BATTERY PACK BACKGROUND OF THE INVENTION 1. Field of the
Invention The present invention relates to battery packs. More
particularly, the invention relates to a battery pack in which a battery
element is covered with an outer package. 2. Description of the Related
Art In recent years, battery packs have been used as power sources for
mobile electronic devices. In such battery packs, an outer package
houses a protection circuit board, on which a protection circuit, etc. are
mounted, and a battery element. As an outer package used for such a
battery pack, a box-shaped p%ﬁi%@i’nﬁ&giﬁg upper and lower cases,
etc. is widely used. For example, refer to Japanese Unexamined Patent
Application publication No. 2002-260608. However, in the battery pack
sackescribed gbove;mvhen,/electrostatic discharge (ESD) occurs, static
electricity may flow in the circuit board inside the battery pack, resulting
1. irrasdafurictiohof fectohicoeircuits or damage to semiconductor
elements. In order to solve such a problem a technique has been
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2. Description of the Related Art

In recent vears, battery packs have been used as power
sources for moblle electronic devices. In such battery
packs, an outer package houses a protection cilrcuit beoard,
on which a protection circuit, etc. are mounted, and a
battery element. As an outer package used for such a
battery pack, a box-shaped package including upper and lower
cases, etc. is widely used. For example, refer to Japanese
Unexamined Patent Application Publication No. 2002-260608.

However, in The battery pack described above, when
electrostatic discharge (ESD) occurs, static electricity may
flow in the circuit board inside the battery pack, resulting
in a malfunction of electronic circuits or damage to
semiconductor elements. In order to solve such a problem, a
technigue has been proposed in which a conductive layer is
disposed on the surface of a plastic molded case, and the
conductive layer 1is connected to a negative electrode

terminal of a batterv. For example, refer to Japanese
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However, such a battery pack necessitates a great change in the design
of the outer package of the battery pack. Furthermore, when the battery
pack described above is contained and used in an electronic device, such
as a mobile phone, functional failure may be caused in the body of the
electronic device due to the occurrence of ESD. in particular, in the case
where the body of the electronic device has a structure having low
tolerance to electrostatic discharge, the probability of occurrence of
functional failure is high. Fig. 26A is a schematic view showing a battery
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e1ePR¢12: device due to the occurrence of ESD. In
particular, in the case where the body of the electronic
device has a structure having low tolerance to electrostatic
discharge, the probability of occurrence of functional
failure is high.

Fig. 26A 1s a schematic view showing a battery pack
housing part of an electronic device, such as a mobile phone.
As shown 1in Fig. 2624, in general, a battery pack housing
part 101 1is provided with openings 10Z, and a circuit board
of the electreonic device is exposed through the openings 102.
In The electronic device having such a structure, when ESD
ocgurs, there is a pessibility that a conductive layer
disposed on the surface of the cuter package may form a
static electricity path, and static electricity may flow in
the circuit board exposed through the openings 102,
resulting in a malfunction of electronic circuits or damage
te semiconductor elements.

In order to solve the problem described above, 1t is

conceivable to f£ill all the openings 102 of the battery pack



housing part 101 with a plastic resin so that the circuit board of the
electronic device is not exposed at the battery pack housing part 101, as
shown in Fig. 26B. However, if such a concept is introduced, the design
of the battery pack housing part 101 of the electronic device body is
restricted. Under these circumstances, a technique has been proposed in
which a component for protecting against electrostatic discharge (ESD) is
added to a circuit of a battery pack. Fig. 27A shows a circuit before
addition of a component for protection against ESD. Fig. 27B shows a
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pachegaliveselectiade terminal 112 However, even when sucha,component
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whitlgctonigdevice ROty > 35 stecting agzinst electrostatic
disgcharge (ESD) is added to a circuit of a battery pack.
Fig. 27A shows a circult before addition of a component
for protection against ESD. Fig. 27B shows a circuit after
addition of a component for protecting against ESD. As
shown Fig. 27B, a capacitor is provided between an
identification terminal 111, which is referred to as a BSI
terminal or an ID terminai, and a negative electrocde
terminal 112. However, even when such a component for
protecting against ESD is added, it is difficult to obtain a
sufficient effect. Furthermore, depending on the magnitude
of electreostatic discharge, the added circuit may still be

damaged, resulting in malfunction.

SUMMARY OF THE INVENTION

It is desirable to provide a battery pack in which ESD
Tolerance can be improved without greatly changing the
design of the battery pack or a battery housing part of an

electronic device body.



The present inventors have conducted diligent studies and found that by
using, as an outer package, a laminate including a conductive layer and
by connecting the conductive layer of the laminate to a positive electrode
terminal or a negative electrode terminal of a battery element, ESD
tolerance can be improved without greatly changing the design of the
battery pack or the battery housing part of the electronic device body. A
battery pack according to an embodiment of the present invention
includes an outer package and a battery element housed in the outer
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housing part of the electronic device body.

A battery pack according to an embodiment of the
present invention includes an cuter package and a battery
element housed in the ocuter package. The outer package
includes a laminate having a conductive laver, and a
positive electrode terminal or a negative electrode terminal
of the battery element is electrically connected to the
conductive layer.

According to this embodiment of the present invention,
the outer package itself includes a conductive layer, and
the conductive layer 1s electrically connected to a positive
glectrodse terminal or a negative electrode terminal of the
battery element. Therefore, 1t is not necessary to greatly
change the design of the outer package or a battery housing
part cof the electronic device body.

When the conductive layer of the outer package is
electrically connected to the positive electrode terminal,

static electricity due to ESD flows in the charging



- 4 direction of the battery element. Therefore, static electricity is
assumed to be attenuated through the battery element. Consequently, it
is possible to prevent static electricity from flowing into the circuit board of
the electronic device disposed in the vicinity of the battery pack housing
part in an amount equivalent to the amount of static electricity charged to
(absorbed by) the battery element. When the conductive 'Layer of the
outer package is electrically connected to the negative electrode terminal,
static electricity due to ESD flows in the discharging direction of the
dirbatteryrelemhent: € hexrefoee, statieretectricitylis axsstmes, tosflow: into the
negative electrode terminal of the electronic device without passin
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i§posed in-the Vicinity of the %afteryppac?(lhousing part. A battery pack

e 1e86g0rding.fo angtheriembadiment of the, present invention ncludes an
outer package, a battery element housed in the outer package, and a
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paclebfrode ternitaalof the batteRrelBmeptisi valent to the amount of

static electricity charged to {absorbed by} the battery
element.

When the conductive layver of Lhe outer package 1s
electrically connected to the negative electrode terminal,
static electricity due to ESD flows in the discharging
directicn of the battery element. Therefore, static
electricity is assumed to flow into the negative electrode
terminal of the electronic device without passing through
the battery element. Consequently, it is possibkble to
prevent static electricity from flowing into the circuit
board of the elecironic device disposed in The vicinity of
the battery pack housing part.

A battery pack according to ancother embodiment of the
present invention includes an outer package, a battery
element housed in the outer package, and a surface member
which covers the outer package. The surface member includes
a metal laver, and a positive slectrode terminal or a
negative electrode terminal of the battery element is

electrically connected to the metal laver of the surface



electrically connected to the metal layer of the surface - 5 member. As
described above, according to any of the embodiments of the present
invention, it is possible to improve ESC tolerance without greatly
changing the design of the battery pack or the battery housing part of the
electronic device body. BRIEF DESCRIPTION OF THE DRAWINGS Fig.
1 is a perspective view showing an appearance of a battery pack
according to a first embodiment of the present invention; Fig. 2 is an
exploded perspective view showing one structural example of the battery
memBgk according to the first embodiment of the present invention; Fig. 3 is

2 perspective,view showing ap example of 0 appearance of aballeny, ... .
element according to the fifst “embodiment o?the'b/resentlnven ion; Figs.

of 4Adodteaagevalopmentwewsshowing an example ofg.shape efan
outer package of a battery element; Fig. 5 is a cross-sectional view
tolshewing onestructural sexaimplelod mcsoftlamirateconstitutifg @neoltet texry
ackage; Figs. 6A to 6C are views showing one structure of a label
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bodgr]owing a battery pack in

BRIEF DESCRIPTION OF THE DRAWINCGS

Fig. 1 is a perspective view showing an appearance of a
battery pack according toc a first embodiment of the present
invention;

Fig. 2 1s an exploded perspective view showing one
structural example of the battery pack according toc the
first embodiment of the present invention;

Fig. 3 is a perspective view showing an example of an
appearance of a battery element according to the first
embodiment of the present invention;

Figs. 4A to 4C are development views showing an example
of a shape o¢f an cuter package of a battery element;

Fig. 5 is a cross-sectional view showing one structural
example of a soft laminate constituting an outer package;

Figs. ©6R to 60 are views showing one structure cof a
label covering the surface of an outer package;

Fig. 7A 1s a perspective view showing a battery pack in

which a metal of an outer package 1s exposed; and Fig. 7B is



which a metal of an outer package is exposed; and Fig. 7Bis -6 a
perspective view showing a battery pack in which a metal of an outer
package is not exposed; Fig. 8 is a perspective view showing one
structural example of a battery element covered with an outer package;
Fig. 9 is a cross-sectional view showing a joint portion of the outer
package; Figs. 10A to 10D are perspective views showing steps in a
method of fabricating a battery pack; Fig. 11 is a perspective view
showing a flow of static electricity when ESD occurs; Fig. 12 is an

a pggtivalent BRclit BfagParfrshowitg affowWr oOf skitic'eléétritiy fhef ESTH &L

o 9CCurs; léi S, %%}A{ to éLBDSareO%erngctivee dv_iews showing stepsin a
metﬁo& 0 fé%ricaﬁﬁg a]bat{éry pact?;OFQig. 14 is an equivalent circuit

diagrgm showing a-flow of statc. electricity yhen ESDeccurs: Fig 13 is

an exploded perspective view showing one structural example of a
exaballeryqiack accotding te adhizd tembodiment of the present kewentiakace;

Figs. 16A to 16C are views showing a first structural example of a metal

label SFigs. 17A %0 T7CEreiféWs SRBWING & SeEortY $trdctaral “éxdmple of

a metal label;
port{gn o?’tke outer package;

Figs. 10A to 10D are perspective views showing steps in
a methoed of fabricating a battery pack;

Fig. 11 is & perspective view showing a flow of static
electricity when ESD occurs;

Fig. 12 is an equivalent circuit diagram showing a flow
of static selectricity when ESD occurs;

Fige. 13A to 13D are perspective views showing steps in
a method of fabricating a battery pack;

Fig. 14 is an eguivalent circuit diagram showing a flow
of static electricity when ESD occurs;

Fig. 15 is an exploded perspective view showing one
structural example of a battery pack according to a third

ennbodiment of the present invention:
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Figs. 16A to 16C are views showing a first structural
example of a metal label;

Figs. 17A to 17C are views showing a second structural
example of & metal label;

Fig. 18 is a crogs-~sectional view showing one

structural example of a battery pack according to a fourth



Fig. 18 is a cross-sectional view showing one structural example of a
battery pack according to a fourth - 7 embodiment of the present
invention; Fig. 19 is a cross-sectional view used for describing the
advantageous effect of the battery pack according to the fourth
embodiment of the present invention; Fig. 20 is an equivalent circuit
diagram of a battery pack in each of Examples 1 to 5; Fig. 21 is an
equivalent circuit diagram of a battery pack in each of Examples 6 to i0;

Figs. 22A and 22B are schematic views used for describing a free fall
enb gt afd arandbiEfes falldrop test for a battery pack in Example
11:F5iﬁgs. ,_2§A.and 23B are schematic views, used fgrcplefgribicglg a .ns
punching uréﬁiliﬁ/ test'for asbacﬂ;e‘ry pack |ﬁ@é§<a%pﬁe 17; lEigs. 2aA"and'®
the24B-Al8-Schemalic yviews.used farn describing g freefpil drop test anda, +he
random free fall drop test for a battery pack in Example 12; Figs. 25A and
fou2bB areischématic vieivs heed torsdescribing:a plnahing durability test for
a battery pack in Example 12; Figs. 26A and 26B are schematic views
eabh%howing & Batery \patk Housinglpart éfan ergiohicdevicd Anee Ty

pack in each of Examples 1 to 5;

Fig. 21 1s an eqguivalent circult diagram of a battery
pack in each of Examples 6 to 10;

Figs. 22A and 22B are schematic views used for
describing a free fall drop test and a randem free fall drop
test for a battery pack in Example 11;

Figs. 23A and Z3B are gchematic views used for
describing & punching durability test for a battery pack in
Example 11;

Figs. 24A and 24B are schematic views used for
describing a free fall drop test and a random free fall drop
test for a battery pack in Example 12;

Figs. 25A and 25B are gchematic views used for
describing a punching durebility test fcr a battery pack in
Example 1Z2;

Figs. 26A and 26B are schematic views each showing a
battery pack housing part of an electronic device; and

Figs. 27A is a clrcuit diagram showing a clrcuit before
addition of a compcnent for ESD protecticen, and Fig. 27B is

a circult diagram showing a circuit after addition of a



Figs. 27A is a circuit diagram showing a circuit before addition of a
component for ESD protection, and Fig. 27B is a circuit diagram showing
a circuit after addition of a - 8 component for ESD protection.
DESCRIPTION OF THE PREFERRED EMBODIMENTS The
embodiments of the present invention will be described with reference to
the drawings. In all the drawings relating to the embodiments, the same
or corresponding parts are designated by the same reference numerals.
(1) First embodiment (1-1) Structure of battery pack Fig. 1 is a perspective
CoOmpiEWFBRowig ar Bppéarafcs bPA - battery pack according to a first
embodiment of the present invention. Fig. 2 is an exploded perspective
view showing one structural example of a battery pack according to the

pesdEst embediment phthepreseRiHRvention: Mg baitery pack is, for

example, a rectangular or flat-type battery pack of a lithium ion polymer
sethadanthattenynAs shdwn lir: Fig: ds eintthe batieryipacky ahlouter
package 1 houses a battery element, and a top cover 2 and a bottom
des ggvers are fitted SARIGHEH NS at HiGthentis 1 THE top édver2istprdvided
wijth a posiﬁiive electrode termina 2ad a ne%%tivet%lectrode t%rrminal 2D,
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corresponding parts are designated by the same reference
numerals.

