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FIG. 3

(57) Abstract: To provide a power storage unit having a structure which is
unlikely to break down by change in shape, such as bending. An electrode
plate is covered with a sheet of an insulator which is folded in two. The
sheet is preferably processed into a bag-like shape or an envelope-like shape
by bonding overlapping portions of the sheet in the periphery of the elec-
trode plate. The electrode plate and the sheet are fixed to an exterior body.
In the case where the shape of the exterior body is changed by bending or
the like, the electrode plate and the sheet can slide together in the exterior
body. Thus, stress on the electrode plate due to bending can be relieved.
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DESCRIPTION

POWER STORAGE UNIT AND
ELECTRONIC DEVICE INCLUDING THE SAME

THCHNICAL FIELD
[0001]

The present invention relates to an object, a method, or a manufacturing
method.  The present invention relates to a process, a machine, manufacture, or a
composition of matter. For example, one embodiment of the present invention relates
to a power storage unit, a manufacturing method thereof, or the like.  For example, one
embodiment of the present wvention relates 1o a power storage umt, 4 semiconductor
device, a display device, a light-emitting device, 2 memory device, a driving method

thereot, a manufacturing method thereof, or the hike.

BACKGROUND ART
(00021

A wvariety of power storage units such as hithium-ion secondary batteries,
lithium-ion capacitors, and air batieries have been actively developed. o particular,
demand for lithium-ion secondary batteries with high output and high energy density
{see Patent Document 1, for exarple) has rapidly grown with the development of the
semiconductor industry.  Power storage units which can be charged and discharged are
essential as power supply sources for various electronic devices, e.g., poriable
information ferminals such as cellular phones, smartphones, and laptop personal
computers, poriable music players, digital cameras, and medical equipment, for today’s
information society.

[0003]

Furthermore, flexible display devices used while being mounted on human
bodies or curved surfaces, such as display devices mounted on heads, have been
proposed in recent vears.  This has increased demand for flexible power storage units
that can be mounted on curved surfaces. A power storage unit which can be curved or

bent is described in Patent Document 2.
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[References]
[Patent Diocuments]
[0004]
{Patent Document 1] Japanese Published Patent Application No. 2012-009418

{Patent Document 2] Japanese Published Patent Application No. 2013-211262

DISCLOSURE OF INVENTION
(00051

An object of one embodiment of the present invention 18 to provide a novel
power storage unit, a vovel manufacturing method thereot, or the like.  For example,
an obiect of one embodiment of the present invention is to provide a power storage unit
which is strong against change o shape, such as bending, or {0 provide a power storage
unit in which a defect hardly occurs.

[0006)

Note that the description of a plurality of objects does not mutually preclude
the existence.  Note that one embodiment of the present invention does not necessarily
achieve all the objects listed above.  (Objects other than those listed above are apparent
from the description of the specification, drawings, and claims, and also such objects
could be an object of one embodiment of the present invention.

(00071

One ersbodiment of the present mmvention 15 a power storage unit including a
first electrode plate, a second electrade plate, a first sheet formed using an insulator, and
an exterior body in which the first electrode plate and the second electrode plate are
included. The first electrade plate i1s covered with the first sheet folded in two, and the
first electrode plate and the first sheet are fixed to the exterior body.

[0008]

Ouoe embodiment of the present wvention is a power storage unit tncluding a
first electrode plate, a second electrode plate, two first sheets formed using an insulator,
and an exterior body 1in which the first electrode plate and the second electrode plate are
wncluded.  The first electrode plate 1s covered with the two first sheets, and the first
electrode plate and the two first sheets are fixed to the exterior body.

[0009]
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In the above embodiments, the second electrode plate can be fixed to the
exterior body.  Furthermore, in the above embodiments, the second electrode plate can
be covered with the second sheet folded 1o two which is formed using an insulator, or
can be covered with two second sheets, and the second electrode plate and the second
sheet can be fixed to the exterior body.

[0010]

One embodiment of the present invention can provide a novel power storage
unit, a novel manufacturing method thereof, or the Iike.  For example, one embodiment
of the present invention can provide a power storage unit which 15 strong against change
in shape, such as bending, or provide a power storage unit in which a defect hardly
OCCUTS.

[0011]

Note that the description of these effects does not disturb the existence of other
effects.  In one embodiment of the present invention, there 1s no need to obtain all the
effects. In one embodiment of the present invention, an object other than the above
objects, an effect other than the above etfects, and a novel feature will be apparent from

the description of the specification and the drawings.

BRIEEF DESCRIPTION OF DRAWINGS
(00121
FIG. 1is a plan view showing a structural example of 4 power storage unit.
FIG. 2 i3 a cross-sectional view of FIG. 1.
FIG. 3 18 a cross-sectional view of FIG. 1.
FIG. 4 is a cross-sectional view of FIG. 1.
FIG. § is a cross-sectional view of FIG. 1.
FIGS. 6A to 6C show structural examples of positive electrade plates.
FIGS. 7A to 7C show structural examples of negative elecirode plates.
FIGS. 8A to 8C show structural examples of current collectors of a positive
clectrode plate and a negative electrode plate.
FIGS. 9A to 9D show a structural example of 3 separator and a manufacturing

exaraple of a current collector.
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FIGS. 10A and 10B show a structural example of a separator and a
manufacturing example of a current collector.

FIGS., 11A and 11B show structural examples of a power storage unit and
manufacturing examples thereof.

FIGS. 12A to 12C show structural examples of a power storage umit and
manufacturing examples thereof.

FIGS. 13A and 13B show a structural exarple of a power storage unit and a
manufacturing example thereof

FIG. 14 shows a structural example of a power storage umit and a
manufacturing example thereof.

FIGS. 15A 1o 15C show a structural example of a power storage unit and a
manufacturing example thereof.

FIGS. 16A and 16B show structural examples of a power storage unit and
manufacturing exaraples thereof.

FI(. 17 shows a cross-sectional structure of a power storage unit.

FIG. 18 shows a cross-sectional structure of a power storage unit,

FIG. 19 shows a cross-sectional structure of a power storage unit,

FIGS. 20A to 206 show structural examples of electronic devices.

FIGS. 21A to 210 show a structural example of an elecironic device.

FIG. 22 shows structural examples of electronic devices.

FIGS. 23A and 238 show structural examples of electromce devices.

BEST MODE FOR CARRYING OUT THE INVENTION
[0013]

o this specification, a power storage unit 18 a collective term describing units
and devices having a power storage function. Examples of the power storage unit
include a battery, a primary battery, a secondary battery, a hthium-ion secondary battery,
a fithiume-atr secondary battery, a capacitor, and a lithtum-ion capacitor.  Furthermore,
an electrochemical device 15 a collective term describing devices that can function using
a power storage unil, a conductive layer, 3 resistor, a capacitor, and the like. In

addition, an electronic device, an electrical appliance, a mechanical device, and the like
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each include a power storage unit according to one eroboditaent of the present woveuntion
in some cases.
(00141

Hereinafter, embodiments of the present invention will be described in detail
with reference to the accompanying drawings. However, embodiments of the present
invention are not limited to the following description. It will be readily understood by
those skilled in the art that modes and details of the present invention can be changed in
various ways without departing from the spuit and scope of the present invention
Therefore, embodiments of the present invention should not be construed as being
limited to the deseription of the embodiments below.

[0015]

A plurality of embodiments of the present invention are described below.  Any
of the embediments can be combined as appropriate.  In addition, in the case where
structural examples are given in one embodiment, any of the siructure examples can be
combined as appropriate.

[0016]

A power storage unit of one embodiment of the present invention includes a
positive electrode and a negative electrode.  The positive electrode and the negative
electrode each include one or more electrode plates {positive electrode plates and
negative electrode plates) having a sheet-like shape or a flat-plate-like shape. To
prevent the occurrence of a short circuit, both surfaces of at least one of two adjacent
electrode plates are covered with a sheet (also referred to as a film) made of an insulator.
In the following description, a sheet covering the elecirode plate s referred fo as a
“separator’ in sOme cases.

(00171
{Embodiment 1}
In this embodiment, structural examples of a power storage unit, an example of
a manufacturing method thereof, and the like are described.
[0018]
<<Structural example 1 of power storage unit>>
A structural example of a power storage unit, an example of & manufacturing

method thereof, and the like are described with reference to FIG. 1, FIG. 2, FIG. 3, FIG.
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4, FIG. 5, FIGS. 6A to 6C, FIGS. 7A to 7C, FIGS. BA to 8C, FIGS. 9A 10 9D, FIGS.
10A and 10B, FIGS. 11A and 1B, FIGS. 12A to 12C, FIGS. 13A and 138, FIG 14,
FIGS. 15A10 15C, and FIGS. 16A and 16B.
[0019]

FIG. 1 is a top view showing the structural example of the power storage unit.
FIG. 2, FIG. 3, FIG. 4, and FIG. 5 are cross-sectional views of FIG. 1. FIG 2 isa
cross-sectional view along the hine A1-A2.  FIG. 3 15 a cross-sectional view along the
line BI1-B2. FIG 4 is a cross-sectional view along the hne C1-C2. FIG. S s a
cross-sectional view along the line D1-D2.  Partially enlarged views are also shown in

FIG. 2, FIG. 3, FIG. 4, and FIG. 5.

As illustrated i FIG. 1, a power storage unit 300 1ucludes a positive electrode
101, a negative electrode 102, a sealing structure 104, a sealing structure 105, and an
exterior body 107, Here, as an example of the power storage unit 300, a structure in
which a planar shape of the exterior body 107 is rectangular is described.  Note that in
some cases, for easy understanding of an embodiment of the present invention, the
terms “upper”, “lower”, “left”, “right”, “length”, “width”, and the hike are used on the
basis of a method of tllustration of drawings to which reference is made.  For example,
the positive electrode 101 and the negative electrode 102 1o FIG. 1 can be described as
tollows: the positive electrode 101 exasts on a lower side surface of the exterior body
107, and the negative electrode 102 exists on an upper side surface of the exterior body
107 that faces the lower side surface.
(00211

The positive electrode 101 and the negative electrode 102 except for portions
{101a and 102a) that serve as terminals of the power storage unit 300 are sealed in the
exterior body 107, An electrolyte solution 103 is also sealed in the exterior body 107
(FIG. 2 and FIG. 3}, Herewnalier, the portion 101a and the portion 1023 are referred to
as a “terminal portion 16187 and a “terminal portion 10237, respectively.
100221

As shown i FIG. 1 and FIG. 3, the terminal portion 101a juis from one of the
two facing side surfaces {(side surfaces on the lower side and the upper side) of the

exterior body 107, and the terminal pottion 102a juts from the other side surface.  The
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power storage unit 300 1s charged and discharged through the termiual portion 101a and
the ternunal portion 102a. A lead for the positive electrode can be connected to the
terminal portion 101la. A lead for the negative electrode can be connected to the
terminal portion 102a.

