1 BATTERY AND BATTERY PACK BACKGROUND OF THE I NVENTION 1. Field of the

I nvention : The present invention relates to a battery and a battery
pack. In particular, the present invention relates to a battery and a
battery pack using a lamnate filmof a netal |ayer and a resin |ayer. 2.
Description of the Related Art In recent years, with rapid
advancenent in size and wei ght reduction of nobile information term nals,
such as nobi |l e phones, notebook-type personal conputers, PDAs (Personal
Digital Assistants), and the |like, a high-capacity battery is increasingly
demanded as a drive sour EATIERABUEARTER e RAG yt e secondary battery
which is represented by a lithiumion secondary battery has a high energy
density and a high capacity, so nonaqueous el ectrolyte secondary batteries
have been wi dely used as a drive source for nobile information term nals,
a drive source for poweRBATBORSUNENJL| AiHEZeANEENTAONvVe sources. Wth
the reduction in the size and weight of an el ectronic apparatus, there is
demand for resugctedn:hdée shzenahdnwei ght of electrical parts which are used
in the electronic apparatus. For this reason, a nonaqueous el ectrolyte

battery in wheh mrdagm ikechedyn scusedsasc a sgatedyvassel ba@ﬂér?
nonaqueous 2 electrolyte, a positive el ectrode, and a negative el ectrode

are seahgdrin tihe hag-idkes bodynks heifhi nokeast nghy radepted @s a power
sour ce. The seal ed vessel should have properties capabl e of

preventing: 80, 9RLYa PEL At 0.0k e5eaLr 9l YigsiARd9RS1RUL ral spepgRetration

of nmoisture fromthe outsidé. Thereforeé, as the material for the seal ed

vessel , §¥é§ngﬂ te fLLmhayi,ng a nultilayer structure of resin filnfnetal
Iayer/t%e mal aghe5|ve re5|k %thernal adhesive |l ayer) is used.
2. Description of the Related Art
In recent yéars, with rapid advancement in size and
weight reduction of mobile information terminals, such as
mobile phones, notebook-type personal computers, PDASs
(Personal Digital Assistants), and the like, a high-capacity
battery 1s increasingly demanded as a drive source. A
nonagueous electrelyte secondary battery which is represented
by a lithium-ion secondary battery has a high energy density
and a high capacity, so nonaqueous clectrolyte secondary
batteries have been widely used as a drive source for mobile
information terminals, a drive source for power tools, and
in-vehicle drive sources.
With the reduction in the size and weight of an electronic
apparatus, there is demand for reduction in size and weight
of electrical parts which are used in the electronic apparatus.

For this reason, a nonaqueous electrolyte battery in which a

bag-like body is used as a sealed wvessel, and a nonagueous



~" A nonaqueous electrolyte, a positive electrode, a negative el ectrode, and
a separator arranged between the positive el ectrode and the negative
el ectrode are sealed in the seal ed vessel. Lead conductors with one end
connected to the positive electrode and the negative el ectrode are
arranged so as to extend from an ope@ ng of the sealed vessel to the
outside of the seal ed vessel, and the opening is seal ed by fusion-bondi ng.
In this way, the nonaqueous electrolyte battery can be made. At a
thermal cadhasions{or i e sihernel RaldehodLl eied 1R¢a% 13588k R¥JdO0N) of
t he opening fromwhich the | ead conductors are exténded, opposing thernal
adhesi v r e, gnd h i f. L I rtion
wher e a%Fggégégﬁgug?or i?gﬁﬁgg%%bgégyﬁé?a%%ﬁwéHgﬂ% éﬁﬁgﬁﬂég%égggéxﬁayers
of the lLam.n fil e thermal adhesive |layers of the lamnate filmare
bonded F% t Zkﬁgghsﬁ%ﬁ;udtor. 3 The seal portion should have not
only excel |l ent,, adhesi.on. and_seal | roperties by fusion-bonding hut al so
properties of%%gt%ﬁ%%%Q(ﬁ?%ﬁﬁ 'ﬁggﬁgﬁmgivﬁwﬁfﬁ %ﬁF%%%dﬁﬁPﬁ?iﬁnﬁ he
metal | ayer disposed inside the thermal adhesive |ayer of the | ami nate
film asPa r&&ir go?o‘aéﬁlﬁrynﬁﬁmﬁa%&ﬂ”naf (SIS O Do Agd gas but pdsoppj s
reason, various contrivances have been nmade with respect to a |ayer
di sposel°BENRESACPhETI BAHSEOhAuLTOF B Thes it al They&i et RS 18RI nat e
film Further, an insulating coating |ayer is provided so as to coat the
| ead coMahefrdrl & Vete o682&6At MoEiftles havempaahensdemi tavirgpact to
the insulating coating |ayer. Japanese Patent No. 3114719 di scl oses
a technifgééiilRYRAi cAtAurayer ofPfnareFénacifdlmietréd pobgolehiemmhadvi ng
good adhesion with the | ead conductor is provided as an insulating coating
| ayer oaAdbreiveadesdnduthermand adivetsiore ddyayer iof wyasbs- | i nked
pol yet hyl ene having a gel percentage of 20%to 90% is provided outside the
i nsul ati ng coat immdayerus electrdPvA<2004- 2979861 b selleses caid,echni que in
whi ch fusion-bonding is enabled at | ow tenperature and the sealing effect
i s i nprowedtbyei rilerqposideg ashd- sodidpedat bnear rhowedensityeaol yathyl ene
bet ween a | ead conductor and a seal ed vessel. JP- A- 2003- 7269
disc|ospssatneeh@lguerbaewahghtaefhé?hea@@ By cb-ambnat bpg 3ehhgh-fhuidity
pol ypropyl ene | ayer, which easily deforns due to heat and pressure applied

during t¥eheairsealdsi@l andead ovnhiluidirkywpeh YR ORHERS ha¥ehg Wi ch does
not so easily deformis provided between a | ead conductor and a seal ed

vessel .+ MLt diiS,d €EBBLGURe SNQRtLHEGH Y vReleen &l egd ¢ppdygLgr and
the metal layer of a lamnate filmcan be prevented.
g0 as to extend from an opening of the sealed vessel to the
outside of the sealed vessel, and the opening is sealed by
fusion-bonding. In this way, the nonaqueous electrolyte
battery can be made.

At a thermal adhesive portion (hereinafter, referred to
as a seal portion) of the opening from which the lead conductors
are extended, opposing thermal adhesive lavyers are bonded
together. At a portion of the seal portion where a lead
conductor is interposed between the thermal adhesive layers

of the laminate f£ilm, the thermal adhesive layers of the

laminate film are bonded to the lead conductor.



In recent years, a battery is increasingly used as an in-vehicle battery
or the like in which large-current discharge wll be made. In the case of

| arge-current discharge, in order to reduce heat generated fromthe | ead
conductor at the tinme of discharge, it is necessary to increase the width
of the | ead conductor or the nunber %f | ead conductors. Wen the | ead
conductor has a large width, it is diffficult to extend the |ead conductors
of the positive electrode and the negative el ectrode fromthe sane side of

the battery. Rop LOls J£aASUh shbuhd REFESRAr Yol o %ﬁ%ﬁﬁ%&%@%ﬁonduct or

of the positive electrode and the | ead conducto e negative el ectrode
from di r L.de . NM%g- I-NVENTI .
Fbmever%kgbgg%é?% ?gQ%%%PE%%ﬁ% gﬁ%$h$%t oseﬂgf§l#§8&§§§§¥ﬁggé%ﬁe :
3114719, adhesi.on .proper.ty vari es depending.on the degree ,of
cross-Ing?ﬁﬁ'g?“%?bégfﬁﬁﬁﬁﬁﬂxﬁ3?%%?%??eﬁﬁ? L%gdtﬁ?%nggggn?thghFechnique

di scl osed i apanese Patent. No. 31147 has . a problemjn that

bt oduct FOFEY 78VaEq L BoCAIID T o PrdR S nath SROLF o BE e 6 secur e
5 adhesion by correctly controlling_the degree of cross-Iinking.

The t echAlGUEtEi skiDbesF FﬁSHi’ai:@fzégfpﬁl?% DHEE D BBE R PANERES -
short-circuit _is likely to occur due to softening or flow ng of the

i nter posed fi FRFdth¥hESRFRE, SR FIRYDAOBGHEVAGCCEME TS PESNARRM LGN fi cul t
to achi eve fusion-bonding by controlling the application of pressure and
heat sor&§Pe6taveicdlenershbrpoepeidigtween the 1gpd ¢erdindgere alidchesed in
JP- A-2003- 7269 has a problemin that, if fusion-bonding is perforned under
a tenpernatate legwdi tdontlexcéediingtehe intet + | N podian, ofnl owstllaicdinty resin,
short-circuit is likely to occur, and it is rather difficult to achieve
good adhestonguhdgersiechpeconddeidors as to aveiidthkelshdr teaductiot .,

If the | ead conductor of the positive electrode and the | ead conductor of
t he negahdveael eckr odetal eaaxtentdedef berndimbber @it hsirdepecthecarea of the
seal portion increases, which causes degradation of volume energy density.
When t henpubennef cbaadngondyet-ars i ncreases, when the opening from which
the | ead conductor is extended is fusion-bonded, the | ead conductors are
likely to be rfipgeatactavehh e@ch ptherio s@idenkage Or-s8hRRLyEErGUHIt s

i kely to occur. For this reason, when the nunber of |ead conductors

noreesgmchlal i ol d e PRy AL el sentege Lo
and a Q§5E§§¥onQﬁjj1the lead conductor is provided as an insulating
coating léyer on the lead conductor and further a layer of
cross-linked polyethylene having a gel percentage of 20% to
90% 1is provided outside the insulating coating layer.
JP-A-2001-297736 discloses a technique 1in which
fusion-bonding is enabled at low temperature and the sealing
effect is Improved by interpcosing acid-modified 1linear
low-density peciyethylene between a lead conductor and a sealed
vessel.
JP-A-2003~7269 discloses a technigue inwhich a filmmade
by laminating a high-fluidity polypropylene layer, which

easily deforms due to heat and pressure applied during



pack which achi eve ease of control when a seal portion is fusion-bonded,
are capabl e of fusion-bonding the seal portion with good adhesi on and
seal ing properties, and are capabl e of suppressing occurrence of
short-circuit between a netal |ayer and a | ead conductor when the seal
portion is fusion-bonded. It is also,desirable to provide a battery which
i s capabl e of suppressing short-circﬁit bet ween | ead conductors and has
good energy density per vol une. One enbodi ment of the invention
provi de b Y N di ng.a.. I j [ I and a
thernalﬁ% ﬁeg%%gﬁ¥géi%hpaéeg?éakgg%?2%§ %?gggﬁ?ﬁgggﬁﬁ ?§§%gée?§§Eaﬁth t he

| am nat 8%g'bﬁegt %%deggi‘?gi&rq%%@ %J&ﬁgg@%%he}ge{aeéﬁeﬁ %gtde&xnagsgs t, are

sandwi ¢ Ween “oppo erma hesive resin layers, an xt end

outside_the laminate film .The ther .adhesive resin_] ayer has therma
adhesi v&" eﬁrﬁ?ﬁé%&iﬁgngérnf#%éhgghls Qec@ﬁﬁ% Yer %%%%gfﬁ%ﬁFué t he
i nvention_provides battery including a | am nate fil m havi . et al
| ayer aRA-HOERet RAFCRGRBLFTECT GUI% Ty By 1= b IHTePy I G Wihi Ch o
covered with the lamnate film |eads which are connected to the battery
el enent S23r BEsBRAWFEREE - bet ween opposi ng t hermal adhesi ve resin |ayers,
and extend outside the lamnate film and a seal ant provi ded between the
| eads and t hel® hEe@alt adheEfvedrB8FACFdyef . 1TRES3BATNEAY HASCt Rér AR
adhesive resin and fine resin fibers. 7 Still another enbodi nent
of the inveahiohepadvicdeson tha L éky ipaeRichdagdiongua Fansdipahnndee film
having a first netal |layer and a first thermal adhesive resin |ayer, a
second ¥ahi fat mafiel m havhegcassecbhd rgetalirrapsrd aschargecondorder nal
adhesive resin, a battery elenment which is housed between the first
| am nat eofrédmandhddte gecora: ¢dninat e fd lmad eadsiustiogh adr eheohnmet ed to
the battery elenent, are sandw ched between the first thermal adhesive
resin | ageti /ch#de, secdncdderdmty adhestveasesihe vayeh af rrargedatio be
opposite each other, and extend outside the first lamnate filmand the
second &@RHnat 8rf bkMenand uan@dd Gk 11 Hoar dombr €hots. comnest edet 0chhe | eads.
At | east one of the first thermal adhesive resin |ayer and the second
ther mal -gdhgst¥e Hesikn L ayeryhas, t her iglg igdhesiMetbeskfeddd Hd neapesi n
fibers. Yet anot her enbodi ment of the invention provides a battery
pack inclydipg.asfd s she bd@inatg £i L bavbng o hb r¥lg SBLAl ol a¥eroard a
first thermal adhesive resin |ayer, a second lamnate filmhaving a second
metal | c t i r esl yer ttery.el ement
wni oh 1 52 R58g Ba et S e T A R e e dhna T i e
film |eads uhioh are conpected.to dhe hatiary gl ement, argosapdyiched

& FTT ¢t Eq1 i nd t

bet ween erimal” adhesive resin [ayer an he sec er mal
and

adhesive resin.laye rranged to be o ite each. ot her, ext end

out st de° | He" FPRSE IR RACE LI ATE CCho. SEEONE T ah RALS FT1HC atelr cui t
board which is connected_to the |l eads, 8 and a sealant which is provided
bet weertt heeF8RHsSAA8St AE FPPsPhéE Mal adhesive resin layer and between
the | eads and the second thermal adhesive resin |ayer. The seal ant has

t hermal adhesive resin and fine resin fibers. Still yet another
enbodi nent of the invention provides a battery including a lamnate film
having a metal |ayer andS¥ ﬂnﬂFzﬁﬂﬁﬂﬁNﬂﬁwﬁéﬁwlIayer, a battery el ement
which is covered with the lamnate film a positive el ectrode | ead which

i s connect ed Howeavebsi tdacecrd ey r dde dfha hécsantiemy edégearseds sandwi ched
bet ween opposi ng thermal adhesive resin |ayers, and extends outside the

| am nat &faheseaPrégati W .el 214088, | che whibetsiics: qonmected veraemegati ve
el ectrode of the battery elenent, is sandw ched between opposing thernal
adhesi véepesihnlyayer sshandegxkendst oatrsksde ltth&ihgmaat erbskmliakdda

seal ant which is provided between the positive electrode | ead and the
negat i vieo el €eh{ 0dpel eady r anH i Bas cahemnaltladhesiivel g@si 0i aglokeaeinesin
fibers. The positive electrode | ead and the negative el ectrode | ead extend

in the sagendsseciion nandzat b eastad PrbboaAmofn the tsyrbacetof-ithe
positive electrode | ead facing the negative el ectrode | ead overl aps at

least a poiddoLof Hdrensuu face . oftc the negatdivgiie] et kede keadetaekng the
positive electrode lead in a thickness direction of the battery through

t he seal ant. In the first to fifth enbodi nents, the thernmal adhesive
resin layer and/or the seal ant has thernmal adhesive resin and



9 fine resin fibers. Therefore, ease of control is achieved when a seal
portion is fusion-bonded, the seal portion can be fusion-bonded wth good
adhesi on and sealing properties, and occurrence of short-circuit between a
nmetal |ayer and a | ead can be suppressed when the seal portion is

f usi on- bonded. In the fifth egbodinent, at least a portion of the
surface of the positive electrode | ead facing the negative el ectrode |ead
overlaps at |east a portion of the surface of the negative el ectrode | ead
faci ng ositiy I d ' t hi ' ti t he
bat t ory tRPBugh PheoEEEPRRY Tl FREH il o eAESrSE FLAFE AP Tesin
fibers. Therefore, occurrence.of .short-circuit, | € pesi tiye

el ectrode | eall and SHE1BEat (Ve GPEET ol I'€a ggﬁﬂggﬂ%tggéeggﬁﬁ,gand
energy density per volune can be inproved. .. According to the
enbodin%ﬁ?918¥ ﬂﬁb1?HV§nFP8ﬁF'§H§§H§ﬁ:c%ﬁt#&#eﬁ¥'55%i898&r 1]neajggeal
portion is fusion-bonded, the seal portion can be fusion-bonded with good
adhesi ofCARENSRE| PRGT PPEPELL iOds T d HERIEHt e o™ shor tRRi FEHRt Obet ween a
metal |ayer and a | ead conductor can be suppressed when the seal portion

i s fusi&asbendeandiugt hexndacklr dihg - Nate Eiabddichertt stef #RBIFAVent i on,
occurrence of short-circuit between a positive electrode |ead and a

negat i véueiectpodditedy camibw Suigpr é8sedbP hhdaeher B dawsistyrepapdyol une
can be inproved. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
per spectéze woemsshowemgithéheoshiogiratiromidf. a nonaqueous el ectrol yte
battery according to a first enbodi nent of the invention. Fig. 21is
a perspecti veTé ewe cdhrowjueg dilse leedd dgurdl+bn2 003t hetddrnegwepusbéerct rol yt e
battery according to the first enbodi nent of the invention. Fig. 3
i S a peispegityei¥i £vsShovwbogdihe cenpegavahbanunfieckhe nempgueduse

el ectrolyte battery according to the first enbodi nent of the invention.
Fig. 4 &sndiseshi onaleyigy tkem ol ong ddied bfelbwok1bigity resin,

short—circuit is likely to occur, and it is rather difficult
to achieve good adhesion under such conditions as to aveid the
short-circuit.

If the lead conductor of the pesitive electrode and the
lead conductor of the negative electrode are extended from
different sides, the area of the seal portion increases, which
causes degradation of volume enecrgy density. When the number
of lead conductors increases, when the opening from which the
lead conductor 1is extended i1s fusiocon-bonded, the lead
conductors are likely to be in contact with each other, so
leakage or short-circuit is likely to occur. For this reason,
when the number of lead conductors increases, 1t is difficult
to extend a plurality of lead conductors from the same side
of the battery.

Thus, it is desirable to provide a battery and a battery



3. Fig. 5is a sectional view show ng the configuration of a

| am nate film Fig. 6 is an expl oded perspective view show ng the
configuration of a battery pack according to a second enbodi nent of the

i nvention. Figs. 7TA to 7C are devel opnent di agrans show ng an
exanpl e of the shape of an external gackage whi ch covers a battery

el enent . Figs. 8A and 8B are sectional views show ng the
configuration of an external package. Fig. 9 is a perspective view

L1 ustrallpg. g, apt Bod ol Ml ach ir 'lcBgiéoﬁahf&%&;fqaggsfémg;&%giqlgB&Q the

second odi e e 1 nvention. 1 are

sectional vie il.lystrating the t hod. t.ur i ack

accordiﬁ@sf8n¥ﬁ8n98§0ﬁ%r%ﬁ%%ﬁﬁﬂé%gﬁbfufﬁgﬁfﬁggﬁiﬁﬁégkg%%a%B§%5$B¥lpis a
perspective viewi|lustrating the nmethod of manufacturing_a_battert ack
hecor di Byt RGP R RBOF Re G DERRST hugnt 1o Sre Sabapl 8F) POCH
perspective view illustrating the nethod of nmanufacturing a.batter ack
accor di %@p%eﬁﬁéﬂge%%r%%%i%ﬁth%ﬁ—Fﬁéquﬁ\‘ingﬁ?mﬁ?n a m%talF?ayefg Ps a
per spective vieM/iIIustratig&]the met hod of manufacturing a battgry pack

accor di #gdtd kand SEEHE b stiaTeit o eHe PPAVEAT] oR, fusion-bonded.

It is also desirable Lo provide a battery which is capable of
suppressing short-circuit between lead conductors and has good
energy density per volume.

One embodiment of the invention provides a battery
including a laminate film having a metal layer and a thermal
adhesive resin layer, a battery element which is covered with
the laminate film, and leads which are connected to the battery
element, are sandwiched between opposing thermal adhesive
resin layers, and extend outside the laminate £film. The
thermal adhesive resin layer has thermal adhesive resin and
fine resin fibers.

Another embodiment of the invention provides a battery
including a laminate film having a metal layer and a thermal
adhesive resin layer, a battery element which is covered with
the laminate film, leads which are ccnnected to the battery
element, are sandwiched between opposing thermal adhesive
resin layers, and extend outside the laminate film, and a
sealant provided between the leads and the thermal adhesive
resin layer. The sealant has thermal adhesive resin and fine

resin fibers.



Fig. 14 is a perspective viewillustrating the nethod of manufacturing a
battery pack according to the second enbodi nent of the invention.

Fig. 15 is a perspective view illustrating the nmethod of nmanufacturing a
battery pack according to the second enbodi nent of the invention.

Fig. 16 is a perspective view showi ng the configuration of a nonaqueous
el ectrolyte battery according to a tﬂird enbodi nent of the invention.

Fig. 17 is a perspective view showi ng the configuration of the nonaqueous

el ectrolyte baf{ery.goeard gﬂbgalh@ﬁtt b2 oL irmbad) oo o s dovent | on.

