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(54) [Title of the Invention] Non-Aqueous Electrolyte Secondary Battery

(57) [Abstract]

[Problem] To provide a non-aqueous electrolyte
secondary battery with excellent storage
characteristics in which the edge of the positive
electrode active material layer is covered with
insulating tape to keep the thickness of the edge from
becoming thicker and to prevent the occurrence of side
reactions at the edge of the positive electrode active
material layer, thereby preventing short circuits at the
edge of the positive electrode active material layer.

[Solution] In a positive electrode plate 11A of the non-
aqueous electrolyte secondary battery of the present
invention, the surfaces of a current collecting tab 11a,
an exposed portion 11f of metal foil, and a positive
electrode active material layer 11b adjacent to the
exposed portion 11f of metal foil are covered with
insulating tape 25a, the insulating tape 25a has a
formed region and an unformed region of a glue
material layer 26, and a surface of the positive
electrode active material layer 11b is covered by the
unformed region of the glue material layer 26 of the
insulating tape 25a.

[Selected Drawing] FIG. 2
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[Claims]
[Claim 1]

A non-aqueous electrolyte secondary battery having a positive electrode plate with a positive electrode
active material layer and a negative electrode plate with a negative electrode active material layer
formed on a surface of a metal foil, the positive electrode plate and negative electrode plate both having
an exposed portion of metal foil and a current collecting tab attached to the exposed portion of metal
foil, and a wound electrode unit of the positive electrode plate and negative electrode plate wound
together via a separator placed inside a battery case together with the non-aqueous electrolyte, the
non-aqueous electrolyte secondary battery characterized in that the positive electrode plate has the
current collecting tab, the exposed portion of the metal foil, and the surface of the positive electrode
active material layer adjacent to the exposed portion of the metal foil covered with insulating tape, the
insulating tape has a formed region and unformed region of a glue material layer, and a surface of the
positive electrode active material layer is an unformed region of the glue material layer of the insulating
tape.

[Claim 2]

The non-aqueous electrolyte secondary battery according to claim 1, wherein the positive electrode
plate has a positive electrode active material layer formed on both sides of the metal foil and an exposed
portion of the metal foil on the side opposite the side on which the current collecting tab is formed, the
exposed portion of the metal foil and the surface of the positive electrode active material layer adjacent
to the exposed portion of the metal foil on the opposite side are covered with the insulating tape, and
the surface of the positive electrode active material layer on the opposite side is covered with an
unformed region of the glue material layer of the insulating tape.

[Claim 3]

The non-aqueous electrolyte secondary battery according to claim 1 or 2, wherein the exposed portion
of the metal foil is formed between the beginning end and terminating end of the winding of the positive
electrode plate.

[Detailed Description of the Invention]

[Technical Field]

[0001]

The present invention relates to a non-aqueous electrolyte secondary battery, and more specifically to
a non-aqueous electrolyte secondary battery having a positive electrode plate in which a region in which
a current collecting tab is formed is covered and protected by insulating tape.

[Background Art]

[0002]

Various types of batteries are used as power sources in various types of electronic devices such as
mobile phones and other portable terminals. In addition, the recent rise of the environmental movement
has led to stricter regulations on emissions of carbon dioxide gas, leading the automotive industry to
actively develop not only vehicles that use fossil fuels such as gasoline, diesel oil, and natural gas, but
also electric vehicles (EV) and hybrid electric vehicles (HEV). The recent sharp rise in fossil fuel prices
has also provided a tailwind to promote the development of these EVs and HEVs.

[0003]

Commonly known secondary batteries used in such applications include non-aqueous electrolyte
secondary batteries, such as lithium-ion batteries, and alkaline storage batteries, such as nickel-
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cadmium and nickel-hydrogen storage batteries. Among these, non-aqueous electrolyte secondary
batteries such as lithium-ion batteries have excellent characteristics such as a high operating voltage (3
V or higher), high theoretical energy density, low self-discharge, wide operating temperature range, and
excellent leakage resistance compared to aqueous solution batteries. As a result, their use has been
expanding.

