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 packa evincluding upper and lower cases, etc.

is widely used. For example,‘tefertoJ panese Unexamined Patent
Application Publication No. 2002-260608. However, in the battery
pack described above, when electrostatic discharge (ESD) occurs, static
EAEIEctrivity nay flow in e giFcait board inside the battery pack, resulting in
a malfunction of electronic circuits or damage to semiconductor elements.
L+ In'or8éFto>solvESuch B prodtem, a technique has been proposed in which

a condugfive. layer is disposed on.the surface pf.a plastic molded cage, .

and the conductive layer is connected to a negative electrode terminal of a
pabattery sFarexample; refer ta Japasesecs 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 mobille electronic devices. In such battery
packs, an ocuter package houses a protection circuilt board,
o on which a protection circuit, etc. are mounted, and a
battery element. As an outer package used for such a
battery pack, a boz-~shaped package including upper and lower
cases, etc. 1s widely used. For example, refer to Japanese
Unexamined Patent Application Publlcation No. 2002-260608.
However, in the battery pack described above, when

electrostatic discharge (ESD) occurs, static electricity may
flow in the circult board inside the battery pack, resulting
in a malfunction of electronic circults or damage to
semiconductor elements. In order to solve such a probklem, a
téchnique has been proposed in which a conductive laver is
dispcsed on the surface of a plastic molded case, and the
conductive layer is connected to & negative elsctrode

terminal of a battery. For example, refer to Japaness

]



Unexamined. Patent Application Publication No. 2007-323909. 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. 26A is a schematic view showing a
InpAften BACK RotiBing part of ah dlBcfoRie deviceosulh as?d fiobie3sHthe.
1 ~As.shown, in.Fi A, in general, a battery pack housing part 101 is ,
MOpFoJf/{Jiq(?jE:éd ?Njigﬁﬁo%ezr}?i%@éelbg %hd'a %ﬁé’&if%‘éérad’ of the eréllléséafarb“nfchc?é@?@e is”
~hexpesedithrefighitbe @penings: 202k the elgetronic.device having such a
structure, when ESD occurs, there is a possibility that a conductive layer
disposed 6/ TRE Surfate of the obtergsackagemay $smm dostatie lefectricity
co gg}uﬂan st&t}jc el%%itriggtly gg}ayetxlow in the circuit board exposed through

the oﬁgninaés 107 Fesdilting in 4 malfuRcion of Slettront Srcdits 6r mobile

phéagagete-semicondugtor.glemenis i ordertoisolve the prablem - .
described above, it is conceivable to fill all the openings 102 of the battery
elggégonic 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 teo electrostatic
discharge, the probability of occurrence of functional
failure is high.
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schematic view showing a battery pack
housing part of an elecrronic device, such as a mobile whone.,
As shown in Fig. 28A, in general, a battery pack housing

part 101 is provided with openings 102, and a circuit board
of the electronic device is exposed through the openings 102,
In the electronic device having such a structure, when ESD
occurs, there is a possibility that a conductive layer
disposed on the surface of the ocuter 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 cof electronic circuits or damage
to semiconductor elsments.

In order to solve the problem described above, it 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
restricte 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. 273 shows a
circuit after addition of a component for protecting against ESD. As shown
hoppyl 7 B> ar apdditor is brovigéd betweer anridentificationteeminal 11+
bo\évp(ijchoig, rgrflerred to as a BSI terminal or an ID terminal, and a negative
electrode tefminal 1127 Howelier ! 6Fer WHER lsuehRs E6fponent forat tery
-aproteeting against {s added,.jt is.difficult to obtain a sufficient effect,
) Furthermo?egf ﬁeﬁ%%gibngt%e%ﬁgfﬁituge Sfjé%éc%%gétic%?gcﬁ%Taé, t’hEe
suatided circaitimay still berdainaged, resulting 4n gralfunction. SUNMARY - o
hoOF THE INVENTION — Itis desirable to provide a battery pack in which
“ESD tbl&fhte dan BE improvelikithoitgre 8t érandingthe desigptofitheed.
Unbatte ¥ tery. ing.part electronic.device body. .
$%e per%%%%it( i%v:ﬁ%éﬁga%%%nd%c%éﬁﬁggﬁf st%fél|"’es"k)é\’r€fc]fl1 féUl nDd:y it By
whiasing, asapouwerpdckage; a-lantinate ingluding:a eonduetive-layer. and
, by.connecting the conductive layer of the laminate to a positive electrode
A BrhiihaPor & Hegative BieGrbde tetial o arbatfery dlerment ESBCk .
tolefance be, improved wi eatly changing the design of the .
battiqry pa%i%r%én wk%;ttyér)g ﬁo?ﬁ% %ga%%fhede%égéﬁi% a‘g\/ic% bogy. o en -
foAccording to@an aspect of thes present inventigng:there is, provideda battery.
pack comprising:an outer package including a laminate having a
=ddohdaeive a8y eF R BakeRr-elerferidiused-in the oatergiackage; arcover
itted 4nto a ening of the outer package; a connecting member which
Shg\?yeﬁctﬁg"taé?fy %g)r?ﬁecﬁsgcédﬁ)gsclt}vi’eo5Ie%§roﬁleg‘}gF“rﬁi%é]l oF A'Regative electrode
i deerminakefthebatiery elament to the.eemductive dayer of the outer . 4q;
package, wherein one end of the connecting member is connected to the
Lehasitive slécitbde terhfinalorthe negativerelgetrode terminalrofthe battery
t; another end of the connecting member isheld between the
te%ﬁfreﬁrgg‘ac%%‘e ag%%aﬁg'ggvere?ven wgen sgdch a component for

protecting against ESD is added, it is difficult to obtain a
sufficient effect., Furthernore, depending on the magnitude
of electrestatic 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 vattery housing part of an

electronic device body.



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

to the positivé dlectidtetirminal ftalfic sReHicity dteto ESE AowS rithe™s
an C?h%%i% QICi eac%iog of the battergselarrqe(r}\& Jé‘?ﬁf%% E;sé%tic %Ieeité'&g.ij%gsm
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assumed t6 be attenuated ﬁwough the battery element. Consequently, it is
5 nd0ssible;to:prevent static electricity from flowinginta:theicireuitthoard of
the electronic device disposed in the vicinity of the battery pack housing
corpartiniareameuntreguivalent tbathérameunitof staticeléctricity:dhlarped de
(absorbed by) the battery element. . ,
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.

According to an aspect of the present invention, there
is provided a battery pack comprising:an outer package
including a laminate having a conductive layer; a battery
element housed in the outer package; a cover fitted into an
opening of the ocuter package; a connecting member which
electrically connects a positive electrode terminal or a
negative electrode terminal of the battery element to the
conductive layver of the outer package, wherein one end of
the connecting member is connected to the positive electrode
terminal or the negative electrode terminal of the battery
element; and another end of the connecting member is held
between the outer package and the cover.

The outer package includes a laminate having a

conductive layer, and a positive electrode terminal or a



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 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
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. As described above, according to any of the embodiments of the
present invention, is possible toprove ESC tolerance without greatly

negHahghg the desisitof theTbattely pack G thebattery housiig part'f the
o1 SQGHONIc devieg body. BRIER DERCRIETION OF THE DRAWINGS
According to this embodiment of the present lnvention,
the outer package itself includes a conductive layer, and
the conductive layer is electrically connected to a positive
electrode terminal or a negative electrode terminal of the
battery element. Therefore, it 1s not necessary to greatly
change the design of the outer package or a battery housing
part of 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



Fig. 1 is a perspective view showing an appearance of a battery pack
according to a first embodiment of the present invention; Fig. 2is an
exploded perspective view showing one structural example of the battery
pack according to 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 40 are development views showing an example of a shape of
an outer package of a battery element; Fig. 5 is a cross-sectional view
showing one structural example of a soft laminate canstituting an outer

91 package: © Figs: 6o 60 arevielis Showirlg' Gré Sttlicture of'a dbel
+1.52ye1INg e surtace of ALOWIET PACKANS: .. Fltls T8 S ARRISPRANG, oy

view showing a battery pack in which a metal of an outer package is

1 &x%pesed; andkigs¥Bris aperspective view showing-Aa patieryrpackift i c
which a metal

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

alenment.

When the conductive layer of the ocuter package is
electrically connected to the negative electrode terminal,
static electricity due to ESD flows in the discharging
direction 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 pessible to
prevent static electricity from flowing Iinto the circuit

board of the electronic device disposed in the vicinity of

the battery pack housing part.



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 showingjoint portion of the outerpackage;
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 equivalent circuit
diagram showing a flow of static electricity when ESD occurs; Figs.

13A. to 13D are perspective views showing steps in a method of _
fabﬁéﬁﬁ@%?ﬁé@@@;ﬁ&ﬁyer according to any cof the embodiments

of the present invention, it is possible to improve ESC
tolerance without greatly changing the design c¢f 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 pack according to the
first embodiment of the present invention;

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

Figs. 4A to 4C are development views showing an example
of a shape of an outer package of 2 battery element;

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

Figs. 6A to 6C are views showing one structure of 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 cuter package 1s exposed; and Fig. 7B 1is

a perspective view showling a battery pack in which a metal



14 is an equivalent 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 embodiment of
the present invention; Figs. 16A to 16C are views showing a first
structural example of a metal label; Figs. 17A to 170 are views
showing a second structural example of a metal label; Fig. 18 is a
cross-sectional view showing one structural example of a battery pack
according to a. fourth embodiment of the present invention;

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 Jjoint
pertion of the cuter package;

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

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

Lg. 12 is an eguivalent circuit diagram showing a flow

O
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tatic electricity when ESD occurs;

Fig. 14 1s an eguivalent circuit diagram showing a flow
of static electricity when LSD occurs;
Fig. 15 is an exploded perspective view showing one

structural example of a2 battery pack according to a third

embodiment of the present invention;

l*gj

Filgs. 16A to 16C are views showing a first structural
example of & meral labkel;

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

Fig. 18 is a cross-sectional view showing one

structural example of a battery pack according te a fourth



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 10; Figs. 22A and 228
are schematic views used for describing a free fall drop test and a random
free fall drop test for a battery pack in Example 11; Figs. 23A and 238 are
schematic views used for describing a punching durability test for a

battery pack in Example 11; Figs. 24A and 248 are schematic views used
empgdiment of the present invention:

Fig. 1% is a cross-sectional view used for describing
the advantageous effect of the battery pack according to the
fourth embodiment ¢f 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 eguivalent circuit diagram of a battery
pack in each of Examples § to 10;

Figs. 22R and 22B are schematic views used for

describing a free fall drop test and 2 random free fall drop

-

test for a battery pack in Example 11:

Figs. 23A and 23B are schematic views used for
describing 2 punching durability test for a battery pack in
Examples 171;

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

Figs. Z3A and Z5B are schematic views used for
describing a punching durability test for a battery pack in
Example 12;

Figs. 2Z6A and 268 are schematic views each showing a
battery pack housing part of an slectronic device: and

Figs. 27A is a circuit diagram showing a circuit before

additicn of a compenent for ESD protection, and Fig. 27B is

a circuit diagram showing a circuit after addition of a



describing a free fall drop test and a random free fall drop test for a battery
pack in Example 12; Figs. 25A and 258 are schematic views used for
describing a punching durability test for a battery pack in Example 12;
Figs. 26A and 268 are schematic views each showing a battery pack
housing part of an electronic device; and  Figs. 27A is a circuit diagram:
showing a circuit before addition of a component for ESD protection, and
Fig. 278 is a circuit diagram showing a circuit after addition of a
component for FED protection. DESCRIPTION OF THE PREFERRED

EMBODIMENTS
component for ESD protection.

DRSCRIPTION OF THE PREFERRED EMBODIMENTS
The embodiments of the present invention will be

described with reference to the drawings. In all th

til

drawings relating to the embodiments, the same or

w
&

corresponding parts are designated by the same reference
numerals.