Fig. 18 is a sectional view't aken a ong the line a-a Fig. 17.

or PangaBhrooY BFGR FONE T bade antl Soat Anres e rron PafiRIDCeEL

arrange ctrode A anatZOB are

h t I t f f | ead
Zﬁde?liarh%p%ﬁaye'r e o e e 8 B oy Gt & FRERE ot ng an
exa e_of arran t of elect I d 22
S SenenhERERGT v CHERTY AEhe. SO ea‘ﬂia%%erzgﬁgrﬁa&&ga&g ENEERPS yio

battery according to the related art. , ,
adhesive resin, a battery element which is housed between the

first laminate film and the second laminate film, leads which
are connected tc the battery element, are sandwiched between
the first thermal adhesive resin layer and the second thermal
adhesive resin layer arranged to be cpposite each other, and
extend outside the first laminate film and the secend laminate
film, and a circuit board which is connected to the leads. At
least one of the first thermal adhesive resin layer and the
second thermal adhesive resin layer has thermal adhesive resin
and fine resin fibers.

Yet another embodiment of the invention provides a
battery pack including a first laminate film having a first
metal layer and a first thermal adhesive resin layer, a second
laminate film having a second metal layer and a second thermal
adhesive resin layer, a battery element which 1s housed between
the first laminate film and the second laminate film, leads
which are connected to the battery element, are sandwiched
between the first thermal adhesive resin layer and the second
thermal adhesive resin layer arranged to be opposite each other,
and extend outside the first laminate film and the second

laminate £ilm, & circuit board which is connected to the leads,



Figs. 23A and 23B are perspective views show ng the configuration of a
nonaqueous el ectrol yte battery according to a fourth enbodi nent of the

i nvention. Fig. 24 is a sectional view taken along the line e-¢e' of
Fig. 23B. Figs. 25A and 25B are perspective views show ng the
configuration of a nonaqueous electrglyte battery according to a fifth
enbodi nent of the invention. ig. 26 is a sectional view taken
along the line f-f' of Fig. 25B. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Her ei naf § er i f I Ny | N cri it ef erence
o the 8o RS LN ENbeT o bE GMda e B PR I PP orI Sur ne B boa Tent <
are app riate 3 specific exanples of the invention on which rious

AR el R T LS SR

technic ns are” i nposed, e scope of the

[ ti ' t limt to th , di t | th ' d
{he- T ol POGPR GESERT bt S i caesdr 1ALPon wiPt e pPOuracd irtng

follomﬁn% sequence. 1. First, Enbodi nent (first exanple of
nonaquedtBeai 8t FEFyPeahdt fary) re5in TiPeT§econd Enbodi ment (exanpl e of
battery pack) 3. Third Enbodi nent (second exanpl e of nonaqueous

electrol yte b%f%é%y?et another embodiment of the invention provides
a battery including a laminate film having a metal layer and
a thermal adhesive resin layer, a battery element which is
covered with the laminate £film, a positive electrode lead which
is connected to a peositive electrede of the battery element,
is sandwiched between opposing thermal adhesive resin layers,
and extends ocutside the laminate film, a negative electrode
lead which is connected to a negative electrode of the battery
element, is sandwiched between opposing thermal adhesive resin
lavers, and extends outside the laminate film, and a sealant
which is provided between the positive electrode lead and the
negative electrode lead, and has thermal adhesive resin and
fine resin fibers. The positive elecirode lead and the
negative electrode lead extend in the same direction, and at
least a portion of the surface of the positive electrode lead
facing the negative electrode lead overlaps at least a portion
of the surface of the negative electrode lead facing the
positive electrode lead in a thickness direction of the battery

through the sealant.
In the first to fifth embodiments, the thermal adhesive

resin layer and/or the sealant has thermal adhesive resin and



4. Fourth Enbodi ment (third exanple of nonaqueous el ectrolyte battery)

5. Fifth Enbodi nent (fourth exanple of nonaqueous el ectrol yte battery)

6. Ot her Enbodi ments (nodification) 1. First Enbodi nent <Confi guration of
nonaqueous el ectrolyte battery> Figs. 1 to 3 show the configuration
of a nonaqueous el ectrolyte battery according to a first enbodi nent of the
i nvention. As shown in Figs. 1 and 2; the nonaqueous el ectrolyte battery
has a battery element 4 which is housed in a concave portion 47 formed in
alamn filmAal. se si.on- j r ' ing a
Pent 51 e 8T THE. BoEEbRry o T he Bty ol St 4 ey saueg”
pressure. As. 14 shown in Eig. 3, .t n o] I | yte trery is
configu?eaeg&cﬁxpﬁﬁvné h%sFF%&g%eF§E%¥%§e égdg§§§ g%%%gi%%dgg?vég

el ectrode | ead 42 hereinaft; t he positjve ﬁLectrode Igad 42a_and t he

negat i vEU &1 8RT P8R8 et D AP A EKHEEFD i“Ate Py réf'dr PEUPES -as el 8EtT ode

| eads 42 when it is unnecessar% to distin&uish thﬁg? connect ed todthe
bat t er yoeFBRERECE @kt B F TonT QU SkalC pETEY oh BTt he Ve AAtest tPRM41 to
t he outside. The nonaqueous el ectrol yte battery shown in Fig.. 3 has a
confi guFali BA FRPREFERSHOFEEBNSNEN SESth PSSO S HESCSRERAE G55t i on 47
are bent in a direction of the concave portion 47, as conpared with the
confi gur at i onlbftheht! fiohsqresigesitectE dISAE HRAASHPSAGIS AUFEF§Ce2.
<Battery el enment 4> The battery el enent 4 has, for exanple, an
angul arofhtpe rors & frate lshdpmdanddas fsaias ghednstehivhatlachandeshaped
positive el ectrode and a band-shaped negative el ectrode are | am nated

t hr oughi@apalweramd ect tobyt & andtopnactdpimr atofaand Wetrednegagive

| ongi tudi nal direction. The positive electrode | ead 42a and the negative
el ect r odecteaddd42h carde fashegt el ypwaonnest edléotthéepdsiatd vien etbet r ode
and the negative electrode. As described belowin 6. Qher Enbodi nents,

t he confhgukatbenidfctheobait ehy pheaent dhisugiottid mekédntthraetag

In order to inprove adhesion of the positive electrode | ead 42a and the

negati venhelgstir adecead 42b W thnghe ihammaliey fibers. Therefore,
occurrence of short-circuit between the positive electrode
lead and the negative electrode lead can be suppressed, and
energy density per volume can be improved.

According to the embodiments of the invention, ease of
control is achieved when a seal portiocn is fusion-bonded, the
seal portion can be fusion-bonded with gecod adhesicn and
sealing properties, and occurrence of short-circuit between
a metal layer and a lead conductor can be suppressed when the
seal portion is fusion-bonded. Further, according to the
embodiments of the invention, occurrence ¢f short-circuit
between a positive electrode lead and a negative electrode lead

can be suppressed, and energy density per volume can be

improved.



15 film4l, a sealant 43a is disposed at a part of both surfaces of the
positive el ectrode | ead 42a, and a sealant 43b is disposed at a part of
both surfaces of the negative el ectrode | ead 42b. For conveni ence of
description, the sealant 43a and the sealant 43b are referred to as

seal ants 43 when it is unnecessary H_ di stingui sh them The
positive el ectrode has a positive electrode active material |ayer formned
on a band-shaped positive el ectrode collector and a polyner electrol yte

| ayer formed on the positiveselpotrodeopcriivepmmyental layer. The negative
el ectrode has a negative electrode active material [ayer forned on a
band- shaped ative el ectraode conduct o] | ayer
formed on thgﬁﬁ%gétﬁ&baepggépggelggt%ég%ngggwﬁgﬁ #%%Eé?ﬁ#§§&%%£¥%§ve

el ectrode | ead 42a and the negative el ectrode |ead,42b are re ively
bonded ¢ ?hé“ﬁ5§PFFUE3e?ﬁ%??gaiy¥8ngﬁgﬁﬁ?nhnﬁc?%Edﬁ%%a?Pvéiefgggﬁode
conductor. As the positive electrode active material, the negative

el ect r oAfBPRLiT9R" naf ek 8l 1"ERATEAB - pol ymer el ectrol yte, the materials

whi ch have al ready been suggested may be used. The_positjve

el ectrode canfbe- forkfed BTasrsglvas VERY 68§W9P9et€Fe%??%g%UEEF?QE
material, a netal oxide, a netal sulfide, or a specific polyner depending
on the &f chohdmauEoresiacdd.c Bore SeamA®, dGFHRE'Case breaf+¥Ehi umion
battery, as the positive electrode active nmaterial, a |lithiumconposite
16 oxi demibodihenti &€& pheénkypveohtainni ng Li xMX2 (where Mis one or nore of
transition netals, and X varies dependi ng on the charge/di scharge state of
the battery anidgi s3 usual byregeal:itvve oriecwasberinhanhe. osnbhdueababnt o or
smal l er than 1.10). Exanples of the transition netal Min the lithium
conposi ¢ £ i devridpldaes eolkaltrd1Go)s nitcleaty @ENidordiampgacesbe( My stand t he
like. Speci fic exanples of such a |ithium conposite oxide include
Li C002, chib D ORenti Ney©ady0avewhena .0<y<l ), Li M204, and the like. The
lithium conposite oxide is capable of generating a high voltage and has
excel | ent enefgy densid LeAltaIdatiivel Yakas dhenpasict Lvaeal eat Foge active
material, a netal sulfide or oxide containing no lithium such as Ti S2,
MbS2, Se2, V205, and the like, may be used. For the positive el ectrode,
a plurality of positive electrode active materials may be used together.
In form ng thﬁ%?% tive electrode of csugh, @ ROSiHd venel gethedeaski ve
material, a conductive agent or a binder nmay be added. A materia
capabl e o% 89 ggg 9£&gedoping lithiummay be used as the material for the
negativ% fect v oder T For exanple, a sparingly graphitized carbon-based
material or carban nmaterial_of raphiie- d eri [ used.
Specifically?F%%rb n:ﬁ%t%?igﬁgg‘§%%ﬁ ggrﬁéggpgggoﬁgggéﬁﬁg&%ar ogg? cokes

(pitch coke, needl e coke, an trol eum coke r,aphi t.es, vitr
Carbons?OBFbﬁﬂFétbSPy 6bn%8§%&rY17PaC% a%éogdlgg to’ a 2688H%

embodiment of the invention.

Figs. 7A to 7C are development diagrams showing an
example of the shape of an external package which covers a
battery element.

Figs. B8A and 8B are secticnal views showing the
configuration of an external package.

Fig. 9 is a perspective view illustrating a method of

manufacturing a battery pack according to the second embodiment

of the inventiocn.



cal cined bodies (materials resulting from carboni zation by cal cining
phenol resin, furan resin, or the |ike at appropriate tenperature), carbon
fi bers, and active carbons, naybe used. Exanples of the material capable
of doping or dedoping lithiuminclude polymers, such as pol yacetyl ene,

pol ypyrrole, and the |ike, and oxides, such as SnQ2 and the like. In
formng the negative el ectrode of s a material, a binder or the |ike
may be added. The pol yner electrolyte is one which is prepared by

m xi ng a pol yner i al el ectrolytic .solution, .ele ol yte
salt and incogﬁ%?gﬁiﬁéégu%éﬁﬁ% I@ié%&FﬁPﬁ%& ?ﬁggsagﬁéﬁggégelﬁheg%%lyner
material has properties such that it is conpatible.with the electrolytic
soIutid%?t%&%ﬁﬁ?@§n8ﬁaFﬁ€rﬁ@ﬁ&ﬁﬂ?aﬁﬁﬁ2%i&ﬂc 'ﬁ8F85§1§9ﬁ3%§ﬁeg§?g?ngcryIic
gels, acrylonitrile _gels,  poly-phosphazene nodified pol yners, polyethylene
oxi de, HHACPHRGPFopYi EHE 6%?8%?188nposite pol ymers, cross-|inked pol ymers
or nodified polynmers thereof, and fluorine-based polyners, such as

pol y(vi nyl i defed f | Ubri e}, PpoFyevEhyEi Bepe 1llustrating the method
fluoride-co-tetrafl uoropropyl ene), and pol y(vi nyl di ene

f1 uori def ceemiffdiorgetchy & et t aamd W%Euraé?scq Tepf to the gpgond

el ectrolytic solution conponent includes an aprotic solvent which is able
t o di spensedihenforégohngipokeptérrnateri al therein, for exanple, ethylene
carbonate (EC), propylene carbonate (PC), and butyl ene carbonate (BC). As
the 18 el ectFohytE2satta paesmphechvesvienwpal ibberatihgt hbesoevbad is
used, and a conbi nation of cation and anion is used. Exanples of the

cati on ahi ghneadmdeinised kndatderal kahtknetatsrdind akbkaltine sacthdnet al s
Exanpl es of the anion which can be used include 01-, Br-, I-, SCN-, C 04-,

BF[, PFR&mbaRdm&B8SO8- thSpeaivkngakkhy, | ithi um hexafl uorophosphate or |ithium
tetra-fluorophosphate is used as the electrolytic salt in a concentration

such that it gay, besdisselyedspactheceleshr ohyhkerselitti ene mbanbaat e
film Fig. 4 is a sectional view of the nonaqueous el ectrol yte
of manufacturing a battery pack according to the second
embodiment of the invention.

Fig. 14 is a perspective view illustrating the method
of manufacturing a battery pack according to the second
embodiment of the invention.

Fig. 15 is a perspective view illustrating the method
of manufacturing a battery pack according to the second
embodiment of the invention.

Fig. 16 is a perspective view showing the configuration
cf a nonagueous electrolyte battery according te a third
embodiment of the invention.

Fig. 17 is a perspective view showing the configuration
of the nonagueous electrolyte battery according to the third
embodiment of the invention.

Fig. 18 is a sectional view taken along the line a-é&'



battery taken along the line L of Fig. 3. As shown in Fig. 4, the battery
elenment 4 is housed in the lamnate film41l. The negative el ectrode | ead
42b connected to the battery el enent 4 extends outside the lamnate film
41 such that apart thereof is exposed to the outside of the lamnate film
41. The seal ant 43b is provided at art of both surfaces of the negative
el ectrode | ead 42b. The negative elgéfrode | ead 42b i s sandw ched between
the upper lamnate film41l and the lower lamnate film 41l through the
sealanto§3§. ThE sane is also applied to the positive electrode | ead 42a
and t he®seaf dnt ZBa. Fig. 5 shows the sectional structure of the | am nate

film4l. The Lamnapg, Tl #dp! g8t LUELUL LA SYCR, LN3Ly L0 QLHRY an
example of arrangement of electrode leads and sealants.

Figs. 20A and 20B are schematic views illustrating an
example of arrangement of electrode leads and sealants.

Figs. 21A and 21B are schematic views illustrating an
example of arrangement of electrode leads and sealants.

Fig. 22 is a schematic view showing the configuration
of a nonaqueous electrolyte battery according to the related
art.

Figs. 23A and 23B are perspective views showing the
configuration of a nonaqueous electrolyte battery according
to a fourth embodiment of the invention.

Fig. 24 is a sectional view taken along the line e-e'
of Fig. 23B.

Figs. 25A and 25B are perspective views showing the
configuration of a nonaqueous electrolyte battery according
to a fifth embodiment of the invention.

Fig. 26 is a sectional view taken along the line f-f'

of Fig. 25B.

DESCRIPTION OF THE PREFERRELD EMBCDIMENTS
Hereinafter, embodiments of the invention will be
described with reference to the drawings. It gshould be

understood that the following embediments are appropriate



fromthe outside toward the battery elenent 4, an outer resin 19 film
41a, a nmetal foil 41b, an inner resin film4lc for bonding are |am nated.
As the nmetal foil 41b, for exanple, alum numor the |ike maybe used. The
material for the metal foil 4lbis not limted to alum num but materials
whi ch have been suggested in the rebg%ed art may be used. The netal foi
41b has a function for inproving st gth of the lamnate film41 and al so
a function for preventing noisture, oxygen, and light fromentering and
protecting the contents. : Ut er_ resi il ' nyl on
%%%E exaﬂﬁgf%b%¥ﬁ%va%%b%&ﬁ#§ﬁﬁnlﬁﬁl@h%b. Ala: b snaRde) of

(Ny), p%? §?ene in terns of good appearance,

t h d, f ibility. A pl lit ' b ted d
used, TR EIREH T Bl NFERRAATE 14 mol ™ F TR Ted e Fhe GRS [t rafed. T
|, terial having, | t] int high th dhesi ve. i
e st P THACT ARG a5 TiF § 450 T OP COTR DG T D0 Sase Bot e ow. |

In a manufacturing process of a nonagueous eIectroI&te batter.ﬁl first, two
si des exeFediHy bt rdeDrAGHE 1ami Hat e IH9 APEETaPE PIsIon-bBRded, t he
remai ni ng one side becomes_an opening portion, and the el ectrode |eads 42
connectiedovbdePeibather foblendRg FSEREENE from t he opening portion outside
the lamnate film41l. Thereafter, the opening portion is sealed by

f usi on- bondi n. First AFmgpqsbimgon off itfd op&aitRd SpoPfi oRCRBFECERe

el ectrode | eads 42 are sandw ched between the upper and |lower lam nate 20
films 4djetbeclpnerbatsenydil ms 41c for bonding of the upper and | ower

| am nate filns 41 are opposite each other. Further, at a portion of the
openi ng portidn ybesedthebeténtnodd ckeads e42 fabea tsardwipelteéd bet ween t he
upper and lower lamnate filnms 41, the following structure is nade: upper

| ani nat g, fidimd Ehbppeheseal 88to43/ ekenbl ode head cd2blawel cstabapte43/ | owner
|am nate film4l. Specifically, the follow ng structure is nmade: upper
outer rgsipetil m4la/upper netal foil 41b/upper inner resin film4lc for
bondi ng/ upper” seal ant 43/ el ectrode | ead 42/1 ower seal ant 43/ ower inner
resin film4lg far,handi pablemelenret abnfebl &idid onerrouhenagesbasfilm
41a. If the opening portion is fusion-bonded, the inner resin filns

41c for%?ggggggygérgagggr§9 be opposite each other are bonded to each

other. At a portion ere"the electrode | eads 42 are sandw ched between

the upper and | owere Jampate i 4Fouthe sealfpis 4% anenbondsdsto the

el ectrode | eads e sealants 43 are bonded to the inner resin filns
41c for_bon ing. ThE &gg%r)resin films 41c for bonding are bonded to the
el ect ro@e"FeadsY45 PAF6GGK’t he seal ants 43.

6. Other Embodiments {modificatiocn)

1. First Embcdiment
<Configuraticn of nonaqueous electrolyte battery>

Figs. 1 to 3 show the configuration of a nonaqueous
electrolyte battery according to a first embodiment of the
invention. As shown in Figs. 1 and 2, the nonaqueous
electrolyte battery has a battery element 4 which is housed
in & concave portion 47 formed in & laminate film 41 and sealed
by fusion-bonding three sides excluding a bent side on the

periphery of the battery element 4 under reduced pressure. As



<Configuration of sealant 43 and inner resin film4lc for bondi ng>

In a battery pack according to the first enbodi nent, the sealants 43 and
the inner resin filns 41c for bonding are made of thernal adhesive resin
materi al s described below. 21 Hereinafter, the thermal adhesive resin

materials will be described in detail. <Thermal adhesive resin material >
The thernmal adhesive resin naterialjé%ntains t hernmal adhesive resin and
fine resin fibers. <Thernmal adhesive resin> As the thermal adhesive

resin, resin havi arelatively | [ i r , - Lesin
havi ng 2 RETt i'ly gggﬁt %hu&%m%onggﬁ%§§Pgt%%égﬁ%§5§%§yk%§%%§§§.l%s t he

t hermal adbesi ve ;resin, polyol efin-based resin uch a | ye | ene (PE)
polyproﬁﬁ?gh%ufﬁﬁ)FQﬁht¢h§ i RePOrvdy '0€ s ?%ﬁﬁ%g%se%?aF%%t é%gyT X

(pol ynet hyl pent ene_ pol yner) or the like may .be used. The thernpl_adhesive
resin REHdEIVENi T E ?%O@%e ri%ﬂQ;iqqﬁiéﬁW%§§§F’<FF & r%g?ﬂg Vber >

The fine resin fibers refer to, for exanple, elongated thread]ike

struct R E_CREVEAGLE2Hi 4Bt éndediid P Chat 1 EMHh LoRd Rt TRES
sectional shape of the fine resin fibers are not particularly limted, but
the fimpeephlerpersrragrbedate rd elagtds pseidoria ¥ePangl eSin
section. Exanples of the fine resin fibers include polyethyl ene

t er epht hahates$ PEY) fopaldiuind i t Bhepht kahaeetePBTC, ¥4 oz taralt d

element 4 extend from a seal portion of the laminate f£ilm 41
to the outside. The nonagueocus electrolyte battery shown in
Fig. 3 has a configuration in which portiocns on both sides of
the concave portion 47 are bent in a directicn of the concave
portion 47, as compared with the configuration of the

nonagueous electrolyte battery shown in Fig. 2.

<Battery element 4>

The battery element 4 has, for example, an angular shape
or a flat shape, and is structured such that a band-shaped
positive electrode and a band-shaped negative electrode are
laminated through a polymer electrolyte and/or a separator and
wound in a longitudinal direction. The positive electrode
lead 42a and the negative electrode lead 42b are respectively
connected to the positive electrede and the negative electrode.
As described below in 6. Other Embodiments, the configuration
of the battery element 4 is not limited thereto.