(1) First embodiment

{1-1} Structure of battery pack

Fig. 1 is a perspective view showing an appearance of a
pattery pack according to a first embodiment of the present
invention. Fig. 2 is an exploded perspective view showing
one structural example of a battery pack according to the
first embodiment of the present invention. The battery pack
iz, for example, a rectangular or flat-type battery pack of
a lithium icn pclymer seccndary battery. As shown in Fig. 1,
in the batteryvy pack, an outer package 1 houses a battery
element, and a top cover 2 and a bottom cover 3 are fitted
into openings at both ends. The top cover 2 is provided
with & positive electrode terminal Za, a negative electrode
terminal 2b, and an identification terminal 2c¢. A gsurface
of the outer package 1 is éovered with a label which 1s a
surface member.

Hereinafter, the opening into which the top cover 2 is



of the outer package 1 is covered with a label which is a surface member.
Hereinafter, the opening into which the top cover 2 is - 9 fitted is referred
to as a "top opening", and the opening into which the bottom cover 3 is
fitted is referred to as a "bottom opening”. A positive electrode lead 5a led
from the battery element and a conductive layer of the outer package 1
are electrically connected to each other by a connecting member 30.
Thereby, the conductive layer of the outer package 1 has the same
electric potential as the positive electrode of the battery element. ,
fitppgfetdbly cther ssistancé R Betwedh the Positive elédtfodel @il 28 5f

e 5 G ack and the metallaver of the outer packaged, Js 1 Mp.or
ess. In'such'a case, ESD tolefance can be further improved. Examples

nho OEHe cannecting member3Q thatcapihe - usedidnalude aLonduglive 1pe; 1 e

a tab, such as a nickel tab; a linear member, such as a copper wire; and
batagesistarattached withea tead: Theiconnesting memhers3Gistot imitéd ge
thereto, and any member capable of electrically connecting the positive
1 2gRchoBE t€adBated fiph et Batery slament 416 thé toRductivedayer ot

wenlfs T PRELEOR o e g Fuerr, e e el (e
package 1 has the same electric potential as the positive
electrode of the battery element. Preferably, the
resistance R betwesen the positive electrode terminal 2a of
the battery pack and the metal layer of the outer package 1
is 1 MQ or less. In such a case, ESD tolerance can be
further improved.

Examples of the connecting member 30 that can be used
include a conductive tape; a tab, such as & nickel tab:; a
linear member, such as a copper wire; and a resistor
attached with a lead. The connecting member 30 is not
limited thereto, and any member capable of electrically
connecting the positive electrode lead bSa led from the
battery element 4 tTo the conductive layer of the outer
package 1 can be used. Furthermore, as the material for the
connecting member, such as a conductive tape, a tab, or a
linear member, for example, a metal, an electrically
conductive functional material, or carbon can be used,

although not particularly limited thereto. Examples of the

electrically conductive functional material that can be used
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linear member, for example, a metal, an electrically conductive functional
material, or carbon can be used, although not particularly limited thereto.
Examples of the electrically conductive functional material that can be
used - 10 include an electrically conductive plastic obtained by alloying a
resin with carbon, and an electrically conductive plastic, such as
polyacetylene. Examples of the metal that can be used include nickel,
stainless steel (hereinafter referred to as "SUS"), and copper. Examples
of the connecting method for the connecting member 30 include

incid&apbe Wetding L GRrassnic Welding: REaFseHiihg CuSe b HaResié

- tape. caulking, and saldering..The connectin thod.is not limit .
11¢8PE, oS Qldening, The {ing me tdg t %gd t
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pladpedattensglementi s the outer paskage:lathelop eqverrs andihe that
bottom cover 3 will be described below. <Battery element> Fig. 3 is a

canperspestive viewl skiewingareexampleiofians appéarahcéof asbattery e r
element 4 according to the first embodiment of the present invention. As
refeig\wA in Righ 3, thebattery BNt Yor exzrmpIe Ras areétafigular or

conﬂatc%hf e r@e% ‘BElik%POS{{h’S eé%%ﬁ%dc%?]%%ta@ég%'&?eébe%aﬁié’iude
electro are laminatea witn a polymer eiectrolytie and a separator
reshierpesed fherebgtivee, @Pdsonic welding, heat sealing, use of
adhesive tape, caulking, and soldering. The connecting
method is not limited thereto, and any method That ensures
electrical conductivity can be used.

The battery element 4, the outer package 1, the top
cover 2, and the bottom cover 3 will be described below.

<Battery element>

Fig. 3 is a perspective view showing an example of an
appearance of a battery element 4 according tc the first
embodiment of the present invention. As shown in Fig. 3,
the battery element 4, for example, has a rectangular or
flat shape. A strip-like positive electrode and a strip-
like negative electrcde are laminated with a polymer
electrolyte and a separator interposed therebetween, and
wound in the longitudinal direction. A positive electrode
lead 5a and a negative electrode lead 5b are respectively
led from the positive electrode and the negative electrode.

The positive electrode includes a strip-like positive

electrode current collectcr, a positive electrode active
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wound in the longitudinal direction. A positive electrode lead 5a and a
negative electrode lead 5b are respectively led from the positive electrode
and the negative electrode. The positive electrode includes a strip-like
positive electrode current collector, a positive electrode active - 11
material layer disposed on the positive electrode current collector, and a
polymer electrolyte layer disposed on the positive electrode active
material layer. The negative electrode includes a strip-like negative
electrode current collector, a ne%ative electrode active material layer

mat fishdsed dHthe hegalive elettroteTurfeht Eolléttor ANk Polyrnérent

- electrolyte layer disposed on the negative electrode active material layer.
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poséleciade jead-5b ot themegative electrodejare sespectively;connected to

the positive electrode current collector and the negative electrode current
el ecallester. Asdthe positvessledirode. laetive gwmtenal, thesnegative electrode:

active material, the polymer electrolyte, commonly used materials can be
col{86F AR thé positiveé efsctfotR: he irtflo'the tyi5e 6f the! desiréd

o:o321a A ouge B eta s o2 Spectc et be e
po1hatteryds Jabricated.a lithium compound;oxde contaiRing-as,a MaiB+ rode
active material layer. The positive electrode lead bHa of
the positive electrode and the negative electrode lead 5b of
the negative electrode are respectively connected to the
positive electrode current ccllector and the negative
electrode current collector. As the posiﬁive electrode
active material, the negative electrcde active material, the
polymer electrolyte, commonly used materials can be used.

In the positive electrode, according to the type of the
desired battery, a metal oxide, a metal sulfide, or a
specific polymer may be used as a positive electrode active
material. For example, when & lithium ilon battery is
fabricated, a lithium compound oxide containing, as a main
component, LiyMO, (wherein M represents at least one
transition metal, and ¥ varies depending on the
charge/discharge state of the battery and is usually in a
range of 0.05 to 1.10} may be used as the positive electrode

active material. As the transition metal M constituting the

lithium cempound oxide, cobalt (Co), nickel (Ni), manganese



component, LIXMO2 (wherein M represents at least one transition metal,
and X varies depending on the charge/discharge state of the battery and
is usually in a range of 0.05 to 1.10) may be used as the positive
electrode active material. As the transition metal M constituting the
lithium compound oxide, cobalt (Co), nickel (Ni), manganese - 12 (Mn), or
the like is preferable. Specific examples of the lithium compound oxide
include LiCoO2, LiNiO2, LiNiyCo, y02 (wherein0<y<1), and
LiMn204. These lithium compound oxides can generate high voltage and
(Mn provide eXéeliehkenéfyyrderisityaFarfthermore, as the positive electrode
active material, a metal sulfide or oxide which does not Cﬁnntain lithium, _

SUCRES TiS2, NMEBEPE NbBe2" of 17205 mdy Be GSEH ItHe positive * et ude
1.1 cglectrodey aplurality, of -types of positive £legirade active,materials may o,

be‘combined  for use. in the process of forming a positive electrode using
Thethe pasitive:electiagde active materal descibed above hagondudtivege and

agent, a binder, etc. may also be added. As a negative electrode active
prowmalerialza eiaterisl eapable ofdeing-dopedwith anddedopedfronie

lithium may be used. For example, a carbon material, such as a hardly

POS grapfitiZable CArBon ateriAFof & Grdptiite/ méteFial, Tay Be tsgd, o= o*tde
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pyrolytic carbons, cokes (pitch coke, needle
Vy0,, may be used. In the positive electrode, a plurality of

types of positive electreode active materials may be combined
for use. In the process of forming a positive electrode
using the positive electrode active material described above,
a conductive agent, a binder, etc. may also be added.

As a negative electrode active material, a material
capable of being doped with and dedoped from Llithium may be
used. For example, a carbon material, such as a hardly
graphitizable carbon material ¢r a graphite material, may be
used. Specific examples of the carbon material that can be
used include pyrolytic carbons, cokes (pitch coke, needle
coke, petroleum coke, etc.), graphites, vitreous carbon,
sintered crganic polymer compounds (carbonized compounds
obtained by firing a phenolic resin, a furan resin, or the
like at an appropriate temperature), carbon fibers, and
activated carbon. Furthermore, as the material capable of
being doped with and dedoped from lithium, a polymer, such

as polyacetylene or polypyrrole, or an oxide, such as Sn0,,



coke, petroleum coke, etc.), graphites, vitreous carbon, sintered organic
polymer compounds (carbonized compounds obtained by firing a
phenolic resin, a furan resin, or the like at an appropriate temperature),
carbon fibers, and activated carbon. Furthermore, as the material capable
of being doped with and dedoped from lithium, a polymer, such as
polyacetylene or polypyrrole, or an oxide, such as Sn02, - 13 may be
used. In the process of forming a negative electrode using the material
described above, a binder, etc. may also be added. The polymer

may eRetioRRE is, forexdifipler 6tited By iRcapbratihglEgelied slettslyte-cde

. Into a polymer, the eEIJgd electrolyte being formed by mixing a polymer
223 EHE) i Siadnolye Saito A &1 Slectiolyté S5t THE poljidr =-°°

pe Materal dissolves in the electrolyte solution. Examples of the polymer
material that can be used include silicon gel, acryl gel, acrylonitrile gel,

maditiegh qdotyehosphazeme pptymerrs polfethytenerpxide, palypropyleney
oxide, and composite polymers, crosslinked polymers, and modified

InCpERmiEts o thesedompouridss FUGHNE Baset: pofyniers gy alse'ise

«1}380 and examples thereof include _poly(vinylidene flyorida), ¢ eria1
¢ po%/(vmﬁldeng%onde-co- engfuoe?gpr yfgﬁéﬁ%lﬁvﬁyﬁrg&e terial,
an flugride-ge- triflugroethylene). and mixtures of these.compaynds. 1¢
polymer material disscolves in the electrolyte solution.
Examples of the peclymer material that can bes used include
silicon gel, acryl gel, acrylonitrile gel, modified
polyphosphazene polymer, polyethylene oxide, polypropylene
oxlde, and composite polymers, crosslinked polymers, and
nodified polymers of these compounds. Fluorine-based
polymers may also be used, and examples thereof include
poly(vinylidene flucride), poly({vinylidene flucride-co-
hexafluoropropylene), pely({vinylidene fluoride-co-
triflucorocethylene), and mixtures of these compounds.

The electrolyte solution component is capable of
dispersing the above-described polymer material. As an
aprotic solvent, for example, ethylene carbonate (EC),
propylene carbonate (PC}, butylene carbonate (BC), or the
like i1s used. As the electrolyte salt, an electrolyte salt
that dissolves in the solvent is used, and it includes a
combination of a cation and an anion. As the cation, an

alkall metal or an alkaline earth metal is usad. As the



The electrolyte solution component is capable of dispersing the
above-described polymer material. As an aprotic solvent, for example,
ethylene carbonate (EC), propylene carbonate (PC), butylene carbonate
(BC), or the like is used. As the electrolyte salt, an electrolyte salt that
dissolves in the solvent is used, and it includes a combination of a cation
and an anion. As the cation, an alkali metal or an alkaline earth metal is
used. As the - 14 anion, OF, Br, |, SCN, C104, BF4-, PF6 , CF3S03 or
the like is used. As the electrolyte salt, specifically, lithium

anigaxaffdorophbsphate of fithiunt-tetrafiudrdborateis -usethwith aoldble

. ., concentration in the electrolyte solutign. <Outer package>.Figs. 4A to 4C
L4 g B VBB et Lol oA B G ia 1T a SHESH of S bbter

11 - Pagkage- 1 which coyers the battery, element 4, As.shown in Figs.4Ade i

~ 4C, the outer package 1 includes a soft laminate (first laminate) la
useprovided withal hiousingpare 15 fercHausing:the-battery eternent:4, and a
hard laminate (second laminate) Ib which is overlaid on the soft laminate
solEd@as to cover the housing part 15. Furthermore, a heat-weld sheet 15a

is gis_posed on an outer surface at a position corresponding to a bottom of
the PBusing’ part 48° The housing part 15 provided on the soft

Figs. 44 to 4C are develcpment views showing an example
of a shape of an oufer package 1 which covers the battery
element 4. As shown in Figs. 4A to 4C, the outer package 1
includes a soft laminate (first laminate) la provided with a
housing part 15 for housing the battery element 4, and a
hard laminate (second laminate) 1b which is overlaid on the
soft laminate la so as to cover the housing part 15.
Furthermore, a heat-weld sheet 15a 1s disposed on an outer
surface at a position corresponding to a bettom of the
heousing part 15. The housing part 15 provided on the soft
laminate la is, for example, formed into a recessed shape
according to the shape of the battery element 4 by deep
drawing in a die in advance.

The soft laminate la 1s sultable for forming by deep
drawing the housing part 15 into which the battery element 4
is inserted and is softer than the hard laminate 1ib.