{1} First embodiment

{1-1) Structure of battery pack

Fig. 1 is a perspactive view showing an appesarance of g
battery pack according to a first embodiment of the presesnt
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
is, for example, a rectangular or flat-type batterv pack of
a lithium ion polymer secondary battery. BAs shown in Fig. 1,
in the battery pack, an outer package 1 houses a battery
element, and a top cover 2 and a bottom cover 3 are fitted
inte openings at both ends. The top cover 2 is provided
with a positive electrode terminal 2a, a negative electrode
terminal 2Zb, and an identification terminal 2c. A surface
of the outer package 1 is covered with a label which 1s a
surface member,

Hereinafter, the opening into which the top cover 2 is



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. lis 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 a battery pack
according to the first embodiment of the present invenflon. The battery
pack is, for example, a rectangular or flat-type battery pack of a lithium ion
£ bbRinérsecordarybatter: As shown indEig.indh the battenye papk amg
. ter. package 1 houses a battery element, and a top cover 2 and a
- ﬂ%%ttgrrr%g%vé] 3 aré fittsd ir(ft%‘”'{(ﬁép)reynélen@jé3 at ]DB%egndﬁpﬁ%ﬁ?dbr(?&/éﬁ S a
"Lorevided with apositive glectrode termipal 2aa negative electrode,. . 1o
terminal 2b, and an identification terminal 2c. A surface of the outer
baphekage Isissovered witha tabet whieh Is: a surface rhembet.cHereinadiers
the opening into which the top cover 2 is. B _ ‘
are =2iectrically connected to each other by a connecting
member 3C. Thereby, the conductive laver of the outer
package 1 has the same electric potential as the positive
electrode of the battery element. Preferably, the

resistance R between the posi

o

R

O
—h

ive electrode terminal 2
the battery pack and the metal laver of the outer packacge I

iz 1 MQ or less. In such a case, ESD tolerance can be

Examples of the connecting member 30 that can be used
include a conductive tape; a tab, such as a nickel Tab; &
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 slectrode lead 5a led from the
battery element 4 to the conductive layer of the ocuter
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 mstal, an electrically
conductive functional material, or carbon can be used,

although not particularliy limited thereto. Examples of the

[

electrically conductive functional material that can be used



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 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. Preferably, the resistance R between the positive
electrode terminal 2a of the battery pack and the metal layer of the outer
package 1 S-2 or less. In such a case, ESD tolerance can be further

ingmpisvéd. el eéiéﬁﬂﬁfé]slé‘f the'Eonnectiig mémbef 30'that éan betused
a110cMde aconductive tape, a.1ab, such as g nickel tab; a linear member. .
such as a copper wire; and a resistor aftached with a Tead. The connecting
pldaemper 36+ noi limited:theretosand anymembker capable ohelectrieally-
connecting the positive electrode lead 5a led from the battery element to
carhe¢onditetive fayetofhe buter FackagesT taf betdsed: Fifiherhicre, as
e 16 material for the connecting member, suchasacondugtiye tape, a tab,
or a'linear member, for'éxample, a meflal, an eFec?ncaﬁly condUictive
codunctional materiah orcarbar caprbe-used Althowugh-natoparticulasly
limited thereto. Examples of the electrically conductive functional material
rejhgttéarrbe iised iolude hnsalectrically tohddctiveplastc obtaigedwse of
@élgyipg a gesein vxigbw g:ggt‘)qon, ac%g n electricall conﬂyctive Ipla}st@g, such as
‘polyacetylehe’ Exampies of the metal that Car be used Mcltde mickel,
ne Stainless steel (hareinafter referred to-as:"SHS" )nand.coppes Examples; of
the connecting method for the connecting member 30 include resistance
e 1 yydldihg: bltrasohic Welding, beat Sealings dse of adhesive tape, caulking,
and soldering. The connecting method is not limited thereto, and an
“method that eristirés 8lttrical cohdtctivity carl BE (&4, ’TH‘ehﬁatth/
co@lement 4.the guter package v the top,coven2, andthe;bottom.cover 3
will be described below. <Battery element> Fig -) is a perspective view
showiny taerexample=ofan appearance of a battery element 4 according to
the first embodiment of the present invention. As shown in Fig. 3, the

2]

batfery element 2, o es@nipie. fas aTéctargliarorlat SHpe: A Stripike
appositive slegtrode and:a syinshke,negative glectrode are Jaminated with a

polymer electrolyte and a separator interposed therebetween, and wound
emiinethierlongitudinat directierrA positivetelestrode tead: Sarand.a Megative

electrode lead_Sb are respectively led from the positive electrode and the
th%eﬁﬁﬁ&?%ﬁﬂﬁ&ﬁﬂ?nt 4, for éxample, has a rectangular or

flat shape. L\ strip-iike positive elec¢trode and a strip~
like negative electrode are laminated with a polymer
electrolyle and a separator intsrposed thersbetween, and
wound in the longitudinal direction. A positive electrode
lead ta and a negative electrode lead 5b are respectively
led from the positive electrode and the negative electirods.
The positive electrode includes a strip-like positive

glectrode current collector, a pesitive electrode active



The positive electrode includes a strip-like positive electrode current
collector, a positive electrode active material layer disposed on the
positive electrode current collector, and a polymer electrolyte layer
disposed on the positive electrode active material layer. The negat
electrode includes a strip-like negative electrode current collector, a
negative electrode active material layer disposed on the negative
electrode current collector, and a polymer electrolyte layer disposed on
the negative electrode active material layer. The positive electrode lead 5a
of the positive electrode and the negative electrode lead Sb of the
EhEdatire eldkfbde sratespestivelyornedted s the positivicelectrode
cyrrent collector and the nesse electrode current collector. As the positive
Coé'lldééﬁéaé hcﬁ%}'g‘r ma FL%J the ngggf“l:\}“er grg%fr%déaéﬁﬁﬁ/e%ﬁ?e?“ra?,c’thgn the
pqmﬂyﬁmée&ﬂﬁﬂﬂyﬁﬁ@oﬁﬂﬂ@ﬂ@Eﬁ%ﬁk%ﬁﬁ@”@§§%ﬁlbe@ﬁ%dnegggfbg
positive electrode, according to the type of the desired battery, a metal
e 16%id6 08 ndtar suffitie, or atspecificipelynveranay besissc-as dgositives it
- (ﬁlegggg% acégjvre}ﬂmg erial. Fqr example, when a lithium ion battery is

5

fabricated, a lithim compound 6xide contaihing, Ws-& hdin. céiipdnent,
dilsised02 (whersin Merepresentsiatleastone.transition metal, and X varies,

depending on the charge/discharge state of the battery and is usually in a
P orafigierofed. 051l YORmayVbe uséd msdthe posdtive electraderactive:ct rode
materialthe transiti?n metal M. constituting the lithium compound oxide,

< cobalt (Go): hickel (RN riangaHesa® Vi, "6t thedike s Hrefetablesa of

the positive electrode and the negativs electrode lead 5b of

o the

it

the negative electrode are raespectively connected
.posiiive electrode current collector and the negative
electrede current collector. As the positive electrode
active material, the negative electrode active material, the
polymer electrolyte, commonly used materizls can be used.

In the positive electrode, according to the tvpe ¢f ths
desired battery, a metal oxide, a metal sulfide, or a
specific polymer may be used as a positive electrode active
material. For example, when a lithium ion battery is
fabricated, a lithium compound oxide containing, as a main
compenent, 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 materizl. As the transition metal M constituting the

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



Specific examples of the lithium compound oxide include LiCo02, LiNiO2,
LiNi),Col_y02 (wherein 0 <y < 1), and LiMn204. These lithium compound
oxides can generate high voltage and provide excellent energy density.
Furthermore, as the positive electrode active material, a metal sulfide or
oxide which does not contain lithium, such as TiS2, MoS2, NbSe2, or
V205, may be used. In the positive electrode, a plurality of types of
positive electrode 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,may also be
(Maddedr thAs hifggativeceketirode active material, a material capable of
beir;g)dogggl with and dedoped from lithium may be used. For example, a
carbbn matefial $UER '48%a Hardly Graphitiz 2Ble CArBBR Hatefiafgr anclude
1.1 graphite matexial-may be used. Specific.examples of the carbon magerial
that can be used include pyrolytic carbons, cokes (pitch coke, neédle ™"
Theoke lpetrdleuntooke,graphites; vitreous carhenasiaterediorganicpolymer
compounds (carbonized compounds obtained by firing a phenolic resin, a

PERranTe S Ot the k&5t SHYapiSropriaie tenfpBrafiite). Catbor fibels and
podctivated carben Burthermate, as the material capable of being doped .,

i

with and dedoped from lithium, a polymer, such as polyacetylene 6r
wh polypyrrete roran-oxide; suth asiSn)2,s usingdbe material stescripede,, or
__ above, a pinder,heﬁc. may also be added. The polymer electrolyte is,
V2Yer dXainpié, Bbtiined by inéGipBFating e gefidd efettrsiytedniola polyhter, of
e gelled electrolyte being forme mixing a polymer material, an . .
yEejllectroly'% solutilon, and an e%é%ro ifbt%lsa t.%é%dﬁ?rﬁserrﬁﬁgte]ﬁél GigSorEs

£oin theselectrolyte sofution: Exapiples of the; palymerimaterial thaticande
used include silicon gel, acryl gel, acrylonitrile gel, modified

us ok phospRagere polyrer poiéthyiend bRidez polyprépylene okided, aritbve,
composite polymers, crosslinked polymers, and modified polymers of
® these comp%un s I’uo?inl%e%ﬁé;éerg p(‘)’l%/“r‘n"er}"sl“':?ﬁ/zatyf1 afsd EJéE us ﬁ;“gnd

examsples theteof include poly(vinylidene fugdde), poly(viaylidens ; o1
fluoride-cohexafluoropropylene), poly(vinylidene
Cafpetidecothfudroetiitene ) Bhd mdurésbithese compblndsum riEhe be
ctralyte solution component is capable of dispersing the
usg . T exa ‘ é)”ark Hpt L& .. 3 5ol
above-described polymer ratenal. As an :épr?dtlcsébci@eﬁt,b Gt SEAPIE,
g £thylene sprkonateE) propylene carbanate (RC). butylene-carponate, .
(BC), or the like is used. As the electrolyte salt, an electrolyte salt that
uUsgfissolvarinithesoiveris used! and dt inslddes areombirmtionrafa catione
. and.an anion. As the cation, an alkali metal or an alkaline earth metal is
hs%seﬂ?ﬁ§%é§ pyroiytlce carpons, cokes (pitch coke, needle
coke, petroleum coke, etc.), graphites, vitrecus carbon,
sintered organic polymer compounds {carbonized compounds
obtained by firing a phenclic 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 polypyrroele, or an oxide, such as SnOs,



anion, 01-, Br-, I-, SON-, 0101, BEI, PFC, OE73303- or the like is used. As
the electrolyte salt, specifically, lithium hexafluorophosohate or lithium
tetrafluoroborate is used with a soluble concentration in the electrolyte
solution. <Outer package> Figs. 4A to 40 are development views
showing an example of a shape of an outer package 1 which covers the
battery element 4. As shown in Figs. 4A to 40, the outer package |
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)
Ib which is overlaid on the soft laminate la so as to cover the housing part
mey PEUttRtmoré a Heat-weld sheet £54 i3 tisposed wroart butersustaceate
. & position corresponding to a bottom of the housing part 15. The housing
e ]pna?‘rt Eé%rgﬁiééa%#thig% St Fa%i‘r%af*é’%"i‘%: fot exaiipié; fotifed Mty as 50
e regessed shape according to the shape of the battery element 4 by deep
drawing in a die in advance. The soft lamthate la is suitable for forming
by deepidrawirigthelisousing paet 15 intdawhiek the battenpelement 4ig
WCip}ser{geﬁd @“d is softer, thman tllg hgrg laminate Ib. Fig.5is a
D 5555360 Tal Vidli shoifig Bhe Struttiral Bxampl& ot tieSoft dtfinate
gela gongtituting the outerpackage &J@eﬁpfﬁl@@lqgteal ahasalayered. ;.
structure in which a polypropylene (PP) layer 16a’serving ds an adhesion”
an |lgyersarsofakiminumcmetal layer Era serving-as a-eonductive layer
(metal layer), and a nylon layer or polyethylene terephthalate (PET) layer
00 Lot bs &sUHARTrOtEctioh BYEr AreRRTHARKFiNha bider: The
== AQMRIOPYlene Jayerata side carresnands to.an.iney side (1o be iy

contact with the hard [aminate Ib).
silicon gel, acryl gel, acrylonitrile gel, modified

polyphosphazene polymer, polysthylene oxide, polvpropylense
oxide, and composite polymers, crosslinked polymers, and
modified polymers of these compounds. Fluorine-based
polymers may also be used, and examples thereof include
poly{vinylidene fluoride), poly(vinylidene fluoride~co-
hexaflucropropylene), poly{vinvlidene fluoride-co-
trifluorosthylene), and mixtures of these compounds.

