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(54) [Title of the Invention] Electrode Structure and Battery Using the Same 
 
(57) [Abstract]  
 
[Problem] 
 
To provide a lightweight, compact, and highly reliable 
electrode structure with improved energy density and 
high reliability by preventing lithium metal deposition, 
and a battery using this structure. 
 
[Solution] 
 
Provided is an electrode structure composed of a 
positive electrode and a negative electrode with 
electrode active materials 3, 4 on the front and back 
surfaces of electrode current collectors 5, 6, and current 
collector terminals 1, 2 on one portion of a surface of 
the electrode current collectors, the positive electrode 
and negative electrode arranged opposite each other via 
an electron-insulating separator and wound in a spiral 
shape. In this electrode structure, no electrode active 
material is formed on the positive electrode portion 
opposite the current collection terminal formed on the 
current collector of the negative electrode. In this 
electrode structure, no electrode active material is 
formed to the inside of the innermost electrode current 
collector or to the outside of the outermost electrode 
current collector. Also provided is a battery with such an 
electrode structure. 
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[Claims] 
 
[Claim 1] 
 

An electrode structure comprising a positive 
electrode and a negative electrode having an 
electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 
in one portion of one side of the electrode 
current collector, the positive electrode and a 

negative electrode arranged opposite each 
other via an electron-insulating separator and 
spirally wound around each other, the electrode 
structure characterized in that no electrode 
active material is formed on the positive 

electrode portion opposite the current collection 

terminal formed on the current collector of the 
negative electrode. 
 
[Claim 2] 
 
An electrode structure comprising a positive 
electrode and a negative electrode having an 

electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 
in one portion of one side of the electrode 
current collector, the positive electrode and a 
negative electrode arranged opposite each 
other via an electron-insulating separator and 

spirally wound around each other, the electrode 
structure characterized in that no electrode 
active material is formed to the inside of the 
electrode current collector in the innermost layer. 
 
[Claim 3] 

 
An electrode structure comprising a positive 
electrode and a negative electrode having an 
electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 
in one portion of one side of the electrode 

current collector, the positive electrode and a 
negative electrode arranged opposite each 

other via an electron-insulating separator and 
spirally wound around each other, the electrode 
structure characterized in that no electrode 
active material is formed to the outside of the 
electrode current collector in the outermost 

layer. 
 
[Claim 4] 
 
The electrode structure according to any of 
claims 1 to 3, wherein the electrode structure is 

flattened. 
 

[Claim 5] 
 
The electrode structure according to any of 
claims 1 to 4, wherein the separator is bonded 

to at least one of the positive electrode and the 
negative electrode. 
 
[Claim 6] 
 
A battery comprising the electrode structure 
according to any of claims 1 to 5. 

 
[Detailed Description of the Invention] 
 
[0001] 
 

[Technical Field of the Invention] 

 
The present invention relates to an arrangement 
of electrode active material layers in a battery 
and the structure of the battery, especially to 
those that improve the performance of a spiral 
wound battery. 
 

[0002] 
 
[Background Art] 
 
As the performance of electronic devices has 
improved in recent years, there has been 
demand for improved performance of batteries 

used as power sources in these devices, 
especially secondary batteries that can be 
recharged repeatedly. Lithium-ion secondary 
batteries are attracting attention as lightweight, 
portable, high-capacity batteries that can power 
electronic devices for longer periods of time. 

Therefore, in the explanation of the present 
invention, a lithium-ion secondary battery is 
used as the example. 
 
[0003] 
 
FIG. 9 is a cross-sectional view of the electrode 

structure portion of a conventional lithium-ion 
secondary battery. In this figure, 1 is a positive 

electrode collection terminal, 2 is a negative 
electrode collection terminal, 3 is a positive 
electrode active material, 4 is a negative 
electrode active material, 5 is a positive 
electrode current collector, and 6 is a negative 

electrode current collector. An electrolyte layer 
such as a separator (not shown) is provided 
between the positive electrode active material 3 
and the negative electrode active material 4, 
and the  electrolyte layer is made of a separator 
impregnated with a non-aqueous electrolyte 

solution in which an electrolyte has been 
dissolved. Here, 7 is insulating tape. 
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[0004] 
 
For the lithium-ion secondary battery shown in 

FIG. 9, there has been demand for 
improvements to electrode active material 
layers, such as positive electrode active 
materials 3 and negative electrode active 
material 4, and a desire for new active materials, 
especially in order to make batteries smaller 
and thinner. Equally important is the 

development of electrode structures that can 
provide higher energy densities, that is, 
electrode structures composed of a positive 
electrode current collection terminal 1, a 
negative electrode current collection terminal 2, 

a positive electrode active material 3, a negative 

electrode active material 4, a positive electrode 
current collector 5, and a negative electrode 
current collector 6. 
 
