
JP 2016-122628 A 2016.7.7 

(19) Japan Patent Office (JP)

(12) Japanese Unexamined Patent
Application Publication (A)

(11) Patent Application
Publication No.

JP 2016-122628 A 
(P2016-122628A) 

(43) Publication Date July 7, 2016 (Heisei 28) 

(51) Int. Cl. F1 
Theme Code 
(Reference) 

HO1M 4/13 (2010.01) HO1M 4/13 5HO11 
HO1M 10/0587 (2010.01) HO1M 10/0587 5HO29 
HO1M 2/26 (2006.01) HO1M 2/26 A 5HO43 
HO1M 2/02 (2006.01) HO1M 2/02 K 5HO50 

Examination Request:  Not yet  Total No. of Claims: 7 OL (Total 16 pages) 

(21) Application No. JP 2014-263360 (P2014-263360) 
(71) Applicant 590002817

Samsung SDI Co., Ltd. 

SAMSUNG SDI Co., LTD. 

150-20 Gongse-ro, Giheung-gu,

Yongin-si, Gyeonggi-do

150-20 Gongse-ro, Giheung-gu,

Yongin-si, Gyeonggi-do, 446-902

Republic of Korea

(22) Date of Filing December 25, 2014 (Heisei 26) 

(74) Agent 110000981 

I • P • D International Patent Firm 

Continued on last page 

(54) [Title of Invention] WOUND ELEMENT FOR NON-AQUEOUS ELECTROLYTE SECONDARY
BATTERY AND NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY

(57) [Abstract]

[Problem] To provide a novel and improved wound 

element for a non-aqueous electrolyte secondary battery 

and a non-aqueous electrolyte secondary battery, capable 

of making the thickness of the wound element more 

uniform and thereby suppressing swelling of the non-

aqueous electrolyte secondary battery.

[Resolution Means] To solve the above problem, 

according to one aspect of the present invention, a wound 

element for a non-aqueous electrolyte secondary battery 

is provided, including a strip-shaped current collector, a 

current collector tab provided on the strip-shaped current 

collector, an active material layer provided on the strip-

shaped current collector, and a cutout portion provided in 

the active material layer, wherein the cutout portion is 

formed at a position facing the current collector tab.

[Selected Drawing] FIG. 1

Zhuhai CosMX Battery Co. EX1006 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
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[Scope of Patent Claims] 

[Claim 1] 

A wound element for a non-aqueous electrolyte secondary battery, comprising: 

a strip-shaped current collector, 

a current collector tab provided on the strip-shaped current collector, 

an active material layer provided on the strip-shaped current collector, and 

a cutout portion provided in the active material layer, wherein 

the cutout portion is formed at a position facing the current collector tab. 

[Claim 2] 

The wound element for a non-aqueous electrolyte secondary battery according to claim 1, wherein a width 10 

of the cutout portion is equal to or greater than a width of the current collector tab. 

[Claim 3] 

The wound element for a non-aqueous electrolyte secondary battery according to claim 2, wherein the 

width of the cutout portion is greater than the width of the current collector tab. 

[Claim 4] 

The wound element for a non-aqueous electrolyte secondary battery according to any one of claims 1 to 

3, wherein a difference between a thickness of the current collector tab and a depth of the cutout portion is 

smaller than a thickness of the current collector tab. 

[Claim 5] 

The wound element for a non-aqueous electrolyte secondary battery according to any one of claims 1 to 20 

4, wherein the current collector tab is constituted by a cathode current collector tab and an anode current 

collector tab, and 

the cutout portion is formed respectively at a position facing the cathode current collector tab and at a 

position facing the anode current collector tab. 

[Claim 6] 

A non-aqueous electrolyte secondary battery, comprising the wound element for a non-aqueous 

electrolyte secondary battery according to any one of claims 1 to 5. 

[Claim 7] 

The non-aqueous electrolyte secondary battery according to claim 6, wherein an outer packaging material 

is a laminate. 30 

[Detailed Description of Invention] 

[Technical Field] 

[0001] 

The present invention relates to a wound element for a non-aqueous electrolyte secondary battery and a 

non-aqueous electrolyte secondary battery. 

[Background Art] 

[0002] 

With the increasing sophistication of small information devices in recent years, there has been growing 

demand for higher performance, miniaturization, and higher energy density in secondary batteries. In 

particular, non-aqueous electrolyte secondary batteries using a non-aqueous electrolyte solution, such as 40 

lithium ion secondary batteries, are capable of achieving high battery voltage and therefore high energy 

density, and thus research and development are being actively conducted thereon. Among these, non-

aqueous electrolyte secondary batteries in which a laminate is used as an outer packaging material and a 

wound element and an electrolytic solution are housed therein have attracted attention because of their high 

volumetric energy density. Here, the wound element is generally made by the following steps. 

[0003] 

First, an electrode laminate is produced by sequentially stacking a cathode, a separator, and an anode. 

Then, the electrode laminate is wound. Then, a wound element is produced by pressing the wound electrode 

laminate. 

[Citation List] 50 

[Patent Literature] 

[0004] 

[Patent Literature 1] JP 2003-157888 A 

[Patent Literature 2] JP 2006-164956 A 
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[Patent Literature 3] JP 2012-174387 A 

[Summary of Invention] 

[Problem to Be Solved by Invention] 

[0005] 

Incidentally, each electrode constituting the wound element are provided with a current collector tab. The 

current collector tab has a structure that protrudes in the thickness direction of the electrode. Therefore, in 

the wound element, the portion where the current collector tab is formed is thicker than other portions by the 

thickness of the current collector tab. Therefore, the thickness of the wound element is non-uniform. On the 

other hand, in a non-aqueous electrolyte secondary battery, stress due to expansion and contraction of each 

electrode during charge and discharge is applied to the wound element. Then, when charge and discharge 10 

are repeated, such stress is repeatedly applied to the wound element. Also, as described above, since the 

thickness of the wound element is non-uniform, stress is unevenly applied within the wound element. 

