DESCRIPTION

ELECTROCHEMICAL DEVICE AND PROCESS OF MANUFACTURING SAME

TECHNICAL FIELD

[0001] The present invention relates to an electrochemical
device capable of being applied to, e.g., a 1lithium-ion
secondary battery or an electric deuble-lazyer capacitor used
as a power source for, e.g., electric wvehicles and mobile
phones, and also relates to a method for manufacturing the

electrochemical device.

TECHNICAL BACEKGROUND

[0002] A packaging laminated material widely used as a
packaging material in the fields of, e.g., medical supplies
and foods 1is also conventionally used as an outer packaging
film for an electrochemical device guch as a battery
encapsulating electrodes and electrolvtes, and greatly
contributes to the weight and thickness reduction thereof.
[0003] Conventionally, a structure is disclosed, in which
power generating elements including electrodes and
electrolytes are enclosed by a package made of an outer
packaging film and the peripheral edge porticns of the outer
packaging film are fusicn-welded by heat sealing with the
lead terminal protruded outside (see, for example, Patent

Document 1).



1000473 such an outer packaging film made of a packaging
laminated material has a multilayer structure including an
outermost layer made of, e.g., polyethylene terephthalate
(PET) or nylon, and an innermost layer which comes into
contact with electrolyte, etc., and is made of a heat
adhesive material (for example, high density polyethylene,

low density polyethylene, linear low density polyethylene,

polyvethylene series lonomer, polyolefin resin such as
polypropylene) .
f00Ch1 The outer packaging £film 1is provided with a

metallic feil, such as an aluminum foil or a SUS foil, as an
intermediate layer to prevent intrusion of moisture from the
outside and evaporation of the electrolyte from the inside
with respect to the electrochemical device. The outermost
layer is provided to give mechanical strength to protect the
metallic foil constituting the intermediate layer to thereby

serve protection against external forces caused by, e.g.,

stabbing.
[0006] Such an electrochemical device can be produced as
follows. A packaging laminated material is cut into, for

example, a square shape to obtain an outer packaging film.
In a state in which elements such as electrodes and
electrolytes are packaged with the outer packaging film, the
sealing portion, such as a peripheral edge portion, of the

outer packaging film is thermo-compression bonded. This



results 1in sealing of electrochemical elements such as
electrodes and electrolytes in the outer packaging £ilm.
[0007] In the pair of lead terminals of the
electrochemical device, each outer end portion is exposed to
the outside wvia the sealing portion of the outer packaging
film and the portion of the lead terminal corresponding to
the sealing portion is adhered to the heat welding synthetic
resin of the innermost laver of the outer packaging f£ilm. At
the time of the sealing, however, in some case, the lead
terminal sometimes break through the innermost layer of the
outer packaging film to be brought into contact with the
metallic foil of the intermediate layer, causing a short
circuit.

[0008] To prevent such a problem, a technoclogy that a lead
terminal is covered with synthetic resin corresponding to a
sealing portion of an outer packaging film has Dbeen
traditionally proposed (see, e.dg., Patent Document 2).
Specifically, in the technology, a portion of the lead
terminal corresponding to a éealing portion of a positive
side 1lead terminal or a negative side lead terminal is
previously covered with a heat sealing synthetic resin film.
[0009] Even 1in cases where a technology of providing a
covering film on a lead terminal 1is applied, however,
sufficient sealing cannoct be obtained due to insufficient
adhesion betWeen the synthetic resin which is a structural

component of the covering film and the metal which is a
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structural component of the lead terminal, which causes an
obstacle in extending a battery cycle life.

[0010] In order to solve this probiem, a technology has
been already disclosed, in which an adhesive synthetic resin
layer having good adhesion to metals as an innermost layer,
an insulating synthetic resin layer, an olefin resin layer as
an outermost layer are laminated on a lead terminal in this

order (see, e.g., Patent Document 3).
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SUMMARY OF THE INVENTION

PROBLEMS TC BE SOLVED BY THE INVENTION

[0012] Even in the electrochemical device having the
aforementioned structure, however, there was a problem that
sufficient sealing could not be obtained between the
synthetic resin of the innermost layer constituting the outer
packaging film and the olefin resin layver of the outermost

layer provided on the lead terminal. This problem is



considered to be caused by unevenness in temperature of the
sealing portion at the time of executing heat sealing.

[0013] Preferred embodiments of the present invention are
made in view of the abovementioned and/or other problems in
the related arts. The preferred embodiments of the present

invention significantly improve the existing methods and/or

devices.
(0014} The present invention was made in view of the
aforementioned background, and aims to provide an

electrochemical device and a menufacturing method of the
electrochemical device capable cof enhancing sealing
performance between a lead terminal rcovering film and an
outer packaging film to secure proper sealing to thereby
improve durability.