[0004]

Non-aqueous electrolyte secondary batteries, for example, if cylindrical, are assembled by producing a
cylindrical wound electrode unit by winding a positive electrode plate and a negative electrode plate
together via a separator, inserting this cylindrical wound electrode unit into a cylindrical battery case,
filling the case with non-aqueous electrolyte, and sealing the opening in the battery case with a sealing
component in which a positive electrode or negative electrode terminal has been formed. If square, the
battery is assembled by flattening a cylindrical wound electrode unit to form a flattened wound electrode
unit, inserting the flattened wound electrode unit into a rectangular battery can, sealing the opening in
the battery can with a sealing component that has a positive or negative electrode terminal, injecting a
non-aqueous electrolyte via an electrolyte injection hole in the sealing component, and sealing the
injection hole.

[0005]

Non-aqueous electrolyte secondary batteries using such wound electrode units have a large incidence
of short circuits at points (“potential short-circuit locations”) where localized pressurization pressure
increases or burrs are likely to occur when forming a wound electrode unit, such as steps (edges)
between the regions in which the positive electrode or negative electrode active material layer is formed
or not formed, and where the current collecting tabs are attached. For this reason, insulating tape is
affixed at potential short-circuit locations where such short-circuits can be expected to occur in order to
prevent short-circuits due to contact with the opposing electrode at potential short-circuit locations (see
Patent Documents 1 and 2 below).

[0006]

The configuration of the positive electrode plate and negative electrode plate in the non-aqueous
electrolyte secondary battery described in Patent Document 1 will now be explained as a conventional
example using FIG. 6. FIG. 6A is a plan view of the positive electrode plate, and FIG. 6B is a plan view
of the negative electrode plate disclosed in Patent Document 1.

[0007]

The positive electrode plate 51 disclosed in Patent Document 1 has one end of a positive electrode tab
54 connected to a positive electrode exposed core portion 53 where a portion of the positive electrode
active material layer 52 has been removed, and the edge of the positive electrode active material layer
52, the positive electrode tab 54, and the surface of the positive electrode exposed core portion 53 are
covered with insulating tape 55 with a glue material layer. Similarly, the negative electrode plate 56 has
one end of a negative electrode tab 59 connected to a negative electrode exposed core portion 58 where
a portion of the negative electrode active material layer 57 has been removed, and the edge of the
negative electrode active material layer 57, the negative electrode tab 59, and the surface of the
negative electrode exposed core portion 58 are covered with insulating tape 60 with a glue material
layer.

[0008]

In this configuration, the insulating tapes 55 and 60 with a glue material layer can be used to smooth
the steps that occur at the edge of the positive active material layer 52, between the positive electrode
exposed core portion 53 and the positive electrode tab 54, at the edge of the negative electrode active
material layer 57, and between the negative electrode exposed core portion 58 and the negative
electrode tab 59. Therefore, the invention disclosed in Patent Document 1 has the effect of suppressing
the occurrence of short circuits with the other electrode caused by burrs that occur when the positive
electrode tab 54 or negative electrode tab 59 is cut, steps between the positive electrode tab 54 and



(4) JP 2010-055906 A 2010.3.11

the positive electrode exposed core portion 53, steps between the negative electrode tab 59 and
negative electrode exposed core portion 58, and steps at the edge of the positive electrode active
material layer 52 or the negative electrode active material layer 57.

[Patent Document 1] JP 2003-132875 A
[Patent Document 2] JP 2005-235414 A
[Summary of the Invention]

[Technical Problem]

[0009]

However, when this configuration is used, deposits that appear to be byproduct reaction products in the
separator have been observed on the positive electrode plate 51 side, near where the positive electrode
active material layer 52, the insulating tape 55 with a glue material layer, and the separator come into
contact. (See paragraphs [0007] to [0008] in Patent Document 1). These deposits in the separator
cause the storage characteristics of a non-aqueous electrolyte secondary battery to deteriorate. The
cause of these side reactions is thought to be that the glue material layer of the insulating tape leaches
onto the surface of the positive electrode active material layer, inhibiting the original charge-discharge
reaction. The edge of the positive electrode active material is the thickest part of the positive electrode
plate because the positive electrode active material layer overlaps the insulating tape with a glue
material layer, and pressure is applied more strongly there than in other portions when the wound
electrode unit is formed. As a result, the separator facing the edge of the positive electrode active
material layer is compressed, and this is also thought to be responsible for the decrease in storage
properties mentioned above.