Specifically, a large stress is applied to the current collector tab and its periphery. For this reason, there is a 

problem in that the electrode present in the periphery of the current collector tab is likely to buckle. When the 

electrode buckles, the thickness of the wound element increases. That is, the battery swells. Further, when 

the battery swells, gaps are formed between the electrodes, and the smooth movement of lithium ions is 

hindered, so cycle characteristics deteriorate. 

[0006] 

Thus, in conventional non-aqueous electrolyte secondary batteries, there is a problem in that the non-

aqueous electrolyte secondary battery swells due to thickness non-uniformity caused by the current collector 20 

tab, and cycle characteristics deteriorate. This problem is particularly pronounced when the outer packaging 

material is a laminate film. That is, when the outer packaging material is a metal can, the outer packaging 

material is able to curb deformation of the wound element to some extent. On the other hand, a laminate film 

has lower strength than a metal can, so it is unlikely to curb deformation of the wound element. On the other 

hand, Patent Literature 1 to 3 disclose art relating to wound elements, but such art cannot solve the above-

mentioned problems at all. 

[0007] 

Therefore, the present invention has been made in view of the above problem, and an object of the present 

invention is to provide a novel and improved wound element for a non-aqueous electrolyte secondary battery 

and a non-aqueous electrolyte secondary battery, capable of making the thickness of the wound element 30 

more uniform and thereby suppressing swelling of the non-aqueous electrolyte secondary battery. 

[Means for Solving Problem] 

[0008] 

To solve the above problem, according to one aspect of the present invention, a wound element for a non-

aqueous electrolyte secondary battery is provided, including a strip-shaped current collector, a current 

collector tab provided on the strip-shaped current collector, an active material layer provided on the strip-

shaped current collector, and a cutout portion provided within the active material layer, wherein the cutout 

portion is formed at a position facing the current collector tab. 

[0009] 

From this perspective, since the cutout portion is able to absorb (offset) the thickness of the current 40 

collector tab, the thickness of the wound element may be made more uniform. Accordingly, by using this 

wound element in a non-aqueous electrolyte secondary battery, swelling of the non-aqueous electrolyte 

secondary battery may be suppressed. 

[0010] 

Here, a width of the cutout portion is equal to or greater than a width of the current collector tab. 

[0011] 

From this perspective, the cutout portion may more reliably absorb the thickness of the current collector 

tab. Therefore, the thickness of the rotary element may be made more uniform. Accordingly, by using this 

wound element in a non-aqueous electrolyte secondary battery, swelling of the non-aqueous electrolyte 

secondary battery may be suppressed. 50 

[0012] 

Further, the width of the cutout portion may be greater than the width of the current collector tab. 

[0013] 

From this perspective, the cutout portion may more reliably absorb the thickness of the current collector 
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tab. Therefore, the thickness of the rotary element may be made more uniform. Accordingly, by using this 

wound element in a non-aqueous electrolyte secondary battery, swelling of the non-aqueous electrolyte 

secondary battery may be suppressed. 

[0014] 

Further, the difference between the thickness of the current collector tab and the depth of the cutout portion 

may be smaller than the thickness of the current collector tab. 

[0015] 

From this perspective, the cutout portion may more reliably absorb the thickness of the current collector 

tab. Therefore, the thickness of the rotary element may be made more uniform. Accordingly, by using this 

wound element in a non-aqueous electrolyte secondary battery, swelling of the non-aqueous electrolyte 10 

secondary battery may be suppressed. 

[0016] 

Further, the current collector tab is constituted by a cathode current collector tab and an anode current 

collector tab, and the cutout portion may be formed respectively at a position facing the cathode current 

collector tab and at a position facing the anode current collector tab. 

[0017] 

From this perspective, the cutout portion is capable of absorbing the thickness of the cathode current 

collector tab and the thickness of the anode current collector tab. Therefore, the thickness of the rotary 

element may be made more uniform. Accordingly, by using this wound element in a non-aqueous electrolyte 

secondary battery, swelling of the non-aqueous electrolyte secondary battery may be suppressed. 20 

[0018] 

According to another aspect of the present invention, a non-aqueous electrolyte secondary battery is 

provided, including the above-described wound element. 

[0019] 

From this perspective, it is possible to suppress the swelling of the non-aqueous electrolyte secondary 

battery. 

[0020] 

Here, the outer packaging material may be a laminate. 

[0021] 

In the non-aqueous electrolyte secondary battery according to this aspect, the outer packaging material 30 

is a laminate. However, the non-aqueous electrolyte secondary battery according to this aspect is provided 

with the above-described wound element. Accordingly, even when the outer packaging material is a laminate, 

swelling of the non-aqueous electrolyte secondary battery is suppressed. 

[Effect of Invention] 

[0022] 

As described above, according to the present invention, since the cutout portion is able to absorb (offset) 

the thickness of the current collector tab, the thickness of the wound element may be made more uniform. 

Accordingly, by using this wound element in a non-aqueous electrolyte secondary battery, swelling of the 

non-aqueous electrolyte secondary battery may be suppressed. 

[Brief Description of Drawings] 40 

[0023] 

[FIG. 1] A plan cross-sectional view illustrating a schematic configuration of a wound element according to 

one embodiment of the present invention. 

[FIG. 2] (a) An explanatory diagram illustrating a schematic configuration of a cathode according to the same 

embodiment. (b) An explanatory diagram illustrating a schematic configuration of an anode according to the 

same embodiment. 

[FIG. 3] An explanatory diagram illustrating a variation of the cathode. 

[Description of Embodiment for Prior Art] 

[0024] 

A preferred embodiment of the present invention will be described in detail below with reference to 50 

accompanying drawings. Note that in the present specification and the drawings, constituent elements having 

substantially the same functional configuration are designated by the same reference numerals, and 

redundant descriptions thereof will be omitted. 

[0025] 

<1. Configuration of wound element> 

Next, a configuration of a lithium-ion secondary battery 1 according to the present embodiment will be 
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described with reference to FIG. 1 and FIG. 2. The lithium-ion secondary battery 1 is provided with a flat 

wound element 1a, a non-aqueous electrolyte solution, and an outer packaging material. Note that the 

present invention is, naturally, also applicable to non-aqueous electrolyte secondary batteries other than 

lithium-ion secondary batteries. 

