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(54) BATTERY

(57) In a battery newly developed by inventors of the
invention in which the capacity of the anode is repre-
sented by the sum of a capacity component by insertion
and extraction of light metal and a capacity component
by precipitation and dissolution of the light metal, a fur-
ther improvement in a volume energy density or a weight
energy density can be achieved. Moreover, a short cir-
cuit, damage or the like in the battery due to the external
application of pressure or the like can be prevented from
being extended in the vicinity of an outermost circum-
ference or an innermost circumference of a spirally
wound electrode body in the battery. An outermost cir-
cumferential surface of a spirally wound electrode body
(20) is covered with a cathode current collector (21a).
The cathode current collector (21a) has an exposed por-
tion with an outer circumfernetial surface not covered
with a cathode mixed layer (cathode active material lay-
er) in a position corresponding to at least one turn
around an outermost circumference of the spirally
wound electrode body (20). When an outermost circum-
ferential surface of the spirally wound electrode body
(20) is covered with the anode current collector (22a),
the anode current collector (22a) has a portion with an
outer circumferential surface not covered with an anode
mixed layer (anode active material layer) in a position
corresponding to at least one turn around the outermost
circumference of the spirally wound electrode body (20).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a battery com-
prising a cathode, an anode and an electrolyte, and
more specifically a battery in which the capacity of the
anode is represented by the sum of a capacity compo-
nent by insertion and extraction of light metal and a ca-
pacity component by precipitation and dissolution of the
light metal.

BACKGROUND ART

[0002] In recent years, portable electronic devices
typified by camera/VTR (video tape recorder) combina-
tion systems, cellular phones or laptop computers have
come into widespread, and a reduction in size and
weight of the devices and an increase in continuous driv-
ing time of the devices have been strongly required. Ac-
cordingly, as portable power sources for the electronic
devices, secondary batteries with a higher capacity and
a higher energy density have been in increasing de-
mand.
[0003] As the secondary batteries which can obtain a
higher energy density, for example, a lithium-ion sec-
ondary battery using a material capable of inserting and
extracting lithium such as a carbon material or the like
for an anode, or a lithium secondary battery using lithium
metal for the anode is cited. Specifically, in the lithium
secondary battery, a theoretical electrochemical equiv-
alent of the lithium metal is as large as 2054 mAh/cm3,
which is 2.5 times larger than that of a graphite material
used in the lithium-ion secondary battery, so it is expect-
ed that the lithium secondary battery can obtain a higher
energy density than the lithium-ion secondary battery.
A large number of researchers or the like have been
conducting research and development aimed at putting
the lithium secondary battery to practical use (for exam-
ple, Lithium Batteries edited by Jean-Paul Gabano, Ac-
ademic Press (1983)).
[0004] However, the lithium secondary battery has a
problem that when a charge-discharge cycle is repeat-
ed, a large decline in its discharge capacity occurs, so
it is difficult to put the lithium secondary battery to prac-
tical use. The decline in the capacity occurs because
the lithium secondary battery uses a precipitation/disso-
lution reaction of the lithium metal in the anode. In ac-
cordance with charge and discharge, the volume of the
anode largely increases or decreases by the amount of
the capacity corresponding to lithium ions transferred
between the cathode and the anode, so the volume of
the anode is largely changed, thereby it is difficult for a
dissolution reaction and a recrystallization reaction of a
lithium metal crystal to reversibly proceed. Further, the
higher energy density the lithium secondary battery
achieves, the more largely the volume of the anode is
changed, and the more pronouncedly the capacity de-

clines.
[0005] Therefore, the inventors of the invention have
developed a novel secondary battery in which the ca-
pacity of the anode is represented by the sum of a ca-
pacity component by insertion and extraction of lithium
and a capacity component by precipitation and dissolu-
tion of lithium. The secondary battery uses a carbon ma-
terial capable of inserting and extracting lithium for the
anode, and lithium is precipitated on a surface of the
carbon material during charge. The secondary battery
holds promise of improving charge-discharge cycle
characteristics while achieving a higher energy density.
[0006] In general, in a nononaqueous electrolyte so-
lution or a solid electrolyte battery, when dynamic pres-
sure is externally applied to the battery, a short circuit
between a cathode and an anode in the battery occurs,
thereby a pronounced decline in an electromotive force
of the whole battery, damage to the battery, heat gener-
ation, smoking or the like in the battery may occur. Spe-
cifically, in a lithium secondary battery newly developed
by the inventors of the invention, as described above,
the capacity of the anode is represented by the sum of
a capacity component by insertion and extraction of light
metal and a capacity component by precipitation and
dissolution of the light metal, so the lithium secondary
battery has a higher capacity than a conventional lithium
battery. Therefore, it is strongly required to more reliably
prevent a short circuit between the cathode and the an-
ode in the battery. Moreover, the conventional battery
generally has an internal structure in which a strip-
shaped current collector made of metal foil with front and
back surfaces to which an active material is applied, that
is, a so-called solidly coated electrode is spirally wound,
and a cathode active material layer or an anode active
material layer which does not contribute to an electro-
motive force is formed on an outermost circumferential
surface or an innermost circumferential surface of the
spirally wound body, so the cathode active material layer
or the anode active material layer is unnecessary in
terms of an energy density. Further, such a active ma-
terial layer unnecessarily formed on the outermost cir-
cumferential surface or the innermost circumferential
surface is disposed in a position which is the most sus-
ceptible to damage when dynamic pressure or the like
is externally applied to the battery, but in terms of the
dynamic strength of the material of an spirally wound
electrode body in the battery, the spirally wound elec-
trode body is made of an extremely soft material such
as polymer or the like, so the damage does not stop in
the active material layer, and is easily extended into an
inner portion of the spirally wound electrode body. More-
over, in recent years, specifically in the lithium battery,
in addition to a so-called cylindrical battery, a thin battery
with a thickness of a few mm has become popular, and
specifically in such a thin battery, removing an excess
thickness of the spirally wound structure in the battery
as much as possible contributes to a remarkable im-
provement in the energy density.
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[0007] In view of the foregoing, it is an object of the
invention to provide a battery such as a lithium battery
capable of achieving a further improvement in a volume
energy density or a weight energy density, and prevent-
ing a short circuit, damage or the like in the battery
caused by pressure externally applied to the battery
from being extended in the vicinity of an outermost cir-
cumference or an innermost circumference of a spirally
wound electrode body.

DISCLOSURE OF THE INVENTION

[0008] A first battery according to the invention com-
prises a spirally wound body formed through spirally
winding a laminate including a cathode having a cath-
ode active material layer on a surface of a cathode cur-
rent collector and an anode having an anode active ma-
terial layer on a surface of an anode current collector
with a separator in between, wherein the capacity of the
anode is represented by the sum of a capacity compo-
nent by insertion and extraction of light metal and a ca-
pacity component by precipitation and dissolution of the
light metal, and an outermost circumferential surface of
the spirally wound body is covered with the cathode cur-
rent collector, and the cathode current collector has an
exposed portion with an outer circumferential surface
not covered with the cathode active material layer in a
position corresponding to at least one turn around an
outermost circumference of the spirally wound body.
[0009] A second battery according to the invention
comprises a spirally wound body formed through spirally
winding a laminate including a cathode having a cath-
ode active material layer on a surface of a cathode cur-
rent collector and an anode having an anode active ma-
terial layer on a surface of an anode current collector
with a separator in between, wherein the capacity of the
anode is represented by the sum of a capacity compo-
nent by insertion and extraction of light metal and a ca-
pacity component by precipitation and dissolution of the
light metal, and an outermost circumferential surface of
the spirally wound body is covered with the anode cur-
rent collector, and the anode current collector has an
exposed portion with an outer circumferential surface
not covered with the cathode active material layer in a
position corresponding to at least one turn around an
outermost circumference of the spirally wound body.
[0010] A third battery according to the invention com-
prises a spirally wound body formed through spirally
winding a laminate including a cathode having a cath-
ode active material layer on a surface of a cathode cur-
rent collector and an anode having an anode active ma-
terial layer on a surface of an anode current collector
with a separator in between, wherein the capacity of the
anode is represented by the sum of a capacity compo-
nent by insertion and extraction of light metal and a ca-
pacity component by precipitation and dissolution of the
light metal, and an innermost circumferential surface of
the spirally wound body is covered with the cathode cur-

rent collector, and the cathode current collector has an
exposed portion with an inner circumferential surface
not covered with the cathode active material layer in a
position corresponding to at least one turn around an
innermost circumference of the spirally wound body.
[0011] A fourth battery according to the invention
comprises a spirally wound body formed through spirally
winding a laminate including a cathode having a cath-
ode active material layer on a surface of a cathode cur-
rent collector and an anode having an anode active ma-
terial layer on a surface of an anode current collector
with a separator in between, wherein the capacity of the
anode is represented by the sum of a capacity compo-
nent by insertion and extraction of light metal and a ca-
pacity component by precipitation and dissolution of the
light metal, and an innermost circumferential surface of
the spirally wound body is covered with the anode cur-
rent collector, and the anode current collector has an
exposed portion with an inner circumferential surface
not covered with the anode active material layer in a po-
sition corresponding to at least one turn around a inner-
most circumference of the spirally wound body.
[0012] A fifth battery according to the invention com-
prises a spirally wound body formed through spirally
winding a laminate including a cathode having a cath-
ode active material layer on a surface of a cathode cur-
rent collector and an anode having an anode active ma-
terial layer on a surface of an anode current collector
with a separator in between, wherein the capacity of the
anode is represented by the sum of a capacity compo-
nent by insertion and extraction of light metal and a ca-
pacity component by precipitation and dissolution of the
light metal, and the cathode current collector has an ex-
posed portion with an outer circumferential surface and
an inner circumferential surface both not covered with
a cathode active material layer, the anode current col-
lector has an exposed portion with an outer circumfer-
ential surface and an inner circumferential surface both
not covered with an anode active material layer, and a
laminate including the exposed portion of the cathode
current collector and the exposed portion of the anode
current collector with a separator in between is disposed
on an outermost circumference of the spirally wound
body.
[0013] A sixth battery according to the invention com-
prises a spirally wound body formed through spirally
winding a laminate including a cathode having a cath-
ode active material layer on a surface of a cathode cur-
rent collector and an anode having an anode active ma-
terial layer on a surface of an anode current collector
with a separator in between, wherein the capacity of the
anode is represented by the sum of a capacity compo-
nent by insertion and extraction of light metal and a ca-
pacity component by precipitation and dissolution of the
light metal, and the cathode current collector has an ex-
posed portion with an outer circumferential surface and
an inner circumferential surface both not covered with
a cathode active material layer, the anode current col-
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lector has an exposed portion with an outer circumfer-
ential surface and an inner circumferential surface both
not covered with an anode active material layer, and a
laminate including the exposed portion of the cathode
current collector and the exposed portion of the anode
current collector with a separator in between is disposed
on an innermost circumference of the spirally wound
body.
[0014] In the first battery according to the invention,
the outermost circumferential surface of the spirally
wound body is covered with the cathode current collec-
tor, and the cathode current collector has an exposed
portion with an outer circumferential surface not covered
with the cathode active material layer in a position cor-
responding to at least one turn around the outermost
circumference of the spirally wound body. Therefore, as
the cathode active material layer is not disposed in the
exposed portion (on the outermost circumferential sur-
face), the volume energy density or the weight energy
density can be improved. Further, when an external
pressure or an external force causing damage to the in-
terior of the battery is applied to the battery, the spirally
wound body on an inner circumferential side can be pro-
tected by the cathode current collector.
[0015] In the second battery according to the inven-
tion, the outermost circumferential surface of the spirally
wound body is covered with the anode current collector,
and the anode current collector has an exposed portion
with an outer circumferential surface not covered with
the anode active material layer in a position correspond-
ing to at least one turn around the spirally wound body.
Therefore, as the anode active material layer is not dis-
posed in the exposed portion on the outermost circum-
ferential surface, the volume energy density or the
weight energy density can be improved. Further, when
an external pressure or an external force causing dam-
age to the interior of the battery is applied to the battery,
the spirally wound body on an inner circumferential side
can be protected by the anode current collector.
[0016] In the third battery according to the invention,
the innermost circumferential surface of the spirally
wound body is covered with the cathode current collec-
tor, and the cathode current collector has an exposed
portion with an inner circumferential surface not covered
with the cathode active material layer in a position cor-
responding to at least one turn around the spirally
wound body. Therefore, as the cathode active material
layer is not disposed in the exposed portion on the in-
nermost circumferential surface, the volume energy
density or the weight energy density can be improved.
Further, when a pressure is externally applied to the bat-
tery, the spirally wound body on an outer circumferential
side can be protected by the cathode current collector.
[0017] In the fourth battery according to the invention,
the innermost circumferential surface of the spirally
wound body is covered with the anode current collector,
and the anode current collector has an exposed portion
with an inner circumferential surface not covered with