In order to improve adhesion of the positive electrode

lead 42a and the negative electrode lead 42b with the laminate



22 pol ycarbonate (PC), poly ide (Pl), polyphenyl ene oxide, polyphenylene
sul fone (PPS), polytetrafl uoroethylene (PTFE), and the |ike. The fine
resin fibers are not limted to the materials illustrated. The fine
resin fibers preferably have a dianeter of 0.1 Rmto 50 pm and nore
preferably, 0.5 pmto 20 Rm Further,.the fine resin fibers should have a
dianeter snmaller than the filmthickress. The fine resin fibers preferably
have a di anmeter equal to or smaller than half of the filmthickness, for

exanpl e, fﬂ' @1' S I %T%Ptsblsa%@s?@%%og@arg@' s gdhasicterLesi uber seal ing on

t he perlp of the fine resin i s preferable that thermal

adhesi v, g%'neag S8d 1o he Lhickngss, dfection o coaropthefingoresin

fibers prefera have a pin, and nore

prefera I f _the fine in fibers are excessively
Short, - gnivesh ﬁ%w&g 0Tz e, erildgs%iégs CEGC Rt | ne
resin fjbers are noved together mn%h t he fl ow of Le5|n Q%

f usi on- oA HP - WRCEhCARY BR T BREEST FES A aghl fist® ? Fe0ft. 1n
parti cul ar, if t he bl_ended amount is small, resistance agai nst

short - cFPEUPEA8NFuATReP Tet @ DF BRRATC| £5t REFPRE S &51 1H¢bet’s 4Pe
excessively long, fluffin occur at the tinme of filmformtion. To

obt ai n @&%@F?éﬁ@rﬁhéPa@%§EF§9Pé§h ite€%s i nportant that the size of the
fine resin fibers is set within a suitable range and a pseudo unwoven
fabric state Thefrridd v InctermisHiar oerwdsavehelerneodeseativpers.
Wth observation by an SEM ( Scanning El ectron M croscope), the size of the
fine resanefibér daysrobtoainet by aeé@@dﬂﬁyaﬂﬁﬁ(ﬂQﬂﬁﬁxNeaﬂbetEHQﬂh for a
predet er mi ned nunber (for exanple, 30) of fibers alternately sel ected and
cal cul atv hgetheraverdage. piemerhnee$ectrohgkeshapeof foheeti ber tbea
circle, the dianmeter of the circle becones the dianeter of the fine resin
fiber. phentihe secidonale shapevef mbeetiber lisygot aTtia chegatheemaxi mum
di anmeter of the sectional shape becones a dianeter. The |l ength of the

fiber i81actengtmaefatbeafiiReslacthedadali« #1eebt0B1 1ayer fothetihe
bl ended anmount of the fine resin fibers is excessively |arge, the sane

charactgyi §tﬂ>§§dﬁ§h%15k3(§ h@e@g@bb@%m@@eraaeuemagetwbah@ deger ihed bel ow
is used tend to be deteriorated. If the bl ended anbunt is excessively

smal |, éf@é@r&%g@et ?B?%Q%fcfﬂe& NG T eBkN ddYGkneS S {Q-desigaserdye to the

flow of resin foills cone into contact wth each other, which

causes rﬁQ@% %!Lr(ilé_yter The ﬁ%gﬁtﬁk}% dél%@é%d@lé%&”ﬂ%‘ de,d epgth of the

fine resin ers s rpm and e thickness t he Imis t pm the

bl ended, anpunt.. oL Lhe Loe Lesl 041 here. Lot (0. b Oggﬁaéd agﬁgma"er

t han (r? une ratiow respec er ma e€si ve
resin. The, bl ende $é e fine rga |be%§ |% a g g
when t H&°Shit BF tﬁieecigz[a %F?E HE8S of 'ehe 1S nd<PEg rYenB FE-F Fhe aX| al
direction and the vertical 24 . , ,
conductor. As the positive electrode active material, the
negative electrode active material, and the polymer
electrolyte, the materials which have already been suggested
may be used.
The positive electrode can be formed by using, as the
positive electrode active material, a metal oxide, a metal
sulfide, or a specific polymer depending on the kind of battery

desired. For example, in the case of a lithium-ion battery,

as the positive electrode active material, a lithium composite



direction is substantially identical to the sectional area in the

t hi ckness direction of the film The dianeter of the fine resin
fibers is obtained by nmeasuring in the sane manner as descri bed above.
Wth observation by an SEM ( Scanning El ectron M croscope ) , the short
side length of the fine resin fiber E%s obt ai ned by neasuring the maxi num
value of the widths of the fiber in e axial direction and the vertical
direction for a predeternined nunber (for exanple, 30) of fibers

alter natlysl o S8 etk 2 rhe el GANCWRLING P 18YAPAUGcre M i ASnACSET T Ded

above, e di aneter resin ers shoul d be smaller than the
filmthickne he net t S ers is
equal t%o%$ é%&ﬁ%%ﬁ“%h %%%5 gfheq¥?ln1?%|géne§%pel gﬁﬁtgpa%%?er of
the fin reS|n ibers i s excess | ler _than the fi,l mthickpess,
re5|sta§%% 2\s| ?ﬁgF §ﬁ8?tSE?F%d?¢¥Smy83PgFF§fa?gdLs#%IH?HQFe uggoﬁg t he
dianeter of the fine resin_fibers is referabl er than 10 f the
film t hPEkA8SEerTHe ¥R Bé %ﬁbﬁﬁeaxi §m§ﬁ&%F éﬂHﬁl|i é%ﬁ of the
fine resin fiber eferred relatlonshl between the film

t hi ckne%%arﬁp%ﬁmoénah%h%rﬂpahjéf-% TB?télltoMt 11;:-}. Eﬂae| %ﬁ@?ﬁuw EFHyCBL tEhe fine
resin fibers is expressed by O It (gm & gm . Under thls
condi t i oR- 9. AR LG <EOPFRF0(5P) (gﬁ}eré \ éferW@Hgﬁﬁﬁéﬁ (Mt 87t he

bl ended anobunt of the fine resin fibers calcul ated by the expression
(r/t)x100evbi¥is larger than 10 vol % and 25 equal to or snmaller than 50
vol % at a volune ratio with respect to the thernmal adhesive resin. A
particul arly fretefiederangéesf dthesbtended idmoum ofupdelte nexidsin
fibers is in a range of 10 vol%to 25 vol%at a volune ratio with respect
to the thetwat Iadhesi,veiNest n LiiMitEomsOof (vwixeet [0etyt<1¢har a¥hgbd, stids.

In the above-descri bed nonaqueous el ectrolyte battery according to the
first enbediinent ohethecnNverbipdsieasexdfiedontaphbls achtavedinhen t he
openi ng portion fromwhich the el ectrode | eads 42 extend is fusion-bonded,

and the;open g@g penttagef r amaghi gl st heegtect ende lerds; A2 exhendycan be
fusi on-bonded with excel |l ent adhesi on and sealing properties. Further, in

the nongauepyst el-eelrobyt enbaptery aecendingotie theifkr ahterhadi ment of
the invention, occurrence of short-circuit between the netal f0|I 41b and

the el %é{gﬁeshfégae‘l@ra&xm@ Eb%a@fnlfn‘és'n%n hending GaRrbe Suppyessed.

<Di fference fromrel ate art For "ease of understandi ng of f he
nonaqu ehgctr ol di fi sy, exhodi nept ,af the
|nventﬁg%§” e% xte %éﬁt ??%%?%99%! h% n%%é%%%%us %ﬁ%ctroﬁyte bgttery

o LS T WAL A L
related artbgaolrlsg %’ngtfqhe S rgrglg(g] %ﬁe pos;tlve electrode of
such a positive electrode active material, a conductive agent
or a binder may be added.
A material capable of doping or dedeoping lithium may be
used as the material for the negative electrode. For example,
a sparingly graphitized carbon-based material or a carbon
material of a (graphite-based material may be used.
Specifically, carbon materials, such as heat decomposable

carbons, cokes {pitch coke, needle coke, and petroleum coke),

graphites, vitreous carbons, organic polymer compound



26 nonaqueous el ectrolyte battery according to the first enbodi nent of the
i nvention, the followng two nethods are exenplified: (1) a nmethod in
which a fil mwhere an unwoven fabric is perneated with thernal adhesive
resin is used, and (2) a nethod in which an inorganic filler is added.

<(1) Problemof anmethod in which a fiJmwhere an unwoven fabric is
pernmeated with thernal adhesive resif is used> According to the
techni que (1), the thickness or shape after being sealed is controlled by
t he un : ri . it iffd t e . Ln-thigkness of
t he un&gégﬁlﬁggrkgdéégn(a F%?qﬁﬁfigH%%%1gﬁgf$%§§?h%%%§T£§§ g§§§eﬁgesin

| ayer has-a.thickness ual. to.or I t t he. 1t hick . unwoven
fabric,Cg%alPﬁggﬁhf%EﬁgggSﬁPoV?ﬁ%gg?ggg%flQéﬁgﬁ ?%%thﬁ%gé§??%ﬁgﬂgde of
resin alone. en filns_overlap each other.and are heat-seal ed, resin

bor t 1 onbCBREEFHE Ehe CRTOVEIT 1T c MPRaCEbaE Sarhent & TALLEedrs to
overl ap_an appropriate anmount of resjn. cordingly, if an unwven fabric
is used,EXﬁ%‘BE%Ff‘?fcit@ﬁcVaB‘FrF@%iW@%bjo%@,ﬁgﬂﬁwﬁe&f ﬁ]ieéjll?rﬁ’elé? #%%épﬁ‘er t han
the filmnmade of therrmal adhesive resin al one. An. unwoven fabric is
hard t ol et BEM IR YT Cals Yidatsskal Yage ¥bene iROHNRY T cut®r €8%CbhErol the
seal shape. |f pressurization is released at high tenperature, the unwoven
fabric tekeoresdj 5igackpess aneSter alnas(ihE tly&@f-te?n S7rRéAE- §B&l i ng,

whi ch nmakes it difficult to control the thickness of the seal portion.

Furt hernegetigenetessapyet ofabhoWw ehepnariadhesi pendesi art bhpetmwbate into
the holes of the unwoven fabric. |If perneation is insufficient, air

bubbl esmayebai #zédeidn and gas i s expanded at the tinme of heat-sealing,
which results in defective seal or defective appearance. The flow of resin
at the time ofhsepbilpgetay lkedhdalitted, i suchet wati chesisn pmegpaotdf bew
freely, which may cause fil mseparation, that is, delam nation. In the
case ofmiklmyferpalyeer AadBthed,i annaiatyradoptedsbhushbeh ther gal
adhesive resin is applied to an unwoven fabric in a nolten state, and

other filomform,pg st Hoddsy ane:-haislk 410 fople1The basinabighemethhed when a
lamnate filmis formed is also limted. <(2) Problemof a nethod in which

an i nor gani £ ikl erpis addads AGRARAING e thefeehiiaue 2knathersane
filmform ng nmethod as for thermal adhesive resin containing fine resin
is compatible with the electrolytic solution. Examples of the
polymer material include silicon gels, acrylic gels,
acrylonitrile gels, poly-phosphazene modified polymers,
polyethylene oxide, and polypropylene oxide, composite
polymers, cross-linked polymers or modified polymers thereof,
and fluorine-based polymers, such as poly{vinylidene
fluoride), poly(vinylicene
fluoride-co-tetrafluoropropylene), and poly(vinyldiene
fluoride-co-trifluoroethylene), and mixtures thereof.
The electrolytic solution component includes an aprotic
solvent which is able to disperse the foregoing polymer

material therein, for example, ethylene carbonate (EC),

propylene carbonate (PC}, and butylene carbonate (BC). As the



fi bers can be adopted, but when a lamnate filmis nolded, the sliding
properties between a nold and a filmare deteriorated, and nol di ng
properties are degraded. A nolding machine is likely to be scratched,
which may result in frequent maintenance. During heat-sealing, high heat
capacity of the inorganic filler is prived of sealing heat. Accordingly,
it I's necessary to set strict seali conditions, and as a result, a

lam nate filmmy be damaged. It is necessary to 28 increase heat supply,

SO Mene@sa{rgggggysyﬁ;%ﬁéeiwtﬁj]'c% ggiegslg%mﬁis%i@g {TRY QGGHE dyeg to

i nsufficient I ng. l'e tached or separated fromthe

£ ) ) cn g ;
it tor Rean R O0aHBYSE TR SFYAR dDnBhELN 1 SIS0 PhYAfbI L08
accordigg %gefkr%p enbg%kg;nt of . t he igyention

ationl W can be Use 1nclu&% alkali metals and
alkaline earthmetals. Examples of the ani«_:m which can be used
include C1°, Br, I, SCN, Cl04, BFy, PFs;, and CF380;3 .
Specifically, lithium hexafluorophosphate or lithium
tetra-flucrophosphate is used as the electreclytic salt in a
concentration such that it can be dissclved in the electrolytic

solution.

<Laminate film>

Fig. 4 is a sectional view of the nonagueous electrolyte
battery taken along the line L of Fig. 3. As shown in Fig.
4, the battery element 4 is housed in the laminate film 41.
The negative electrode lead ‘42b connected tc the battery
element 4 extends outside the laminate £ilm 41 such that a part
thereof is exposed to the ocutside of the laminate film 41. The
sealant 43b 1s provided at a part of both surfaces of the
negative electrode lead 42b. The negative electrode lead 4Zb
is sandwiched between the upper laminate film 41 and the lower
laminate film 41 through the sealant 43b. The same 1s also
applied to the positive electrode lead 42a and the sealant 43a.

Fig. 5 shows the sectional structure of the laminate £ilm
41. The laminate film 41 is structured such that, in order

from the outside toward the battery element 4, an cuter resin



I n the nonaqueous el ectrolyte battery according to the first enbodi nent of
the invention, the sealants 43a and 43b and the inner resin film4lc for
bondi ng of the lamnate film 41 are nade of thermal adhesive resin
materials in which fine resin fibers are added to thermal adhesive resin.
Therefore, the problens inherent in_the related art can be resol ved. That
i's, in the nonaqueous el ectrolyte béﬁ%ery according to the first

enbodi nent of the invention, the mnimumanmount for short-circuit
prevention can b fectively added.. fi resi i ber ves do
not i nti(:e:'r” rf=,lr4(?31“’1v(/i ?hﬁ%ﬁgffﬁl%ﬁ élfl%t’hggtﬂg]ererralregg egf%lg {ieé)i%r?,% %nﬁg?ﬁé t her mal
adhesive_re in.ang t.he fine resin fibers have resin conponents in comon.
As a redtft TYEbNPRETbi lity is good, and unlike an inorganic filler, there
IS no case where _separation.,occurs.. Even if _the thermal adhesiye resin and
the fine resi%ﬁﬁ?ﬁ%&?tﬁﬁeggéga ﬁ?edkﬁhﬁxéﬁP%?'i% ?%%n?%éﬂbﬁgFe¥§$ethere is
little effect on safety since they are softer_than_the inorganic filler.
29 may (5§ ¥Renonat86tS et PEI YT E ARt YAl ddr HF APt OTPRESR st
enbodi nent, there is no difference between the heat capacity of the fine
resin fiderbunhaunhebheabacapacityvbichnBaviePhal adAespvedr é8i Aleheat
capacity control at the tine of heat-sealing does not change as conpared
with a cabetofieretthernal wdhdsi vBhe agehal sTosbd? Apohas anTeRERLOBS
nol di ng properties, there is no case where the sliding properties of resin
are det&rrotapedyiand stimserdftitbers dhe hanihard sadh dsl tandgcahsehat he
nol di ng machi ne, and nai ntenance or the |i ke does not change as conpared
wi th a tasetimer dotrhegrrmeveadhesi veisesine, i soxwpeeh al ene. 1ight ftromt he
nonaqueous el ectrolyte battery according to the first enbodi nent of the

i nventiemtetn@rded peotanutact the achitlmmxade of a thermal adhesive resin
material, such as the inner resin film4lc for bonding or the seal ants 43a
and 43b, varimus fdudad okeisng nethadstwhi el haxecalseady lbeen (suggest ed
may be adopt ed. For exanple, a thermal adhesive resin materia

whi ch ﬁ?@i@éﬂ%yi@ﬁén@éré}g%@%Y&ée@ﬂma@ﬁ fipgsresigdoll Bepsaraycbe forned
ina filmshape by a nelt extrusion nmethod, such as a T die nethod, an

inflati , t EKeq ity [ he.pel fsexktusi g net hod
is a né?ﬁ%%ﬁéﬁgghi% daP%% %é%lﬁg eri%lé?%92%§%§t§ud£§§isSextguded froma

dhe attaohed g ddield aBECNdrRl 4% SEdUder: 20y PO £030, 835 Eag0l d 2

film nmethod 1s a net whi ¢ t molten 30 "nmterial

extruded, trama whig and, at diedldle) atached 1o the Lont;fgd of an

ext ruder 'S coof e aro sSoas to forma The
inflation.neﬁg%{ istﬁ netg d i.n_ which a nolten te&@aliE%e%xgéuggd in a
tube sHApE'¥ T ithgsh ﬁSEIEFrE%?%?Iﬁﬁé,ee%%% ded 1 *AT5Felt &F i ned
di mensi on. by bl owi ng off air inside the tube, cool ed, wound around a rol
so as t%ﬁ*%rﬁfﬁ ¥$Fn?ondlng W?ﬂi gﬁeﬁﬁéFr&gﬁ€%%F Fesin material may be
formed in a filmshape by a coextrusion nethod using an infl|ation nethod
or a T-die methodmeThd A0kt s iRRPGRstthed PsNanRARECHF FefEtaxt¥hSi on
met hod, in which a plurality of materials are extruded at one time so as
t o overbaptench fgudr,. Lt Hildns £XdadiMBsr Rt Hethed, Of i cekanpretea
two-layered filmof a layer containing fine resin fibers and a | ayer
cont ai nfngnnbl fare fuesionfhdreted camhadgripgdiy one side becomes an

opening portion, and the electrode leads 42 connected to the
battery element 4 extend from the opening portion outside the
laminate film 41. Thereafter, the opening portion is sealed
by fusion-bonding.

At a portion of the opening portion where the electrode

leads 42 are sandwiched between the upper and lower laminate



For exanple, in the above-described first enbodi ment, instead of the inner
resin filmd4lc for bonding, a two-layered filmof a |layer containing fine
resin fibers and a | ayer containing no fine resin fibers nmanufactured by a
coextrusi on nethod may be used. O course, the two-layered filmmay be
used instead of the sealant 43a and2 3b. For exanple, by nelting

t hermal adhesive resin, adding fine“resin fibers to thernmal adhesive
resin, and stirring, a resin nelt in which the fine resin fibers are

unt for m-yyplenfled n 34 AN e a0t alned, »Ad hetmBLoadhesbyerheshp,art el al

can be forned of eresinne in"a filmshape In one step by the nelt
extrusion t hod . i ke the | am fid ith r o the
Ianinat?%%qE§Vﬂ%&aF8PaE§e%% 1 lﬁh 58?35?%%1%¢F%%§%8F§%%r|nfﬁgéﬁ%%’a
plurality of layers, various nethods which have already, been suggested
nmaybe ad 6téﬁ?féfﬁhﬁﬁegﬂﬁfO?%%l%%ﬂ%5ﬁ§“%ﬁﬁﬁﬁ”ﬁh§ eaF?8é5§O§8e%e%%%gested
include dry lam natiaon, heat |am nation, extruiion (o ati.ng,C afdlthe i ke.
2. Secohtl TrboHRIERCEHHS GRS iTIF PP5dt e8Py LBYEK>T MR % s an
expl oded perspective view show ng an exanple of the confjiguration of a
bat t er y4 backhgcdstldiarind atseebHECedsodideht YPPERe Ve in" L Fhe
battery pack is, for exanple, a batter&xfack of a lithiumion_ polyner
secondat ¥/ bapt eraelavi g e kel ede gead 48/3RYEE. SASLaRGWA3T hOrPE. 6, the
battery pack is configured such that a battery element 4 is covered with
an ext eramainpackagbm 141 andretbplicolky, 2thadial bortom sbyertBrar és
respectively engaged with openings at both ends. The top cover 2 is
provi degaaét huppeni aigse21reaid tohhaétapoppéonsedélafeitchid/boped housed
in the top cover 2 face the outside through the openings 21. Hereinafter,
t he opethmigr wé¢Hinhi Chnthiect Hpr covedi2c f speagagedlastr éBéetedtrodas a
t op- si de opening, and the opening wth which the bottomcover 3 is engaged
is 32 referueditweas fehHobhomds dewapeninger resin film 41c for

bonding/lower metal foil 41lb/lower outer resin film 4la.

If the opening portion is fusion-bonded, the inner resin

films 41lc for bonding arranged to be opposite each other are

bonded to each other. At a portion where the electrode leads

42 are sandwiched between the upper and lower laminate films

41, the sealants 43 are bonded to the electrode leads 42. The

sealants 43 are bonded to the inner resin films 41c for bonding.

The inner resin films 4lc for bonding are bonded to the

electrode leads 42 through the sealants 43.

<Configuration of sealant 43 and inner resin film 4lc for
bonding>

In a battery pack according to the first embodiment, the
sealants 43 and the inner resin films 41c for bonding are made

of thermal adhesive resin materials described below.