[0026] 

The wound element 1a is obtained by winding, in a longitudinal direction, an electrode laminate in which 

a strip-shaped anode 20, a strip-shaped separator 30, a strip-shaped cathode 10, and a strip-shaped 

separator 30 are stacked in this order, and then pressing the wound laminate in the vertical direction in FIG. 

1. 

[0027] 10 

(Configuration of strip-shaped cathode) 

As illustrated in FIG. 1 and FIG. 2(a), the strip-shaped cathode 10 (hereinafter also simply referred to as 

“cathode 10”) is provided with a cathode current collector 11, a cathode active material layer 12 formed on 

both surfaces of the cathode current collector 11, cutout portions 12a and 12b formed within the cathode 

active material layer 12, and a cathode current collector tab 13. 

[0028] 

The cathode current collector 11 may be formed of any conductive material, and is, for example, composed 

of aluminum, stainless steel, nickel-plated steel, or the like. A cathode current collector tab 13 is connected 

to the cathode current collector 11. 

[0029] 20 

The cathode active material layer 12 includes at least a cathode active material, and may further include 

a conductive agent and a binder. The cathode active material is not particularly limited as long as it is a 

material capable of reversibly absorbing and releasing lithium ions, and examples thereof include lithium 

cobalt oxide (LCO), lithium nickel oxide, lithium nickel cobalt oxide, lithium nickel cobalt aluminum oxide 

(hereinafter also referred to as “NCA”), lithium nickel cobalt manganese oxide (hereinafter also referred to as 

“NCM”), lithium manganese oxide, lithium iron phosphate, nickel sulfide, copper sulfide, sulfur, iron oxide, 

vanadium oxide, and the like. These cathode active materials may be used alone or in combination of two or 

more. 

[0030] 

Among the examples of cathode active materials listed above, the cathode active material is particularly 30 

preferably a lithium salt of a transition metal oxide having a layered rock-salt structure. Examples of lithium 

salts of transition metal oxides having such a layered rock salt-type structure include lithium salts of ternary 

transition metal oxides represented as Li1-x-y-zNixCoyAlzO2 (NCA) or Li1-x-y-zNixCoyMnzO2 (NCM) (0 < x < 1, 0 < 

y < 1, 0 < z < 1, and x + y + z < 1). 

[0031] 

The conductive agent is, for example, carbon black such as Ketjenblack or acetylene black, natural 

graphite, artificial graphite, or the like, and is not particularly limited as long as it is used for improving the 

conductivity of the cathode. 

[0032] 

The binder binds the cathode active materials to each other and also binds the cathode active material to 40 

the cathode current collector. The type of binder is not particularly limited, and any binder conventionally 

used in a cathode active material layer of a lithium-ion secondary battery may be used. For example, the 

binder may be polyvinylidene fluoride, vinylidene fluoride (VDF)-hexafluoropropylene (HFP) copolymer, 

vinylidene fluoride-perfluorovinyl ether copolymer, vinylidene fluoride-tetrafluoroethylene copolymer, 

vinylidene fluoride-trifluoroethylene copolymer, ethylene-propylene-diene terpolymer, styrene-butadiene 

rubber, acrylonitrile-butadiene rubber, fluororubber, polyvinyl acetate, polymethyl methacrylate, polyethylene, 

nitrocellulose, or the like; however, the binder is not particularly limited as long as it is capable of bonding the 
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cathode active material and the conductive agent onto the cathode current collector. 

[0033] 

A single surface thickness of the cathode active material layer 12 (the thickness of one of the cathode 

active material layers 12 formed on both front and back surfaces of the cathode current collector 11) is 

preferably equal to or greater than a thickness of the cathode current collector tab 13, and more preferably 

substantially equal to the thickness of the cathode current collector tab 13. 

[0034] 

The cutout portions 12a and 12b are provided within the cathode active material layer 12. The cutout 

portion 12a is provided at a position facing the cathode current collector tab 13 in the wound element 1a. 

That is, when a straight line is drawn passing through the center of the cathode current collector tab 13 in the 10 

width direction and extending in the thickness direction of the cathode current collector tab 13, the straight 

line passes through the cutout portion 12a. Preferably, the straight line passes through the center of the 

cutout portion 12a in the width direction. 

[0035] 

A depth of the cutout portion 12a preferably corresponds to the thickness of the cathode current collector 

tab 13. Moreover, the width of the cutout portion 12a is preferably equal to or greater than the width of the 

cathode current collector tab 13. When these conditions are satisfied, the thickness of the cathode current 

collector tab 13 may be entirely absorbed (offset) by the cutout portion 12a. Accordingly, it is possible to 

make more uniform the thickness of the portion of the wound element 1a where the cathode current collector 

tab 13 is provided and the thickness of the surrounding portion. 20 

[0036] 

Moreover, it is particularly preferable that the width of the cutout portion 12a is greater than the width of 

the cathode current collector tab 13. In this case, even if positional misalignment occurs between the cathode 

current collector tab 13 and the cutout portion 12a within the wound element 1a, the cutout portion 12a is 

also capable of absorbing such positional misalignment. That is, even if positional misalignment occurs 

between the cathode current collector tab 13 and the cutout portion 12a within the wound element 1a, the 

cutout portion 12a is capable of absorbing the thickness of the cathode current collector tab 13. 

[0037] 

Note that depth of the cutout portion 12a may be smaller than the thickness of the cathode current collector 

tab 13. In this case, the difference between the thickness of the cathode current collector tab 13 and the 30 

depth of the cutout portion 12a is preferably smaller than the thickness of the cathode current collector tab 

13. In this case, of the thickness of the cathode current collector tab 13, only the portion corresponding to the 

depth of the cutout portion 12a is absorbed (offset) by the cutout portion 12a. Further, the width of the cutout 

portion 12a may be smaller than the width of the cathode current collector tab 13. In this case, only the 

thickness of the portion of the cathode current collector tab 13 facing the cutout portion 12a is absorbed 

(offset) by the cutout portion 12a. 