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

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



The polypropylene layer 16a has a function of preventing the degradation
of the quality of the polymer electrolyte. As the polypropylene layer 16a,
for example, cast polypropylene (CPP) or the like is used. The thickness
of the polypropylene (PP) layer 16a is, for example, about 30 gm. The
soft aluminum metal laver 17a has a function of preventing moisture from
entering the inside of the outer package 1. As a material for the soft
aluminum metal layer 17a, for example, annealed aluminum (JIS
A8021P-0) or (JTS A8079P-0) may be used. The thickness of the soft
aluminum metall7a is, for example, in a range of 30 to 130 gm. The nylon
all jgyer SriPETHayer 18a had a fuhclion of SurfaceFprotetTighn:The:thickaess
Ny }gf the nylon layer or PET Iqrier 18a js, for example, in a range of about 10
™15 307  THe softallimintmhetal &Vér FA-whichhig thé condbittive layer
11is:electrically-connected by the copnegting member, 30, sychasa, ... ..
-.conductive tape, to the positive electrode lead 5a led from the battery
uselement4a sThefiarddamiratedbcammaintaindthe ishape-aftersfolding
nd resist external deformation. The hard laminate Ib has a layered
30 N . . .
stractte in which a polypropylene layer serving as an adhesion layer, a
harg@g@n%ygg@g@égayer serving as a conductive layer (metal layer),
and a nylon layer or PET layer serving as a surface protection layer are

laminated inhatoréder.a re Ther polyprepylene dayer ans.thegnyan dayeror:
PET layer of the hard laminate |b are the same as those of the soft
°F | dmitidtE Ta “Fhé haft Sfimintim Aktallayer st for Sxarsplel toRiposetiof

=1 4nannegled aluminum (JIG A3003P-] 8) or (US A3004P-H18). The ;

. ’ 1 outer SCXage
thickness of the hard aluminum™metal layer is, for exampklle, in frangegof
inabotit 8040k30cUmaminate (first laminate) la provided with

a
heousing part 15 for housing the battery element 4, and a
hard laminate {(second laminate) 1b which is overlaid on the
spft laminate la so as to cover the housing part 15.
Furthermore, a heat-weld sheet 1%z is disposed on an outer
surface at a position corresponding to a bottom of the
housing part 15. The housing part 13 provided on the soft
laminate la is, for example, formed into a recessed shape
according te 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 iz a cross-sectional view showing one structural

example of the soft laminate la constituting the outer

package 1. The soft laminate la has & lavered structurs in



The thickness of the individual layers in each of the soft laminate la and
the hard laminate Ib is set appropriately in totalview of the thickness.
The hard laminate Ib is overlaid on the soft laminate 2a so as to cover an
open surface of the housing part 15. Ins case, as shown in Fig. 4A, the
soft laminate la and the tart laminate Ib are shifted from each other in
terms of positional relationship. The soft laminate la has a top long side lia
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
~ laminate Ib has a top long sideand a bottom long side 12b having the
Wi sainet | etythiriela feftshort Bidel 23 mnifa right-stiort side 34b having the
15-$ame length: Here, right and Igftlcqsrr“escppnjd to right and left in the
S Grawing. " “The Tength of sach of the 1ng $tesib and 12B 6t hard

cotaminatedb is set-such-that the short sides; 1§Prﬂ%149 of the pard
laminate Ib butt against each other or face each other with a small space

P therdbetween wherrthiehart lamiRaie Iblisfeldettrosnd-the housing part

Su}ga%ontginigg the batt%y element 4. The length of each of the long sides
Tia’and 128 of thé LBt 1amfitad 18 is S8t {65'HE Shdhter tah thiedehgth &fe

po Bachofthe lang sides Ihand 12 of the hard laminate lb and, for .. .
example, such that the short sides 13a and 14a butt against each other or

{t fabe each otherwith aispacetherebetween when the soft laminate la is
folded around the housing part 15 containing the battery element 4. Here,

the space befednthe Shotf §ites 15a 4Ad 18a'0f1HHé Sokt Iaminate la is
prfolnecessarily %@@EM%@.%bgﬂa@?etoﬁgﬁgakn dearee, :)o-lr&]rgesﬁ Ortt
e shor

sides 13a and 14a of the soft laminate la are ingT1tIy shorter tan't
elsides13band F4b ofithechargblamipatelb. Copsequently, itis pessipledo
laminate the soft laminate la and the hard laminate Ib such that only the
3 Hard TamittB I8 T Freeht bnthe 16p sidé-an SBichieease,The thickness

of aﬂ’(@”&%ﬁ%ﬁ%}@%ﬁ@”@??{y 92%%‘%’6%9"&5,2 for example, about
30 pm.

The soft aluminum metal layver 17a has a function of
preventing molsture from entering the inside of the outer
packags 1. As a material for the soft aluminum metzl laver
17a, for example, annealed aluminum (JIS ABOZIP-0) or (JISs
ABQT79P-0) may be used. The thickness of the soft aluminum
netal layer 17a is, for example, in a range of 30 to 130 I
The nylen layer or PET layer 18a has a function of surface
protection. The thickness of the nylon layer or DPET layer

18a is, for example, in a range of about 10 to 30 um. The

[}

soft aluminum metal layer 17a which is the conductive laver

rt

is electrically connected by the connecting member 30, such

as a conductive tape, to the positive electrode lead 5a led



provided on the opening on. the top side can be heat-welded with the
polypropylene layer of the hard laminate Ib. Furthermore, the adhesion
layer of the hard laminate Ib may be arranged so as to be exposed at the
bottom side so that the periphery of the bottom cover 3 provided on the
opening on the bottom side can be heat-welded with the polypropylene
layer of the hard laminate Ib. Figs. 6A to 60 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,

B Handgrde¥or 84tety 168261 te surface of the outer package I. As shown
in Fig60the label 41 includes 2. film-shaped ar.sheef-shaped.substrate
52; an ink adhesive layer 53, an ink layer 54, and a UV coating layer 55

folaminateddn thatierdee ononeprineipak-surface. of themsuhsirate b2 ang:-e
an adhesive layer 51 laminated on another principal surface. As the

b Jubstrate B fo exampIE L PE T SuBbtrate comainiing polyetivienayer

seferephthalate (RET) as &qu%ggmpgnﬁg%g;aaﬁ%? used, although not .

particularly limited. thereto. The slbstrate 52 may be Selec ed
s« appreprately depending-an the,eharagteristics of the desired labe) A4l The
__label 41 is bonded through the adhesive layer 51 to the outer package I.
+ & Hereftfafter] a 1aBEI4 Finelidify aSsubstiaté B2ecomposed ofn layer are
laminated in that order.

The polypropylene layer and the nylon layer or PET

layer of the hard laminate Ib are the same as those of the

soft laminate la. The hard aluminum metal laver is, for
example, compeosad of unannealed aluminum (JI8 A3003P-H18) or
(JIS R3004P-HI18). The thickness of the hard aluminum metal

layer is, for example, in a range of about 30 to 130 um.
The thickness of the individusl layers in each of the soft
laminate la and the hard laminate lb is set appropriately in
view 0f the total thickness.

The hard laminate 1b is overlaid on the soft laminate
la s0 as to cover an open 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 1lla and a bottom long side 12z having the same
length, and a left short side 132 and & right short side l4a

having the same length. Similarly, the haxrd laminate 1b has

i
bt
~3

i



a PET substrate is referred to as a "PET label". As shown in Fig. 7A,
when the metal of the outer package | is exposed, there is a possibility
that static electricity due to TEED may flow through the exposed portion
into the circuit board of the electronic device disposed in the vrcrnrty of the
battery pack housing part. Therefore, in the battery pack according to the
first embodiment, preferably, as shown in Fig. 7E, the entire surface of the
outer package 1 is covered with the label 41 so that the metal of the outer
package 1is not exposed. Thereby, it is possible to further suppress a
malfunction, failure, etc. of the electronic device due to ESD. <Top cover>

2 THB top'cover 24s Tittlediiftd thetopapening of e suist packaged tone

= zElose the top opening. The top cover.includes a top cover body 21,a =

w%i?cfif %%5?6 5 ?a‘are?”a@%bs go %%fuss]éof:%gﬁoé" ﬁ\“/‘Pe Blectidde A5 £19°

14negative:glecirodestab 26.:and.a holder27 . The top.cover 2-has g housing,
part on the surface thereof facing the battery element 4. The housing part

tohguses theiredit board RRetheretay:tab 23, the fuse 24, the positive
elecirode tab 25, and the negative electrode tab 26. These components
are held in the top cover body 21 When the Rolder27 i€ fitted int6 thé top ¢

naeaverbody 24. Furthermore, An-insulating tape26,and anjosulating tape
29 may be disposed between the top -

14b of the hard laminate 1b butt against each other or face

each cther with a small space therebetwesn when the hard
laminate 1b is folded around the housing part 15 containlng
the battery element 4. The length of sach of the long sides
tla and 12a of the scoft laminate la is set to be shorter
than the length of each of the long sides 11b and 12b of the
hard laminate l1lb and, for exanmple, such that the short sides
13a and lé4a butt against sach other or face each other with
a space therebetween when the soft laminate la is folded
around the housing part 15 containing the battery element 4.
Here, the space bestween the short sides 13a and 14z of the
soft laminate la is not necessarily small, but may be largs
to a certaln degres.

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. Conseguently, it is possible to laminate

the soft laminat

m

la and the hard laminate 1b such that only
the hard laminate 1b is present on the top side. 1In such a

case, advantageously, the periphery of the top cover 2



cover 2 and the outer package 1. The positive electrode lead 5a led
from the battery element 4 is connected through the positive electrode tab
25 to the circuit board 22. The negative electrode lead 5b led from the
battery element 4 is connected through the negative electrode tab 26, the
fuse 24, and the relay tab 23 to the circuit board 22* A protection circuit
containing a temperature protection element, such as a fuse 24, a positive
temperature coefficient (PTC) element, or a thermistor, and an ID resistor
for identifying the battery pack are mounted on the circuit board 22. The
protection circuitprovided with an integrated circuit (IC) for monitoring the
DT 3Be6R battery: andaortrollingfield effect ransistorsFETs) rand ~we 1 ded
i gﬂageldisgbagg% gogtﬂggl{.n FETs. ~ The PTO element is connected in
7 s8ries Yo e haneRy siehent™d Srhedletiifc redistadéd o HePTE: element
ruShaenly increases whenethe tgmperaturg of the battery element 4. begomes
~higher than the preset temperature, and thereby, current flowing into the
oe hattepy eletnent 4 s substantalhcintetrupted hEheduseR4ordbesec that
pdhermistor is also_connected in series to the battery element 4. When the
Termperatiife 8f fhe baftery-elEMent A Becomés Righas thar thé pregern Lng
on temperature,current flowing int the hattery glement 4 s interjupted, The
protection circuit, which includes
layer of the hard laminate 1b.