[0023]

Here, a structure in which the positive electrode 101 includes three positive
electrode plates (111) and the negative electrode 102 includes four negative electrode
plates (120 and 121) 15 described as an example of the power storage unit 300 (FIG. 2
and FIG. 3} The positive electrode plate 111 includes a positive electrode current
collector 11 and a positive elecirode active material faver 12, The negative electrods
plate 120 and the negative electrode plate 121 each include a negative electrode current
collector 21 and a negative electrode active material layer 22, The termiual portion
101a includes three positive electrode current collectors 11 which are electrically
connected to each other  The terminal portion 102a includes four negative electrode
current collectors 21 which are electrically connected to each other  Hlectrical
connection between a plurality of positive electrode current collectors 11 and electrical
connection between a plurality of negative electrode current collectors 21 can each be
established by bonding the current collectors, for example.

{0024}

Both surfaces of each electrode plate (111, 120, and 121) of the power storage
unit 300 are covered with a separator 130 The separator 130 can be formed of one
sheet 30 of an insulator folded in two, for example (see FIGS. %A to 9D).  The
separator 130 13 descrbed later  Here, a structure in which each of the positive
electrode plate and the negative electrode plate is covered with the separator 130 is
described as an example of the power storage unit 300, It s needless to say that one
embodiment of the present invention is not limited thereto. A structure in which one
of the positive clectrode plate and the negative electrode plate is covered with the
separator 130 can be empioyed.

100251

The exterior body 107 can be formed by folding one film 70 o two, for

exaraple (FIGS 15Ato 15C and FIGS. 16A and 16B). A bonding portion 71 for fixing

facing portions of the film 70 13 formed along three sides (a left side, an upper side, and
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a lower side) of the exterior body 107 so that the film 70 18 formed info a bag-hike shape.
The exterior body 107 is described later.
[0026]

The power storage unit 300 includes the sealing structure 104 and the sealing
structure 105 which are provided between facing surfaces of the exterior body 107, As
shown in FiG. 1 and FIG. 3, the sealing structure 104 15 provided in the lower edge of
the exterior body 107 so as to fill a space between the positive electrode 101 and the
exterior body 107, The sealing structure 105 is provided in the upper edge of the
exterior body 107 so as to fill a space between the negative electrode 102 and the
exterior body 107, The exterior body 107 is fixed to the sealing structure 104 in a
portion of the bonding portion 71 that 1s formed in the lower edge of the exterior body
107, The exterior body 107 is fixed to the sealing structure 105 1w a portion of the
tonding portion 71 that is formed in the upper edge of the exterior body 107, FIG 4
shows a cross-sectional structure of the sealing structure 104 and the positive electrode
101 in the bonding portion 71, FIG. 5 shows a cross-sectional structure of the sealing
structure 105 and the negative clectrode 102 in the bonding portion 71
(0027

Structural examples of components of the power storage unit 300 and examples
of a method for manufacturing the power storage unit 300 are described below with
reterence to drawings.

(00281
<Electrode plate>

FIGS. 6A 1o 6C are perspective views showing structural examples of the
positive electrode plate. FIGS. 7A to 7C are perspective views showing structural
examples of the negative electrode plate.  FIGS. 8A to 8C are plan views showing
structural examples of the current coliectors of the positive electrode plate and the
negative electrode plate.

{00291

A positive electrode plate 110 includes the positive electrode current collector

11 and the postiive electrode active material layer 12 (FIG. 6A). A negative electrode

plate 120 includes the negative electrode current collector 21 and the negative electrode
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active material layer 22 (FIG. 7A).  The active material layver s formed on only one
surface of each of the positive electrode plate 110 and the negative electrode plate 120,
(00307

In the case where the positive electrade and the negative electrode each include
two or more electrode plates, an electrode plate in which an active material layer is
formed on both surfaces is used.  The positive electrode plate 111, a postiive electrode
plate 112, the negative electrode plate 121, and a negative electrode plate 122 are
electrode plates having such a structure.  In the positive electrode plate 111, the
positive electrode active material layer 12 1s formed on both surfaces of one positive
electrode current collector 11 (FIG. 6B).  In the negative electrode plate 121, the
negative electrode active material layer 22 is formed on both surfaces of one negative
electrode current collector 21 (FIG. 7B). The posifive electrode plate 112 includes two
positive electrode current collectors 11 and corresponds to an electrode plate having a
structure where two posiiive electrode plates 110 are placed back to back (FIG. 6C).
The negative electrode plate 122 includes two negative electrode current collectors 21
and corresponds to an electrode plate having a structure where two negative electrode

N

plates 120 are placed back to back (FIG. 7C3  Here, the positive elecirode 101
includes three positive electrode plates 111, whereas the negative electrode 102 includes
two negative electrode plates 120 and two negative electrode plates 121,
(00311

FIG. 8A is a plan view showing a structural example of the positive electrode
current coliector 11, FIG. 8B is a plan view showing a structural example of the
negative electrode current collector 21 The positive electrode current collector 11
includes two portions (11a and 11b).  The positive electrode active material layer 12 is
formed on oune surface or both surfaces of the portion 11h. The positive electrode
active material faver 12 i1s not formed on the portion 11a.  The portion 11a constifutes
the terminal portion 101a of the positive electrode 101, The negative electrode current
coitector 21 simtarly nelades two portions (21a and 21b). The negative electrode
active material layer 22 1s formed on one surtace or both surfaces of the portion 21b.
The negative electrode active material layer 22 1s not formed on the portion 21a. The

portion 21a constitutes the terminal portion 1023 of the negative electrode 102, Here,
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the portion 11a and the portion 21a are referred to as a “tab 11a” and a “tab 2137,
respectively.
[0032]

FIG. 8C is a plan view of the current collectors (11 and 21} and ilustrates a
state where the electrode plates (111, 120, and 121) are stacked. The size {length and
width) of the portion 21b on which the negative electrode active material laver 22 is
tormed 1s made larger than the portion 11b of the positive electrode current collector 11,
whereby a peripheral end portion of the positive electrode current collector 11 exists on
a surface of the negative electrode current coliector 21 when the positive electrode plate
111 and the negative electrode plates (120 and 121} are stacked.  Such a structure can
relieve the concentration of an electric field at the peripheral end portions of the
negative electrode plate 121, and deposition of a whisker in this region 1s suppressed.
Thus, the charge and discharge cycle life of the power storage unit 300 can be increased.
[0033]

Alternatively, by making the size of the cuter shape of the portion 21b smaller
than the size of the outer shape of the portion 11b so that the negative electrode active
material layer 22 surely faces the positive electrode active material layer 12, the
electrode plates (111, 120, and 121} can be stacked so that a peripheral end portion of
the negative electrode current collector 21 surely overlaps with the positive electrode
current collector 11, Further alternatively, the portion 11b and the portion 21b can
have the same size and the electrode plates (111, 120, and 121) can be stacked so0 that
the peripheral end portions of the current collectors correspond to each other.

[0034]

The electrode plates {111, 120, and 121) may each include a component other
than the current collector and the active material laver.  Described below are
components of the electrode plates (111, 120, and 121), materials thereof, and the like.
[0035]

[Positive electrode current collector]

The positive electrode current collector 11 can be formed using a material that
bas high conductivity and is not alloyed with a carrier ton of hithium or the like, such as
stainless steel, gold, platinum, aluminum, or titanium, an alloy thereof, or the like

Alternatively, an aluminum alloy to which an element which improves heat resistance,
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such as silicon, titanium, neodymium, scandium, or molybdenum, 15 added can be used.
Sull alternatively, a metal element which forms silicide by reacting with silicon can be
used. Examples of the metal element which forms silicide by reacting with silicon
include zirconium, titanium, hathium, vanadivm, niobium, tantalum, chromium,
molyvbdenum, tungsten, cobalt, nickel, and the like.  As the positive electrode current
coilector 11, a component having a foil-like shape, a plate-like shape, a sheet-like shape,
a net-like shape, a punching-metal shape, an expanded-metal shape, or the like can be
used as appropriate.  The thickuess of the positive electrode current collector 11 can be,
tor example, greater than or equal to 5 pm and less than or equal to 30 um. The
thickness of the positive electrode current collector 11 is preferably greater than or equal
to 5 wm and less than or equal to 10 pm because the power storage unit 300 can be thin
and lightweight and can be bent easily.

[0036]

The surface of the posttive electrode current collector 11 may be provided with
an undercoat made of graphite or the like.
[0037]

[Positive electrode active material layer]

The postiive electrode active material fayver 12 may further include a binder for
increasing adhesion of positive electrode active materials, a conductive additive for
increasing the conductivity of the positive electrode active material layer 12, and the
like in addition to the posttive electrode active material.

[0038]

Examples of the positive electrode active material include a composite oxide
with an olivine crystal structure, a composite oxide with a layered rock-salt crystal
structure, and a composite oxide with a spinel corystal structure.  As the posifive
electrode active material, a compound such as LiFeQ,, LiCoQO,, LiNi(y, LiMn0Oy, V205,
05, and MnG; 15 used.

[0039]

L1C00; 1s particularly preferable because i has high capacity, stability o the

air higher than that of LiNiQ;, and thermal stability higher than that of LiNi(y,, for

example.
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[0040)

It is preferable to add a small amount of lithium nickel oxide (LiNiO; or
LiNi . MO; (M = Co, Al or the hike)) to a compound with a spinel orystal structure
which contains manganese such as LiMuy Oy because the elution of manganese and the
decomposition of an electrolyte solution can be suppressed, for example.

[0041]

Alternatively, a complex material (LiMPOy {(general formula) (M 15 one or
more of Fe(ll), Mn{Il}, Co(Il}, and Ni{ll}}} can be used as the positive electrode active
material.  Typical examples of the general formula LIMPOy are lithium compounds
such as LiFeP(O,, LiNiPO,, LiCoP0O, LiMnPQ,, LiFe,Ni;P0Os, LiFe,LoiPO,,
EiFe Mo, POy, LINLUGPOy, LiNg Mo POy (a+d <1, 0 < < 1, and 0 < 6 < 13,
LiFe Ni,LCo POy, LiFe NiVn POy, LiNLCoMn POy (c4dte <1, 0 <e <1, 0 <d < ],
and 0 <e <1}, and LiFeNLCoMn POy (Figrhti < 1,0 <<, 0 <g<1,0<h <], and
0 <i< 1)

[0042]

LiFePOy is particularly preferable because it properly satisfies conditions
necessary for the positive electrode active material, such as safety, stability, high
capacity density, high potential, and the existence of lithtum jons which can be extracted
in initial oxidation (charging).