[0005] 
 
[Technical Problem] 

 
Among electrode structures, electrodes with 
electrode active material layers 3, 4 coated and 
formed on both sides of the electrode current 
collectors 5, 6 as shown in FIG. 9 (“double-sided 
coating” below) have electrode current 
collectors 5, 6 accounting for a smaller 

percentage of the battery and better volumetric 
energy density than electrodes with electrode 
active material layers 3, 4 coated and formed on 
one side of electrode current collectors 5, 6 
(“single-sided coating” below”). When the 
electrodes have a wound structure, there are 

unnecessary electrode active material layers 3, 
4 on the innermost and outermost layers of the 
electrode structure because there are no 
opposing electrodes, and this leads to an 
increase in thickness and weight. Also, when 
electrodes with electrode active material layers 
3, 4 on the innermost layer are pressed flat, the 

electrode current collectors 5, 6 may rupture 
due to significant elongation of the folded 

portion of the innermost layer. Here, the 
innermost layer of a spiral structure refers to the 
innermost electrode active material layer from 
the position where the electrodes start to be 
wound until one or one-half lap has been 

completed, while the outermost layer refers to 
the outermost electrode active material layer 
without an opposing electrode. 
 
[0006] 
 

A battery requires current collector terminals 1, 
2 that are connected to the outside, and the 

current collector terminals 1, 2 are located on a 
portion of the electrode current collectors 5, 6 
that is not covered by electrode active material 
layers 3, 4 in the electrode. However, when 

flattening to make a thin battery, the current 
collector terminals 1, 2 have to be arranged so 
as not to increase the thickness of the battery. 
 
[0007] 
 
In addition, the electrode active material layers 

3, 4 in the portions where the current collector 
terminals 1, 2 of the positive and negative 
electrodes are placed are removed to weld the 
electrode current collectors 5, 6 to the current 
collector terminals 1, 2. However, the electrode 

active material layers 3, 4 that are present in 

the electrode portions opposite those in which 
the current collector terminals 1, 2 are placed 
do not function as a battery and become useless 
active material, causing an increase in thickness 
and weight. 
 
[0008] 

 
If there is excess positive electrode active 
material 3, if some of the negative electrode 
active material 4 opposite the positive electrode 
active material 3 is not present, or if the 
negative electrode active material 4 opposite 
the positive electrode does not work as a battery, 

problems occur such as short circuiting caused 
by lithium metal deposition and ignition caused 
by this short circuiting if the current is 
concentrated in one portion of the negative 
electrode. Therefore, if there is no positive 
electrode active material 3 opposite the 

negative electrode active material 4, there is no 
problem with lithium metal deposition, etc. as 
described above. However, if there is no 
opposing negative electrode active material 4, 
such as the positive electrode active material 3 
arranged around the negative electrode current 
collector terminal 2 in FIG. 9, the surface of the 

positive electrode active material 3 has to be 
covered with masking tape 7 or the positive 

electrode active material 3 has to be shaved off 
so that there is virtually no positive electrode 
active material 3 facing the negative electrode 
active material 4. This leads to problems such 
as an increased number of production steps and 

higher costs. 
 
[0009] 
 
When the ends of both positive and negative 
electrodes with electrode active material layers 

3, 4 coated on both sides of the electrode 
current collectors 5, 6, as shown in FIG. 10, are 
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wound together, the innermost electrode active 
material layer 4 does not function as a battery 
because it has no opposing electrode. The 
positive and negative electrode active material 

layers 3, 4 face each other in the innermost 
layer once the terminals of the positive and 
negative electrodes are wound a half-lap as 
shown in FIG. 9. However, a gap tends to occur 
between the positive electrode and the 
electrolyte layer and the negative electrode and 
the electrolyte layer, and a sufficient electrode 

reaction cannot be expected. Also, when 
electrodes with double-sided coating are wound, 
the outermost layer contains a positive 
electrode active material or negative electrode 
active material without an opposing electrode, 

leading to an unnecessary increase in weight 

and volume. 
 
[0010] 
 
The presence of extra active material and 
masking tape in positions where the positive 
electrode active material 3 and negative 

electrode active material 4 do not face each 
other leads to a decrease in energy density, an 
increase in the overall thickness of the battery, 
and an increase in cost due to an increase in 
production steps. 
 
[0011] 

 
A first object of the present invention is to 
provide a lightweight, compact electrode 
structure with improved energy density, and a 
battery using the same. A second object of the 
present invention is to provide an electrode 

structure with high reliability by preventing 
lithium metal deposition, and a battery using 
the same. A third object of the present invention 
is to provide an electrode structure with 
improved battery life, and a battery using the 
same. 
 