Figs. BA to 6C are views showing one structure of a
label 41 covering the surface cof the outer package 1. The
label 41 is a marker sheet, for example, used in ordsr to
display characters, figures, etc., more specifically,
information on handling, standards 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; &n 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
itaminated 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

L

a3

may be selected appropriately depending on the
characteristics of the desired label 41. The label 41 is
vonded through the adhesive layer 51 to the ocuter vackage

Hereinafter, a label 41 including a substrate 52 composed of



the IC for monitoring the battery element 4 and controlling the FETSs, and
charge/discharge control FETs, monitors the voltage of the battery
element 4 since there is a possibility that a dangerous state, such as heat
generation and ignition, may occur if the terminal voltage of the battery
element 4 exceeds, for example, 4.3 to 4.4 V. The protection circuit turns
off the charge control PET when the voltage exceeds, for example, 4.3 to
4.4 V, thus inhibiting charging. If the terminal voltage of the battery
element 4 is decreased to the discharge prohibition voltage or less due to
over-discharging and the secondary battery voltage becomes 0 V, an

3 faterralshoredircuiestate of tiedbatteryselementd rhaydie’brought about,
resHILing}jn incapability of recharging. Therefore, the protection circuit

o

monitors tha secondary batteryViitage and'fiirns dtfthe Giseharye control
paEELWhen thevolfage becgmes lower thap the discharge prohibition,

[

voltage, thus inhibiting discharging. <Bottom cover> The bottom cover
e g tlases the dpening GIf thenbettdmeside iof theybuterpackagesh The+ion
in bottom cover 3 i_ril_cludgs,_a bottom cover body 31 and a. bottom plate 32.
D he BSttsm Pikte 32 T G poSed betiesh the BoftoRrEdver KodP3Eahdin
=ndhe baiteny clament, The botlom.coverhady.34,is provided,ith one.of
two or more through-holes used for injection of a’molten resin between the
in hottenreoverd anethe:hattery i element: (=2)-Method of fabricating
battery pack An example of a method of fabricating a battery pack
BT HeTbring to e fifstgmBadimént of the présetit frivéntiorwillse of the
ou§g§cﬂggQ§§%mﬁ'is covered with the label 41 so that the
metal of the outer package 1 is not exposad. Thereby, 1t is
possible to further suppress a malfunction, failure, etec. of
the electronic device due to ESD.
<Top cover>
The teop 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 bhoard Z2, a relay
tab 23, a fuse 24, a positive electrode tab 25, a negative
lectrode 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 relayv tab 23, the fuse 24, the pogitive electrode tab 25,

and the negative electrode tab 26. These cemponents are

h

held in the top cover body 21 when the holder 27 is fitted

=

into the top cover body 21. Furthermore, an insulating tape

28 and an insulating tape 29 may be disposed betwsen the top



<Battery element formation step> 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 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 la by deep drawing in advance. In this process, as shown in Fig.
COVRAT the Ridodsingepart 15ofthe Softtlaminate la is formed, for example, at a

bariehy croment 11 BIAGE i e NOUBING part 16 Torfod 1t tE SO

=1 taminate la. s cNﬁﬁééﬁ%ﬁ“%Mﬂﬁ%&Hlf%@tﬂ%gﬁ%qy¥ngﬁggéqgﬁe tab 25
laminated on the soft laminate la at a position slightly shifted from the

to cehtertdward thevrightiside: AcEbrdinglyative electrode lead Sb led

from the battery element 4 is connected through the negative

electrode tab 26, the fuse 24, and the relay tab 23 to the

circuit board 22.

A protection clrcult containing a temperature
protection element, such as a fuse 24, a positive
temperature ceoefficient {(PTC) element, or a thermistor, and
an ID resistor for identifying the battery pack are mounted
on the circult board 22. The protection circuit is provided
with an integrated circuit (IC) for monitoring the secondary

battery and controlling field effect transistors (FETs

e

, and
charge/discharge control FETs.

The PIC element ls 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 tempsrature, and
thereby, current flowing into the battery element 4 is
substantially interrupted. The fuse 24 or the thermistor is
also connected in series to the battery element 4. When the
temperature of the battery element 4 becomes higher than the

preset temperature, current flowing into the battery slem

b

ot

n

4 1is interrupted. The protection circuit, which includes



in the state in which the soft laminate la and the hard laminate Ib are
laminated, as shown in Fig. 4A, there are a. left side region where only the
soft laminate la is located and a right side region where only the hard
laminate Ib is located. The reason for such a shift in position is that, as will
be described later, after the ends of the soft laminate la and the hard
laminate Ib are folded toward the outside of the bottom 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 Ib can be bonded to each
~ other at a certain width_ Next, in the positional state shown in Fig. 4A,
“Ngodi-sides ofte housding pare 154A thé peripharysf theeopeningarel 1ing
- heat-welded under reduced pressure. In this case, the entire portion
“i‘%]vhﬁeﬁrg\%hedp%%yr%%ﬁ?%%éc%flgﬁsaé\%ﬂigdep‘aLC}ﬁOo hge"rgiﬁ’dy Be ﬁépfl%\fel&&&-
vo Bysheat-weldirg the: periphery-afthe housing part-l5-in such,a manner,
the battery element 4 is sealed. Next, as shown in Fig. 4A, a heat-weld
pogpeet 164 haviry aprédewsimined shape is provided ohdhe outsidefthe
WQOE%’V@ of ghe hgqung (Partr 15. The he{j;tt-we,ld_ sheet 15a is an auxiliary
“hember for Bonding together the Rylon 1aversor PET 1856rs"0f theoft
pataminate lahy.applying high temperature -Preferably; the thickness of the
heat-weld sheet 15a is about 10 to 60 Am in view of the total thickness,
LY angtheanelingpuint oftheshediivéiteshest 4%a isabout 1000C. Iisen the
pgésirablertogsqi qthe meltin poiqt of the hga}-vgeld sheet 15a to a valy,_e"‘

VO tha does not thermally affectthe battery &iément 47+ =ikt L5 shown A
ch&ig 8. hothendsiof each-of the soft laminaterla.and the hatd lamipate b ,
are folded toward the outside of the bottom of the housing part 15 of the

1s softdamisate lacThatisi theethort sidessi3a andddarand dhe shortisides
g 13b and 14b are Lauded inward. The ends of each of the soft laminate la
S antth@ Hard Tamiiate b e Hedt Wid&8 Sand tier soft Tarina, Yraksage
pedieabwelded to the gutside of the,bettam of the hausing part,15, Thereby.
the soft laminate la and the hard laminate Ib are fixed in a closed state s
el @saotwraprthe housing pantcl 5 containingsthe battery elemeat4sthatis, a
top opening and a bottom

recharging. Therefore, the protection circuilt 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 package 1. The bottom cover 3 includes a
bottom cover body 31 and a bottom plate 32. The bottom
plate 32 is disposed between the bottom cover body 31 and
the battery element 4. The bottom cover body 21 is provided
with one or two or more through-holes used for injection of

a molten resin between the bottom cover 3 and the battery



opening are formed. Asshown in Fig. 9, in the state in which the
battery element 4 is wrapped, the shorts sides 13b and 14b of the hard
laminate Ib are in contact with each other or face each other with a small
space therebetween to form a joint Li. In the inner side of the hard
laminate Ib, thb short sides 13a and 14a are in contact with each other or
face each other with a small space therebetween to form a joint L2. In
Fig.. 9, reference symbol 16h represents the polypropylene layer of the
hard laminate Ib, reference symbol 17b represents the hard aluminum
metal layer, and the reference symbol 18b represents the nylon layer or
<1BE¥ fayer. In this example, the short sides 13a and 14a of the soft

laminate \Ia,@ée in gontact %th% r.qr face each other with a. small
space therebetween. However, t %o?% s?lides“”].ySa and£ 14a of the soft

laminatetampay face eaetr other with a-spaceaving a certain %Pd&t‘ac K
therebetween.  As shown in Fig. 9, the nylon Iayer or PET layer 18a of
5 Soft Farhinats Ta fs-ocated RPEsHTRE With théippet sidecofitheention
w1 heagweld ggg%;ga nsequently, the nylon Layers or PET layers 18a
sandwich the heat- Wel sheet 15e, and by applying heat from outside, the
nylorslayess or PEhiayers d8a-canhe bonded to each other.
Furthermore, since the polypropylene layer 16a of the soft laminate la and
the %Wop?le?\‘éﬁayeﬁf%@ b the bafd taminate: rarelinecontactiwithie ,
each q;her bé/@ pplymg heat from outS|de the ol rogylene Icgyers 16a
*®and'leb can be%onded?o athothar =* both Rirface? thereof,

and separators are repared. The negative electrode, the

separator, the positive electrode, and the

W
0

’1)

parator are

laminated in that

O

rder, and the resulting minats is

bt
]

folded arcund a flat core plate and wound ma ny times in the
longitudinagl direction. A winding-type battery element 4 is
thereby formed.

<Quter package covering step>

Next, a housing part 15 for housing the battery elament
4 is formed in a soft laminate la by deep drawing in advances.
In this process, as shown in Fig. 424, the housing part 15 of
the soft laminate la is formed, for example, at a position
slightly shifted from the center toward the right side.
Then, the battery slement 4 is placed in the housing part 15
formed in the soft laminate la.

Next, as shown in Fig. 42, the hard laminate 1b is
laminated on the soft laminate la at =z position siightly

shifted from the center toward the right side. Acecordingly,



<Cover fitting stet.>  Next, the positive electrode lead Ca, the negative
electrode lead 5b, 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 30a is
connected to the positive electrode lead 5a led from the battery element
4. Then, as shown in Fig. 103, another end of the conductive tape 30a is
placed on the upper surface of the top cover 2. Next, as shown in Fig.

. 10C, while appropriately folding the positive electrode lead 5a and the

In nelativé %‘?@ctﬁduéﬂiéhﬂg 5 thestolp-covetiistiittetkintoithetiop dpening of

1 adDe Quterpackage.1. Thereby, as shown in Fig. 105, the top opening of

a%ﬁgzoﬁter%ac%g"ge“"]la%a%g ’byaiﬁestigg"‘c%végz? and tk?éz\’* other'end of the®

1e tondtietive tape-30a s held-betweenthetop cover 2.and the hard; .. v og
laminate Ib. When the top cover 2 is fitted into the top opening of the outer

anpagkage 1t insulating tipes 28 and 29hay e placed betwéentthe 1op is

1 ~cover.2 and the outer package |. Next, the individual components of the

. OB%%%% con\l?é}re 3 are %Csnsger’ﬁ%lfe(f ¥ form tHe bdttor daver 3-The totidha =

as coven 3ds fitteddntothe bottam opeping of the quter pagkage 1. -,
<Heat-welding step> Next, heat welding is performed while using jigs

1 a%g hold the overdlllergthz That is) heater blocks eompbsed of aumetalt he
sgjc_g_ as copper, are pressgjg_;i against the upper and lower sides of the

Oii%lClnl?yS the fop end of the oUteT pARREGE 4, ARl the DetibhBrf of the top

La€ONer 2 and th@a@"ﬁ@ﬁ%@ﬂ%@ﬁ/h@é@é 'rl%‘_%%{h%?a%@”%'ﬂ@ce @a%rlepate la
heat-welded. Thereby, the polypropylene layer is melted and the other

angnghef theloonduetive tapé 3patheld between the uppernsusface of therep

noSQuer 2 and the outer package 1 is electrically connected to the hard
“Alimintm Fietal fayet Esitilarly; fieaterblbeks may be pressed against the

uppgr.and lowersides, of the'inify of the bottom end of 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 t

=2

e periphery of
the housing part 15 in such a manner, the battery elemsnt 4
is sealed.

Next, as shown in Filg. 4A, a heat-weld sheet 15z having
a predetermined shape is provided on the outside of the
bottom of the housing part 15. The heat-weld sheet 15a is
an auxiliary member for bonding together the nylon layvers or
PET lavers of the soft‘laminate 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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outer package 1, and the periphery of the bottom cover 3 and the
polypropylene layer i.nside the hard laminate Ib may be heat-welded.
<Resin iijeotion 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 polyamide-based hot melt,

_ polyolefin-based hot melt, nylon, PP, PC, and ABS. Furthermore, a
RS Fesin Pay- BE ifjected Betaesittheltopcover 2land: e battery 15a
e t4,lnesuch a case, gne or two or.more through-holes are provided _
-2 o%%iﬁg%ogoc%v%e% 2, and't egrﬁé‘lférﬁ‘\%?s?n Té)in‘?e“c%ed‘?%rorﬁ%%“thag point oL
théhiough-heles. s»eBy performing.the-gteps:descrined above, the.battery,,

_pack according to the first embodiment of the present invention is
81 f5bticated. PRyt 1ashows adlow 6f static electricity when ESD occurs. Fig.

12E@%@?qg945§$g¥%ﬂ§@%%E”@isﬁ%%@gééds of each of the soft
laminate la and the hard laminate 1b are folded toward the
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 1o 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 1b are fixed 1in a

G
fout
e}
9]
D
O
)
rt

ate so as to wrap the housing part 15 containing
the battery element 4. That is, a top opening and a bottom
opening are formed.

Ag shown in Fig. 9, in the staie in which *he battery
eiement 4 1s wrapped, the shorts sides 13b and 14b of the

hard laminate lb are in contact with each other or face aach

n

other with a small space therebetween to form a joint Ll.