(0043

Alternatively, a complex material such as Li{».,)MS1O4 {(general formuia) (M is
one ot more of Fe(Il), Mu(I}, Co(Il}, and Niil);, 0 <5 < 2) may be used as the posttive
electrode active material.  Typical examples of the general formula Li(z M5S0y are
lithium compounds such as Li{,.)FeSi0y, Li(iNiSiOy, Li(h,)Co8i0y, Lilc,Mn8iQ0,,
i) F e NI S0, La(s e CoSiQy, LA F e M Sy, i, INGC 0510,
LG NpMSiGy (0 < 1, 0 < & < 1, and 0 < 7 < 1} Li(h,Fe,Ni,Co,8iQ0,,
Li(z ) Fe, NiuxMn SiOq, LiG NG .CoMn SiCs (mbrtg £ 1, 0<m <1, 0<n <1, and 0 <

g < 1}, and Li(o 3 Fe NLCoMn,Si0y Frstn < 1, 0<r < 1L 0<s <L 0<r <1 and O <

3

# <1}
[0044]
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Sull alternatively, a nasicon compound expressed by AM(XOy): (general
formula) (A =Li, Na, or Mg, M =Fe, Mn, T, V, Nb, or AL, X =8, B, Mo, W, As, or 8i}
can be used as the positive electrode active material.  Examples of the nasicon
corupound are Fex{(MnQu)s, Fex(504), and LisFe{PQy);.  Sull further alternatively,
compounds represented by a general formula, LL,MPOUF, LiMP(b, and LisMO, (M =
Fe or Mn}, a perovskite fluoride such as NaFeF; and FeFs, a metal chalcogenide (a
sulfide, a selenide, and a tellunide) such as TiS; and MoS,, an oxide with an inverse
spingl crystal structure such as LiMVQy, a vanadium oxide (e.g., V705, V(i3 and
LiV10g), a manganese oxide, and organic sulfur can be used as the positive electrode
active material, for example.

[0045]

In the case where carrier ions are alkaline-earth metal ions or alkalt metal ions
other than lithium i1ons, the positive electrode active material may contain, instead of
lithium 1o the above lithium compound, lithium-containing compiex phosphate,
{ithium-containing complex silicate, or the like, an alkali metal {e g, sodium or
potassium} or an alkaline-earth metal (e.g., calciom, strontium, barium, beryiliom, or
magnesium}.  For example, the positive electrode active material may be a layered
oxide containing sodium such as NaFe(; or Nags{FeyaMnyn s,

[0046]

Further alternatively, any of the aforementioned materials may be combined to
be used as the positive electrode active material.  For example, a solid solution
containing any of the atorementioned materials, eg, a solid solution containing
LiCosMnsNiysth and LipMn(ys may be used.

[0047]

A carbon layer or an oxide layer such as a zircontum oxide layer may be
provided on a surface of the positive electrode active material layer 12, The carbon
layer or the oxide layer increases the conductivity of an electrode.  The positive
electrode active material layer 12 can be coated with the carbon layer by mixing a
carbohydrate such as glucose at the time of baking the posttive electrode active material.

[0048]
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The average particle diameter of the privsary particle of the positive electrode
active material layver 12 is preferably greater than or equal to 50 nm and less than or
equal to 100 um.

[0049]

Examples of the conductive additive include acetylene black (AR}, graphite
{black lead) particles, carbon nanotubes, graphene, and fullerene.

(00507

A network for electron conduction can be formed in the positive electrode
active material layer 12 by the conductive additive. The conductive additive also
allows maintaining of a path for electric conduction between the positive electrode
active materials. The addition of the conductive additive to the positive electrode
active material layer 12 increases the electron conductivity of the positive electrode
active matenial layer 12,

[0051]

Graphene has an excellent electrical charactenistic of high conductivity and
excellent physical properties of high flexibility and high mechanical strength.
Furthermore, graphene can be used as the conductive additive of the negative electrode
active material layer 22, The use of graphene as the conductive additive can increass
contact points and the contact area of particles of an active material.

(00521

As the binder, instead of polyvinylidene fluoride (PVDF) as a typical one,
polyimide, polytetrafiuorcethylene, polyvinyl  chioride, ethylene-propylene-diene
polymer, styrene-butadiene rubber, acrylonitrile-butadiene rubber, fluorine rubber,
polyvioyl acetate, polymethy!l wethacrylate, polyethyiene, nitrocellnlose or the hike can
be used.

[0053]

The content of the binder in the positive electrode active material layer 12 is
preferably greater than or equal to 1 wit% and less than or equal to 10 wi%, more
preferably greater than or equal to 2 wit% and less than or equal to 8 wi%, and stil more
preferably greater than or equal to 3 wit’s and less than or equal to 5 wt%.  The content

of the conductive additive in the positive electrode active material layer 12 is preferably
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greater than or equal to 1 wit% and less than or equal to 10 wit%, more preferably greater
than or equal to 1 wit% and less than or equal 1o 5 wi%.

{0034}

[Negative electrode current collector]

The negative electrode current collector 21 can be formed using a matenial that
has high conductivity and is not alloyed with a carrier ton of lithium or the like, such as
stainless steel, gold, platinam, zing, iron, copper, titanium, or tantalum, an alloy thereof,
or the like.  Alternatively, an aluminum alloy to which an element which improves heat
resistance, such as silicon, titanium, neodymium, scandium, and molybdenum, 1s added
can be used.  Further alternatively, a metal element which forms silicide by reacting
with silicon can be used.  Examples of the metal element which forms silicide by
reacting with silicon include zirconium, fitanium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum, tungsten, cobalt, nickel, and the ke, The negative
electrode current collector 21 can have a foil-like shape, a plate-like shape (sheet-like
shape}, a net-like shape, a punching-metal shape, an expanded-metal shape, or the like
as appropriate.  The thickness of the negative electrode current collector 21 can be, for
example, greater than or equal to 5 um and fess than or equal to 30 um.  The thickness
of the negative electrode current collector 21 is preferably greater than or equal to § um
and less than or equal to 20 um because the power storage unit 300 can be thin and
lightweight and can be bent easily.

[0055]

The surface of the negative electrode current collector 21 may be provided with
an undercoat using graphiie or the hike.
[0056]

[Negative electrode active material layer]

The negative electrode active material layer 22 may further include a binder for
increasing adhesion of negative electrode active materials, a conductive additive for
wnereasing the conductivity of the negative electrode active material layer 22, and the
like 1n addition to the negative electrode active material.

{0037}
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There 13 no particular hmitation on the negative electrode active material as
long as it is a material with which lithium can be dissolved and precipitated or a
material to/from which Bthium ions can be inseried and extracted.  Other than a
{ithium metal or lithium titanate, a carbon-based material generally used in the field of a
power storage unit, or an alloy-based material can also be used as the negative electrode
active material.

[0058]

The fithhum metal is preferable because of its low redox potential (3.045 V
lower than that of a standard hydrogen electrode) and high specific capacity per unit
weight and per unit volume (3860 mAh/g and 2062 mAh/cm ™).

[0059]

Examples of the carbon-based matenal wclude graphite, graphitizing carbon
{soft carbon), non-graphitizing carbon (hard carbon), a carbon nanotube, graphene,
carbon black, and the ke,  Examples of the graphite include artificial graphite such as
meso-carbon  microbeads (MUMB), coke-based artificial graphite, or pitch-based
artificial graphite and natural graphite such as spherical natural graphite.  Graphite has
a low potential substantially equal to that of a lithium metal (0.1 V0 03 V vs. Li/LID
when lithium jons are inserted into the graphite (when a lithium-graphite intercalation
compound is formed).  For this reason, a lithium ion battery can have a high operating
voltage. In addition, graphite is preferable because of its advantages such as relatively
high capacity per unit volume, small volume expansion, low cost, and safety greater
than that of a lithiuny metal.

(00601

For the negative electrode active matenial, an alloy-based wmaterial which
enables charge-discharge reaction by an alloying reaction and a dealloving reaction with
fithium can be used.  In the case where lithium 1ons are carrier ions, the alloy-based
material is, for example, a material containing at least one of Al §i, Ge, Sn, Ph, Sb, Bi,
Ag, Zn, Cd, In, Ga, and the like.  Such elements have higher capacity than catbon.  In
particuiar, silicon has a theoretical capacity of 4200 mANWg, which is significantly high.
For this reason, silicon is preferably used as the negative electrode active material,

Examples of the alloy-based material using such elements inchade MgoSi, MeGe,
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MgoSn, SnS;, VoSns, FeSny, CoSny, NiaSng, CusSns, AgsSn, AgsSh, NipMnSh, CeSbs,
LaSn;, Las;Co8ny, CoSbs, InSbh, 8bSn, and the like.
(00611

Alternatively, as the negative electrode active material, oxide such as 810, SnQ),
Sa0s, titanium dioxide (Ti0y), hthiom ttanium oxide (L1 Tis0y,), lithium-graphite
intercalation compound {Li,Ce), niobium pentoxide (NbyGs), tungsten oxide (W),
molybdenum oxide (MoQ»), or the like can be used.
(00621

stll alternatively, as the negative electrode active material, Liz ,MIN (M = Co,
Ni, or Cu} with a LisN structure, which 1s a nitride containing hithium and a transition
metal, can be used.  For example, L «Coo4Ns 18 preferable because of high charge and
discharge capacity (900 mAh/g and 1890 mAR/em’).
(00631

A nitride containing lithium and a transition metal is preferably used, in which
case lithiuro 1ons are contained 1w the negative electrode active material and thus the
negative electrade active material can be used in combination with a material for a
posttive electrode active material which does not contain lithiur tons, such as V05 or
Cra(ds.  Note that in the case of using a material containing lithium ions as a positive
clectrode active material, the nitride contairung lithium and a transition metal can be
used as the negative electrode active matenal by extracting the lithium jons contained in
the positive electrode active material in advance.
{0064}

stll further alternatively, as the negative electrode active matenial, a material
which causes conversion reaction can be used.  For example, a transition metal oxide
with which an alioying reaction with lithium is not caused, such as cobalt oxide (CoQ),
nickel oxide (Ni3), or iron oxide (FeO), may be used for the negative electrode active
material. Other examples of the material which causes a conversion reaction include
oxides such as Fey (s, CuQ, Cuy O, RuG,, and Cr O, sulfides such as CoSgge, NS, or
CuS, nttrides such as ZusNy, CusN, and GesNy, phosphides such as NiP;, FePp, and
Cobs;, and fluorides such as FeF; and BiF;.  Note that any of the fluonides can be used
as the positive electrode active material because of its high potential.

[0065]
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Graphene may be formed on a surface of the negative electrode active matenial.
For example, in the case of using silicon as the negative electrode active material, the
volume of silicon is greatly changed due to occlusion and release of carner 1ons in
charge-discharge cycles. Thus, adhesion between the negative electrode current
collector 21 and the negative electrode active material layer 22 18 decreased, resulting in
degradation of battery characteristics caused by charge and discharge.  In view of thig,
graphene 1s preferably formed on a surface of the negative electrode active material
containing silicon because even when the volume of silicon is changed in
charge-discharge cycles, separation between the negative electrode current collector 21
and the negative electrode active matenal layer 22 can be prevenied, which makes it
possible to reduce degradation of battery characteristics.

[0066]

Further, a coating film of oxide or the like may be formed on the surface of the
negative electrode active material. A coating film formed by decomposition or the like
of an electrolyte solution or the like in charging cannot release eleciric charges used at
the formation, and therefore forms wrreversible capacity,  In contrast, the film of an
oxide or the like provided on the surface of the negative electrode active material in
advance can reduce or prevent generation of irreversible capacity.