[0015] The other purposes and advantages of the present
invention will be apparent from the preferred embodiments

described below.

MEANS TO SOLVE THE PROBLEMS
[0016] The above problems are solved by the following means.
[0017] [1] 2n electrochemical device comprising:

a laminated-tvpe outer packaging film having at least an
innmermost layer made of heat adhesive synthetic resin;

an electrochemical element covered with the outer

packaging film;



a lead terminal having an inner end portion electrically
connected to the electrochemical element and an outer end
portion protruded to an outside from the outer packaging
film; and

a laminated-type lead terminal covering film having an
outermost layer made of heat adhesive synthetic resin
compatible with the innermost layer of the outer packaging
film, the lead terminal covering film Dbeing arranged
corresponding to a sealing portion of the outer packaging
film,

wherein the sealing portion of the outer packaging film
is welded by heat sealing with the lead terminal sandwiched
by and between the covering film, and

wherein a melting point of the outermost layer of the
lead terminal covering f£ilm is set to be lower than a melting
point of the innermost layer of the outer packaging film.
[0018] [2] The electrochemical device as recited in Item 1,
wherein a difference between a melting point of the innermost
layer of the outer packaging film and a melting point of the
innermost layer of the lead terminal covering film is 9 ©°C or
more.

[0019] [3] The electrochemical device as recited in Item 1
or 2, wherein the melting point of the innermost layer of the

outer packaging film is 124 °C or more.



[0020] [4] The electrochemical device as recited in any one
of Ttems 1 to 3, wherein a thickness of the lead terminal
covering film is 0.08 to 0.25 mm.

[0021] [5] The electrochemical device as recited in any one
of Items 1 to 4, wherein the melting point of the outermost
layer of the lead terminal covering film is 168 ©°C or below.
[0022] [6] The electrochemical device as recited in any one
of Items 1 to 5, wherein the innermost layer of the outer
packaging film and the outermost layer of the lead terminal
covering film are made of the same series synthetic resin.
[0023] [7] The electrochemical device as recited in Item 6,
wherein the innermost layer of the outer packaging film and
the outermost laver of the lead terminal covering film are
made of olefin series synthetic resin.

[0024] i8] The electrochemical device as recited in_any one
of Items 1 to 7, wherein a thickness of the lead terminal is
¢.2 to 0.5 mm.

[0025] [9] The electrochemical device as recited in any one
of Items 1 to 8, wherein the electrochemical element is
provided with battery generating elements including at least
a positive electrode, a negative electrode, and electrolyte
interposed between the positive electrode and the negative
electrode.

[0026] [10] A method of manufacturing an electrochemical

device, the method comprising:



a stép of preparing a laminated-type outer packaging
Film having at least an innermost layer made of heat adhesive
synthetic resin, an electrochemical element, a lead terminal,
and a laminated-type lead terminal covering £ilm having an
cutermost layer made of heat adhesive synthetic resin
compatible with an innermost layer of the cuter packaging
film, a melting point of the outermost layer being set to
below a melting point of the innermost layer of the outer
packaging film;

a step of covering a part of the lead terminal with the
covering f£ilm;

a step of accommodating the electrochemical element with
the outer packaging film;

a step of electrically connecting an inner end portion
of the lead terminal to the electrochemical element with the
outer end portion of the lead terminal protruded from the
outer packaging film; and

a step of welding a sealing portion of the outer
packaging film to the covering film partially covering the
lead terminal by heat sealing.

[0027] [11] The method of manufacturing an electrochemical
device as recitéﬁ in Item 10, wherein the heat sealing of the
sealing portion of the outer packaging film is performed at a
temperature higher than the melting point of the innermost

layer of the outer packaging film by 20 °C or more.



[0028] [12] The method of menufacturing an electrochemical
device as recited in Item 10 or 11, wherein a time for the
heat sealing of the sealing portion of the outer packaging

film is set to 3 to 8 seconds.

EFFECT OF THE INVENTION

[0029] According to the invention of Item [1], the melting
point of the outermost layer of the lead terminal covering
film is below the melting point of the innermost layer of the
outer packaging film. Therefore, when the sealing portion of
the outer packaging £f£ilm is heat sealed, evenr 1f the
temperature difference occurs between the innermost layer of
the outer packaging film and the cutermost layer of the lead
terminal covering film so that the outer packaging film side
becomes higher in temperature, the melting of the innermost
layer of the outer packaging £film and that of the outermost
layer of the lead terminal covering film occur almost in
parallel. For this reason, at the sealing portion, the
outermost layver of the lead terminal covering film and the
innermost layer of the outer packaging film evenly melt and
harden, which effectively improves the sgealing performance at
the sealing portion.