[0010]

In order to solve this problem, the invention disclosed in Patent Document 1 uses a specific composition
as the glue material layer of the insulating tape and also ensures that the insulating tape does not cover
the surfaces of the positive electrode active material layer and the negative electrode active material
layer. However, if the edges of the positive electrode active material layer and the negative electrode
active material layer are not covered with insulating tape, it is not possible to suppress the occurrence
of short circuits caused by the steps at the edges of the positive electrode active material layer and the
negative electrode active material layer. Therefore, in the invention disclosed in Patent Document 2, an
insulating tape with an irregular cross section that is thinner at both ends in the width direction is used
as the insulating tape with a glue material layer. Here, at least the edges of the positive electrode active
material layer is covered with a thin portion of the insulating tape with the irregular cross section, and
the positive electrode exposed core portion is covered with a thick portion of the insulating tape with
the irregular cross section. Therefore, in the invention disclosed in Patent Document 2, the thickness of
the edge portion of the positive electrode active material can be reduced and the difference in thickness
between the edge portion of the positive electrode active material and the positive electrode exposed
core portion can be reduced. Therefore, when a wound electrode unit is created with a negative electrode
plate and a separator, the pressure applied to the edge of the positive electrode plate is reduced,
resulting in less compression of the separator.

[0011]

However, in the invention disclosed in the Patent Document 2, the edge portion of the positive electrode
active material layer is covered by an insulating tape with a glue material layer having an irregular cross
section, but even though it is thin, there is a possibility that side reactions may occur due to the presence
of the glue material layer. Another problem is that insulating tape with an irregular cross section is not
commonly available on the market, making it very expensive. Thus, all of the conventional technologies
have advantages and disadvantages but cannot solve all problems at the edge of the positive electrode
active material layer.

[0012]
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The present invention was conceived to solve all the problems with the conventional technologies
described above, and an object of the present invention is to provide a non-aqueous electrolyte
secondary battery with excellent storage characteristics in which the edge of the positive electrode active
material layer is covered with insulating tape to keep the thickness of the edge from becoming thicker
and to prevent the occurrence of side reactions at the edge of the positive electrode active material
layer, thereby preventing short circuits at the edge of the positive electrode active material layer.

[Solution to Problem]
[0013]

In order to realize this object, the present invention is a non-aqueous electrolyte secondary battery
having a positive electrode plate with a positive electrode active material layer and a negative electrode
plate with a negative electrode active material layer formed on a surface of a metal foil, the positive
electrode plate and negative electrode plate both having an exposed portion of metal foil and a current
collecting tab attached to the exposed portion of metal foil, and a wound electrode unit of the positive
electrode plate and negative electrode plate wound together via a separator placed inside a battery case
together with the non-aqueous electrolyte, the non-aqueous electrolyte secondary battery characterized
in that the positive electrode plate has the current collecting tab, the exposed portion of the metal foil,
and the surface of the positive electrode active material layer adjacent to the exposed portion of the
metal foil covered with insulating tape, the insulating tape has a formed region and unformed region of
a glue material layer, and a surface of the positive electrode active material layer is an unformed region
of the glue material layer of the insulating tape.

[0014]

In the non-aqueous electrolyte secondary battery of the present invention, because the surfaces of the
current collection tab, the exposed portion of the metal foil, and the positive electrode active material
layer adjacent to the exposed portion of the metal foil are covered with insulating tape, short circuits
caused by burrs produced when cutting the current collecting tab or the steps at the edges of the positive
electrode active material layer can be suppressed. In addition, in the non-aqueous electrolyte secondary
battery of the present invention, because the surface of the positive electrode active material layer is
covered by the unformed region of the glue material layer on the insulating tape, side reactions due to
the presence of a glue material layer on the insulating tape do not occur, as in the conventional example,
and the thickness can be reduced by the absence of a glue material layer compared when insulating
tape is covered with a glue material layer as in the conventional example. Therefore, in the non-aqueous
electrolyte secondary battery of the present invention, side reactions caused by the presence of a glue
material layer on the insulating tape, as in the conventional example, are less likely to occur, and since
the separator is less compressed when the wound electrode unit is made, a non-aqueous electrolyte
secondary battery with excellent storage characteristics is obtained.

[0015]

In the non-aqueous electrolyte secondary battery of the present invention, the negative electrode plate
and the positive electrode plate can have the same configuration, but since the negative electrode plate
is less likely to generate side reactions, it can have the same configuration as the conventional example.
The non-aqueous electrolyte secondary battery of the present invention is applicable to both cylindrical
and flattened wound electrode units.