[0012] 
 

[Solution to Problem] 
 
A first aspect of the present invention is an 
electrode structure comprising a positive 
electrode and a negative electrode having an 

electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 
in one portion of one side of the electrode 
current collector, the positive electrode and a 
negative electrode arranged opposite each 

other via an electron-insulating separator and 
spirally wound around each other, the electrode 

structure characterized in that no electrode 
active material is formed on the positive 
electrode portion opposite the current collection 
terminal formed on the current collector of the 

negative electrode. 
 
[0013] 
 
A second aspect of the present invention is an 
electrode structure comprising a positive 
electrode and a negative electrode having an 

electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 
in one portion of one side of the electrode 
current collector, the positive electrode and a 

negative electrode arranged opposite each 

other via an electron-insulating separator and 
spirally wound around each other, the electrode 
structure characterized in that no electrode 
active material is formed to the inside of the 
electrode current collector in the innermost layer. 
 
[0014] 

 
A third aspect of the present invention is an 
electrode structure comprising a positive 
electrode and a negative electrode having an 
electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 

in one portion of one side of the electrode 
current collector, the positive electrode and a 
negative electrode arranged opposite each 
other via an electron-insulating separator and 
spirally wound around each other, the electrode 
structure characterized in that no electrode 

active material is formed to the outside of the 
electrode current collector in the outermost 
layer. 
 
[0015] 
 
A fourth aspect of the present invention is the 

electrode structure according to any of the first 
to third aspects, wherein the electrode structure 

is flattened. 
 
[0016] 
 
A fifth aspect of the present invention is the 

electrode structure according to any of the first 
to fourth aspects, wherein the separator is 
bonded to at least one of the positive electrode 
and the negative electrode. 
 
[0017] 
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A sixth aspect of the present invention is a 
battery comprising the electrode structure 
according to any of the first to fifth aspects. 
 

[0018] 
 
[Embodiments of the Invention] 
 
First Embodiment. 
 
FIG. 1 is a cross-sectional view of the electrode 

structure in the first embodiment of the present 
invention, in which the beginning of the winding 
of the negative electrode and the positive 
electrode is shifted by half a lap. In order to 
avoid complicating the figure, the separator 

located between the positive electrode active 

material layer and the negative electrode active 
material layer 4 and on the outermost layer has 
been omitted in FIG. 1. In this figure, 1 is a 
positive electrode collection terminal, 2 is a 
negative electrode collection terminal, 3 is a 
positive electrode active material layer, 4 is a 
negative electrode active material layer, 5 is a 

positive electrode current collector, 6 is a 
negative electrode current collector, and A to G 
are active material uncoated portions. 
 
[0019] 
 
The characteristics of the electrode structure 

shown in FIG. 1 include the following: positions 
B and E of the first layer, that is, the innermost 
electrode active material layers 3, 4, where the 
positive electrode and negative electrode 
adhere poorly via the separator, and the 
outermost electrode active material layer 

(negative active material layer 4 in the figure) 
G, where there is no opposing electrode, are not 
coated; the electrode active material layer sites 
C and F that face the electrode current collection 
terminals 1, 2 attached to the innermost end 
that do not react as a battery are active material 
uncoated portions; and the electrode current 

collector terminals 1, 2, which are almost the 
same thickness as the electrode active material 

layers 3, 4, are efficiently placed in uncoated 
portions A and D of the electrode active material 
layer in the unwound portion of the first layer so 
as to hold down the increase in electrode 
thickness. This configuration results in a 

lightweight, compact electrode structure with 
improved energy density. In addition, the 
positive electrode portion facing the current 
collection terminal 2 formed on the negative 
electrode current collector 6 is an active 
material uncoated portion, which prevents 

lithium metal deposition. Also, by forming the 
negative electrode active material layer 4 larger 

than the opposing positive electrode active 
material layer 3, lithium metal deposition is 
more reliably prevented. This is also true for 
each of the following embodiments. In FIG. 1, 

the electrode current collectors 5 and 6 are 
shown in bold lines, and the uncoated portions 
of the electrode active material layers in the 
electrode current collectors are shown in extra 
bold lines. The first layer of the spiral electrode 
structure refers to the starting point from which 
the winding begins to the point where the 

electrodes have been wound to this starting 
point. 
 
[0020] 
 

FIG. 2 (a) and FIG. 2 (b) are examples of 

electrodes with electrode active material layers 
3, 4 pattern-coated to provide uncoated 
portions on one or both sides of electrode 
current collectors 5, 6 as shown in FIG. 1. In this 
figure, A to G are portions in which the electrode 
active material layer has not been uncoated. 
These correspond to A to G in FIG. 1. In FIG. 1 

(a) and FIG. 1 (b), A and D are portions 
uncoated with the active material layer for 
attaching the positive electrode current 
collection terminal 1 and the negative electrode 
current collection terminal 2, respectively, B and 
E are portions corresponding to the innermost 
layer, C and F are portions uncoated with a 

positive electrode active material layer 3 and 
negative electrode active material layer 4 where 
the negative electrode current collector terminal 
2 and the positive electrode current collector 
terminal 1 face each other, respectively, and G 
is a portion uncoated with the negative 

electrode active material layer 4 to the outside 
of the electrode current collector 6 of the 
outermost layer. The uncoated portions may be 
created by pattern coating when forming the 
electrode active material layers 3, 4, or by 
scraping off a portion of the uncoated portions 
after coating the entire surface. 