[0030] According to the invention o©f Ttem 27, the
difference betweenn the melting point of the outermost layer
of the lead terminal covering film and the melting point of

the innermost laver of the outer packaging film ig 2 ©C or



more. Therefore, the outermost layer of the lead terminal
covering film and the innermost layer of the outer packaging
film melt even more evenly at the time of heat sealing, which
further improves the sealing performance.

[0031] According to the invention of Item [3], the melting
point of the innermost layer of the outer packaging film is
124 °C or above. Therefore, the heat resistance as an
electrochemical element can be secured.

[0032] According to the invention of Item [4], since the
thickness of the lead terminal covering film is set to a
predetermined thickness, the covering film can be adhered to
the lead terminal without gaps, which further imﬁroves the
sealing performance.

00331 According to the invention in Item [5], since the
melting point of the outermost layer of the lead terminal
covering film is 168 °C or below, the workability at the time
of heat sealing can be improved.

[(0034] According to the invention of Item [6], since the
innermost laver of the outer packaging film and the ocutermost
layver of the lead terminal covering film are made of the same
series synthetic resin, their compatibility during the heat
sealing can be effectively exerted.

[0035] According to the invention of Item [7], since the
innermost layer of the outer packaging film and the outermost
layer of the lead terminal covering film are made of the same

olefin series synthetic resin, their compatibility during the
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heat sealing can be effectively exerted, and the chemical
resistance with respect to, e.g., electrolyte can be further
improved.

[0036] According to the invention of Item [8], since the
thickness of the lead terminal ig set to 0.2 to 0.5 mm, the
heat radiation restraint of the lead terminal at the time of
heat sealing is conducted effectively in an electrochemical
device that allows passing of high currents, and the
processing time can also be shortened.

[0037] According to the invention of Item [9], since the
electrochemical element also includes a generating element of
a battery, a thin;shaped battery having a high sealiﬁg
performance at the lead terminal pull-out part can be easily
provided.

[0038] According to the invention o¢f Item [10], an
electrochemical device of the present invention can be
assuredly produced.

[0039] According to the invention of Ttem [11], at the
sealing portion of the outer packaging film, heat sealing is
conducted at a temperature higher than the melting point of
the innermost laver of the outer packaging fiim by 20 °C or
more. Therefore, appropriate sealing performance can Dbe
attained without being influenced by heat radiation by the
lead terminal.

[0040] According to the invention of Item [12], since the

time for the heat sealing with respect to the sealing portion
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of the outer packaging f£ilm is 3 to 8 seconds, a high quality
electrochemical device having an assuredly sealed sealing

portion can be manufactured effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041]

[Fig. 1] Fig. 1 is a cross-sectional view showing an
encapsulated state of a thin-shaped battery to which an
electrochemical device according to an embodiment of the
present inventicn is applied.

[Fig. 2] Fig. 2 is an exploded perspective view showing the
thin-shaped battery in a state before encapsulation.

[Fig. 3] Fig. 3 is an exploded cross-sectional view of the
thin-shaped battery in an encapéulated state.

[Fig. 4] Fig. 4 is an enlarged cross-sectional view of the
portion “A" in Fig. 3.

[Fig. 5] Fig. 5 1is a perspective view showing the sealing
portion of the lead terminal of the thin-shaped battery and
vicinity thereof.

[Fig. 61 Fig. 6 1s a cross-sectional wview showing the
sealing portion of the lead terminal and vicinity thereof in
a sealed state.

[Fig. 7] Fig. 7 1is a perspective view showing a state in
which an electrochemical element i1s accommodated in a bag-

like processed ocuter packaging film.
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[Fig. 8] Fig. 8 1is a table showing results of sealing

performance evaluations of Examples and Comparative Examples.

BEST MODE FOR CARRYING OUT THE INVENTION

[0CQ4Z2] Fmbodiments of the present invention will Dbe
explained with reference to the drawings.

[0043] Fig. 1 is a cross-sectional view showing an
encapsulated state of a thin-shaped battery to which an
electrochemical device 1is applied, Fig. 2 is an exploded
'perspective view of the thin-shaped battery in a state before
encapsulation, and Fig. 3 is an exploded perspective view of
the thin-shaped battery in an encapsulated state.

[0044] In Figs. 1 to 3, this thin-shaped battery includes
two  sheets of outer packaging fiims 4 and 4 with
circumferential edge portions thermally welded and the
internal portions sealed, an electrochemical element 10
accommodated inside the outer packaging films 4 and 4, a pair
of lead terminalg 5 and 6 in which the inner end portions b5a
and 6a as one end portions are connected o the
electrochemical element 10 and the outer end portions 3b and
6b as the other end portions are exposed to the outside of
the outer packaging fiims 4 and 4, and covering films 7 and 7
covering the ©positions of the lead terminal 5 and 6
corresponding to the pullout portions (sealing portion 4d) of

the outer packaging films 4 and 4.
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[0045] The electrochemical element 10 is constituted by
laminating a positive electrode 1 and a negative electrode 2
via an electrolyte portion 3. The electrolyvte portion 3 can
be constituted by, for example, a combinaticon of a separator
and electrolyte, a combination of a separator and gel
electrolyte, only gel electrolyte, or only solid electrolyte.
Needless to say, the electrolyte portion 3 is not limited to
one of the exemplified structures.