[0016]

In the non-aqueous electrolyte secondary battery of the present invention, the positive electrode active
material can be lithium transition metal composite oxides represented by LixMO; (where M is at least
one of Co, Ni, and Mn) capable of reversibly absorbing and releasing lithium ions, such as LiCoO3, LiNiO,
LiNiyCo1-yO2 (y = 0.01 to 0.99), LiMnO, LiMn;04, LiNixCoyMn,0> (X + y + z = 1), or LiFePO4. These can
be used alone or in mixtures of more than one. In these lithium transition metal composite oxides, the
transition metal may be partially substituted with different elements such as Zr, Mg, Al, and Ti.
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[0017]

In the non-aqueous electrolyte secondary battery or the present invention, the negative electrode active
material can be carbon material. Carbon materials used as negative electrode active materials are safe
because dendrites do not grow, and they have excellent initial efficiency, good potential flatness, and
high density. Graphite materials such as artificial graphite and natural graphite, which are widely used
in non-aqueous electrolyte secondary batteries, are preferred as the carbon material for the negative
electrode active material.

[0018]

In the non-aqueous electrolyte secondary battery of the present invention, carbonates, lactones, ethers,
and esters can be used as the non-aqueous solvent (organic solvent) constituting the non-aqueous
solvent-based electrolyte. A mixture of two or more of these solvents can be used as well. Among these,
carbonates are especially preferred.

[0019]

Specific examples include ethylene carbonate (EC), propylene carbonate (PC), butylene carbonate (BC),
vinylene carbonate (VC), cyclopentanone, sulfolane, 3-methylsulfolane, 2,4-dimethylsulfolane, 3-
methyl-1,3-oxazolidin-2-one, dimethyl carbonate (DMC), methyl ethyl carbonate (MEC), diethyl
carbonate (DEC), methyl propyl carbonate, methyl butyl carbonate, ethyl propyl carbonate, ethyl butyl
carbonate, dipropyl carbonate, y-butyrolactone, y-valerolactone, 1,2-dimethoxyethane, tetrahydrofuran,
2-methyltetrahydrofuran, 1,3-dioxolane, methyl acetate, ethyl acetate, and 1,4-dioxane.

[0020]

The solute in the non-aqueous electrolyte in the present invention can be a lithium salt, which is
generally used as a solute in non-aqueous electrolyte secondary batteries. Examples of lithium salts
include LiPFs, LiBF4, LiCF3SOs3, LiN(CF3SOz)2, LiN(CstSOz)z, LiN(CF3SOz)(C4F9$Oz), LiC(CF3SOz)3,
LiC(CyFsS03)3, LiAsFe, LiClO4, LizB10Clio, Li2B12Cli2, and mixtures of these. Among these, LiPFe is
especially preferred. The amount of solute dissolved in the non-aqueous solvent is preferably 0.5 to 2.0
mol/L.

[0021]

In the non-aqueous electrolyte secondary battery of the present invention, preferably, the positive
electrode plate has a positive electrode active material layer formed on both sides of the metal foil and
an exposed portion of the metal foil on the side opposite the side on which the current collecting tab is
formed, the exposed portion of the metal foil and the surface of the positive electrode active material
layer adjacent to the exposed portion of the metal foil on the opposite side are covered with the
insulating tape, and the surface of the positive electrode active material layer on the opposite side is
covered with an unformed region of the glue material layer of the insulating tape.

[0022]

In the non-aqueous electrolyte secondary battery of the present invention, because the positive
electrode active material layer is formed on both sides of the metal foil, the electrode reaction proceeds
on both sides of the positive electrode plate, enabling high current output and a large battery
capacitance. Also, in the non-aqueous electrolyte secondary battery of the present invention, because
the exposed portion of the metal foil is also formed on the side opposite to the side on which the current
collecting tab is formed, and the exposed portion of the metal foil and the surface of the positive
electrode active material layer adjacent to the exposed portion of the metal foil are covered with
insulating tape, short-circuits caused by the step at the edge of the positive electrode active material
layer can be suppressed even on the opposite side of the surface on which the current collecting tab is
formed.