 
[0021] 

 
Second Embodiment. 
 
FIG. 3 is a cross-sectional view of the electrode 
structure in the second embodiment of the 

present invention. In order to avoid 
complicating the figure, the separator located 
between the positive electrode active material 
layer and the negative electrode active material 
layer 4 and on the outermost layer has been 
omitted. In this example, the beginning of the 

winding of the negative electrode and the 
positive electrode is shifted by half a lap, and 
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the current collector terminals 1, 2 are placed at 
the outer ends of the wound electrodes. Unlike 
FIG. 1, the active material layers 3, 4 are also 
formed to the inside the electrode current 

collectors 5, 6 in the innermost layer, because 
this structure does not have much space for 
current collector terminals 1, 2 inside the 
electrode unit, so excess space is less likely to 
exist in the innermost layer. Also, active 
material layers 3, 4 are not formed to the 
outside of the electrode current collectors 5, 6 

in the outermost layer because there is no 
active material on the opposing counter 
electrode. Therefore, there is no active material 
layer facing the current collector terminals 1, 2, 
and lithium metal deposition due to excess 

positive electrode active material can be 

prevented. The positive electrode active 
material layer 3 opposite the beginning of the 
winding end of the negative electrode is covered 
with insulating tape 7 to prevent lithium metal 
deposition, but instead of covering it with 
insulating tape 7, the active material in this 
portion may be removed. If the innermost layer 

adheres poorly, a structure in which the active 
material in the innermost layer has been 
removed is also effective. 
 
[0022] 
 
Third Embodiment. 

 
FIG. 4 is a cross-sectional view of the electrode 
structure in the third embodiment of the present 
invention. In order to avoid complicating the 
figure, the separator located between the 
positive electrode active material layer and the 

negative electrode active material layer 4 and 
on the outermost layer has been omitted. In this 
example, the beginning of the winding of the 
negative electrode and the positive electrode is 
shifted by half a lap, and the current collector 
terminals 1, 2 are placed in the central portion 
of the electrodes. In this structure, as in FIG. 3, 

active material layers 3 and 4 are also formed 
to the inside the electrode current collectors 5, 

6 in the innermost layer because, as in FIG. 3, 
there are no current collector terminals 1, 2 
inside the electrode unit, so excess space is 
unlikely to exist in the innermost layer. Also, 
active material layers 3, 4 are not formed to the 

outside of the electrode current collectors 5, 6 
in the outermost layer because there is no 
active material on the opposing counter 
electrode. In addition, active material layers 
facing the current collector terminals 1, 2 are 
not formed, eliminating excess space due to the 

thickness of the current collector terminals 1, 2, 
and preventing lithium metal deposition due to 

excess positive electrode active material. The 
positive electrode active material layer 3 
opposite the beginning of the winding end of the 
negative electrode is covered with insulating 

tape 7 to prevent lithium metal deposition, but 
instead of covering it with insulating tape 7, the 
active material in this portion may be removed. 
If the innermost layer adheres poorly, a 
structure in which the active material in the 
innermost layer has been removed is also 
effective. 

 
[0023] 
 
Fourth Embodiment. 
 

FIG. 5 is a cross-sectional view of the electrode 

structure in the fourth embodiment of the 
present invention. In order to avoid 
complicating the figure, the separator located 
between the positive electrode active material 
layer and the negative electrode active material 
layer 4 and on the outermost layer has been 
omitted. In this example, the beginning of the 

winding of the negative electrode and the 
positive electrode is the same, and the current 
collector terminals 1, 2 are placed at the outer 
ends of the wound electrodes. Here, unlike in 
the first to third embodiments, the starting 
position of the winding of the positive electrode 
and the negative electrode is the same, so that 

the same poles, such as a negative electrode 
and negative electrode, face each other at the 
innermost part due to the initial folding, and no 
battery reaction can be expected if active 
material is present at the innermost layer. 
Therefore, no electrode active material is 

formed to the inside of the electrode current 
collector (the negative electrode current 
collector 6 in this figure) on the innermost layer. 
 
[0024] 
 
Fifth Embodiment. 