Fig. 5 is a cross-sectional view showing one structural
example of the soft laminate la ceonstituting the outer

package 1. The soft laminate la has a layered structure in



laminate la is, for example, formed into a recessed shape according to
the shape of the battery element 4 by deep drawing in a die in advance.
The soft laminate la is suitable for forming by deep drawing the housing
part 15 into which the battery element 4 is inserted and is softer than the
hard laminate Ib. Fig. 5 is a cross-sectional view showing one structural
example of the soft laminate is constituting the outer package 1. The soft
laminate la has a layered structure in - 15 which a polypropylene (PP)
_layer 16a serving as an adhesion layer, a soft aluminum metal layer 17a
WhigBnAnd as 4P EBRIUGNR layer) (metdPlhyed a4 hiylth B§efsr 2dnesion
layggIye;hysljc(ajr%et tear%hthalar%e [gPLET layer 18a rvin% as a_surface

prdtection layer are faminated in that order. The %oﬁ/\ﬁ%&%/lear?e %yer 16a

condlde-coresponds tqap-nnerside (fo bedn canis t with E@%Qﬁr%@m'nate
Ib). The polypropylene layer 16a has a function of preventing the

poldegtadation of ¢heghality of the polymerl eleetrolyte As:stheipolyprepylene
layer 16a, for example, cast polypropylene (CPP) or the like is used. The

sur fHigkne3sC bEthielpoly gropgiene (P P) ddyerabads Hor Ekampte; dbbut J0ne

o1 ke goft aluminum metal layer 17a.has a function of preyenting . 4
PO fioistore from etéring the inside of the otter *9° ~© = ner siae

(to be 1in contact with the hard laminate 1b).

The polypropylene lavyer 16a has a function of
preventing the degradation of the guelity cf the polymer
electrolyte. As the polypropvlene laver léa, for example,
cast polypropylene (CPP) or the like 1s used. The thickness
of the polypropylene (PP) layer 16a is, for example, about
30 pm.

The soft aluminum metal layer 17a has a function of
preventing melsture from entering the inside of the outer
package 1. As a material for the soft aluminum metal laver
17a, for example, annealed aluminum (JIS A8021P-0) or {JIS
ABQRT79P-0) may be used. The thickness of the soft aluminum
metal layer 17z i1s, for example, in & range of 30 to I30 upm.
The nylon laver or PET layer 18a has a function of surface
protection. The thickness of the nylon layer or PET layer
18a is, for example, in a range of about 10 to 30 um. The
soft aluminum metal laver 17a which is the conductive layer
is electrically connected by the connecting member 30, such

as a conductive tape, to the positive electrode lead Sa led



package 1. As a material for the soft aluminum metal layer 17a, for
example, annealed aluminum (JIS A8021P-0) or (JIS A8079P-0) may be
used. The thickness of the soft aluminum metal "layer 17a is, for
example, in a range of 30 to 130 m. The nylon layer or PET layer 18a has
a function of surface protection. The thickness of the nylon layer or PET
layer 18ais, for example, in a range of about 10 to 30 m. The soft
aluminum metal layer 17a which is the conductive layer is electrically

¢ connected by the cognecting member 30, such as a conductive tape, to
TOhd BSsitive efectrote 854 5ated - 16 from the battery element 4. The

harg laminae Ib,¢an, maintain the.Shape after folding and resistexternal

deformation. The hard laminate Ib has a layered structure in which a
folpolyprepylene layer servipg:aslaniadhesian layer, a hakd alminuammetad
layer serving as a conductive layer (metal layer), and a nylon layer or

1o PET myérserndaty a$ astirface protectioniayer ard tamindted irethat ver

order. The polypropylene ‘Layer and the nylon layer or PET layer of the
SeTRARPIdhTindte BHIE THE SanieVss thade b the SSoff1amiRatdds *Fhe %Rl

M R AT
laybardaluminumsmetal dayeriisfor example; 18 asapge ©f abouh30 /430 2 re
lamgkated in that order.

The polypropylene laver and the nylon layer or PET
layer of the hard laminate 1b are the same as those of the
soft laminate la. The hard aluminum metal layer 1s, for
example, composed of unannsaled aluminum (JIS A3003P-H18) or
(JIS A3004P-H18). The thickness of the hard aluminum metal
layer is, for example, in a range of about 30 to 130 um.

The thickness of the individual layers in each of the soft
laminate la and the hard laminate 1lb is set appropriately in
view of the total thickness.

The hard laminate 1b is overlaid on the soft laminate
la =0 as to cover an copen surface of the housing part 15.

In this case, as shown in Fig. 4A, the soft laminate la and
the hard laminate 1lb are shifted from each other in terms of
positional relationship. The soft laminate la has a top
long side lla and a bottom long side 12a having the same
length, and & left short side 13a and a right short side l4a

having the same length. Similarly, the hard laminate 1b has
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The thickness of the individual layers in each of the soft laminate la and
the hard laminate Ib is set appropriately in view of the total thickness. The
hard laminate Ib is overlaid on the soft laminate is so as to cover an open
surface of the housing part 15. In this case, as shown in Fig. 4A, the soft
laminate Is and the hard laminate Ib are shifted from each other in terms
of positional relationship. The soft laminate la has a top long side I1a and
a bottom long side 12a having the same length, and a 'Left short side 13a
and a right short side 14a having the same length. Similarly, the hard

& tfinihatelbsHale- 17 %ﬁloﬁg%ﬁ@aﬁﬂ%%oﬁﬂé?ﬁ Ior?gbs@é‘l:%%aw”‘rﬁg

samthelggm%lengy I%ngﬁw g't sgorttsgtd: fo g a I‘I%ht shor ]haﬁt i de

aving esame ere, ri COI’I’ESpOﬂd tO |g tan eftin

14bt%@rﬁ¥\énﬂh@%&%‘9%%@h of.tbedong-sides llpand; 12k of the, bagd, 4

laminate Ib is set such that the short sides 13b'and 14b of the hard

to laminatestbcbuttagainst each athew oritace each other with a small space
therebetween when the hard laminate Ib is folded around the housing part
15T¢6ntaidiig: the battéryelémheht'd. TRE fenyikhiofedd ofthé 16RG sitlesthe

d 123 of the soft | te | ttbhtth length of
"7 ol 1 e g St 1 And 126 of 18 hefd inGle AR for <

14beé@“gﬁésﬂggy"¥éﬁg§99gSﬁ@%ﬁﬂt:against each other or face

each other with a small space therebetween when the hard
laminate 1lb is folded around the housing part 15 containing
the battery element 4. The length of each of the long sides
1la and 12a of the soft laminate la is set fto be shorter
than the length of each of the long sides 1lb and 1Zdb of the
hard laminate 1lb and, for example, such that the short sides
12a and lda butt against szach other or face each other with
a space therebetween when the soft laminate la is folded
arcund the housing part 15 containing the battery element 4.
Here, the space between the shori sides 13a and 14a of the
soft laminate la is not necessarily small, but mav be large
to a certain degree.

The short sides 13z and 14z of the soft laminate la are
slightly shorter than the short sides 13b and 14k of the
hard laminate 1lb., Conseguently, 1t is possible to laminate
the scft laminate la and the hard laminate 1lb such that only
the hard laminate 1lb is present on the top side. In such a

case, advantagecusly, the periphery o¢f the top cover 2
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13a and 14a butt against each other or face each other with a space
therebetween when the soft laminate Is is folded around the housing part
15 containing the battery element 4. Here, the space between the short
sides 13a and l4a of the soft laminate Is is not necessarily small, but may
be large to a certain degree. The short sides 13a and 14a of the soft
laminate la are slightly shorter than the short sides 13b and 14b of the
hard laminate Ib. Consequently, it is possible to laminate the soft laminate
la and the hard laminate Ib such that only the hard laminate Ib is present
progadis topisides Iraschia case, abvaritagesushy thepefiphegadithie tged
cover 2 - 18 provided on the cipenin on the top side can be heat-welded

AT Rith e BOlyHrOPYIENS Tiyet B the Rard 1afinzte tb. - RlirthéMore the
rurffitesion layerf theauligminals o may bearrangedisgasioe s, nay

exposed at the bottom side so that the periphery of the bottom cover 3

be provideg-on the aperingren gbettem side-ean be heakwelded with the «
polypropylene layer of the hard laminate Ib. Figs. 6A to 6C are views
theghswihgoneystadctiifecofce Yalsel 41oc0veriagthie sidade ofthehsutepening
ackage 1. The label 41 is a marker sheet, for example, used in order to

on GBIy R tighrt, Bt L frbre SheCIRCall: THforRBLGR DR EOPY 1ene
1 ayhandling, standards for safety etey,on the

Figs. GA to 6C are views showing one structure of a
label 41 covering the surface of the outer package 1. The
label 41 is a marker sheet, for example, used in order to
display characters, figures, etc., more specifically,
information on handling, standa:ds for safety, etc. on the
surface of the outer package 1. As shown in Fig. 6C, the
label 41 includes a film=-shaped or sheet-shaped substrate
52; an ink adhesive lavyer 53, an ink laver 54, and a UV
coating layer 55 laminated in that order on one principal
surface of the substrate 52; and an adhesive layer 51
laminated on another principal surface. As the substrate 52,
for example, a PET substrate containing polyethylene
terephthalate (PET) as a main component may be used,
although not particularly limited thereto. The substrate 52
may be selected appropriately depending on the
characteristics of the desired label 41. The label 41 is
ponded through the adhesive layer 51 to the outer package 1.

Hereinafter, a label 41 including a substrate 52 composed of
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surface of the outer package 1. As shown in Fig. 6C, the label 41 includes
a film-shaped or sheet-shaped substrate 52; an ink adhesive layer 53, an
ink layer 54, and a UV coating layer 55 laminated in that order on one
principal surface of the substrate 52; and an adhesive layer 51 laminated
on another principal surface. As the substrate 52, for example, a PET
substrate containing polyethylene terephthalate (PET) as a main
component may be used, although not particularly limited thereto. The
substrate 52 may be selected appropriately depending on the

a PeRarichstisties of e dedifdd abel#1.2FhellabBF41 i Bdhded through the
adhesive layer.51 to.the auter package, 1. Hereinafter, a.label 41
GG & Sutdhate 82 cbipoLberof T ‘& PET substthie € Vefefred to

pacQé@SPFTHQQQQpééé@PMEHQJEQié“ﬂNB%%QE%QE%¥§”E@%€U§¥atic
package 1 is exposed, there is a possibility that static electricity due to

e 1 e ESD may-flaavthraugh e exposedportian dntg-thercircaithoasd obthe: 1 on
electronic device disposed in the vicinity of the battery pack housing part.

intyhékeforel MAthE batesfpadk adcoraing o e first @fibodiméasrosed in
preferably, as shown ir&Fi . 7B, the entire surface of the outer ack% el

the is'doverad with thé tabeél & tseoréﬁa? ﬁw%k rﬁ&‘élseiﬂ%epoeﬁffgr'pac %Eel 5ot
in £%R0sed: Therehy, ihis possible to furthensuppress.a malfupetion,failure,

etc. of

preferably, as shown in Fig. 7B, the entire surface of the
outer package 1 1s covered with the label 41 so that the
metal of the outer package 1 is not exposed. Thereby, 1t is
possikle to further suppress a malfunction, fallure, etc. of
the electronic device due to EESD.

<Top cover>

The top cover 2 is fitted into the top copening of the
outer package 1 to close the top opening. The Top cover 2
includes a top cover body 21, a circult board 22, a relay
tab 23, a fuse 24, a positive electrode tab 25, a negative
glectrode tab 26, and & holder 27. The top cover 2 has a
housing part on the surface thersof facing the battery
element 4. The housing part houses the circuit board 22,
the relay tab 23, the fuse 24, the positive electrode tab 25,
and the negative electrode tab 26. These components are
held in the top cover body 21 when the holder 27 is fitted
into the top cover body 21. Furthermore, an insulating taps

28 and an insulating tape 29 may be disposed between the top
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the electronic device due to ESD. <Top cover> The top cover 2 is fitted
into the top opening of the outer package 1 to close the top opening. The
top cover 2 includes a top cover body 21, a circuit board 22, a relay tab
23, a fuse 24, a positive electrode tab 25, a negative electrode tab 26,
and a holder 27. The top cover 2 has a housing part on the surface
thereof facing the battery element 4. The housing part houses the circuit
board 22, the relay tab 23, the fuse 24, the positive electrode tab 25, and
the negative electrode tab 26. These components are held in the top
Covedver Body ZIwhek tRe hofdef27ss fitted into the top cover body 21.

F lati t ting t 29 b
CHeABecH DEMGER 10 TP - IO coTgh2 SR IS ot packagd 1 ThE"

eleﬂ%%”éV% electrodelead 23 '%%FQB’%W%@@%E}S Llement 443 copnected ., o5

through the positive electrode tab 25 to the circuit board 22. The negative
to elestrode dead Shded-dran the batieryelement4 4s eennecied thradghithe ed
negative electrode tab 26, the fuse 24, and the relay tab 23 to the circuit
£ romoérlaezzb@at*@ﬁﬁ@ctﬁiﬁwémt éorﬁ&mﬁ@@@é‘rﬁﬁ@ra%éo}éﬂﬁe@ﬂtm Pega tive

eleg:g%n?g%n% su%)tl%: ;Tgt 23“ ago%lve temp %tugee oefflcggt& to the
circuit board 22.

A protection clrculit containing a temperature
protection element, such as a fuse 24, a positive
Temperature cogfficient (PTC) element, or a thermistor, and
an ID resistor for identifying the battery pack are mounted
on the circuit board 22. The protection circuit is provided
with an integrated circuilt (IC) for monitoring the secondary
battery and controlling field effect transistors (FETs), and
charge/discharge contrel FETs.

The PTC element 18 connected in series Lo the battery
element 4. The electric resistance of the PTC element
sharply increases when the Temperature of the bhatftery
element 4 becomes higher than the preset temperature, and
thereby, current flowing into the battery element 4 is
substantially interrupted. The fuse 24 or the thermistor is
alsc connected in series to the battery element 4. When the
temperature of the hattery element 4 becomes higher than the
preset temperature, current flowing Iinto the battery element

4 is interrupted. The protection circuit, which includes
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an ID resistor for identifying the battery pack are mounted on the circuit
board 22. The protection circuit is provided with an integrated circuit (IC)
for monitoring the secondary battery and controlling field effect transistors
(FETs), and charge/discharge control FETs. The PTC element is
connected in series to the battery element 4. The electric resistance of
the PTC element sharply increases when the temperature of the battery
element 4 becomes higher than the preset temperature, and thereby,

_current flowing into the battery element 4 is_substantially interrupted. The
thefyde 24 6r e thermistdr is &lso tohhédted ifEahiés fo e batiaryr oL 11ing

_element 4. When the temperature of the battery ent 4 becomes
S iRl he FISGEk (Gge A cuent fowi > (18 batly “"°

volelement=44s intesrupted, The pratection cireuit, whieh-includes - 21 the IC
for monitoring the battery element 4 and controlling the FETs, and

posshargeldischarge conttehEETs monitarssthe svaltagesofithe batteneration
element 4 since there is a possibility that a dangerous state, such as heat

andgéférafibATand ighitiot: Wray: dedraf t%%ft@ﬁfﬁﬁ\‘lgl V6ltdoa6t the battery

lement .4 exceeds, for example, 4.3 to 4.4 V. The ,protection cjrcuit turns
22 S e chisibe Lontrol EET Whén The VORAgS EXtedds for exdmplb; 4.3 &7

rof&Yithysdnhibiting charging, #-theterminalvoltage of the batteryher the
element 4

voltage exceeds, for example, 4.3 to 4.4 V, thus inhibiting
charging. If the terminal voltage of the battery element 4
is decreased t¢ the discharge prohibition voltage or less
due to over-discharging and the secondary battery voltage
becomes 0 V, an internal short-circuit state of the battery
element 4 may be brought about, resulting in incapablility of
recharging. Therefore, the protection cilrcult monitors the
gecondary battery voltage and Turns off the discharge
control FET when the voltage becomes lower than the
discharge prohibition voltage, thus inhibiting discharging.