[0046] The positive electrode 1 and the negative electrode
2 are constituted by cocating a surface of a metallic foil,
such &g, e.g., an aluminum foil or a copper feoil, with a
positive electrode material, such as, e.qg., LiCo0,; or
LiCoMn;04, and a negative electrode material, such as, e.g.,
LiC¢Ti5012, respectively, together with a carbon conductive
enhancing material and a binder.

[0047] The inner end portions 5a and 5b of the pair of
lead terminals 5 and 6 are each fixed to the positive
electrode 1 or the negative electrode 2 of the
electrochemical element 10 by, e.d., welding, and
electrically connected thereto.

[0048] The cuter packaging film 4 has a laminate structure,
for example, a three-layered structure having an innermost
layer 41, an intermediate layver 42, and an outermost layer 43
as shown in Fig. 4. The innermost layer 41 is constituted by
a thermal adhesion {thermoplastic) synthetic resin selected

from the group including, for example, high density
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polyethylene, low density polyethylene, linear low density
polyethylene, polyethylene series ioncmer, and polyolefin
resin such as polvpropylene. The outermost layer 43 1is
constituted by polyethylene terephthalate (PET) or nylon.
[00491] The intermediate layer 42 of the outer packaging
film 4 ig made of a metallic foil selected from, for example,
én aluminum foil or a SUS foil. The intermediate layver 42
effectively prevents intrusion of moisture from the outside
and/or evaporation of electrolyte from the inside. On the
other hand, the outermost layer 43 gives mechanic strength to
protect the intermediate layer 42.

[0050] In the outer packaging film 4 of this embodiment,
as the innermost layer 41, a packaging laminated material
formed by forming a dry-laminated unstretched polypropylene
film having a melting point of, e.g.,.168 °Cc into a& bag shape
ig used.

[0051] The positive electrode side and negative electrode
side lead terminals 5 and 6 are each made of a metallic foil
of, e.g., aluminum, copper, nickel, or stainless, and have a
thickness of 0.2 to 0.5 mm.

[0052] In dther words, the lead terminals 5 and & are
required to lower the elecEric resistance to allow the
passing of high currents, and therefore the thickness is
preferably set to 0.2 mm or more, but preferably 0.5 mm or
less at a maximum. This is because when the thickness

exceeds 0.5 mm, it becomes difficult to £fill both width end
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edges of the lead terminals 5 and 6 with synthetic resin such
as a covering film 7, which may cause deteriorated sealing
performance.

[0053] Corresponding to the portion 4d of the outer
packaging film 4 which will be heat sealed, Dboth the lead
terminals 5 and & are each preliminarily covered with
covering films 7 and 7 each having a thickness of 0.08 to
0.25 mm. ~ This covering film 7 has a three-layer structure
having an innermost layer 71, an intermediate layer 72, and
an outermost layver 73, This covering f£ilm 7 prevents the
lead terminals 5 and 6 from coming into contact with the
intermediate layer 42 of the outer packaging film 4 to cause
electric short.

[0054] The innermost layer 71 of the covering film 7 is
made of adhesive synthetic resin having good adhesion
performance as shown in Fig. 6 with respect to metal which is
a constituent material of the lead terminal, The
intermediate layer 72 covering the innermost layver 71 is made
of insulating resin. The outermost layer 73 in contact with
the innermost layer 41 of the outer packaging film 4 is made
of synthetic resin, such as, e.g., olefin resin, which is
compatible with and scame in series as the resin of the
outermost layer 41 of the outer packaging film 4.

[0055] The melting point of the cutermost layer 73 of the
covering film 7 1is set to below the melting point of the

outermost layer 41 of the outer packaging film 4. In this
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embodiment, in cases where the melting peoint of the outermost
layer 41 of the outer packaging film 4 is 168 °C, the melting
point of the outermost layer 73 of the covering £ilm 7 is set
to, e.g., 134 °C so that the difference between the melting
points thereof becomes 9 °C or more.

[0056] After covering the electrochemical element 10 with
the outer packaging films 4 and 4, the sealing portions 4d of
the outer packaging films 4 and 4 are sealed by heat sealing.
In thig case, the heat sealing is conducted at a temperature
(188 ©°C) higher than the melting point of the innermost layer
41 of the outer packaging films 4 and 4 (168 ©°C in this
emboaiment) by 20 °C or more.