In the inner side of the hard laminaste 1b, the short sides

€]
@

13a and léa are in contact with each other or face each

¢t

hersbetween to form a -+oint LZ2.

i

other with a small space
In Fig. %, reference symbol 16b represents the polypropylens

layer of the hard laminate 1b, refersence svmbol 17k



flow of static electricity when ISO occurs. A case where ISO occurs and
static electricity enters the outer package as shown in Fig. 11 will be
described below. When the conductive layer of the outer package 1 s
set to have a positive electric potential, static electricity entering- the outer
packageflows 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
TeRRAY ABWntd END of the- CAsmgIStieR alcaser thexpdrttis separatednce
~Jrom the remajnin t of static electricity that enters the battery element,
My%?%dqﬁérg‘%e%ﬁ%gﬁﬁ ue%cge on &t"ﬁg cé%%%*co%]fa%%nrgg the'battery pack s>
exglecreasethe sWvsubsiance is camposedof atems:ar nolecules, angka 14
molecule is composed of one or a. plurality of atoms. An atom has a
ST Strenirelin dich Eléctieally nédativeoslettrons stirfountdthe nudiéus:
sitive protons), Outer-shell electrons are in a state being easil
Sm%ﬁa&?e%d%A%h *sTcagﬁéEéﬁ]\?veﬁrl‘bh e§§?§“r%?§ése%§ut%ﬂ%h5ll %‘}éj(ﬁFOr%sgii g
14substance hat s easilypesitively.eharged..and.a-suhstance which easily. .
attracts electrons into the outer shell is a substance that is easily
haweyativelyeehargedy indtermshair flowtofeslactricity, there is no difference
betyeen being positively charged and being negatively charged.
Thg*\rlsefc‘?':l"é??ﬁe %Har%%%oéﬁty%bﬁhW%%B&cﬁéifr—fsb% not partiilitdrly: 82 ©f
thaleseribed here= = Aecardingto.the first, embodiment of the present,.. .
invention, since the positive electrode lead 5a of the battery element 4 and
s 1die eondoetive fyer of the bater packageCbaresetectrically connectedto
ia gagh cher the outervpackage | can be set to have a positive electric
“2Y5otentidl. When the odtet pAcRAGE 1 is set 5 have 5 pésitve Bettrid 52
andpatentiglinstead of being P@Mt@h‘@é@%?legﬁg:it}{}t@%ngg[mé)rtheobatﬁ¥
pack flows in the charging direction of the batteryelement X Tﬁere?ore,
lawtatic éfectrivity isassumedito-be attenuatadethrough: the: batien:element
o 4, C%rgsequently, it is pqssije to prevent statig electricity from flowing into
“NShE Lirktilt Board oF the' Biettrohfc dévieadissosed inthB Afcnity of the the
pobatieny packhousing partin an amauatequivalent g the gmount of static
electricity charged to (absorbed by) the
contact with each other, by applying heat from outside, the

polypropylene layers 16a and 16b can be bonded to each other,
<Cover fitting stap>
Next, the positive eslectrode lead 5a, the negative
electrode lead 5b, etc. are connected o the circuit board
22, etc., for example, by resistance welding or ultrasonic
welding, and the individual components of the top cover Z
are assembled, Thereby, the top cover 2 is obtained. Next,
as shown in Fig. 10A, one end of a conductive tape 30a is

connected te the positive slectrode lezad Sa led from the
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battery element 4. Furthermore, when the positive electrode lead 5a of
the battery element 4 and the conductive layer of the outer package | are
electrically connected to each other, ESD tolerance can be further
improved compared with the case where the negative electrode lead 5b of
the battery element 4 and the conductive layer of the outer package. | 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
baTane BRSVED Withoat Gianding Hé tesigh Jfthe chlsing 8Fafher end
ot Slegironig device, suehas a mobile phione, That s, megeyres against . ¢
static electricity can be implemente regarélless of the strlicture of the
theasing ebthecelectronie-deviees shdwurthermore, since the:outer package |
is charged, instead of being neutral, static electricity is not discharged to
APKitkrsediRto) the circhif "gé?d Bf tHe eletronicdévies. It 5 dlsbipassiblehe
ned? PIGYClSIANG slectelty, hieh s disehgrged throuah the openings gl
he ‘casing of the electronic device, from c%usmb functional fai ure, etC. in
thdhe eleciranic gdevice threugh the-batieny:pack: Furthesmore, by = shown
decreasing the contact resistance between the metal laver of the outer
in dakkagéPand e positivewlésttode térnsinal 2 or Hechegative ekectrode

terminal 2,0 of the battery pack, preferably, to,1 MQ or less, static
Cl 5 nb PTERS T »os '!: e e Y . o+
(é%eercrg]tricibfy 6% Usion cgﬁ%% suﬁprggged.néoﬁgéqeuen R/d ECS?ISE tolérance can

coeimproved Jpgardiess of theisiructure of thercasing of the. electronic +ne
device.
hard laminate 1b. When the top cover 2 is fitted intc 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. HNext, the individual components of the bottonm
cover 3 ars assembled to form the bottom covar 3. The
bottom cover 3 is fitted into the bottom opening of the
cuter package 1.

<Heat-welding step>

e

n

Next, heat welding is performed while using jig
hold the oversll 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
polvpropylene laver inside the hard laminats 1b ars heat-
welded. Thereby, the polvpropylens layer ig melted and the

other end of the conductive tape 20a held bestween the upper
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(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 Sb of the battery element
4 and the conductive layer of the outer package 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 SOO i") or less. Thereby, ESD tolerance can be further improved.
Figs. 13A to 13D show an example of joining of a negative electrode lead
Sb of a battery element 4 and a hard aluminum metal layer (metal layer)
SUbf ARoutér package 1S RIHEE as SHEWR P Figi 18R, lonekénd ot at s

~150nductive tape 30a is conn Ctggéoz%%%c@egﬁﬁve e'ecttnoed@'ﬁag 5b led

from the battery element 4. Next, as shown mUﬁé.nffg‘Sf ancther 8Ad of the
siconductive tape:30ais plaeedien thesupper-sirface.fi thetop:cover 2« »

Next, as shown in Fig. 13C, while appropriately folding the positive
ang|ectitiie leadeSa ahdithe ricgativeelectfode edel5h,cthestop codet Bds
Qu{i ted irjt(gkthgetop opaennén%gf th% outer EP‘i@y’:kaget . Thereby, as shown in

Fig. 13D, the top opensxg of the outer package 1 s ciosed bythetop” 21
cheoypel 2pang fhe gtherend-of the: eendyctive fape 30asis held between the

top cover 2 and the hard laminate Ib. Next, heat welding is performed

heghileadsiag jigs to hold the overall length. That is, heater blocks composed
of a&ggalﬁsygt] as copper, are pressed against the upper and lower sides
of the Vicinity of the top ‘efid oF the outer package |, and the periphery of

the Aop.sover 2,ang; the: polypropyiene layer inside the hard Jaminaie lb are
heat welded. Thereby, the polypropylene layer is melted and the other end

be g e condustiviectape 30aheld:bétweeh tHewuppersurfacereftha,top
:of ver% nd the quter package | is electrically connected to the hard
toff

s

G ¥hg§ﬁk®%?&€&tloﬂ. Thereby, the bottom cover 3 is
bonded to the end face of the battery slement 4. The resin
to be injected is not particulariy limited as long as it has
a low viscosity during injection. Examples of the resin
that can be used include polyamide-based hot melt,
polyoclefin-based hot melt, nvlon, PP, PC, and ABRS,

Farthermore, a molten resin may be injected betwesen the
top cover 2 and the battery element 4. 1In such a case, one
or two or more thnrough-holes are provided on the fop cover 2,
and the molten resin is injected through the through-holes.

By performing the steps described above, the bhattery
pack accerding to the first embodiment of the present
invention is fabricated,

Fig. 11 shows a flow of static electricity when E3SD

occurs. Fig. 12 is an equivalent circult diagram showing a



Fig. 14 is an equivalent circuit diagram showing a flow of static electricity
when ESD occurs. When the conductive layer of the outer package | is set
to have a negative electric potential, static electricity entering the outer
package 1 flows in the discharging direction of the battery element 4.
Therefore, static electricity is believed to be reflected without passing
through the battery element Consequently, the influence on the casing
containing the battery pack is large. However, in this method, if the electric
potential on the casing side is set to be a. negative potential without a gap
__ (space) between the conductive layer of the outer package | and the
=1 @asity 6f the body, discHarging BECTIsTBAWBER THE outér packageE afd
ES LE %P &f‘}@e £33 rlg:gfttbce %‘3@63’\‘}1'8@ {%z egﬁ%tévgga% %e %@?}:‘l r%‘a ckage
According to the second embodiment of the present invention, since the
as nagative ielectiede lead:sh bf the battery: elemend 4doand the conductive
layer of the outer package 1 are electrically connected to each other, the
outBrpackafe I¢HH bE St td hEdé a%&gtﬁ/e%lé&ﬁc?ﬁﬁ%éﬁfﬁ@l. WHén e
. .. auter pac .1 is set to have a negative electric potential,,static . .
-° e%éfﬁc%yl%%gg% iéfsé D%‘Ib?/&?'s% %rft%epdf%gﬁagr}g?nig’ di?épc?ti%bﬁcofetﬁé attery -
enelement Therefare,static elesiricitysisassumed:-to-flow inteithe negativei on
electrode terminal of the electronic device without passing through the
of patterpeleréit 2. CoRsequently iEisPossible t5- pievent staticraleetricitys
fra lowing into circuit board of the electranic device disposed in tge vicinity
S bé%te%‘f pack h%ﬁ%ihegd%a‘r?@“? Mot b esiﬁ‘f‘é?ri is an
coexploded-perspeetive view shewing. onestrugtirabexample: of a battery
pack according to a third embodiment of the present invention. As shown
ba ik Fy, 15 tHe battéry pagk différs fagmahatofithe dirstierhbotiimenttinghat
o metal label 61 is used as the label, 'Ie':bie metal label 61 is a magzk,er
“Shieat, Tor exar“np?e, used in ordef t& “alsp?ay chara t:ekFE,Oflrg’ffr%s?ét)c., more
b Spegificallynfarmationan-hapdling -standardsfor safety; efe,.onthe :nto
surface of the outer package 1 and in order to improve the outer package
GNistrehgtiof thesbattery packeTHe a case, the part is separated

1

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 subkstance is composed of atoms or molecules, and a
molecule is composed of one or a plurality of atoms. An
atom has a structure in which electricaily negative
electrons surround the nucleus {(positive protons). Outsr-

shell electrons ar

6}

in a state being esasily detachsd. &

3

substance which saslly releasses outer—shell electrons is a

43

substance that lg esasily positively charged, and a substance
which essily attracits electrons into the cuter shall is a

subst

&3]

nce that is easily negatively charged. In terms of



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 the metal label 61 is not particularly
limited. Although the metal label 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
flpdckage serengtrofthe battary pagkne dEigs: 16Ado 160-show afirshy
~oStructural example of the metal label. As shown in Fig. 160, a metal label
POB1TACIIdSs A Tl shaped of ShBEt-BREFET Hictl Siibstrate 72; Bheretfore,
tnadbesivedayeri¢3,a (esin. substiate 74, an ik jayer 75, and g UV coatin
layer 76 laminated in that order on one principal surface of the metal ™~
deggistrate 72znd an adhesive layer 71 laminated on another principal
surggce. fg{the metal substrate 72, an SUS substrate containing SUS as a
main componentis préferablyUsed  athbtigh not pakfcularmrimited
iniherelonThe;metal substrate 72,may be.selecled apprgpriately. depending
on the characteristics of the desired metal label 61. As the resin Substrate
ba7ds for examplel aPETGubstrate-cantaining polyethylere +terephthalate
%ELET% as a main component may be used, although not particularly limited
P2 EEEt0. THE Fedin SUDSHAR 74 nTAY BE Setéctéd appropristslydepériding
ouOnt teristics of the_desired metal label 61. The metal label 61 is
bonﬁﬁ%ﬁfgh“th%%zldr%é‘sivg Fayé% 7%t(}j%thc§ &ﬂ?&r*ﬁé‘é’ﬁag‘é T Hérdinafter,
vogemetal labelGileimcluding atmetal substrate. 72 gsomyposed of an. SUS
substrate is referred to as a "SUS label". Figs. 17A to 170 show a
POSebofid stritirat éxampfof the metdlsabeloAsishionn meRigrazo, atatic
1 dnet .82 s a film-shaped or sheet-shaped metal substrate 72;
= ?r?%f%t%e i}a]y%?%%s a%ﬁ%%tr%% 5%?5%%% aﬁﬁggilgqlz%fesr 53 anidyer
ch&dg and ailikcoating lager B5 laminated ia thatorder on oneprincipal
_surface of the metal substrate 72; and an adhesive layer 71 laminated on
ST Ynoth&rSindpa Sufface. 25 5 weedrding 6 the third embodiment; smoghe
the met 61 Js provided on the surface of the outer package |, the
b vrﬁ%éﬁirﬁ%é%%%é“ng%ﬁ of%ﬁé%ﬁﬁ?lee[y)lét”fé‘ry pack'Gai B& Tmpréved (BF BBEifA
stembodimentricity from flowing into the circuit board of

the electronic device disposed in the vicinity of the
battery pack housing part in an amount egquivalent to the
amount of static electricity charged to (absorbed by} the
battaery slement 4.