the anode active material layer in a position correspond-
ing to at least one turn around the spirally wound body.
Therefore, as the anode active material layer is not dis-
posed in the exposed portion on the innermost circum-
ferential surface, the volume energy density or the
weight energy density can be improved. Further, when
a pressure is externally applied to the battery, the spi-
rally wound body on an outer circumferential side can
be protected by the anode current collector.
[0018] In the fifth battery according to the invention,
the cathode current collector has an exposed portion
with an outer circumferential surface and an inner cir-
cumferential surface both not covered with a cathode
active material, and the anode current collector has an
exposed portion with an outer circumferential surface
and an inner circumferential surface both not covered
with an anode active material layer, and the outermost
circumferential surface of the spirally wound body is
covered with a laminate including the exposed portion
of the cathode current collector and the exposed portion
of the anode current collector with a separator in be-
tween. Therefore, as the anode active material layer is
not disposed in the exposed portion of the anode current
collector, and the cathode active material layer is not
disposed in the exposed portion of the cathode current
collector, the volume energy density or the weight ener-
gy density can be improved. Further, when a pressure
is externally applied to the battery, the spirally wound
body on an inner circumferential side can be protected
by the current collector and the anode current collector.
[0019] In the sixth battery according to the invention,
the cathode current collector has an exposed portion
with an outer circumferential surface and an inner cir-
cumferential surface both not covered with a cathode
active material layer, and the anode current collector
has an exposed portion with an outer circumferential
surface and an inner circumferential surface both not
covered with an anode active material layer, and an in-
nermost circumferential surface of the spirally wound
body is covered with a laminate including the exposed
portion of the cathode current collector and the exposed
portion of the anode current collector with a separator
in between. Therefore, as the anode active material lay-
er is not disposed in the exposed portion of the anode
current collector, and the cathode active material layer
is not disposed in the exposed portion of the cathode
current collector, the volume energy density or the
weight energy density can be improved. Further, when
a pressure is externally applied to the battery, the spi-
rally wound body on an outer circumferential side can
be protected by the cathode current collector or the an-
ode current collector.
[0020] Other and further objects, features and advan-
tages of the invention will appear more fully from the fol-
lowing description.

5 6



EP 1 372 209 A1

5

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is an illustration showing a main structure of
a secondary battery to be charged according to an
embodiment of the invention;
FIG. 2 is an enlarged view of a part of a spirally
wound electrode body in the secondary battery
shown in FIG. 1;
FIG. 3 is an illustration showing a structure in the
vicinity of an outermost circumference of the spirally
wound electrode body according to the embodiment
of the invention;
FIG. 4 is an illustration showing a structure of an
outermost circumferential portion of another spirally
wound electrode body according to the embodiment
of the invention;
FIGs. 5A and 5B are illustrations showing a struc-
ture of an innermost circumferential portion of still
another spirally wound electrode body according to
the embodiment of the invention;
FIG. 6 is an illustration showing an outermost cir-
cumferential portion of a further spirally wound elec-
trode body according to the embodiment of the in-
vention;
FIG. 7 is a schematic view of a cathode according
to the embodiment of the invention;
FIG. 8 is a schematic view of another cathode ac-
cording to the embodiment of the invention;
FIG. 9 is a schematic view of still another cathode
according to the embodiment of the invention;
FIG. 10 is a schematic view of a further cathode ac-
cording to the embodiment of the invention;
FIG. 11 is a schematic view of an anode according
to the embodiment of the invention;
FIG. 12 is a schematic view of another anode ac-
cording to the embodiment of the invention;
FIG. 13 is a schematic view of still another anode
according to the embodiment of the invention;
FIG. 14 is a schematic view of a further anode ac-
cording to the embodiment of the invention;
FIG. 15 is a schematic view of a still further anode
according to the embodiment of the invention;
FIG. 16 is a schematic view of a still anode accord-
ing to the embodiment of the invention;
FIG. 17 is an illustration showing an example of a
spirally wound electrode body for a thin battery ac-
cording to an embodiment of the invention;
FIG. 18 is an illustration showing an example of a
thin solid electrolyte battery according to an embod-
iment of the invention;
FIG. 19 is a table providing results of a test in Ex-
amples 1 through 5;
FIG. 20 is a table providing results of a test in Ex-
amples 6 through 10;
FIG. 21 is an illustration showing a modification of
the spirally wound electrode body of the solid elec-

trolyte battery;
FIG. 22 is a schematic view of a still anode accord-
ing to the embodiment of the invention;
FIG. 23 is an illustration showing an innermost cir-
cumferential portion of a still further spirally wound
electrode body according to the embodiment of the
invention;
FIG. 24 is a schematic view of a still cathode ac-
cording to the embodiment of the invention;
FIG. 25 is an illustration showing an innermost cir-
cumferential portion of a still spirally wound elec-
trode body according to the embodiment of the in-
vention;
FIG. 26 is a schematic view of a still cathode ac-
cording to the embodiment of the invention;
FIG. 27 is a schematic view of a still anode accord-
ing to the embodiment of the invention;
FIG. 28 is an illustration showing an innermost cir-
cumferential portion of a still spirally wound elec-
trode body according to the embodiment of the in-
vention; and
FIG. 29 is an illustration showing an example of a
structure of a spirally wound electrode body using
a solidly coated electrode in the vicinity of an outer-
most circumference thereof as a comparative ex-
ample.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] Preferred embodiments of the invention will be
described in more detail below referring to the accom-
panying drawings.
[0023] FIG. 1 is a sectional view of a secondary bat-
tery to be charged according to an embodiment of the
invention. The secondary battery is a so-called jelly roll
type, and comprises a spirally wound electrode body 20
including a strip-shaped cathode 21 and a strip-shaped
anode 22 spirally wound with a separator 23 in between
in a substantially hollow cylindrical-shaped battery can
11. The battery can 11 is made of, for example, nickel-
plated iron. An end portion of the battery can 11 is
closed, and the other end portion thereof is opened. In
the battery can 11, a pair of insulating plates 12 and 13
are disposed so that the spirally wound electrode body
20 is sandwiched therebetween in a direction perpen-
dicular to a spirally wound circumferential surface of the
spirally wound electrode body 20.
[0024] In the opened end portion of the battery can
11, a battery cover 14 and, a safety valve mechanism
15 and a positive temperature coefficient device (PTC
device) 16 disposed inside the battery cover 14 are
mounted through caulking by a gasket 17, and the inte-
rior of the battery can 11 is sealed. The battery cover 14
is made of, for example, the same material as that of the
battery can 11. The safety valve mechanism 15 is elec-
trically connected to the battery cover 14 through the
PTC device 16, and when internal pressure in the bat-
tery increases to higher than a certain extent due to an
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internal short circuit or external application of heat, a
disk plate 15a is flipped so as to disconnect the electrical
connection between the battery cover 14 and the spirally
wound electrode body 20. When a temperature rises,
the PTC device 16 limits a current by an increased re-
sistance, thereby resulting in preventing abnormal heat
generation by a large current. The PTC device 16 is
made of, for example, barium titanate semiconductor
ceramic. The gasket 17 is made of, for example, an in-
sulating material, and its surface is coated with asphalt.
[0025] The spirally wound electrode body 20 is wound
around, for example, a center pin 24. A cathode lead 25
made of aluminum or the like is connected to the cath-
ode 21 of the spirally wound electrode body 20, and an
anode lead 26 made of nickel or the like is connected to
the anode 22. The cathode lead 25 is welded to the safe-
ty valve mechanism 15 so as to be electrically connect-
ed to the battery cover 14, and the anode lead 26 is
welded to the battery can 11 so as to be electrically con-
nected to the battery can 11.
[0026] FIG. 2 is an enlarged view of a part of the spi-
rally wound electrode body 20 shown in FIG. 1. When
the cathode 21 is disposed on an innermost circumfer-
ence or an outermost circumference of a spirally wound
body, the cathode 21 has a structure in which a cathode
mixed layer 21b is disposed on both sides of a cathode
current collector 21a having a pair of surfaces facing
each other except for an end portion with a length cor-
responding to at least one turn around the innermost cir-
cumference or the outermost circumference of the spi-
rally wound body. The spirally wound body will be de-
scribed later. The cathode current collector 21a is made
of metal foil such as aluminum foil, nickel foil or stainless
foil with, for example, a thickness of approximately 5 µ
m to 50 µ m. The cathode mixed layer 21b is made of a
cathode material capable of inserting and extracting lith-
ium which is light metal with, for example, a thickness
of 80 µm to 250 µm. Further, when the cathode mixed
layer 21b is disposed on both sides of the cathode cur-
rent collector 21a, the thickness of the cathode mixed
layer 21b means the total thickness thereof.
[0027] As the cathode material capable of inserting
and extracting lithium, for example, a lithium-containing
compound such as a lithium oxide, a lithium sulfide, a
intercalation compound including lithium or the like is
adequate, and a mixture including two or more kinds se-
lected from them may be used. More specifically, in or-
der to achieve a higher energy density, a lithium com-
plex oxide or an intercalation compound including lithi-
um represented by a general formula LixMO2 is prefer-
able. In the formula, as M, one or more kinds of transition
metals, more specifically at least one kind selected from
the group consisting of cobalt (Co), nickel (Ni), manga-
nese (Mn), iron (Fe), aluminum (Al), vanadium (V) and
titanium (Ti) is preferable. The value of x depends upon
a charge-discharge state of the battery, and is generally
within a range of 0.05%x%1.10. In addition, LiMn2O4
having a spinel crystal structure, LiFePO4 having an ol-

