3, the obtained battery element may be
inserted into a part between the recessed heater block 21 and
the protruding heater block 22, and then, the battery element
may be subjected to the thermocompression bonding process
in a similar method to that described above.
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[0082] Further, in the above-described method for manu-
facturing the polymer electrolyte battery 1, although a case
in which the battery element 25 is subjected to the thermo-
compression bonding process between the recessed heater
block having the curved recessed surface and the protruding
heater block having the curved protruding surface so that the
section of the battery element 25 perpendicular to the coiling
axis thereof has the curved form is mentioned, the present
invention is not limited thereto. For instance, as shown in
FIG. 10, the above-described battery element may be sub-
jected to the thermocompression bonding process between a
recessed heater block 52 having a flat surface part 51 at least
in a part of a curved part and a protruding heater block 54
having a flat surface part 53 at least in a part of'a curved part.
A battery element 2¢ obtained in such a manner has a curved
form so that the section of the battery element 2¢ perpen-
dicular to a coiling axis has a flat part 50 at least in a part
thereof.

[0083] A silicon rubber sheet 55 is preferably arranged on
at least one of the surfaces of the recessed heater block 52
and the protruding heater block 54 (in this case, the recessed
heater block 52) opposed to the battery element 2¢. The
silicon rubber sheet 55 is arranged so that heat and pressure
can be uniformly applied to the battery element 2c.

[0084] Now, another polymer electrolyte battery to which
the present invention is applied will be described below.

[0085] In a polymer electrolyte battery 31 according to
another embodiment to which the present invention is
applied, a battery element 32a in which a section of the
battery element perpendicular to a coiling axis has a sub-
stantially semicircular form is covered with a laminate film
3 made of an insulating material and sealed under reduced
pressure.

[0086] The polymer electrolyte battery 31 has the same
construction as that of the above-described polymer elec-
trolyte battery 1 except that the battery 31 has the battery
element 32¢ in which the section perpendicular to the
coiling axis has the substantially semicircular form. There-
fore, the same members as those of the above-described
polymer electrolyte battery 1 are designated by the same
reference numerals and the explanation thereof is omitted.

[0087] Since the polymer electrolyte battery 31 includes
the battery element 324 having a cathode 6 and an anode 9
coiled through polymer electrolyte layers 10 and 11 so that
the section of the battery element perpendicular to the
coiling axis has the substantially semicircular form, the
polymer electrolyte battery 31 is extremely low in its
possibility of short-circuit at the end part of an electrode and
good in its battery characteristics, as compared with an
existing polymer electrolyte battery having a flat plate type
battery element bent.

[0088] Therefore, according to the polymer electrolyte
batter 31 to which the present invention is applied, since the
form of the polymer electrolyte battery 31 can be outstand-
ingly easily adapted to the form of the inner space of an
electronic device 40 having a curved surface; as shown in
FIG. 12, so that the space accommodation efficiency of the
polymer electrolyte battery 31 can be improved. As a result,
a useless space which has been hitherto generated between
the casing of the electronic device and the flat plate type
polymer electrolyte battery can be filled with the generating
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element, so that the polymer electrolyte battery can contrib-
ute to the diversity of the external form and the compact size
of the electronic device 40.

[0089] In the above-described polymer electrolyte battery
31, although a case in which the section of the battery
element 32a perpendicular to the coiling axis has the sub-
stantially semicircular form is mentioned, the present inven-
tion is not limited thereto. For instance, as shown in FIG. 13,
the polymer electrolyte battery may be formed so that the
section of the battery element 32¢ perpendicular to a coiling
axis has a substantially semicircular form including a flat
part 60 at least in a part of a substantially circular arc part.

[0090] Now, a method for manufacturing the above-de-
scribed polymer electrolyte battery 31 will be described.
When the polymer electrolyte battery 31 is manufactured, a
battery element forming step for forming the flat type battery
element 325 is initially carried out. Then, a thermocompres-
sion bonding and forming step for applying a thermocom-
pression bonding process to the battery element 325 to form
the battery element 32a whose section perpendicular to the
coiling axis has a substantially semicircular form. Subse-
quently, a sealing step for covering the battery element 32a
with the laminate film 3 and sealing it under reduced
pressure is carried out.