[0023]



(7) JP 2010-055906 A 2010.3.11

In addition, in the non-aqueous electrolyte secondary battery of the present invention, because the
surface of the positive electrode active material layer on the side opposite to the side on which the
current collecting tab has been formed is covered with an unformed region of the glue material layer of
the insulating tape, side reactions due to the presence of the glue material layer of the insulating tape,
as in the conventional example, do not occur, and the thickness can be reduced by the amount of the
glue material layer compared to the conventional example in which the covering insulating tape has a
glue material layer. Therefore, in the non-aqueous electrolyte secondary battery of the present invention,
side reactions caused by the presence of the glue material layer of the insulating tape, as in the
conventional example, are less likely to occur, and since the separator is less compressed when the
wound electrode unit is made, a non-aqueous electrolyte secondary battery with excellent storage
characteristics is obtained.

[0024]

In the non-aqueous electrolyte secondary battery of the present invention, preferably, the exposed
portion of the metal foil is formed between the beginning end and terminating end of the winding of the
positive electrode plate.

[0025]

In order to increase the battery capacitance of a non-aqueous electrolyte secondary battery, the battery
is designed to accommodate more active material in a limited battery volume by reducing the thickness
of the metal foil of the electrode plates on which the active material layer is formed and reducing the
winding diameter of the electrode plates. However, when there is an exposed portion of the metal foil
at the beginning of the winding of the electrode plates and a current collecting tab is formed on the
exposed portion, the metal foil may not be able to withstand the winding tension and the electrode
plates may break if the battery is manufactured using this design. When the exposed portion of the
metal foil of the positive electrode plate is formed between the beginning end and the terminating end
of the wound electrode unit as in the present invention, even if the diameter at the beginning end of the
wound electrode unit is reduced when winding the electrode plates, electrode plate rupture can be
suppressed and a non-aqueous electrolyte secondary battery with high battery capacitance is obtained.

[Best Mode of Carrying Out the Invention]
[0026]

The examples and comparative examples will now be used to explain the non-aqueous electrolyte
secondary battery of the present invention with reference to the drawings. While the examples below
use a cylindrical non-aqueous electrolyte secondary battery as the non-aqueous electrolyte secondary
battery embodying the technical concept of the present invention, there is no intention to specify such
a battery, and other embodiments of the claims are equally applicable.

[0027]

FIG. 1 is a front view of the internal structure of the cylindrical non-aqueous electrolyte secondary
battery used in both the examples and the comparative examples. FIG. 2A is a plan view of the positive
electrode plate used in Example 1, and FIG. 2B is an enlarged cross-sectional view of FIG. 2A from line
IIB-IIB. FIG. 3A is a plan view of the positive electrode plate used in Comparative Example 1, and FIG.
3B is an enlarged cross-sectional view of FIG. 3A from line IIIB-IIIB. FIG. 4A is a plan view of the
positive electrode plate used in Example 2, and FIG. 4B is an enlarged cross-sectional view of FIG. 4A
from line IVB-IVB. FIG. 5A is a plan view of the positive electrode plate used in Comparative Example
2, and FIG. 5B is an enlarged cross-sectional view of FIG. 5A from line VB-VB.

[0028]

First, a cylindrical non-aqueous electrolyte secondary battery, serving as the non-aqueous electrolyte
secondary battery used in both the examples and comparative examples, will be described using FIG.
1. This cylindrical non-aqueous electrolyte secondary battery 10 uses a wound electrode unit 14 in which
a positive electrode plate 11 and a negative electrode plate 12 are wound together in a spiral via a
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separator 13. The wound electrode unit 14 is housed inside a bottomed, cylindrical battery outer can 17
that also serves as the negative electrode terminal, with insulating plates 15, 16 arranged on the top
and bottom. The battery outer can 17 can be, for example, made of steel with nickel plating on its
surface.

[0029]

The current collecting tab 12a of the negative electrode plate 12 is welded to the inner bottom surface
of the battery outer can 17, and the current collecting tab 11a of the positive electrode plate 11 is
welded to the bottom plate of the positive electrode terminal 19, which also serves as a safety valve 18,
via an opening 15a formed in an insulating plate 15. The interior of the battery outer can 17 is filled
with non-aqueous electrolyte (not shown), and the opening in the battery outer can 17 is sealed by the
positive terminal 19, which also serves as a safety valve 18, via a gasket 20.