ivine crystal structure or the like is preferable, because
a higher energy density can be obtained.
[0028] Further, such a cathode material is prepared
through the following steps. For example, after a car-
bonate, a nitrate; an oxide or a hydroxide including lith-
ium, and a carbonate, a nitrate, an oxide or a hydroxide
including a transition metal are mixed so as to have a
desired composition, and the mixture is pulverized, the
pulverized mixture is fired at a temperature ranging from
600°C to 1000°C in an oxygen atmosphere, thereby the
cathode material is prepared.
[0029] The cathode mixed layer 21b includes, for ex-
ample, an electronic conductor, and may further include
a binder, if necessary. As the electronic conductor, for
example, a carbon material such as graphite, carbon
black, ketjen black or the like is cited, and one kind or a
mixture of two or more kinds selected from them is used.
In addition to the carbon material, any metal material
having conductivity, any electrically conductive high mo-
lecular weight material having conductivity or the like
may be used. As the binder, for example, synthetic rub-
ber such as styrene butadiene rubber, fluorine rubber,
ethylene propylene diene rubber or the like, or a high
molecular weight material such as polyvinylidene fluo-
ride or the like is cited, and one kind or a mixture includ-
ing two or more kinds selected from them is used. For
example, as shown in FIG. 1, when the cathode 21 and
the anode 22 are spirally wound, the styrene butadiene
rubber, the fluorine rubber or the like having high elas-
ticity is preferably used as the binder.
[0030] For example, when the anode 22 is disposed
on the innermost circumference or the outermost cir-
cumference of the spirally wound body, the anode 22
has a structure in which an anode mixed layer 22b is
disposed on both sides of an anode current collector 22a
having a pair of surfaces facing each other except for
an end portion with a length corresponding to at least
one turn around the innermost circumference or. the out-
ermost circumference of the spirally wound body. The
anode current collector 22a is made of, for example,
metal foil having excellent electrochemical stability,
electrical conductivity and mechanical strength such as
copper foil, nickel foil, stainless foil or the like. More spe-
cifically, the copper foil is the most preferable because
the copper foil has high electrical conductivity. The an-
ode current collector 22a preferably has a thickness of,
for example, approximately 6 µ m to 40 µ m. When the
thickness of the anode current collector 22a is thinner
than 6 µ m, the mechanical strength declines, so the
anode current collector 22a is easily broken during a
manufacturing process, thereby production efficiency
declines. On the other hand, when it is thicker than 40
µ m, a volume ratio of the anode current collector 22a
in the battery becomes larger than necessary, so it is
difficult to increase the energy density.
[0031] The anode mixed layer 22b includes one kind
or two or more kinds selected from anode materials ca-
pable of inserting and extracting lithium which is light
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metal, and may further include, for example, the same
binder as that included in the cathode mixed layer 21b,
if necessary. The anode mixed layer 22b has a thickness
of, for example, 80 µ m to 250 µ m. When the anode
mixed layer 22b is disposed on both sides of the anode
current collector 22a, the thickness of the anode mixed
layer 22b means the total thickness thereof.
[0032] In this description, insertion and extraction of
light metal mean that light metal ions are electrochemi-
cally inserted and extracted without losing their ionicity.
It includes not only a case where inserted lithium metal
exists in a perfect ion state but also a case where the
inserted lithium metal exists in an imperfect ion state.
As these cases, for example, insertion by electrochem-
ical intercalation of light metal ions into graphite is cited.
Further, insertion of the light metal by forming an inter-
metallic compound or an alloy can be cited.
[0033] As the anode material capable of inserting and
extracting lithium, for example, a carbon material such
as graphite, non-graphitizable carbon, graphitizing car-
bon or the like is cited. These carbon materials are pref-
erable, because a change in the crystalline structure
which occurs during charge and discharge is extremely
small, so a higher charge-discharge capacity and supe-
rior charge-discharge cycle characteristics can be ob-
tained. Further, graphite is more preferable, because a
larger electrochemical equivalent and a higher energy
density can be obtained.
[0034] For example, graphite with a true density of
2.10 g/cm3 or over is preferable, and graphite with a true
density of 2.18 g/cm3 or over is more preferable. In order
to obtain such a true density, a c-axis crystalline thick-
ness of a (002) plane is required to be 14.0 nm or over.
Moreover, the spacing of (002) planes is preferably less
than 0.340 nm, and more preferably within a range from
0.335 nm to 0.337 nm.
[0035] The graphite may be natural graphite or artifi-
cial graphite. The artificial graphite can be obtained
through the following steps, for example. An organic ma-
terial is carbonized, and high-temperature heat treat-
ment is carried out on the carbonized organic material,
then the organic material is pulverized and classified so
as to obtain the artificial graphite. The high-temperature
treatment is carried out through the following steps. For
example, the organic material is carbonized at 300°C to
700°C in an airflow of an inert gas such as nitrogen (N2)
or the like, if necessary, and then the temperature rises
to 900°C to 1500°C at a rate of 1°C to 100°C per minute,
and the temperature is kept for 0 to 30 hours to calcine
the organic material, then the organic material is heated
to 2000°C or over, preferably 2500°C or over, and the
temperature is kept for an adequate time.
[0036] As the organic material as a starting material,
coal or pitch can be used. As the pitch, for example, a
material which can be obtained by distillation (vacuum
distillation, atmospheric distillation or steam distillation),
thermal polycondensation, extraction, and chemical
polycondensation of tars which can be obtained by ther-

mally cracking coal tar, ethylene bottom oil, crude oil or
the like at high temperature, asphalt or the like, a mate-
rial produced during destructive distillation of wood, a
polyvinyl chloride resin, polyvinyl acetate, polyvinyl bu-
tyrate, or a 3,5-dimethylphenol resin is cited. These
coals and pitches exist in a liquid state around at 400°C
at the highest during carbonization, and by keeping the
coals and pitches at the temperature, aromatic rings are
condensed and polycycled, so the aromatic rings is
aligned in a stacking arrangement. After that, a solid car-
bon precursor, that is, semi-coke is formed at approxi-
mately 500°C or over (liquid-phase carbonization proc-
ess).
[0037] Moreover, as the organic material, a con-
densed polycyclic hydrocarbon compound such as
naphthalene, phenanthrene, anthracene, triphenylene,
pyrene, perylene, pentaphene, pentacene or the like, a
derivative thereof (for example, carboxylic acid of the
above compound, carboxylic acid anhydride, carboxylic
acid imide), or a mixture thereof can be used. Further,
a condensed heterocyclic compound such as acenaph-
thylene, indole, isoindole, quinoline, isoquinoline, qui-
noxaline, phthalazine, carbazole, acridine, phenazine,
phenanthridine or the like, a derivative thereof, or a mix-
ture thereof can be used.
[0038] In addition, pulverization may be carried out
before or after carbonization and calcination, or during
a rise in temperature before graphitization. In these cas-
es, the material in powder form is heated for graphitiza-
tion in the end. However, in order to obtain graphite pow-
ders with a higher bulk density and a higher fracture
strength, it is preferable that after the material is molded,
the molded material is heated, then the graphitized
molded body is pulverized and classified.
[0039] For example, in order to form the graphitized
molded body, after coke as a filler and binder pitch as a
molding agent or a sintering agent are mixed and mold-
ed, a firing step in which the molded body is heated at
a low temperature of 1000°C or less and a step of im-
pregnating the fired body with the molten binder pitch
are repeated several times, and then the body is heated
at high temperature. The binder pitch with which the
fired body is impregnated is carbonized by the above
heat treatment process so as to be graphitized. In this
case, the filler (coke) and the binder pitch are used as
the materials, so they are graphitized as a polycrystal,
and sulfur or nitrogen included in the materials is gen-
erated as a gas during the heat treatment, thereby a
minute pore is formed in a path of the gas. Therefore,
there are some advantages that insertion and extraction
of lithium proceed more easily by the pore, and industrial
processing efficiency is higher. Further, as the material
of the molded body, a filler having moldability and sin-
terability may be used. In this case, the binder pitch is
not required.
[0040] The non-graphitizable carbon having the spac-
ing of the (002) planes of 0.37 nm or over and a true
density of less than 1.70 g/cm3, and not showing an ex-
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othermic peak at 700°C or over in a differential thermal
analysis (DTA) in air is preferable.
[0041] Such non-graphitizable carbon can be ob-
tained, for example, through heating the organic mate-
rial around at 1200°C, and pulverizing and classifying
the material. Heat treatment is carried out through the
following steps. After, if necessary, the material is car-
bonized at 300°C to 700°C (solid phase carbonization
process), a temperature rises to 900°C to 1300°C at a
rate of 1°C to 100°C per minute, and the temperature is
kept for 0 to 30 hours. Pulverization may be carried out
before or after carbonization or during a rise in temper-
ature.
[0042] As the organic material as a starting material,
for example, a polymer or a copolymer of furfuryl alcohol
or furfural, or a furan resin which is a copolymer includ-
ing macromolecules thereof and any other resin can be
used. Moreover, a conjugated resin such as a phenolic
resin, an acrylic resin, a vinyl halide resin, a polyimide
resin, a polyamide imide resin, a polyamide resin, poly-
acetylene, polyparaphenylene or the like, cellulose or a
derivative thereof, coffee beans, bamboos, crustacea
including chitosan, kinds of bio-cellulose using bacteria
can be used. Further, a compound in which a functional
group including oxygen (O) is introduced into petroleum
pitch with, for example, a ratio H/C of the number of at-
oms between hydrogen (H) and carbon (C) of from 0.6
to 0.8 (that is, an oxygen cross-linked compound) can
be used.
[0043] The percentage of the oxygen content in the
compound is preferably 3% or over, and more preferably
5% or over (refer to Japanese Unexamined Patent Ap-
plication Publication No. Hei 3-252053). The percent-
age of the oxygen content has an influence upon the
crystalline structure of a carbon material, and when the
percentage is the above value or over, the physical prop-
erties of the non-graphitizable carbon can be improved,
thereby the capacity of the anode 22 can be improved.
Moreover, the petroleum pitch can be obtained, for ex-
ample, by distillation (vacuum distillation, atmospheric
distillation or steam distillation), thermal polycondensa-
tion, extraction, and chemical polycondensation of tars
obtained through thermally cracking coal tar, ethylene
bottom oil or crude oil at high temperature, asphalt or
the like. Further, as a method of forming an oxygen
cross-link, for example, a wet method of reacting a so-
lution such as nitric acid, sulfuric acid, hypochlorous ac-
id, a mixture thereof or the like and petroleum pitch, a
dry method of reacting an oxidizing gas such as air, ox-
ygen or the like and petroleum pitch, or a method of re-
acting a solid reagent such as sulfur, ammonium nitrate,
ammonium persulfate, ferric chloride or the like and pe-
troleum pitch can be used.
[0044] In addition, the organic material as the starting
material is not limited to them, and any other organic
material which can become non-graphitizable carbon
through the solid-phase carbonization by an oxygen
cross-linking process or the like may be used.

[0045] As the non-graphitizable carbon, in addition to
the non-graphitizable carbon formed of the above or-
ganic material as a starting material, a compound in-
cluding phosphorus (P), oxygen and carbon as main
components which is disclosed in Japanese Unexam-
ined Patent Application Publication No. Hei 3-137010 is
preferable, because the above-described parameters of
physical properties are exhibited.
[0046] As the anode material capable of inserting and
extracting lithium, a metal or a semiconductor capable
of forming an alloy or a compound with lithium, or an
alloy of the metal or the semiconductor, or a compound
of the metal or the semiconductor is cited. They are pref-
erable because a higher energy density can be ob-
tained, and it is more preferable to use them with a car-
bon material, because a higher energy density and su-
perior cycle characteristics can be obtained.
[0047] As such a metal or such a semiconductor, for
example, tin (Sn), lead (Pb), aluminum (Al), indium (In),
silicon (Si), zinc (Zn), antimony (Sb), bismuth (Bi), gal-
lium (Ga), germanium (Ge), arsenic (As), silver (Ag),
hafnium (Hf), zirconium (Zr) and yttrium (Y) are cited.
As an alloy or a compound thereof, for example, an alloy
or a compound represented by a chemical formula Mas-
MbtLiu or a chemical formula MapMcqMdr is cited. In
these chemical formulas, Ma represents at least one
kind selected from metal elements and semiconductor
elements which can form an alloy or a compound with
lithium, Mb represents at least one kind selected from
metal elements and semiconductor elements except for
lithium and Ma, Mc represents at least one kind selected
from nonmetal elements, and Md represents at least
one kind selected from metal elements and semicon-
ductor elements except for Ma. Further, the values of s,
t, u, p, q and r are s>0, t^0, u^0, p>0, q>0 and r^0,
respectively.
[0048] Among them, a metal element or a semicon-
ductor element selected from Group 4B, or an alloy
thereof or a compound thereof is preferable, and silicon
or tin, or an alloy thereof or a compound thereof is more
preferable. They may have a crystalline structure or an
amorphous structure.
[0049] As specific examples of such an alloy or such
a compound, LiAl, AlSb, CuMgSb, SiB4, SiB6, Mg2Si,
Mg2Sn, Ni2Si, TiSi2, MoSi2, CoSi2, NiSi2, CaSi2, CrSi2,
Cu5Si, FeSi2, MnSi2, NbSi2, TaSi2, VSi2, WSi2, ZnSi2,
SiC, Si3N4, Si2N2O, SiOv (0<v%2), SnOw (0<w%2),
SnSiO3, LiSiO, LiSnO or the like is cited.
[0050] Moreover, as the anode material capable of in-
serting and extracting lithium, other metal compounds
or high molecular weight materials are cited. As the oth-
er metal compounds, an oxide such as iron oxide, ru-
thenium oxide, molybdenum oxide, LiN3 or the like is
cited, and as the high molecular weight materials, poly-
acetylene, polyaniline, polypyrrole or the like is cited.
[0051] Moreover, in the secondary battery, during
charge, precipitation of lithium metal on the anode 22
begins at a point where an open circuit voltage (that is,
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battery voltage at no load) is lower than an overcharge
voltage. In other words, in a state where the open circuit
voltage is lower than the overcharge voltage, the lithium
metal is precipitated on the anode 22, so the capacity
of the anode 22 can be presented by the sum of a ca-
pacity component by insertion and extraction of lithium
and a capacity component by precipitation and dissolu-
tion of the lithium metal. Therefore, in the secondary bat-
tery, both of the anode material capable of inserting and
extracting lithium and the lithium metal have a function
as an anode active material, and the anode material ca-
pable of inserting and extracting lithium is a base mate-
rial when the lithium metal is precipitated. The over-
charge voltage means a open circuit voltage when the
battery is overcharged, and indicates, for example, a
voltage higher than the open circuit voltage of a battery
"fully charged" described in and defined by "Guideline
for safety assessment of lithium secondary batteries"
(SBA G1101) which is one of guidelines drawn up by
Japan Storage Battery industries Incorporated (Battery
Association of Japan). In other words, the overcharge
voltage indicates a higher voltage than an open circuit
voltage after charge by using a charging method used
when a nominal capacity of each battery is determined,
a standard charging method or a recommended charg-
ing method. More specifically, the secondary battery is
fully charged, for example, at a open circuit voltage of
4.2 V, and the lithium metal is precipitated on a surface
of the anode material capable of inserting and extracting
lithium in a part of the range of the open circuit voltage
of from 0 V to 4.2 V.
[0052] Thereby, in the secondary battery, a higher en-
ergy density can be obtained, and cycle characteristics
and high-speed charge characteristics can be im-
proved, because of the following reason. The secondary
battery is equivalent to a conventional lithium secondary
battery using lithium metal or a lithium alloy for the an-
ode in a sense that the lithium metal is precipitated on
the anode. However, in the secondary battery, the lithi-
um metal is precipitated on the anode material capable
of inserting and extracting lithium, thereby it is consid-
ered that the secondary battery has the following advan-
tages.
[0053] Firstly, in the conventional lithium secondary
battery, it is difficult to uniformly precipitate the lithium
metal, which causes degradation in cycle characteris-
tics, however, the anode material capable of inserting
and extracting lithium generally has a large surface ar-
ea, so in the secondary battery, the lithium metal can be
uniformly precipitated. Secondly, in the conventional
lithium secondary battery, a change in volume according
to precipitation and dissolution of the lithium metal is
large, which also causes degradation in the cycle char-
acteristics, however, in the secondary battery, the lithi-
um metal is precipitated in gaps between particles of the
anode material capable of inserting and extracting lithi-
um, so a change in volume is small. Thirdly, in the con-
ventional lithium secondary battery, the larger the