[0038] 

The cutout portion 12b is provided at a position facing an anode current collector tab 23 in the wound 

element 1a. That is, when a straight line is drawn passing through the center of the anode current collector 

tab 23 in the width direction and extending in the thickness direction of the anode current collector tab 23, 40 

the straight line passes through the cutout portion 12b. Preferably, the straight line passes through the center 

of the cutout portion 12b in the width direction. 

[0039] 

The depth of the cutout portion 12b preferably corresponds to the thickness of the anode current collector 

tab 23. Moreover, the width of the cutout portion 12a is preferably equal to or greater than the width of the 

anode current collector tab 23. When these conditions are satisfied, the thickness of the anode current 

collector tab 23 may be entirely absorbed (offset) by the cutout portion 12b. Moreover, it is possible to make 

more uniform the thickness of the portion of the wound element 1a where the anode current collector tab 23 

is provided and the thickness of the surrounding portion. 

[0040] 50 

Moreover, it is particularly preferable that the width of the cutout portion 12b is greater than the width of 

the anode current collector tab 23. In this case, even if positional misalignment occurs between the anode 
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current collector tab 23 and the cutout portion 12b within the wound element 1a, the cutout portion 12b is 

also capable of absorbing such positional misalignment. That is, even if positional misalignment occurs 

between the anode current collector tab 23 and the cutout portion 12b within the wound element 1a, the 

cutout portion 12b is capable of absorbing the thickness of the anode current collector tab 23. 

[0041] 

Note that depth of the cutout portion 12b may be smaller than the thickness of the anode current collector 

tab 23. In this case, the difference between the thickness of the anode current collector tab 23 and the depth 

of the cutout portion 12b is preferably smaller than the thickness of the anode current collector tab 23. In this 

case, of the thickness of the anode current collector tab 23, only the portion corresponding to the depth of 

the cutout portion 12b is absorbed (offset) by the cutout portion 12b. Further, the width of the cutout portion 10 

12b may be smaller than the width of the anode current collector tab 23. In this case, only the thickness of 

the portion of the anode current collector tab 23 facing the cutout portion 12b is absorbed (offset) by the 

cutout portion 12b. 

[0042] 

Further, although in FIG. 2(a) the cutout portions 12a and 12b and the cathode current collector tab 13 

are provided on the same surface of the cathode current collector 11, naturally, they may be provided on 

mutually different surfaces. Further, the cutout portions 12a and 12b may naturally also be provided on the 

anode 20. Further, in FIG. 1, the cutout portions 12a and 12b are formed at the innermost peripheral portion 

of the wound element 1a. That is, the cutout portions 12a and 12b are provided at positions close to the 

cathode current collector tab 13 and the anode current collector tab 23. However, the installation positions 20 

of the cutout portions 12a and 12b are not limited to this position. That is, the cutout portions 12a and 12b 

may be provided at positions facing the cathode current collector tab 13 and the anode current collector tab 

23 (that is, positions intersected by a straight line passing through the centers of these current collector tabs 

in the width direction and extending parallel to the thickness direction of the wound element 1a). Further, as 

illustrated in FIG. 1, the cutout portions 12a and 12b preferably have an opening surface facing the cathode 

current collector tab 13 and the anode current collector tab 23. 

[0043] 

The cathode current collector tab 13 is formed, for example, of the same material as that of the cathode 

current collector 11. The cathode current collector tab 13 is welded to a tip of the cathode 10 in the longitudinal 

direction. Specifically, an uncoated portion where the cathode active material layer 12 is not formed is 30 

provided at the tip of the cathode 10 in the longitudinal direction. The cathode current collector tab 13 is 

provided at the uncoated portion. Further, the cathode current collector tab 13 is disposed at the innermost 

peripheral portion of the wound element 1a. 

[0044] 

The cathode 10 is produced, for example, by the following method. That is, a cathode mixture slurry is 

formed by dispersing the materials of the cathode active material layer 12 in an organic solvent or water, and 

this cathode mixture slurry is coated onto the cathode current collector 11. Thereby, a coating layer is formed. 

Here, the cathode mixture slurry is not applied to the tip of the cathode current collector 11 in the longitudinal 

direction. That is, an uncoated portion is formed at the tip of the cathode current collector 11 in the longitudinal 

direction. Further, the cathode mixture slurry is not coated on the cutout portions 12a and 12b. Note that the 40 

cathode mixture slurry may be coated on the cutout portions 12a and 12b also; however, the coating layer 

will become thinner than in other portions. Next, the coating layer is dried. Then, the dried coating layer is 

rolled together with the cathode current collector 11. Thereafter, the cathode current collector tab 13 is welded 

to the uncoated portion of the cathode current collector 11. Thereby, the cathode 10 is produced. 

[0045] 

(Configuration of anode and anode current collector tab) 

As illustrated in FIG. 1 and FIG. 2(b), the strip-shaped anode 20 (hereinafter also simply referred to as 

“anode 20”) includes an anode current collector 21, an anode active material layer 22 formed on both surfaces 

of the anode current collector 21, and the anode current collector tab 23. 

[0046] 50 

The anode current collector 21 may be formed of any conductive material, and is, for example, composed 

of copper, stainless steel, nickel-plated steel, or the like. 

[0047] 

The anode active material layer 22 may be any material used as the anode active material layer of the 
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lithium-ion secondary battery 1. For example, the anode active material layer 22 may include an anode active 

material and may further include a binder. Examples of the anode active material include graphite-based 

active materials (such as artificial graphite, natural graphite, a mixture of artificial graphite and natural 

graphite, and natural graphite covered in artificial graphite), a mixture of fine particles of silicon (Si) or tin (Sn) 

or oxides thereof and a graphite-based active material, fine particles of silicon or tin, alloys based on silicon 

or tin, and titanium oxide (TiOx)-based compounds such as Li4Ti5O12. Note that silicon oxides are represented 

by SiOx(0 ≤ x ≤ 2). Further, in addition to these, metallic lithium or the like, for example, may also be used as 

the anode active material. Here, the thickness of the anode active material layer 22 is not particularly limited, 

and may be any thickness suitable for the anode active material layer of a lithium-ion secondary battery. 

Further, when metallic lithium is used as the anode active material layer 22, a metallic lithium foil may be 10 

laminated on the anode current collector 21. 