[0030]
[Creation of the Positive Electrode Plate]

The positive electrode plate 11 was created as follows. First, a slurry was prepared by mixing lithium
cobaltate (LiCoO.) serving as the positive electrode active material, acetylene black serving as the
positive electrode conductive agent, and polyvinylidene fluoride (PVdF) powder serving as the binding
agent in N-methyl-2-pyrrolidone (NMP) at a positive electrode active material to acetylene black to PVdF
mass ratio of 94:3:3. The slurry was applied to both sides of the positive electrode core made of 15 um
thick aluminum foil using the doctor blade method, and then dried to form a positive electrode active
material layer on both sides of the positive electrode core. The positive electrode plate 11 was then
compressed using a compression roller. The resulting positive electrode plate 11 was 688.5 mm long,
56.8 mm wide, and 148 um thick. Attachment of the positive electrode current collecting tab to each of
the examples and comparative examples is described in detail below.

[0031]
[Creation of the Negative Electrode Plate]

The negative electrode plate 12 was created as follows. First, a negative electrode active material
compound slurry was prepared by dispersing a dispersion of graphite powder serving as the negative
electrode active material and styrene-butadiene rubber (SBR) (styrene:butadiene = 1:1) serving as the
binding agent in water, and then adding carboxymethyl cellulose (CMC) as a thickening agent. The
negative electrode active material compound slurry had a graphite to SBR to CMC dry mass ratio of
95:3:2. The negative electrode active material compound slurry was applied to both sides of a negative
electrode core made of copper foil with a thickness of 8 pm using the doctor blade method, dried, and
compressed with a compression roller to produce a negative electrode plate 12. The resulting negative
electrode plate 12 was 737.0 mm long, 58.3 mm wide, and 143 um thick. Attachment of the negative
electrode current collecting tab to each of the examples and comparative examples is described in detail
below.

[0032]

[Preparation of the Non-Aqueous Electrolyte]

The non-aqueous electrolyte was obtained by dissolving LiPFs at 1 mole/liter in a mixed solvent of
ethylene carbonate (EC), propylene carbonate (PC), and dimethyl carbonate (DMC) mixed at a ratio of
15:10:75 (volume ratio, 20°C).

[0033]

[Creation of the Wound Electrode Unit]

The positive electrode plate prepared in this way was fitted with a positive electrode current collecting
tab and insulating tape, as described below, the negative electrode plate was fitted with a negative
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electrode current collecting tab and insulating tape, and the positive electrode plate and negative
electrode plate were wound around each other with an interposed microporous polyethylene membrane
to insulate them from each other to produce a wound electrode unit 14. After inserting the wound
electrode unit into a cylindrical battery outer can 17, the electrolyte was injected, and the opening in
the battery outer can 17 was sealed to produce the cylindrical non-aqueous electrolyte secondary battery
used in each of the examples and comparative examples with a diameter of 18 mm, height of 65 mm,
and design capacitance of 2600 mAh.

[0034]
[Positive Electrode Plate in Example 1]

In the positive electrode plate 11A of the non-aqueous electrolyte secondary battery in Example 1, as
shown in FIG. 2A and FIG. 2B, a first positive electrode exposed core portion 11d in which the positive
electrode active material layer 11b has not been formed is formed on the winding terminating end of
the positive electrode core portion 11c made of aluminum foil, a second positive electrode exposed core
portion 11f in which the positive electrode active material layer 11b has not been formed is formed on
the winding beginning end 11e of the positive electrode core portion 11c, and a positive electrode current
collecting tab 11a is attached to one side of the second positive electrode exposed core portion 11f. The
first positive electrode exposed core portion 11d and the second positive electrode exposed core portion
11f are both formed on both sides of the positive electrode core portion 11c.

[0035]

The insulating tape 25a used in Example 1 is a 25 pm thick polyimide film with an 8 pm thick rubber-
based glue material layer 26 formed only in the center on one surface in the width direction, with no
glue material layer 26 on both sides in the width direction. In the positive electrode plate 11A of Example
1, as shown in FIG. 2B, the surface of the positive electrode tab 11a and the exposed surface of the
second positive electrode exposed core portion 11f are covered with the portion of the insulating tape
25a where the glue material layer 26 is formed, and a portion of the surface of the positive electrode
active material layer 11b adjacent to the second positive electrode exposed core portion 11f is covered
with the portion of the insulating tape 25a where the glue material layer 26 is not formed. In the negative
electrode plate 12, as in the conventional example, a negative electrode exposed core portion without
any negative electrode active material layer is formed on the beginning end of the winding, a negative
electrode tab is attached to the negative electrode exposed core portion, and the negative electrode tab,
the negative electrode exposed core portion, and the surface of the negative electrode active material
layer near the negative electrode exposed core portion are covered with an insulating tape made of 25
pm thick polyimide film with an 8 um thick glue material layer 26 over one entire surface in the width
direction.