amount of precipitation and dissolution of the lithium
metal is, the bigger the above problem becomes, how-
ever, in the secondary battery, insertion and extraction
of lithium by the anode material capable of inserting and
extracting lithium contributes to a charge-discharge ca-
pacity, so in spite of a large battery capacity, the amount
of precipitation and dissolution of the lithium metal is
small. Fourthly, when the conventional lithium second-
ary battery is quickly charged, the lithium metal is more
nonuniformly precipitated, so the cycle characteristics
are further degraded. However, in the secondary bat-
tery, in an initial charge, lithium is inserted into the anode
material capable of inserting and extracting lithium, so
the secondary battery can be quickly charged.
[0054] In order to more effectively obtain these advan-
tages, for example, it is preferable that at the maximum
voltage before the open circuit voltage becomes an
overcharge voltage, the maximum capacity of the lithi-
um metal precipitated on the anode 22 is from 0.05 times
to 3.0 times larger than the charge capacity of the anode
material capable of inserting and extracting lithium.
When the amount of the lithium metal precipitated is too
large, the same problem as the problem which occurs
in the conventional lithium secondary battery arises, and
when the amount is too small, the charge-discharge ca-
pacity cannot be sufficiently increased. Moreover, for
example, the discharge capacity of the anode material
capable of inserting and extracting lithium is preferably
150 mAh/g or over. The larger the ability to insert and
extract lithium is, the smaller the amount of the lithium
metal precipitated relatively becomes. In addition, the
charge capacity of the anode material is determined by
the quantity of electricity when the battery with the an-
ode made of the anode material as an anode active ma-
terial and the lithium metal as a counter electrode is
charged by a constant-current constant-voltage method
until reaching 0 V. For example, the discharge capacity
of the anode material is determined by the quantity of
electricity when the battery is subsequently discharged
10 hours or more by a constant-current method until
reaching 2.5 V.
[0055] The separator 23 is made of, for example, a
porous film of a synthetic resin such as polytetrafluor-
oethylene, polypropylene, polyethylene or the like, or a
porous film of ceramic, and the separator 23 may have
a structure in which two or more kinds of the porous films
are laminated. Among them, a porous film made of poly-
olefin is preferably used, because by use of the porous
film, a short circuit can be effectively prevented, and the
safety of the battery can be improved by a shutdown
effect. More specifically, polyethylene can obtain a shut-
down effect within a range of from 100°C to 160°C, and
is superior in electrochemical stability, so polyethylene
is preferably used as the material of the separator 23.
Moreover, polypropylene is also preferably used, and
any other resin having chemical stability can be used by
copolymerizing or blending with polyethylene or poly-
propylene.
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[0056] The porous film made of polyolefin is obtained
through the following steps, for example. After a molten
polyolefin composite is kneaded with a molten low-vol-
atile solvent in liquid form to form a solution uniformly
containing a high concentration of the polyolefin com-
posite, the solution is extruded through a die, and is
cooled to form a gel-form sheet, then the gel-form sheet
is drawn to obtain the porous film.
[0057] As the low-volatile solvent, for example, a low-
volatile aliphatic group such as nonane, decane, deca-
line, p-xylene, undecane, liquid paraffin or the like, or a
cyclic hydrocarbon can be used. A composition ratio of
the polyolefin composite and the low-volatile solvent is
preferably 10 wt% to 80 wt% of the polyolefin composite,
and more preferably 15 wt% to 70 wt% of the polyolefin
composite, when the total ratio of the polyolefin com-
posite and the low-volatile solvent is 100 wt%. When the
composition ratio of the polyolefin composite is too
small, during formation, swelling or neck-in becomes
large at the exit of the die, so it is difficult to form the
sheet. On the other hand, when the composition ratio of
the polyolefin composite is too large, it is difficult to pre-
pare a uniform solution.
[0058] When the solution containing a high concen-
tration of the polyolefin composite is extruded through
the die, in the case of a sheet die, a gap preferably has,
for example, 0.1 mm to 5 mm. Moreover, it is preferable
that an extrusion temperature is within a range of from
140°C to 250°C, and an extrusion speed is within a
range of from 2 cm/minute to 30 cm/minute.
[0059] The solution is cooled to at least a gelling tem-
perature or less. As a cooling method, a method of di-
rectly making the solution contact with cooling air, cool-
ing water, or any other cooling medium, a method of
making the solution contact with a roll cooled by a cool-
ing medium or the like can be used. Moreover, the so-
lution containing a high concentration of the polyolefin
composite which is extruded from the die may be pulled
before or during cooling at a pulling ratio of from 1 to 10,
preferably from 1 to 5. It is not preferable to pull the so-
lution at a too large pulling ratio, because neck-in be-
comes large, and a rupture tends to occur during draw-
ing.
[0060] It is preferable that, for example, the gel-form
sheet is heated, and then is biaxially drawn through a
tenter process, a roll process, a rolling process, or a
combination thereof. At this time, either simultaneous
drawing in all direction or sequential drawing may be
used, but simultaneous secondary drawing is prefera-
ble. The drawing temperature is preferably lower than a
temperature of 10°C higher than the melting point of the
polyolefin composite, and more preferably a crystal dis-
persion temperature or over and less than the melting
point. A too high drawing temperature is not preferable,
because effective molecular chain orientation by draw-
ing cannot be achieved due to melting of the resin, and
when the drawing temperature is too low, softening of
the resin is insufficient, thereby a rupture of the gel-form

sheet tends to occur during drawing, so the gel-form
sheet cannot be drawn at a high enlargement ratio.
[0061] After drawing the gel-form sheet, the drawn
film is preferably cleaned with a volatile solvent to re-
move the remaining low-volatile solvent. After cleaning,
the drawn film is dried by heating or air blasting to vol-
atilize the cleaning solvent. As the cleaning solvent, an
easily volatile material, for example, a hydrocarbon such
as pentane, hexane, heptane or the like, a chlorinated
hydrocarbon such as methylene chloride, carbon tetra-
chloride or the like, a fluorocarbon such as trifluor-
oethane or the like, ether such as diethyl ether, dioxane
or the like is used. The cleaning solvent is selected de-
pending upon the used low-volatile solvent, and one
kind selected from the cleaning solvents or a mixture
thereof is used. A method of immersing in the volatile
solvent to extract, a method of sprinkling the volatile sol-
vent, or a combination thereof can be used for cleaning.
Cleaning is performed until the remaining low-volatile
solvent in the drawn film becomes less than 1 part by
mass relative to 100 parts by mass of the polyolefin com-
posite.
[0062] The separator 23 is impregnated with an elec-
trolyte solution which is a liquid electrolyte. The electro-
lyte solution includes a liquid solvent, for example, a
nonaqueous solvent such as an organic solvent or the
like, and a lithium salt which is an electrolyte salt dis-
solved in the nonaqueous solvent. The liquid nonaque-
ous solvent is made of, for example, a nonaqueous com-
pound with an intrinsic viscosity of 10.0 mPa•s or less
at 25°C. As such a nonaqueous solvent, for example,
one kind or a mixture of two or more kinds selected from
materials typified by cyclic carbonate or chain carbonate
is preferable.
[0063] More specifically, ethylene carbonate, propyl-
ene carbonate, butylene carbonate, vinylene carbonate,
γ -butyrolactone, γ -valerolactone, 1,2-dimethox-
yethane, tetrahydrofuran, 2-metyl tetrahydrofuran,
1,3-dioxolane, 4-methyl-1,3-dioxolane, methyl acetate,
methyl propionate, dimethyl carbonate, ethyl methyl
carbonate, diethyl carbonate, acetonitrile, glutaronitrile,
adiponitrile, methoxyacetonitrile, 3-methoxypropylni-
trile, N,N-dimetyl formamide, N-methyl pyrrolidinone, N-
methyl oxazolidinone, N,N'-dimethylimidazolidinone, ni-
tromethane, nitroethane, sulfolane, dimethyl sulfoxide,
trimethyl phosphate, any of the above compounds in
which a fluorine group is substituted for a part or all of
a hydrogen group, or the like is cited. Specifically, in or-
der to achieve superior charge-discharge capacity char-
acteristics and charge-discharge cycle characteristics,
at least one kind selected from the group consisting of
ethylene carbonate, propylene carbonate, vinylene car-
bonate, dimethyl carbonate, ethyl methyl carbonate is
preferably used.
[0064] As lithium salt, for example, LiAsF6, LiPF6,
LiBF4, LiClO4, LiB(C6H5)4, LiCH3SO3, LiCF3SO3, LiN
(SO2CF3)2, LiC(SO2CF3)3, LiAlCl4, LiSiF6, LiCl, LiBr or
the like is cited, and one kind or a mixture of two or more
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kinds selected from them is used. The content (concen-
tration) of the lithium salt is preferably 3.0 mol/kg or less
in the solvent, and more preferably 0.5 mol/kg or over
in the solvent, because the ionic conductivity of the elec-
trolyte solution can be increased within the range.
[0065] Moreover, instead of the electrolyte solution, a
gel electrolyte in which a host high molecular weight
compound holds an electrolyte solution may be used.
Any gel electrode having an ionic conductivity of 1 mS/
cm or over at room temperature may be used, and the
composition of the gel electrode and the structure of the
host high molecular weight compound are not specifi-
cally limited. The electrolyte solution (that is, the liquid
solvent and the electrolyte salt) is as described above.
As the host high molecular weight compound, for exam-
ple, polyacrylonitrile, polyvinylidene fluoride, a copoly-
mer of polyvinylidene fluoride and polyhexafluoropro-
pylene, polytetrafluoroethylene, polyhexafluoropropyl-
ene, polyethylene oxide, polypropylene oxide,
polyphosphazene, polysiloxane, polyvinyl acetate, pol-
yvinyl alcohol, polymethyl methacrylate, polyacrylic ac-
id, polymethacrylic acid, styrene-butadiene rubber, ni-
trile-butadiene rubber, polystyrene or polycarbonate is
cited. Specifically, in point of electrochemical stability, a
high molecular weight compound having the structure
of polyacrylonitrile, polyvinylidene fluoride, polyhex-
afluoropropylene or polyethylene oxide is preferably
used. An amount of the added host high molecular
weight compound relative to the electrolyte solution var-
ies depending upon compatibility between them, how-
ever, in general, an amount of the host high molecular
weight compound equivalent to 5 wt% to 50 wt% of the
electrolyte solution is preferably added.
[0066] Moreover, as in the case of the electrolyte so-
lution, the content of the lithium salt is preferably 3.0
mol/kg or less in the solvent, and more specifically 0.5
mol/kg or over in the solvent. Herein, the solvent widely
means not only a liquid solvent but also a material ca-
pable of dissociating the electrolyte salt and having ionic
conductivity. Therefore, when a high molecular weight
compound with ionic conductivity is used as the host
high molecular weight compound, the host high molec-
ular weight compound is considered as a solvent.
[0067] The secondary battery can be manufactured
through the following steps, for example.
[0068] At first, for example, a cathode material capa-
ble of inserting and extracting lithium, an electronic con-
ductor, and a binder are mixed to prepare a cathode mix-
ture, and the cathode mixture is dispersed in a solvent
such as N-methyl-2-pyrrolidone or the like to produce
cathode mixture slurry in paste form. After the cathode
mixture slurry is applied to the cathode current collector
21a, and the solvent is dried, the cathode mixed layer
21b is formed through compression molding by a roller
press or the like so as to form the cathode 21.
[0069] Next, for example, an anode material capable
of inserting and extracting lithium and a binder are mixed
to prepare an anode mixture, then the anode mixture is