Furthermore, when the positive electrode lead 5a of

¢t
o
it

battery element 4 and the conductive layer of the cuter
package 1 are electrically connected to each other, ESD
tolerance can be further improved compared with the case

where the negative electrode lead 5b of the battery element
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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 the conductive layer of the outer package 1 to the positive
electrode lead 5a of the battery element 4. 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 | has an opening
65 in the vicinity of the top opening, and the metal substrate 72 of the
metal label 61 is exposed through the opening 65. The exposed portion
4 g thedsiiveelectrbde tefainal oftie circtittboardi2are etectrically
- ected.to each ather by a connecting member 62. As the connecting
”l%éer?%%? gz the SaMé CoNNeating Cr?mler% &F A3 the ‘CoRREELITE niembérS0
<1 i thesthird emberiment:ean be used: Thepositive,electrode terminal 63, ,
can be electrically connected to a positive electrode terminal 64 of an
L5 Te|eGtromi€ detvicediolising théBattery pack.  According to the fourth
embodiment as shown in since thg}zosi}ive electrode terminal 63 of the
Girc board 22'and the metal STBSTAR7 > 8f tHeFmBtA I45d 61°aferance
on Blecttically gennected 10 each other @Effﬂz%ggg%eg@g:m@%euft@%)}h ack.
metal label 61 can be set to have a positivo electric potential. When the
ConRetar fabel B i5 Skt tohave aqsositive electrigpotentialy static:electricity i ng
#hcjloo\{\grslg ir}to the hattery pack flows in thq: charging direction of the battery
~element 4. Theretore; dtatitdeRetritity 5 SsimRdto™se dtténuateah s &
moghArough-thg:hattery element de. . o e against static slectricity
can be implemented regardless of the structure of the casing

of the electronic device,

Fag

urthermore, since the outer package 1 is cnarged,
instead of being neutral, static electricity is not
discharged to (diffused into) the circuit board of the
electronic device. It is zlso possible to prevent static
electricity, which is discharged through the openings of the
caging of the electronic device, from causing functional
failure, etc. in the electronic device through the battery
pack. Furthermore, by decreasing the contact resistance

between the metal laver of the outer rackage 1 and the

i

pesitive electrode terminal 2a or the negative electrode

terminal 2b of the battery pack, preferably, to 1 M or less

usion can be gsuppressed,

h

static electricity dif

i

Conseguently, ESD tclerance can be improved regardless of

the structure of the casing of the slectronic device.



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
electricity charged to (absorbed by) the battery element 4. In contrast,
as shown in Fig. 19, in thp case where the positive electrode terminal 63
of the circuit board 22 and the metal substrate 72 of the metal label 61 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
embagirﬁ’(—f?:r”f'[%rkﬂE tREPré<éritinvention will be described in detail on the

besi o exgmples, However 3o be undersiood that he present .,

. Fy ; A CLA . 1{i £ 1ex t . o3
invention is not limited to the exa es.?ilg.eﬁ% an equiva ent cn%{nt“

prafiagram of-arbattery pack i each of Examples 1-t0.5,:and Figh 21.is:a0 - -
__equivalent circuit diagram of a battery pack in each of Examples 6 to 10.
L0 ESRMPLES 17 SRtV 8 5akESTY BIehehe ahowrbih Eige 3hwas prepared.

1 Next, after the battery element 4 was housed in an outer package 1, short
“~Sides of the outer package 1 were forded toc\)/%arbk}ﬁeoo‘ﬁ“tgidepoaf‘tﬁé%%ttbm
arof¢hehousingipert dbnnected to each other. Preferably, the

resistance R betwsen the negative slectrode terminal 2b of
the battery pack and the metal laver of the outer package 1
is set at 500 & or less. Thereby, ESD tolerance can be
further improved.

Figs. 132 te 13D show an example of joining of a
negative electrode lead 5b of a battesry element 4 and a hard
aluminum metal laver (metal laver) of an outer package 1.
First, as shown in Fig. 134, one end of a conductive tape
30a is connected to the negative electrode lead 5b led from

th

)]

battéry element 4. Next, zs shown in Fig. 13B, another
end of the conductive tape 30a is placed on the upper

surface of the top cover 2. Next, as shown in Fig. 13C,
while appropriately folding the pesitive electrode lead 5a
and the negative electrode lead 5b, the top cover 2 is

fitted into the top opening of the outer package 1. Thereby,
as shown in Fig. 13D, 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 1b.



provided in the soft laminate la, and the short sides of the outer package 1
were heat-Telded. The outer package also heat-weided to the bottom of
the housing part 15 of the soft laminate la. Thereby, a top opening and a
bottom opening were formed. Next, the positive electrode lead 5a and
the negative electrode lead 5b led from the battery element 4 are
respectively electrically connected to the positive electrode terminal and
the negative electrode terminal of the top cover 2. Next, as shown in Fig.
10A, one end of a conductive tape 30a was connected to the positive
electrode lead Sa led from the battery element 4. Then, as shown in Fig.
1037 % othérénd bt thie'condudtiveiapes30awas placed on the spper
rface of the tap cover 2. Next, as shown in Fig. 10C, while _
no "z%prggp%rrégeegﬁ/%%?dinig“%ﬂh%%dsitit\% Rlectfode ﬁ%ﬁag%ra BhatRE regativesd of
= electrodestead 5bs the top eover-2 was filediinfg dhe top ppening.ofhe,
outer package 1. Next, the bottom cover 3 was fitted into the bottom
Logpeninglrthieloliter patkage 1v o Néxte heater dlatksfiverepressed
pag%ginest the gggeg 2nd lower sides of the, vicinity of the too end of the outer
package ‘1, and the periphery of the top C6verPand the polybtopyiefe
polayerdpsidertbe hardate: Ibayete heat- welded..Thereby, the poly pp[%pa}gemne

layer was melted and the other end of the conductive tape 30a he
we betWeen The upper surfacecéfthectoplcover 2zand-thesouter pagkage | -he
o pNas elegtricgllykggnnegted to, th.e hard aluminum, metal layer 17b. Next, a
“hot-melt résin Was infect8d thiSugh Bsrotigh-Hotes pFeRHER Th Hiebstsm:
su,@QM@@?aoprI@M@dt%S%@Q@a@ofb;!\ée@hg‘%{eéésﬁaﬂg%& gtween the
positive electrode terminal 2a of the battery pack and the hard aluminum
el pstal fayer 1 7bcofrthe wuter-packagent wasmeastred khe:measyred
valye was, 100 CL Through the steps described above, the intended
bat elryc} pa*cfi was 6Btaeﬁq&}_valent clrcult diagram showing a flow

of static electricity when ESD occurs. When the conductive
layer of the outer package 1 is set to have a negative
electric potential, static electricity entering the outer
package 1 flows in the discharging direction of the battery
element 4. Therefore, static electricity is bhelieved to be
reflected without passing through the battery slement 4.
Consequently, the influence on the casing containing the
battery pack is large. However, in this method, if the
electric potential on the casing side is sat to be &
negative potential without a gap (space) between the
conductive layer cf the outer 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

nmeasures.,



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
pack and the hard aluminum metal layer 17b of the outer package 1 was
set at 500 52, EXAMPLE 3 A battery back 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 A between the
positive electrode terminal 2a of the battery pack and the hard aluminum

metdf tafet T bPthe Gute? Patkag8 1 wal'setatt Mf2e EXANPIE 5

lnvention, since the negative electrods lead 5b of the
battery element 4 and the conductive laver of the outer

y connected to each other, the

[

package 1 are electrical
outer package 1 can be set to have a negative eleciric
potential. When the outer package 1 is set to have a
negative electric potential, static electricity due to DSD
flows in the discharging direction of the battery element 4.
Therefore, static electricity is assumed to flow info the
negative slectrode terminal of the electronic device without
passing through the battery element 4. <Conseguently, it is
pessible to prevent static electricity from flowing into the
circult board of the electronic device disposed in zhe
vicinity of the battery pack housing part.

{3y Third embodiment

ford

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

The metal label ©1 is a marker sheet, for example, used
in corder to display characters, figures, etc., more

specifically, information on handling, standards for safety,

et

()

on the surface of the outer package 1 and in order to

improve the outer package strength of the battery pack. The

|
La)
sl
!



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 | was set at 10 TlcL
(ESD tolerance test) 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 ESC tolerance test was carried out to determine
whether or not a malfunction occurred in the electronic device. The
tolerance test was carried out according to IEC61000-4-2. In the
endurance test, ESC discharge was performed at varied test voltages of 8
mefl 15382 larfd- 25 kWA TieSrestilts thereof arershowatin Table 4:belay. a
med ABLE 1 EXAMPLEYQ %rbg}tery pack was obtained as in Example 1
except that ‘6he end of a conductivé 1afe Zoaivad E6nAEcEE o the

st negative stectroderlead:sh ladfrom;the battery element 4 as.shown in Fig, |
13A, another end of the conductive tape 30a was electrically connected fo
St s fard alurminan® mietal byekiZe, and thecresistance Ribetween the: the
e &egaﬂve xLaqutrode t%rml al % of the battery back and the hard aluminum
&

al fayer 17b°013he Suter packdye T waddetsiioorer can be
improved, The metal label 61 iz, for example, attached to
the ocutside of the outer package 1. The size of the meral

tabel 61 is not particularly limited. Although the meral

lazbel 61 may be smaller than the ocuter package 1, the metal

label €1 preferably has substantially the same size as +he

[
ina

ocuter packasge 1 from the standpoint of improving the outer
package strength of the battery pack.

Figs. 16A to 16C show a first structural examnple of the
metal label. As shown in Fig. 160, a metal label 61
includes a film-shaped or sheet-shaped metal substrate T2
an adhesive laver 73, a resin substrats 74, an ink layer 75,
and a UV coating layer 76 laminated in that order on ope
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 matal 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 pelyethylens



EXAMPLE 7 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 500 Q. EXAMPLE 5 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 100 kKQE EXAMPLE 9 A battery pack was
obtained as in Example 6 except that the resistance R between the

negative electrode terminal 2b of thb battery pack and the hard aluminum
Le ifipfabHet 17b Gfthe GiiteP pRERAYE PIvAY St at™E MO SEXARPLE 10

al @%BQ&S ry.pack was.obtained as %@é%’%‘ ﬁ’%%% gxcept that Ihe [esiptance R

etwéen the negative electrode termina
substrate 74 may be selected appropriately depending on the

characteristics of the desired metal label 61. The metal
label €1 is bonded through the adhesive laver 71 to the
outer package 1. Hereinatter, a metal label 61 including a
metal substrate 72 composed of an SUS substrate is referred
toc as & "3SUS label®.

Figs. 17A to 17C show a second structural example of
the metal label. As shown in Fig. 17C, a metal label 81
includes & film-shaped or sheet-shaped metal substrate 72;

an adhesive layer 51, a subst

q

ate 52, an ink adhesive laver
53, an ink laver 54, and a UV coating laver 55 laminated in
that crder on one principal surface of the metal substrate

72; and an adhesive lay

@
R

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 substratse 72 of the metal label 61 is

!-.,J

electrically connected to the positive electrode lead 5a of

the battery element 4, instead of electrically connecting

1
(6%
[a)

I



of the battery pack and the hard aluminum metal layer 18b of the outer
package 1 was set at 10 Mfl. (ESD tolerance test) Next, five battery
packs were prepared for each 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 occurred in the
electronic device. The tolerance test was carried out according to
IEC61000-4-2. In the endurance test, ESC discharge was performed at
varied test voltages of 8 kV, 15 kV, and 25 kV. The results thereof are
shown in Table 2 below. TABLE 2

the conductive laver of the ocuter package 1 to thse positive
electrode lead Ba of the battery elemsnt 4.