{0067}

As the coating film coating the negative electrode active material, an oxide flm
of any one of niobium, titaniom, vanadium, tantalum, fungsten, zircomum, molvbdenum,
hafmum, chromium, aluminum, and silicon or an oxide film containing any one of these
elements and lthium can be used.  Such a filim i3 deunser than a conventioval film
formed on a surface of a negative electrode due to a decomposition product of an
electrolyie solution.

[0068]

For example, mobium pentoxide {Nb,Us) has a Jow electric conductivity of
107 $/cm and a high insulating property. For this reason, a nicbium oxide film
nhibits electrochemical decomposition reaction between the negative electrode active
material and the electrolyte solution.  On the other hand, niobium oxide has a lithium

R . o« ~ D 2y R TR . . e
diffusion coefficient of 107 cm’/sec and high lithium ion conductivity.  Therefore,
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niobium oxide can transnut lLthium ions.  Alternatively, silicon oxide or aluminum
oxide may be used.
[0069]

A sol-gel method can be used to coat the negative electrode active material
with the coating film, for example.  The sol-gel method 18 & method for forming a thin
film in such a manner that a solution of metal alkoxide, a metal salt, or the hike is
changed into a gel, which has lost its fluidity, by hydrolysis reaction and
polycondensation reaction and the gel is baked. Since a thin fim 1s formed from a
liquid phase in the sol-gel method, raw materials can be mixed uniformly on the
molecular scale.  For this reason, by adding a negative electrode active matenial such
as graphite to a raw material of the metal oxide film which is a solvent, the active
material can be easily dispersed into the gel.  In such a manner, the coating film can be
formed on the surface of the negative electrode active material. A decrease in the
capacity of the power storage unit can be prevented by using the coating flm.

100701
<Formation of electrode plate>

The positive electrode active material faver 12 can be formed by a coating
method or the like.  For example, a positive electrode active maternial, a binder, and a
conductive additive are mixed to form a positive electrode paste (slurry).  The positive
clectrode paste is applied to both surfaces of foil (e g, aluminum foil} made of a
conductor for forming the positive electrode current collector 11, and drying 18
performed.  The aluminum foil on which the positive electrode active material layer 12
15 formed 15 processed.  The processing may be performed using a punching device,
for example. Through the above steps, the positive electrode plate 111 can be formed.
The negative electrode plates 120 and 121 can be formed in & similar manner.  The
negative electrode current coliector 21 is formed using copper foil, for example.  In the
case of forming the vegative electrode plate 120, a negative electrode paste s applied to
one surface of the copper foil.  In the case of forming the negative electrode plate 121,
the negative electrode paste is applied to both surfaces of the copper foil.

(0071

<Separator>
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Ags shown tn FIGS. 9A to 9D, the separator 130 can be formed using a sheet 30
which is made of an insulator and is folded in two.  As the sheet 30, a sheet formed
using a porous insulator such as polypropylene (PP, polyethylene (PE), polybutene,
avion, polyester, polysulfone, polvacrylonitrile, polyvinvlidene fluoride, or
tetrafluoroethylene can be used.  Furthermore, nonwoven fabric formed using tiber
made of an insulating material {glass fiber, high-molecular fiber, or celluiose) can be
used. The sheet 30 may be a sheet including a stack of a plurality of sheets. A
surface of the sheet 30 may be coated with a restn material or the like to increase heat
resistance and hydrophilicity thereof.  The thickness of the sheet 30 is greater than or
equal to 10 pn and less than or equal to 50 pum, for example.

(0072}

An example of a method for forming the separator 130 that covers the positive
electrode plate 111 1s described with reference to FIGS. 9A 10 9D, A fold 30a 13
formed in the sheet 30 (FIG. 9A)  The positive electrode plate 111 1s provided to
overtap with the sheet 30 (FIG 9B}  Then, the sheet 30 15 folded along the fold 30a,
and the positive electrode plate 111 is provided between facing surfaces of the sheet 30

(FIG. 9C)

In this way, a state where both surfaces {(a top surface and a bottom
surface) of the positive electrode plate 111 are covered with the sheet 30 is produced.
Here, 1in order to maintain the state, in regions where the facing surfaces of the sheet 30
directly overlap with each other (1.e, in the left part and the right part of an outer
peripheral portion of the positive electrode plate 111}, a portion of the sheet 30 is
bonded to avother portion of the sheet 30, Examples of a method for bonding the
portions of the sheet 30 include welding by heating, ultrasonic welding, and adhesion
using an adhesive.  The bonding method may be selected as appropriate according to
materials of the sheet 30, the electrolyte solution 103, and the like.
(00731

Through the above-described steps, the separator 130 is completed. The
separator 130 can be referred to as the sheet 30 of an 1nsulator having a bag-like shape
or an envelope-like shape.  Forming bonding portions 31 and 32 allows the separator
130 to be brought into closer contact with the positive electrode plate 111 Thus, the
posttive electrode plate 111 can be prevented from being shifted from the separator 130,

Furthermore, the separator 130 can be prevented from being creased.
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[0074]

Although the separator in the example shown in FIGS. 9A to 90 is formed of
one sheet, the separator can be formed of two sheets.  The positive electrode plate 111
is provided between two sheets 30 (FIG. 10A).  The two sheets 30 are bonded to each
other; thus, a separator 131 1s completed (FIG. 10B). In the example shown o FIG.
108, the bonding portions 31 and 32 are formed iu the separator 131 like those formed
in the separator 130; furthermore, a bonding portion 33 is formed in a portion
corresponding to the fold 30a in the sheet 30 shown in FIG. 0A.

[0075]

Note that the bonding portions provided to form the sheet 30 into an
envelope-iike shape (bag-like shape} are not limited to the structures shown n FIG. 9D
and FIG. 10B as long as the separators 130 and 131 can be formed so that the positive
electrode plate 111 is covered with the one sheet 30 or the two sheets 30, Some
structural examples thereof are described below with reference to FIGS. 114 and 1R,
For example, the bonding portions 31 and 32 can be formed so that openings are not left
in outer edges of the separator 130 which do not overlap with the tab 11a {outer edges
on the right side and the left side of the sheet 30) (FIG 11A)  Alternatively, the
bonding portions 31 and 32 can be formed so that an opening 35 15 provided n a portion
of an outer edge of the separator 130 (FIG. 11B).

[0076]

By covering each of the positive electrode plate and the negative electrode
plate with the separator, an effect of preventing a short circuit between the electrode
plates s improved.  In that case, a sheet of an insulator for forming the separator that
covers the positive electrode plate can be made different from a sheet of an insulator for
forming the separator that covers the negative electrode plate. For example, the
separator that covers the negative electrode plate is formed using nonwoven fabric made
of cellulose or the like in order to remove a deposit.  The separator that covers the
posttive electrode plate ts formed using a porous restn sheet having a shutdown function.
In this way, safety of the power storage unit can be improved.

(00771
By coverning one of the positive electrode plate and the negative electrode plate

with the separator, the power storage uunit can be thin and lightweight as compared to
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the case of covering each of the positive electrode plate and the negative electrode plate
with the separator.  For example, there is a case where gas is generated in an aging step
i which charging and discharging are performed after the power storage umit 18
manufactured.  In that case, the electrode plate which is more likely to generate gas is
not covered with the separator 1n order to perform degassing easily.  For example,
there 1s a case where a deposit that might degrade characteristics is easily generated by
repetition of charge and discharge of the power storage unit 300 in use.  In that case,
the electrode plate which is more likely to generate a deposit is covered with the
separator in order to prevent a short circuit between the positive electrode and the
negative electrode more effectively.  For example, in the case of a lithwum-ion
secondary battery, a whisker of lithium ts formed on the negative electrode plate in
some cases; therefore, the negative electrode plate 13 preferably covered with the
separator.
[0078]
<Electrode stack and sealing structure>

Next, the negative electrode plates (120 and 121} and the positive electrode
plates (111} are stacked by turns to form an electrode stack inchuding a plurality of
electrode plates.  In this embodiment, in the clectrode stack, a component for forming
the sealing structure 104 is provided between adjacent posttive electrode plates, and a
compoenent for forming the sealing structure 105 is provided between the negative
electrode plates.  Here, an example wn which a fusing tape formed using an nsulator s
used for the sealing structures 104 and 1035 is described.
100791

Before the electrode plates (111, 120, and 121} are stacked, the fusing tape is
attached to each electrode plate.  Here, a method of attaching the fusing fape to the
positive electrode plate 111 is described, for example. The fusing tape 1s attached to
each of the negative electrode plates (120 and 121) in a similar manner.  As shown in
FIG. 12ZA, a fusing tape SO 1s attached to the positive electrode plate 111 g0 as to overiap
with an open edge of the separator 130 having an envelope-like shape.  The fusing tape
50 18 attached to the tab 1la and the separator 130, It is preferable that the positive
electrode active material fayer 12 be not formed on the positive electrode plate 111 ina

portion which overlaps with the fusing tape S0, FIG. 12A shows an example in which
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the fusing tape 50 1s attached to ove surface of the positive electrode plate 111, o FIG.
12A, both surfaces of the positive electrode plate 111 are shown. Alternatively, as
shown 1 FIGS. 12B and 12C, the fusing tape 50 can be attached to the both surfaces of
the positive electrode plate 111, Further alternatively, two or more layers of the fusing
tape 50 can be attached to one surface or both surfaces of the positive electrode plate
111, A method of attaching the fusing tape 50 can be determined in accordance with
the thicknesses of the positive electrode plate 111, the sheet 30, and the fusing tape SO
The fusing tape is attached to both surfaces of each of the top layer and the bottom layer
of the electrode stack, whereby a space formed between the exterior body and the tab of
the electrode plate can be filled with the sealing structure.

[0080]

The electrode plates (111, 120, and 121} each provided with the fusing tape 50
are stacked as shown in FIG. 13A. Here, the fusing tape 50 is attached to both
surfaces of each of the electrode plates (111 and 120) on the top side. The negative
electrode plates (120 and 121) and the positive electrode plates {111) are stacked by
turns so that the tabs 1la overlap with each other and the tabs 21a overlap with each
other.  In this manner, the electrode stack 180 (FIG. 1383 s formed.  In the electrode
stack 180, the fusing tapes 50 attached to the tabs 11a are fused to form the sealing
structure 104, and the fusing tapes 50 attached to the tabs Z1a are fused to {form the
sealing structure 105,

(00811

As shown in FIG. 14, a fusing tape 51 may be further attached to each of the
sealtng structures 104 and 105, The fusiog tapes 51 become part of the sealing
structures 104 and 105, The fusing tape 51 can be attached to any one of the sealing
structures 104 and 105, As the fusing tapes 50 and 51, a tape mcluding a bonding
portion formed using a material which has an insulating property and a water-resistance
property, such as synthetic rubber, may be used.