dispersed in a solvent such as N-methyl-2-pyrrolidone
or the like to produce anode mixture slurry in paste form.
After the anode mixture slurry is applied to the anode
current collector 22a, and the solvent is dried, the anode
mixed layer 22b is formed through compression molding
by a roller press or the like so as to form the anode 22.
[0070] Then, the cathode lead 25 is attached to the
cathode current collector 21a by welding or the like, and
the anode lead 26 is attached to the anode current col-
lector 22a by welding or the like. After that, for example,
a laminate including the cathode 21 and the anode 22
with the separator 23 in between is spirally wound, and
an end portion of the cathode lead 25 is welded to the
safety valve mechanism 15, and an end portion of the
anode lead 26 is welded to the battery can 11. Then, the
spirally wound laminate including the cathode 21 and
the anode 22 is sandwiched between a pair of insulating
plates 12 and 13, and is contained in the battery can 11.
After the spirally wound laminate including the cathode
21 and the anode 22 is contained in the battery can 11,
the electrolyte is injected into the battery can 11, and the
separator 23 is impregnated with the electrolyte. After
that, the battery cover 14, the safety valve mechanism
15 and the PTC device 16 are fixed in an opened end
portion of the battery can 11 through caulking by the gas-
ket 17. Thereby, the secondary battery shown in FIG. 1
is formed.
[0071] The secondary battery electrochemically
works as follows.
[0072] In the secondary battery, when charge is car-
ried out, lithium ions are extracted from the cathode
mixed layer 21b, and are inserted into the anode mate-
rial capable of inserting and extracting lithium included
in the anode mixed layer 22b through the electrolyte so-
lution with which the separator 23 is impregnated. When
the charge further continues, in a state where the open
circuit voltage is lower than the overcharge voltage, the
charge capacity exceeds the charge capacity of the an-
ode material capable of inserting and extracting lithium,
and then lithium metal begins to be precipitated on the
surface of the anode material capable of inserting and
extracting lithium. After that, until the charge is complet-
ed, precipitation of lithium metal on the anode 22 con-
tinues. Thereby, for example, when a carbon material is
used as the anode material capable of inserting and ex-
tracting lithium, the color of the surface of the anode
mixed layer 22b changes from black to gold, and then
to silver.
[0073] Next, when discharge is carried out, at first, the
lithium metal precipitated on the anode 22 is eluted as
ions, and is inserted into the cathode mixed layer 21b
through the electrolyte solution with which the separator
23 is impregnated. When the discharge further contin-
ues, lithium ions inserted into the anode material capa-
ble of inserting and extracting lithium in the anode mixed
layer 22b are extracted, and are inserted into the cath-
ode mixed layer 21b through the electrolyte solution.
Therefore, as electrochemical characteristics, the sec-
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ondary battery can obtain the characteristics of the con-
ventional lithium secondary battery and the lithium-ion
secondary battery, that is, a higher energy density than
that of the conventional lithium ion battery and superior
charge-discharge cycle characteristics.
[0074] Specifically, in the embodiment, as schemati-
cally shown in FIG. 3, the cathode current collector 21a
has a portion with a surface not covered with the cath-
ode mixed layer (a cathode active material layer or a
laminate including a cathode active material layer an a
solid electrolyte layer) 21b so as to be exposed on an
outer circumferential side, and the portion of the cathode
current collector 21a is disposed in a position corre-
sponding to one turn around the outermost circumfer-
ence of the spirally wound electrode body 20. Thereby,
a portion not substantially contributing to the occurrence
of an electrochemical electromotive force which is dis-
posed closer to the outermost circumference of the spi-
rally wound electrode body 20 than an outermost cir-
cumferential portion of the cathode current collector 21a
(that is, an outermost circumferential portion of the cath-
ode mixed layer in the conventional battery) is removed,
so a further improvement in the volume energy density
or the weight energy density of the whole battery can be
achieved. Moreover, when a battery temperature rises
due to a short circuit, overdischarge or the like in the
battery or resulting from external application of dynamic
pressure or any other damage, at least one turn of the
portion of the cathode current collector 21a with at least
a surface not covered with the cathode mixed layer 21b
on the outer circumferential side is wound around the
outermost circumference of the spirally wound electrode
body 20, so heat generated due to a short circuit or over-
discharge is effectively absorbed or dispersed to the
outside by the surface of the portion of the cathode cur-
rent collector 21a, thereby thermal runaway of the bat-
tery or the like can be prevented. Further, the outermost
circumference of the spirally wound electrode body 20
is covered with the portion of the cathode current col-
lector 21a, so a laminate structure, which is a main struc-
tural portion of the spirally wound electrode body 20 sub-
stantially contributing to an electromotive force, in a po-
sition closer to an inner circumferential side than the out-
ermost circumferential portion of the cathode current
collector 21a can be protected from a dynamic impulsive
force, thermal shock or the like applied from the outside
of the battery.
[0075] Moreover, as schematically shown in FIG. 4,
when approximately two turns of a portion of the cathode
current collector 21a not covered with the cathode
mixed layer 21b are wound around the outermost cir-
cumference of the spirally wound electrode body 20, the
total volume of an outermost portion of the cathode cur-
rent collector 21a with both surfaces exposed (a double-
sided exposed portion 29) and a portion of the cathode
current collector 21a with one surface exposed (a sin-
gle-sided exposed portion 28) disposed one layer inside
the outermost portion is twice as large as that of the por-

tion of the cathode current collector 21a with one ex-
posed surface as shown in FIG. 3 in the case where one
turn of the portion of the cathode current collector 21a
is wound around the outermost circumference of the spi-
rally wound electrode body 20, so by the two turns in-
cluding the portions of the cathode current collector 21a,
heat generated due to a short circuit or overdischarge
can be effectively absorbed or dispersed to outside,
thereby thermal runaway of the battery or the like can
be prevented. Further, by the two turns including the por-
tions of the cathode current collector 21a, a laminate
structure, which is a main structural portion of the spi-
rally wound electrode body 20 substantially contributing
to an electromotive force, in a position closer to the inner
circumferential side than the two turns can be protected
from a dynamic impulsive force, thermal shock or the
like applied from the outside of the battery. When the
outermost circumference of such a spirally wound elec-
trode body 20 is covered with a plurality of turns of the
double-sided exposed portion 29 of the cathode current
collector 21a, such effects can be more reliably
achieved. However, too many turns wound around the
outermost circumference of the spirally wound electrode
body 20 may interfere with a further improvement in the
volume energy density or the weight energy density of
the whole battery.
[0076] In the case of the thin (prismatic) battery, as an
inner circumferential portion of a spirally wound elec-
trode body is schematically shown in FIG. 5A, the thin
(prismatic) battery may have a structure in which the an-
ode current collector 22a has a single-sided exposed
portion 31 with a surface not covered with the anode
mixed layer (anode active material layer) 22b on an in-
nermost circumference of the spirally wound electrode
body 20 so that the surface is exposed on a inner cir-
cumferential side. Alternatively, as shown in FIG. 5B, the
battery may have a structure in which the cathode cur-
rent collector 21a has a single-sided exposed portion 30
with a surface not covered with the cathode mixed layer
(cathode active material layer) 21b on the innermost cir-
cumference of the spirally wound electrode body 20 so
that the surface is exposed on the inner circumferential
side. Thereby, a portion not substantially contributing to
the occurrence of an electrochemical electromotive
force in a position closer to the inner circumferential side
than the anode current collector 22a or the cathode cur-
rent collector 21a (that is, an innermost portion of the
anode mixed layer or an innermost portion of the cath-
ode mixed layer in the conventional battery) is removed,
so a further improvement in the volume energy density
or the weight energy density of the whole battery can be
achieved. Specifically, in such a thin battery, the outside
shape of the battery or the spirally wound electrode body
20 in the battery is thin, so even if only one layer of the
innermost portion of the anode mixed layer 22b or the
cathode mixed layer 21b in the conventional battery is
removed, an effect of improving the volume energy den-
sity or the weight energy becomes more remarkable
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than in the case of a so-called cylindrical battery. More-
over, in addition to an improvement in such an energy
density, an effect of preventing thermal runaway of the
battery or the like by effectively absorbing or dispersing
heat generated due to a short circuit or overdischarge
becomes more remarkable. In FIGs. 5A and 5B, the
structure of the spirally wound electrode body on the
outer circumferential side is not shown. In order to easily
show the structure of the spirally wound electrode body
20, a gap is disposed in the innermost circumference of
the spirally wound electrode body 20 in FIGs. 5A and
5B, however, in practice, the spirally wound electrode
body 20 may be tightly wound until one side of a surface
of the single-sided exposed portion 31 or 30 facing the
innermost circumference makes contact with the other
side of the surface so as to reduce the volume of the
spirally wound electrode body 20.
[0077] Moreover as schematically shown in FIG. 6,
the outermost circumference of the spirally wound elec-
trode body 20 is covered with one or more turns of a
laminate including a double-sided exposed portion 32
of the anode current collector 22a with both surfaces not
covered with the anode mixed layer 22b and the double-
sided exposed portion 27 of the cathode current collec-
tor 21a with the both surfaces not covered with the cath-
ode mixed layer 21b with the separator 23 in between,
thereby thermal runway of the battery or the like can be
prevented by absorbing or dispersing heat generated
due to a short circuit or overdischarge in the battery.
Moreover, a laminate structure which is a main structural
portion of the spirally wound electrode body 20 substan-
tially contributing to an electromotive force in a position
closer to the inner circumferential side than an outer-
most circumferential portion including the double-sided
exposed portion 27 of the cathode current collector 21a
and the double-sided exposed portion 32 of the anode
current collector 22a can be protected from dynamic
shock, thermal shock or the like applied from the outside
of the battery. Further, in a state where a short circuit in
the battery occurs due to, for example, external appli-
cation of dynamic pressure or any other damage, a short
circuit occurs in the outermost portion including the dou-
ble-sided exposed portion 27 of the cathode current col-
lector 21a and the double-sided exposed portion 32 of
the anode current collector 22a at first as a victim, so
the occurrence of a short circuit or heat generation in
the laminate structure, which is the main structural por-
tion of the spirally wound electrode body 20 substantially
contributing to an electromotive force, in a position clos-
er to the inner circumferential side than the outermost
portion can be prevented.
[0078] The cathode 21 and the anode 22 having the
following structure are used for the spirally wound elec-
trode body 20 according to the embodiment.
[0079] As shown in FIG. 7, the cathode 21 has the
double-sided exposed portion 27 at an end of the strip-
shaped cathode current collector 21a in a longitudinal
direction. The double-sided exposed portion 27 has