Fig. 18 shows a structural example of & battery pack
according to the fourth embodiment of the present invention.
As shown in Fig. 18, an cuter package I has an ospening 65 in
the vicinity of the top opsening, and the metal substrate 72
of the metal label 61 i1z exposed thrcugh the cpening &5.

The exposed portion and the positive electrode terminal 63
of the circuit board 22 are electrically connecited te esach
cther by a connecting member 6Z. As the connecting membear
62, the same connecting membsr as the connecting member 30

in the third embodiment can be used. The positive eslsctrode

actrically connected to a posltive

[

terminal €3 can be &
slectrode terminal 64 of an electronic device housing the
battery pack.

Zocording to the fourth embodiment, as shown in Fig. 18,
gince the pesitive electrode terminal 63 of the circuit
board 22 and the metal substrate 72 of the metal lakel &1
are slectrically connected Lo each other by the connscting

mempar 62, the metal label €1 can bea set to have a positive
glectric potential. When the metal label 61 is set te have
2 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.
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Example 6 Example 7 1 Example 8Example 9 Example 10 100 Q 500S2
100 k521 MOJ10 MO. 8 kV

Conseguently, it is possibkble to prevent static electricity
from flowing into a circult board 91 disposed in the
vicinity of the battery pack housing part of the slectronic
device Iin an amount @quivalent toe the amount of static
electricity charged to (abscorbed by) the bat ery alement 4.

In contrast, as shown in Fig. 19, in the case where the
poesitive electrode terminal 63 of the circuit board 22 and
the metal substrate 72 of the metal label 61 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 understood that the present invention is not
limited to the examples. PFig. 20 is an eguivalent circuilt

diagram of a battery pack in each of Examples 1 o 5, and
Y ¥

Fte

Fig. 21 is an ecguivalent circuit diagram of a bat: ry pack
in each of Examples 6 to 10.
EXAMPLE 1

First, a hat

)
t
o
[

y element 4 shown in Fig. 3 was preparad.

Next, after the battery element 4 was housed in an ocutrer

fout«

package 1, short sides of the outer package 1 were folded

toward the outside of the bottom of the housing part 15



5/5 5/5 Jr 5/55/5 15 kV ' 5/5 5/5 4/5

provided in the soft laminate la, and the short sides of the

outer packa

e
o

i}
it

1 were heat-welded. The ocuter package 1 was
also heat-welded to the bottom of the housing part 15 of the

scft laminate la. Thereby, a top opening and bottom

[*H]

P

opening werse formed.

Next, the positive electrode lead Sa and the negative
electrode lead 5b led from the battery element 4 are
respectively electrically connected to the positive
electrode terminal and the negative slectrode terminal of
the top cover 2. DNext, as shown in Fig. 10&, one end of a
conductive tape 30a was connected to the positive electrode
lead 52 led from the battery element 4. Then, as shown in
Fig. 10B, the other end of the conductive tape 30z was
piaced on the upper surface of the top cover 2. Next, as
shown in Fig. 10C, while appropriately folding the positive
electrode lead 5a and the negative electrode lead 5b, the

top cover 2 was fitted into the top opening of the oute:

¥

5

pacikage 1. Next, the bottom cover 3 was fitted inte the
bottem opening of the outer package 1.

Next, heater blocks were pressed against the upper and

ot

lower sides of the vicinity of the top end of the ocute

Fi

package 1, and the periphery of the top cover 2 and the
polypropylene layer inside the hard laminate 1b were heat-
welded. Thereby, the polypropvlene laver was melted and the

other end of the conductive tape 30a held between the upper



5/5 3/5 25kV 1 5/515/5 4/5 3/5 2/5

surface of the top cover 2 and the outer package 1 was

: ES 2

iy

electrically connected to the hard aluminum metal layer 17b
Next, a hot-melt resin was injected, through through-holes
provided in the bottom cover 3, followed by solidification.
Next, the rssistance R between the positive electrode
terminal Za of the battery pack and the hard aluminum metal
layer 17b of the outer package 1 was measured. The measured
value was 100 Q.

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

EXaMpLE 2

R 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 metzl layer 17b o

h

iy

o
Li

2 outer package 1 was sat at 500 €,

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 k€.

EXAMPLE

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

the cuter package 1 was set at 1 M.



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 | and by setting the conductive
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
electrically connected to each other, the ESD tolerance is excellent
compared to the battery pack in which the negative electrode lead 5b of
theibattery element 4 and the conductive layer of the outer package 1 are
ele(itri}ggw ggnnegtg_g tv?a%acﬂﬁgtheﬁ'm',ﬁ‘ particular, the (jjiffer,]encg becomes
conspicuous ih the Tange wiiete the eledtric poténtidiiof the ESHy Pt that
th4iseharge exceedsddtkMern the positive electrode terminal Za
of the battery pack and the hard aluminum metal layer 17b of
the outer package 1 was set at 10 ML,
(5D telerance test)
Next, five battery packs were prepared for each of
Exampies 1 to 5. Bach ¢f the battery pack was contained in
an electronic device, and an E8D teoclerance test was carried

oult to determine whether or not a malfunction occurred in

the electronic device. The telerance test was carried oub
according to IBECE1U0C-4-2. 1In the endurance test, ESD

discharge was performed at varied test voltages of 8 kv,

+15 kV, and 225 kV. The results therecf are shown in Table
1l below.

TABLE 1

Example 1 I Example 2 | Example 3 | Exampie 4 | Example 5
106 @ | 500 € 100 k€2 1 MQ 10 MO

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 j 5/5 5/5 4/5

EXAMPLE ©

A battery pack was obtained as in Example 1 except that



In the battery pack in which the positive electrode lead ha of the battery
element 4 and the conductive layer or the outer 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 M.C2 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 | 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
OnpatREge T at 50O EIESE, tPESE blerance cansyd fprovetihe  In
neral, an antistatic sheet used.for, ESD protection has a surfabe
mﬁ?egérisﬂ%ﬁc%“o“fvste‘\/%%l %éagpﬁ%slﬁ.)i‘sl oA EEETBR ey edement 4 as
shown in Fig. 13A, another end of the conductive tape 30a

was electrically connected to the hard aluminum metal layer
17b, &nd the resistance R between the negative electrode
terminal 2b of the battery pack and the hard aluminum metal
layer 17k of the cuter package 1 was set at 100 O.

EXAMPLE 7

A battery pack was obtained as in Example 6 except that
the resistance R between the negarive electrods terminal 2b
of the battery pack and the hard aluminum metal layer 17b of
the outer package 1 was set at 500 .

EXAMPLE B

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 packsge 1 was set at 100 k(2.

EXAMPLE 9

& battery pack was obtained as in Example 6 except that
the resistance R petween 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 MO,

EXAMPLE 10

.....

rt

he resistance R betwsen the negative electrode tarminal

(]

b

|
s
[
{



common knowledge that such a high surface resistance has an effect of
promoting static electricity diffusion. Meanwhile, when the conductor
resistance between the conductive layer of the outer package 1 and the
electrode lead of the battery element 1 increases, a state equivalent 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 of the measurement results of the examples
described above that, in the case where the conductive layer of the outer
~Ppackage 1 is connected to GND, complete static electricity penetration

f (58 gt otEar, statid efictricity diftdsion dariaf stares! and eva resule of

enélegtric cunent lows into the casing, resultjng in ESD damage.  On the
basis of the above findings, it is believed that, by limiting the connection
resistahcetaricquantitatively; defining the effect of suppressing static
electricity diffusion, the ESL tolerance can be improved regardless of the
forrhi of the CaSiRg EXANIPLESEES “ATsatierypackivds obtained as in

£ mple 1 except tha T label 41, was bonded to the outer package 1

“‘”X%ﬁ%% r%v(ae)rgcthi;éénti%sgzj}ffgée ;%j %ebgzt%e?bgckgg’g"i "EXANMBLE iﬁgd -

an Achatterypack was obtained@ssin Exampleilexcept thatan SUS label 61

was bonded to the outer package 1 so as to cover the entire surface of the
O”%uﬁﬁ;ﬁ&%ﬁﬁ%qﬁe whether or not a malfunciion occurred in

the electronic device. The tolerance test was carried out

according to IECE1000-4-2. In the endurance test, ESD
discharge was performed at varied test voltages of £8 kv,
15 kV, and £25 k¥V. The results thereof are shown in Table
2 below.
TABLE 2

Example 8§ | Example 7 | Example 8 Example ¢ | Example 10

100 & 500 & 100 k2 1 MO 10 MG

=8 kv 5/5 5/5 575 5/5 575
=15 kv 575 5/5 4/5 5/5 3/5
25 kV 5/5 5/5 4/5 3/5 2/5

The fcellowings ars evident

from Tables 1 and 2.

The ESD tolerance can be improved by electrically

connecting the positive electrode lead 5a or the necative

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

layer of the outer package 1 and

oy
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(Free fall drop test) free fall drop test was carried out on each of the
battery packs of Examples 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.
22A, 22B, 24A, and 24B). (Random free fall drop test) A random free
fall 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 iron sheet with a thickness of 3 mm, and it was checked
L2 YiHetRér Catks b UetRERment otclifed iy &ll theesmiponents constiating
o14he b atte pgglg rgfer to Figs, 22A, 228, 24A, and 248), (Punching
durabilit esﬂ A punching durability test was carried out on each of
the hattery: packs of Examples 1 handA2@asfollows. Using.a punching jig
(made of iron having a diameter of 8 mm; an end diameter of 3 mm; 45
1egdit) g, dach Battery vack wasment 4 and the conductive layer of

the outer package 1 are electricallvy connected to each other,
the ESD tolerance is excellent compared to the battary 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., In particular,

the difference becomes conspicucus in the range where the
electric potential of the ESD discharge exceeds £15 kV.

in the battery pack in which the positive electrode

63

lead 5a of the battery element 4 and the conductive laver of
the outer package 1 are electrically connected to each other,
by setting the resistance R betwsen the positive electrode
terminal Za of the battery pack and the metal layer of the
outer package 1 at 1 MO or less, the FSD 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
cuter package 1 at 500 Q or less, the ESD tclerance can be

improved.



subjected to the punching test at a load of 400 N and a speed of 1,5
mm/min. It was checked whether internal short-circuiting occurred in the
battery pack (refer to Figs. 23A, 238, 25A, and 258). The followings are
found from the test results. In Example 11, since the PET label is soft,
it is not 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 above in detail. However, it is to be
undeérstsBttitiat the présent sieentiorsisatot limited tdothelsmbpdimentsion
. and the examples described above, and various alterations are possible
ha%n%héug%g%f the technical s%bfr)it"b%“{ﬁéab]r'eéne@nﬁfw?ﬁ\?é“n?tioﬂ}?g) ‘For & *9
coxamplecthe-aymericakvalues, shapes, stiuctuses, etc described inthe,
embodiments and the examples are merely examples, and numerical
eI \rfiies sHapesostructurds tete. ditferéntfrom those described above may

be ysed as,necessary. o .
Meanwhlile, wheh the conductor rasistance between the

conductive layer of the cuter package 1 and the electrode

m

lead of the battery element 1 inc¢reases, a state equivalent
to static electricity diffusicn, not static electricity

penetration, is produced. In particular, in the region

0

where the resistance excseds 15 kV, it can be estimated on
the basis of the measurement results of the examples
described above that, in the case where the conductive laver

cf the outer package 1 is connected to GNBG, complete static

|-

electricity psnetration does not occur, static glectricity
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 guantitatively

defining the effect of suppressing static electricity

|

diffusion, the ESD tolerance can be improved regardless of
the form of the casing.

EXAMPLE 11

i

A battery pack was cobtained as in Example 1 e
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T label 41 was bonded to the outer package 1 so as to

9]
Q
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&
[

the entire surface of the cuter package 1.