<Bottom cover>

The bottom cover 3 closes the opening on the bottom
side of the cuter package 1. The bottom cover 3 includes a
bottom cover body 31 and a bottom plate 22. The botiom
plate 32 1s disposed between the bottom cover body 31 and
the battery element 4. The bottom cover body 31 is provided
with one or two or more through-holes used for injection of

a molten resin between the bottom cover 3 and the bhattery
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is decreased to the discharge prohibition voltage or less due to
over-discharging and the secondary battery voltage becomes 0V, an
internal short-circuit state of the battery element 4 may be brought about,
resulting in incapability of recharging. Therefore, the protection circuit
monitors the secondary battery voltage and turns off the discharge
control FET when the voltage becomes lower than the discharge
prohibition voltage, thus inhibiting discharging. <Bottom cover> The
bottom cover 3 closes the opening on the bottom side of the outer
eleB58kage 1. The bottom cover 3 includes a bottom cover body 31 and a

b I . Th late 32 is.disposed b he b
o i 52 Tne Eoton, pele S dpoged epen e botor

cover eleme & bottéin cover body 31 is

prayided -with eng pr fwe oF morethrough-holes used forinjection of..a.

molten resin between the bottom cover 3 and the battery - 22 element.
acc(l=2) Methad ohfabficating batteryipackrAn Exampleaka methddobnt ion

fabricating a battery pack according to the first embodiment of the present
wilihveftie a5l Becdeditibed below. <Battery element formation step> First,

g )p%e(?%sétj%\)/ﬁ epe%eﬁ::t@;%%% géqégtﬂe?;&%t%/leoenle%tg%%ej each having gel electrolyte

First, a positive electrode and a negative electrode,
each having gel electrolyte layers on both surfaces thereof,
and separators are prepared. The negative electrode, the
separator, the positive electrcde, and the separator are
laminated in that order, and the resulting laminate is
folded around a flat core plate and wound many times in the
longitudinal direction. 2 winding-type battery element 4 is
thereby formed.

<Outer package covering step>

Next, a housing part 15 for housing the battery slement
4 1s formed in a soft laminate la by deep drawing in advance.
In this process, as shown in Fig. 4A, the housing part 15 of
the soft laminate la is formed, for example, at & position
slightly shifted from the center toward the right side.
Then, the battery element 4 is placed in the housing part 15
formed in the soft laminate la.

Next, as shown in Fig. 4A, the hard laminate 1lb is
laminated on the soft laminate la at a position sglightly

shifted from the center toward the right side. Accordingly,
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and separators are prepared. The negative electrode, the separator, the
positive electrode, and the separator are laminated in that order, and the
resulting laminate is folded around a flat core plate and wound many
times in the longitudinal direction. A winding-type battery element 4 is
thereby formed. <Outer package covering step> Next, a housing part 15
for housing the battery element 4 is formed in a soft laminate Is by deep
drawing in advance. In this process, as shown in Fig. 4A, the housing part

~ 15 of the soft laminate Is is formed, for example, at a position slightly

1N Shfted R the clhtet fowardl thefright 3ite? Then L thettery @ldtaént 4
is placed.in the hqusin rt 15 formed in the soft laminate la..Next, as

Lam RS 1 Fig P A Pan et 116" Lathinated on e SRTAmALE °

1efia ataposition slighthe shifted fromytbe cepter taward.the right sidey ;- ateq
Accordingly, - 23 in the state in which the soft laminate Is and the hard

andlaminatenth aredamiratednasiskawn dam Fig. 4he there aré anleftside Tegion
where only the soft laminate Is is located and a right side region where

LocphRthe hatd Iaifithate: Ibfis T ot ey, Therehsor forkeeh & shift 1 poSition

as ti:\rsi?f[lt’bas ll.be ¢ e%%{”i%qc'a%e“ a%%éi»he ‘fq%dse‘?fégeégﬂtl%“‘é‘%tﬁeés-
4hd the hard iantinate b are folted toward the

laminate la and the hard laminate 1b are folded toward the
outside of the bhottom of the housing part 15 of the soft
laminate la, the polypropylene layer of the soft laminate la
and the polypropylene layer of the hard laminate 1b can be
bonded to each other at a certain width.

Next, in the positional state shown in Fig. 4A, four
sides of the housing part 15 in the periphery of the opening
are heat-welded under reduced pressure. In this case, the
entire portion where the polypropylens layers overlie each
other may be heat-welded. By heat-welding the periphery of
the housing part 15 in such & manner, the battery slement 4
is sealed.

Next, as shown in Fig. 4A, a heat-weld sheet 15a having
a predetermined shape 1s provided on the ocutside of the
bottom of the housing part 15. The heat-weld sheet 15a is
an auxliliary member for bonding together the nylon layers or
PET lavers of the softAlaminate la by applying high
Temperature. Preferably, the thickness of the heat-weld

sheet 15a is about 10 to 60 um in view of the total
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outside of the bottom of the housing part 15 of the soft laminate 1a, the
polypropylene layer of the soft laminate Is and the polypropylene layer of
the hard laminate Ib can be bonded to each other at a certain width. Next,
in the positional state shown in Fig. 4A, four sides of the housing part 15
in the periphery of the opening are heat-welded under reduced pressure.
In this case, the entire portion where the polypropylene layers overlie
each other may be heat-welded. By heat-welding the periphery of the

_housing part 15 in such a manner, the battery element 4 is sealed. Next,
thiggndipivn iy A&, BReALWEIPSHEEt 158 Having fpredeteiminget 152

shape is provided on the outside of the bottom of the housing part 15, -
> hE Roat el Shoet 1o . & dibliasy heniBér fof Bonding thgether e °°

the MYlORJayRrsOr REJHayers of the soff jaminate, la by, applying RigR a1 1+

temperature. Preferably, the thickness of the heat-weld sheet 15a is
af fabout1@ tar60 e inyvielafthe tdtal 24 thickness, and the melting point of
the heat-weld sheet 15a is about 100C. It is desirable to set the melting

paiti*of - thesheatveld sheéitha fo aValue thatdoes neethermally Efege it
1am§_r£e ?%tt(ir element 4. Next, a sh_own in Fig. 8, bot%e\%%sagf each of th

Soft Iamlf%/ataenlg a %ﬁhg%ﬁ?d ?a%ﬁ%?et% e}n% foitied 1ward theWare the
cutside of the bottom ¢f the housing part 15 of the s=oft
laminate la. That is, the short sides 13a and 1l4a and the
short sides 13b and 14b are folded inward. The ends of each
of the soft laminate la and the hard laminate 1b are heat-
welded, and the soft laminate la is heat-welded to the
outside of the bottom ¢f the housing part 15. Thereby, the
soft laminate la and the hard laminate 1b are fixed in a
clesed state so as to wrap the housing part 15 containing
the battery element 4. That is, a top opening and a bottom
cpening are formed.

As shown in Fig. 9, in the state in which the battery
element 4 is wrapped, the shorts sides 13b and 14b of the
hard laminate 1b are in contact with each other or face sach
other with a small space therebetween to form a joint L1.

In the inner side of the hard laminate 1b, the short sides
13a and 1l4a are in contact with each other or face sach
other with a small space therebetween to form a Jjoint L2.

In Fig. 9, reference symbol 16b represents the polypropylene

layver of the hard laminate 1b, reference symbol 17b
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outside of the bottom of the housing part 15 of the soft laminate la. That
is, the short sides 13a and 14a and the short sides 13b and 14b are
folded inward. The ends of each of the soft laminate la and the hard
‘Laminate Ib are heat- welded, and the soft laminate la is heat-welded to
the outside of the bottom of the housing part 15. Thereby, the soft
laminate la and the hard laminate Ib are fixed in a closed state so as to
wrap the housing part 15 containing the battery element 4. That is, a top

opening and a bottom opening are formed. As shown in Fig. 9, in the
TePERRE T WhicH thectattety Blemeht A9 frapFatt the 3R6rS SRIeEBHrand e

14 he hard laminate |h are in.contact with eac er or face each .
= o T h AT 0l s e

exafbihe hardJaminate '%i@@§h9§<_§i%‘?§i 1Baand-14a are.ipgontactwith- = 1a
each other or face each other with a small space therebetween to form a

arejaint 2 indig. 9y ireferencensyrbelrlGlxrrepresents the polypropyigrie a
layer of the hard laminate Ib, reference symbol 17b - 25 represents the

sma harcFR/FTnGREHBES iRt land theweTérencé hsynibél ABbrepresehts thed

14a"MpPIRYerOn PET laer, In this_ example the shart sides 13a and 14aof,
the soft laminate [a~ are in corntact with each other or face each othef wi

havansmall spacg thergbaiween, Hawever. the short sides 13a and

As shown in Fig. 9, the nylon layer or PET layver 18a of
the soft laminate la 1s located in contact with the upper
side of the heat-weld sheet 15a. Consequently, the nylon
layers or PET layers 18a sandwich the heat-weld sheet 15a,
and by applving heat from outside, the nylon layers or PET
lavers 18a can be bonded to each other. Furthermore, since
the polypropylene laver 1l6a of the soft laminate la and the
polypropylene layver 16b of the hard laminate 1b are in
contact with each other, by applyving heat from outside, tThe
nolypropylense lavers 16a and 16k can be bonded to each other.

<Cover fitting step>

Next, the positive electrode lead 5a, the negative
electrode lead bbb, etc. are connected to the circuit board
22, etc., for example, by resistance welding or ultrasonic
welding, and the individual components of the Top cover 2
are assembled. Thereby, the top cover 2 is obtained. Next,
as shown in Fig. 10A, one end of a conductive tape 30z is

connected to the positive electrode lead 5a led from the
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14a of the soft laminate la may face each other with a space having a

certain width therebetween. As shown in Fig. 9, the nylon layer or PET

layer 18a of the soft laminate la is located in contact with the upper side

of the heat-weld sheet 15a. Consequently, the nylon layers or PET layers

18a sandwich the heat-weld sheet 15a, and by applying heat from

outside, the nylon layers or PET layers 18a can be bonded to each other.

Furthermore, since the polypropylene layer 16a of the soft laminate 1a

and the polypropylene layer 16b of the hard laminate Ib are in contact
bathifthiedehcdther: by-appiVing heak frshPoGtside, the polypropERe igers ™
of %Q% and 16b ¢an be bondet%(}(gl each oiréer. <Cqver fittin %tgg>sNuerx%,atgg of

pOSItI\C;g% euc%rold%%ega%%, e néLgSati[\)/e Ce:%%trgae nglaed , etc. are

the COBRLCIB {0 the cirgithoards 22,16y farexample; by resistange welding

or ultrasonic welding, and the individual components of the top cover 2
appareassembledf Thereby, thestopacoier. 24s ebtaiethdNextzas showmin the

Fig. 10A, one end of a conductive tape 30a is connected to the positive
negglettidde 16&d 5a%6d Hdrtithe™ 26 HatteRP e RATEHE 42 Thenfas sR6wAH©
oneF 8,408, gheer s g e orshetis oe Jou splaendon s epst
in felding the positive electrodelead Saaandbesyter package 1 is
closed by the top cover 2, and the other end of the
conductive tape 30a is held between the top cover 2 and the
hard laminate 1b. When the top cover 2 is fitted into the
top opening of the outer package 1, insulating tapes 28 and
2% may be placed between the top cover 2 and the outer
package 1. Next, the individual compecnents of the bottom
cover 3 are assembled to form the bottom cover 3. The
bottom cover 3 is fitted into the bottom copening of the
outer package 1.

<Heat-welding step>

" Next, heat welding is performed while using jigs to
hold the overall length. That is, heater blocks composed of
a metal, such as copper, are pressed against the upper and
lower sides of the vicinity of the top end of the outer
package 1, and the periphery of the top cover Z and the
polypropylene layver inside the hard laminate 1lb are heat-

welded. Thereby, the polypropyvlens layer 1s melted and the

other end of the conductive tape 30a held between the upper
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negative electrode lead 5b, the top cover 2 is fitted into the top opening of
the outer package 1. Thereby, as shown in Fig. 10D, the top opening of
the outer package 1 is closed by the top cover 2, and the other end of the
conductive tape 30a is held between the top cover 2 and the hard
laminate Ib. When the top cover 2 is fitted into the top opening of the
outer package 1, insulating tapes 28 and 29 may be placed between the
top cover 2 and the outer package 1. Next, the individual components of

the bottom cover 3 are assembled to form the bottom cover 3. The
Surpaf6mrovers i§ fikedtdthe LRROMFoferiiHg BF the* ofitétpackade 1.

<Heat-welding step> Next, heat welding is performed while using igs to
Lo R D e S

51m@3 £OPRer, aLe pressed-againstihe ypp &@%é8W§5§'Q§§@f the viginiy of
the top end of the outer package 1, and the periphery of the top cover 2

andandtle polyjrepylénetayeringide the hard:lamihatetbrare héat: fivelded.
Thereby, the polypropylene layer is melted and the other end of the

cutggndirctive ¥8pe 30aHe' & betviehltheUppeP £ 2% sukade 6Fthetsp Eovernd

cneZ e e peclone s, st someed o e e g,
heat-welded.