both surfaces not covered with the cathode mixed layer
21b, so the both surfaces are exposed. In this case,
when the cathode current collector 21a is spirally wound
together with the anode current collector 22a and so on
to form the spirally wound electrode body 20, the out-
most circumference of the spirally wound electrode
body 20 is covered with one or more turns of the double-
sided exposed portion 27.
[0080] Alternatively, as shown in FIG. 8, the cathode
21 has the single-sided exposed portion 28 at the end
of the strip-shaped cathode current collector 21a in a
longitudinal direction. The single-sided exposed portion
28 has only one surface not covered with the cathode
mixed layer 21b, so the surface is exposed. In this case,
when the cathode current collector 21a is spirally wound
together with the anode current collector 22a and so on
to form the spirally wound electrode body 20, the single-
sided exposed portion 28 is exposed on the outermost
circumferential side of the spirally wound electrode body
20 so as to form the spirally wound electrode body 20
with a structure shown in FIG. 3.
[0081] Moreover, as shown in FIG. 9, in the case
where the cathode current collector 21a is spirally
wound the single-sided exposed portion 28, the double-
sided exposed portion 29, which has as long a length
as one or more turns of the double-sided exposed por-
tion 29 can be wound around the outer circumference
of the single-sided exposed portion 28 (that is, the out-
ermost circumference of the spirally wound electrode
body 20) is disposed at an external end of the single-
sided exposed portion 28, and the cathode current col-
lector 21a is spirally wound together with the anode cur-
rent collector 22a and so on to form the spirally wound
electrode body 20 with a structure in which two turns
including the single-sided exposed portion 28 and the
double-sided exposed portion 29 without the cathode
mixed layer 21b in between are spirally wound around
the outermost circumference of the spirally wound elec-
trode body 20, as shown in FIG. 4 as an example.
[0082] Further, as shown in FIG. 10, the double-sided
exposed portion 27 is disposed at an end of the cathode
current collector 21a in a position corresponding to the
outermost circumference of the spirally wound electrode
body 20 when the cathode current collector 21a is spi-
rally wound, and the single-sided exposed portion 30 is
disposed at the other end of the cathode current collec-
tor 21a in a position corresponding to the innermost cir-
cumference of the spirally wound electrode body 20,
and the cathode current collector 21a is spirally wound
(or folded) to form the spirally wound electrode body 20
with a structure in which the cathode mixed layer 21b is
not applied to an innermost portion and an outermost
portion of the cathode current collector 21a so that sur-
faces of the innermost portion and the outermost portion
of the cathode current collector 21a are exposed on the
innermost circumference and the outermost circumfer-
ence of the spirally wound electrode body 20, respec-
tively. Specifically in the case of the thin (prismatic) bat-
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tery, the single-sided exposed portion 30 is disposed at
an end on a side corresponding to the innermost circum-
ference, thereby the spirally wound electrode body 20
with a structure shown in FIG. 5B can be formed. More-
over, in the case of the cylindrical battery, when the spi-
rally wound electrode body 20 is formed in practice, the
innermost circumferential portion of the spirally wound
electrode body 20 which is spirally wound at first often
has a folded structure as shown in the innermost circum-
ferential portion of the spirally wound electrode body 20
of FIG. 5B, so it is effective to have the single-sided ex-
posed portion 30 in an innermost circumferential portion
of the cylindrical battery. In other words, even if the cath-
ode mixed layer 21b is applied to such an innermost cir-
cumferential surface, the cathode mixed layer 21b does
not substantially contribute to an electromotive force, so
when the unnecessary cathode mixed layer 21b in the
portion is removed, the energy density of the whole bat-
tery can be improved. Further, the absorption or the dis-
persion of heat from the inside of the battery can be ac-
celerated by the single-sided exposed portion 30. In the
spirally wound electrode body 20 in which the cathode
21 and the anode 22 is laminated with the separator 23
in between, in general, in the case of the structure in
which the double-sided exposed portion 27 or the sin-
gle-sided exposed portion 28 of the cathode current col-
lector 21a is exposed on the outermost circumference,
the anode current collector 22a is disposed in a position
corresponding to the innermost circumference of the
spirally wound electrode body 20. Therefore, in such a
case, as shown in FIG. 15, the single-sided exposed
portion 31 may be disposed in an end portion of the an-
ode current collector 22a corresponding to one turn
around the innermost circumference of the spirally
wound electrode body 20. Alternatively, the anode 22
with a structure shown in FIG. 11 in which the double-
sided exposed portion 32 is disposed in an end portion
of the anode current collector 22a corresponding to one
turn around the outermost circumference of the spirally
wound electrode body 20 may be used.
[0083] In the case where the anode 22 is disposed in
the outermost circumference, as shown in FIG. 12,
when the double-sided exposed portion 32 is disposed
in a portion of the anode current collector 22a corre-
sponding to one turn of the outermost circumference,
the same effects as in the case where the cathode 21
is disposed in the outermost circumference as shown in
FIG. 7 can be obtained. Alternatively, as shown in FIG.
13, when a single-sided exposed portion 33 is disposed
in a portion of the anode current collector 22a corre-
sponding to one turn around the outermost circumfer-
ence, the same effects as in the case where the cathode
21 is disposed in the outermost circumference as shown
in FIG. 8 can be obtained. Further, as shown in FIG. 14,
when the anode current collector 22a is spirally wound
around the single-sided exposed portion 33, the double-
sided exposed portion 34 which has as long a length as
one or more turns of the double-sided exposed portion

34 can be wound around the outer circumference of the
single-sided exposed portion 33 is disposed at an ex-
ternal end of the single-sided exposed portion 33 of the
anode current collector 22a. Thereby, the same effects
as in the case where the cathode 21 is disposed in the
outermost circumference as shown in FIG. 9 can be ob-
tained.
[0084] Next, specific examples of the invention will be
described in detail referring to FIG. 1.

(Examples 1 through 5)

[0085] At first, lithium carbonate (Li2CO3) and cobalt
carbonate (CoCO3) were mixed at a ratio (molar ratio)
of Li2CO3:CoCO3=0.5:1, and the mixture was fired in air
at 900°C for 5 hours to obtain lithium cobalt complex
oxide (LiCoO2). When the X-ray diffraction of the ob-
tained lithium cobalt complex oxide was measured, the
diffraction pattern closely matched a peak of LiCoO2 list-
ed in the JCPDS file. Next, the lithium cobalt complex
oxide was pulverized into the form of a powder with a
particle diameter of 15 µ m at 50% cumulative size to
form a cathode material.
[0086] Next, 95 wt% of lithium cobalt complex oxide
powder and 5 wt% of lithium carbonate powder were
mixed to prepare a mixture, and then the 94 wt% of the
mixture, 3 wt% of amorphous carbon powder as a elec-
tronic conductor and 3 wt% of polyvinylidene fluoride as
a binder were mixed to prepare a cathode mixture. After
the cathode mixture was prepared, the cathode mixture
was dispersed in N-methyl pyrrolidone as a solvent to
produce cathode mixture slurry. After the cathode mix-
ture slurry was uniformly applied to both sides of the
cathode current collector 21a made of strip-shaped alu-
minum foil with a thickness of 20 µm, and was dried, the
cathode mixed layer 21b was formed through compres-
sion molding by a roller press so as to form the cathode
21 with a thickness of 174 µm. After that, the cathode
lead 25 made of aluminum was attached to an end of
the cathode current collector 21a.
[0087] Moreover, 90 wt% of granular artificial graphite
powder and 10 wt% of polyvinyliden fluoride as a binder
were mixed to prepare an anode mixture. Next, the an-
ode mixture was dispersed in N-methyl pyrrolidone as
a solvent to produce anode mixture slurry. After the an-
ode mixture slurry was uniformly applied to both sides
of the anode current collector 22a made of strip-shaped
copper foil with a thickness of 15 µ m, and was dried,
the anode mixed layer 22b was formed through com-
pression molding by a roller press so as to form the an-
ode with a thickness of 130 µ m. Next, the anode lead
26 made of nickel was attached to an end of the anode
current collector 22a.
[0088] After the cathode 21 and the anode 22 were
formed, the separator 23 made of a stretched micropo-
rous polyethylene film with a thickness of 25 µm was
prepared, the anode 22, the separator 23, the cathode
21 and the separator 23 were laminated in order to form
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a laminate, and the laminate was spirally wound many
times to form the spirally wound electrode body 20 with
an outside diameter of 12.5 mm.
[0089] After the spirally wound electrode body 20 was
formed, the spirally wound electrode body 20 was sand-
wiched between a pair of insulating plates 12 and 13,
and the anode lead 26 was welded to the battery can
11, and the cathode lead 25 was welded to the safety
valve mechanism 15. Then the spirally wound electrode
body 20 was contained in the battery can 11 made of
nickel-plated iron. After that, the electrolyte solution was
injected into the battery can 11 by a decompression sys-
tem. As the electrolyte solution, a solvent formed of a
mixture of ethylene carbonate and dimethyl carbonate
in which a LiPF6 content of 1 ml/dm3 as electrolyte salt
was dissolved was used. The amount of the electrolyte
solution injected was 3.0 g.
[0090] After the electrolyte solution was injected into
the battery can 11, the battery cover 14 was caulked into
the battery can 11 by the gasket 17 whose surface was
coated with asphalt so as to obtain the jelly roll type sec-
ondary batteries of Examples 1 through 5 with a diam-
eter of 14 mm and a height of 65 mm.
[0091] The rated capacity of each battery obtained
through the above steps was measured. Further, the en-
ergy density of each battery was calculated from the rat-
ed capacity and the volume of the battery. The rated ca-
pacity was measured under charge-discharge condi-
tions in which CCCV charge was carried out until reach-
ing 4.2 V at 200 mA, and discharge was carried out until
reaching 3.0 V at 200 mA. It was presumed that in each
battery, when the battery was crushed by the external
application of pressure or the like, a short circuit be-
tween the cathode and anode in the battery would occur,
thereby resulting in heat generation, and further heat
generated due to the short circuit would cause smoking.
Therefore, a safety test against such crush or the like
was also carried out. More specifically, the battery to be
tested was charged at a constant current under a current
condition of 0.2 C, and after reaching 4.4 V which was
an abnormal voltage, the battery was charged at a con-
stant voltage until the current reached a predetermined
value, then the charge was cut off. The safety test
against crush was carried out the following steps. After
a fully charged battery was placed on a heat insulator,
a nail which was made of iron and had a main stem por-
tion with a diameter of 5 mm was vertically driven into
the battery until a short circuit occurred in the battery,
and then a highest temperature of the battery after the
occurrence of the short circuit was measured. In the test,
all safety devices such as a PTC were removed, so the
test was carried out in a state of so-called bare batteries.
The test was carried out on all examples and compara-
tive examples described below. The number n of batter-
ies tested per example was set to be 5. The measured
values of the rated capacity, the energy density and the
package temperature in each example shown in FIG. 19
were the average values of the five batteries.

(Example 1)

[0092] In Exmaple 1, the cathode 21 had the double-
sided exposed portion 27 as shown in FIG. 7, and the
anode 22 had the double-sided exposed portion 32 as
shown in FIG. 12, and a laminate including the cathode
21 and the anode 22 with the separator 23 in between
was spirally wound to form the spirally wound electrode
body 20 as shown in FIG. 6. As a result, as shown in
FIG. 19, the rated capacity was 990 mAh, and the en-
ergy density was 366 Wh/l, and the package tempera-
ture was 110°C.

(Example 2)

[0093] In Example 2, the spirally wound electrode
body 20 was formed as in the case of Example 1, except
that the cathode 21 had the single-sided exposed por-
tion 28 as shown in FIG. 8, and a laminate including the
cathode 21 and the anode 22 shown in FIG. 12 with the
separator 23 in between was spirally wound so that a
surface of the single-sided exposed portion 28 of the
cathode 21 was exposed on the outermost circumfer-
ence. As a result, as shown in FIG. 19, the rated capacity
was 1020 mAh, and the energy density was 377 Wh/l,
and the package temperature was 115°C.

(Example 3)

[0094] In Example 3, as in the case of Example 1, the
spirally wound electrode body 20 with a structure shown
in FIG. 3 was formed, except that the cathode 21 had
the single-sided exposed portion 28 shown in FIG. 8,
and the anode 22 had the single-sided exposed portion
31 as shown in FIG. 15 in a position corresponding to
the innermost circumference, and a laminate including
the cathode 21 and the anode 22 with the separator 23
in between was spirally wound so that a surface of the
single-sided exposed portion 28 of the cathode 21 was
exposed on the outermost circumference. As a result,
as shown in FIG. 19, the rated capacity was 1030 mAh,
and the energy density was 381 Wh/l, and the package
temperature was 100°C.

(Example 4)

[0095] In Example 4, as in the case of Example 1, the
spirally wound electrode body 20 with a structure shown
in FIG. 4 was formed, except that the cathode 21 had
the single-sided exposed portion 28 and the double-sid-
ed exposed portion 29 as shown in FIG. 9, and the an-
ode 22 had the single-sided exposed portion 31 in an
end corresponding to the innermost circumference as
shown in FIG. 15, and a laminate including the cathode
21 and the anode 22 with the separator 23 was spirally
wound so that one turn of the double-sided exposed por-
tion 29 of the cathode 21 was wound around the outer-
most circumferences so that a surface of the double-
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sided exposed portion 29 was exposed on the outer-
most circumference. As a result, as shown in FIG. 19,
the rated capacity was 1010 mAh, and the energy den-
sity was 374 Wh/l, and the package temperature was
90°C.