Hereinafter, the battery elenent 4, the external package 1, the top cover
2, and the bottomcover 3 will be described. <Battery el enent 4>

The configuration of the battery element 4 is the sane as the first

enbodi ment, and thus detailed description will be omtted. <External
package 1> Figs. 7A to 7C are devel opnent di agrans show ng an
exanpl e of the shape of the external“‘package 1 which covers the battery
el enent 4. As shown in Fig. 7A, the external package 1 is conposed of a
soft lampate £ilmla which is -proyi i t.h h i t.i 15 for
enclos?ﬁ%r?ﬁ%a %?%er$h8|§%§ﬁF@, é#%g§9ﬁ§1%efgﬁiﬁ%&gﬂ%%¥glﬁé%%i§

overlaps the, soft. lanipate filmla so as to cover the housing portion 15.
A therﬁi?sﬁﬁhgggvénsﬂég?li5a i s di sposed on an outer surface at a position
corresponding to the bottom surface of the housing portion 15. The housi ng
portion 15 provided in the soft lamnate filmla is formed in a concave
portion according to the shape of the battery el enent 4 by performng

dr awi ng<proEBsSi AgheRl BAvaAREeIWIEReX 1R8Pd, for exanpl e. The soft
lam nate filmla is suitable for form ng the housing portion 15, into

whi ch the batThs yteteneht adhpsiveserasdd ma33 1A ldremi Tl PF oBBIERAY and is
softer than the hard lamnate filmlb. Fig. 8Ais a sectional view
showi ngp@neekaapresoh ahd Eonki gersani énbefrst-he soft lanminate filmla
constituting the external package 1. The soft lamnate filmla has a

noi sture-proof and insulating |lamnate structure in which an
adhesi vel ayer 16a, a netal |ayer 17a, and a surface protective |ayer 18a
are | ammia¢éedal naandet yveandstthe surface protective |ayer 18a cones into
contact with the hard lamnate filmlb. The adhesive layer 16a is
made of the thenne +adhesi veitesific Rl akedeadrdbiety anréhetive st

enbodi nent. The detail ed description of the thermal adhesive resin

mat eri a of Snd hei @ as: | (Edhefddste ereodirment iand awkkh tnat peinepeat ed.
The adhesive | ayer 16a has a thickness of, for exanple, about 10 gmto 30
gm - cqudy MBbab.] QUG 1 {8 S TR \Ony SOl L ABd A (Bt EHLatnedRdihas a
function of inproving strength of the e ernaT package, and preventing
oI st Ur§dh8§¥~9§%e&f@, ?E&E{Ioféﬂfﬂ—_ sLangand thus pLotselbpg, i hge
contents. As the soft tal materia V

, alumnumis nost suitable in terns
of ligh S, Str i r ties, t.,..an - ssipg, and
aIuninuh?EEUéﬁi%gggﬁgﬁgggg g%%éO gé&%géﬁj% e fﬁgggtgﬁ'gégggsﬁéggficularly
e P TRAR) HBYClod! fnleRy 2pbRLEKICR8 1 Ohe ) ObrEREPL E1cc Y 520 O 1O

used. The thermal adhesive resin 1is not limited to the

materials illustrated.

<Fine resin fiber>

The fine resin fibers refer to, for example, clongated
threadlike structures having a diameter egqual tec or smaller
than 100 pm. The sectional shape of the fine resin fibers are
not particularly limited, but the fine resin fibers may be a
circle, an ellipse, or a rectangle in section. Examples of
the fine resin fibkers include polyethylene terephthalate (PET),

pclybutylene terephthalate (PBT), nylon, aramid,



The surface protective layer 18a has a function of 34 surface protection.
In terns of good appearance, toughness, flexibility, and the |iKke,

pol yol ef i n- based resin, polyanm de resin, polyimde-based resin, polyester,
or the Iike may be used. Specifically, nylon (Ny), polyethylene
terepht hal ate (PET), polyethylene nzﬁgthalate (PEN), polybutylene
terephthal ate (PBT), or pol ybutyl en pht hal ate (PEN) naybe used, and a
plurality of materials may be selected and used. The surface protective

| ayer 18a-has t hi_.ckn of or. _exanpl about to 30 Re

Fi g. 83p?%y8agggpﬁgﬁalﬁ%?%vlEﬁo iﬁ%‘%% égghblgHgﬂ%gﬁ% éé%e?gﬁgg?an of the
hard lamnate filmlb. The har am nate film.lb can i nt ai hape
Dftor DBPRGPBGAY. Chc Lo RNARTS  dePBANEEr R B O e IS, dTTFRe har d

|l am nate filmlb has a | am pate struc%ure i n_which ag,adhegiﬁg Igéer 16b,
a net al 2PdyERe17hCand e st FacEeprBt LPFTE PR§eFCigh BrESFahPnit&d in
order. ~ The adhesive | ayer 16b and the surface protective |ayer 18b
of the WatartakenatléUpirmFB-are the sane as the soft lamnate filmla.
The metal layer 17b is made of, for exanple, a hard netal material, and

al uni num sucBhast BopIEsiTe faP=3c0RHES chaded BavEhe WY stan@dr d - is
particularly used. The thickness of each |layer of the soft lamnate film
| a and grhethat@ lraym arad endid midhfasalappr dpri atrelbe 6l @ot.edFumther,
consideration of the total thickness. The hard lamnate filmlb overl aps

t he softhéafimatmedil Mikés s kaoBddabave &aliemdter cpendilmy: Sinafratéeof the
housi ng portion 15. In this case, as shown in Fig. 7A, the positional

rel ati ofnshinp thetokeerxd.he Bloft fham nateid | Fibéasapdetfeeahdnd hamenate film
| b is deviated. The soft lamnate filmla has a top-side | ong side ha and
a bott oat shdeckongusl de blashavileg thanshaeflengitk fand ahkekhesisde short
side 13a and a right-side short side 14a having the sanme |ength.

Similarkyy thempaed | epipate fid mldeasnécd 99a 8§ dendengl shdaeklibeand a
bottom side | ong side 12b having the sane | ength, and a | eft-side short

side 13p.and A-righirshde,shofd i derldb, havicng the saesihergbbrsThe
expressions left and right showthe positional relationship when viewed

tovard {he;drawi te thaf8 1 Sidas 4] AN 12be of o be;hatdel ami nat e
filn1lbiﬁa%g g%%g%gﬁﬁ Sugﬁathat t he shortes%des 13b a%d ?4b éone Fnto

cont act h her . are opposite each other wth a small gap in a
state %%éQPﬁgghggéﬁﬁélggftion 15 in which the battery elenent 4 is

housed is enclosed. The l.ong .sides |lg and _12a of t soft lamnpate film
| a have a | engtf ?t%ﬁs¥hgﬂiFﬁ§;P5ﬁ e'%é&? ﬁFHeaﬂ ﬁ%%t%ﬁlgggpﬁgrd
| am nate filmlb. For exanple, the long sjides |la and 12a of the soft
| ami nat BOf + VAP P alRaveld Teng it StRF2 P hit %ﬁg Hhor? ¥iYed"™3a Ignghﬁa come
into contact with each other or are opposite each other with a Il gap
in a sthtBeWRTE FRESAGURT PGS 015 SPR Tkhi TR ARt BAtErP Bt Efent 4 1

housed is enclosed. The gap in the soft lamnate filmlais not [imted to
a smal | fﬁ@_g r@ﬁlrhﬁybgés LEE G mgfn-he fine resin fibers are moved

together with the flow of resin during fusion-bonding, which
deteriorates resistance against short-circuit. Inparticular,
if the blended amount 1s small, resistance against
short-circuit is further deteriocorated. If the fine resin
fibers are excessively long, fluffing may occur at the time
of film formaticon. To obtain excellent characteristics, it
is important that the size of the fine resin fibers is set within

a suitable range and a pseudo unwoven fabric state is formed



36 The short sides 13a and 14a of the soft lamnate filmla are
slightly shorter than the short sides 13b and 14b of the hard | am nate
filmlb. Therefore, the soft lamnate filmla and the hard |am nate film

| b can be | am nated such that only the hard lanmnate filmlb exists on the
top side. Wen this happens, the perkgheral surface of the top cover 2
provi ded at the top-side opening carfbe fusion-bonded by the adhesive

| ayer 16b of the hard lamnate filmlb. On the bottom side, the adhesive

| ayer 16b of the. har amnate film.l osed such that the

peri phe %|egﬂ??ﬁéggoge%ﬂsego%ﬁgnF&8$e?e%%§r%3# ed "at the bottomside
openi ng can be, fusi on- bonded by the adhesi | ayer 16h of e hard

| aminate filnf$b? <?§56589gr19n oY Fhe Fﬁg’l co\)ggcrarﬁuinsg en%g gd"W'th the

t op-si de openi ng of the external package 1 so to cl ose the top-side
openi ng!1 FReSEBBC Coviete Bi%E Frovigedt tﬁe%?%iﬁi ?Slﬁ§aPEFaéH3deg¥ctrode

| eads 5a and 5b which are led fromthe battery element 4 are connected to
the ciree@supsngdche diamefer grettiediwidl Ff&i ¢ PREFGEPRGLIRS ePBPEF ur e
protection el enent, such as a fuse, a PTC, a therm stor, or the like, an
ID resi éfor fexangeéntifyPhg af baftleryspacktcandtehE | PrRécaFednpaRted on
the circuit board. A plurality of, for exanple, three contact portions are
provi dedalouihticordw avbvagd. Theeprtdceettbhoeit cliareapsdienélbees an I C
for nonitoring a 37 secondary battery and controlling FETs (Field Effect
Transi stord ant:ohartged diisclarge cdornthreolkiEETS. becomes The ®F@ngseconnect ed
in series to the battery elenent 4. If the tenperature of the battery

el enentod trs: Higheredhamidbeset tWanperlat wree;titdres IPEEaguddenhe Enbeeases in
el ectrical resistance so as to substantially shut off a current flowing in
t he batigrpyot The if-usies anthd hextihenrdi=aetare odl sheconnectedli nhspeies to
the battery elenent 4, and if the tenperature of the battery elenent 4 is
hi gher thefnassstqt enpeLat urene shahgrRf bracedr Feperf Lovengehgrhhecbattery.
The protection circuit including the 1C for nonitoring the battery el ement

4 and cgg%rgkggggigEgﬁeaggigmedggghggkgLscharge control FETs nonitors a
vol tage of the battery elenent 4 and if the voltage of the battery el enent

4 exceeds 4.3y 9.4 4N, J Uk ngralhit hor chakger cont kak FET 8088 1G9
prohi bit charging.” The protection circuit also nonitors the voltage of the

G SchE SR BT BRTB. L1 By T rale e, GRS SF P LR i sahar ba SoRt POl “PET so a6
Fesi n- mERERd o Er G dRt o THE boPEanPELas dna ‘LT aceier Thabat tery
Gt o7 nafiSHREKAGEEEonni Eh FEo1 GPREE R AHO. ot | 7 RRTTo1E EB0ared wi th

there is a tendency for the resin thickness to decrease due

to the flow of resin, and metal foils come into contact with

each other, which causes short-circuit.

When the diameter or short side length of the fine resin
fibers is r ym, and the thickness of the filmis t pm, the blended
amount of the fine resin fibers is set to be equal to or smaller
than (r/t)x100 vol% at a volume ratio with respect to thermal
adhesive resin. The blended amount of the fine resin fibers

is a blended amount when the sum of the transverse areas of

the fine resin fibers in the axizl direction and the vertical



38 the external package 1, and is adhered to the battery cell by
fusion-bonding or the like. <Method of manufacturing battery pack>

A nmet hod of manufacturing a battery pack according to the second

enbodi nent of the invention will be described. <Manufacturing step of
battery el ement 4> First, a positive electrode and a negative

el ectrode having gel electrolyte Iaﬁ@rs formed on both surfaces, and a
separator are lamnated in order of the negative el ectrode, the separator

and the_ positive .el ectrode. .The | am nate is r rein
thedloﬁﬁf%?ﬁﬁ+ﬁﬂ‘¥ﬁ P F&@ﬁtﬁﬁﬂﬁﬁbﬂgg %%ég} Fﬁggggfgﬁgﬁg)égtékgégfﬁhe

w nding type batter | ement 4. <External package coating step>

!\Iexth t%%ih%?%?%@eﬁ%rg'BﬁCE%OPoneﬁhFogﬁﬁﬁhthe battery element 4 is nol ded
in the soft lamnate filmla by, for exanple,_deep drawing nolding. In
this case, asT%%o@\ham%t?FQPfYR%et ﬁé“ﬁo&ﬁ% p‘%ﬂﬂﬁ%ﬁ 15 %?9?%%6 o}f)?

lam nate filmla is formed so as to be slightly deviated to the, right from
the certexspobidi g The badter Faeredents4 48 HORSSH PROFRe holisthg

portion 15 forned in the soft lamnate filmla., Next, as shown in Fig. 7A
t he hareb$anifnaten iy amn|SEM §Sc@aning ElectronMicroscope), the short

side length of the fine resin fibers is obtained by measuring
the maximum value of the widths of the fiber in the axial
direction and the vertical direction for a predetermined number
(for example, 30) of fibers alternatively selected and
calculating the average.

As described above, the diameter of the fine resin fibers
should be smaller than the film thickness, and preferably, the
diameter of the fine resin fibers is equal to or smaller than
half of the film thickness. TIf the diameter of the fine resin
fibers is excessively smaller than the film thickness,
resistance against short-circuit is detericrated. For this
reason, the diameter of the fine resin fibers is preferably
larger than 10% of the film thickness. The same is also applied
to the short side length of the fine resin fiber.

A preferred relationship between the film thickness t
(pm) and the diameter or short side length r (um) of the fine
resin fibers is expressed by 0.1t (pm)<r (um)<0.5t {pm). Uncer
this condition [0.1t {um)<r (um)<0.5t (um)], a preferred upper
limit of the blended amount of the fine resin fibers calculated

by the expression {r/t)x100 vel$ is larger than 10 vol% and



| am nated at a position slightly deviated to the right with respect to the
soft lamnate filmla. Thus, in a state where the soft lamnate filmla
and the hard lamnate filmlb are |am nated, as shown in Fig. 7A a left
region where only the soft lamnate filmla is |ocated, a right region
where only the hard lamnate filmlh_is |ocated occur. The reason
why the positions are deviated as déscri bed above is to enable the
adhesive | ayer 16a of the soft lamnate filmla and the adhesive |ayer 16b
of the rd. l.am. na g b g t her . wi rtain

wi dt h a%?%glﬁﬁ%ogné %%%%?3%§m%gofﬁ%f§gﬁ{g?%%?ﬁﬁ?gnygfﬂﬁﬁgwgﬁgs?ﬁgghard
Ianinatg f{ﬂn1{§ are beab ou%mard E%onlthe bottom surface of the housing
portion q5-0¢ er%%%t? n°a'st aC8'6f the arrangenent rel ationship shown
in Fig. 7A, four sides on the ri phery of the o i ng, of _t he housi ng
portion 15 arle HAJSiGt & 'qfe‘p%dgaééﬁﬁgogr%é%%’ﬂ&&%# fRPENEaRE, the
entire portion where the adhesive | ayer 16a and the adhesive igyer 16b
over | aptachidt ned syt e Fustontbhdéd 99 Risdéh Ve 1ikanfer> YR&*paFi phery
of the housing portion 15 is fusion-bonded, thereby sealing the battery

el ementa grolunie rajha widd SfFREGh T he7AheameherRlESadReSPTeNshBet 15a
havi ng a predeterm ned shape is provided outside the bottom surface of the
housi ngt pors i ©h asceThenthehauhcaghésicvéSsheet 15a is an auxiliary menber
for fusion-bonding the surface 40 protective |layers 18a of the soft

| ami nate fil mhatlhy deetsndesPrebed abbyaquheus het pat radiesi batsheEt 15a
havi ng a thickness of about 10 gmto 60 gmw th respect to the total

t hi cknesscandihavtagtiae nel tsnhgepobdimeht apdunide 100CG:nsiasedeaFheot her nal
adhesi ve sheet 15a preferably has a nelting point such that heat has no

ef fect eonthel bbstetlyieteented. the openlNeytpoasishodmomnwkigh ®hebot h
ends of the soft lamnate filmla and the hard amnate filmlb, the short
si des 13peandhdda eandsthe shoshdsidesudBbnapenddh, anedbent bpwaidyy toward
the outside of the bottom surface of the housing portion 15 of the soft

I ami natgofildn ! arofheiidhe terd dostipnse oficbhe soft ckashnatefiba la and
the hard lamnate filmlb are fusion-bonded, and the soft lamnate filmla

is fusi P@spmﬂﬁgnagﬂtﬁ%wg&%ieQQe%E éﬁﬁ?QQBB%{H@%"efa@g_%goﬂ)réﬁgrjﬂﬁ?@ﬂ ng

portion 15. Thus, e soft lamnate filmla and the hard lamnate filmlb

are fixed.{f.a C%Qf@%%&ang@&rls %b&b%%g pg&%gg 32cbPavhiCchot he

battery el enent oused'is enclosed. t op- st de”openi ng and

t he bottom sid peni or jred. . wn | i A _knh a
state %%L %%é%gal$%§§b£$§ﬁ%ntg§ igh%ac %Eé%?§$ﬁé shg?ﬁkg?aég 1§E and 14b
of the hard lamnate filmlb me_intq contact. with each h r._the end
sur f ace¥ P herebf Care Bﬁkggﬁpegggcﬁ%5ﬁ%ﬂf§ﬁ%r#%fsﬁ%ﬁlé%%pgigﬁérgd?oint LI
occurs. Iqiidg t he hard_| am nat fLIn1hb, t.he shor%f§ides 13a %Pd 1l4a of
the softS#&f hatdCf P FAMEoRE FHESCOORCIET TR (FD PE SRS or the end
surfaces thereof are opposite each other with a small gap, and a joint L2
occurs.

<Difference from related art>

For ease of understanding of the nonagueous electrolyte
battery according to the first embodiment of the inventiocn,
the excellent effects of the nonaqueocus electrolyte battery
according to the first embodiment of the invention as compared
with the related art will be described with reference to the
related art.

As the related art for solving the same problem as the



Fig. 10A shows an exanple where the short sides 13a and 14a of the soft
lam nate filmla come into contact wwth each other or the end surfaces

t hereof are opposite each other. The end surfaces of the short sides 13a
and 14a of the soft lamnate filmla may be opposite each other with a gap
of a certain wdth. As shown ipn Fig. 10A, the surface protective

| ayer 18a of the soft lamnate film is located in contact with the
upper side of the thermal adhesive sheet 15a. Thus, the thermal adhesive

sheet im@nh3,sandw gsgt98§§§8n hhg.sw(fage pLatact ive | auersc18g; so the

surface pro ers can to each other by applyi ng heat

fromthe outside dhesi ve Ia er .16a r b of the
sof t Iaﬁ?ﬁ%@% ?PFW]? tgﬁleh§W1 Wa#%né%mﬁé$§h$g@§$é¥§t£§§?t%}gnd cone
into contact_w.th each other such t hat. t he adhesive |ayers 16a_and 16b
can be %’6ﬁlaﬁblfbegacﬁtﬂbt RePelPosh gy i ‘”ﬁbl%aq f%‘f}ﬁ%r%u?gl devever g
shown in a sectional view of, Fig. 10B,. sealants 6b are .provided o bot h

si des o?a]PﬁéCnJe%éfaneq%tWoﬁéqu@b i e HFEgA e "EF et ?8 | ead
5b is sandmnched between the soft lamnate filmla and the hard Ianlnate
filmlb{€hreuvgptbre sBarBach 6p. ‘gpedirmiicalfiy lahd shégstsdre el ectrode | ead
5b i s sandwi ched between the adhesive | ayer 16a of the soft lamnate film
la and the adhesive |layer 16b of the hard lanmnate 42 filmlb through the
seal ants 6b. Fig. 10B is a sectional view taken along the line P of Fig.

9. The séal dnteblein afe madéoof i hdiighoaet das whiehede r hevwpseradhesiive resin
material. The sane is also applied to seal ants 6a provided on both sides
of the pesptinveaekectibdetheadalaadhesive Hasgn ilts ivssgibssible to

manuf acture a battery pack in which a lamnate filmalso serves as an

ext ernal packageoradtdoud wsd ngcEhrhioxdé kel )caseematie codhesasiom ahdpwi t hout
arranging franmes made of resin on both sides. <Top cover engagenent step>
Next, agreboweiny Heghldk it henelrectikedpyl eadsuheownd Hibiare eonnected to
a CIFCUIt board 22 by, for exanple, resistance welding or ultrasonic

vel di ng; s Nexfriag1shewnginrEhge 43¢ theisi telkbknbear ds22nksuhitseehed into
t he openi ng surface of the top cover 2, and the top cover 2 is attached to

the C'rfgb£190§5gn2§f§9raﬁeﬁﬂ caugh elhe @hécﬂhér99§rnggslygerég@ncover 2
is a resin-nol ded product nanufactured by, for exanple, separate injection

mol di ng, 9 18%e %oﬁ%g % %1cknesé Qghgﬂ”QODBEtEQPgb§ eggxléﬁg {nithgetap cover

2 so as' t Ircurt bo 22 horizon At the top surface of

the 1OPoEOMSle 2unl BLER OPENI NOS %ﬁuﬁr%herO%%gggng%_p I 1) 008, coetespondi ng

to the donta por i ons thecircuit e contact portions

'ﬁgvga;e %ghggﬁ}bﬁﬁﬁ%ﬂ{g r&ﬂgdggﬁpéggfn%ﬁxnéhe hﬁBn%?pﬁﬁs%ve§138t to
each other and are heat-sealed, resin portions cutside the
unwoven fabric are used, so0 it 1s necessary to overlap an
appropriate amount of resin. Accordingly, if an unwoven
fabric is used, use efficiency of resin is bad, and the
thickness is larger than the filmmade of thermal adhesive resin
alone.