<Resin injection step>

A molten resin is injected, through the through-holes,
between the battery element 4 and the bottom cover 3,
followed by solidification. Thereby, the bottom cover 3 is
bonded to the end face ¢f the battery element 4. The resin
to be injected is not particularly limited as long as it has
a low viscosity during injection. Examples of the resin
that can be used include polyamide~based hot melt,
polyolefin-based hot melt, nvlon, PP, PC, and ABS3.

Furthermecre, a molten resin may be injected between the
top cover 2 and the battery element 4. In such & case, one
or two or more through-holes are provided on the top cover 2,
and the molten resin is injected through the through-holes.

By performing the steps described above, the battery
pack according to the first embodiment of the present
invention 1s fabricated.

Fig. 11 shows a flow of static electricity when ESD

occurs. Fig. 12 1is an equivalent circult diagram showing a
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and lower sides of the vicinity of the bottom end of the outer package 1,
and the periphery of the bottom cover 3 and the polypropylene layer
inside the hard laminate Ib may be heat-welded. <Resin injection step> A
molten resin is injected, through the through-holes, between the battery
element 4 and the bottom cover 3, followed by solidification. Thereby, the
bottom cover 3 is bonded to the end face of the battery element 4. The
resin to be injected is not particularly limited as long as it has a low

viscosity during injection, Examples of the resin that can be used include
£ lopoRaniidé-based Hot riclt polyolefii-based REErER; nylonCPPS PC &Y

ABS. Furthermore, a molten resin may be injected bt[tween the top cover
5505 G he etiery Glement 11 Such a cass! ORé ‘or o or nofe 2 - ° 1

as QH@%&Q”P@'%%@" e F&@W@'@E‘P%@%@Q&QYE%%’_@Q%Qre. molten resjn is
injected through the through-holes. By performing the steps described

abenerthetzattesy cpackiaceording 1o the fitst embodimentofdhe presentset
invention is fabricated. Fig. 11 shows a flow of static electricity when ESD
Lo peddrs2Figr 1244 BR eqvivaléntcircuit didgrary sHowing @ ©28cigwoity
entstatic ele(‘é[ricit when ESD occurs. A_case where. ESD occurs ang static_,
Sleciicity ShEr1RE Quter atkabe . 0"= 1 The endrgiag direction

of the bhattery element 4. Therefore, static electricity is
assumed to be attenuated through the battery element 4.
Consequently, the influence on the casing containing the
battery pack is decreased by an amount eguivalent to the
amount of static electricity charged to (absorbed by) the
battery element 4. Part of static electricity may flow into
GND of the casing. In such a case, the part is separated
from the remaining part of static electricity that enters
the battery element 4, and therefore, the influence on the
casing containing the battery pack is decreased.

A substance is composed of atoms or molecules, and a
molecule 1is ccomposed of one or a plurality of atoms. An
atom has a structure in which electrically negative
electrons surround the nucleus (positive protons}. Cuter-
shell electrons are in a state being easily detached. A
substance which easily releases outer-shell electrons is a
substance that i1s easily positively charged, and a substance
which easily attracts electrons into the outer shell is a

substance that is easily negatively charged. In terms of
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as shown in Fig. 11 will be described below. When the conductive layer of
the outer package | is set to have a positive electric potential, static
electricity entering the outer package 1 flows in the charging direction of
the battery element 4. Therefore, static electricity is assumed to be
attenuated through the battery element 4. Consequently, the influence on
the casing containing the battery pack is decreased by an amount
equivalent to the amount of static electricity charged to (absorbed by) the
battery element 4. Part of static electricity may flow into GND of the
flogasingeestichia® tase, the paft is Separated Troinikhe rémaimisgpat bhy
static electricity that enters _the battery element 4, and therefore, the

PO it ERed oﬁqﬁg IEASIRG Corttamify e Battéty pack 16 detfease _ hgretore,
the SUistApCE &%%99$%9E%F0%8%@9'%g'%éngsa maleguleds 1.,

composed of one ora plurality of atoms. An atom has a structure in which
de s elegically saregative electrons surround the nucleus (positive protons).
Outer- shell electrons are in a state being easily detached. A substance
wHigts easiyreldasesivutdrisisdll eloptronsisa substdieenthatis@asily
positively charged, and a substance which easily attracts electrons into

InvEe-dGter shefi s %ﬁs&%ﬁ%gﬁse&a%w ﬁ@ﬁﬁtidﬁ?@hé@e‘a? InFt&fms
patPE149 flaw of elegtricity, there is no difference betweenbeing .. o

package 1 are electrically connected to each other, the
outer package 1 can be set to have a positive electric
potential., When the cuter package 1 is set to have a
positive electric potential instead of being neutral, static
electricity flowing into the battery pack flows in the
charging direction of the battery element 4. Therefore,
static electricity is assumed to be attenuated through the
battery element 4. Conseguently, it i1s possible to prevent
static electricity from flowing into the circuit board of
the electronic device disposed in the vicinity of the
battery pack housing part in an amount equivalent tc the
amount of static electricity charged to (absorbed by) the
battery element 4.

Furthermore, when the positive electrode lead ba of the
battery element 4 and the conductive layer c¢f the cuter
prackage 1 are electrically connected to each cther, ESD
tolerance can be further improved compared with the case

where the negative electrode lead 5b cf the battery element
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positively charged and being negatively charged. Therefore, the charge
polarity with respect to ESD is not particularly described here. According
to the first embodiment of the present invention, since the positive
electrode lead 5a of the battery element 4 and the conductive layer of the
outer package 1 are electrically connected to each other, the outer
package 1 can be set to have a positive electric potential. When the outer
package 1 is set to have a positive electric potential instead of being

neutral, static electricity flowing into the battery pack flows in the
4 2pHardify BRECHSH G the bhteky elentéiit £ Thefefors kstafic elettfcity is

a sumei to be attenugtecg_tpéo%%%ghe t[_:%sletatery e_l&rpent 4thcongclluer% é|t

1 : ; .
©C% f):osf:s?b %Efo %Cr)él\]/ﬁeen(f Static 8lec nmty%rom?lowmg it the Gircuit Board of

di £ e-electronic deyice.disposed in thewiciniy,ofthe, battery-pack Rousing 1.
part in an amount equivalent to the amount of static electricity charged to

ESD (alasorbed by xthe=battenselement 4. Furthermore, when the positive
electrode lead 5a of the battery element 4 and the conductive layer of the
outer” paBKAGE ¢ aré elethridaly Tonheciet td/eath Gthars ESD iskerance

can be further improved compared with the case where the negative
o LGB0 1650 S8 of 150 BAlry GEment g Te C che BECESYS pack.

Consequently, ESD tolerance can be improved without changing
the design of the casing of an slectronic device, such as a

mobile phone. That is, measures against static slectricity

can be implemented regardless of the structure of the casing
0of the electronic device.

Furthermore, since the outer package 1 is charged,
instead of being neutral, static electricity is not
discharged to (diffused inteo) the circuit board of the
electronic device. It is also possible to prevent static
electricity, which is discharged through the copenings of the
casing of the electronic device, from causing functional
failure, etc. in the electronic device through the battery
pack. Furthermcre, by decreasing the contact resistance
between the metal laver of the outer package 1 and the
positive electrode terminal Za cr the negative electrode
terminal 2Zb of the battery pack, preferably, to 1 MQ or less,
static electricity diffusion can be suppressed.
Consequently, ESD tolerance can be improved regardless of

the structure of the casing ¢f the electronlic device.
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4 and the conductive layer of the outer package 1 are electrically
connected to each other. In particular, the difference in the effect is
noticeable in a region where the ESD voltage exceeds 15 kV.
Furthermore, it is possible to improve ESD tolerance only by slightly
changing the structure of the battery pack. Consequently, ESD tolerance
can be improved without changing the design of the casing of an
electronic device, such as a mobile phone. That is, measures against
static electricity can be implemented regardless of the structure of the

casing of i eletORIE devite. Furthermore, since the outer package 1 is

charged, . instead of being neytral, static electricity is not _discharged fo. .
(di used into) the circuit ooar§ o%?he eléctronic aé*vi%g. I?%la o po%sib?e ©

prelo:prevent staticoelegricity whieh dg discharged threugh; the-opsnings ek n+
the casing of the electronic device, from causing functional failure, etc. in

in tHexélettronicadsvicerthreughcthedoattery apacke Fofthemoies byery
decreasing the contact resistance between the metal layer of the outer

elepatitade f%@ld%@ POSHEEIEEff0dé Y& miRAl 2d'6r thetfdgative<age 1
-reSlogliode terminal 20,ofhe battery pack, pieferably. 9 1MO orless, .

static ele \'4 usion can be suppressed. consequently,
restolerance canhe impraved regardless-of thestiustine of the casing of the:

electronic device.
the battery pack and the metal layer of the outer package 1
is set at 500 Q or less. Thereby, ESD tolerance can be
further improved.

Figs. 13A to 13D show an example of joining of a
negative electrode lead 5b of a battery element 4 and a hard
a2luminum metal layer (metal layer) of an outer package 1.
First, as shown in Fig. 13A, one end of a conductive tape
30a 1s connected to the negative electrode lead 5b led from
the bhattery element 4., Next, as shown in Fig. 13B, another
end of the conductive tape 30z is placed on the upper
surface of the top cover 2. Next, as shown in Fig. 13C,
while appropriately folding the positive electrode lead La
and the negative electrode lead 5b, the top cover 2 is
fitted intec the top copening of the outer package 1. Theresbhy,
as shown in Fig. 13D, the top opening of the outer package 1
is closed by the top cover Z, and the other end of the
conductive tape 30a is held betwsen the top cover 2 and the

hard laminate 1b.
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- 31 (2) Second embodiment A battery pack according to a second
embodiment of the present invention differs from that of the first
embodiment in that the negative electrode lead 5b of the battery element
4 and the conductive layer of the outer package 1 are electrically
connected to each other. Preferably, the resistance R between the
negative electrode terminal 2b of the battery pack and the metal layer of
the outer package 1 is set at 500 O or less. Thereby, ESD tolerance can
be further improved. Figs. 13A to 13D show an example of joining of a

nelative eléttrodsiead B8 of 2 Battery Bléifleitt s afid aidid dltFindh
hol%‘%i%'éa}é%re(rm tal 'f‘X%d%fﬁ an %%ﬁépa%kagﬁe!' tF'rSt’k%ifﬁféeoﬁ"g% NE0:eq o

& . 1 a I
one end of a con ve tape 30a1$ connected gative

a melegtrode lead 38 led from- the, battery.element 4. Next; asshownin Fig g
13B, another end of the conductive tape 30a is placed on the upper
lowsurfadelektheftoplcover 2 iNéxty as Shown indyig sI3C oWwhilee cuter

appropriately folding the positive electrode lead 5a and the negative

PacgrEfiode IGAF Shlthe®pgOVEF 2 i€ fittdd nté e 1651y 6pering of tHe Guter
oo JEBISHL Tl s S0OND 10,1 helon gbening ote pu.
wele@Rductiyg dape 30a4s, beld hetween hedap eauer2 aRd fie teq and the
other end of the conductive tape 30a held between the upper
surface of the top cover Z and the outer package 1 is
electrically connected to the hard aluminum metal laver.
Fig. 14 is an egquivalent circuit diagram showing a flow
of static electricity when ESD occurs. When the gonductive
layer of the outer package 1 i1s set to have a negative
electric potential, static electricity entering the outer
package 1 flows in the discharging direction of the battery
glement 4. Therefore, static slectricity is believed to be
reflected without passing through the battery element 4.
Consequently, the influence on the casing containing the
battery pack is large. However, in this method, 1f the
electric potential on the casing side 1s set to be a
negative potential without a gap (space) between the
conductive layer of the ocuter package 1 and the casing of
the body, discharging occurs between the outer package 1 and
ESD of the casing of the body, which is effective as the

neasure.
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hard laminate Ib. - 32 Next, heat welding is performed while using jigs to
hold the overall length. That is, heater blocks composed of a metal, such
as copper, are pressed against the upper and lower sides of the vicinity of
the top end of the outer package 1, and the periphery of the top cover 2
and the polypropylene layer inside the hard laminate Ib are heat- welded.
Thereby, the polypropylene layer is melted and the other end of the
conductive tape 30a held between the upper surface of the top cover 2
and the outer package lis electricag# connected to the hard aluminum

métariayer g tf4 is'n 86GvaRRNEERASLHIggfarh Showig 4 fIeH! bf

1 v 2R0E glectricity when ESD oceurs, Wi ee”c‘@eoc%‘d?%%‘é?.%%ye%! ofthe
outer package 1s setto have a negative electric potential, static

bateleelficity anderng the euter, Hackage d-floyes indhe discharging gdiregtion
of the battery element 4. Therefore, static electricity is believed to be

pacreflpeted withowt passing-thrdyghcthekattery etemenrtoh Cohsequeritly,
the influence on the casing containing the battery pack is large. However,

OUL REhRSRERTR, I thdnefegtritSPotéftial Drfthe casiy side iseett6 bea

o[RS ORI YO S0 Lpseiieyeen g el ayer o
neghetveendhequter-package and scatic electricity due to ESD
flows 1in the discharging direction of the battery element 4,
Therefore, static electricity is assumed to flow into the
negative electrode terminal of the electronic device without
passing through the battery element 4. Consequently, 1t is
possible to prevent static electricity from flowing into the
circuit board of the electronic device disposed in the
vicinity of the battery pack housing part.

(3) Third embodiment

Fig. 1% is an exploded perspective view showing one
structural example of a battery pack according to a third
embodiment c¢f the present invention. As shown in Fig. 15,
the battery pack differs from that of the first embodiment
in that a metal label 61 is used as the label.