[0048] 

The anode current collector tab 23 is constituted by, for example, the same material as that of the anode 

current collector 21. The anode current collector tab 23 is welded to a tip of the anode 20 in the longitudinal 

direction. Specifically, an uncoated portion where the anode active material layer 22 is not formed is provided 

at the tip of the anode 20 in the longitudinal direction. The anode current collector tab 23 is provided at the 

uncoated portion. Further, the anode current collector tab 23 is disposed at the innermost peripheral portion 

of the wound element 1a. 

[0049] 

The anode 20 is produced, for example, by the following method. First, a mixture of an anode active 20 

material and a binder in a desired proportion is dispersed in an organic solvent (for example, N-methyl-2-

pyrrolidone) to form an anode mixture slurry. Next, the anode mixture slurry is formed (for example, coated) 

on the anode current collector 21 to form a coating layer. Here, the cathode mixture slurry is not applied to 

the tip of the anode current collector 21 in the longitudinal direction. That is, an uncoated portion is formed 

at the tip of the anode current collector 21 in the longitudinal direction. Next, the coating layer is dried. Then, 

the dried coating layer is rolled together with the anode current collector 21. Thereafter, the anode current 

collector tab 23 is welded to the uncoated portion of the anode current collector 21. Thereby, the anode 20 

is produced. 

[0050] 

(Configuration of separator) 30 

The separator 30 is not particularly limited, and may be any material used as a separator in lithium-ion 

secondary batteries. As the separator 30, it is preferable to use, alone or in combination, a porous membrane, 

a nonwoven fabric, or the like exhibiting excellent high-rate discharge performance. Examples of the resin 

constituting the separator 30 include polyolefin-based resins represented by polyethylene, polypropylene, 

and the like; polyester-based resins represented by polyethylene terephthalate, polybutylene terephthalate, 

and the like; PVDF; vinylidene fluoride (VDF)-hexafluoropropylene (HFP) copolymers; vinylidene fluoride-

perfluorovinyl ether copolymers; vinylidene fluoride-tetrafluoroethylene copolymers; vinylidene fluoride-

trifluoroethylene copolymers; vinylidene fluoride-fluoroethylene copolymers; vinylidene fluoride-

hexafluoroacetone copolymers; vinylidene fluoride-ethylene copolymers; vinylidene fluoride-propylene 

copolymers; vinylidene fluoride-trifluoropropylene copolymers; vinylidene fluoride-tetrafluoroethylene-40 

hexafluoropropylene copolymers; vinylidene fluoride-ethylene-tetrafluoroethylene copolymers; and the like. 

[0051] 

Further, it is preferable that an adhesive layer be formed on both surfaces of the separator 30. The 

adhesive layer improves the adhesive strength between each electrode and the separator 30, and is a porous 

body The adhesive layer is not particularly limited as long as it is used in non-aqueous electrolyte secondary 

batteries. Preferred resins constituting the adhesive layer include polyvinylidene fluoride (PVDF)-based 
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fluororesins. Examples of such fluororesins include, in addition to PVDF, copolymers of vinylidene fluoride 

(VDF) and other monomers (such as hexafluoropropylene (HFP)). 

[0052] 

The adhesive layer containing a fluororesin is formed on a front surface of the separator 30, for example, 

by the following first method or second method. 

[0053] 

In the first method, a slurry is produced by dissolving a fluororesin in an organic solvent such as NMP (N-

methylpyrrolidone), dimethylacetamide, acetone, or the like. Then, after coating this slurry onto the separator 

30, the fluororesin is phase-separated using a poor solvent such as water, methanol, tripropylene glycol, or 

the like, thereby forming an adhesive layer in which the fluororesin is made porous. In the second method, a 10 

heated slurry is produced by dissolving a fluororesin in a heated electrolytic solution using, as a solvent, 

dimethyl carbonate, propylene carbonate, ethylene carbonate, or the like. Then, this heated slurry is coated 

onto the separator 30 to form a coating layer. The coating layer is then cooled to convert the fluororesin into 

a gel (a porous membrane swollen with the electrolytic solution). That is, the adhesive layer is produced. 

[0054] 

The purpose of forming such an adhesive layer on the front surface of the separator 30 is as follows. That 

is, when the outer packaging material is a laminate, expansion and contraction of the cathode 10 and the 

anode 20 tend to occur due to charge and discharge. As a result of such expansion and contraction, portions 

at which stress is concentrated inside the lithium-ion secondary battery 1 (the current collector tabs and their 

surrounding portions) are generated, and buckling and distortion of the lithium-ion secondary battery 1 may 20 

occur with these portions as starting points. Moreover, due to such buckling and distortion, the inter-electrode 

distance between the cathode 10 and the anode 20 becomes non-uniform, thereby hindering smooth 

movement of lithium ions. As a result, capacity degradation associated with charge and discharge cycles and 

an increase in battery thickness become significant. 

[0055] 

In the present embodiment, such buckling and distortion are reduced by the cutout portions 12a and 12b; 

however, by providing the above-described adhesive layer on the separator 30, buckling and distortion are 

further reduced. That is, by forming the adhesive layer on the front surface of the separator 30, the adhesive 

strength between the separator 30 and each electrode is improved, and it is expected that distortion due to 

internal stress of the battery and non-uniformity in the inter-electrode distance between the cathode and 30 

anode may be suppressed. When such an adhesive layer is provided on the separator 30, pressing of the 

electrode laminate is preferably performed, for example, by heat pressing. This facilitates the development 

of adhesive strength by the adhesive layer. The conditions for heat pressing are not particularly limited; for 

example, the temperature is preferably 25 to 150°C, and the pressure is preferably 10 to 100 kgf/cm2. Even 

when heating is not involved, the pressing pressure is preferably 10 to 100 kgf/cm2. 

[0056] 

Note that a heat-resistant filler may be added to the adhesive layer to improve heat resistance and the like 

of the lithium-ion secondary battery 1. The heat-resistant filler is, for example, ceramic particles, and more 

specifically, metal oxide particles. Examples of the metal oxide particles include fine particles of alumina, 

boehmite, titania, zirconia, magnesia, zinc oxide, aluminum hydroxide, magnesium hydroxide, and the like. 40 

[0057] 

(Configuration of non-aqueous electrolyte solution) 

The non-aqueous electrolyte solution is a solution in which an electrolyte is dissolved in an organic solvent. 