[0057] The heat sealing is performed by applying heat from
the outside of the outer packaging film 4, and therefore the
heat is less conducted to the outermost layer 73 of the
covering film 7 compared to the innermost layer 41 of the
outer packaging film 4. In addition, the lead terminals 5
and 6 made of a metallic material cause heat radiation, which
causes a decreased temperature at the side of the outermost
layer 73 of the covering f£ilm 7. This in turn results in a
temperature difference between the innermost layer 41 of the
outer packaging film 4 and the outermost layer 73 of the
covering film 7 so that the temperature at the side of the
innermost layer 41 of the outer packaging film 4 is higher.
This phenomenon becomes more outstanding as the thickness of

the lead terminals 5 and 6 increases.
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[0058] For this reason, in this embodiment, the melting
point of the outermost layer 73 of the covering film 7 of the
lead@ terminal 5 and 6 is set to be below the melting point of
the innermost laver 41 of the outer packaging film 4.
Therefore, at the time of performing heat sealing of the
portions of the outer packaging film 4 corresponding to the
lead terminals 5 and 6, even 1f a temperature difference
occurs between the innermost layer 41 of the outer packaging
film 4 and the outermost layer 73 of the Ilead terminal
covering film 7 so that the temperature on the side of the
outer packaging film 4 is Thigher, the melting of the
innermost layer 41 of the outer packaging film 4 and the
melting of the outermost layer 73 o0f the lead terminal
covering film 7 begin almost simultaneously, and therefore
the melting of both the layers 41 and 73 progresses in
parallel.

[0059] Therefore, in the sealing portion 4d, the outermost
layver 73 of the covering £film 7 melts evenly with respect to
the innermost layer 41 of the outer packaging film 4,
resulting in preferable melting of both the layers 41 and 73
to be securely joined, which effectively enhances the sealing
performance of the sealing portion 4a of the ocuter packaging
film 4.

[0060] The constituent material of the outermost layer 73
of the covering film 7 and the constituent material of the

innermost laver 41 of the outer packaging film 4 can be
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arbitrarily selected from any heat adhesive {(thermoplastic)
synthetic resins. Like in this embodiment, as  the
constituent materials of both the layers 73 and 74, when the
csame series of resins, such as olefin series resin, such as,
e.g., polyethylene (PE) and polypropylene (PP), are employed,
the compatibility of both the layers 73 and 41 can be exerted
effectively. The olefin series resins are especially
excellent in chemical resistance, and can be affirmatively
used considering the contact with electroliyte.

[0061] The difference between the melting point of the
outermost layer 73 of the covering film 7 and the melting
point of the innermost layer 41 of the outer péckaging film 4
can be set arbitrarily. Like in this embodiment, setting the
melting point difference to be 9 °C or more causes effective
melting of the innermost layer 41 of the outer packaging film
4 and the outermost laver 73 of the covering film 7, which
further enhances the sealing performance.

[0062] If the melting point of the outermost layer 73 of
the covering film 7 covering the lead terminals 5 and 6 is
" below 124 °C, there is a concern that the heat resistance of
the battery is affected. However, like this embodiment, when
the melting point of the outermost layer 73 of the covering
film 7 is set to 124 °C or above, the rigsk of deterioration
of the heat resistance can be solved.

[G0631 When the melting point of the innermost layer 41 of

the outer packaging film 4 exceeds 168 °C, the heat sealing
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regquires larger amount of energy and longer time, resulting
in deteriorated productivity. Therefore, it 1s preferable
that the melting point of the innermost layer 41 is 168 °C or
below.

[0064] The amount of time for the heat sealing 1is

preferably set to 3 to 8 seconds, more preferably 4 to 6

seconds. Ingufficient Theat sealing time may  cause
insufficient sealing due to the lack of heating. On the
other hand, excessively long heat sealing may cause

deteriorated productivity and difficulty in obtaining
excellent sealing due to deterioration by heat caused by the

excessive heating.

EXAMPLES

[0065] Next, Examples and Comparative Examples of a thin-
type battery having the aforementioned structure will be
explained.

t0066] In Examples and Comparative Examples, the material
and the thickness of the outermost layer 43 and the
intermediate layer 42 of the outer packaging film 4 made of a
packaging laminated material, and the thickness and the width
of the lead terminals 5 and 6 were the same as follows:
[OUTERMOST LAYER 43 AND INTERMEDIATE LAYER 42 OF OUTER

PACKAGING FILM 4]
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An outermost layer 43 made of nylon 25 um and an
intermediate layer 42 made of an aluminum foil (AA standard
8079, O material) were dry-laminated.