The metal label 61 is & marker sheet, for example, used
in order to display characters, figures, etc., more
specifically, information on handling, standards for safety,
etc. on the surface of the outer package I and in order to

improve the cuter package strength of the battery pack. The

- 24 -~



ESD of the casing of the body, which is effective as the measure. - 33
According to the second embodiment of the present invention, since the
negative electrode lead 5b of the battery element 4 and the conductive
layer of the outer package 1 are electrically connected to each other, the
outer package 1 can be set to have a negative electric potential. When
the outer package 1 is set to have a negative electric potential, static
electricity due to ESD flows in the discharging direction of the battery
element 4. Therefore, static electricity is assumed to flow into the
metRégdtirtdlebtfodd fermilfial of the BfstlroRicdévice ithoGe passingny &
through the battery element 4. Consequently, it is possible to prevent
et% ati%%eléactﬁ&%ynfrgr%n%%%a ILfn'to t%é: eg#%ﬂlat%lo\éfd g?ﬁwemgl%%ﬁ’gﬁig vice

st rdispesed in the. viginity,ofthe battery packhousing pad(3)Jdirde chans cal

embodiment Fig. 15 is an exploded perspective view showing one

st rstygetural €xahple of a batieokpaek accordingita@ thirdnembodiment=af the
the present invention. As shown in Fig. 15, the battery pack differs from

me Chgt-of e first BRfbdiMént if il agtdPRiber6Y i9aséd a5théfabel.

impJ5 etel el GLis 2 matker sheet,for examele, yeed. I 108 W co
the outside c¢f the outer package 1. The size of the metal
label 61 is not particularly limited. Although the metal
iabel 61 may be smaller than the outer package 1, the metal
label 61 preferably has substantially the same size as the
outer package 1 from the standpoint of improving the outer
package strength of the battery pack.

Figs. 16A to 16C show a first structural example of the
metal label. As shown in Fig. 16C, a metal label 61
includes a film~shaped or sheet-shaped metal substrate 72;
an adhesive layer 73, a resin substrate 74, an ink laver 75,
and a UV coating layer 76 laminated in that order on one
principal surface of the metal substrate 72; and an adhesive
layer 71 laminated on another principal surface. 2As the
metal substrate 72, an SUS substrate containing SUS as a
main component is preferably used, although not particularly
limited thereto. The metal substrate 72 may be selected
appropriately depending on the characteristics of the

desired metal label 61. As the resin substrate 74, for

example, a PET substrate containing polyethylene
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specifically, information on handling, standards for safety, etc. on the
surface of the outer package 1 and in order to improve the outer package
strength of the battery pack. The - 34 metal label 61 includes at least a
substrate containing a metal as a main component. Preferably, the
mechanical strength of the metal label 61 is higher than the mechanical
strength of the outer package 1 from the standpoint that the mechanical
strength of the entire battery pack can be improved. The metal label 61 is,
for example, attached to the outside of the outer package 1. The size of
tergpdinetdiclebel 6T Ts nétpartidaianty fiRTRENAlthodgh tHemees Alabel 61
may be smaller than C‘[Q? outer a%%(agg dl the me;%l Iabﬁllgl é%fgrrlably

3s%ﬂb§t%hti§ﬁyrthjé same ‘stze as the ouFe}Fep%%Rage 1 fromthe

sub §§§P£‘E’Qini of Hﬁg%@%@ﬁe@ﬁéﬁ package strength.of {ae batfery-pack. c he
Figs. 16A to 16C show a first structural example of the metal label. As

chashawnin Fig. d6C; @ metal dabkel 644 inctudes d filbeshéped ofhe metal
sheet-shaped metal substrate 72; an adhesive layer 73, a resin substrate

labga & inkdaler?s dahd BPU Y coalifig 36yt 761amidated in thatordéfon
one principal surface of the metal substrate 72; and an adhesive .layer 71

o RO AT aothes BTGHAT SaiTdoe ASThe itk Shb a3, s =

met 2YSSphstrate conining SUI as a main eempaneat is-preferablyised o o
although not particularly

to as a "SUS label”.

alt

Figs. 17A to 17C show a second structural example of
the metal label. As shown in Fig. 17C, a metal label 81
includes a film-shaped or sheet-shaped metal substrate 72;
an adhesive layer 51, a substrate 52, an ink adhesive laver
53, an ink layer 54, and a UV coating layer 55 laminated in
that order on cone principal surface of the metal substrate
72; and an adhesive layer 71 laminated on another principal
surface,

According to the third embodiment, since the metal
label 61 is provided on the surface of the outer package 1,
the mechanical strength of the entire battery pack can be
improved.

{4) Fourth embodiment

A fourth embodiment differs from the third embodiment
in that the metal substrate 72 of the metal label 61 is
electrically connected to the positive electrode lead 5a of

the battery element 4, instead of electrically connecting
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limited thereto. The metal substrate 72 may be selected appropriately
depending on the characteristics of the desired metal label 61. As the
resin substrate 74, for example, a PET substrate containing polyethylene
- 35 terephthalate (PET) as a main component may be used, although
not particularly limited thereto. The resin substrate 74 may be selected
appropriately depending on the characteristics of the desired metal label
61. The metal label 61 is bonded through the adhesive layer 71 to the
outer ﬁackage 1. Hereinafter, a metal label 61 including a metal substrate

the7g of dh SUSCubstfats i eferréd 16 28 d"SUS et Fgsive
17A tg 17C show a second structural example of _the metal label. As
ele% oW in ?ga.df% aonige%?alg)gl% e|rr¥cll.elz'bt:fegsmffl3 ﬂ%-ghaped or

sheet;shaped mefal substrate-72 an adhesivedayer S, ja.sulstrate 52y

an ink adhesive layer 53, an ink layer 54, and a UV coating layer 55
acclaminatedtin titat ofderarhorelpridcipah surddcerofthe meetah subistratet Lon.

72; and an adhesive layer 71 laminated on another principal surface. ,
As pkeyrling'td the third enfBodimeRt dhicethecmetaltddbelre PR révfed> 11

theggtif:‘%%g;i‘tggc% of the.outer packaae 1, the mechanical stengthof the. . -
y pack can be” improved:

of the metal labsl %1 is exposed through the opening 65.

The exposed portion and the positive electrode terminal 63
of the circuit board 22 are electrically connected to each
other by a connecting member ¢2. As the connecting member
62, the same connecting member as the connecting member 30
in the third embodiment can be used. The positive electrode
terminal 63 can be electrically ceonnected tc a positive
electrode Terminal ©4 of an electronic device housing the
battery pack.

According to the fourth embodiment, as shown in Fig. 18,
since the positive electrode terminal 63 of the circuit
board 22 and the metal substrate 72 of the metal label &1
are electrically connected to each other by the connecting
member 62, tThe metal label 61 can be set to have a positive
electric potential. When the metal label 61 1s set te have
a positive electric potential, static electricity flowing
into the battery pack flows in the charging direction of the
battery element 4. Therefore, static electiricity is assumed

to ke attenuated through the battery element 4.
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(4) Fourth embodiment A fourth embodiment differs from the third
embodiment in that the metal substrate 72 of the metal label 61 is
electrically connected to the positive electrode lead 5a of the battery
element 4, instead of electrically connecting - 36 the conductive layer of
the outer package 1 to the positive electrode lead 5a of the battery
element 4. Fig. 18 shows a structural example of a battery pack
according to the fourth embodiment of the present invention. As shown in
Fig. 18, an outer package 1 has an opening 65 in the vicinity of the top
Conppaningt aid the mietalsibsiraie 72 cofthe veetal Bibelr8T isegsosetcity
throu%h the opening 65. The exposed portion and the positive electrode

Eroferimfd 6 of e cifcdit 56at 28R SectricathPESretted td-85ch
vicgmegybyoqfcg@l%quiggggg}p ber 82. A58 ganpedling member 62, the . ; -

same connecting member as the connecting member 30 in the third
devemboiment cambe tseduthe pesitive elegtroderterminal 63-can-he
electrically connected to a positive electrode terminal 64 of an electronic
e legdevice hoysinttheebattery FeckoAbeording totthe foarth embodiment; asé -
shown in Fig. 18, since the positive electrode terminal 63 of the circuit

bobfd $2"4nrthE métdl Sabsirate 72 dfthe mietalfAbEF 61 e wléttically- "
pos%nggxg§g%gggﬁgﬂgg§MfQ§fDQ§eg%the circult board 22 and

the metal substrate 72 0f the metal label €1 are not
electrically connected each other by the connecting member
62, static electricity flows into the circuit board 91
disposed in the vicinity of the battery pack housing part of
the electronic device.

EXAMPLES

The embodiments of the present invention will be
described in detail on the basis of examples. However, it
is to be understcod that the present invention is not
limited to the examples. Fig. 20 is an equivalent circuit
diagram cof a battery pack in each of Examples 1 to 5, an&
Fig. 21 is an eguivalent circuit diagram of a battery pack
in each of Examples © tTo 10.

EXAMPLE 1

First, a battery element 4 shown in Fig. 3 was prepared.
Next, after the battery element 4 was housed in an ocuter
package 1, short sides of the outer package 1 were folded

toward the outside of the bottom of the housing part 15
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member 62, the metal label 61 can be set to have a positive electric

potential. When the metal label 61 is set to have a positive electric

potential, static electricity flowing into the battery pack flows in the

charging direction of the battery element 4. Therefore, static electricity is

assumed to be attenuated through the battery element 4. - 37

Consequently, it is possible to prevent static electricity from flowing into a

circuit board 91 disposed in the vicinity of the battery pack housing part of

the electronic device in an amount equivalent to the amount of static
progiegfitity chaiged tof (abserbatbby) the battery sletert dr In eontrastods the

shown in Fig. 19, in the case where the positive electrode terminal 63 of
Ut é)l?ci}ﬁa@%ear& PP thié matETSHstrate 73 of the metalTapdislard®

21500k elactiically conpgcted.each qther by the, 80'?1%0&999‘“?@?8 r62,0¢ the

static electricity flows into the circuit board 91 disposed in the vicinity of

softhelbatterypackhousingparb of, the elastropisrdevices EXAMPLES-The
embodiments of the present invention will be described in detail on the

opepasis of examplagiefowever, it is to be understood that the present
invention is not limited to the examples. Fig. 20 is an equivalent circuit

didgrafn of & Bl packiin SHeh of BRanplés 116 578rd -he negative

electrode lead b led from the battery element 4 are
respectively electrically connected to the positive
electrode terminal and the negative electrode terminal of
the top cover Z. Next, as shown in Fig. 10A, one end of a
conductive tape 30a was connected to the positive electrode
lead ba led from the battery element 4. Then, as shown in
Fig. 10B, the other end of the conductive tape 30a was
placed on the upper surface of the top cover 2. Next, as
shown in Fig. 10C, while appropriately folding the positive
electrode lead ba and the negative electrcde lead 5b, the
top cover 2 was fitted into the top copening of the outer
package 1. HNext, the bottom cover 3 was fitted into the
bottom opening of the outer package 1.

Next, heater blocks were pressed against the upper and
lower sides of the vicinity of the top end of the outer
package 1, and the periphery of the top cover 2 and the
pelypropylene layer inside the hard laminate 1b were heat-
welded. Thereby, the polypropylene layer was melted and the

other end of the conductive tape 30z held between the upper
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Fig. 21 is an equivalent circuit diagram of a battery pack in each of
Examples 6 to 10. EXAMPLE 1 First, a battery element 4 shown in Fig. 3
was prepared. Next, after the battery element 4 was housed in an outer
package 1, short sides of the outer package 1 were folded toward the
outside of the bottom of the housing part 15 - 38 provided in the soft
laminate la, and the short sides of the outer package 1 were heat-welded.
The outer package 1 was also heat-welded to the bottom of the housing
part 15 of the soft laminate is. Thereby, a top opening and a bottom

sur ppeRingwéresforfed CNERLL the positive eleetibdd |Ea-548 and the'as
negative electrode lead 5b led from the battery element 4 are

== Stdspectively electhEailyConnectddfto thi hositis 'lQILéIEtrQ%?éTn;‘iﬁé_’lefn_dwb'
nexiNe negafiveelectrode terminal of the top gover 2. Next. ag showp.in Fia. o

10A, one end of a conductive tape 30a was connectéd to the positive

vroelegtredenleadbaledfrom therbattery elemest4dThen, asishow i Fign .
10B, the other end of the conductive tape 30a was placed on the upper

Nez§urface ot theltopwover . Nextyasishdwn ircFigt 10€, ahiletrode
appropriately folding the positive electrode lead 5a and the negative

eI Bettrodé Jedd 5hithe® top-Edver 2\vds fitted ntd thé fop Gpetiing e =+

layggKﬁ7b of the outer package 1 was measured. The measured
value was 100 Q.

Through the steps described abcove, the intended battery
pack was obtained.

EXAMPLE 2

A battery pack was obtained as in Example 1 except that
the resistance R between the positive electrode terminal 2a
of the battery éack and the hard aluminum metal lavyer 17b of
the outer package 1 was set at 500 Q.

EXAMPLE 3

A battery pack was obtained as in Example 1 except that
the resistance R between the positive electrode terminal 2a
of the battery pack and the hard aluminum metal layer 17b of
the cuter package 1 was set at 100 k.