{0082}

A component that forms the sealing structures 104 and 105 1s not limited to the
fusing tape 50, it is appropriate to use a component, a material, or the hike which is
formed using an insulator and with which the sealing structures 104 and 105 can be

formed so as to fill a space between two adjacent current collectors {iabs) and a space
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between the current collector (tab) and the exierior body, 1n order to prevent the
electrolyte solution from leaking. For example, a sealing material having an insulating
property can be used.  In the case of using a component having flindity such as a
sealing material, the component may be applied to the electrode plate in advance or can
be applied to the electrode plate while the electrode plates are stacked.
{0083}
<Exterior body>

The electrode stack 180 is sealed in the exterior body 107, In this sealing step,
the exterior body 107 1s formed so that the tabs 1la and 21a are exposed to the outside
of the exterior body 107, Here, one film 70 is folded and formed into a bag-like shape,
whereby the exterior body 107 is formed (FIGS. 15A to 15C and FIGS. 106A and 16B}.

ey
I
!

As the film 70 for forrong the exterior body 107, a single-faver film selected from a
metal film {e.g, an aluminum film, a stainless steel film, and a nickel steel film}, a
plastic film made of an organic material, a hybrid mwaterial film including an organic
material {e.g., an organic resin or fiber} and an inorganic material (e.g., ceramic), and a
carbon-containing film {(eg, a carbon film or a graphite film) can be used
Alternatively, a stacked-layer film including two or more of the above films can be used
as the film 70, As the film 70, a film provided with a depression and/or a projection
may be used, which increases the film surface area of the film 70 and accordingly
increases an effect of releasing heat from the exterior body 107, The depression and/or
the projection can be formed by embossing, for example,
[0084]

In the case where the power storage unit 300 13 changed in shape, bending
stress 1s applied to the exterior body 107, This might cause deformation such as a
crease in a part of the exterior body 107, or cause damage to a part of the exterior body
107 When the depression and/or projection is formed on the surface of the exterior
body 107, a strain due to siress generated in the exterior body 107 can be relieved.
Therefore, the power storage unit 300 can have high reliability. A “strain” 1s the scale
of change in form indicating the displacement of a point of an object relative to the
reference {(initial) length of the object.

[0085]
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The exterior body 107 15 formed wn the following manner.  The film 70 18
folded or a depression {a projection} is formed to fit the cutside shape of the electrode
stack 180, Here, folds 70a are formed in the film 70 as shown in FIG. 15A.  Then,
the elecirode stack 180 is provided over the film 70 (FIG 15B), and the film is folded
along the folds 70a (F1G. 15C).  For example, outer facing edges of the film 70 are
bonded to each other by thermocompression or the like to form the exterior body 107,
In this step, the bonding portion 71 of the film 70 1s formed so that an introduction port
72 of the electrolyte solution 103 1s left open (FIG. 16A).  In this step, the film 70 s
bonded to the sealing structures 104 and 105, thus, the electrode stack 180 15 fixed to
the film 70 (the exterior body 1073
[0086]

FIG. 16A shows a manufacturing example 1o which the bonding portion 71 is
formed in two positions, t.e, an upper portion and a fower portion, arcund the exterior
body 107 whereas the left side surface of the exterior body 107 1s left open to serve as
the introduction port 72, In the case where the power storage unit 300 has a large size,
tor example, the introduction port 72 can be formed in a part of the left side surtace of
the exterior body 107 as shown in FiG. 16B.

[0087]
<Terminal porticn>

The tabs 1la exposed to the outside of the exterior body 107 are electrically
conunected to each other, and the tabs 11b exposed to the outside of the exterior body
107 are electrically connected to each other.  Thus, the terminal portion 1012 of the
positive electrode 101 and the terminal portion 102a of the negative electrode 102 are
formed (FIG. 1, FIG. 3, and the like). The tabs may be electrically connected to each
other by ulirasonic welding  The termunal portion 101a and the terminal portion 102a
can be formed before the electrode stack 180 is sealed in the exterior body 107
[0088]

In the example shown 1n FIG. 3, 1o order to form the terminal portion 101a of
the positive electrode 101, the tab 11a (the positive electrode current collectors 11} of
the positive electrode plate 111 which is on the lefimost side is used as an alignment
reference.  The tab 1la is not bent and the other two tabs lia are bent in the left

direction, and the three tabs 11a are bonded to each other.  Thus, the terminal portion
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101a1s formed.  The terminal portion 102a of the negative electrode 102 1s formed ina
simifar manner. That is, the tab Z1a (the negative electrode current coliector 21) of the
negative clectrode plate 120 which is on the leftmost side 18 not bent and the other three
tabs 21a are bent in the left direction, and the four tabs 21a are bonded to each other
In this example, the two tabs 1la on the right side each include a curved portion having
an approximately S-shape, an approximately arc-shape, or a bow-shape from a fixing
portion of the sealing structure 104 to a bonding portion of the tabs 1la. Furthermore,
the three tabs 2la on the right side each include a curved portion having an
approximately S-shape, an approximately arc-shape, or a bow-shape from a bonding
portion of the tabs 21a to a fixing portion of the sealing structure 105 i is neediess fo
say that the curved shapes of the tabs 11a and 21a are not limited to the example shown
w FIG. 3

[0089]

Bonding of the tabs 11a and bonding of the tabs 21a are performed so that the
curved portions are formed as described above; thus, the power storage unit 300 which
is less likely to break down by bending can be obtained.  In particular, a structure
strong against change tn the shape of the exterior body 107 which makes the curved
portions of the tabs 11a and 21a expanded is obtained.  The structure 1s particularly
strong against change tn the shape of the exierior body 107 which makes the exterior
body 107 bent or warped so that a flat surface on the right side of the exterior body 107
s projected in the method lustrated 1n FIG. 3 (so that the upper side 1s projected o the
method iliustrated in FIG. 23 Therefore, the power storage unit 300 s suitable for a
power storage unit of an electromc device which 13 bendable in one divection, such as a
power storage unit 7407 (FIG. 200}  Furthermore, the power storage unit 300 is
suitable for a power storage unt which is incorporated in a housing with the power
storage unit bent or warped, such as a power storage unit 7104 (FIG. 20E).  That is, the
power storage unit 300 15 suitable for a power storage unit of a bent electronic device.
[0090]
<Electrolyte solution>

The electrolyte solution 103 is injecied to the inside of the extenior body 107
)

through the introduction port 72 in a reduced-pressure atmosphere or in an inert

atmosphere, and the separator 130 1s soaked tn the elecirolyte solution 103,
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(00911

As the electrolyte solution 103, an aprotic organic solvent is preferably used.
For example, ove of ethylene carbonate (EC), propylene carbonate (PC), butyiene
carbonate, chloroethylene  carbonate, vinylene  carbonate, v-butyrolactone,
v-valerolactone, dimethy! carbonate (DMC), diethyl carbonate (DEC), ethyl methyl
carbonate (EMC), methyl formate, methyl acetate, methyl butyrate, 1 3-dioxane,
1,4-dioxane, dimethoxyethane (DME), dimethyl sulfoxide, diethyl ether, methyl
diglyme, acetonitrife, benzonitrile, tetrahvdrofuran, sulfolane, and sultone can be used,
or two or more of these solvents can be used in an appropriate combination in an
appropriate ratio.
[0097]

When a gelled high-molecular material 15 used as the solvent for the electrolyte
solution 103, safety against lquid leakage and the like i improved  Further, a
secondary battery can be thinner and more lightweight Typical exarples of the gelled
high-molecular material include a silicone gel, an acrylic gel, an acryionitrile gel,
polvethylene oxide, polypropylene oxide, a fluorine-based polymer, and the hike
100931

Alternatively, the use of one or more wonic liguids {room teruperature molien
salts} which are less likely to burn and volatilize as the solvent of the electrolyte
solution 103 can prevent the power storage unit from exploding or catching fire even
when the power storage unit internally shorts out or the internal temperature increases
due to overcharging or the like.
(0094]

As an clectrolyte dissolved in the above-described solvent, in the case of using
Lithium fons as carrier wons, one of lithium salts such as LiPF, LiClQ,, LiAsE,, LiBF,,
LiAICL, LiSCN, LiBr, Lil, Li8Cy, LixBioClip, LuBpCly, LiCE S0, LiC4FSO;,
LAC(CESGn)s,  LiC(CoFs80g),  LiN(CF380n),,  LiN(C4FoS80yy  {(CF;80,),  and
LiIN(CoFs80n ), can be used, or two or more of these lithium salts can be used in an
appropriate combination in an appropriate ratio.

[0095]
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The electrolyte solution 103 preferably contains a small amount of dust
particles and elements other than the constituent elements of the elecirolyte solution
{hereinafier, also simply referred to as mpurities) so as to be hghly purified
Specifically, the weight ratio of impurities to the electrolyte solution is less than or
equal to 1 %, preferably less than or equal to 0.1 %, and more preferably less than or
equal to 0.01 % Av additive agent such as vinylene carbonate may be added to the
electrolyte solution 103,

[0096]
<Aging step>

The introduction port 72 s temporarily sealed.  Then, an aging step is
performed so that the power storage unit 300 can be actually used.  In the aging step, a
set of charge and discharge is performed once or more than once, for example. When
the power storage unit 300 is charged, part of the electrolyte solution 103 s
decomposed and gas 15 generated in some cases.  Therefore, after finishing the aging
step, the sealed introduction port 72 {(FIGS. 16A and 16B) is opened to release the gas
generated 1n the exterior body 107,

[00971
<Completion of power storage umit>

The electrolyte sclution 103 may be supplied after the degassing. A set of the
aging step and the degassing step may be performed twice or more than twice. By
sealing the introduction port 72, the power storage unit 300 which can be actually used
s completed (F1G. 1}

(D008]

The power storage unit 300 which is strong against bending can be obtained by
eraploving the structure in which the positive electrode plates and the negative electrode
plates (111, 120, and 121} and the separators 130 are fixed to the exterior body 107 as
shown n FIG. 1, FIG. 2, FIG. 3, FIG. 4 and FIG. 5. When the shape of the exierior
tody 107 ts changed by bending or the like, the electrode plates (111, 120, and 121) and
the separators 130 slide in the exterior body 107 10 accordance with the change in shape,
which relieves stress due to the change in the shape of the exterior body 107 which is

applied to the electrode plates (111, 120, and 121).

Furthermore, the current collectors
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(11 and 21) of the electrode plates (111, 120, and 121} are connected outside the exterior
body 107, Inside the exterior body 107, the current collectors (11 and 21) are not fixed
except for a portion fixed by the sealing structures 104 and 105, Therefore, the
electrode plates (111, 120, and 121} are easily moved inside the exterior body 107

2

which further relieves stress applied to the electrode plates (111, 120, and 121) because

nne
I
i

of change in the shape of the exterior body 107, With the siructure strong against
change in shape, such as bending, improvement in the safety of the power storage unit
300 can be achieved.