[LEAD TERMINAL]

Thickness: 0.2 mm

Width: 50 mm
[HEAT SEALING CONDI-TION]

Temperature: the melting point of the innermost layer 41
of the outer packaging film 4 + 30 °C

Pregssure: 0.2 MPa
[0067] [EXAMPLE 1]

As a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropylene unstretched film
30 pm having a melting point of 168 °C was selected and dry-
laminated on a nylon film as an outermost layer 43 and an
aluminum foil as an intermediate laver 42 to form a packaging
laminated f£ilm. Then, this packaging laminated film was
formed intoc a square shape and processed into a Dbag-like
shape as shown in Fig. 7 to obtain an outer packaging film 4.
[0068] After filling 10 g of pseudo-electrolyte having a
composition (Eé: DEC = 1 : 1 + 1 mol LiPF6) as a content into
the outer packaging film 4, the portions of the lead
terminals 5 and 6 corresponding to the sealing portion were
covered with covering films 7 each including an outermost

layer 73 made of polypropylene and having a melting point of
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134 °C, Then, heat sealing for 5 seconds was conducted to
seal the sealing portions 4d of the outer packaging films 4.
[0069] [EXAMPLE 2]

Ags a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropylene unstretched f£ilm
30 pym having & melting point of 168 ©°C was selected and dry-
laminated on a nylon film as an outermost layer 43 and an
_aluminum foil as an intermediate layer 42 to form a packaging
laminated film. Then, this packaging laminated £ilm was
formed into a sguare shape and processed into a bag-like
shape to obtain an outer packaging film 4.

[0070] After filling 10 g of pseudo-electrolyte having a
composition (EC: DEC =1 : 1 + 1 mol LiPF6) as a content into
the outer packaging film 4, the portions of the lead
terminals 5 and 6 corresponding to the sealing portion were
covered with covering films 7 each including an outermost
layer 73 made of polyvpropylene and having a melting point of
143 °C. Then, heat.sealing for 5 seconds was conducted to
seal the sealing portions 44 of the outer packaging films 4.

[0071] [EXAMPLE 3]

As a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropylene-unstretched film
30 pm having a melting point of 143 °C was selected and dry-
laminated on a nylon film as an outermost layer 43 and an
aluminum foil as an intermediate layer 42 to form a packaging

laminated £ilm. Then, this packaging laminated £film was
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formed into a sguare shape and processed into a bag-like
shape to obtain an outer packaging film 4.

[0072] afrer filling 10 g of pseudo-electrolyte having a
composition (EC: DEC = 1 : 1 + 1 mol LiPF6) as a content into
the outer packaging film 4, the portions of the Ilead
terminals 5 and 6 corresponding to the sealing portion were
covered with covering films 7 each including an outermost
layer 73 made of polypropylene and having a melting point of
134 ©°C. Then, heat sealing for 5 seconds was conducted to
seallthe sealing portions 4d of the outer packaging films 4.

[0073] [EXAMPLE 4]

As a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropylene unstretched f£ilm
30 um having a melting point of 134 °C was selected and dry-
laminated on a nylon film as an outermost layer 43 and an
aluminum foil as an intermediate layer 42 to form a packaging
laminated £ilm. Then, this packaging laminated £ilm was
formed into & square shape and processed into a bag-like
shape to obtain an outer packaging film 4.

[0074] After filling 10 g of pseudo-electrolyte having a
composition (EC: DEC = 1 : 1 + 1 meol LiPF6) as a content into
the outer packaging film 4, the portions of the lead
terminals 5 and 6 corresponding to the sealing portion were
covered with covering films 7 each including an outermost

layer 73 made of polypropylene and having a melting point of
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124 °cC. Then, heat sealing for 5 seconds was conducted to
seal the sealing portions 4d of the outer packaging films 4.
[0075] (EXAMPLE 5]

As a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropylene unstretched film
30 um having a melting point of 134 °C was selected and dry-
laminated on a nylon film as an outermost layer 43 and an
aluminum foil as an intermediate layer 42 to form a packaging
laminated £ilm. Then, this packaging laminated £film was
formed into a square shape and processed into a bag-like
shape to obtain an outer packaging film 4.

[00761] After filling 10 g of pseudo-electrolyte having a
composition (EC: DEC = 1 : 1 + 1 mol LiPF6) as a content into
the outer packaging £film 4, the portions of the lead
terminals 5 and 6 corresponding to the sealing ﬁ)ortion were
covered with covering films 7 each including an outermost
layer 73 made of polypropyvlene and having a melting point of
126 °©C. Then, heat sealing for 5 seconds was conducted to
seal the sealing portions 4d of the outer packaging films 4.
[0077] [COMPARATIVE EXAMPLE 1]