[0091] Since the battery element forming step in the
method for manufacturing the polymer electrolyte battery 31
is the same as the battery element forming step in the method
for manufacturing the polymer battery 1, an explanation
thereof is omitted.

[0092] In the thermocompression bonding and forming
step, the thermocompression bonding process is applied to
the battery element 326 between a recessed heater block
having a curved recessed surface and a flat surface type hater
block having a flat surface so that the section of the battery
element 325 perpendicular to the coiling axis has a substan-
tially semicircular form.

[0093] When the thermocompression bonding process is
applied to the battery element 325, the flat type battery
element 325 is firstly inserted between the recessed heater
block 41 and the flat surface type heater block 42 as shown
in FIG. 14. Then, as shown in FIG. 15, the recessed heater
block 41 and the flat surface type heater block 42 are
clamped to perform a thermocompression bonding process
by properly adjusting the temperature and pressure of the
heater blocks 41 and 42.

[0094] Then, as shown in FIG. 16, the recessed heater
block 41 and the flat surface type heater block 42 are opened
so that the battery element 324 whose section perpendicular
to the coiling axis has a substantially semicircular form is
released therefrom.

[0095] The flat type battery element 325 is subjected to a
thermocompression bonding process to be formed by using
the recessed heater block 41 and the flat surface type heater
block 42 as described above, so that the battery element 32a
in which the section perpendicular to the coiling axis has the
curved form is obtained.

[0096] In the thermocompression bonding process and
forming step, since the entire body of the battery element
32b undergoes the thermocompression bonding process by
using the recessed heater block 41 and the flat surface type
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heater block 42 so that the section of the battery element
perpendicular to the coiling axis has the substantially semi-
circular form, the battery element 32a having an excellent
electrode interface adhesion property, provided with a good
electrode/electrolyte interface for the polymer electrolyte
battery 31 and capable of holding the substantially semicir-
cular form for a long time can be obtained.

[0097] In the sealing step, the battery element 2a in which
the section of the battery element perpendicular to the
coiling axis has the substantially semicircular form is held
by the laminate films 3 and the outer peripheral edge parts
of the laminate films 3 are heat-sealed under reduced pres-
sure.

[0098] Thus, the polymer electrolyte battery 1 in which
the battery element 2q is sealed in the laminate films 3 is
obtained.

[0099] According to the method for manufacturing the
polymer electrolyte battery 31 having the above-described
steps, the flat type battery element 325 formed by coiling the
cathode 6 and the anode 9 through the polymer electrolyte
layers 10 and 11 is subjected to the thermocompression
bonding process by using the recessed heater block 41 and
the flat surface type heater block 42 so that the section of the
battery element 325 perpendicular to the coiling axis thereof
has the substantially semicircular form.

[0100] Therefore, according to the method for manufac-
turing the polymer electrolyte battery 31, can be manufac-
tured the polymer electrolyte battery 31 in which an elec-
trode interface adhesion property is more improved, the
substantially semicircular form in section perpendicular to
the coiling axis can be held for a longer time, a possibility
of short-circuit in the end part of the electrode is more
reduced and the battery characteristics are more desirably
maintained, while manufacturing processes are simple, than
a conventional polymer electrolyte battery having a plate
type battery element curved produced by a conventional
battery producing method.

[0101] In the above-described method for manufacturing
the polymer electrolyte battery 31, although a case in which
the battery element 32a formed in such away that the section
of the battery element perpendicular to the coiling axis has
the substantially semicircular form is covered with the
laminate film 3 is mentioned, the present invention is not
limited thereto. After the flat type battery element 326 is
covered and sealed with the laminate film 3, the obtained
battery element may be inserted into a part between the
recessed heater block 41 and the flat surface type heater
block 42, and then, the battery element may be subjected to
the thermocompression bonding process in a similar method
to that described above.