EXAMPLE 4

A battery pack was cobtained as in Example 1 except that
the resistance R between the positive electrode terminal 2a
of the battery pack and the hard aluminum metal laver 17b of

the outer package 1 was set at 1 MO,
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package I. Next, the bottom cover 3 was fitted into the bottom opening of
the outer package 1. Next, heater blocks were pressed against the upper
and lower sides of the vicinity of the top end of the outer package 1, and
the periphery of the top cover 2 and the polypropylene ‘layer inside the
hard laminate Ib were heat- welded. Thereby, the polypropylene layer was
melted and the other end of the conductive tape 30a held between the
upper - 39 surface of the top cover 2 and the outer package 1 was
electrically connected to the hard aluminum metal layer 17b. Next, a
hotsM&lf reisi was injected, through through-holes provided in the bottom

coyer 3, followed b SO|IdIfIC % Next, the resatange betweenthe ., .
positive IEctode tErmingl 25 of theebatiaery pack Andine harc? afurfinum =~

the Metal; layer 10:0fthe uter pé‘l‘-?ga%%%ﬂ%%@e&%@@rgﬁg meagured: 2a

value was 100 Q. Through the steps described above, the intended
of batetyapack waszabtamed. EXAMRLE 2:A batteryrpack-was bbtained as of
in Example 1 except that the resistance R between the positive electrode
theterilind] 220 of #ebatterypatk andlthe haféRaluminum metal layer 17b of

the ELSJtDer@gf g%%ewaseset at 500 Q. EXAMPLE 3

Next, five battery packs were prepared for each of
Examples 1 to 5. Each of the battery pack was contained in
an electronic device, and an ESD tolerance test was carried

out to determine whether or not a malfuncticon cccurred in

the electronic device. The tolerance test was carried out
according to IEC61000-4-2. In the endurance test, ESD
discharge was performed at varied test voltages of 8B ¥V,
+15 kv, and 25 kV. The results therseof are shown in Table
1 below.
TABLE 1
Example 1 | Exampie 2 | Example 3 | Example 4 | Example 5

100 @ 500 Q 100 k€2 1 MQ 10 MQ
8 kV 5/5 5/5 5/5 5/5 5/5
+15 kv 5/5 5/5 5/5 5/5 3/5
25 kv 5/5 5/5 5/5 5/5 4/5

EXAMPLE &

A battery pack was obtained as in Example 1 except that

-



A battery pack was obtained as in Example 1 except that the resistance R
between the positive electrode terminal 2a of the battery pack and the
hard aluminum metal layer 17b of the outer package 1 was set at 100 kO.
EXAMPLE 4 A battery pack was obtained as in Example 1 except that the
resistance R between the positive electrode terminal 2a of the battery
pack and the hard aluminum metal layer 17b of the outer package 1 was
setat 1 MD. - 40 EXAM PT E 5 A battery pack was obtained as in
Example 1 except that the resistance R between the positive electrode
onegffindl a2 of tislbatteérypaekihdthe herd afifthimaft ffetaldayera7b of
the. outer package,1 was set%'g 10 MU %ESD Jolerance test) Next, five
: Cive &5 r a £ Ter e
"CIHEA0 ke G e A for b3t of xS B Bris ¢ oo
shohattery pack was;gontained,in..an electronic device, and-an ESD tolerange
test was carried out to determine whether or not a malfunction occurred in
wasthelelectranie deyices Thedolesance telstwas carred:adt aacarding tola ver
IEC61000-4-2. In the endurance test, ESD discharge was performed at
L7byakeditest YokaFess6FS kY, RIS 2% kY. Thea6duies thefsofapee
ter%gggql%gagl %ﬁgﬂ%gttery pack and the hard aluminum metal
layer 17b cof the outer package 1 was set at 100 Q.
EXAMPLE 7
A battery pack was cbtained as in Example 6 except that
the resistance R between the negative electrcode terminal Z2b
of the battery pack and the hard aluminum metal layer 17b of
the cuter package 1 was set at 500 Q.
EXAMPLE 8
A battery pack was cbtained as in Example 6 except that
the resistance R between the negative electrode terminal Zb
of the battery pack and the hard aluminum metal layer 17b of
the outer package 1 was set at 100 kQ.
EXAMPLE ¢
A battery pack was obtained as in Example ¢ except that
the resgistance R between the negative electrode terminal 2b
of the battery pack and the hard zluminum metal layer 17b of
the cuter package 1 was set at 1 MQ.
EXAMPLE 10

A battery pack was obtained as in Example & except that

the resistance R between the negative electrode terminal 2b
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TABLE 1 Example 1 Example 2 Example 3 Example 4 Example 5 100 0
500 U 100 kU 1 Mb2 10 MQ 8 kV 5/5 5/5 5/5 5/5 5/5 15 kV 5/5 5/5 5/5
5/5 3/5 25 kV 5/5 5/5 5/5 5/5 4/5 EXAMPLE 6 A battery pack was
obtained as in Example 1 except that - 41 one end of a conductive tape
30a was connected to the negative electrode lead 5b led from the battery
element 4 as shown in Fig. 13A, another end of the conductive tape 30a
was electrically connected to the hard aluminum metal layer 17b, and the
resistance R between the net%ltive electrode terminal 2b of the battery

of bHEk BAd tre RaRf afindttmimBtal AaFe P e dftéPpackager was ©f
set.at 100 Q. EXAMPLE 7 A battery pack was obtained as in Example 6
the e%gﬁeﬁhgtg (t:h](zeageesisﬁtaﬁcaes Rst?etw%%enﬁt efe@gaﬂve electrode terminal 2b

of the;batterypagk-and-thehard aluminum metal layer 17b of the outer
package 1 was set at 500 Q. EXAMPLE 8 A battery pack was obtained as

in Example 6 except-that theaesistance R betwveer=the hegative electfrode
terminal 2b of the battery pack and the hard aluminum metal layer 17b of

Examples 6 to 10 Each of the battery pack was contained in
an electronic device, and an ESD tolerance test was carried
out to determine whether or not a malfunction cccurred in

the electronic device. The tolerance test was carried out

according to IECel1000-4-2. In the endurance test, ESD
discharge was performed at varied test voltages of 8 kv,
+15 kV, and 25 ¥V. The results thereof are shown in Table
2 below.
TABLE 2

Example 6 | Example 7 | Example 8 | Example 9 | Example 10

100 Q 500 Q 100 kQ 1 MO 10 MG
8 kv 5/5 5/5 5/5 5/5 5/5
15 kv 5/5 5/5 4/5 5/5 3/5
25 kv 5/5 5/5 4/5 3/5 2/5
The followings are evident from Tables 1 and 2.

The ESD tolerance can be improved by electrically

connecting the positive electrode lead 5a or the negative

electrode lead 5b of the battery element 4 to the conductive

layer of the outer package 1 and by setting the conductive
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the outer package 1 was set at 100 kO. EXAMPLE 9 A battery pack was
obtained as in Example 6 except that the resistance R between the
negative electrode terminal 2b of the battery pack and the hard aluminum
metal layer 17b of the outer package 1 was set at 1 M. EXAMPLE 10 A
battery pack was obtained as in Example 6 except that the resistance R
between the negative electrode terminal 2b - 42 of the battery pack and
the hard aluminum metal layer 17b of the outer package 1 was set at 10

. MQ. (ESD tolerance test) Next, five battery packs were prepared for each
Laygf Bxantbis 8460, Bachasthe bafteRApackwaS Edithiifedin afvative

electronic dceviQe., a{ld an ESD tolerance test was carried out to determine
electric potentis

whether‘or not a malfunction occurred in the electronic device. The

tolerancedestwas carmed-Qut; acgerding toECE1000-4;2. Imtbe: roge
endurance test, ESD discharge was performed at varied test voltages of

1ea8 Kdg 1B KVhand 264k T helrasalts thereotarershowmitribable <2 belpsr of

TABLE 2 Example 6 Example 7 Example 8 Example 9 Example 10 100 0
thesof BED0RS HauD 10 M@ clectrically connected to each other,

the ESD tolerance is excellent compared to the battery pack
in which the negative electrode lead Sb of the battery
element 4 and the conductive laver of the outer package 1
are electrically connected to each other. In particular,
the difference becomes conspicuous in the range where the
electric potential of the ESD discharge exceeds £15 kV.

in the battery pack in which the positive electrode
lead 5a of the battery element 4 and the conductive layer of
the ocuter package 1 are electrically connected to each other,
by setting the resistance R between the positive electrode
terminal 2a of the battery pack and the metal layer of the
outer package 1 at 1 MO or less, the ESD tolerance can be
improved.

In the battery pack in which the negative electrode
lead bb of the battery element 4 and the conductive layer of
the ocuter package 1 are electrically connected to each other,
by setting the resistance R between the negative electrode
terminal 2b of the battery pack and the metal layer of the
cuter package 1 at 500 Q or less, the ESD tclerance can be

improved.
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8 kV 5/5 5/5 5/5 5/5 5/5 15 kV 5/5 5/5 4/5 5/5 3/5 +25 kV 5/5 5/5 4/5 3/5
2/5 The followings are evident from Tables 1 and 2. The ESD tolerance
can be improved by electrically connecting the positive electrode lead 5a
or the negative electrode lead 5b of the battery element 4 to the
conductive layer of the outer package 1 and by setting the conductive -
43 layer of the outer package 1 to have a positive or negative electric
potential. In the battery pack in which the positive electrode lead 5a of the
battery element 4 and the conductive layer of the outer package 1 are

eléétrig&iyPechnectetl frédd dthef HHEESDISRTaRG isTexcefépt-ection

compared to the battery pack in which the negative electr lead 5b of
SRS s O Sl o

comBigetrically conpected o e@&BthBe‘hi'i!fﬂagl%@écéh%ggf%%%?c@e@%e%n
conspicuous in the range where the electric potential of the ESD

ef f discharge-exceedsrkd k¥ alnithe dattery-pack-in whichthe pasitive
electrode lead 5a of the battery element 4 and the conductive layer of the
outerpackade 1 drecdletliicalpEORrEcted kread-ather, by SRy thes

conlSipance K betieen e posiive eleciode, rinal 23 pLthe hattery .,

lead of the battery element 1 increases, a state eguivalent
to static electricity diffusion, not static electricity
penetration, is produced. In particular, in the region
where the resistance exceeds 15 kV, it can be estimated on
the basis ¢f the measurement results cof the examples
described above That, in the case where the conductive laver
of the cuter package 1 1s connected to GND, complete static
electricity penetration does not occur, static electricity
diffusion partially starts, and as a result, electric
current flows into the casing, resulting in ESD damage.

On the basis of the above findings, it is believed that,
by limiting the connection resistance and gquantitatively
defining the sffect of suppressing static electricity
diffusion, the ESD tclerance can be improved regardless of
the form of the casing.

EXAMPLE 11
A battery pack was obtalined as in Example 1 except that
a PET label 41 was bonded to tThe outer package 1 so as to

cover the entire surface of the outer package 1.



outer package | at 1 Mb2 or less, the ESD tolerance can be improved. In
the battery pack in which the negative electrode lead 5b of the battery
element 4 and the conductive layer of the outer package 1 are electrically
connected to each other, by setting the resistance R between the
negative electrode terminal 2b of the battery pack and the metal layer of
the outer package 1 at 500 Q or less, the ESD tolerance can be
improved. - 44 In general, an antistatic sheet used for ESD protection
has a surface resistance of several megaohms (MQ). It is common
kn%é’@’é@tﬂa% such a high surface resistance has an effect of promoting

static_electricity diffusion. Meanwhile, when the conductor resistance
D AnEE 8 T o oy O B AR UE? pACkE TSNS the SlictBRe that

an &ad gfa}t}gglpa@tgrxqglgnwg&e@cr@gsggea§{§gggqgg@@’@etolst%c as to
electricity diffusion, not static electricity penetration, is produced. In

covparticudare incthegegionf where the: tesistancerexceedsdbd KV, it can be
estimated on the basis of the measurement results of the examples
deSErBEd Bbove tHatPinthécase where the conductive layer of the outer

kage | i ted to GND, lete static electricit trati
(igbs Mox Dot Stk SlobthCty ‘TuSion parly Siarts: dhAAs & restit

bat@g¥§“§acks of Bxamples 11 and 12 as follows., From a
height of 1.5 m, fall tests were carried out twelve times in
total (6 surfaces of the battery pack x 2 cycles), and it
was checked whether cracks or detachment occurred in all the
components constituting the battery pack {(refer to Figs. 22ZA,
228, Z24A, and Z4B).

(Random free fall drop test)

A random free fzll drop test was carried out on each of
the battery packs of Examples 11 and 12 as follows. From a
height of 1.0 m, each battery pack was dropped 200 times
onto an ircen sheet with a thickness of 3 mm, and it was
checked whether cracks or detachment occurred in all the
components constituting the bkattery pack (refer to Figs. 224,
22B, 24A, and 24B}.

(Punching durability test)

A punching durability test was carried out on each of
the battery packs of Examples 11 and 12 as follows. Using a
punching Jig (made of iron having a diameter of 8 mm; an end

diameter of 3 mm; 45° cut) 92, each battery pack was
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current flows into the casing, resulting in ESD damage. On the basis of
the above findings, it is believed that, by limiting the connection
resistance and quantitatively defining the effect of suppressing static
electricity diffusion, the ESD tolerance can be improved regardless of the
form of the casing. EXAMPLE 11 A battery pack was obtained as in
Example 1 except that a PET label 41 was bonded to the outer package 1
So as to cover the entire surface of the outer package 1. - 45 EXAMPLE
12 A battery pack was obtained as in Example 1 except that an SUS label
sub g Wasbondédifo ﬂ%%“&ﬁé#"@aé]@aﬁé BEoaste3covef tﬁ@@nfﬂreaélﬁfa%e of
oF 0|11te£ psck (Fre% fall drop test() A free faII ro tes was ¢ rr| Ort_
out on each o attery pac &o xamp es“i}i and 12 as foliows. From
ci réu*ﬂ%'ﬂﬁ&%%éu’?rf?&% testswer %@%‘E?%Q’@V% fimesin10tg {6 . 23,
surfaces of the battery pack x 2 cycles), and it was checked whether
23Beracks orgetachirent occurred in all the components constituting the
battery pack (refer to Figs. 22A, 22B, 24A, and 24B). (Random free fall
drop testpArandemTree fall 'disp festwas Earfiediit oaathior -

In Example 11, since the PET label is soft, it is not

speé

possible to greatly improve the mechanical strength of the
battery pack. In contrast, in Example 12, since the SUS
label is harder than the PET label, it is possible to
greatly improve the mechanical strength of the battery pack.

The embodiments and the examples of the present
invention have been described agbove in detail. However, it
is to be understood that the present invention is not
limited to the embodiments and the examples described above,
and various alterations are possible on the hasis of the
technical spirit cof the present invention.

For example, the numerical wvalues, shapes, structures,
etc, described in the embodiments and the examples are
merely examples, and numerical values, shapes, structures,
etc. different from those described above may be used as
necessary.

Furthermore, the structures according to the first to
fourth embodiments can be combined with sach other without
departing from the spirit and scope of the present invention.

Furthermore, in each of tThe first to fourth embodiments,
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the battery packs of Examples 11 and 12 as follows. From a height of 1.0
m, each battery pack was dropped 200 times onto an iron sheet with a
thickness of 3 mm, and it was checked whether cracks or detachment
occurred in all the components constituting the battery pack (refer to Figs.
22A, 22B, 24A, and 24B). (Punching durability test) A punching durability
test was carried out on each of the battery packs of Examples 11 and 12
as follows. Using a punching jig (made of iron having a diameter of 8 mm;
an end_diameter of 3 mm; 45 cut) 92, each battery pack was - 46
an SHSfEEtd to'thEptAthingdteBEASRAd ST UDON AhdieE speed v#d.50
»1inu/min, It was checked whether internal short- .circuiGt_iﬂ%Coccuged in the,
battéry pack (réfer to Eigs. 23A° 238, 2547 and 25B): eFoﬁ%wGiznéis are
negfounddramdhe testresylis, In Example; 1insinee the RET d@%%'és Bofteitis
not possible to greatly improve the mechanical strength of the battery
beipack.rin<optrast] in Exaripte 12sinca théc8US tahet isiharder thandthear,
PET label, it is possible to greatly improve the mechanical strength of the
theppiasSidck: THeEmBsodirenist&nd BidPexanples of the predeptiate-type

s«lnvenlon have been descrbed above n detal. However, . 50 be
Gfiderstood that the présent ilventior is ot - rode, an

eleactrolyte layer, and a negative electrode are laminated in
that order.