[0036]
[Positive Electrode Plate in Comparative Example 1]

The positive electrode plate 11B for the non-aqueous electrolyte secondary battery in Comparative
Example 1 will be described using FIG. 3A and FIG. 3B. However, as in the conventional example, the
insulating tape 25b used on the positive electrode plate 11b in Comparative Example 1 is made of 25
pum thick polyimide film with an 8 pm thick glue material layer 26 on one entire surface in the width
direction, and the rest of the configuration of the positive electrode plate 11B in Comparative Example
1 is the same as that of the positive electrode plate 11A in Example 1. Therefore, components identical
to those in FIG. 2A and FIG. 2B are denoted by the same reference numbers in FIG. 3A and FIG. 3B,
and a detailed description of these components has been omitted. The negative electrode plate is the
same one used in Example 1.

[0037]

[Measurement of Battery Characteristics]
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The non-aqueous electrolyte secondary batteries in Example 1 and Comparative Example 1 were
charged at 25°C with a constant current of 1 It = 2600 mA until the battery voltage reached 4.20 V,
then charged at a constant voltage of 4.20 V until the current reached 1/50 It = 52 mA and the battery
became fully charged. Thirty of these fully charged batteries in Example 1 and Comparison 1 were stored
for 30 days at 60°C, and the battery voltages before and after storage were measured. Table 1 shows
the average of each measurement and the variation in voltage after storage. The variation in voltage
after storage indicates the voltage difference between the battery with the highest voltage after storage
and the battery with the lowest voltage after storage.

[0038]
[Table 1]
Voltage Before Storage Voltage After Storage Variation in Voltage
(Mean/30 Units) (Mean/30 Units) After Storage
Example 1 4.186 V 4.106 V 0.005V
Comparative Example 1 4.187 V 4.098 V 0.026 V

[0039]

The results shown in Table 1 indicate the following. In the battery in Example 1, in which the glue
material layer of the insulating tape covering the surface of the positive electrode active material layer
has been eliminated, the decrease in battery voltage after the 60°C storage test was less than that of
the battery in Comparative Example 1, in which the glue material layer is present, and the variation in
battery voltage was also lower. The good results of the battery in Example 1 are believed to be due to
the following. Because no glue material layer is formed on the insulating tape located on the positive
electrode active material, side reactions are suppressed compared to when a glue material layer is
present on the surface of the positive electrode active material. Because the thickness of the portion in
which the positive electrode active material layer and the insulating tape overlap is reduced by the
thickness of the glue material layer portion (8 um x 2 = 16 ym on both sides), the pressure applied to
the separator facing the portion in which the positive electrode active material layer and the insulating
tape overlap is reduced.

[0040]
[Positive Electrode Plate in Example 2]

In the positive electrode plate 11A in Example 1, a first positive electrode exposed core portion 11d in
which the positive electrode active material layer 11b has not been formed is formed on the winding
terminating end of the positive electrode core portion 11c, a second positive electrode exposed core
portion 11f in which the positive electrode active material layer 11b has not been formed is formed on
the winding beginning end 11e, and a positive electrode current collecting tab 11a is attached to one
side of the second positive electrode exposed core portion 11f. However, the positive electrode current
collecting tab 11a can also be provided on the beginning winding end 11e side. The positive electrode
plate 11C in Example 2, in which the positive electrode current collecting tab 11a is formed on the
winding beginning end 11e side, will now be described using FIG. 4A and FIG. 4B. Components identical
to those in FIG. 2A and FIG. 2B are denoted by the same reference numbers in FIG. 4A and FIG. 4A,
and a detailed description of these components has been omitted.

[0041]

In the positive electrode plate 11C of the non-aqueous secondary battery in Example 2, a first positive
electrode exposed core portion 11d in which the positive electrode active material layer 11b has not
been formed is formed on the winding terminating end of a positive electrode core portion 11c made of
aluminum, a second positive electrode exposed core portion 11g in which the positive electrode active
material layer 11b has not been formed is formed on the winding beginning end 11e of the positive
electrode core portion 11¢, and a positive electrode current collecting tab 11a is attached to one side of
the second positive electrode exposed core portion 11g. Note that first positive electrode exposed core
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portion 11d and the second positive electrode exposed core portion 11g are both formed on both sides
of the positive electrode core portion 11c.