An unwoven fabric 1is hard to deform by typical

heat-sealing, so it is difficult to control the seal shape.

Tf pressurization is released at high temperature, the unwoven

fabric restores its thickness due to elasticity after



smal | er than the inside dinension of the height of the opening at the
top-side end surface of the external package 1. Next, as shown in
Fig. 13, a holder 24 is conbined with the top cover 2. The holder 24 is a
resi n-nol ded product manufactured by, for exanple, separate injection

nol ding or the like. R bs 25a, 25b,&gpd 25c are respectively provided at
both ends and the center of the hol 24 so as to protrude toward the top
cover 2. The end surfaces of the ribs 25a, 25b, and 25c becone surfaces
for rec n i 0 uit
board Zgé%%ng Eﬁ?nﬁ VﬁﬁlﬁlﬁgﬁégJ%?di?fHEGIkgﬁ)?8§§£?% }§3¥%28E§é5% arrow R
of Fig cover 2 t he hol der her are
rotatedoééjﬁbsag t%?Pa.é@h kEFEI6gkmngg%%ﬁggggggﬁablcﬁfgﬁgg?gﬁlg As a
result, the circuit, board 22 ich LS ed zont al | s, located
verticaf §es?ﬁefﬁ?§1b5§@elﬁﬁ§wgi?EEPt g?éeﬁénféhgéﬂﬂﬁﬁc % 9BEtiicen the
top cover 2 and the holder 24 and is not exposed to the, outside, auch t hat
rot ati oht cRRTBe2atR WPt hodtitotdihinhg £AE EEPE&FF Bogrgizsd 1n andyeyt  as
shown in Fig. 15, the top cover 2 and the holder 24 _ are pushed toward t he
t op- si dB2BpEhiTiPAIGEh 2 FBEt FHRE 7T ey rscﬁﬁls"lr)gw&‘ﬁhllt?%éﬁ&ﬂlﬁéjst he

el ectrode | eads 5a and 5b. Thus, the top cover 2 and the holder 24 are
engageddafent ikie 3Pl Sirdeegpaiing. appegessrepedTapolddw tHe TE§pTcaVer 2 has
a wdth slightly smaller than the inner dinmension of the opening, so 44
the toptleveim@ ahdsthbihol dey 24 hinhteHe ehrbuthaboaedinr2masndatched

t her ebet ween can be housed in a space defined by the hard lamnate filmlb
around fhewentexinf,acehaotht heaextenrad padkageedarzBoeh omitdeter iengagenent
st ep> Next, as shown in Fig. 15, the sidewall of the bottom cover 3
i S pushedl sionasdivhe openithg afaddecbotttdm-Siodeaendnsurd acetiobdt he
external package 1 (in a direction of an arrow S2). Thus, the sidewall of
the bothomhcoverogtés Engagath WiHdrhdle dnidomesirde iopeni Qgpl&@d tbhe
bottom si de opening is covered with the main body of the bottom cover 3.

The botiomEepyeEn3chsric-resi 8-n1ol ded product ananytaet ur etinbyorh@hgexanpl e,
separate injection nolding or the |ike. <Fusion-bonding step> Next ,

fusi on- rpgeﬁtag s perd . ned Qvelptt he et ﬁsmhﬁaeaenbmeacadog widat ai s, a
heat er made of a metal, such as copper or the like, is pressed

around % hﬁgﬁ skggme Frﬁgg ext en legﬁﬁﬁégp 1 vertically so as to
[ ond the

fusion- perlp eral surface o the top cover 2 and the adhesive
| ayer 16b as the inner surface of the hard lamnate filmlb. Simlarly,
the heater block nmay be pressed around the bottomside end of the external

package 1, 5q. a5 1.9 tysi on:hond. the, peri pheral.  aHitage oL, the,Bathom cover

According to the technigue (2), the same film-forming
method as for thermal adhesive resin containing fine resin
fibers can be adopted, but when a laminate film is molded, the
sliding properties between a mold and a film are deteriorated,
and molding properties are degraded. A melding machine is
likely to be scratched, which may result in frequent
maintenance. During heat-sealing, high heat capacity of the
inorganic filler is deprived of sealing heat. Accordingly,
it is necessary to set strict sealing conditions, and as a

result, a laminate film may be damaged. It 1s necessary to



45 | ayer 16b as the inner surface of the hard lamnate filmlb. <Resin

i njection step> Next, nolten resin (hot nelting material) is filled

bet ween the battery elenent 4 and the bottom cover 3 through a through

hol e (not shown) provided in the bottomcover 3 and solidified. Thus, the

bottom cover 3 is adhered to the end surface of the battery el ement 4. The

filled resin may be in a | ow vi scosi1®y state at the tine of nol di ng.

Though not particularly limted, a pol yam de-based hot nelt, a

pol yol ef i n-based . hot. nelt, an acrylonitrigg ut% ienedgggglxn%%% ABS), or
e

t he Iik%nﬁﬁ§a 8 &ﬁg. Supplyhbﬁ?eﬁﬁ%%i%enay be i |6t WEE € top

2 d the batter I t 4. t.hi . t th h hol
o e BEerh e B b oot s A SR S ey SO o
t he through holes. W.th the above-descri bed steps, the batter¥,3ack
accor di hgSt ot théeSecdid &oddhfcht U tFPFTRERT i oh* PR nafff actdfed.

In the battery pack according to the second enbodi nent of the invention,
the sanBoBFPBERSLASTI RAY HEFYT st diffoditfeREtEGRY e BB T Iy °F. tHRird
Enbodi nent Figs. 16 and 17 show the configuration of a nonaqueous
el ect r oyt ke bst Meky,acdesdpAgoto a third enmbodi ment of the 46 invention.
As shown in Figs. 16 and 17, the nonaqueous el ectrolyte battery has a
battery el ement 54 which is housed in a concave portion 47 fornmed in a
lam nate film 41l and seal ed by fusion-bonding three sides excluding a bent
si de on<Ehéepesigherynaofustches batterylgiteneat tb4yumderrd egdydedfpressur e.

As shown in Fig. 17, the nonaqueous electrolyte battery is configured such
t hat a pasbtiimenel ect chdeiheadt62a>and a negative el ectrode | ead 62b
respective connected to a positive electrode and a negati ve el ectrode

extend in thersaimee didiechidiud ram e seakt padd ol ddie-diad rat enkil m 41
to the outside. The positive electrode | ead 62a and the negative el ectrode

lead 62binse swbbabhynteberted tavastebact kadeskaadstwhenal knbis43p

unnecessary to distinguish them
and the inner resin film 41lc for bonding of the laminate film
41 are made of thermal adhesive resin materials in which fine
resin fibers are added to thermal adhesive resin. Therefore,
the problems inherent in the related art can be resclved. That
is, in the nonaguecus electrolyte battery according to the
first embodiment of the invention, the minimum amcunt for
short-circuit prevention can be effectively added. The fine
resin fibers themselves do not interfere with the flow of the
thermal adhesive resin, and the thermal adhesive resin and the
fine resin fibers have resin components in common. As a result,
compatibility is good, and unlike an inorganic filler, there
is no case where separation occurs. Even if the thermal
adhesive resin and the fine resin fibers are separated and enter

inside the battery, there is little effect cn safety since they

are softer than the inorganic filler.



<Battery el enment 54> Abattery el ement 54 has, for exanple, an
angul ar or flat shape, and is structured such that a band-shaped positive
el ectrode and a band-shaped negative el ectrode are | am nated through a

pol ymer el ectrolyte and/or a separator and wound in the |ongitudinal
direction. The positive electrode | ead 62a nmade of, for exanple, alum num
(Al') or the like is connected to théﬁ%ositive el ectrode. The negative

el ectrode | ead 62b nmade of, for exanple, nickel (Ni) or the like is

ted t h ti | ect T it | 2 d
The negati ve 0701 der sty e BBR nel0s SRRl i AP HIRS Keafobie ™
| ect | ead 62a.and th ti | ectr.ode | h
i i h, THE"EI GEPPRAET Eada RN ntF o P ar gs REATH card LR 1Al b USBACT or o

battery in which |arge-current, discharge i erformed. Wih t ar ge
it b SFSPREL Y 6t oo L BRISE 5T Bt STaHEE hEHea Far GERANTOhE It FBis can
decrease and heat generated by the el ectrode | eads can be reduced,

The posFhevaeél adkeadee| Eatl BRa1aRhd (HRe TEGAtTIE el dd€ FERE B2b
preferably have a width equal to or larger than 50% of the width of the
bat t er yreteneag 1589 PPepha@gfosinangs &I 62a% afdSEhE Régat i ve

el ectrode | ead 62b have a wdth [ ess than 50% of the width of the battery
el ementtBdrmaéshdhandgewnen ia |iar gesedrabpief | oWs wayL$ nef eBSed 1 aAd
defects may occur due to heat generation. The positive el ectrode | ead 62a
and t hepnegattvesel eoerodes | mad62b Wresfertdly ¢ liavacarwogehtéggabLito or
smal l er than 95% of the battery width. |If the positive el ectrode | ead 62a
and t heraefative @tecttodetédadanéd2bi havieileens dite Irartgérrthancdsesof t he
battery width, defects may easily occur at the seal portion. The
posi ti veoeteett odetheadobdangntlathennegahlveaéheehnade beadh62biaee
different in length. Specifically, the positive electrode | ead 62a has a

| engt h §host:afr thamdchas| engbhref @ihen Begatie et eaticate Il edtdeb2be
resin is used alone.

In the nonagueous electrolyte battery according to the
first embodiment of the invention, in order to manufacture a
film made of a thermal adhesive resin material, such as the
inner resin film 41c for bonding or the sealants 43a and 43b,
various film-forming methods which have already been suggested
may be adopted.

For example, a thermal adhesive resin material which
contains thermal adhesive resin and fine resin fibers may be
formed in a film shape by a melt extrusion method, such as a
T die method, an inflation method, or the like.

In brief, the melt extrusion method is a method in which
amolten material in an extruder is extruded from a die attached
to the front end of the extruder and coecled sc as to mold a

film. The T-die method is a method in which a flat melten



Seal ant 63a to 63d are nmade of thermal adhesive resin materials containing
adhesive resin and fine resin fibers 48 described in the first

enbodi nment . The sealant 63a is arranged at a part of the surface of
the positive electrode | ead 62a facing the lamnate film41l so as to

i nprove adhesion with the | am nate E&Ln14l. The seal ant 63b is arranged at
apart of the surface of the positiv | ectrode | ead 62a facing the
negative el ectrode | ead 62b. The seal ant 63a and the seal ant 63b are

bonded. ach- ot her, h 2al ant. .6 S rang t of the
surfacé$%Fg¥§%lné§gFF93de 58%r§d§gﬁ8a§£gzg??%cgﬁé ?ﬂegggﬁi%gggék%9n14l SO
as to iggr ve adhesi on m&;h t he Iaginate filf14%h1£p%o %ag% tw6§c IS

ar r angeti® at " apart” oft 1h& s Gt 5667 6REhe negat 19 e e dtrod8 Fedd 8%b f aci ng
the positive el ectrode Ieid 62a. The seal ant 63c and the seal ant 63d are
bonded t9 88ch®otAEF. 2Thé1Zeal ant 63b and the seal ant 63c are arranged so
as to suppress occurrence of short-circuit because the positive el ectrode
| ead 62a and ThHe ABgafivETeltRtRAdelFedd BN TOMEL MG i racPeebAfact with
each other. The seal ant 63b and the seal ant 63c are bonded to each other.
Fig. lgnahewsalte sebridnd i iydtufBaPaer?Tat dig At angecarailaf Fig.

17. As shown in Fig. 18, the positive electrode | ead 62a and the negative
el ect r odée |} esxb @& havd agerhdes anminedt Ainges hpr drgdd BUd Hdt 2adke end
thereof in the width direction are |located at the sane position as the

ot her endsiherelné two¢ hecaw ted, divernt i oneuThe: sedllame 83b tandotrheaseal ant
63c are provided between the positive electrode |ead 49 62a and the
negati véiehectrode | ead 62b. Thus, the surface of the positive el ectrode

| ead 62a facing the negative electrode |lead 62b and the surface of the
negati ve el ecti®dehdangl 620hd acvagrd dien pasiddvel electreode riead i62a over | ap
each other through the sealant 63b and the sealant 63c in the thickness

di recti pni@afskdise bk tLbext rusiofined N s owber enthacpesi khikvacal ectrode
| ead 62a and the negative el ectrode | ead 62b are not sandw ched between

the uppgy aneld owekeddd Natm S iddsi4dus te nidtyd resisn khiinlims FAde1tor
bondi ng of the upper and |lower lamnate filns 41 are opposite each other.
At a portion r &g, Posi fi glipctr g, d gad S23rand, the negati-ue
eIectroée£€%3§@§2%larecﬂothéaﬁﬁﬁﬁé e% ggiween ﬁﬁe upper and |ower |am nate
films 4 he _ l,nner i i 4 f i of up and. l.owner
Ianinat%XF%F§%a4%€a?%§§%%%%i%ggg%c(Déﬁﬁgg't F%%ghogﬁgggeaﬁgﬁpsegig to 63d.
At a portion where t sitive_electro ead. 6 h e Lye
electroﬁ%efgﬁ S%ﬁﬁrgggbéé;uﬁﬁﬁz §§m§gﬁﬁe%§w%%2996%%¥9§%éﬁﬁ%ﬁgagggﬁ¥nate
films 41 %he follfmﬁng struc%u%e IS de: ugger Iagin%tgrfhlnkﬁ%ésealant
63a/ posFtT VR BI BEt FORE TEad"624PSERI AR 63b7<ehl SRE 638/ Adghfi vaT8l ect r ode
| ead 62b/ seal ant 63d/1 ower | am nate film4l. Specifically, the follow ng
struct uF@5i8 haB8Supp8r PeuteF™FEsi n fil m 41a/ upper metal foil 41b/ upper
inner resin film4lc for bondi ng/ seal ant 63a/positive el ectrode | ead

62a/ seal ant 63BY seRERE S 63T nelyat FoeVerdetrodecteh4r8onFERAPARENE3d/ | ower

inner resin . ‘
instead of the inner resin film 41c for bonding, a two-layered

film of a laver containing fine resin fibers and a layer
containing no fine resin fibers manufactured by a ccextrusion
method may be used. Of course, the two-layered f£ilm may be
used instead of the sealant 43a and 43b.

For example, by melting thermal adhesive resin, adding
fine resin fibers to thermal adhesive resin, and stirring, a

resinmelt in which the fine resin fibers are uniformly blended



50 filmd4lc for bonding/lower netal foil 41b/lower outer resin film4la.
The opposing inner resin filnms 41c for bonding are bonded to each other.

At a portion where the inner resin filnms 41c for bonding are opposite each
ot her through the sealants 63a to 63d, the opposing inner resin filns 4lc
for bonding are bonded to each other,, The seal ant 63a is bonded to the
positive electrode | ead 62a. The ség1ant 63a and the upper inner resin
filmd4lc for bonding are bonded to each other. The upper inner resin film

alc for hondLngyts hendedal 8-Lh6 ROYdINE £l adld el cad SracLhr gugh the

seal ant© e sea e negatlve el ectrode | ead

ponded {088 bt RAT. 9%%:@15?%%%‘? e ot U HBBna7nG S bonded

to the neﬂgtlve electrodg gad 62b t hrough the sealant 63d. The seal ant
63b and"the SEEFEALCB3EC5PE8%onded to each other. The sealant 63b is

bonded to the negatlve el,ectrode_| ead 62b througg t he seq | ant 63c. The
seal ant 63c ikt borded- ?Blpﬁéep%%}?ﬂyb'é@é%%F%ﬁ@ ééatéfa thibagh“the

seal ant 63b. Fig. 19Ais a top V|em1|llustrat|gg_the configuration
of ext EAABECPOEETONS Df 1 hBapEd AGIVE 1@1% A r 68BITBEE 624 thHRVHRYati ve
el ectrode | ead 62b, and the sealants 63a to 63d extending fromthe
| ani nateleredi 4. oFi kR veloB el @t iontds 3hiFleWarakant aREHgPERE | i ne
b-b' of Fig. 19A

suggested,may'be adopted. Examples of the methods which have

already been suggested include dry lamination, heat lamination,

extrusion coating, and the like.

2. Second embodiment
<Configuration of battery pack>

Fig. 6 is an exploded perspective view showing an example
of the configuration of a battery pack according to a second
embodiment of the invention. The batterypack is, for example,
a battery pack of a lithium-ion polymer secondary battery
having an angular or flat shape. As showninFig. 6, the battery
pack is configured such that a battery element 4 is covered
with an external package 1, and a top cover 2 and a bottom cover
3 are respectively engaged with openings at both ends. The
top cover 2 is provided with openings 21, and centact portions
of a circuit board housed in the top cover 2 face the outside
through the openings 21. Hereinafter, the opening with which
the top cover 2 is engaged is referred to as a top-side opening,

and the opening with which the bottom cover 3 is engaged is



As shown in Figs. 19A and 19E, the extended portions of the positive

el ectrode | ead 62a and the negative electrode | ead 62b are different in

|l ength. That is, the extended portion of the positive el ectrode | ead 62a
is set to have a length shorter than the length of the extended portion of
t he negative el ectrode | ead 62b. The seal ant 63a and t he seal ant
63b arranged on both surfaces of thé%%ositive el ectrode | ead 62a have a
width [arger than the width of the positive electrode | ead 62a. The

ext ende rtigns _of _the |_.ant_ .63a : seal ant 63b are set to have a
| engt h gﬁggfé?atﬁgnaﬁhg Pé%g?ﬁgﬁgghégggFélded portion of the positive

el ectrode | e 62a, us, .the surface of the positive electrode |ead 62a
facing the se ?ﬁﬁfn%ggeﬁast%e 58%'3:{35%] %\g?%%nfszl’cgb ey evﬁntat(;l ?ﬁ%ﬁg %I ant 63a
and a portion which is not covere ith the seal ant .63a. .,The surface of

t he pos?ti@%@eﬁ%&ﬁ?ﬁﬁﬁ?Iea&n§25£?§@$%50?H%O%%ﬁﬁ%ﬁFléBEShggsSrbg?gron whi ch
is covered with the sealant 63b and a portion which is not covered with

t he seal ant 63b. The seal ant 63c and the seal ant 63d arranged on
both surfaces of the negative el ectrode | ead 62b have a width | arger than
the w dtkabEerfechefaritvd>el ectrode | ead 62b. The extended portions of the
seal ant 63c and the sealant 63d are set to have a length snmaller than the
| engt h of theTlextesrieboportion of e hidgaive ldmnant ddé sl 6ké 62B<and

| arger than the length of 52 the extended portion of the positive

el ectrode teadfbRat dhiosdimhetsushdcehot theapnégdt dvecelptipodeiféad 62b
facing the sealant 63c has a portion which is covered with the seal ant 63c
and a poetomhtwbdch is not covered with the sealant 63c. The surface of
the negative electrode | ead 62b facing the sealant 63d has a portion which
is covered with the sealant 63d and a portion which is not covered with
the seal ant 63d. The portion of the negative electrode | ead 62b which is
not covergdewhth pHhexsgal ast 63c and the sealant 63d is |ocated outside
the positive el ectrode | ead 62a. At the surface of the positive

el ectrode | eag; 62a hacing the seal @ble b3Pmedt PO kig@RMENI Sl sngovared with
the sealant 63b”is opposite the negative electrode | ead 62b through the
seal ant t I 3 t C e1pesk LhVv trode
ead 623 Tag ng the Seal ARC B3b. 3 portl on vhieh re Aot Abbergqoerth the
seal ant b..i osi-t egativ ctro e 6 h e
sealanttggcpéifggﬁéégﬁ?E%@ﬁ %T ?%% ﬁggggiég gﬁ"dt?gaéng%dé%g%Enging t he
seal ant_ 63 a por.tion which is.not er M the : B3C .S

| ocat edPdutsfde t HE FoRHITE el & S§%¥ g%%%%éﬁé'#%%?eﬁ%aﬂﬂlgﬁ Si°

i've electrode 1e IS posSible to

f .short-ci it b t h iti de | ead
520 andbFRE HEQat VB CI'C0LT Bl T CAd Wob LR LS By vt GoREAEE s b oach

other TN 081 11.ve Phect Lgde,Lead 629 ag,on, boLh ourf aces portigne unich
the laminate film la so as to cover the housing portion 15. A
thermal adhesive sheet 15a is disposed on an outer surface at
a position corresponding te the bottom surface of the housing
portion 15. The housing portion 15 provided in the soft
laminate film la is formed in a concave portiocn according to
the shape of the battery element 4 by performing drawing
processing in advance with a mold, for example.

The scft laminate film la is suitable for forming the

housing portion 15, into which the battery element 4 is inserted,



53 exposed portion of the positive electrode |ead 62a is larger than in a
nodi fi cation descri bed bel ow, which achieves a higher degree of freedom
for a welding position. <Modifica on> (First exanple) The ext ended
portions of the positive electrode | ead 62a, the negative el ectrode |ead
62b, and the seal ants 63a to 63d extg?ding fromthe lamnate film41l may
be configured as descri bed bel ow Ff%st, anot her first exanple of the
configuration of the extended portions of the positive el ectrode | ead 62a,
t he negat i I I . Seal S t Q- ick | be
descri be Fﬁgpg{ﬁggigggsggg ﬁg%?éﬁ???FEE?rating%%h%$ﬁgﬁiﬁF$§gi%§g%%Ie of

t he conigguration of the extended portions of the positive electrode |ead
62a, the hegative electrode | ead 62b, and the sealants 63a to 63d. Fig.