Furthermore, in each of the first to fourth embodiments,
an example in which the present invention is applied to a
battery pack for a secondary battery has been described.
However, the present invention is also applicable to a
battery pack for a primary bhattery.

Furthermore, in each of the first to fourth embodiments,
an example in which the present invention is applied to a
battery having a gel electrolyte as an eslectrolyte has been
described. However, the present invention is also
applicable tco a battery having a sclid electrolvte
containing an electreclyte selt as an electrolyte. The
present invention is also applicable te a battery having an
electrolyte sclution, such as a nonagueous electrolyte
sclution, as an electrolyte.

Furthermore, in each of the first and second

embediments, an example in which a positive electrode lead

ba or a negative electrode lead tb of a battery element 4 is
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limited to the embodiments and the examples described above, and
various alterations are possible on the basis of the technical spirit of the
present invention. For example, the numerical values, shapes, structures,
etc. described in the embodiments and the examples are merely
examples, and numerical values, shapes, structures, etc. different from
those described above may be used as necessary. Furthermore, the
structures according to the first to fourth embodiments can be combined

with each other without departing from the spirit and scope of the present
eleflvehfign. Purlierifote Sin dachfoftRBFirstd Tourits Efmboliimerits L iagr

n example in which the present invention.is applied to a winding-type
pacggﬁgry?n%%ain%eg %ogﬁ\% ]éjre%cefr%de ar}‘nsd %Oﬁl a?i%e@?gct%% é’l?iyé)ve

1ayWeund with.an electralyte layer Being interposedtherehetween. has beep -

described. However, the present invention is also applicable to a
thelamipatettypes [stack-type) battereinkwehick apasitareselecttode;an
electrolyte layer, and a negative electrode are laminated in that order.
el ergRREMMore, iIPBaGH efthelfirsETbufth etibodiments; rar exarhpledin
which the present invention is applied to a battery pack for a sec ndarx
r?ézﬂ% otter

® L ek httdryhasbeeh Hestrtad” HoWever e sreséhit invefito

pac@BRlicable 0 ot parcicularly limited to the example. For
example, a positive electrode terminal 2a cr a negative
electrode terminal 2Zb of the battery pack, or a positive
electrode terminal or a negative electrode terminal of a
circult board 22 may be electrically connected to the
conductive layer of the cuter package 1.

Furthermore, in the fourth embodiment, an example in
which a positive electrode terminal of the circuit board 22
and a metal substrate of the metal label 61 are electrically
connacted to each other has been described. However, a
negative electrode terminal of the circuit board 22 and the
metal substrate of the metal label €1 may be electrically
connected to each other.

Furthermore, in the fourth embodiment, an example in
which an electrode terminal of the circuit board 22 and a
metal substrate of the metal label €1 are electrically
connected to each other has been described. As long as the
metal substrate ¢f the metal label 61 and the electrode of

the battery element 4 can be electrically connected to each

- 40 -



battery pack for a primary battery. Furthermore, in each of the first to
fourth embodiments, an example in which the present invention is applied
to a battery having a gel electrolyte as an electrolyte has been described.
However, the present invention is also applicable to a battery having a
solid electrolyte containing an electrolyte salt as an electrolyte. The
present invention is also applicable to a battery having an electrolyte
solution, such as a nonaqueous electrolyte solution, as an electrolyte.

Furthermore, in each of the first and second embodiments, an example in
othhich-R positive EfectidteBal 54 bF a Tregativé eldetobédedd sh gt anetal

battery element 4 is 43 _electrically connected to a conductjve layer of an
S s kg8 T his bier ESebar ACions astihe Chra e el or e

ro Heouwerpackage tanddhepositive slecteodeor- the-negative-glectrade e

of the battery element 4 are electrically connected to each other, the
batpentipndedie electhieallylconnectésd tbdhe cofductiverlayer=afithe betemt 4
package 1 is not particularly limited to the example. For example, a
maypasitife Biettbad teiminal 2 of acheiative SelBetiFde fetriidl Pbcofthe the
batter ck,.or a positive electrode terminal or a negative electrode
met e?rmir%/atf) %Jf aegi'rcuit board 22 may be electrically connected to the

Furthermore, in each of the third and fourth
embodiments, preferably, both the metal substrate of the
metal label ¢1 and the conductive layer of the ocuter package
1 are electrically connected to the positive electrode or
the negative electrode of the battery element 4. Examples
of the contact method include a method in which one or a
plurality of protrusions are provided on a principal surface
of the metal substrate of the metal label 61 facing the
outer package 1, out cf both principal surfaces of the metal
substrate, and the protrusions are electrically brought into
contact with the conductive laver of the outer package 1,
and a method in which one or a plurality of protrusicns are
provided on a principal surface of the metal layer of the
cuter package facing the metal label €1, ocut of both
principal surfaces cf the metal layer, and the protrusions
are electrically brought into contact with the metal
substrate of the metal lzabel &l.

The present application contains subject matter related

to that disclosed in Japanese Priority Patent Application JP
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conductive layer of the outer package 1. Furthermore, in the fourth
embodiment, an example in which a positive electrode terminal of the
circuit board 22 and a metal substrate of the metal label 61 are
electrically connected to each other has been described. However, a
negative electrode terminal of the circuit board 22 and the metal substrate
of the metal label 61 may be electrically connected to each other.
Furthermore, in the fourth embodiment, an example in which an electrode
terminal of the circuit board 22 and a metal substrate of the metal label 61

20057 Bfeefically ‘cohneeted o adtPothER haS belh Hestribed AAlehg as?
e .metal syhstrate of the metal label §1 and the electrode of the battery.
200 e at St BE SYSLUEAIy S Eaieet o Sach 26 e e Seftorio”
refbeglectrically connected to the metal substrate of the metal label 61 is
not particularly limited to the example. For example, the electrode
terminahafithe batterygacktosdhie electiode deadk of thedbaittery etement 4
may be electrically connected to the metal substrate of the metal label 61.
tharyitpermere, ireadh 6Rthethitd aREBihitA Témbadinfetts GoekraBly, ons
an dbgwtthgargﬁtgrllgu%stratg é)f the C{getal Igbel 61 and the conductive layer %f
the outer package 1¥aré eﬁé}éﬂtricallﬁ/@élonlnne%teodj to %lp%r}sitf{/eeqé%gt?o&é’l P
and cother factors insofar as they are within the scope of

the appended claims or the eguivalents thereof.
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the negative electrode of the battery element 4. Examples of the contact
method include a method in which one or a plurality of protrusions are
provided on a principal surface of the metal substrate of the metal label
61 facing the outer package 1, out of both principal surfaces of the metal
substrate, and the protrusions are electrically brought into contact with
the conductive layer of the outer package 1, and a method in which one
or.a pluralit of§ rotrusions are provided on a principal surface of the
ieta ?ay‘éﬂ%ﬁffgég oliter package facing the metal label 61, out of both
principal surfaces of the metal layer, and the protrusions are electrically
brought into contact with the metal substrate of the metal label 61. The

present applisatien:egntamnsisubjeg imatiergelated to that disclosed in
Japanese Priority Patent Application JP - 50 2008-208268 filed in the
JapaarPatentofficecdreAagusttl, 2008, the entire content of which is
hereby incorporated by reference. It should be understood b¥ those

skilled if e B8R tHat YRABGs notifications “embinafiong 2 c+a9e.
sub-combinations, and alterations may aceur depending op.desian , .+ 4
requirements and other factors insofar as they are within the scope of the
a appended Claims:pfdhe eguivalents thereof. - 51
a positive electrode terminal or a negative

electrede terminal of the battery element 1s electrically

connected to the conductive laver.

2. The battery pack according to Claim 1, wherein
the positive electrode terminal of the battery element is
electrically connected to the conductive layer of the

outer package.

3. The bkattery pack according to Claim 2, wherein
the resistance between the positive electrode terminal
and the conductive layer of the outer package is 1 MO or

less.

4. The battery pack according to any one of Claims
1 to 3, wherein the negative electrode terminal of the
battery element is electrically connected to the
conductive layer of the outer package; and

the resistance between the negative electrode terminal



WHAT IS CLAIMED IS: 1. A battery pack comprising: an outer package;
and a battery element housed in the outer package, wherein the outer
package includes a laminate having a conductive layer; and a positive
electrode terminal or a negative electrode terminal of the battery element
is electrically connected to the conductive layer. 2. The battery pack

]

215 o Ging ¥ Elaind ¥ wHErERT the positive elettrobié t&raiRalof the battery”
1 element is electrically connected to the conductive layer of the outer
e38 . . .
package. 3. The battery pack according to Claim 2, wherein the
resistance between the positive electrode terminal and the conductive
layer of the outer package is 1 MQ or less. 4. The battery pack according
to any.on€'okClaims el to S8awherein thelhegative electrode: termidalafrs
the battery element is electrically connected to the conductive layer of
1 the citerpackage; sREEHE Fesistance between the negative electrode
terminal ;52 and the gendyetive laver of the outer package s 509.0.0r
and
a connecting member which electrically connects the
positive electrode terminal or the negative electrode
terminal of the battery element to the conductive layer
0i the outer package,
wherein one end of the connecting member is
connected to the pesitive electrode ferminal cor the
negative electrods terminael of the kattery element; and

another end of the connecting member i1s held between

the outer package and the cover,

6. The battery pack according to any cone of Claims
1 to 5, further comprising a surface member which covers
the ocuter package,

wherein the surface member includes a metal layer.

7. The battery pack according to Claim €, wherein
the metal layer contains, as a main component, stainless

steel.

8. The battery pack according to Claim €, wherein

the



5. The battery pack according to any one of Claims 1 to 4, further
comprising: a cover fitted into an opening of the outer package; and a
connecting member which electrically connects the positive electrode
terminal or the negative electrode terminal of the battery element to the

conductive layer of the outer package, wherein one end of the connecting
PORémbER i€ cORRECIRE tb W& pbsitive Blédtbdetefmimafofthec hegative

. electro ete%m,jnal otf)thecbatteré( element; and q_nottler_.enq of the .
Terming ) a_hg & (is‘”g lemenht i3 & echica_q( connecred
connecting memberis held between the olter package and the cover. 6.

t o he,hatiery pack.according {9.any ope 0l Claims, d10 5, further
comprising a surface member which covers the outer package, wherein

the surface member includes a metal layer. 7. The battery pack according
to Claim 6, wherein the metal layer contains, as a main component,
stainfess Steel. 8 Thematiery paek ae&srHiiig foCCRi 62 Wheréin“the 153

positive electrode terminal or the negative electrode, terminal of the
bta?te%? elé gﬁﬁgeb%?ric%ﬂ§%6nﬁgg%%ge FRcIuges 3 "'“L‘SEC

laminate and a second laminate, the first laminate and
the second laminate having substantially the same size;

gach of the first laminate and the second laminate
has a conductive layer;

the battery element is housed in a recess provided
in the first laminate;

the first laminate and the second laminate are
overlaid on sach other such that the second laminate
covers an opening of the recess;

opposing faces of the first laminate and the second
laminate are heat-welded in the periphery of the cpening;
and

both ends of the first laminate are bonded Lo each
other outside of the bottom of the recess of the first

laminate.
10. The battery pack according to Claim 9, wherein

the conductive layer cof the first laminate is a soft

aluminum metal laver; and
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to the metal layer of the surface member. 9. The battery pack according to
any one of Claims 1 to 8, wherein the outer package includes a first
laminate and a second laminate, the first laminate and the second
laminate having substantially the same size; each of the first laminate and
the second laminate has a conductive layer; the baggﬁrﬁ{ element is

housEdfinFTEERSS bfsvidéd Sh the fifst Tarinats: the fitst Taminate aid
n tpg .sgfgﬁgrll%%i%etgﬁe lo%%lgi_d on each other such that the second

aminate covers an opening of the recess; opposing faces of the first
laminate and the second laminate are heat-welded in the periphery of the
opening; and both ends of the first laminate are bonded to each other
outsite -of the dotieirteithievecessofthedikstalapsingtes 10. Yhe bagtepin
pack according to Claim 9, wherein the conductive layer of the first

Eamirate s 2ot aumintin féfal Tyt and 864 fHe"Cortfutiive yb? of
Sghg§e§8ngéarﬁlwﬁg% isa g]:acgg aé%rgmug%%eéa}l l%¥1%f' 11. The battery pack

according to Claim 9, wherein
shifted portions of the first laminate and the

second laminate are overlald on each other outside of the

bhottom of the recess of the first laminate.

12. The battery pack according to Claim 9, wherein
the first laminate includes an adhesicon laver, a soft
aluminum metal layer, and a surface protectilion layer
laminated in that order;

the second laminate includes an adhesion laysr, a
hard aluminum metal layer, and a surface protection layer
laminated in that order; and

the adhesion layer of the first laminate and the

adhesion layer of the second laminate face esach cther.

13. A battery pack comprising:

an outer package;

a pbattery element housed in the outer package; and
a surface member which covers the outer package,
wherein the surface member includes a metal layer;

and
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the first laminate and the second laminate are overlaid so as to be shifted
from each other, and shifted portions of the first laminate and the second
laminate are overlaid on each other outside of the bottom of the recess of
the first laminate. 12. The battery pack according to Claim 9, wherein the
first laminate includes an adhesion layer, a soft aluminum metal layer,

and & stffadé prStettiGivlayer Samirated i that ofdérsthe seond

Jlaminate includes an adhesion layer, a_hard aluminum metal layer, and a
18 face protection Ayer AmiRSted i (Fatorder arlthe adhesion Tayer o'
cdhe dirstdaminateand-the ;adhesien layer of thessgcondJaminate face

each other. 13. A battery pack comprising: an outer package; a battery

element housed in the outer package; and a surface member which

covers the outer package, wherein the surface member includes a metal

layer; and 55 a positive electrode terminal or a negative electrode

terminal of the battery element is electrically connected to the metal layer

of the surface member. -56
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