The electrolyte is not particularly limited; for example, in the present embodiment, a lithium salt may be used. 

Examples of the lithium salt include inorganic ionic salts containing one type of lithium (Li), sodium (Na), or 
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potassium (K), such as LiClO4, LiBF4, LiAsF6, LiPF6, LiPF6-x(CnF2n+1)x (where 1 < x < 6, n = 1 or 2), LiSCN, 

LiBr, LiI, Li2SO4, Li2B10Cl10, NaClO4, NaI, NaSCN, NaBr, KClO4, KSCN, and the like; and organic ionic salts 

such as LiCF3SO3, LiN(CF3SO2)2, LiN(C2F5SO2)2, LiN(CF3SO2)(C4F9SO2), LiC(CF3SO2)3, LiC(C2F5SO2)3, 

(CH3)4NBF4, (CH3)4NBr, (C2H5)4NClO4, (C2H5)4NI, (C3H7)4NBr, (n-C4H9)4NClO4, (n-C4H9)4NI, (C2H5)4N-

maleate, (C2H5)4N-benzoate, (C2H5)4N-phthalate, lithium stearyl sulfonate, lithium octyl sulfonate, lithium 

dodecylbenzene sulfonate, and the like; and these ionic compounds may be used alone or in a mixture of 

two or more types. Note that the concentration of the electrolyte salt may be the same as that used in a 

conventional non-aqueous electrolyte solution for a lithium secondary battery and is not particularly limited. 

In the present embodiment, a non-aqueous electrolyte solution containing an appropriate lithium compound 

(electrolyte salt) at a concentration of about 0.8 to 1.5 mol/L may be used. 10 

[0058] 

Further, examples of the organic solvent include cyclic carbonate esters such as propylene carbonate, 

ethylene carbonate, butylene carbonate, chloroethylene carbonate, vinylene carbonate, and the like; cyclic 

esters such as γ-butyrolactone, γ-valerolactone, and the like; chain carbonates such as dimethyl carbonate, 

diethyl carbonate, ethyl methyl carbonate, and the like; chain esters such as methyl formate, methyl acetate, 

methyl butyrate, ethyl acetate, ethyl propionate, and the like; tetrahydrofuran or derivatives thereof; ethers 

such as 1,3-dioxane, 1,4-dioxane, 1,2-dimethoxyethane, 1,4-dibutoxyethane, methyl diglyme, and the like; 

nitriles such as acetonitrile, benzonitrile, and the like; dioxolane or derivatives thereof; ethylene sulfide, 

sulfolane, sultone or derivatives thereof; or the like, used alone or as a mixture of two or more thereof, but 

the organic solvent is not limited thereto, but the organic solvent is not limited thereto. The non-aqueous 20 

electrolyte solution is impregnated into the separator 30. Note that known conductive aids, additives, and the 

like may be appropriately added to each of the electrodes described above. 

[0059] 

(Configuration of outer packaging material) 

The configuration of the outer packaging material is not particularly limited, and any configuration 

applicable to a non-aqueous electrolyte secondary battery may also be suitably used in the present 

embodiment. For example, the outer packaging material may be a laminate such as an aluminum laminate. 

When the outer packaging material is a laminate, it is difficult to suppress deformation of the wound element 

1a. Therefore, the effects of the present embodiment are particularly pronounced. 

[0060] 30 

<3. Method for manufacturing non-aqueous electrolyte lithium-ion secondary battery>  
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Next, a method for manufacturing the non-aqueous electrolyte lithium-ion secondary battery will be 

described. 

(Production of strip-shaped cathode and attachment of current collector tab) 

The cathode 10 is produced, for example, by the following method. That is, a cathode mixture slurry is 

formed by dispersing the materials of the cathode active material layer 12 in an organic solvent or water, and 

this cathode mixture slurry is coated onto the cathode current collector 11. Thereby, a coating layer is formed. 

Here, the cathode mixture slurry is not applied to the tip of the cathode current collector 11 in the longitudinal 

direction. That is, an uncoated portion is formed at the tip of the cathode current collector 11 in the longitudinal 

direction. Further, the cathode mixture slurry is not coated on the cutout portions 12a and 12b. Note that the 

cathode mixture slurry may be coated on the cutout portions 12a and 12b also; however, the coating layer 10 

will become thinner than in other portions. Next, the coating layer is dried. Then, the dried coating layer is 

rolled together with the cathode current collector 11. Thereafter, the cathode current collector tab 13 is welded 

to the uncoated portion of the cathode current collector 11. Thereby, the cathode 10 is produced. 

[0061] 

(Production of strip-shaped anode and attachment of current collector tab) 

[0062] 

The anode 20 is produced, for example, by the following method. First, a mixture of an anode active 

material and a binder in a desired proportion is dispersed in an organic solvent (for example, N-methyl-2-

pyrrolidone) to form an anode mixture slurry. Next, the anode mixture slurry is formed (for example, coated) 

on the anode current collector 21 to form a coating layer. Here, the cathode mixture slurry is not applied to 20 

the tip of the anode current collector 21 in the longitudinal direction. That is, an uncoated portion is formed 

at the tip of the anode current collector 21 in the longitudinal direction. Next, the coating layer is dried. Then, 

the dried coating layer is rolled together with the anode current collector 21. Thereafter, the anode current 

collector tab 23 is welded to the uncoated portion of the anode current collector 21. Thereby, the anode 20 

is produced. 

[0063] 

(Method for manufacturing wound element and battery) 

Next, the anode 20, the separator 30, the cathode 10, and the separator 30 are laminated in this order to 

produce an electrode laminate. Then, the electrode laminate is wound around a winding core to produce a 

cylindrical wound element. Next, the cylindrical wound element is pressed (when the adhesive layer is 30 

present, heat pressing is preferably performed). The conditions for heat pressing are not particularly limited; 

for example, the temperature is preferably 25 to 150°C, and the pressure is preferably 10 to 100 kgf/cm2. 