 
FIG. 6 is a cross-sectional view of the electrode 

structure in the fifth embodiment of the present 
invention. In order to avoid complicating the 
figure, the separator located between the 
positive electrode active material layer and the 
negative electrode active material layer 4 and 

on the outermost layer has been omitted. In this 
example, the beginning of the winding of the 
negative electrode and the positive electrode is 
the same, and one current collector terminal 1 
is placed at the inner end of the wound 
electrodes and the other current collector 

terminal 2 is placed in the central portion. In this 
case also, no electrode active material is formed 
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to the inside of the innermost electrode current 
collector 6. Also, active material is not formed 
on the positive electrode current collector 5 
opposite the negative electrode current collector 

terminal 2 formed on the negative electrode 
current collector 6 at the inner end in order to 
prevent lithium metal deposition. However, 
active material is formed on the negative 
electrode portion opposite the positive electrode 
current collector terminal 1 formed on the 
positive electrode current collector 5 because 

there are no concerns about lithium metal 
deposition. Of course, the active material in this 
portion may be removed. 
 
[0025] 

 

[Examples] 
 
Example 1. 
 
(Fabrication of the Positive Electrode) 
 
A positive electrode active material paste was 

prepared by dispersing 91 parts by weight of 
positive electrode active material consisting of 
LiCoO2, 6 parts by weight of artificial graphite 
serving as a conductive material, and 3 parts by 
weight of polyvinylidene fluoride (PVDF) serving 
as a binding material in N-methylpyrrolidone 
(NMP). This positive electrode active material 

paste was pattern-coated on 20 µm thick 
aluminum foil serving as the positive electrode 
current collector using the doctor-blade method 
as shown in FIG. 2 (A) to form a positive 
electrode active material layer with coated and 
uncoated portions, and then the layer was dried. 

The same positive electrode active material 
paste was pattern-coated on the back side using 
the doctor blade method to form a positive 
electrode active material layer on both sides of 
the aluminum foil. This was dried and pressed 
to produce a positive electrode with a thickness 
of 200 μm. Electrode dimensions were 49 mm 

long x 150 mm wide, uncoated portion A was 10 
mm wide, portions B and C were 30 mm wide, 

and the positive electrode active material film 
on one side was 90 μm. A 0.1 mm thick x 3 mm 
wide aluminum current collector terminal was 
attached to the edge of an uncoated portion of 
the aluminum foil of the positive electrode by 

ultrasonic welding to serve as a lead. The 
current collector is not limited to foil, but can 
also be a mesh. 
 
[0026] 
 

(Creation of the Negative Electrode) 
 

A negative electrode active material paste was 
prepared by dispersing 90 parts by weight of 
negative electrode active material consisting of 
mesophase carbon microbeads and 10 parts by 

weight of PVDF in NMP. The negative electrode 
active material paste was pattern-coated on 12 
µm thick Cu foil serving as the negative 
electrode current collector using the doctor 
blade method as shown in FIG. 2 (b) to form a 
negative electrode active material film with 
coated and uncoated negative electrode active 

material portions, and the film was then dried. 
The negative electrode active material paste 
was pattern-coated on the back side as well, 
and dried to form negative electrode active 
material films on both sides of the Cu foil. This 

was then pressed to create the negative 

electrode. The electrode dimensions were 50 
mm long x 180 mm wide, uncoated portion D 
was 5 mm wide, uncoated portions E and F were 
30 mm wide, portion G was 55 mm wide, and 
the negative electrode active material film on 
one side was 90 μm. A Cu current collector 
terminal with a thickness of 0.1 mm and a width 

of 3 mm was attached to the edge of an 
uncoated portion of the Cu foil of the negative 
electrode by ultrasonic welding to serve as a 
lead. The current collector can be a mesh 
instead of foil, and the current collector terminal 
can be Ni instead of Cu. 
 

[0027] 
 
(Creation of the Spiral Wound Electrode 
Structure) 
 
A 25 µm porous polypropylene sheet (trade 

name Celgard from Hoechst) was used as the 
separator. Winding of this negative electrode 
and positive electrode were shifted by half a lap, 
the collector terminal was located inside, the 
active material uncoated portions of the positive 
electrode and negative electrode were placed 
opposite each other via the separator, the 

electrodes were wound into an oblong shape, 
and the ends of the winding were secured with 

polyimide tape to create a spiral wound 
electrode structure. 
 
[0028] 
 

Example 2. 
 
(Flattening of the Electrode Structure) 
 
The electrode structure wound in an oblong 
shape in Example 1 was interposed between flat 

plates such as metal plates and subjected to a 
load to create the flat spiral wound electrode 
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unit shown in FIG. 1. At this time, the electrode 
unit was dried under pressure at 60 to 120°C to 
obtain an electrode unit with a flat spiral wound 
structure. Flattening eliminates excess space for 

compactness and improves adhesion between 
the electrodes and the separator. 
 
[0029] 
 
Example 3. 
 