[0099]

Because the tab 11la of the positive electrode current coliector 11 and the tab
21a of the negative electrode current collector 21 have no cut portion, they are less
likely to break down than those 1n 8 power storage umit with a siructure having a cut
portion.  This also contributes to improvement in strength of the structure of the power
storage unit 300, Note that a cut portion can be provided in one or both of the tabs 1la
and 2ia.  In the case where the cut portion is provided, the tabs t1a and 21a can be
taken out from the same side surface of the exterior body 107, For example, in FIG. 1,
the tab 11a may be taken out from the upper side surface of the exterior boady 107 from
which the tab 21a is taken out.

[0100]

It 15 preferable to use a separator processed into a bag-like shape or an
envelope-like shape such as the separators 130 and 131 In that case, even when the
electrode plates (111, 120, and 121) are moved inside the exterior body 107, they are
hardly shifted from the separators 130, which prevenis a short circuit between the
positive electrode 101 and the negative electrode 102 and accordingly improves the
satety of the power storage unit 300,

[0101]
<<Structural example 2 of power storage unit>>

fo the structural example of the power storage unit shown in FIG. T and the like,
cach of the positive electrode plate and the negative electrode plate is covered with the
separator.  Alternatively, it is possible to use a siructure 1n which one of the positive
electrode plate and the negative electrode plate 15 covered with the separator whereas

the other thereof is not covered with the separator.  An example of such a structure is
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shown in FIG. 17 and FIG. 18, A power storage unit 301 shown in FIG. 17 and FIG.
18 is a modification example of the power storage unit 300. A plan view of the power
storage unit 301 corresponds to FIG 1. FIG. 17 and FIG. 18 are cross-sectional views
showing a structural example of the power storage unit 301, The cross-sectional view
shown in FIG. 17 1s taken along the line AL-A2 in FIG. 1) and the cross-sectional view
shown in FIG. 18 1s taken along the Hine B1-B2 in FIG . 1.
101021

fn the power storage unit 301, each of the positive electrode plates 111 19
covered with the separator 130, and the negative electrode plates (120 and 121} are not
covered with the separator 130, | is possible to employ a structure in which the
positive electrode plates 111 are not covered with the separator 130 and each of the
negative electrode plates (120 and 121} is covered with the separator 130,
[0103]
<<Structural example 3 of power storage unit>>

FIG. 19 shows another structural example of the power storage unit. A power
storage unit 302 shown in FIG. 19 i3 a modification example of the power storage unit
300 which s different from the power storage unit 300 (FIG. 3} in a structure of a
terminal portion of each of the positive electrode and the negative electrode. A plan
view of the power storage unit 302 corresponds to FIG. 1. FIG. 19 18 a cross-sectional
view showing a structural example of the power storage wnit 302, and the
cross-sectional view is taken along the ine BI-B2 wn FIG. 1
[0104]

Ag shown in FIG. 3, in the terminal portion 101a of the positive elecirode 101
in the power storage unit 300, the tab 11a of the positive electrode current collector 11
on the lefimost side 13 used as an alignment reference. This tab lla is not beot,
whereas the other two tabs 11a are bent in the left direction, so that adjacent tabs 11a are
contacted each other; i this state, the three tabs 1la are bonded to each other
Sumilarly, in the terminal portion 102a of the negative electrode 102, the tab 21a of the
negative clectrode current collector 21 on the leftmost side is used as an alignment
veference.  This tab 21a is not bent, whereas the other three tabs 21z are bent in the left
direction, so that adjacent tabs 2la are contacted each other; in this state, the four tabs

21a are bonded 1o each other.
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[0105)

In the power storage unit 300, each of the terminal portion 10ia and the
terminal portion 102a has an asymmetric structure.  The structure 15 extremely strong
against change in the shape of the exterior body 107 which makes the right side curved
and projected in FIG. 3. On the other hand, the structure is relatively weak against
change in the shape of the exterior body 107 which makes the right side curved and
depressed. In view of this, in the power storage umt 302 (FIG. 19}, cach of the
terminal portion 101a and the terminal portion 102a bas a highly symmetric structure.
The terminal portion 101a and the terminal portion 102a having such a structure are
simifar in strength against both bending which makes the exterior body 107 depressed
and bending which makes the exterior body 107 projected.  Therefore, the power
storage it 302 15 more suitable for a power storage unit of an electronic device which
is bendable in two directions so that the exterior body 107 1s projected and depressed, as
compared to the power storage unit 300,

[0106]

In the power storage unit 302 shown in FIG. 19, in order to form the terminal
portions 1012 and 1023, the electrode plate 1u the center of a plurality of electrode plates
sealed 1n the exterior body 107 is used as an alignment reference, and the tabs {(11a and
21a) of the other electrode plates are bent.  Here, the positive electrode current
collector 11 of the positive electrode plate 111 which 1s the second positive electrode
plate from the right s used as an alignment reference.  In the terminal portion 101a of
the positive electrode 101, the central tab 11a is not bent, one tab 1la on the right side s
bent in the left direction, and one tab 114 on the lefi side 15 bent in the right divection, so
that adjacent tabs 1la are contacted each other; in this state, the three tabs 11a are
bonded to each other. o the terminal portion 102a of the negative electrode 102, two
tabs 21a on the right side are bent in the left direction and two tabs 21a on the left side
are beot in the right divection, so that adjacent tabs 21a are contacted each other; wn this
state, the four tabs 21a are bonded to each other.

(01071
{Embodiment 2}
The power storage unit of one embodiment of the present invention can be used

as a power source of various electronic devices which are driven by electric power.
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FIGS. 20A to 20G, FIGS. 21A to 21C, FIG. 22, and FIGS. 23A and 23B ilusirate
specific examples of the electronic devices using a power storage unit of one
embodiment of the present invention,

[0108]

Specific examples of the electronic devices using the power storage unit of one
embodiment of the present invention are as follows: display devices of televisions,
monttors, and the like, lighting devices, desktop and laptop personal computers, word
processors, image reproduction devices which reproduce still images and moving
images stored in recording media such as digital versatile discs (DVDs), portabie CD
players, radios, tape recorders, headphoune stereos, stereos, table clocks, wall clocks,
cordless phone handsets, transceivers, mobile phones, car phones, portable game
machines, tablet information terminals, large game machines such as pachinko
machines, calculators, portable information terminals, electronic notebooks, e-book
readers, electronie translators, audio input devices, video cameras, digital still cameras,
electric shavers, high-frequency heating appliances such as microwave ovens, electric
rice cookers, electric washing machines, electric vacuum cleaners, water heaters,
electric fans, hawr drvers, air-conditioning systems such as air conditioners, humidifiers,
and debumidifiers, dishwashers, dish dryers, clothes dryers, futon dryers, electric
refrigerators, electric freezers, eleciric refrigerator-freezers, freezers for preserving
DNA, flashiights, electrical tools such as a chain saw, smoke detectors, and medical
equipment such as dialyzers.  Other examples are as follows: 1ndustrial equipment
such as guide lights, traffic lights, convevor belts, elevators, escalators, industrial robots,
power storage systems, and power storage devices for leveling the amount of power
supply and smart grid.  In addition, moving objects and the like driven by fuel engines
and eleciric motors using power from nov-aqueous secondary batieries are also included
iy the category of electronic devices. Examples of the moving objects include electric
vehicles (EV), hybrid eleciric  vehicles (HEV) which 1woclude both  an
internal-combustion engine and a wotor, plug-tn hybrid electric vehicles {(PHEV),
tracked vehicles in which caterpiliar tracks are substituted for wheels of these vehicles,
motorized bicycles including motor-assisted bicycles, motoreycles, electric wheelchairs,
golf carts, boats, ships, submarines, helicopters, aircrafts, rockets, artificial sateliites,

space probes, planetary probes, and spacecrafts,
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[0109)

In addition, the power storage unit of one embodiment of the present invention
can be 1ncorporated along a curved wside/outside wall surface of a house or a building
or a curved interior/exterior surface of a car.

[0110]

FIG. 20A illustrates an example of a mobile phone {or a smariphone). A
mobile phone 7400 includes a display portion 7402 incorporated in a housing 7401, an
operation button 7403, an external connection port 7404, a speaker 7405, a microphone
7406, and the like  Note that the mobile phone 7400 includes the power storage unit
7407,

[0111]

The mobile phone 7400 ilustrated 1w FIG. 208 s bent  When the whole
mobile phone 7400 is bent by the external force, the power storage unit 7407 incladed
in the wobile phone 7400 1 also bent.  FIG. 20C llustrates the power storage umit
7407 in a state where the mobile phone 7400 is bent.

(0112}

FIG. 20D dlustrates an example of a bangle display device. A portable
display device 7100 includes a housing 7101, a display portion 7102, an operation
button 7103, and the power storage unit 7104, FIG. 20E shows the power storage unit
7104 which is incorporated in the housing 7101, As shown in FIG. 20E, the bent
power storage uott 7104 18 incorporated in the housing 7101
[0113]

FIG. 20F illustrates an example of a wrist-watch-type portable information
terminal. A portable information terminal 7200 includes a housing 7201, a display
portion 7202, a band 7203, a buckle 7204, an operation button 7205, an wput output
terminal 7206, and the like. The portable information terminal 7200 is capable of
executing a variety of applications such as mobile phone calls, e-mailing, viewing and
editing texts, music reproduction, fnternet communication, and a computer game.

[0114]

The display surface of the display portion 7202 is bent, and images can be

displayed along the bent display surface. Further, the display portion 7202 includes a

touch seusor, and operation can be performed by touching the screen with a finger, a
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stylus, or the ike.  For example, by touching an wcon 7207 displayed on the display
portion 7202, application can be started.
[0115]

With the operation button 7203, a variety of functions such as power ON/OFF,
ON/OFF of wireless communication, setting and cancellation of manner mode, and
seiting and cancellation of power saving mode can be performed.  For example, the
tunctions of the operation button 7205 can be set freely by setting the operation system
weorpotated 1o the portable information terminal 7200,

[0116]

Further, the portable information terminal 7200 can employ near field
comnmnication that is a communication method based on an existing communication
standard. In that case, for example, mutual comwunication between the portable
information terminal 7200 and a headset capable of wireless communication can be
performed, and thus hands-free calling is possible.

10117

Moreover, the portable information terminal 7200 includes the input output
terminal 7206, and data can be directly transmitted to and received from another
information terminal via a comnector.  Power charging through the input output

nne
I
i

terminal 7206 is possible.  Note that the charging operation may be performed by
wireless power feeding without using the input output terminal 72006,
[0118]

The portable information terminal 7200 includes a power storage unit.  For
exarople, the power storage unit 7104 shown in FIG. 20F can be wncorporated n the
housing 7201 with a state where the power storage umit 7104 is bent or can be
wcorporated in the band 7203 with a state where the power storage vott 7104 can be
bent.

[0119]

FIG, 20 illustrates an example of an armband display device. A display
device 7300 includes a display portion 7304 and a power storage unit like the power
storage unit 7104 of one embodiment of the present invention. The display device
7300 can include a touch sensor in the display portion 7304 and can serve as a portable

information terminal
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[0120]

The display surface of the display portion 7304 is bent, and tmages can be
displayed on the bent display surface. A display state of the display device 7300 can
te changed by, for example, near field communication that s a communication method
based on an existing communication standard.