Ag a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropylene unstretched film
30 um having a melting peint of 168 °C was selected and dry-
laminated on a nylon film as an outermost layer 43 and an
aluminum foil as an intermediate layer 42 to form a packaging

laminated £ilm. Then, this packaging laminated film was
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formed into a sqguare shape and processed into a bag-like
shape to obtain an cuter packaging film 4.
[0078] After filling 10 g of pseudo-electrolyte having a
composition (EC: DEC = 1 : 1 + 1 mol LiPF6) as a content into
the outer packaging film 4, the portions of the lead
terminals 5 and 6 corresponding to the sealing portion were
covered with covering films 7 each including an outermost
layver 73 made of polivyvpropvlene and having a melting point of
168 ©C. Then, heat sealing for 5 secconds was conducted to
seal the sealing portions 44d of the outer packaging films 4.
[0079] [COMPARATIVE EXAMPLE 2]

| Ag a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropylene unstretched film
30 um having a melting point of 143 °C was selected and dry-
Jaminated on a nyleon film as an outermost laver 43 and an
aluminum foil as an intermediate layer 42 to form a packaging
laminated film. Then, this packaging laminated film was
formed into a sqgquare shape and processed into a bag-like
shape to obtain an outer packaging film 4.
[0080] After filling 10 g of pseudo-electrolyte having a
compogition (BEC: DEC =1 : 1 + 1 mol LiPFA) as a content into
the outer packaging £film 4, the portions of the lead
terminals 5 and 6 corresponding to the sealing portion were
covered with covering films 7 each including an outermost

layver 73 made of polyvpropylene having a melting point of
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143 °C. Then, heat sealing for 5 seconds was conducted to
seal the sealing portions 4d of the outer packaging films 4.
[0081] [COMPARATIVE EXAMPLE 3]

ZAs a constituent material of the innermost layer 41 of
the outer packaging film 4, a polypropyvlene unstretched film
30 pm having a melting point of 134 °C was selected and dry-
laminated on a nylon film as an outermost layer 43 and an
aluminum foil as an intermediate layer 42 o form a packaging
laminated film. Then, this packaging laminated film was
formed into a sguare shape and processed into a bag-like
shape to obtain an outer packaging film 4.

[0082] After filling 10 g of pséudo—electrolyte having a
composition (EC: DEC =1 : 1 + 1 mol LiPF6) as a content into
the outer packaging film 4, the portions of the lead
terminals 5 and 6 corresponding to the sealing portion were
covered with covering films 7 each including an outermost
laver 73 made of polypropvlene having a melting point of
134 °cC. Then, heat sealing for 5 seconds was conducted to
seal the sealing portions 4d of the outer packaging films 4.
[CO83] [COMPARATIVE EX&MPLE 4]

The conditions were the same as Comparative Example 2, but
heat sealing was conducted for 20 seconds.
[0084] [Evaluation of Sealing Performance]

A preservation test was conducted for each test pilece
for one week at 85°C in a stationary manner with. the tab

portion facing downward. Then, the air was supplied into the
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ingide of each test plece with an injection needle while
measuring the pressure, and the pressure which caused rupture
of the test pilece was measured. The results are shown in Fig.
8.

[0085] 2s 1is apparent from the table in Fig. 8, in
Examples 1 to 5, the test pieces did not cause rupture even
at 02 MPa, which wasg the maximum pressure o0of the air pressure
applying device. On the other hand, in Comparative Examples
1 to 3, it was confirmed that the test pleces were ruptured
and therefore were inferior in sealing performance.
Furthermore, in Comparative Examples 1 to 3, our
investigation revéled that the starting point of the rupture
was the boundary between the innermost layer 41 of the outer
packaging film 4 and the outermost layer 73 of the covering
film 7 of the lead terminals 5 and 6.

[00&6] In the aforementioned embodiments of the present
invention, our explanation was directed to embodiments in
which an electrochemical device was applied to a thin-type
battery, but the electrochemical device is not limited to a
thin-type Dbattery, and can be applied to wvarious types of
electrochemical devicesg, such as, e.g., an electrical double
layer capacitor.

[0087] The present invention c¢laims priority to Japanese
Patent 2Zpplication No. 2009-4913 filed on January 12, 2009,
the entire disclosure of which is incorporated herein by

reference in its entirety.
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[0088] Tt should ©Dbe understood that the terms and
expressions used herein are used for explanation and have no
intention to be used to construe in a limited manner, do not
eliminate any equivalents of features shown and mentioned
herein, and allow various modifications falling within the
claimed scope of the present invention.

[00892] While the present invention may be embodied in many
different forms, a number of illustrative embodiments are
described herein with the understanding that the present
disclosure is to be considered as providing examples of the
principles of the invention and such examples are mnot
intended to limit the invention to preferred embodiments
described herein and/or illustrated herein.