(Bonded Flat Spiral Wound Electrode Structure) 
 
A positive electrode and a negative electrode 
were prepared as in Example 1. An NMP solution 
obtained by dissolving 7 parts by weight of PVDF 

and dispersing 9 parts by weight of aluminum 

oxide powder was applied to one side of two 
separators as an adhesive. An adhesive layer 
using this adhesive retains the electrolyte when 
the electrolyte is poured, forming an adhesive 
layer with ion conductivity. Before the adhesive 
dried, this layer was affixed and bonded to both 
sides of the negative electrode to form a 

negative electrode with separators. The 
adhesive is an example and is not limited to 
PVDF. It can be a polymer such as polyvinyl 
alcohol, polyvinyl butyrate, polymethacrylate, 
or polymethacrylate-methyl, for example. Also, 
the concentration is not limited to 7 parts by 
weight. Aluminum oxide powder is added so 

that the adhesive layer readily become porous, 
and fine powders such as graphite and silica gel 
may also be added. The solvent is not limited to 
NMP, and can also be dimethylformamide (DMF), 
for example. 
 

[0030] 
 
A DMF solution obtained by dissolving 7 parts by 
weight of PVDF and dispersing 9 parts by weight 
of aluminum oxide powder was applied to the 
negative electrode with separators as an 
adhesive. The active material uncoated portions 

of the negative electrode and the active material 
uncoated portions of the positive electrode 

overlapped when bonded together and wound 
into an oblong shape. Before the adhesive dried, 
vacuum drying was performed while applying 
load to form an adhesive flat spiral wound 
electrode unit as shown in FIG. 1. The bonding 

process may be performed by bonding the 
negative electrode to a separator bonded to the 
positive electrode, or by bonding the positive 
electrode, separator, and negative electrode at 
the same time. Just one of the positive electrode 
and negative electrode may be bonded to the 

separator, and bonding the electrodes to the 
separator provides a highly reliable electrode 

structure that is difficult to shift. Manufacturing 
is made easier by bonding one of the electrodes 
to the separator and then laminating the other 
electrode while wrapping it around the separator. 

 
[0031] 
 
Comparative Example 1. 
 
In Comparative Example 1, the electrode 
structure shown in FIG. 9 was prepared with the 

same manufacturing method as in Example 3, 
using electrode made of the same material as in 
Example 1, with an electrode active material 
formed on one or both sides of the electrode 
current collector but without pattern coating. 

The dimensions of the electrode structure were 

3.0 mm in thickness (the vertical dimension in 
the drawing), 25 mm in width (the horizontal 
dimension in the drawing), and 50 mm in height 
(the dimension orthogonal to the drawing) in 
both Example 3 and Comparative Example 1. 
 
[0032] 

 
(Sealing of the Electrode Unit) 
 
The electrode structures prepared in Example 3 
and Comparative Example 1 were immersed in 
an electrolyte obtained by dissolving lithium 
hexafluorophosphate in a mixed solvent of 

ethylene carbonate and diethyl carbonate (1:1 
molar ratio) at a concentration of 1 mol/dm3  
and allowed to soak sufficiently. The electrode 
structures were then sealed by heat fusion in a 
pouch made of a 110 µm thick aluminum 
laminate sheet. The current collecting tab 

portion was sealed by interposing the metal and 
heat fusible polyethylene portion between 
aluminum laminate sheets and performing heat 
fusing. The aluminum laminate sheet closed 
portions were 5 mm, which were thermally 
sealed in three directions (top, left, and right) 
to make a battery. 

 
[0033] 

 
Table 1 shows the results when each of the 
batteries was charged at a current of 100 mA 
until it reached 4.1 V and then discharged 10 
minutes later at the same current value until it 

reached 2.5 V. 
The battery created in Example 3 had a 
discharge capacity of 340 mAh, while the 
battery created in Comparative Example 1 had 
a discharge capacity of only 280 mAh. The 
external dimensions of the battery were the 

same, but in Example 3, the active materials not 
involved in the battery reaction were removed, 
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because the electrode active material layers 
were placed only where the positive electrode 
and negative electrode active materials face 
each other. As a result, the amount of electrode 

active material layer that functions as a battery 
is greater in Example 3 than in Comparative 
Example 1. 
 
[0034] 
 
[Table 1] 

 
 Example 3 Comparative 

Example 1 

Discharge 

Capacity (mAh) 

340 280 

 
[0035] 
 
In Comparative Example 1, as shown in the 
enlarged central portion of the electrode 

structure in FIG. 8, extra space readily occurs in 
the innermost portion due to the thickness of 
current collector terminals 1, 2 and the 
insulating tape 7. However, in Example 3, as 
shown in the enlarged central portion of the 
electrode structure in FIG. 7, extra space is less 

likely to exist. Also, in Example 3, the electrode 
active material layer to the inside of the 
innermost layer, where space is easily created 
and battery reactions are unlikely to occur, is 
eliminated to reduce excess thickness. The 

resulting difference in discharge capacity with 
Comparative Example 1 indicates that a higher 

discharge capacity was obtained and the 
volumetric energy density was improved. 
 