[0121]

The display device 7300 includes an input ocutput terminal, and data can be
directly transmiited to and received from another information terminal via a connector.
Power charging through the input output terminal is possible.  Note that the charging
operation may be performed by wireless power feeding without using the input output
terminal.

(0122

FIGS. 21A and 218 illustrate an example of a foldable tablet information
terminal,  FIGS. 21A and 218 lustrate a tablet information terminal 9600 opened and
closed, respectively.  The tablet information terminal 9600 includes a housing 9630
provided with a housing 9630a and a housing 9630b, a movable portion 9640
connecting the housings 9630a and 9630b, a display portion 9631 provided with a
display portion 9631a and a display portion 9631b, a display mode switch 9626, a
power switch 9627, a power saver switch 9625, a fastener 9629, aun operation switch
0628, and the like.

(0123

The tablet information terminal 9600 includes a power storage unit 9635 inside
the housings 9630a and 9630b.  The power storage unit 9635 1s provided across the
housings 9630a and 9630b, passing through the movable portion 2640,

[0124]

Part of the display portion 9631a can be a touch panel region 96322 and data
can be inpuf when a displaved operation key 9638 is touched. FIG. 21 A shows, but is
not fimited fo, a structure in which a half region in the display portion 96313 has only a
display function and the other half region has a touch panel function.  The whole area
of the display portion 963 1a may have a touch panel function.  For example, the whole
area of the display portion 9631a can display keyboard buttons and serve as a touch

pane! while the display portion 963 1b can be used as a display screen,
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(01251

As in the display portion 9031a, part of the display portion 9631b can be a
touch panel region 9632b.  When a keyboard display switching button 9639 displayed
on the touch panel 1s touched with a finger, a stylus, or the like, a kevboeard button 9641
can be displayed on the display portion 9632b.  Touch input can be performed in the
touch pavel region 9632z and the touch panel region 9632b at the same time.

[0126]

The display mode switch 9626 can switch the display between portrait mode,
landscape mode, and the like, and between monochrome display and color display, for
example. The power saver switch 9625 can control display luminance in accordance
with the amount of external light in use of the tablet information terminal 9600, which
s measured with an optical seusor incorporated in the tablet information terronal 9600
The tablet information terminal may include another detection device such as a
gyroscope of an acceleration sensor o addition to the optical seusor,

[01271

Although FIG. 21A illustrates an example in which the display portions 9631a
and 963 1b have the same display area, the display portions 90312 and 9031b may have
different display areas and different display quality. For exaraple, higher-resolution
images may be displayed on one of the display portions 9631a and 9631b.

[0128]

The tablet information terminal 15 closed in FIG. 21B. The tablet information
terminal includes the housing 9630, a solar cell 9633, and a charge and discharge
control circuit 9634 wcluding a DC-DC converter 9636 The power storage unit of
one embaodiment of the present invention is used as the power storage unit 9635,

(01291

The tablet information terminal 9600 can be folded in two so that the housings
9630a and 9630b overlap with each other when not 1o use.  Thus, the display portions
9631a and 9631b can be protected, which increases the durability of the tablet
information terminal 9600, In addition, the power storage unit 9635 of one
embodiment of the present invention has flexibility and can be repeatedly bent without a
large decrease in charge and discharge capacity.  Thus, a highly reliable tablet

information terminal can be provided.
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101301

The tablet information terminal 9600 can also have a function of displaying
various kinds of data {e g, a still jrnage, a moving irvage, and a text image), a function
of displaying a calendar, a date, or the time on the display portion, a touch-input
function of operating or editing data displayed on the display portion by touch input, a
function of controlling processing by various kinds of software {programs}, and the like.
(01313

The solar ceil 9633, which 19 atiached on the surface of the tablet information
terminal 9600, supplies electric power to a touch panel, a display portion, an image
signal processor, and the like. Note that the solar cell 9633 15 preferable because the
solar cell 9633 can be provided on one or both surfaces of the housing 9630 and the
power storage unit 9635 can be charged efficiently. The use of a lthiun-ion battery as
the power storage unit 9635 brings an advantage such as a reduction in size.

(01321

FIG. 21C is a block diagram showing an example of a structure of the charge
and discharge control circuit 9634, The charge and discharge control circuit 9634
wnechades the power storage unit 9635, the DC-DC converter 9636, a converter 9637, the
switches SW1, SW2, and 8W3, and the hike.

[0133]

An example of the operation of the charge and discharge control circuit 9634
when the solar cell 9633 18 in a power generation state is described.  The voltage of
electric power generated by the solar cell 9633 is raised or lowered by the BCDC
converter 9636 to a voltage for charging the power storage unit 9635 Then, when the
electric power from the solar cell 9633 is used for the operation of the display portion
9631, the switch SW1 1s turned on and the voltage of the elecinic power 18 raised or
{owered by the converter 9637 1o a voltage needed for the display portion 9631, When
display on the display portion 9631 is not performed, the switch SW1 is turped off and
the switch SW2 is turned on, so that the power storage unit 9635 can be charged.

(0134

Note that the solar cell 9633 15 described as an example of a power generation

means; however, one embodiment of the present invention 1s not limited to this example.

The power storage unit 9635 may be charged using another power generation means
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such as a piezoelectric element or a thermoelectiic conversion element (Peltier element).
For example, the power storage unit 9635 may be charged using a non-contact power
transmission module that transmits and receives electric power wirelessly {(without
contact) or using another charging means in combination.
[0135]

FIG. 22 iflustrates examples of other electronic devices.
[0136]

A display device 8000 1s an example of an electronic device including a power
storage unit 8004 of one embodiment of the present invention.  Specifically, the
display device 8000 corresponds to a display device for TV broadeast reception and
includes a housing 8001, a display portion 8002, speaker portions 8003, the power
storage unit 8004, and the ike. The power storage unit 83004 of one erobodiruent of
the present invention is provided in the housing 8001, The display device 8000 can
recetve electric power from a commercial power source or use electric power stored
the power storage unit 8004, Thus, the display device 8000 can be operated with the
use of the power storage unit 8004 of one embodiment of the present invention as an
uninterruptible power supply even when electric power canuot be supplied from a
commercial power supply due to power fatlure or the like.

[0137]

A display device such as a hiquid crystal display device, a light-emitting device
i which a light-eroitting element such as an organic EL element is provided in each
pixel, an electrophoresis display device, a digital micromirror device (DM, a plasma
display panel (PDP), or a field enussion display (FED) can be used for the display
portion 8002
(01381

Note that the display device includes, in its category, all information display
devices for personal compuiers, advertisernent displays, and the like besides the ones
for TV broadcast reception,

101391

An installation hghting device 8100 15 an example of an electronic device

including a power storage unit 8103 of one embodiment of the present invention.

Specifically, the lighting device 8100 includes a housing 8101, a light source 8102, the
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power storage unit 8103, and the like.  Although FIG. 22 illustrates the case where the
power storage unit 8103 is provided in a ceiling 8104 on which the housing 8101 and
the hight source 8102 are wnstalled, the power storage unit 8103 may be provided tn the
housing 8101, The lighting device 8100 can receive electric power from a commercial
power supply or use electric power stored in the power storage unit 8103, Thus, the
lighting device 8100 can be operated with the use of the power storage unit 8103 as an
uninterruptible power supply even when power cannot be supplied from a commercial
power supply because of power failure or the like.

[0140]

Although the wnstallation lighting device 8100 provided in the ceiling 8104 is
itfustrated in FIG. 22 as an example, the power storage unit of one embodiment of the
present invention can be used in an installation lighting device provided in, for example,
a wall 8105, a floor 8106, a window 8107, or the like besides the ceiling 8104
Aliernatively, the power storage unit can be used in a tabletop highting device or the like.
As the light source 8102, an artificial light source which emits light artificially by using
clectric power can be used.  Examples of the artificial hight source include discharge
famps such as an incandescent lamp and a fluorescent lamp, and light-emitiing elements
such as an LED and an organic EL element.

[0141]

An air conditioner including an indoor unit 8200 and an outdoor unit 8204 15 an
example of an electronic device wncluding a power storage unit 8203 of one embodiment
of the present invention. Specifically, the indoor umt 8200 includes a housing 8201,
an air outlet 8202, the power storage unit 8203, and the like. Although FIG 22
illustrates the case where the power storage unit 8203 is provided in the indoor unit
8200, the power storage unit 8203 may be provided in the ouidoor unit 8204
Alternatively, the power storage unit 8203 may be provided in both the indoor unit 8200
and the outdoor unit 8204, The air conditioner can receive electric power from a
commercial power source or use electric power stored in the power storage unit 8203,
Particularly in the case where the power storage unit 8203 is provided in both the indoor
unit 8200 and the outdoor unit 8204, the air conditioner can operate with the use of the

power storage umt 8203 of one embodimernt of the present invention as an
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uninterruptible power source even when electric power cannot be supphed from a
commercial power source because of power fatlure or the like.
(01421

Note that although the split-type air conditioner including the indoor unit and
the outdoor unit 18 tlustrated in FIG. 22 as an example, a power storage unit of one
embodiment of the present mvention can be used in an air conditioner in which the
tunctions of an indoor unit and an cutdoor unit are integrated in one housing.

(0143]

An electric refrigerator-freezer 8300 15 an example of an electronic device
including a power storage unit 8304 of one embodiument of the present invention.
Specifically, the electric refrigerator-freezer 8300 includes a housing 8301, a door for a
refrigerator 8302, a door for a treezer 8303, the power storage uoit 8304, and the hike
The power storage unit 8304 is provided in the housing 8301  The electric
refrigerator-freezer 8300 can receive electric power from a commercial power Source or
use electric power stored in the power storage unit 8304,  Thus, the electric
refrigerator-freezer 8300 can operate with the use of the power storage unit 8304 of one
embodiment of the present invention as an umnterruptible power source even when
electric power cannot be supplied from a commercial power source because of power
failure or the fike.

[0144]

Note that among the electronic devices described above, a high-frequency
heating apparatus such as a microwave oven and an electronic device such as an electric
rice cooker require high power i a short time.  The tripping of a bresker of a
commercial power supply in use of an electronic device can be prevented by using the
power storage unit of one embodiment of the present invention as an auxiliary power
supply for supplying electric power which cannot be supplied enocugh by a commercial
power supply.

[0145]

In addition, in a time period when electronic devices are not used, specifically
when the proportion of the amount of electric power which is actually used to the total
amount of electric power which can be supplied from a commercial power source {such

a propottion is referred to as power usage rate) is low, eleciric power can be stored n
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the power storage unit, whereby the power usage rate can be reduced in a time period
when the electronic devices are used. For example, in the case of the electric
refrigerator-freezer 8300, electric power can be stored in the power storage unit 8304 in
night time when the temperature is low and the door for a refrigerator 8302 and the door
for a freezer 8303 are not often opened or closed.  On the other hand, in daytime when
the temperature is high and the door for a refrigerator 8302 and the door for a freezer
8303 are frequently opened and closed, the power storage unit 8304 is used as an
auxiliary power source, thus, the power usage rate in daytime can be reduced.