203 sh th ti | st k I the Li -¢' of. Fig. 20A.
P g P A s s N TS o L
i ent in

el ectrode | ead 62a and_the negative electrode | ead 62b are diff

| engt h. “TRE+IPEATERB BBSF??V@ggFei??bﬁ@tﬁegaﬁﬁzgaiEOEEFl%Btﬁﬁge%éelength
smal ler than the length of the negative el ectrode Ifad 62Db. The
seal ant SBB8TARY (RRCEHET arlt- 63N 1 r &7ged OATHBERSsut FaBes df e Positive

el ectrode | ead 62a are set to have 54 a width |arger than the w dth of

t he posPeiveuskeetpelcaiean$obat e Bitidier] Fortd o vfit WeisEaPAnt 63a
is set to have a length smaller than the | ength of the extended portion of
t he positheeletdatwaade Skead 7628l Taresxt endeddppEirdm s Pragestarant 63b
is set to have the sane length as the length of the extended portion of
the posiayse Elacreodanismtdlan Thgsr t headsthfaserdficehprposttive

el ectrode | ead 62a facing the seal ant 63a has a portion which is covered
W th theageal att &Iee @anichteo poritiaot whitdh thse hetrdcdweredtw tth lichébseal ant
63a. The surface of the positive electrode | ead 62a facing the seal ant 63b
is entirely coverethaditetheysea @nti HHade of theTheeseallantih63dvand

seal ant 63d arranged on both surfaces of the negative el ectrode | ead 62b

are setrtgihavesde Mt hdedfcganddannt henani dtir0f theoaegahicve efraetrode
| ead 62b. The extended portions of the sealant 63c and the seal ant 63d are

set to haveia-hepgthr-sprkharckhanet hecteRUt Aapksthe extendgdiperkion of
the negative electrode | ead 62b and | arger than the |l ength of the extended

porti OnithHJ'gaH@SaI% ive. gl ectrqdenheadmn82a. addys . 1t her 1y Lageaokqt he

negative el ectrode |l ead 62b facing the sealant 63c has a portion which is

cover edphb Uy f08; 583l AL 636 894 2 PRILLRDSWRLEN A Rkntaver gkt h the

seal ant

10 ym to 30 um.

A metal layer 17a is made of a soft metal material, and
has a function of improving strength of the external package,
and preventing moisture, oxygén, and light from entering and
thus protecting the contents. As the soft metal material,
aluminum is most guitable in terms of lightness, stretching
properties, cost, and ease of processing, and aluminum, such
as 80210 or 8079C based on the JIS standard is particularly
used. The metal layer 1l7a has a thickness of, for example,

about 30 um to 130 pm.

The surface protective layer 18z has a function of



The surface of the negative electrode | ead 62b facing the seal ant 63d has
a portion which is covered with the sealant 63d and a portion which is not
covered with the seal ant 63d. The portion of the negative el ectrode |ead
62b which is not 55 covered with the sealant 63c and the sealant 63d is

| ocat ed outside the positive electrqﬂg | ead 62a. The surface of the
positive el ectrode | ead 62a facing t seal ant 63b is opposite the
negative el ectrode | ead 62b through the seal ant 63b and the seal ant 63c.

At the surkace ghotbenegative el o lead el tacknocblignaeatant 63c,

a portion IS not covered w c is |loca out si de the

ool VP, 21201005, | 900 802, WS 2 BOSSII 0 L UDPLERS QEEUT oce

of short=circui écause the posi € negative
el ectrode | ead 6%b.co§e_§nto di rect conﬁact wi_th ea%ﬁ_oahﬁr. In %he first
exanpl ef SEHB  t RO EEBIHRTS 656 ARG 63c PArd A ang8d SV the BRYi PE regi on
bet ween the positive el ectrode | ead 6§a and the Eggative eheﬁtiode | ead
62b, so'PESrs Pu3SHbtetbY supprels (SKor t PRI YEul¥ L ibFe t FEPPABIG 2 fSecond
exanpl e) Next, another second exanple of the extended portions of
the posiFEVer el eePtyaRhY bgaS62a2PRENREGAE ve (EFBEt r odBOLERHTE2ECand t he
sealants 63a to 63d will be described. Fig. 21Ais a top viewillustrating
anot her tgeeBhahakafpl ePBF) t i eelended lsore noRstbRLRERE PBRYt IMAY EPectrode
| ead 62a, the negative electrode | ead 62b, and the sealant 63. Fig. 21B
shows theedectndnaleMiew ttakent alaoryr tdlks Maje b gelectRidganpinseds shown
in Figs. 21A and 21B, the extended portions of the 56

The surface protective layer 18a has a thickness of, for example,

abocut 10 pm to 3C pm.

Fig. 8B 1s a sectional view showing an example of the
configuration of the hard laminate £film 1b. The hard laminate
film 1b can maintain a shape after being bent, and can endure
deformation from the outside. The hard laminate film 1b has
a laminate structure in which an adhesive layer léb, a metal
layver 17b, and a surface protective layer 18b are laminated
in order.

The adhesive layer 16b and the surface protective layer
18b of the hard laminate £ilm 1lb are the same as the soft laminate
film la. The metal layer 17b is made of, for example, a hard
metal material, and aluminum, such as 30C03H1E8 or 3004H18 based
on the JIS standard i1s particularly used. The thickness of
each layer of the soft laminate film la and the hard laminate
film 1lb is appropriately selected in consideration of the total
thickness.

The hard laminate film 1k overliaps the scft laminate £ilm



positive electrode | ead 62a and the negative electrode | ead 62b are
different in length. That is, the positive electrode |lead 62a is set to
have a |l ength snmaller than the |l ength of the negative el ectrode | ead 62b.
The seal ant 63a and the seal ant 63b arranged on both surfaces of the
positive el ectrode | ead 62a are set go have a width larger than the width
of the positive electrode | ead 62a. The ext ended portion of the seal ant
63a is set to have a length snaller than the | ength of the extended
portion.qf .the_positiy l.ect r ode. | 62a._ T xtended portion of the
seal ant 1 SBgi §Ss§§ %%v E\e/teh% (Tpeenngjtrhge%'gur%gearcef r?ra}ﬁ tt ee?lloélr?jtnl% glprt%ﬁémext ended
portion.of t posi.tive el ectrode | ead.62a., Thu t surface .of the
positiv%gélegf?o% eat B2a Fgci%%OY%eJ§b2$H%t 2@3 Hi?eapﬁgFEPSR ichis
covered with the seakant 63a %hd a portion which.is _not covered with the
seal ant T634- 1 PRENEr PREUSEE {hE FOGH 8IS Fddd LEad 24 Fakitdd t he
sealant _63b is entirely covered with the seal ant 63b. , The seal ant
63c andlEMelges| émlmeé% 5P rdPgAt8A - bothe siffftadedigr iehd idgyda hes

el ectrode | ead 62b are set to have a width larger than the width of the
negat i vé PRttt angadideobla mael exdednddl pote ileny oideHeadavang 63c and
the sealant 63d are set to have a length smaller than the I ength of the
ext endedhpoidtivpestthheamégat ¢ Ve—eldetalvde Fédd 162bandd: Faohérsthign t he

| ength of the extended portion of the positive electrode | ead 62a. Thus,

t he surfhcetokitlrelAeghbivieg Bheelseotr ddmdtdad 62biflacigg the sealdant 63c
has a portion which is covered with the sealant 63c and a portion which is
not covéesmdnwithfihe 1%eabandt t63c.sithel sugfaice: dfibt ied negative-eliget r ode

| ead 62b facing the sealant 63d has a portion which is covered with the
seal ant 168d andealpbrhbonnyhibbh kamaot eagverednw khithe-seakarto3d. The
portion of the negative el ectrode | ead 62b which is not covered with the

seal ant s 63e 1@l ahhe: seahark16R0shsrl ecaledspulsiidey the Posd tibverel ectrode
| ead 62a. The surface of the positive electrode | ead 62a facing the

seal ant T3R5 ONDOSI S €ckhe Negatihves Rl eeht ﬂ{ﬁ%aGLZPeEQE@HHQhEPe
seal ant 63b and the sealant 63c. "At the surface of the negative electrode

| ead 62pnfacing, therseal-ant,63¢.,-.3pQrtion which is not covered with the
seal ant 63c is Wocateg outspge gﬁélbggitive el ectrode | ead 62a. Therefore,

L 1S possi ble, Lo SUPRIGRS, ShOr Lot oWl bebpgauss 4 Ne,Resltd va gl egl r ode

| ead 62a and the negative el ectrode conme into direct contact with
cach ORI S ST B R S TR S o
a1, tegepatlve, ol estsoderlead 620 80LL-Lo PASTLILE 40, RUPBLERS

gap in a state where the housing portion 15 in which the battery

clement 4 is housed is enclosed. The long sides 1lla and 12a

of the scoft laminate film la have a length shorter than the

long sides 11b and 12k of the hard laminate film1lb. For example,

the long sides 1lla and 12a of the scft laminate film 1a have

a length such that the short sides 13a and 14a come into contact

with each other or are opposite each other with a small gap

in a state where the housing portion 15 in which the battery

element 4 is housed is enclosed. The gap in the soft laminate

film la is not limited to a smalil gap but may be a certain width.



third enbodi rent of the invention, the positive electrode | ead 62a and the
negative el ectrode | ead 62b overlap each other in the thickness direction
of the battery through the sealants 63b and 63c, so good vol unme energy
density can be obtained. That is, when the positive electrode | ead 62a and
the negative electrode | ead 62b havkﬂg a large width are used, if the
positive el ectrode | ead 62a and the gative el ectrode | ead 62b extend
fromthe sanme side of the battery, short-circuit is |ikely to occur due to

the use of thfh80§h&£§fﬁ§a§gti@%ea£§§9492@fagﬂetsteeggﬁhxgts'egaﬁode | ead

62b having a l'arge w ccordi ng In order to suppress short-circuit,

for example, |ike batte S i Fig. 22, . itive ect.-r ode
| ead GZQEa%Eetﬁelﬂ%EEYieéog égtpggg Fggdsgfgge§%§%§ ?ggn%hﬁf%g%eﬁ% si des.
However, if the positive electrode |ead_62a and the negative el.ectrode
oad 6obRe N JPRARG forbnt Pl qeeSTPEOFe: ot ciny LR ILeat Fag s dos
fromwhich the posjtive electrode,leag 62a aﬂg ihe.ne ative glegtrode | ead
62b ext%ﬁd?nwﬁﬁ RatdebaBenrhfatibf oF G8PuRE effiBpERBySUCh that
Meanwhi | e, in the nognaqueous el ectrolyte battery according to the third

embodi nBRtY obh e haa F et Ham: © t FelThos? 155465 67 Xt ridtfe TI98ad162a aliiSFhe
negative electrode | ead 62b extend fromthe same side of the battery.
That i sthiadapesing vebersstirddedleadréagacand - hRe JRogavrve: Bre¥ifste | ead
62b extend froma single side. Thus, the sealing area of the portions
wher e tae Positdves edectoroded aah 62Za favd arhd anegat byethe adhesive

layer 16b of the hard laminate film 1b. On the bottom side,
the adhesive layer 16b of the hard laminate film 1b may be
exposed such that the peripheral surface of the bottom cover
3 provided at the bottom-side opening can be fusion-bonded by

the adhesive layer 16b of the hard laminate f£ilm lb.

<Top cover>

The top cover 2 is engaged with the top-side opening of
the external package 1 so as to close the top-side opening.
The top cover 2 is provided with a circuit board, and electrode
leads b5a and 5b which are led from the battery element 4 are
connected to the circuit board.

A protection circuit including a temperature protection
element, such as a fuse, a PTC, a thermistor, or the like, an
ID resistor for identifying a battery pack, and the like are
mounted on the circuit board. A plurality of, for example,
three contact portions are provided in the circult beard. The

protection circuit also includes an IC for monitoring a



59 el ectrode | ead 62b extend can be reduced, thereby inproving the vol une
of the battery elenent 54. Therefore, energy density per volune can be

i nproved as conpared with the battery shown in Fig. 22. Further, the

seal ants 63b and 63c made of thernmal adhesive resin materials containing

t hermal adhesive resin and fine resipn_fibers are arranged between the
positive el ectrode | ead 62a and the %@gative el ectrode lead 62b, so it is
possi bl e to suppress occurrence of short-circuit nore reliably. 4. Fourth
Enmbodi t A faurth enbodi nent_of . the i nti W escri bed.
The fOH%%ﬁqg%&ﬁﬁIﬂgﬁéﬁ%;¥hea%%nEC%%%F%Lliﬂgrd?ﬁﬁﬁodﬁ ﬁgﬁeggg%F’ hat the
positiVﬁ electrodﬁelea ﬁg?a aqg t he negative el ectrode | ead 62b have

di f f er ent “A°r &G ere A SR Gt P irPTHeC i dhS direction. Thus,
detail ed descrhption w ||l hereinafter be made focusing on a difference
from the third&nbodi ABnCOTRAFECheR F6LERStiCo Vi PRTHEE Y& Legsadt ed.

As shown in_Figs. 23A and 23B, the nonaqueous el ectrolyte battery has a
bat t er y %el eferit?S 4 S s h odsbHe i b ot Son cahvidgivr ¢ ob Mol fbén n a
lam nate film 41l and seal ed by fusion-bonding three sides excluding a bent
si de on?@t REtpePNpRERY UFE  t RachETCepjiddearunings eqsder ineddeed rprcadsur e.
The nonaqueous el ectrolyte battery is configured such that a 60 positive
el ect r odesieadne2asandsat pegjav$venel ettt y osleut eadt 62k vgommectfédwtioct he
battery elenent 54 extend in the sanme direction froma seal portion of the
| am nat énfilarb4t teayt.heToet Sige antheh padidrnies telreetrecdesd eadn6é2a camde of
for exanple, alumnum (Al) or the like is connected to the positive

el ectrode sértbe tatiter paaltemmne 154enthe , negat i ¥e-tel echipede tiaad o82b made
of, for exanple, nickel (Ni) or the like is connected to the negative

el ectr odredbat herpat t@tanel £menhishe rThRepOSidd v e RhRGIRdR | @ad+G2a and
the negative el ectrode | ead 62b are set to have the sanme w dth.

Fig. 24oshowsctihecsectrnenitaken alngdhedjne e-e’ of Fig. 23B. As shown
in Fig. 24, one end and the other end of the positive electrode | ead 62a

in the width %ég&fé@é‘céﬂgn%@r&ﬁlﬁt%i@@i %m;fge g;tfdffgs% ﬁeﬁi%g%gxg

el ectrode lead 62b in the width direction ar ent positi in

he wi dthdi £ect -9 ificaldy, itive_el de | ead
the w Eﬁ% Lmbggﬁbggreéﬁ%?der{tcadyar?cﬁ‘el%?x‘?t%liﬁ%po?t%veaﬁdec%ﬁ% € lea

62a int ction is |ocated tward m one end of

negalveelesyhoderlend 020 Loy vhe AL echlon, and Lhe otber end of

the positiv ectro ead ditec

end and_t he ot her_end .of .t he ativ | ectrode | ead 62b i.n the width
directi%%?m%péégfgﬁ?légﬁhgnaoi%gggl8ﬁt€%%§3%ﬁ§9fﬁ: fﬁﬁﬁnbétﬁégﬁeg%e
positiv lLectrode | ead 62a_and the negative el ectrode | ead 62h., Thus, a
part ofgtﬁéﬁgﬁﬁfgég’ uﬁ%%°6%§%F?953§9(ﬁ?QﬁﬁP%gga‘%?ﬁsﬁébpﬁ@hﬁﬁétnegative
el ectrode | ead 62b and a part of the surface of 61 the negative el ectrode
| ead 620 FEZH1G" t N HARTE Tt ePRCELBERF e@dSB2BOBYEPFEpTBECHOSEREE in t he

t hi ckness direction through the seal ant 63b and the seal ant 63c.
of the secondary battery and if the voltage of the secondary

battery falls below a discharge prohibition voltage, turns off

the discharge contrel FET sc as to prohibit discharging.

<Bottom cover>

The bottom cover 3 is a resin-molded cover provided at
the bottom-side end surface of the battery pack. The bottom
cover 3 1s engaged with the opening portion of the external

package 1 which is formed when the battery cell is covered with



At a portion between the upper and lower |lamnate filnms 41 where the
positive el ectrode | ead 62a and the negative el ectrode | ead 62b are not
sandwi ched, the inner resin filnms 41c for bonding of the upper and | ower
lam nate filnms 41 are opposite each other. At a portion between the upper
and lower lamnate film 41 where thgggositive el ectrode | ead 62a and the
negative el ectrode | ead 62b are not ndw ched, the inner resin filnms 41lc
for bonding of the upper and lower lam nate filnms 41 are opposite each

ot her t u a d t AN t t he
upper aﬁ§8|%€g%9ﬁ%%ﬁ%%?€§§??ﬁ%fﬁ%ﬁgﬁe?gh$ﬁgdpgéfﬁﬁaggét%%ﬁ;g%g“f%gd 62a
and thefngga%LvengL%ctrod% | e qk%2b are both sandw ched, the follow ng
structuré®is ngae:lugpgf I&% ate film4l/seal ant 63a/positive el ectrode

| ead 62a/ seal ant 63b/seal ant 63c/ negative el ectrode | ead 62b/ seal ant

63d/l ower lamnate film41l. Specifically, the follow ng structure is nade:
upper outer resin film4la/upper nmetal foil 41b/upper inner resin film4lc
for bonth'R§Re8aPinPaBEARGIItLPe PaEE YodE%ead 62al seal ant 63b/ seal ant
63c/ negative el ectrode | ead 62b/seal ant 63d/|l ower inner resin filmd4lc for
bondi ng/ | ower®2nBe&RoForf BABPFBGEFTdULeR PBEFRTYI PACA18CCAEIANF0EE] on

bet ween the upper and |ower lamnate filns 62 41 where the positive

el ect r otlee| aagoBdacinbodangnitc véd thehd nivEintowm g isltr dea utes gsihridle: upper
lam nate film 41/ seal ant 63a/positive el ectrode | ead 62a/ seal ant

63b/ seal ant 63c/seal ant 63d/lower lamnate film4l. Specifically, the
follow ng structure i s nade: upper outer resin film4la/upper netal foi
41b/ uppefannhectneshy Bitkm 4Ic bhar<rgndilrglesaaldant 63a/ positive el ectrode
| ead 62a/seal ant 63b/seal ant 63c/seal ant 63d/l ower inner resin film4lc

f or bondi ng/ | biest pehabokaitli vl llcaeroutard reshaght i meddacctrode At a
portion between the upper and lower lamnate filnms 41 where the negative
el ectr odgvliegdy&Lhb:1Scisandwm € hegycther 4:ahd OWM G RN UeinfdsS mmdea upper
lam nate fil m 41/ seal ant 63a/seal ant 63b/ seal ant 63c/ negative el ectrode

lead 62bisgalept §3d/Lawenakan nat grbibkm4lenSpeehhiteakl ¥1ekheoheal | owing
structure is nmade: upper outer resin film4la/upper nmetal foil 41b/upper

i nner reginsfhhmdde fongbendi pakseal,ant183aiserl angL63biseakant 15
63c/ negative el ectrode | ead 62b/seal ant 63d/l ower inner resin filmd4lc for

opnosi LG T A T ALc | o banal hg ot £ bonded C baEATRSr. At a

opposi ng 1 nner resin bondi ng are 0 eac

portion e e | r _resi i (@ : i r i ach

bt her thrbegn e LOARER N s T s E R B0 R RS T s
for bonging are bonded to each other through the sealants 63a to 63d which
are bonded to each other. 63 The sealant 63a is bonded to the positive

el ectrode | ead 62a. The seal ant 63a and the upper inner resin film4lc

for bonding are bonded to each other. The upper inner resin film4lc for

bonding is bonded to the positive electrode | ead 62a through the seal ant
63a. <BExternal package coating step>

Next, the housing portion 15 for enclosing the battery
element 4 ismelded in the scft laminate film la by, for example,
deep drawing meolding. In this case, as shown in Fig. 7A, the
housing portion 15 of the soft laminate film la is formed so
as tobe slightly deviated to the right from the center position.
The battery element 4 is housed in the housing portion 15 formed
in the soft laminate film la.