[0036] 
 
A cycle test was conducted to compare the 
degradation in discharge capacity after 100 

cycles by repeating charge-discharge cycles in 
which the batteries from Example 3 and 
Comparative Example 1 were charged at a 
current value of 100 mA until they reached 4.1 
V and then discharged at the same current value 
10 minutes later. The results are shown in Table 

2. The battery in Example 3 maintained more 
than 90% of its initial discharge capacity after 
100 cycles, while the battery in Comparative 
Example 1 had approximately 86% of its initial 
discharge capacity. In Comparative Example 1, 
extra negative electrode active material exists 
in the innermost and outermost layers, and 

when the charge-discharge cycle is repeated, 
lithium ions are taken in by the extra negative 
active material portions during charging. The 
extra degradation may be due to the fact that 
those lithium ions were not released during 

discharge. Therefore, removing excess active 
material from the outermost and innermost 
layers improves cycle characteristics, 
suppresses battery degradation with respect to 

repeated use, and has the effect of extending 
battery life. 
 
[0037] 
 
[Table 2] 
 

 Example 3 Comparative 

Example 1 

Initial Discharge 

Capacity (mAh) 

340 280 

Discharge Capacity 

After 100 Cycles (mAh) 

308 240 

Deterioration (%)  
After 100 Cycles 

90.6 85.7 

 
[0038] 
 
Example 4. 
 
Using electrodes that differed only in terms of 

the active material coating patterns from the 
electrodes created in Example 1, an electrode 
structure with the same winding starting 
positions for the positive and negative 
electrodes in the fourth embodiment shown in 
FIG. 5 was created using the same production 
method as in Example 3, and this became 

Example 4. 
 
[0039] 
 
Comparative Example 2. 
 
In Comparative Example 2, the electrode 

structure shown in Figure 10 was prepared 
using the same production method as in 
Example 3, using electrodes made of the same 
materials as in Example 1, with the electrode 
active material formed on one side or both sides 
of the electrode current collector without 

pattern coating. The dimensions of the electrode 
structures in Example 4 and Comparative 
Example 2 were the same as those of Example 

3 and Comparative Example 1. 
 
[0040] 
 

The electrode structure created in this manner 
was soaked in an electrolyte as in Example 3 
and Comparative Example 1, and sealed with 
aluminum laminate sheets to form a battery. 
Table 2 shows the results these batteries were 
charged at a current of 100 mA until they 
reached 4.1 V and then discharged 10 minutes 

later at the same current value until they 
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reached 2.5 V. The battery created in Example 
4 had a discharge capacity of 340 mAh, while 
the battery created in Comparative Example 2 
had a discharge capacity of only 300 mAh. The 

external dimensions of the battery were the 
same, but in Example 4, the active materials not 
involved in the battery reaction were removed, 
because the electrode active material layers 
were placed only where the positive electrode 
and negative electrode active materials face 
each other. As a result, the amount of electrode 

active material layer that functions as a battery 
is greater in Example 4 than in Comparative 
Example 2. 
 
[0041] 

 

[Table 3] 
 

 Example 4 Comparative 

Example 2 

Discharge 

Capacity (mAh) 

340 300 

 
[0042] 
 
When the electrode unit in Comparative 

Example 2 was pressed and flattened, the 
current collector in the innermost fold of the 
electrode unit sometimes cracked, but this was 
not observed in the electrode unit of Example 4. 
This is because the electrode unit in 

Comparative Example 2 has an electrode active 
material layer in the innermost layer as shown 

in FIG. 10, and the elongation rate of the current 
collector in the innermost folded portion is large. 
Here, the metal electrode current collector, 
especially the positive electrode current 
collector, could not withstand elongation of the 
metal due to folding. In contrast, the electrode 
unit in Example 4 does not have an electrode 

active material layer in the innermost layer, so 
the elongation rate of the metal electrode 
current collector was smaller than in 
Comparative Example 2, and tearing of the 
electrode current collector was suppressed. 
Thus, the absence of electrode active material 

in the innermost layer was found to be effective 
in controlling the tearing of the electrode 
current collector when pressed and flattened. 
 
[0043] 
 
The electrode structures shown in the first 

through fourth embodiments are discussed in 
the examples, but electrode structures in the 
other embodiments can also be made in the 
same way as in Examples 1 to 4 using the 

electrodes in Example 1, and differing only in 
terms of the active material coating pattern. 
 
[0044] 

 
[Effects of the Invention] 
 
As mentioned above, the first aspect of the 
present invention is an electrode structure 
comprising a positive electrode and a negative 
electrode having an electrode active material 

formed on the front and back surfaces of an 
electrode current collector and current collector 
terminals formed in one portion of one side of 
the electrode current collector, the positive 
electrode and a negative electrode arranged 

opposite each other via an electron-insulating 

separator and spirally wound around each other, 
the electrode structure characterized in that no 
electrode active material is formed on the 
positive electrode portion opposite the current 
collection terminal formed on the current 
collector of the negative electrode. As a result, 
a lightweight and compact electrode structure 

with improved energy density and high 
reliability can be obtained by preventing lithium 
metal precipitation. 
 