[0102] Further, in the above-described method for manu-
facturing the polymer electrolyte battery 31, although a case
in which the battery element 325 is subjected to the ther-
mocompression bonding process between the recessed
heater block having the curved recessed surface and the flat
surface type heater block so that the section of the battery
element 324 perpendicular to the coiling axis thereof has the
semicircular form is mentioned, the present invention is not
limited thereto. For instance, as shown in FIG. 17, the
above-described battery element may be subjected to the
thermocompression bonding process between a recessed
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heater block 62 having a flat surface part 61 at least in a part
of a curved part and a flat surface type heater block 63. A
battery element 32¢ obtained has a form in which the section
of'the battery element 32¢ perpendicular to a coiling axis has
a substantially semicircular form including a flat part 60 at
least in a part of a substantially circular arc part, as shown
in FIG. 13.

[0103] A silicon rubber sheet 55 is preferably arranged on
either one of the surfaces of the recessed heater block 62 and
the flat surface type heater block 63 (in this case, the
recessed heater block 62) opposed to the battery element
32¢. The silicon rubber sheet 55 is arranged so that heat and
pressure can be uniformly applied to the battery element
32c.

EXAMPLES

[0104] Now, Examples in which polymer electrolyte bat-
teries to which the present invention is applied are actually
manufactured and a Comparative Example in which a poly-
mer electrolyte battery is manufactured to compare this
battery with the batteries of the Examples will be described
on the basis of specific experimental results.

Example 1
[Manufacture of Cathode]

[0105] As components of a cathode composite mixture,
LiCoO, of 92 parts by weight as a cathode active material,
powdered graphite of 5 parts by weight as a conductive
material and powdered polyvinylidene fluoride of 3 parts by
weight as a binding agent were measured and used. Then,
these components were dispersed in N-methyl pyrrolidone
to prepare the slurry of the cathode composite mixture.

[0106] The cathode composite mixture thus prepared was
uniformly applied to both the surfaces of a cathode current
collector made of an aluminum foil (having the thickness of
20 m), and then dried under reduced pressure at the tem-
perature of 100° C. for 24 hours so that cathode active
material layers were formed. Then, the cathode active mate-
rial layers were compression-molded by using a roll press
machine to form a cathode sheet. After that, the cathode
sheet was cut to manufacture a band shape cathode having
length of 50 mm and width of 300 mm. As a cathode lead,
an aluminum ribbon was welded to a part of the cathode
current collector to which the cathode active material was
not applied.

[Manufacture of Anode]

[0107] As components of an anode composite mixture,
artificial graphite of 91 parts by weight as an anode active
material and powdered polyvinylidene fluoride of 9 parts by
weight as a binding agent were measured and taken. Then,
these components were dispersed in N-methyl pyrrolidone
to prepare the slurry of the anode composite mixture.

[0108] The anode composite mixture thus prepared was
uniformly applied to both the surfaces of an anode current
collector made of a copper foil (having the thickness of 15
m), and then dried under reduced pressure at the temperature
of 120° C. for 24 hours so that anode active material layers
were formed. Then, the anode active material layers were
compression-molded by using a roll press machine to form
an anode sheet. After that, the anode sheet was cut to
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manufacture a band shape anode having length of 52 mm
and width of 320 mm. As an anode lead, a nickel ribbon was
welded to a part of the anode current collector to which the
anode active material was not applied.

[Manufacture of Polymer Electrolyte]

[0109] As the respective components of a plasticizer,
ethylene carbonate of 42.5 parts by weight and propylene
carbonate of 42.5 parts by weight as nonaqueous solvent,
LiPF_of 15 parts by weight as electrolyte salt were measured
and used. Then, these components were mixed together to
prepare the plasticizer.

[0110] Subsequently, as the respective components of
polymer solution, the plasticizer of 30 parts by weight,
polyvinylidene fluoride-co-hexafluoro propylene of 10 parts
by weight and dimethyl carbonate of 60 parts by weight
were measured and employed. Then, these components were
mixed and dissolved to prepare polymer electrolyte solution.

[Manufacture of Polymer Electrolyte Battery]

[0111] After the polymer electrolyte solution prepared as
described above was applied to the cathode active materials
on both the surfaces of the cathode and to the anode active
materials on both the surfaces of the anode, these active
materials were left under an environment at ambient tem-
perature for 8 hours, and dimethyl carbonate was vaporized
and removed so that gel electrolyte layers (having the
thickness of 100 m) were formed.