[0042]

Also, the insulating tape 25c used in Example 2 is a 25 pym thick polyimide film with an 8 um thick
rubber-based glue material layer 26 formed in the center and on one edge in the width direction on one
surface, while the other edge in the width direction does not have any glue material layer 26. In the
positive electrode plate 11C of Example 2, as shown in FIG. 4B, the surface of the positive electrode tab
11a and the exposed surface of the second positive electrode exposed core portion 11g are covered with
the portion of the insulating tape 25c in which the glue material layer 26 has been formed, and some of
the surface of the positive electrode active material layer 11b adjacent to the second positive electrode
exposed core portion 11g is covered by the portion of the insulating tape 25c in which the glue material
layer 26 has not been formed. The negative electrode plate 12 is the same one used in Example 1.

[0043]
[Positive Electrode Plate in Comparative Example 2]

The positive electrode plate 11D in the non-aqueous electrolyte secondary battery in Comparative
Example 2 will now be described using FIG. 5A and FIG. 5B. However, as in the conventional example,
the insulating tape 25d used on the positive electrode plate 11D in Comparative Example 2 is made of
25 pm thick polyimide film with an 8 pm thick glue material layer 26 on one entire surface in the width
direction, and the rest of the configuration of the positive electrode plate 11D in Comparative Example
1 is the same as that of the positive electrode plate 11C in Example 2. Therefore, components identical
to those in FIG. 4A and FIG. 4B are denoted by the same reference numbers in FIG. 5A and FIG. 5B,
and a detailed description of these components has been omitted. The negative electrode plate 12 is
the same one used in Example 1.

[0044]

Non-aqueous electrolyte secondary batteries using the positive electrode plate 11C in Example 2 and
non-aqueous electrolyte secondary batteries using the positive electrode plate 11D in Comparative
Example 2 were stored for 30 days at 60°C under full charge, as in the case of Example 1 and
Comparative Example 1, and the battery voltage before and after storage was measured. The results
were substantially similar to those of the batteries in Example 1 and Comparative Example 1.

[0045]

In each of the examples and comparative example, a cylindrical non-aqueous electrolyte secondary
battery using a cylindrical wound electrode unit was described. However, the same effects are realized
in the case of a rectangular non-aqueous electrolyte secondary battery using a cylindrical wound
electrode unit flattened to form a flat wound electrode unit.

[Brief Description of the Drawings]

[0046]

[FIG. 1]

FIG. 1 is a front view of the internal structure of the cylindrical non-aqueous electrolyte secondary
battery used in both the examples and the comparative examples.

[FIG. 2]

FIG. 2A is a plan view of the positive electrode plate used in Example 1, and FIG. 2B is an enlarged
cross-sectional view of FIG. 2A from line IIB-I1IB.

[FIG. 3]
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FIG. 3A is a plan view of the positive electrode plate used in Comparative Example 1, and FIG. 3B is an
enlarged cross-sectional view of FIG. 3A from line IIIB-IIIB.

[FIG. 4]

FIG. 4A is a plan view of the positive electrode plate used in Example 2, and FIG. 4B is an enlarged

cross-sectional view of FIG. 4A from line IVB-IVB.

[FIG. 5]

FIG. 5A is a plan view of the positive electrode plate used in Comparative Example 2, and FIG. 5B is an

enlarged cross-sectional view of FIG. 5A from line VB-VB.

[FIG. 6]

FIG. 6A is a plan view of the positive electrode plate in a conventional example, and FIG. 6B is a plan

view of the negative electrode plate in the same.
[Reference Numbers]
[0047]

10: Non-aqueous electrolyte secondary battery
11, 11A-11D: Positive electrode plate

11a: Positive electrode current collecting tab
11b: Positive electrode active material layer
11c: Positive electrode core

11d: First positive electrode exposed core portion
l1le: Winding beginning end

11f, 11g: Second positive electrode exposed core portion
12: Negative electrode plate

12a: Negative electrode current collecting tab
13: Separator

14: Wound electrode unit

15: Insulating plate

15a: Opening

16: Insulating plate

17: Battery outer can

18: Safety valve

19: Positive terminal

20: Gasket

25a-25d: Insulating tape

26: Glue material layer
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