[0045] 
 
The second aspect of the present invention is an 

electrode structure comprising a positive 
electrode and a negative electrode having an 
electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 
in one portion of one side of the electrode 

current collector, the positive electrode and a 
negative electrode arranged opposite each 
other via an electron-insulating separator and 
spirally wound around each other, the electrode 
structure characterized in that no electrode 
active material is formed to the inside of the 
electrode current collector in the innermost layer. 

By omitting the active material to the inside of 
the innermost layer, which is not involved in the 

battery reaction, a lightweight, compact 
electrode structure with improved energy 
density can be obtained. In addition, cycle 
characteristics during repeated use are 
improved, and the battery life can be expected 

to increase. Tearing of the electrode current 
collector can also be prevented. 
 
[0046] 
 
The third aspect of the present invention is an 

electrode structure comprising a positive 
electrode and a negative electrode having an 
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electrode active material formed on the front 
and back surfaces of an electrode current 
collector and current collector terminals formed 
in one portion of one side of the electrode 

current collector, the positive electrode and a 
negative electrode arranged opposite each 
other via an electron-insulating separator and 
spirally wound around each other, the electrode 
structure characterized in that no electrode 
active material is formed to the outside of the 
electrode current collector in the outermost 

layer. By omitting the active material to the 
outside of the outermost layer, which has no 
counter electrode and is not involved in the 
battery reaction, a lightweight, compact 
electrode structure with improved energy 

density can be obtained. In addition, cycle 

characteristics during repeated use are 
improved, and the battery life can be expected 
to increase. 
 
[0047] 
 
Because flattening is performed in the fourth 

aspect of the present invention, the elimination 
of excess space allows for better adhesion 
between the electrodes and the separator, 
resulting in a higher energy density. 
 
[0048] 
 

Because the separator is bonded to at least one 
of the positive electrode and negative electrode 
in the fifth aspect of the present invention, the 
electrodes and the separator are less likely to 
shift, improving reliability. 
 

[0049] 
 
Because the battery in the sixth aspect of the 
present invention has the electrode structure 
according to any of the first to fifth aspects of 
the invention, a lightweight and compact 
battery with improved energy density and high 

reliability can be obtained by preventing lithium 
metal precipitation. 

 
[Brief Description of the Drawings] 
 
[FIG. 1] 
 

FIG. 1 is a cross-sectional view of the 
configuration of the spiral electrode structure in 
the first embodiment of the present invention. 
 
[FIG. 2] 
 

FIG. 2 is a pair of cross-sectional views showing 
an example of the electrode pattern coating 

process for the first embodiment of the present 
invention. 
 
[FIG. 3] 

 
FIG. 3 is a cross-sectional view of the 
configuration of the spiral electrode structure in 
the second embodiment of the present invention. 
 
[FIG. 4] 
 

FIG. 4 is a cross-sectional view of the 
configuration of the spiral electrode structure in 
the third embodiment of the present invention. 
 
[FIG. 5] 

 

FIG. 5 is a cross-sectional view of the 
configuration of the spiral electrode structure in 
the fourth embodiment of the present invention. 
 
[FIG. 6] 
 
FIG. 6 is a cross-sectional view of the 

configuration of the spiral electrode structure in 
the fifth embodiment of the present invention. 
 
[FIG. 7] 
 
FIG. 7 is an enlarged cross-sectional view of the 
center of the flat spiral electrode structure in the 

third embodiment of the present invention. 
 
[FIG. 8] 
 
FIG. 8 is an enlarged cross-sectional view of the 
center of the flat spiral electrode structure in the 

first comparative example. 
 
[FIG. 9] 
 
FIG. 9 is a cross-sectional view of the 
configuration of a conventional spiral electrode 
structure. 

 
[FIG. 10] 

 
FIG. 10 is a cross-sectional view of the 
configuration of another conventional spiral 
electrode structure. 
 

[Reference Numbers] 
 
1: Positive electrode current collector terminal 
2: Negative electrode current collector terminal 
3: Positive electrode active material layer 
4: Negative electrode active material layer 

5: Positive electrode current collector 
6: Negative electrode current collector 
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7: Insulating tape 
8: Separator 
A-G: Active material uncoated portions



 
[FIG. 1] 
 

 

[FIG. 2] 
 

 
 

  
[FIG. 3] 
 

 
 

[FIG. 4] 
 

 
 

[FIG. 5] 
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[FIG. 6] 
 

 
 

[FIG. 7] 
 

 
 

[FIG. 8] 
 

 
 

[FIG. 9] 
 

 
 

[FIG. 10] 
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