[0112] Then, the band shape cathode on which the gel
electrolyte layers were formed and the band shape anode on
which the gel electrolyte layers were formed were laminated
through a separator made of porous polyolefine, and the
laminated body was coiled longitudinally to obtain a flat
type battery element. This flat type battery element was
sandwiched in between by outer package films and the outer
peripheral edges of the outer package films were heat-sealed
under reduced pressure. Thus, the flat type battery element
was sealed in the outer package films. As the outer package
film, was employed a film having an aluminum foil sand-
wiched in between a pair of polyolefine resin films.

[0113] Subsequently, the flat type battery element sealed
in the outer package films was formed by a thermocompres-
sion bonding process of 10 kgf/cm® for 5 minutes under an
environment at the temperature of 85° C. by employing a
heat press machine having a recessed heater block and a
protruding heater block so that a polymer electrolyte battery
whose section perpendicular to a coiling axis had a curved
form was obtained.

Example 2

[0114] A polymer electrolyte battery was manufactured in
the same manner as that of the Example 1 except that a flat
type battery element sealed in outer package films was
subjected to a thermocompression bonding process by using
a heat press machine including a recessed heater block and
a flat surface type heater block so that the section of the
battery element perpendicular to a coiling axis had a sub-
stantially semicircular form.

Mar. 15, 2007

Example 3

[0115] A polymer electrolyte battery was manufactured in
the same manner as that of the Example 1 except that a flat
type battery element sealed in outer package films was
subjected to a thermocompression bonding process by using
a heat press machine including a recessed heater block
having a flat surface part in the central part of a curved
surface part and a silicon rubber sheet with the thickness of
1 mm stuck thereto and a protruding heater block having a
flat surface part in the central part of a curved surface part
so that the section of the battery element perpendicular to a
coiling axis had a curved form having a flat part at least in
a part thereof.

Example 4

[0116] A polymer electrolyte battery was manufactured in
the same manner as that of the Example 1 except that a flat
type battery element sealed in outer package films was
subjected to a thermocompression bonding process by using
a heat press machine including a recessed heater block
having a flat surface part in the central part of a curved
surface part and a silicon rubber sheet with the thickness of
1 mm stuck thereto and an entirely flat plate type heater
block so that the section of the battery element perpendicular
to a coiling axis had a substantially semicircular form having
a flat part at least in a part of a substantially circular arc part.

Comparative Example 1

[0117] A polymer electrolyte battery was manufactured in
the same manner as that of the Example 1 except that a flat
type battery element sealed in outer package films was
subjected to a thermocompression bonding process by using
a heat press machine including a pair of flat surface type
heater blocks so that the section of the battery element
perpendicular to a coiling axis had a substantially rectangu-
lar form.

[0118] A charging and discharging test was carried out to
the respective polymer electrolyte batteries of the Example,
1, the Example 2 and the Comparative Example 1 manu-
factured as described above to evaluate battery characteris-
tics. The theoretical capacity of each of the polymer batteries
of the Example 1, the Example 2 and the Comparative
Example 1 is 600 mAh.

[Charging and Discharging Test]

[0119] Initially, after a constant-current and constant-volt-
age charging operation of 1 C (600 mA) and 4.2 V was
carried out, a constant-current discharging operation of 1 C
with 3V cut off was carried out to measure an initial
discharging capacity.

[0120] Then, charging and discharging cycles were
repeated 500 times to measure a discharging capacity after
500th cycle. Then, the ratio of the discharging capacity after
the 500th cycle relative to the initial discharging capacity
was obtained and it was considered to be a discharging
capacity maintaining/retention ratio.
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[0121] The above-described measured results are shown
in Table 1.

TABLE 1
Capacity
Initial Discharging Maintaining/retention

Capacity (mAh) Ratio (%)
Example 1 592 83
Example 2 590 81
Example 3 593 83
Example 4 591 82
Comparative 591 82

Example 1

[0122] As apparent from the Table 1, the polymer elec-
trolyte batteries of the Examples 1 to 4 has a high discharg-
ing capacity and excellent cyclic characteristics similar to
those of the polymer electrolyte battery of the Comparative
Example 1.