Next, as shown in Fig. 7A, the hard laminate f£ilm 1k is



The seal ant 63d is bonded to the negative electrode | ead 62b. The seal ant
63d and the lower inner resin film4lc for bonding are bonded to each
other. The lower inner resin film4lc for bonding is bonded to the
negative el ectrode | ead 62b through the seal ant 63d. The seal ant
63b and the seal ant 63c are bonded t.g. each other. The sealant 63b is
bonded to the negative electrode le 62b through the seal ant 63c. The
seal ant 63c is bonded to the positive electrode | ead 62a through the

seal ant <Ef.fect s> h nag! e8g§ ghegt rol yte batterysagcording
to the %%ﬁ??ﬁtgﬁb%g 7 ?SlFloﬁeg%g e%t on have the same e?%ectslas in the
third enbodl Flf Enhodi . nent t i_en t he

i nvent i 16%8%6 %o Tie so e&amf.ﬁlatfe tl%men%od%ﬁﬁ% hll’l {dIE%Qa[E% \tﬂhgg’:

escri i én € sdane as ?he third

ol oot 1 oBE | BAHC 6ot hAs Lot £1Br ot “Hr SG chopde gty Pl dars Ee ”%gf“h'evem

width direction. Thus, detajled descrlptlon w Il hereinafter
focu3|nba%hnétﬁﬂff%?eﬁ%%w@rbﬁ1$%% t thr & ffddismeien ¥ r@tﬁ@#ydg 8r|pt|on
wi |l not be repeated. shown in Figs. 25A and 252, the nonaqueous

el ectroPyfe barterjehhsln BatﬁérﬁoéﬁéﬁémtaSEl%ﬁFcﬁegéoﬁoHE@Helﬁnéyconcave
portion 47 fornmed in a lamnate film 41 and seal ed by fusion-bonding three
si des ekkfuding dabénatsi délen lichd spdiaigtady icUthe battery el enent 54
under reduced pressure. The nonaqueous el ectrolyte battery is
configured subhe ttetsen posy ttilve relsddtirote drsadeslatandaa degaribed

el ectrode | ead 62b connected to the battery el enent 54 extend in the sane
di recti@pofeadm acsenbbperthemdieshree |lararaféaf o mi4l sod tt hemovesiede. The
positive el ectrode | ead 62a nmade of, for exanple, alum num (Al) or the

i ke | sftomnegtatd tthd heitposi ¢ Viem et ecidgloded aheat herbaf teriypackeefehtn 54. The
negative el ectrode | ead 62b made of, for exanple, nickel (Ni) or the |ike
i s connggtiesl Heo alche regati vacel eeheede: of 4 helaiirery Beagitr54heThe

negative electrode |lead 62b is set to have a width |larger than the width
of the pRgiddme Bleetrode dead162@nate film 1a and the hard laminate
film 1b are bent outward from the bottom surface of the housing
portion 15.

Next, in a state of the arrangement relationship shown
in Fig. 7A, four sides on the periphery of the opening of the
housing portion 15 are fusion-bonded while reducing pressure.
In this case, the entire portion where the adhesive layer léa
and the adhesive layer 16k overlap each other may be
fusion-bonded. In such a manner, the periphery of the housing
portion 15 1s fusion-bonded, thereby sealing the battery
element 4.

Next, as shown in Fig. 7A, a thermal adhesive sheet 1lba
having a predetermined shape is provided outside the bottom

surface of the housing portion 15. The thermal adhesive sheet

15a is an auxiliary member for fusion-bonding the surface



Fig. 26 shows the sectional structure taken along the line f-f' of Fig.
25B. As shown in Fig. 26, one end and the other end of the positive
el ectrode | ead 62a and the negative electrode lead 62b in the width
direction are at different positions in the width direction. Specifically,
one end and the other end of the pogh}ive el ectrode |l ead 62a in the wdth
65 direction are | ocated between one end and the other end of the negative
el ectrode lead 62b in the width direction. A sealant 63b and a seal ant 63c
are proyj Ll F l.ead tive
eIectrd%%g?ggggggﬁgg%%ﬁgﬁﬂgé%gr?ﬁ%ﬁ&ﬁﬁélgﬁgpggg gggﬁﬁgpggiﬁfﬁgggglectrode
| ead 628, 1 gcing, the. neqatve eleglrode. Lead 62b and, 3. part, obyhbe sur face
& g p e

of the nhegative électro ead acing the positive electro ead 62a

overlap each other in the thickness direction of,th att hrough the
seal ant °638°3Hd fﬂe”@ea?aﬁbs”%SE?tﬁ reSpth ?ﬂeL%§aﬁ§F%£sﬁ%¥ﬁkPﬁsﬁig. 26,
one end and the other end in the width direciion of the negaéive | ect rode
| ead 62BNANETE Y 7419 Ht 16h POdBr 8- AU at Bd 46 B hot 1 bUEFIMEp t he
positive electrode |ead 62a through the sealants 63b and 63c._in the
thickne%@haﬁﬁgét?Bﬁer1?ﬁepﬁﬁf?éﬁg;yTﬁé?eFoW@}tﬁﬁgnp?Hﬁtnéﬁﬁpi5BaEIectrode
|l ead 62b is nade of a material, such as nickel (Ni) or the like, having a
| ar ge vagaht hef, npt efsepbsSNbtEct Hatore Yef &SN\ el suppress short-circuit
bet ween the positive el ectrode | ead 62a and the negative el ectrode | ead
62b. AtNexporas cimobet weehiehe® upidh gnds| oheing sriltat 8RLPPRE 41
where the positive electrode | ead 62a and the negative el ectrode | ead 62b
are not fsamdm clvet theheardnbamiesia filmsvlehtoshovhdi el 3shandpper and
| ower lamnate filnms 41 are opposite each other. At a portion between the
upper ahdal amérthammate $ides 43where Ltdie apes benveiskectdgdéowead 62a and
the 66 negative electrode |ead 62b are not sandw ched, the inner resin
films 44pefontbondi 6g ohet betuppesuaidckower thanhnatenfyi bogt4bnaié
opposite each other through the sealants 63a to 63d. At a portion
bet weens Ehensippsr - anghnloxves famineie fiHdrs, £havkere pbhe iposi bifvehel ect r ode
| ead 62a and the negative el ectrode | ead 62b are both sandw ched, the

fol I owi pgrst nuGtiW=R d seibderupped kaei nalei fihinddtsealiant B3akpesitive
el ectrode | ead 62a/seal ant 63b/seal ant 63c/ negative el ectrode | ead

62b/ seakant ,f3dLlower Lagidid @ Jdd MudlnaSReei Thoal by rhbechobbawerg

structure Is nmade: upper outer resin film4la/upper nmetal foil 41b/upper

i nner r?gL?hégﬁgggéﬁefBEGgg?dEBQQEﬁaEﬁ?%agéa/@OﬁhéiH%u%&ﬁ%tFQQ%ib%ad

62al/ sea ant negative el ectrode | ead 62b/seal ant 63d/| ower

e resin 4),L0 436 Lot bondi ngl L aver, Fetaly Loil  416/) Quer. outerf esi n

film41a: AtTa por € upper an ower anlnaten%ilns 41
where the negative el ectrode | ead, 62b is _sandw ched, .the fall.ow
structu?@ ?§gn%8§?dub8e? ?gﬂ?ﬁétgtF%FnW%ffgegﬁénFogﬁépgenghﬁgg%g%sealant
63c/ negative el ectrode | ead 62b/ seal ant, 63d/| ower, | am nate film41.
Speci i €8l FHicpneleoPPSWERY ?ﬁﬁﬂ@?ﬁr i %ﬁﬁ?@ per-TSut & 'esgha%ilm
4l1a/ upper netal foil 41b/upper inner resin film4lc for bondi ng/ seal ant
63a/ sealant osh/ S ahic 630PRéGEL i 3R efF 88t PG Tead B2b7Reat 3%t 265d/ | ower
inner resin film4lc for bonding/lower netal foil 41b/lower outer resin
film418prmgd.
As shown in Fig. 10A, in a state where the battery element

4 is packaged, the short sides 13b and 14b of the hard laminate

film 1b come into contact with each other or the end surfaces

thereof are opposite each other with a small gap, and a joint

1.1 occurs. Inside the hard laminate film lb, the short sides

13a and 14a of the soft laminate film la come into ceontact with



The opposing inner resin filns 41c for bonding are bonded to each other.

At a portion where the inner resin filns 41c for bonding are opposite each
ot her through the sealants 63a to 63d, the opposing inner resin filns 4lc
for bonding are bonded to each other through the sealants 63a to 63d which
are bonded to each other. The sealaq} 63a is bonded to the positive

el ectrode lead 62a. The seal ant 63a and the upper inner resin filmd4lc
for bonding are bonded to each other. The upper inner resin film4lc for

bondi ng_i.s..b to e sitiyve e tr L ead t eal ant
o3a. The ST ane e thE Rl culy Y S aaat v teasty be WA SREs e
seal ant_6 ﬁ and t@&elomer i ner.resin'g | m4ic for bonding are bonded to
each ot Hgr: Th&™fowerPrnél’ @sﬂﬁlfﬁ1&i4f§x?ﬁW3bonding is bonded to the
negative el ectrode | ead 62b through.the seal ant 63d. , he seal ant
63b and the s éﬁan%&%ég“ﬁﬁ%éﬂbﬁﬁégpﬂg gﬁ@ﬁeoaﬁﬁrghqﬁﬁ*%%ﬁ#h&£a6§8dis
bonded to the negative el ectrode | ead 62b t hrough the seal ant 63c. The

seal ant 183cOf stBOnHett et s 11V el e 8t ddeq 688658 HAEEUGREhe

seal ant 63b. <Effects> The nonaqueous el ectrol yte batterg accordi ng
to the PIHPER @nbo& PRAE VST a6E ThOBAPE o h&FPOR teaneClrIfd&Ss ashien the

third enbodi rent. 68 [Exanpl es] <Test Exanple 1-1>
end surfaces of the short sides 13a and 14a of the soft laminate

film la may be opposite each cther with a gap of a certain width.

As shown in Fig. 10A, the surface protective laver 18a
of the scoft laminate film la is located in contact with the
upper side of the thermal adhesive sheet 15a. Thus, the thermal
acdhesive sheet 15a is sandwiched between the surface protective
layers 18a, s0 the surface protective layers 18a can be bonded
to each other by applying heat from the outside. The adhesive
layer l16a and the adhesive layer 16b of the soft laminate film
la and the hard laminate film 1b are oppoesite and come into
contact with each other, such thaf the adhesive layvers 16a and
16b can be bonded to each other by applying heat from the
outside.

As shown in a sectional view of Fig. 10B, sealants 6b
are provided on both sides of the negative electrode lead 5b,
and the negative electrode lead 5b is sandwiched between the
scft laminate film la and the hard laminate f£ilm 1b through
the sealants 6b. Specifically, the negative electrode lead
5k is sandwiched betwesen the adhesive layer 1l6a of the soft

laminate fiim la and the adhesive layer 16b of the hard laminate



A three-layered alum numlamnate film41 of 10 cnx10 cm shown in Fig. 6
was manufactured for a test. Referring to the sectional structure shown in
Fig. 6, the alumnumlamnate film41 was used in which the outer resin
filmd4la, the nmetal foil 41b, and the inner resin film4lc for bonding
were configured as described bel ow. je ter resin filmd4la: PET film netal
foil 41b: al um num foil inner“~tTesin film4lc for bonding:
unstretched pol ypropylene (CPP) in which 5 vol%of fine resin fibers are
bl ended.. | An resi LLm4lc f.0 di f.actyred as
foIIoms?lﬁﬁr%?fiﬁﬁﬁgﬂiﬁﬁg g%é??%k%ﬂ@%'pgﬁf%rggél%%ga%%iéggﬂ%ﬁd?%gafine
resin fibers to the unstretched pal.ypropyl ene (CP and_stirrin aresin
roi t i nCRAFaERRY FHE PASEn f Chord ers b BRAEa-UATTor Py s ot
nanufactgred. he bl nded.angu t of ihe fine resin fibers was 5 Kol@bat a
vol une Patto® it d e edpetct ot Het Uit rdtithied” pdiSprb gy éte SePPf 2 The
resin melt was fornmed in a filmshape by an inflation nmethod, thereby

obt ai ni AFENES iHS ABEiFS iUNPEee2PoF é@n@%ﬁ%ded on bogdh #4eefi RE resin
fibers, PET fibers having a diameter of 10 gmand a | ength of 500gm were
used. VB B@Fhﬁlﬁﬁséﬁﬁégfoég By¥agh °SEM the di aneter and | ength of the
fine resin fibers were obtained by neasuring the dianeter and | ength for
30 fibers al tBhnately seleessdbipdteanebiierhgrene aesitggey. rack in The
aluminum |l am nate film 41 was manufactured as foll ows. An adhesive was
appl i edwhdchoth lsarifredes of 1l helabusenumst gid dravéngeranshi phaesgeof 50
lint, a PET filmhaving a thickness of 20 pm was bonded to one surface of
t he al uwinboutfaidinmadan isteetakeatt pblngriopyhdne fidun havengiag

t hi ckness of 30 fsmwith 5 vol% of fine resin fibers blended therein was
bonded tpaihbe mhberosurtace eoh thehalsimgzum foil. The thickness of the
adhesive layer was 5 p.m (Separation strength test) A separation
strength measurenent was performed by using the alum numlamnate film41l
for a test. Two aluminumlamnate filnms 41 were prepared and arranged such

that therygpstoetehedqpgkyprepyi-ene filnms (CPP) were opposite to each
ot her, and then fusion-bondi ng was perforned. The bondi ng condition was

the use of a yeial é@a%hbﬁﬁd_inuﬁp_gt/ hgvernhead.180Cq-seaLing-Rr gagure of
20 kgf /cnR2, and a sealing tinme of 5 seconds.
5b are connected to a circuit board 22 by, Ifor example,
resistance welding or ultrasonic welding. Next, as shown in
Fig. 12, the circuit board 22 is inserted into the opening
surface of the top cover 2, and the top cover 2 is attached
to the circuit board 22 so as to cover the circuit board 2Z.
The top cover 2 is a resin-melded product manufactured by, for
example, separate injection molding or the like.

A holding portion is provided in the top cover 2 so as
to hold the circuit board 22 horizontally. At the top surface
of the top cover 2, three openings 21 are provided at positions
corresponding to the contact portions 23 of the circuit board

22. The contact portions 23 face the cutside through the

openings 21. The top cover 2 is set to have a width siightly



A fusion-bonded test piece having a wwdth of 15 ramwas cut and pul |l ed out
in the length direction, and separation strength was neasured. In this
case, a PET adhesive tape was bonded to both surfaces so as not to cause
resin to be stretched. The separation condition was 180 separation and a
separation 70 speed of 50 nm m n. (Q;eaving pressure neasurenent)

A battery having the configuration §%omn in Fig. 3 was manufactured by
using the alum numlamnate film41l for a test. As the 8 =x10 nm seal ants
43a and i hi cknass - i ng: r . gads 42
N R e e e TR
of the T.fLb s L resin_fibers r I d.w tretched
ponprd%?l%%% ?é§P§§%%sgﬁge§§E@ace o't ?ﬁ% %ggFgﬁgg E%Eﬁ%ﬁgyﬁgb wer e
manuf act ured as_descri bed bel ow. First, | ting.th retck
polypropyleneﬁ?%f#%a% %ﬁ? fhdrkﬁ%gfi%2’r%§¥ﬁﬂ$?%§gélﬁogPﬁgihﬁgtgg?ghed

pol ypropyl ene (CPP) , and stirring, a.resin nelt in jch . the fine resin
fibers g%?etﬁﬁiFGW%Fyz%le Q%ggﬂﬁna#aéﬁude**%ﬂ%ﬂ%?gﬁﬁ%dpgﬁ%ﬁﬁ of the
fine resin fibers was the amobunt corresponding.to 5 vol@baﬁ a volunme ratio
with re8pRetaeburRe %ﬁst?%Fcﬁ%ﬂmﬁéﬁyp?ﬁgﬁF%E% PRy LIORNEOLELTH BBl ¢ was
manufactured in a filmshape by an infl|lation nethod and_cut at  a

pr edet eFiE nbikei mERS e 0@ het By BB af 7 ML ® he® SRAFahT S 1 ¥3BT 8Hd%43D.

A battery was configured such that a dunmmy el enment was used as the battery
el enental batte edwiampnel ehencember covdhedhaileRrt Be 20 @i RenPrarfAate film
41, and four sides on the periphery of the dumy el enent were seal ed. The
seal i ngtoeadiititon tob tdestahi ndthe ehtlnswasaadre adsehefrHoset>al, Reld havi ng
71 a width of 1 nm upper/Ilower180, sealing pressure of 20 kgf/cn2, and a
seal i ngatd rab ofodrsec endsaddextf orcoapeéssed Blie wiascuni dotaed! £2oant he
dummy el enent, and pressure when the seal portion was swollen and cl eaved
was neashié edop( Mavdimg pr eperthy evataatti onpard 22 can be reliably

supported.

Next, as indicated by an arrow R of Fig. 14, the top cover
2 and the holder 24 engaged with each other are rotated by 20
degrees in a counterclockwise direction by hand or jig. As
a result, the circuit board 22 which is located horizontally
is located vertically. In this case, the circuit board 22 is
sandwiched between the top cover 2 and the holder 24 and is
not exposed to the outside, such that rotation can be made
without touching the circuit board ZZ.

Next, as shown in Fig. 15, the top cover 2 and the holder
24 are pushed toward the top-side opening (in a direction of
an arrow S:) while bending the electrode leads 5a and 5b. Thus,
the top cover 2 and the holder 24 are engaged with the top-side
opening. As described above, the top cover 2 has a width

slightly smaller than the inner dimension of the opening, so



Deep draw ng processing was perfornmed for the alumnumlam nate film 41 by
using a nold of a rectangle ratio 40 nmx60 nm The nol di ng speed was 100
nm m n. The nol ding property was eval uated by neasuring the m ni num depth
whi ch a pinhole or crack occurs in the netal foil 41b. (Short-circuit
confirmation) A battery having, the configuration shown in Fig. 3
was manufactured by using the alumn fnlaminate film4l for a test. In
this case, the 8 nmx10 mm seal ants 43a and 43b having a thickness of 50 gm

wer e Usﬁﬂe_lgﬁ 8%9%?”%Z?ﬁgﬁt%gdaéﬁgege@% g&@ﬁ QkfagggkﬁﬁkaboﬁdeabCh PET

fi bers having a di ane mand a length o gmwere bl ended with

unstretche Q r | ene P).. .Seali rf.or far econds

under tﬁ%n%gﬁ %%Bo%ggg BEE& Fﬁgcsgegguggug%%Bg%k%fFgﬁgeaﬁgfgggﬁi%

tenperature of 200C,_ _and.] s_confirnmed that short-circuit_ occurred for
%ggﬁﬁrd % %% iz ¢

30 seco aminate film around the end surface of the external

package 1.

<Bottom cover engagement step>

Next, as shown in Fig. 15, the sidewall of the bottom
cover 3 is pushed toward the opening cf the bottom-side end
surface of the external package 1 (in a direction of an arrow
S;) . Thus, the sidewall of the bottom cover 3 is engaged with
the bottom-side opening, and the bottom-side opening is covered
with the main body of the bottom cover 3. The bottom cover
3 is a resin-moclded product manufactured by, for example,

separate injecticn molding or the like.

<Fusion-bonding step>

Next, fusion-bonding is performed over the entire length
by a jig. That is, a heater block made of a metal, such as
copper or the like, 1s pressed arcund the top-side end of the
external package 1 wvertically so as te fusion-bond the
peripheral surface of the top cover 2 and the adhesive layer
16b as the inner surface of the hard laminate film 1b.
Similarly, the heater block may be pressed around the
bottom-side end of the external package 1 so as to fusion-bond

the peripheral surface of the bottom cover 3 and the adhesive



72 As the inner resin film4lc for bonding of the alum num|am nate
film41l and the seal ants 43a and 43b, unstretched pol ypropyl ene in which
10 vol % of fine resin fibers were blended was used. Ot hers were the sane
as in Test Exanple 1-1 and the tests (1) to (4) were conducted. <Test
Exampl e 1-3> As the inner re%g filmd4lc for bonding of the

alum numlamnate film41 and the sedl ants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol % of fine resin fibers were bl ended was
used. yepe, it - =) 1, Ath S Lrto (4)
wer e cond c?ed %%g?“%?gﬁﬁﬁiéq}fé%% &%qaﬁg%aétk%ﬁgﬁﬁsg§|%§%#l%P4lc for
bondi ng of the alumnumlamnate film41l and the seal ants 43a and 43b,
unstretched polypropylene (CPP) in which 20 vol% of fine resin fibers were

bl ended C& gp ? the sane as in Test Exanple 1-1, and the
tests (1T ?bn(ﬁ?jﬁﬁ éogoﬁ J€ted. <Test Exanple 1- 5> As the inner
resin filmd4lc for bondln of the alunln m.l am nat l.m 41 gng tgs

seal ants 43a BAdt438° Gﬁ%%r%ﬁ%ﬂ%d %%Fyﬁ? Eﬁpgngl a%rlﬁﬁl h=25% 0l % of
fine resin fibers were bl ended was used, Ot hers were the as | n Test
Exanpl ebatyeen7ghaneetrery 2t eeny ¢ )tk Re [shGOrEd. <j‘ir §Puﬁi3arrpl e

1- 6>
a through hole (not shown) provided in the bottom cover 3 and

sclidified. Thus, the bottom cover 3 is adhered to the end
surface of the battery element 4. The filled resin may be in
a low-viscosity state at the time of molding. Though not
particularly limited, a polyamide-based hot melt, a
polyolefin-based hot melt, an acrylonitrile butadiene
copolymer (ABS), or the like may be used.

Molten resin may be filled between the top cover 2 and
the battery element 4. In this case, one or two through holes
may be provided in the top cover 2, and molten resin may be
injected from the through holes. With the above-described
steps, the battery pack according to the second embodiment of
the invention is manufactured.

In the battery pack according to the second embodiment
of the invention, the same effects as in the first embodiment

can be obtained.