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 invention. Furthermore, in each of the first to fourth
embodiments, an example in which the present invention is applied to a
winding-type battery including a positive electrode and a negative
electrode being wound with an electrolyte layer being interposed
therebetween has been described. However, the present invention is also
applicable to a laminate-type (stack-type) battery in which a positive
electrode, an electrolyte layer, and a negative electrode are laminated in
thabofder-= Furthermore, in each of the first to fourth embodiments, an
ex le.in which the present invention is applied to a battery pack for a
segz{(;]n%aa?y M%ﬁe?ydﬁgs g‘één%e%%f"i%% . ﬁﬁow%%eﬁ%ﬁ%?p?r@sénﬁﬁ%ﬁﬁoﬁW‘sat
an aiso applicable 1o a:hattery packifer aprimarypattery,, » o Furthermore, in
each of the first to fourth embodiments, an example in W%ich the present
CoVRventivh Brappliedto e baterythaving @:gel electrolyte=as an electrolyte
has, b%eg dgsggibe,d. However, the present invention is also applicable to a
batt‘é?yﬁfawr?g a. Solid el‘é%ﬁbiyte containing an electrolyte salt as an
elegtrolyte. The present inventions alsq applicable to,a hattery having.an
electrolyte solution, such as a nonaqueous electrolyte solution, as an
batdlgstrolytesks Furtheampie;dn Bachof the fisst ahd $esend embadiments,
he arkgxarypke in which a positive electrode lead ha or ahnegazive electrode
J[ga. 5% of & €aﬁéryré:]é ei-fﬁ%tig were carried out twslve 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. 223,

1w

223, 241, and 24R).

-

(Randow free fall drop test)

.

A random free fall drop test was carried out on each of
the battery packs of Examples 11 and 12 as follows. TFrom a
height of 1.0 m, each battery pack was dropped 20C times
onte 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,
228, 242, and 24B) .,

{Punching durability test)

A punching durabllity test was carried out on each of
the battery packs of Examples 11 and 12 as follows. Using a
punching 3ig {(made of iron having a diameter of & mm; an end

diameter of 3 mm; 45° cut) 92, each battery pack was



electrically connected to a conductive layer of an outer package 1 has -
been described. As long as the conductive layer of the outer package 1
and the positive electrode or the negative electrode of the battery element
4 are electrically connected to each other, the portion to be electrically
connected to the conductive layer of the outer package 1 is not particularly
limited to the example. For example, a positive electrode terminal 2a or a
negative electrode terminal 2b of the battery pack, or a positive electrode
terminal or a negative electrode terminal of a circuit board 22 may be
electrically connected to the conductive layer of the outer package 1.
SUBFRERMONE, iR thetfoiith Bhthddifierttan example in whithia positve
ctrode, terminal of the circuit board 22 and a metal substrate of the
Sp%%a?lggél él"éyr?é]%lenc'tricgl y “68%6%1‘@8‘&%%%%%%%%" had beehe+ shert-
c: described. Howevera negative electrogde tepminal pf the circuitboard 22,
and the metal substrate of the metal label 61 may be electrically
2 3Ronnedteckitredctother.  Furthermore, in the fourth embodiment, an
example Jn which an electrode terminal of the circuit board 22 and a metal
substrate of the metal [3bal 61 4F& efectficallcdidctéd fd1éheh other
hastheen descdbed. As lang.as the metal substrate of the metal labe 61
and the electrode of the battery element 4 can be electrically connected to
pogachlather, theeporionitorbecelectricallycconmectat tosthesmetal substrate
o Of é@% n]geayql labe] 61 is not particularly limited to the example. For
exampl8_the electrodé terminar of the Attty Hack orihs Sedtisde iBad
1a10f the battenselement.4 may he-electrically cannegted to the, metal
substrate of the metal label 61, Furthermore, in each of the third and
s régutly emtyodinents,spreferably; beth the-metalsubstrate: of the: metabacy.
label 61 and the conductive layer of the outer package 1 are electrically
connectéd 16 the'posifive efectrsiesr i Acgative ‘I8 c 686 B the battery

< n-flement 4, Examples, ofithe cantagt methad include @ method in which

one or a plurality of protrusions are provided on a principal sUrface ofthé -
is metabsubstiatesofithe metat labied 61-facing-therauter pagkage 1,eut of
.. both principal surfaces of the metal substrate, and the protrusions are

I dStrcaly briught IS Chmtac itk thé @ oRdadtveday certhidbsuterbove,
andPagkage 1, and.a method in m%gggi%fgp'%a'!ﬁl of protrusions  are

provided on a principal surface of the metal layer of the otiter p%hkég%
tedacingahe spnétal tabef 64 subot:keth-principal-susfaces of the metal layer,

and the protrusions are electrically brought into contact with the metal

substraté H'the fnetaFfapereerical values, shapes, structures,

etc. described in the embodimentz 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 invention.

P

Furthermore, in sach ¢f the first to fourth emirodiments,
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The present application contains subject matter related to that disclosed in
Japanese Priority Patent Application JP 2008-208268 filed in the Japan
Patent Office on August 12, 2008, the entire content of which is hereby
incorporated by reference. It should be understood by those skilled in
the art that various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and other
factors insofar as they are within the scope of the appended claims or the
equivalents thereof. WHAT IS CLAIMED IS: 1. A battery pack

comprising: an outer package including a laminate having a
ancgﬁ@amﬁﬁa@yemhlch the present invention is applied to a

winding-type battery including a positive electrade and a
negative electrode being wound with an electrolvte lLayer
being interposed therebetween has been described. However,
the present invention is also applicable to a laminate-type
{stack-type) battery in which a positive electrode, an

electrolyte layer, and a negative electrode are laminated in

that order.

Furthermore, in sach 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 describead.
However, the present invention is also applicable to a
battery pack for a2 primary battery.

Furthermore, in each of the first to fourth embodiments,
an example in which the present invention is appllied to 2
battery having a gel electrolyte as an electrolivte has been
described. However, the present invention is zalso
applicable to a batteryv 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 nonaguacus electrolyte
solution, as an electrolyte.

Furthermere, in sach of the first and second
embodiments, an example in which a positive electrode lead

2& Oor a negative electrode lead 5b of a battery slement 4 is



a battery element housed in the outer package; a cover fitted into an
opening of the outer package; a connecting member which electrically
connects a positive electrode terminal or a negative electrode terminal of
the battery element to the conductive layer of the outer package,
wherein one end of the connecting member is connected to the positive
electrode terminal or the negative electrode terminal of the battery
element; and another end of the connecting member is held between
the outer package and the cover. 2. The battery pack according to
Claim 1, wherein the positive electrode terminal of the battery element is
¢ 1 BRICHICAIY Coritatied 16 the eoRdGeHvVE IRy A 6f thevsuter Paskagerter
T tter k according to Claim 2, wherein the resistance between
e ?k{{eaggs?ﬁv%{:é%e%%%éé t%r?nclﬁgfggr(% thgéoﬁgﬁﬁiv‘éﬁaﬁlﬁ of trieoliter Ve

lzpackage imd MQrerdessckage 1 and the positive electrode or
the negative electrode of the battery element 4 are

electrically connected

ot
{
s
O
(b

ach other, the portion to be

¢

e

}

electrically connected to the conductive laver of the outer

ot

package 1 is not particularly limited to the example. For
example, a positive electrode terminal Z2a or a negative
electrode terminal 2b of the battery pack, or a positive
electrode terminal or a negative electrode terminal of a
circult board 22 may be slectrically connected to the
conductive layer of the outer package 1.

Furthermore, in the fourth embodiment, an example in
which a positive electrode terminal of the circuit board 272
and & metal substrate of the metal label 61 are electrically
connected to =2ach 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 sach other,

Furthermcre, in the fourth embodiment, an axample in
which an 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. As long as the

metal substrate of the metal lapbel &

Fou

and the electrods of

the battery element ¢ can be electrically connected Lo each
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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 and the conductive layer of the outer
package is 500 Q or less. 5. The battery pack according to any one of
Claims to 4, further comprising a surface member which covers the outer
package, wherein the surface member includes a metal layer.

other, the portion to be electrically connected to the metal
substrate of the metal label €1 is not particularly limited

actrode terminal of the

et

to the example. For example, the e
battery pack or the electrode lead of the battery element 4
may be electrically coennected to the metal substrate of the
metal lahel 61,

Furthermore, in each of the third and fcurth
embodiments, preferably, both the metal substrate of the
metal label 61_and the conductive layer of the outer package
1 are electrically ccnnected 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

0f the metal substrate of the metal labe

food

51 facing the
outer package 1, out of both principal surfaces cof the metal
substrate, and the protrusions are electrically brought intc
contact with the conductive layer of the outer package 1,
and a method in which cne or a plurality of pretrusions are
provided on a principal surface of the metal layer of the
outer package facing the metal label 61, out of bkoth
principal surfaces of the metal layer, and the protrusions
are elecirically brought into contact with the metal
substrate of the metal label €1.

The present application contains subject matter related

to that disclosed in Japanese Pricrity Patent Application JP



6. The battery pack according to Claim 5, wherein the metal layer
contains, as a main component, stainless steel. 7. The battery pack
according to Claim 5, wherein the positive electrode terminal or the
negative electrode terminal of the battery element is electrically connected
to the metal layer of the surface member. 8. The battery pack
according to any one of Claims 1 to 7, wherein the outer package includes
a first laminate and a second laminate, the first laminate and the second
laminate having substantially the same size;

2008-208268 filed in the Japan Patent Office on August 12,
2008, the sntire content of which is hereby incorporated by
refersnce.

It should be understcod by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design reguirements
and cother facters inscofar as they are within the scope of

the appended claims or the equivalents thereof.



each 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 each 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 opening; and both ends of the first laminate are
bonded to each other outside of the bottom of the recess of the first

WHamiRate- 4 18 Fhérattery pack according to Claim 8, wherein the
conductive layer of the first laminate is a soft aluminum metal layer; and
the conductive layer of the second laminate is a hard aluminum metal

layer. . A pattery pack comprising:

an outer package including a laminate having a
conductive layer;

a battery element housed in the outer package;

a cover fitted intc an opening of the outer package:;

a connecting member which electrically connects a
positive electrode terminal or a negative electrode
terminal of the battery element tc the conductive layer
of the ocuter package,

wherein one end of the connecting member is
connected to the positive electrode terminal cr the
negative electrode terminal of the battery element; and

another end of the connecting member is held between

the cuter package and the cover.

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

outer package.
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10. The battery pack according to Claim 8, wherein 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.
11. The battery pack according to Claim 8, wherein the first laminate
includes an adhesion layer, a soft aluminum metal layer, and a surface
protection layer laminated in that order;  the second laminate includes

an adhesibh faystta hard ﬁﬁﬁﬂﬁnéﬁlcrﬁé@al T4et Cand & Stirface PréEEtich
layer Iamlnated in.th torder de er{gf thCe first
e

th Teslstance Letweern %adhe&gnl%y
amlnate andmt%e acﬁ1e5|on Iayer in'[%e second aminate 1ace eacrﬁ rfﬁer
and the conductive layer of the cuter 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 1s electrically connected to the
conductive layer of the outer package; and

the resistance betwsen the negative electrode terminal
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and the conductive layer of the outer package is 500 Q or

less.

5. The battery pack according to any one of Claims

-

1 to 4, further comprising a surface member which covarsg

the outer package,

wherein the surface member includes a metal laver.

6. The battery pack according to Claim 5, wherein
the metal layer contains, as a main componeant, stainless

stecl.

7. The battery pack according to Claim 5, wherein

the
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positive electrode terminal or the negative
electrode terminal of the battery element is electrically

connected to the metal layer of the surface member.

8. The battery pack according to any one of Claims
1 to 7, wherein the ocuter 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 laminatre
has a conductive laver;

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

the first laminate and the second laminate are
overlaid on each 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 opening;
and

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

laminate.

9. The battery pack according to Claim 8, wherein

the conductive layer of the first laminate is a soft

aluminum metal lavyer; and
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the conductive layer of the second laminate is a

hard aluminum metal layer.

10. The battery pack according to Claim g, wherein
the first laminate and the second laminate are overlaid
$0 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.

11. The battery pack according to Claim 8, wherein
the first laminate includes an adhesion layer, a soft
aluminum metal layer, and a surface protection layer
laminated in that order;

the second laminate includes an adhesion layer, 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 each other.
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