[0146]

The power storage unit of one embodiment of the present invention can be used
for power sources of a variety of electric motors. FIGS. 23A and 23B iHustrate
examples of an electronic device including an electric motor and a power storage umt
The use of a power storage unit in vehicles can lead to next-generation clean energy
vehicles such as hybnd electne vehicles (HEVS), electric vehicles (EVs), and plug-in
hybrid electric vehicles (PHEVSs).

(01471

An automobile 8400 ilustrated in FIG, 23A 19 an electric vehicle which runs on
the power of the electric motor.  Alternatively, the avtomobile 8400 is a hybrid electric
vehicle capable of driving using either the electric motor or the engine as appropriate.
The power storage unit incorporated in the automobile 8400 15 used not only for driving
the electric motor, but also for supplying electric power to a light-emitting device such
as a headlight 8401 or a room light (not iHustrated). The power storage unit can also
supply electric power to a display device included in the automobile 8400, such as a
speedometer or a tachometer.  Furthermore, the power storage unit can supply electric
power to a semiconductor device wcluded in the autorobile 8400, such as a navigation
system.

[0148]

FIG. 238 llustrates an automobtle 8500 including a power storage unit.  The
automobile 8500 can be charged when the power storage umt s supplied with electric
power through external charging equipment by a plug-in system, a cootactless power
supply system, or the hke In FIG 23B, the power storage unit included in the

automobile 8500 is charged with the use of a ground-based charging apparatus 3021
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through a cable 8022, In charging, a given method such as CHAdeMO (remstered
trademark) or Combined Charging System may be employed as a charging method, the
standard of a conunector, or the like as appropriate.  The charging apparatus 83021 may
be a charging station provided in a commerce facility or a power source in a house.
For example, with the use of a plug-in technigue, a power storage unit included in the
automobile 8500 can be charged by being supplied with electric power from outside.
The charging can be performed by converting AC electric power into DC electric power
through a converter such as an AC-BC converter.

[0149]

Although not illustrated, the vehicle may include a power receiving device so
as to be charged by being supplied with electric power from an above-ground power
transmittiog device in a contactless manner.  In the case of the countactiess power
supply system, by fitting the power transmitting device in a road or an exterior wall,
charging can be performed not only when the autormobile stops but also when moves.
In addition, the coniactiess power supply system may be utilized to perform
transmission/reception between vehicles.  Furthermore, a solar cell may be provided in
the exterior of the antomobile to charge the power storage unit when the automobile
stops or moves. To supply electric power in such a contactless manner, an
electromagnetic induction method or a magnetic resonance method can be used.

(0150

According to one embodiment of the present invention, the power storage unit
can have improved cycle characteristics and reliability.  Furthermore, according to one
embodiment of the present invention, the power storage unit itself can be made more
compact and lightweight as a result of improved characteristics of the power storage
unit.  The compact and lightweight power storage umt contributes 1o a reduction in the
weight of a vehicle, and thus increases the driving distance. Moreover, the power
storage unit included in the vehicle can be used as a power source for supplying electric
power to products other than the vehicle,  In that case, the use of a commercial power

supply can be avoided at peak time of electric power demand.

REFERENCE NUMERALS
(0151}
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11 positive electrode current collector, 1la: tab (portion), 11b: tab {portion), 12
positive electrode active material layer, 21 negative electrode current collector, 21a: tab
{portion), 21b: tab {portion), 22 negative clectrode active matenal layer, 30 sheet, 30a:
fold, 31: bonding portion, 32: bonding portion, 33. bonding portion, 35: opening, SO
fusing tape, 51: fusing tape, 70 film, 70a; fold, 71; bonding portion, 72 introduction
port, 101 postiive electrode, 101a: terminal portion {portion}, 102. negative electrode,
102a: termunal portion {portion}, 103 electrolyte solution, 104: sealing structure, 105:
sealing structure, 107: exterior body, 107: sealing structure, 110: positive electrode plate,
111: positive electrode plate, 112: positive electrode plate, 120: negative electrode plate,
121 negative electrode plate, 122 uegative electrode plate, 130 separator, 131
separator, 180: electrode stack, 300 power storage unit, 301: power storage unit, 302:
power storage untt, 7100: portable display device, 7101 housing, 7102: display portion,
7103: operation button, 7104 power storage unif, 7200: portable information terminal,
7201 housing, 7202 display portion, 7203: band, 7204 buckle, 7205 operation button,
7206 input output terminal, 7207 icon, 7300: display device, 7304 display portion,
7400: mobile phone, 7401: housing, 7402 display portion, 7403 operation button,
7404 external connection pott, 7405 speaker, 7406: microphone, 7407 power storage
unit, 8000: display device, 8001 housing, 8002: display portion, 8003 speaker portion,
8004 power storage unit, 8021 charging apparatus, 8022 cable, 8100: lighting device,
8101 housing, 8102: light source, 8103: power storage unit, 8104: ceiling, 8105 wall,
8106 floor, 8107 window, 8200 indoor unit, 8201 housing, 8202 air outlet, 8203:
power storage unit, 8204 outdoor unit, 8300 electric refrigerator-freezer, 8301: housing,
R302: door for refrigerator, 8303 door for freezer, 8304 power storage unit, 8400
automobile, 8401 headlight, 8500: automobile, 9600: tablet information terminal, 9625:
switch, 9626 switch, 9627 power swiich, 9628 operation swilch, 9629 fastener, 9630
housing, 9630a; housing, 9630h: housing, 9031 display portion, 9631a: display portion,
963 1h: display portion, 9632a: region, 9632b: region, 9633 solar cell, 9634: charge and
discharge control circuit, 9635 power storage unit, 9636; DC-DC converter, 9637

converter, 9638: operation key, 9639: button, 9640 movable portion.
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This application 1s based on Japanese Patent Application serial no.
2013-2464068 filed with Japan Patent Office on November 28, 2013, the entire contents

of which are hereby incorporated by reference.
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CLAIMS

I A power storage unit comprising’

a first electrode plate;

a first insulating sheet, wherein the first electrode plate 1s covered with the first
insulating sheet folded in two,

a second electrode plate adjacent to the first electrode plate with a first part of
the firat insulating sheet interposed therebetween; and

an exterior body sealing the first electrode plate, the first insulating sheet, and
the second electrode plate,

wherein the first electrode plate and the first insulating sheet are fixed to a first
part of the exterior body.

2. The power storage umt according to claim 1, wherein the first wsulating

sheet has an envelope-like shape.

3. The power storage unit according to claim 1, wherein the first insulating
sheet comprises a material selected from the group comsisting of polypropylene,
polyethyiene, polvbutens, nylon, polvester, polysulfone,  polvacrylonitrie,
polyvinylidene fluoride, tetrafiuoroethylene, glass fiber, high-molecular fiber, and

celulose,

4. The power storage unit according to claim 1, wherein the second electrode

plate is fixed {0 a second part of the exterior body.

5. The power storage unit according to claum 1, further comprising a second
insulating sheet, wherein the second electrode plate 13 covered with the second

insulating sheet folded in two.

6. The power storage untt according to claim 5, wherein the second insulating

sheet has an envelope-like shape.
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7. The power storage unit according to claim 1, wherein termival portions of
the first electrade plate and the second electrode plate are provided outside the exterior
body.

8. The power storage unit according to claim |

wherein plural first electrode plates are provided iy the exterior body and
connected to each other at a first portion provided outside the extenior body, and

wherein plural second electrode plates are provided in the exterior body and

connected to each other at a second portion provided outside the exterior body.

9. The power storage unit according to claim 1, wherein the exterior body

comprises an embossed film,

10, An electronic device comprising the power storage unit according to claim

11. A power storage unit comprising:

a first electrode plate;

a pair of first insulating sheets, wherein the first electrode plate is interposed
between the pair of first insulating sheets;

a second electrode plate adjacent to the first electrode plate with one of the pair
of first insulating sheets interposed therebetween; and

an exterior body sealing the first electrode plate, the pair of first wnsulating
sheets, and the second electrode plate,

wheretn the first electrode plate and of the pair of first insulating sheets are

fixed to a first part of the exterior body.

12, The power storage unit according to claim 11, wherein parts of the pair of

first insulating sheets are bonded so as to have an envelope-like shape.

13. The power storage unit according to claim 11, wherein the pair of first

insulating sheets comprise a material selected from the group consisting of
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polvpropyiene,  polyethylene,  polybutene,  wylon,  polyester,  polysuifone,

glass  fiber,

o

polyacryionitrile,  polyvinylidene  fluoride,  tetrafluoroethylene,

high-molecular fiber, and celtulose.

14, The power storage urit according to claim 11, wherein the second electrode

plate 1s fixed {0 a second part of the exterior body.

15. The power storage unit according to claim 11, further comprising a pair of
second insulating sheets, wherein the second electrode plate is interposed between the

pair of second insulating sheets.

16. The power storage umt according to claim 15, wherein parts of the pair of

second insulating sheets are bonded so as to have an envelope-like shape.

17. The power storage unif according to claim 11, wherein terminal portions of
the first electrode plate and the second electrode plate are provided outside the exterior

body.

18. The power storage unit according to claim 11,

wherein plural first electrode plates are provided in the exterior body and
connected to each other at a first portion provided outside the exterior body, and

wherein pharal second electrode plates are provided in the exterior body and

connected to each other at a second portion provided outside the exterior body.

19. The power storage unit according to claim 11, wherein the exterior body

comprises an embossed filny.

20. An electronic device comprising the power storage unit according to claim

il

21, A power storage unit comprising:

a first electrode plate;



16

J—
(V4]

D

B

L
<

WO 2015/079365 PCT/IB2014/066223
48

a first nsulating sheet, wherein a first surface and a second surface of the first
electrode plate are covered with the first insulating sheet;

a second electrode plate adjacent fo the first electrode plate with a first part of
the first insulating sheet interposed therebetween; and

an exterior body sealing the first electrode plate, the first insulating sheet, and
the second efectrode plate; and

a first material configured to fix the first electrode plate and the first insulating

sheet 1o the exterior body.

22, The power storage unit according to claimn 21, wherein the first insulating
sheet comprises a material selected from the group consisting of polypropylene,
polyethyvlene,  polybutene, nylon, polyester, polysulfone, polvacrylontinile,
polyvinviidene fluoride, tetrafluoroethylene, glass fiber, high-molecular fiber, and

cellulose.

23. The power storage unit according to claim 21, wherein the second electrode

plate is fixed to the exterior body by a second material.

24, The power storage unit according to claim 21, further comprising a second
insulating sheet, wherein a first surface and a second surface of the second electrode

plate are covered with the second insulating sheet,

25. The power storage unit according to claim 21, wherein terminal portions of
the first electrade plate and the second electrode plate are provided outside the exterior

body.

26. The power storage unit according to claim 21, wherein the exterior body

comprises an embossed film.

27. An electronic device comprising the power storage unit according to claim

2L
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