Even when heating is not involved, the pressing pressure is preferably 10 to 100 kgf/cm2. 

[0064] 

Thereby, a flat wound element 1a is produced. Note that the cutout portions 12a and 12b are disposed at 

positions facing the cathode current collector tab 13 and the anode current collector tab 23. Accordingly, the 

thickness of the cathode current collector tab 13 and the anode current collector tab 23 is absorbed (offset) 

by these cutout portions 12a and 12b. Therefore, it is possible to reduce the difference in thickness between 

the portion of the wound element 1a where the cathode current collector tab 13 and the anode current 

collector tab 23 are formed and other portions. That is, the thickness of the wound element 1a may be made 40 

more uniform. As a result, strain and buckling within the lithium-ion secondary battery 1 may be suppressed, 

and consequently, swelling of the lithium-ion secondary battery 1 may be curbed. As a result, improvement 

in cycle characteristics of the lithium-ion secondary battery 1 may be expected. 

[0065] 

Next, the wound element 1a is inserted together with the non-aqueous electrolyte solution into an exterior 

body (for example, a laminate film), and the exterior body is sealed to produce the lithium-ion secondary 

battery 1. Note that when sealing the exterior body, the cathode current collector tab 13 and the anode current 

collector tab 23 are made to protrude to the outside of the exterior body. 

[0066] 

<4. Variation> 50 

FIG. 3 illustrates a variation of the present embodiment. In this variation, the cathode current collector tab 
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13 is provided within the cutout portion 12a. In this variation as well, similar effects to those in the above-

described embodiment may be obtained. Note that although an uncoated portion is formed in FIG. 3, in this 

variation, the uncoated portion may be omitted. Further, in this variation, since the cathode current collector 

tab 13 is formed within the cutout portion 12a, when the cathode active material layer 12 is present on the 

back surface side of the cutout portion 12a, there may be cases where the cathode current collector tab 13 

cannot be welded within the cutout portion 12a. On the other hand, if the cathode active material layer 12 is 

not formed on the back surface side of the cutout portion 12a, this portion becomes a new cutout portion. 

Therefore, the total depth of the cutout portion may exceed the thickness of the cathode current collector tab 

13. In this case, the thickness of the wound element 1a becomes non-uniform. Accordingly, in this variation, 

a spacer may be disposed on the back surface side of the cutout portion 12a instead of the cathode active 10 

material layer 12. The width of the spacer is preferably substantially the same as the width of the cutout 

portion 12a. The thickness of the spacer may differ from the thickness of the cathode active material layer 

12 on the back surface side, but is preferably substantially the same as the thickness of the cathode active 

material layer 12 on the back surface side. The spacer may be composed of, for example, the same material 

as the cathode current collector tab 13. 

[Examples] 

[0067] 

(Example 1) 

(Production of cathode) 

A cathode mixture was made by dry-mixing lithium cobalt oxide, acetylene black, and polyvinylidene 20 

fluoride (PVDF) at a solid content mass ratio of 96:2:2, and the cathode mixture slurry was produced by 

dissolving and dispersing this positive electrode mixture in N-methylpyrrolidone. Next, an aluminum foil 

current collector having a thickness of 12 μm was prepared as the cathode current collector 11, and portions 

corresponding to the cutout portions 12a and 12b in the cathode current collector 11 were identified. Then, 

the cathode mixture slurry was coated on both surfaces of the cathode current collector 11 to produce a 

coating layer. Here, the cathode mixture slurry was not coated on the cutout portions 12a and 12b. Further, 

the cathode mixture slurry was not coated on the tip of the cathode current collector 11 in the longitudinal 

direction. 

[0068] 

Next, the coating layer was dried, and the dried coating layer was rolled together with the cathode current 30 

collector 11. Then, the cathode current collector tab 13 was ultrasonically welded to the uncoated portion of 

the cathode current collector 11. The cathode current collector tab 13 was an Al plate having a width of 3 mm 

and a thickness of 60 μm. The cathode 10 was produced by the above steps. Note that the areal density and 

packing density of the cathode active material layer 12 were 45 mg/cm2 and 3.95 g/cc, respectively, at 

portions where the cathode active material layer 12 was formed on both surfaces of the cathode current 

collector 11. Further, the thickness of the cathode active material layer 12 was 57 μm per single surface of 

the cathode current collector 11. The width of the cutout portions 12a and 12b was 5 mm, and the depth was 

57 μm. 

[0069] 

(Production of anode) 40 

An anode mixture was produced by mixing a carbon material (artificial graphite), CMC (sodium 

carboxymethyl cellulose), and SBR (styrene-butadiene rubber) at a mass ratio of 98:1:1. Next, an anode 

mixture slurry was obtained by dispersing the anode mixture in water, which served as a solvent. Then, this 

anode mixture slurry was coated on both surfaces of a copper foil having a thickness of 6 μm as the anode 

current collector 21 to produce a coating layer. Here, the anode mixture slurry was not coated on the tip of 

the anode current collector 21 in the longitudinal direction. Next, the coating layer was dried, and the dried 

coating layer was rolled together with the anode current collector 21. 

[0070] 

Next, the anode current collector tab 23 was ultrasonically welded to the uncoated portion of the anode 

current collector 21. The anode current collector tab 23 was a Ni plate having a width of 3 mm and a thickness 50 

of 70 μm. The anode 20 was produced by the above steps. The areal density and packing density of the 

anode active material layer 22 on the anode current collector 21 were 23 mg/cm2 and 1.65 g/cc, respectively, 

at portions where the anode active material layer 22 was formed on both surfaces of the anode current 

collector 21. 

[0071] 

(Production of separator) 

Polyvinylidene fluoride (KF9300; manufactured by Kureha) was added to N-methyl-2-pyrrolidone so as to 
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be 5 mass%, and stirred until completely dissolved. Next, using a dip coater, the solution was applied to both 

surfaces of a polyethylene microporous membrane having a thickness of 9 μm, and after coagulating in a 

water bath and drying, the separator 30 provided with a layer composed of polyvinylidene fluoride (PVDF) 

on both surfaces was obtained. The membrane thickness of the separator 30 after drying was 12 μm. 