[0123] Therefore, it was understood that even when the
flat type battery element having the cathode and the anode
coiled through the polymer electrolyte was subjected to the
thermocompression bonding process by the above-described
heat press machine so that the section of the battery element
perpendicular to the coiling axis had an epoch-making form
such as the curved form or the substantially semicircular
form in the polymer electrolyte battery, the battery charac-
teristics were effectively maintained.

INDUSTRIAL APPLICABILITY

[0124] Since the polymer electrolyte battery according to
the present invention includes the battery element having the
cathode and the anode coiled through the polymer electro-
lyte in which the section of the battery element perpendicu-
lar to the coiling axis has the curved form, the above-
described battery of the present invention is extremely low
in its possibility of short-circuit at the end of the electrode
and good in its battery characteristics, as compared with the
polymer electrolyte battery having the flat plate type battery
element bent.

1-18. (canceled)
19. A polymer electrolyte battery comprising:

a wound battery element including

a cathode comprising an eclongate cathode collector
having at least two faces on which cathode active
material layers are formed;

an anode comprising an elongate anode collector hav-
ing at least two faces on which anode active material
layers are formed;

and a polymer electrolyte formed between said cathode
and said anode;

wherein the wound battery element has a first longitudinal
surface, a second longitudinal surface opposite said
first longitudinal surface, a first rounded lateral side, a
second rounded lateral side opposite said first rounded
lateral side, and a winding axis; and

wherein a section of said first longitudinal surface of the
wound battery element taken perpendicular to the
winding axis has a curved portion between said first
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rounded lateral side and said second rounded lateral
side, a section of said second longitudinal surface of the
wound battery element taken perpendicular to the
winding axis has a curved portion between said first
rounded lateral side and said second rounded lateral
side, and the curved portion of the first longitudinal
surface is parallel to the curved portion of the second
longitudinal surface.
20. The polymer electrolyte battery according to claim 19
wherein the polymer electrolyte comprises a gel electrolyte.
21. The polymer electrolyte battery according to claim 19
wherein the curved portion of the first longitudinal surface
and the second longitudinal surface of the wound battery
element is formed by thermocompression bonding.
22. A polymer electrolyte battery comprising:

a wound battery element including

a cathode comprising an clongate cathode collector
having at least two faces on which cathode active
material layers are formed;

an anode comprising an elongate anode collector hav-
ing at least two faces on which anode active material
layers are formed;

and a polymer electrolyte formed between said cathode
and said anode;

wherein the wound battery element has a first longitudinal
surface, a second longitudinal surface opposite said
first longitudinal surface, a first rounded lateral side, a
second rounded lateral side opposite said first rounded
lateral side, and a winding axis; and

wherein the first longitudinal surface is generally perpen-
dicular to the winding axis and has a substantially
semicircular portion extending outwardly from the
winding axis; and

wherein the second longitudinal surface is generally par-
allel to the winding axis and includes a substantially
straight portion.
23. The polymer electrolyte battery according to claim 22
wherein the polymer electrolyte comprises a gel electrolyte.
24. The polymer electrolyte battery according to claim 22
wherein the substantially semicircular portion of the first
longitudinal surface of the wound battery element is formed
by thermocompression bonding.
25. A polymer electrolyte battery comprising:

a wound battery element including

a cathode comprising an clongate cathode collector
having at least two faces on which cathode active
material layers are formed;

an anode comprising an elongate anode collector hav-
ing at least two faces on which anode active material
layers are formed;

and a polymer electrolyte formed between said cathode
and said anode;

wherein the wound battery element has a first longitudinal
surface, a second longitudinal surface opposite said
first longitudinal surface, a first rounded lateral side, a
second rounded lateral side opposite said first rounded
lateral side, and a winding axis; and
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wherein the first longitudinal surface is generally perpen-
dicular to the winding axis and includes a curved
portion between said first rounded lateral side and said
second rounded lateral side extending circumferentially
from the winding axis; and

wherein the second longitudinal surface is generally par-

allel to the winding axis and includes a substantially
straight portion.
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26. The polymer electrolyte battery according to claim 25
wherein the polymer electrolyte comprises a gel electrolyte.

27. The polymer electrolyte battery according to claim 25
wherein the curved portion of the first longitudinal surface
of the wound battery element is formed by thermocompres-
sion bonding.
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