(Example 5)

[0096] In Example 5, as in the case of Example 1, the
spirally wound electrode body 20 was formed, except
that the cathode 21 had the single-sided exposed por-
tion 28 and the double-sided exposed portion 29 as
shown in FIG. 9, and the anode 22 had the double-sided
exposed portion 32 in a position corresponding to one
turn around the outermost circumference and the single-
sided exposed portion 31 in a position corresponding to
one turn around the innermost circumference as shown
in FIG. 11, and a laminate including the cathode 21 and
the anode 22 with the separator in between was spirally
wound so that one turn of the double-sided exposed por-
tion 29 was wound around the outermost circumference,
and a surface of the double-sided exposed portion 29
of the cathode 21 was exposed on the outermost cir-
cumference. As a result, as shown in FIG. 19, the rated
capacity was 990 mAh, and the energy density was 366
Wh/l, and the package temperature was 85°C.

(Comparative Example 1)

[0097] As Comparative Example 1, a spirally wound
electrode body shown in FIG. 29 with a structure using
a conventional and typical solidly coated electrode in
which no exposed portion is disposed on a surface of a
current collector made of metal foil was formed, and by
using the spirally wound electrode body, a battery hav-
ing the same electrochemical characteristics as those
of the above examples and a different structure from the
above examples was formed. Then the same test as in
the case of the above examples was carried out on the
battery. As a result, as shown in FIG. 19, the rated ca-
pacity was 970 mAh, and the energy density was 359
Wh/l, and the package temperature was 140°C.
[0098] To sum up the results of Examples 1 through
5 and Comparative Example 1, the rated capacity and
the energy density in each of Examples 1 through 5 were
higher than those in Comparative Example 1, and the
package temperature of each of Examples 1 through 5
was lower than that in Comparative Example 1. It was
considered that the reason why the rated capacity var-
ied in Examples 1 through 5 and Comparative Example
1 was that the length which could be contained in the
package (battery can) varied depending upon the struc-
ture of the cathode 21 or the anode 22. Moreover, it was
considered that as a portion not substantially contribut-
ing to an electrochemical electromotive force in the bat-
tery was removed, the energy density of the battery in
each of Examples 1 through 5 was improved more than
the energy density of the battery in Comparative Exam-

ple 1. Further, it was considered that the energy density
in Example 5 was lower among Examples 1 through 5,
because the double-sided exposed portion 29 of the
cathode current collector 21a not directly contributing to
an electrochemical electromotive force was wound
around the outermost circumference. On the other
hand, the package temperature of Example 5 was 85°C,
which was obviously kept at a lower temperature, com-
pared to other examples, because it was considered
that the outermost circumference was covered with the
double-sided exposed portion 29 of the cathode current
collector 21a, so heat generated in the battery was ab-
sorbed or dispersed in the portion. As the results of Ex-
amples 1 through 5 and Comparative Example 1, it was
confirmed that in the battery according to the embodi-
ment, a further improvement in the energy density could
be achieved, and even if heat was generated in the bat-
tery resulting from an abnormally high battery voltage
or the occurrence of a short circuit, the safety of the bat-
tery could be secured.
[0099] Next, solid electrolyte batteries of Examples 6
through 10 were formed, and as in the case of Examples
1 through 5, the rated capacity of each of the batteries
was measured, and the energy density of each of the
batteries was calculated by the rated capacity and the
volume. Moreover, as in the case of Examples 1 through
5, the safety test against crush was carried out on each
of the batteries.
[0100] More specifically, the cathode 21 made of the
same material as in the case of Examples 1 through 5
with a thickness of 20 µ m and a width of 49 mm and the
anode 22 made of the same material as in the case of
Examples 1 through 5 with a thickness of 20 µ m and a
width of 51 mm were used. The solid electrolyte was
applied to the cathode 21 or the anode 22 through the
following steps. Polyvinylidene fluoride, ethylene car-
bonate which was an aprotic solvent, propylene carbon-
ate, dimethyl carbonate and LiPF6 which was lithium salt
were mixed at a ratio of 5.8 wt%, 25.8 wt%, 17.2 wt%,
47.3 wt% and 3.9 wt%, respectively, and while keeping
the mixture at a temperature of 80°C, the mixture was
stirred to obtain a sol solution. The mixture solution in a
liquid form was applied to the cathode 21 or the anode
22 by using a doctor blade, and the solution was dried
for three minutes in a constant temperature bath at
35°C, thereby a solid electrolyte layer 40 with a thick-
ness of 10 µ m was disposed on each of the cathode 21
and the anode 22. Then, the cathode lead 25 and the
anode lead 26 both of which were made of metal foil or
a mesh-shaped metal plate were welded to a laminate
including the cathode 21 and the anode 22 with the sep-
arator 23 in between, the laminate was spirally wound
and folded to form the spirally wound electrode body 20
with a size of 30 mm 3 53 mm 3 5 mm for a thin battery
as shown in FIG. 17. The separator 23 may be removed
depending upon electrochemical characteristics of the
solid electrolyte layer 40. The spirally wound electrode
body 20 formed through the above steps was contained
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in a moisture-proof package 51 formed through molding
a packaging material made of a laminate including a
high molecular film and metal foil so as to obtain a thin
solid electrolyte battery shown in FIG. 18. The same test
as in the case of Examples 1 through 5 was carried out
on the batteries of Examples 6 through 10. In Examples
6 through 10, the solid electrolyte layer was disposed
on the cathode 21 or the anode 22, but for the purpose
of schematically showing an exposed portion in the
cathode 21 or the anode 22, simplifying drawings, and
clearly contrasting Examples 6 through 10 with Exam-
ples 1 through 5, it is assumed that the solid electrolyte
layer is combined with the cathode mixed layer 21b or
the anode mixed layer 22b, so the solid electrolyte layer
is not shown in drawings and will not be described in the
following detailed description of Examples 6 through 10.

(Example 6)

[0101] In Example 6, in the above thin solid electrolyte
battery, the cathode 21 had the double-sided exposed
portion 27 as schematically shown in FIG. 7, and the
anode 22 had the double-sided exposed portion 32 as
shown in FIG. 12, and a laminate including the cathode
21 and the anode 22 with the separator 23 in between
was spirally wound so that one turn of the double-sided
exposed portion 27 or the double-sided exposed portion
32 was wound around the outermost circumference,
thereby the spirally wound electrode body 20 was
formed. As a result, as shown in FIG. 20, the rated ca-
pacity was 600 mAh, and the energy density was 269
Wh/l, and the package temperature was 105°C.

(Example 7)

[0102] In Example 7, as in the case of Example 1, the
spirally wound electrode body 20 was formed, except
that the cathode 21 had the single-sided exposed por-
tion 28 as shown in FIG. 8, and the anode 22 had the
double-sided exposed portion 32 as shown in FIG. 12,
and a laminate including the cathode 21 and the anode
22 with the separator 23 in between was spirally wound.
As a result, as shown in FIG. 20, the rated capacity was
610 mAh, and the energy density was 274 Wh/l, and the
package temperature was 115°C.

(Example 8)

[0103] In Example 8, as in the case of Example 1, the
spirally wound electrode body 20 was formed, except
that the cathode 21 had the single-sided exposed por-
tion 28 as shown in FIG. 8, and the anode 22 had the
single-sided exposed portion 31 in a position corre-
sponding to the innermost circumference as shown in
FIG. 15, and a laminate including the cathode 21 and
the anode 22 with the separator 23 in between was spi-
rally wound so that the single-sided exposed portion 28
was exposed on the outermost circumference. As a re-

sult, as shown in FIG. 20, the rated capacity was 620
mAh, and the energy density was 278 Wh/l, and the
package temperature was 103°C.

(Example 9)

[0104] In Example 9, as in the case of Example 1, the
spirally wound electrode body 20 was formed, except
that the cathode 21 had the single-sided exposed por-
tion 28 and the double-sided exposed portion 29 as
shown in FIG. 9, and the anode had the single-sided
exposed portion 31 in a position corresponding to the
innermost circumference as shown in FIG. 15, and a
laminate including the cathode 21 and the anode 22 with
the separator 23 in between was spirally wound so that
the double-sided exposed portion 29 was exposed on
the outermost circumference and the single-sided ex-
posed portion 31 was exposed on the innermost circum-
ference. As a result, as shown in FIG. 20, the rated ca-
pacity was 605 mAh, and the energy density was 271
Wh/l, and the package temperature was 89°C.

(Example 10)

[0105] In Example 10, as in the case of Example 1,
the spirally wound electrode body 20 was formed, ex-
cept that the cathode 21 had the single-sided exposed
portion 28 and the double-sided exposed portion 29 as
shown in FIG. 9, and the anode 22 had the double-sided
exposed portion 32 in a position corresponding to the
outermost circumference and the single-sided exposed
portion 31 in a position corresponding to the innermost
circumference as shown in FIG. 11, and a laminate in-
cluding the cathode 21 and the anode 22 with the sep-
arator 23 in between was spirally wound so that the dou-
ble-sided exposed portion 29 was exposed on the out-
ermost circumference and the single-sided exposed
portion 31 was exposed on the innermost circumfer-
ence. As a result, as shown in FIG. 20, the rated capacity
was 595 mAh, and the energy density was 267 Wh/l,
and the package temperature was 82°C.

(Comparative Example 2)

[0106] As Comparative Example 2, a spirally wound
electrode body (not shown) with a structure using a so-
called solidly coated electrode in which no exposed por-
tion was disposed on a surface of a current collector
made of metal foil was formed, and a battery having the
same electrochemical characteristics as those in Exam-
ples 6 through 10 and a different structure from Exam-
ples 6 through 10 was formed by using the spirally
wound electrode body. Then, the same test in the case
of the above examples was carried out on the battery.
As a result, as shown in FIG. 20, the rated capacity was
580 mAh, and the energy density was 260 Wh/l, and the
package temperature was 142°C.
[0107] To sum up the results of Examples 6 through
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10 and Comparative Example 2, the rated capacity and
the energy density in each of Examples 6 through 10
were higher than those in Comparative Example 2, and
the package temperature in each of Examples 6 through
10 was lower than that in Comparative Example 2. It was
considered that the reason why the rated capacity var-
ied in Examples 6 through 10 and Comparative Example
2 was that the length which could be contained in the
moisture-proof package 51 varied depending upon the
structure of the cathode 21 or the anode 22. Moreover,
it was considered that as a portion not substantially con-
tributing to an electrochemical electromotive force in the
battery was removed, the energy density of the battery
in each of Examples 6 through 10 was improved more
than the energy density of the battery in Comparative
Example 2. Further, it was considered that the energy
density in Example 10 was relatively low among Exam-
ples 6 through 10, because the double-sided exposed
portion 29 of the cathode current collector 21a not di-
rectly contributing to an electrochemical electromotive
force was wound around the outermost circumference.
On the other hand, the package temperature in Example
10 was 82°C, which was obviously kept at a lower tem-
perature, compared to other examples, because it was
considered that the outermost circumference was cov-
ered with the double-sided exposed portion 29 of the
cathode current collector 21a, so heat generated in the
battery was absorbed or dispersed in the portion. As the
results of Examples 6 through 10 and Comparative Ex-
ample 2, it was confirmed that in the battery according
to the embodiment, a further improvement in the energy
density could be achieved, and even if heat was gener-
ated in the battery resulting from an abnormally high bat-
tery voltage or the occurrence of a short circuit, the safe-
ty of the battery could be secured.
[0108] Moreover, in the spirally wound electrode body
20 of the solid electrolyte battery, in addition to Exam-
ples 6 through 10, for example, as shown in FIG. 21, the
cathode 21 may have the single-sided exposed portion
28 and the double-sided exposed portion 29 as shown
in FIG. 9, and the anode 22 may have the double-sided
exposed portion 32 as shown in FIG. 12 as an example,
and a laminate including the cathode 21 and the anode
22 with the separator 23 in between is spirally wound so
that the double-sided exposed portion 32 of the anode
22 is sandwiched between the single-sided exposed
portion 28 and the double-sided exposed portion 29 of
the cathode 21, thereby the battery can have a structure
in which the double-sided exposed portion 29 of the
cathode 21 is exposed on the outermost circumference.
Alternatively, as shown in FIG. 16 as an example, the
battery can have a structure in which the single-sided
exposed portion 31 of the anode is exposed on the in-
nermost circumference.
[0109] Although the present invention is described re-
ferring to the embodiments and the examples, the in-
vention is not limited to the embodiments and the exam-
ples, and can be variously modified. For example, in the