[0072] 

(Preparation of secondary battery) 

The cathode 10, the anode 20, and the separator 30 produced as described above were laminated in the 

order of the anode 20, the separator 30, the cathode 10, and the separator 30 to produce an electrode 

laminate. Next, the electrode laminate was wound around a winding core having a diameter of 3 cm. The 

winding direction was the longitudinal direction of the electrode laminate. Thereby, a cylindrical wound 10 

element was produced. After using tape to fix an end portion of the wound element, the winding core was 

removed. Then, the wound element was compressed by being sandwiched between two metal plates each 

having a thickness of 3 cm. Thereby, the wound element 1a was obtained. Upon visual observation of the 

wound element 1a, the cutout portions 12a and 12b were disposed at positions facing the cathode current 

collector tab 13 and the anode current collector tab 23. 

[0073] 

Next, the wound element 1a was inserted into an outer packaging material composed of a laminate film 

having a thickness of 120 μm and including three layers of polypropylene/aluminum/nylon, and the cathode 

current collector tab 13 and the anode current collector tab 23 were drawn out from the outer packaging 

material by heat sealing. Next, an electrolytic solution obtained by dissolving lithium hexafluorophosphate at 20 

a concentration of 1.2 mol/L in a solvent, in which ethylene carbonate and diethyl carbonate were mixed at a 

mass ratio of ethylene carbonate:diethyl carbonate = 3:7, was injected into the exterior member containing 

the wound element 1a, and the remaining one side of the outer packaging material was heat-sealed under 

reduced pressure to achieve a vacuum seal. This was heated between metal plates at 80°C for 3 minutes to 

obtain the lithium-ion secondary battery 1 according to the example. 

[0074] 

(Characteristics evaluation) 

A charge and discharge cycle test was performed using the non-aqueous secondary battery produced as 

described above. Only in the first cycle, constant current–constant voltage (CC–CV) charging was performed 

at 0.2C, charging was carried out at 4.35 V with a 0.05C cutoff, and discharge was performed by constant 30 

current (CC) at 0.5C with a cutoff at 3.5 V. From the second cycle onward, a charge and discharge test was 

performed at 0.7C using a similar method. Meanwhile, the thickness of the lithium-ion secondary battery 1 

during the cycle test was measured by pressing a flat metal plate against the lithium-ion secondary battery 1 

with a force of 30 g/cm2. Thickness measurements were performed after 1 cycle, 100 cycles, 200 cycles, 300 

cycles, 400 cycles, and 500 cycles. The evaluation results are summarized in Table 1. 

[0075] 

(Example 2) 

The same procedures as in Example 1 were performed, except that the cathode current collector tab 13 

was welded within the cutout portion 12a. Note that in Example 2, a spacer was disposed on the back surface 

side of the cutout portion 12a instead of the cathode active material layer 12. The width of the spacer was 40 

the same as the width of the cutout portion 12a, and the thickness was the same as the thickness per single 

surface of the cathode current collector 11. The spacer was made of Al. The evaluation results are 

summarized in Table 1. 

[0076] 

(Comparative Example) 

Similar procedures to those in Example 1 were performed, except that the cutout portions 12a and 12b 

were not provided. The evaluation results are summarized in Table 1. 

[0077] 
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[Table 1] 

(Table 1) 

 1 cyc 100 cyc 200 cyc 300 cyc 400 cyc 500 cyc 

Comparative 

Example 
4.114 4.195 4.271 4.296 4.301 4.395 

Example 1 4.045 4.155 4.174 4.190 4.211 4.256 

Example 2 4.051 4.160 4.185 4.201 4.236 4.268 

(Unit: mm) 

[0078] 

When comparing the amount of increase in thickness of Example 1, Example 2, and the Comparative 

Example, the amount of increase in thickness in Examples 1 and 2 was smaller than that in the Comparative 

Example. For example, when comparing the thickness at 300 cycles, the thickness in the Comparative 

Example at 300 cycles had increased by 0.182 mm relative to the thickness at 1 cycle. In contrast, the 

thickness in Example 1 at 300 cycles had increased by 0.145 mm relative to the thickness at 1 cycle. The 

thickness in Example 2 at 300 cycles had increased by 0.150 mm relative to the thickness at 1 cycle. As 10 

described above, in Examples 1 and 2, swelling of the lithium-ion secondary battery 1 could be suppressed 

more effectively than in the Comparative Example. Accordingly, it is presumed that buckling and distortion of 

the electrodes within the wound element 1a are also suppressed in Examples 1 and 2. 

[0079] 

As described above, according to the present embodiment, since the thickness of the cathode current 

collector tab 13 and the anode current collector tab 23 may be absorbed by the cutout portions 12a and 12b, 

the thickness of the wound element 1a may be made more uniform. As a result, buckling and distortion of 

the electrodes within the lithium-ion secondary battery 1 may be suppressed, and consequently, swelling of 

the lithium-ion secondary battery 1 may be suppressed. Moreover, since the thickness of the cathode current 

collector tab 13 and the anode current collector tab 23 may be absorbed by the cutout portions 12a and 12b, 20 

the thickness of the wound element 1a (specifically, the thickness of the portions where the cathode current 

collector tab 13 and the anode current collector tab 23 are formed) is reduced. Therefore, it may also be 

expected that the volumetric energy density of the lithium-ion secondary battery 1 will be improved. 

[0080] 

As described above, a preferred embodiment of the present invention has been described in detail with 

reference to accompanying drawings; however, the present invention is not limited thereto. It is apparent that 

a person having ordinary skill in the art to which the present invention pertains could conceive of various 

variations or modifications within the scope of the technical idea described in the claims, and it is understood 

that these also fall within the technical scope of the present invention. 

[Description of Reference Numerals] 30 

[0081] 

 

1 Lithium-ion secondary battery 

1a Wound element 

10 Cathode 

11 Cathode current collector 

12 Cathode active material layer 

12a, 12b Cutout portion 

13 Cathode current collector tab 

20 Anode 

21 Anode current collector 

22 Anode active material layer 

23 Anode current collector tab 
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[FIG. 2] 
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