[0090] While illustrative embodiments of the invention
have been described herein, the present invention is not
limited to the various preferred embodiments described herein,
but includes any and all embodiments having eguivalent
elements, modifications, omissions, combinations (e.g., of
aspects across various embodiments), adaptations and/or
alterations as would be appreciated by those in the art based
on the present disclosure. The limitaticons in the claims are
to be interpreted broadly based on the language employed in
the claims and not limited to examples described in the
present specification or during the prosecution of the
application, which examples are to be construed as non-

exclusive.
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INDUSTRIAL APPLICABILITY

[0091] The electrochemical device of the present invention

can be used as a power source for, e.g.

mobile phones.

DESCRIPTION OF THE REFERENCE NUMERALS

[0092]

1.. positive electrode
2.. negative electrode
3.. electrolyte

4.. outer packaging film

, electric cars and

4d.. sealing portion of outer packaging film

5.. positive electrode side
5a.. inner end portion of
terminal
5b.. outer end portion of
"terminal
6.. negative electrode side
fa.. inner end portion of
terminal
6b.. outer end portion of

terminal

lead

the

the

Tead

the

the

terminal

positive

posgitive

terminal

negative

negative

7.. covering film for lead terminal

10.. electrochemical element

electrode

electrode

electrode

electrode

41.. innermost laver of the outer packaging film

side

side

side

side

lead

lead

lead

lead

73.. outermost layer of the covering film for lead terminal
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CLAIMS

1. An electrochemical device comprising:

a laminated-type outer packaging film having at least an
innermost layer made of heat adhesive synthetic resin;

an electrochemical element covered with the outer
packaging £ilm;

a lead terminal having an inner end portion electrically
connected to the electrochemical element and an outer end
porticn protruded to an outside from the outer packaging
film; and

a laminated-type lead terminal covering film having an
outermost layer made of heat adhesive synthetic resin
compatible with the innermost léyer of the outer packaging
£1lm, the lead terminal covering £f£ilm Dbeing arranged
corresponding to a sealing portion of the outer packaging
film,

wherein the sealing portion of the outer packaging film
is welded by heat sealing with the lead terminal sandwiched
by and between the covering film, and

wherein a melting point of the outermost layer of the
lead terminal covering film igs set to be lower than a melting

point of the innermost layer of the outer packaging f£ilm.

2. The electrochemical device as recited in claim 1,

wherein a difference between a melting point of the innermost



layer of the outer packaging film and a melting point of the
innermost layer of the lead terminal covering film is 2 °C or

moere.

3. The electrochemical device as recited in claim 1 or
2, wherein the melting point of the innermost layer of the

outer packaging f£ilm is 124 °C or more.

4. The electrochemical device as recited in any one of
claimg 1 to 3, wherein a thickness of the lead terminal

covering film is 0.08 to 0.25 mm.

5. The electrochemical device as recited in any one of
claims 1 to 4, wherein the meiting point of the outermost

layer of the lead terminal covering film is 168 ©C or below.

6. The electrochemical device as recited in any one of
c¢laims 1 to 5, wherein the innermost layver of the outer
packaging film and the outermost layer of the lead terminal

covering f£ilm are made of the same series synthetic resin.

7. The electrochemical device as recited in claim 6,
wherein the innermost laver of the outer packaging film and
the outermost layer of the lead terminal covering film are

made of olefin series synthetic resin.
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8. The electrochemical device as recited in any one of

claims 1 to 7, wherein a thickness of the lead terminal is

0.2 to 0.5 mm.

9. The electrochemical device as recited in any one of
claims 1 to 8, wherein the electrochemical element 1is
provided with battery generating elements including at least
a positive electrode, a negative electrode, and electrolyte

interposed between the positive electrode and the negative

electrode.

10. A method of manufacturing an electrochemical device,
the method comprising:

a step of preparing a -1aminated—type outer packaging
film having at least an innermocst layer made of heat adhesive
synthetic resin, an electrochemical element, a lead terminal,
and a laminated-type lead terminal covering film having an
outermost layer made of heat adhesive synthetic resin
compatible with an innermost layver of the outer packaging
film, a melting point of the outermost layer being set to
below a melting point of the innermost layer of the outer
packaging film;

a step of covering a part of the lead terminal with the
covering fiim;

a2 step of accommodating the electrochemical element with

the outer packaging f£ilm;
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a step of electrically connecting an inner end portion
of the lead terminal to the electrochemical element with the
outer end portion of the lead terminal protruded from the
outer packaging £ilm; and

a step of welding a sealing porticn of the outer
packaging film to the covering film partially covering the

lead terminal by heat sealing.

11. The method of manufacturing an electrochemical
device as recited in claim 10, wherein the heat sealing of
the sealing portion of the outer packaging film is performed
at a temperature higher than the melting point of the

innermost laver of the outer packaging film by 20 °C or more.

12. The method of manufacturing an electrochemical
device as recited in claim 10 or 11, wherein a time for the
heat sealing of the sealing portion of the outer packaging

film is set to 3 to 8 seconds.
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