above embodiments, as shown in FIG. 5A or 5B, the
case where the single-sided exposed portion 31 of the
anode current collector 22a or the single-sided exposed
portion 30 of the cathode current collector 21a is ex-
posed on the innermost circumference of the spirally
wound electrode body 20 is described; however, the
structure of the innermost circumference of the spirally
wound electrode body 20 is not limited to this. For ex-
ample, as shown in FIG. 22, a double-sided exposed
portion 36 of which an outer surface and inner surface
are exposed may be formed in a position closer to the
inner circumferential side than the single-sided exposed
portion 31 of the anode current collector 22a, and as
shown in FIG. 23, a portion in a position closer to the
inner circumferential side than the single-sided exposed
portion 31 may be covered with the double-sided ex-
posed portion 36 in the spirally wound electrode body
20.
[0110] Moreover, for example, as shown in FIG. 24, a
double-sided exposed portion 37 of which an outer sur-
face and an inner surface are exposed may be formed
in a position closer to the inner circumferential side than
the single-sided exposed portion 30 of the cathode cur-
rent collector 21a, and as shown in FIG. 25, a portion in
a position closer to the inner circumferential side than
the single-sided exposed portion 30 may be covered
with the both end exposed portion 37 in the spirally elec-
trode body 20.
[0111] Further, for example, in the above embodi-
ments, as shown in FIG. 6, the structure in which the
outermost circumference of the spirally wound electrode
body 20 is covered with a laminate including the double-
sided exposed portion 32 of the anode current collector
22a and the double-sided exposed portion 27 of the
cathode current collector 21a with the separator 23 in
between is described; however, as shown in FIG. 26,
the double-sided exposed portion 37 is disposed at an
end of the cathode current collector 21a in a position
corresponding to the innermost circumference, and as
shown in FIG. 27, the double-sided exposed portion 36
is disposed at an end of the anode current collector 22a
in a position corresponding to the innermost circumfer-
ence, and as shown in FIG. 28, the innermost circum-
ference of the spirally wound electrode body 20 may be
covered with a laminate including the double-sided ex-
posed portion 36 of the anode current collector 22a and
the double-sided exposed portion 37 of the cathode cur-
rent collector 21a with the separator 23 in between. Fur-
ther, in FIG. 28, the cathode current collector 21a is ex-
posed on the innermost circumference of the spirally
electrode body 20, but the anode current collector 22a
may be exposed on the innermost circumference of the
spirally wound electrode body 20.
[0112] Further, in the above embodiments and the
above examples, the case where the electrolyte solution
or the solid electrolyte is used is described, but a gel
electrolyte as an example of the solid electrolyte may
be used. Further, any other electrolyte may be used. For
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example, an organic solid electrolyte in which an elec-
trolyte salt is dispersed in a high molecular weight com-
pound having ionic conductivity, an inorganic solid elec-
trolyte made of ion-conductive ceramic, ion-conductive
glass, ionic crystal or the like, a mixture of the inorganic
solid electrolyte and an electrolyte solution, a mixture of
the inorganic solid electrolyte and the gel electrolyte, or
a mixture of the inorganic solid electrolyte and the or-
ganic solid electrolyte is cited.
[0113] Further, in the above embodiments and the ex-
amples, the cylindrical secondary battery and the thin
secondary battery with a spirally wound structure is de-
scribed; however, the invention is applicable to an ellip-
tic shaped or a polygonal shaped secondary battery with
a spirally wound structure, or a secondary battery with
a structure in which the cathode and the anode are fold-
ed or laminated in a like manner. In addition, the inven-
tion is applicable to a secondary battery with a coin
shape, a button shape, a card shape or the like. Further,
the invention is applicable to not only the secondary bat-
teries but also primary batteries.
[0114] As described above, according to the battery
of the invention, as an outermost circumferential portion
or an innermost circumferential portion of the anode ac-
tive material layer or the cathode active material layer
is removed, an improvement in the volume energy den-
sity or the weight energy density can be achieved. More-
over, the spirally wound body (spirally wound electrode
body) is covered with a portion of the cathode current
collector to which the cathode active material layer is
not applied or a portion of the anode current collector to
which the anode active material layer is not applied,
thereby the spirally wound electrode body can be pro-
tected from the external application of pressure or dam-
age, and a short circuit, damage or the like in the battery
can be prevented from being extended in the vicinity of
the outermost circumference or the innermost circum-
ference of the spirally wound electrode body of the bat-
tery. Further, heat generated in the battery can be ab-
sorbed or dispersed.
[0115] Obviously many modifications and variations
of the present invention are possible in the light of the
above teachings. It is therefore to be understood that
within the scope of the appended claims the invention
may be practiced otherwise than as specifically de-
scribed.

Claims

1. A battery, comprising:

a spirally wound body formed through spirally
winding a laminate including a cathode having
a cathode active material layer on a surface of
a cathode current collector and an anode hav-
ing an anode active material layer on a surface
of an anode current collector with a separator

in between,

wherein the capacity of the anode is repre-
sented by the sum of a capacity component by in-
sertion and extraction of light metal and a capacity
component by precipitation and dissolution of the
light metal, and

an outermost circumferential surface of the
spirally wound body is covered with the cathode
current collector, and the cathode current collector
has an exposed portion with an outer circumferen-
tial surface not covered with the cathode active ma-
terial layer in a position corresponding to at least
one turn around an outermost circumference of the
spirally wound body.

2. A battery, comprising:

a spirally wound body formed through spirally
winding a laminate including a cathode having
a cathode active material layer on a surface of
a cathode current collector and an anode hav-
ing an anode active material layer on a surface
of an anode current collector with a separator
in between,

wherein the capacity of the anode is repre-
sented by the sum of a capacity component by in-
sertion and extraction of light metal and a capacity
component by precipitation and dissolution of the
light metal, and

an outermost circumferential surface of the
spirally wound body is covered with the anode cur-
rent collector, and the anode current collector has
an exposed portion with an outer circumferential
surface not covered with the cathode active mate-
rial layer in a position corresponding to at least one
turn around an outermost circumference of the spi-
rally wound body.

3. A battery according to claim 1, wherein
the exposed portion of the cathode current

collector is covered with an exposed portion of the
cathode current collector with both surfaces ex-
posed on an outer circumferential side.

4. A battery according to claim 2, wherein
the exposed portion of the anode current col-

lector is covered with an exposed portion of the an-
ode current collector with both surfaces exposed on
an outer circumferential side.

5. A battery, comprising:

a spirally wound body formed through spirally
winding a laminate including a cathode having
a cathode active material layer on a surface of
a cathode current collector and an anode hav-
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ing an anode active material layer on a surface
of an anode current collector with a separator
in between,

wherein the capacity of the anode is rep-
resented by the sum of a capacity component
by insertion and extraction of light metal and a
capacity component by precipitation and disso-
lution of the light metal, and
an innermost circumferential surface of the spi-
rally wound body is covered with the cathode
current collector, and the cathode current col-
lector has an exposed portion with an inner cir-
cumferential surface not covered with the cath-
ode active material layer in a position corre-
sponding to at least one turn around an inner-
most circumference of the spirally wound body.

6. A battery, comprising:

a spirally wound body formed through spirally
winding a laminate including a cathode having
a cathode active material layer on a surface of
a cathode current collector and an anode hav-
ing an anode active material layer on a surface
of an anode current collector with a separator
in between,

wherein the capacity of the anode is rep-
resented by the sum of a capacity component
by insertion and extraction of light metal and a
capacity component by precipitation and disso-
lution of the light metal, and
an innermost circumferential surface of the spi-
rally wound body is covered with the anode cur-
rent collector, and the anode current collector
has an exposed portion with an inner circum-
ferential surface not covered with the anode ac-
tive material layer in a position corresponding
to at least one turn around a innermost circum-
ference of the spirally wound body.

7. A battery according to claim 5, wherein
the exposed portion of the cathode current

collector is covered with an exposed portion of the
cathode current collector with both surfaces ex-
posed on an inner circumferential side.

8. A battery according to claim 6, wherein
the exposed portion of the anode current col-

lector is covered with an exposed portion of the an-
ode current collector with both surfaces exposed on
an inner circumferential side.

9. A battery, comprising:

a spirally wound body formed through spirally
winding a laminate including a cathode having
a cathode active material layer on a surface of
a cathode current collector and an anode hav-

ing an anode active material layer on a surface
of an anode current collector with a separator
in between,

wherein the capacity of the anode is rep-
resented by the sum of a capacity component
by insertion and extraction of light metal and a
capacity component by precipitation and disso-
lution of the light metal, and
the cathode current collector has an exposed
portion with an outer circumferential surface
and an inner circumferential surface both not
covered with a cathode active material layer,
the anode current collector has an exposed
portion with an outer circumferential surface
and an inner circumferential surface both not
covered with an anode active material layer,
and
a laminate including the exposed portion of the
cathode current collector and the exposed por-
tion of the anode current collector with a sepa-
rator in between is disposed on an outermost
circumference of the spirally wound body.

10. A battery, comprising:

a spirally wound body formed through spirally
winding a laminate including a cathode having
a cathode active material layer on a surface of
a cathode current collector and an anode hav-
ing an anode active material layer on a surface
of an anode current collector with a separator
in between,

wherein the capacity of the anode is rep-
resented by the sum of a capacity component
by insertion and extraction of light metal and a
capacity component by precipitation and disso-
lution of the light metal, and
the cathode current collector has an exposed
portion with an outer circumferential surface
and an inner circumferential surface both not
covered with a cathode active material layer,
the anode current collector has an exposed
portion with an outer circumferential surface
and an inner circumferential surface both not
covered with an anode active material layer,
and
a laminate including the exposed portion of the
cathode current collector and the exposed por-
tion of the anode current collector with a sepa-
rator in between is disposed on an innermost
circumference of the spirally wound body.

11. A battery according to claim 1, wherein
the anode includes an anode material capable of
inserting and extracting the light metal.

12. A battery according to claim 11, wherein
the anode includes a carbon material.
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13. A battery according to claim 12, wherein
the anode includes at least one kind selected from
the group consisting of graphite, graphitizing car-
bon and non-graphitizable carbon.

14. A battery according to claim 13, wherein
the anode includes graphite.

15. A battery according to claim 11, wherein
the anode includes at least one kind selected from
the group consisting of a metal capable of forming
an alloy or a compound with the light metal, a sem-
iconductor capable of forming an alloy or a com-
pound with the light metal, an alloy of the metal or
the semiconductor, and a compound of the metal or
the semiconductor.

16. A battery according to claim 15, wherein
the anode includes at least one kind selected from
the group consisting of tin (Sn), lead (Pb), aluminum
(Al), indium (In), silicon (Si), zinc (Zn), antimony
(Sb), bismuth (Bi), cadmium (Cd), magnesium (Mg),
boron (B), gallium (Ga), germanium (Ge), arsenic
(As), silver (Ag), hafnium (Hf), zirconium (Zr) and
yttrium (Y), an alloy thereof, and a compound there-
of.

17. A battery according to claim 1, wherein
the light metal includes lithium (Li).

18. A battery according to claim 2, wherein
the anode include an anode material capable of in-
serting and extracting the light metal.

19. A battery according to claim 18, wherein
the anode includes a carbon material.

20. A battery according to claim 19, wherein
the anode includes at least one kind selected from
the group consisting of graphite, graphitizing car-
bon and non-graphitizable carbon.

21. A battery according to claim 20, wherein
the anode includes graphite.

22. A battery according to claim 18, wherein
the anode includes at least one kind selected from
the group consisting of a metal capable of forming
an alloy or a compound with the light metal, a sem-
iconductor capable of forming an alloy or a com-
pound with the light metal, an alloy of the metal or
the semiconductor, and a compound of the metal or
the semiconductor.

23. A battery according to claim 22, wherein
the anode includes at least one kind selected from
the group consisting of tin (Sn), lead (Pb), aluminum
(Al), indium (In), silicon (Si), zinc (Zn), antimony

(Sb), bismuth (Bi), cadmium (Cd), magnesium (Mg),
boron (B), gallium (Ga), germanium (Ge), arsenic
(As); silver (Ag), hafnium (Hf), zirconium (Zr) and
yttrium (Y), an alloy thereof and a compound there-
of.

24. A battery according to claim 2, wherein
the light metal includes lithium (Li).
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