3. Third Embodiment
Figs. 16 and 17 show the configuration ¢f a nonagqueous

electrolyte battery according to a third embodiment of the



As the inner resin film4lc for bonding of the alum numlamnate film4l
and the seal ants 43a and 43b, unstretched pol ypropyl ene (CPP) in which 30
vol % of fine resin fibers were bl ended was used. O hers were the same as
in Test Exanple 1-1, and the tests (1) to (4) were conducted. <Test

Exampl e 1-7> As the inner resi n filmd4lcfor bonding of the alum num
laminate film41l and the seal ants 432 and 43b, unstretched pol ypropyl ene
(CPP) in which 40 vol% of fine resin fibers were bl ended was used. O hers

o PRI, L T Be i ond Lt () oA cvmse

conduct € Ex the inner resin fi
bondi ng_of the.alum.n | am nat e .fi t he s€e s:43 43b,
unstret %ﬁ%% E%W%?o%%?g?%%y ?%%%)a ibna V‘é?el rﬁ% eg%q?/eor{]%%lf %L ??ftg %ésﬁ%gglg%er S were
bl ended. was used. Qthers we t he same as _in_Test anple 1-1 nd the
Cests. (1 % 6008 "heb B EORBULE SR TSTotE EaareE SSTRTh. PRty HaE Lo 1 m 41
and the seal ants 43a .and 43b, unstretche | ypropyl ene (CPP) in which 60
vol % of PYi 83} 8BTROPFBEAs "wEFe ﬁlléjﬁ(?e(?’iﬁg@f%.a@/% ss%\ggeg’?hghgam as
in Test Exanple 1-1, and the tests (1) to (4) were conducted. <Test
Exanpl eP4ripscry opf cbiipap#8bayY elemenhsS{nglifReFcfBSPH PFRRATPALIE - f or
bondi ng of the alum numlamnate film4l and the_seal ants 43a and 43b,
unstret ched pbd ygropylenEigerP) . ithaiceR e RisneleesiritbeP3tWeFE bl ended
was used. Qthers were the sane as in Test Exanple 1-1, and the tests (1)
to (4) werecxbhduceddsuch thatTabpesitsnewslenerrdst leadubks andTest
Exanple 1-1 to Test Exanple 1-10. As the result of the separation strength
test, anwahuevequacitmdr lleadgelb tikap2s N Bommeics ede’sd rabbeitAget he
result of the cleaving pressure neasurenent, a value equal to or |arger
t han 0. 3befParvdedesi nabkignt iAse ehecresdkt exfehdid mbhdisagnepddpect yon
eval uation, a value equal to or larger than 5.80 mmis desirable.

from a seal portion of the laminate film 41 to the ocutside.

The positive electrode lead 62a and the negative electrode lead

62b are suitably referred to as electrode leads when it 1is

unnecessary to distinguish them.

<Battery element 54>

A battery element 54 has, fcr example, an angular or flat
shape, and 1is structured such that a band-shaped positive
electrode and a band-shaped negative electrode are laminated
through a polymer electrolyte and/or a separator and wound in
the longitudinal direction. The positive electrode lead 62a
made of, for example, aluminum (Al} or the like is connected
to the positive electrode. The negative electrode lead 62Zb
made of, for example, nickel (Ni) or the like is connected to
the negative electrode.

The positive electrode lead 62a and the negative



75 Table 1 Additive anmount Ivol% Seal strength [N15 mm] O eaving
pressure neasurenent [ Ma]
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electrode lead 62b have a large width. The positive electrode
lead 62a and the negative electrode lead 62b have the same width.
The electrode leads having a large width are suitably used for
a battery in which large-current discharge is performed. With
the large width of the electrode leads, resistance when a large
current flows can decrease and heat generated by the electrode
leads can be reducsd.

The positive electrode lead 62a and the negative
electrode lead 62b preferably have a width equal to or larger
than 50% of the width of the battery element 54. 1If the positive
electrode lead 6Za and the negative electrode lesad 62b have
a width less than 50% of the width of the battery element 54,
resistance when a large current flows may increase, and defects
may occur due to heat generation. The positive electrode lead
6Z2a and the negative electrode lead 62b preferably have a width
equal to or smaller than 95% of the battery width. If the
positive electrode lead 62a and the negative electrode lead
62b have a width larger than 95% of the battery width, defects
may easily occur at the seal portion.

The positive electrode lead 62a and the negative
electrode lead 62b are different in length. Specifically, the
positive electrode lead 6Z2a has a length shorter than the length
of the negative electrode lead 62b.

Sealant 632a to 63d are made of thermal adhesive resin

materials containing adhesive resin and fine resin fibers



Mol di ng property [mm Short-circuit confirmation Test Exanple 1-1 5 33.2
0.44 6.17 short-circuit Test Exanple 1-2
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described in the first embodiment.

The sealant 63a is arranged at a part of the surface of
the positive electrode lead 62a facing the laminate film 41
so as to improve adhesion with the laminate film 41. The
sealant 63-b is arranged at a part of the surface of the positive
electrode lead 62a facing the negative electrode lead 62b. The
sealant 63a and the sealant 63b are bonded to each other.

The sealant 63d is arranged at a part of the surface of
the negative electrode lead 62b facing the laminate film 41
so as to improve adhesion with the laminate film 41. The
sealant 63c is arranged at a part of the surface of the negative
electrode lead 62b facing the positive electrecde lead 62a. The
sealant 63c and the sealant 63d are bonded to each other. The
sezlant 63b and the sealant 63c¢ are arranged so as to suppress
occurrence cof short-circuit because the positive ¢lectrode
lead 62a and the negative electrode lead 62k come into direct
contact with each other. The sealant 63b and the sealant 63c
are bonded to each other.

Fig. 18 shows the sectional structure taken along the
line a-a' of Fig. 17. As shown in Fig. 18, the positive
electrode lead 62a and the negative electrode lead 6Zb having
the same width are arranged such that one end thereof In the
width direction are located at the same position as the other
end thereof in the width direction. The sealant 63b and the

sealant 63c are provided between the positive electrode lead



10 32.7 0.44 6.17 no short-circuit Test Exanple 1-3 15 33.0 0.42 6.13 no
short-circuit Test Exanple 1-4
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6Z2a and the negative electrode lead 62b. Thus, the surface
of the positive electrode lead 62a facing the negative
electrode lead 62b and the surface of the negative electrode
lead 62b facing the positive electrode lead 62a overlap each
other through the sezlant 63b and the sealant 63c in the
thickness direction of the battery.

At a portion where the positive electrode lead 6Za and
the negative electrode lead 62b are not sandwiched between the
upper and lower laminate films 41, the inner resin films 4lc
for bonding of the upper and lower laminate films 41 are
opposite each other. At aportion where the positive electrode
lead 62a and the negative electrode lead 62b are not sandwiched
between the upper and lower laminate films 41, the inner resin
films 4lc for bonding of the upper and lower laminate films
41 are opposite each other through the sealants 63a to 63d.

At a portion where the positive electrode lead 6Za and
the negative electrode lead 62b are sandwiched between the
upper and lower laminate films 41, the following structure is
made: upper laminate film 41/sealant 63a/positive electrode
lead 62a/sealant €3b/sealant 63c¢/negative electrode lead
62b/sealant 63d/lower laminate film 41. Specifically, the
following structure is made: upper outer resin film 4la/upper
metal foil 41b/upper inner resin film 41c for bonding/sealant
63a/positive electrode lead 62a/sealant 63b/sealant

63c/negative electrode lead 62b/sealant 63d/lower inner resin



20 32.3 0.40 6.09 no short-circuit Test Exanple 1-5 25 32.2 0.41 6.00 no
short-circuit Test Exanple 1-6
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film 41c for bonding/lower metal foil 41b/lower outer resin
film 4la.

The opposing inner resin £ilms 41c¢c for bonding are bonded
to each other. At a portion where the inner resin films 4lc
for bonding are oppesite each other through the sealants 63a
to 63d, the opposing inner resin films 41c for bonding are
bended to each other.

The sealant 63z is bonded to the pecsitive electrode lead
6Za. The sealant 632 and the upper inner resin film 41c for
bonding are bonded to each other. The upper inner resin film
41c for bonding i1s bonded to the positive electrode lead 62a
through the sealant 63a.

The sealant ©3d is bonded To the negative electrode lead
62b. The sealant 63d and the lower inner resin film 41c¢ for
bonding are bonded to each other. The lower inner resin fiim
41lc for bonding is bonded to the negative electrode lead 62b
through the sealant 63d. The sealant 63b and the sealant 63c
are bonded to each other. The sealant €3b is bonded to the
negative electrode lead 62b through the sealant 63c. The
sealant 63c is bonded to the positive electrode lead 62a through
the sealant 63b.

Fig. 194 is a top view illustrating the configuration
of extended portions cof the positive electrode lead 62a, the
negative electrode lead 62b, and the sealants 63a to 63d

extending from the laminate film 41. Fig. 19B is a sectional
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view taken along the line b-b' of Fig. 15%A.

As shown in Figs. 19A and 19B, the extended portions of
the positive electrode lead 62a and the negative electrode lead
62 are different in length. That is, the extended portion
of the pesitive electrode lead 62a is set to have a length
shorter than the length of the extended portion of the negative
electrode lead 6Z2b.

The sealant 63a and the sealant 63b arranged on both
surfaces of the positive electrode lead 6Z2a have a width larger
than the width of the positive electrode lead 62a. The extended
portions of the sealant 63a and the sealant 63b are set to have
a length smaller than the length of the extended portion of
the pogitive electrode lead ©2a. Thus, the surface of the
positive electrode lead 6Za facing the sealant 632a has a pertion
which is covered with the sealant 63a and a portion which is
not covered with the sealant 63a. The surface of the pesitive
electrode lead 62a facing the sealant 63b has a pertion which
is covered with the sealant €3b and a portion which is not
covered with the sealant 63b.

The sealant 63c¢ and the sealant €3d arranged on both
gsurfaces of the negative electrode lead 62b have a width larger
than the width of the negative electrode lead 62k. The extended
portions of the sealant 63c and the sealant 63d are set to have
a length smaller than the length of the extended portion of

the negative electrode lead 62b and larger than the length of
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theextendedporthnlofthepositiveelectrodelead62a. Thus,
the surface of the negative electrode lead 62Zb facing the
sealant 63c has a porticn which is covered with the sealant
63c and a portion which is not covered with the sealant 63c.
The surface of the negative electrode lead 62b facing the
sealant 63d has a portion which is covered with the sealant
63d and a portion which is not covered with the sealant 63d.
The portion of the negative electrode lead 62b which is not
covered with the sealant 63c and the sealant €3d is located
outside the positive electrode lead 62a.

At the surface of the positive electrode lead 62a facing
the sealant €3b, a portion which is covered with the sealant
63b is opposite the negative electrode lead 62b through the
sealant 63b and the sealant €3c. At the surface of the positive
electrode lead 62a facing the sealant 63k, a portion which is
not covered with the sealant 63b 1s opposite the negative
electrode lead 62b through the sealant 63c¢c. At the surface
of the negative electrode lead 62b facing the sealant 63c¢, =
portion which is not covered with the sealant 63c¢ is located
outside the positive electrode lead 62a. Thus, it is possible
Lo suppress occurrence of short-circuit because the positive
electrode lead 6Z2a and the negative electrode lead 62b come
into direct contact with each other. The pesitive electrode
lead 6Z2a has on both surfaces portions which are not covered

with the sealant 63a and the sealant 63b, and the area of the



0 32.1 0.41 6.20 short-circuit As shown in Table 1, according to
Test Exanple 1-1 to Test Exanple 1-10, the follow ng was confirnmed. By
using the alum numlam nate film 41 nade of unstretched pol ypropyl ene
(CPP), in which fine resin fibers are blended, as the inner resin film4lc
for bonding, and formng the sealantg 43a and 43b of unstretched

pol ypropylene (CRP) in which fine re in fibers are bl ended, short-circuit
was suppressed. Further, according to Test Exanple 1-1 to Test Exanple

1-10, SEQF% %'cirﬁgktcaﬁ’g of PRCESSE i@eaeféc‘?éif&‘?é r'ﬂé%ge?%l%ﬁ%@%%ﬂi

wi t hout ecti sion of sealing properties

E;ghL?;kéato T StcE&?ngétlonckx&ﬂ%&%&?gelglzv&%xﬁﬁg H@é%e%qyg%%%%%’ <Test

degree cf freedom for a welding position.

<Modification>
(First example)

The extended portions of the positive electrode lead 62a,
the negative electrode lead 62b, and the sealants 63a to 63d
extending from the laminate film 41 may be configured as
described below. First, another £first example of the
configuration of the extended portions of the positive
electrode lead 6Za, the negative electrode lead 62b, and the
sealants 63a to 63d will be described. Fig. 20A is a top view
illustrating another first example of the configuration of the
extended portions of the positive electrode lead 62a, the
negative electrode lead 62b, and the sealants 63a to 63d4. Fig.
20B shows the sectional structure taken along the line c-c¢'
of Fig. 20A.

As shown in Figs. 20A and 20B, the extended portions of
the positive electrode lead 62a and the negative electrode lead
62b are different in length. That is, the positive electrode
lead 62a is set to have a length smaller than the length of
the negative electrode lead 62b.

The sealant ©3a and the sealant €3b arranged on both

surfaces of the positive electrode lead 62a are set to have



lam nate film 41l and the seal ants 43a and 43b, unstretched pol ypropyl ene
(CPP) in which 15 vol % of pol ybutyl ene terephthal ate (PBT) as fine resin
fi ber were bl ended was used. @ hers were the sanme as in Test Exanple 2-1,
and the tests (1) to (4) were conducted. <Test Exanple 2-3> As the
inner resin film4lc for bondi ng of %@e alum num |l am nate film 41 and the
seal ants 43a and 43b, unstretched pol ypropyl ene (CPP) in which 15 vol % of
6,6-nylon as fine resin fibers was bl ended was used. CIhers were the sane

as ' n TQS h&%ﬁ@éfg%slth%dcﬁé‘%&cﬁé{ %é ]tl)he % (Cs‘i%to %‘E%%l ?heéTeSt

Exa the inner resin | ng o al um num

| am nat %2];I I ﬁ% O?%)}jl ]!ptaln %ath%ndﬁ?a?ib dar% ;%Z%BEOI i/kpiropyl ene

(CPP) in~"whic 0 aram mex (‘Regi stere as fine
resin fibers ers s in_Test -1, and
he tesPartif Rostay fEr 6 aBniiEt SAPSEFe0t ERBnpr5 508d BOTEIReofhe  nner
resin fiLm 41c. for bond| of the alumnumlamnate film41l and the

seal ant 5PERC AN IS LSRR JRed %glayprgbﬁl%%??%?’ﬁ’)p?ﬁcw & 8%vol % of
pol ycarbonate (PC) as 77 fine resin fibers_was blended was used. O hers
vere t h8c3amBtas3PnifesetEkanprEc2the anmet hENEESt §5( ihet depgyhvete
conduct ed. <Test Exanple 2-6> As the inner resin filmd4lc for

bondi ngtbe wHerdsmPatin Parmhahe §93 ¥ Ue gA¢ tiedsehtant®sa43aTand 43D,
unstretched pol ypropylene (CPP) in which 15 vol % of polyimde (Pl) as fine
resin fiber sundscls erfdediavasosisedve Oehers raelee Itdwal sate BacingTebe Exanpl e

2-1, and the tests (1) to (4) were conducted.
sealant 62a has a porticn which is covered with the sealant

63a and a portion which is not covered with the sealant 63a.
The surface of the positive electrode lead 6Za facing the
sealant 63b is entirely covered with the sealant 63b.

The sealant €3¢ and sealant 63d arranged on both surfaces
of the negative electrode lead 62b are set to have a width larger
than the width of the negative electrode lead 62kb. The extended
portions of the sealant 63c and the sealant 63d are set to have
a length smaller than the length of the extended portion of
the negative electrode lead 62b and larger than the length of
the extended portion of the positive electrode lead 6Z2a. Thus,
the surface of the negative electrode lead 62b facing the
sealant 63c has a portion which is covered with the sealant
€3c and a porticon which is not covered with the sealant 63c.
The surface of the negative electrode lead 62b facing the
sealant 63d has a pertion which is covered with the sealant
63d and a portion which is not covered with the sealant 63d.

The porticon of the negative electrode lead 62b which is not



<Test Exanple 2-7> As the inner resin film4lc for bonding of the
alum numlamnate film41 and the seal ants 43a and 43b, unstretched

pol ypropyl ene (CPP) in which 15 vol % of pol yphenyl ene sul fone (PPS) as
fine resin fibers was bl ended was used. OQthers were the sane as in Test
Exanple 2-1, and the tests (1) to (g% wer e conducted. <Test Exanple 2-8>
As the inner resin film4lc for bon %g of the alum numlamnate film4l
and the sealants 43a and 43b, unstretched pol ypropylene (CPP) in which 15

vol % of BQ%‘&S%?&BUQBQGEQXE% 6BLFE)gashLl Q%apéﬁgn 6%Hb§551)é@§tghe”ded

was used hers were the sane as I n Test the tests (1)

Egagg?e$§£§ §8n$g8t§g§lt1§e Ctrgégéstgﬁianp etgelgefrgﬁscgaplffgon)

Table 2 FlneT esé&r éggroga£§é|8£s§ gve electrode lead 6Za facing
the sealant 63b is opposite the negative electrode lead 62b
through the sealant ©63b and the sealant 63c. At the surface
of the negative electrode lead 62Z2b facing the sealant 63c, a
portion which is not covered with the sealant 63c is located
ocutside the positive electrede lead 62a. Thus, 1t is possible
to suppress occurrence of short-circuit because the pesitive
electrode lead 62a and the negative electrode lead 62b come
into direct contact with each other. In the first example,
the twe sealants 63b and 63c are arranged over the entire region
betwesen the positive electrode lead 62a and the negative

electrode lead 62b, so it is possible to suppress shert-circuit

more reliably.

(second example)

Next, another second example ¢f the extended portions
of the positive electrode lead 62a, the negative electrode lead
62k, and the sealants 63a to 63d will be described. Fig. 21A
is a top view illustrating another second example of the
extended portions of the positive electrode lead 62a, the
negative electrode lead 62b, and the sealant 63. Fig. 21B shows
the sectional view taken along the line d-d' of Fig. 21A. As

shown in Figs. Z1A and 21B, the extended portions of the
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pesitive electrode lead 62a and the negative electrode lead
62b are different in length. That is, the pesitive electrode
lead 6Z2a is set to have a length smaller than the length of
the negative electrode lead 62b.

The sealant 63a and the sealant &3b arranged on both
surfaces of the positive electrode lead 62a are set to have
a width larger than the width of the positive electrode lead
6Z2a. The extended portion of the sealant €3a is set to havs
a length smaller than the length of the extended portion of
the positive electrode lead 62a. The extended portion of the
sealant €3b is set to have a length larger than the length of
the extended portion of the positive electrode lead 62a. Thus,
the surface of the positive electrode lead 6Za facing the
sealant 63a has a portion which is covered with the sealant
63a and a portion which is not covered with the sealant 63a.
The surface of the positive electrede lead €Z2a facing the
sealant 63b is entirely covered with the sealant 63b.

The sealant 63c¢ and the sealant €3d arranged on both
surfaces of the negative electrode lead 62k are set te have
a width larger than the width of the negative electrode lead
62b. The extended portions of the sealant 63c¢ and the sealant
63d are set to have a length smaller than the length of the
extended portion of the negative electrode lead 62b and larger
than the length of the extended portion of the pcsitive

electrode lead 62a. Thus, the surface of the negative
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electrode lead 62b facing the sealant 63c has a portion which
is covered with the sealant 63c and a porticn which is not
covered with the sealant 63c. The surface of the negative
electrode lead 62b facing the sealant 63d has a portion which
15 covered with the sealant 63d and a porticn which is not
covered with the sealant 63d. The portion of the negative
electrode lead 62b which is not covered with the sealant €3c
and the sealant 63d is located outside the positive electrode
lead 62a.

The surface of the positive electrode lead 6Z2a facing
the sealant 63b is opposite the negative electrode lead 62b
through the sealant €3b and the sealant 63c. At the surface
of the negative electrode lead 62b facing the sealant 63c, a
portion which is not covered with the sealant ¢63c is located
cutside the positive electrode lead 62a. Therefore, it 1is
poessible to suppress short-circuit because the positive
electrode lead 62a and the negative electrode lead 62Z2b come
into direct contact with each other. 1In the second example,
the two sealants 63b and 63c are arranged over the entire region
between the positive electrode lead 62a and the negative
electrode lead 62b, so it is possible to suppress short-circuit

more reliably.

<Effects>

In the nonaguecus electrolyte battery according to the
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third embodiment of the invention, the positive electrode lead
62a and the negative electrode lead 62k overlap esach other in
the thickness direction of the battery through the sealants
63b and €63c, so good volume energy density can be obtained.

That is, when tThe positive electrode lead 62a and the
negative electrode lead 62b having a large width are used, if
the positive electrode lead 62a and the negative electrode lead
62b extend from the same side of the battery, short-circuit
is likely to occur due to the use of the positive electrode
lead 6Z2a and the negative electrode lead 62b having a large
width. Accordingly, in order to.suppress short-circuit, for
example, like the battery shown in Fig. 22, the positive
electrode lead 6Za and the negative electrode lead 62b extend
fromdifferent sides. However, if the positive electrode lead
62a and the negative electrode lead 62b extend from different
sides, it is necessary to seal two sides fromwhich the positive
electrode lead 62a and the negative electrode lead 62b extend,
which causes degradation of veolume efficiency.

Meanwhile, 1in the nonagueous electrolyte battery
according to the third embodiment of the invention, the
positive electrode lead 62a and the negative electrode lead
62b extend from the same side of the battery. That is, the
pesitive electrode lead 62a and the negative electrode lead
62b extend from a single side. Thus, the sealing area of the

portions where the positive electrode lead 62a and the negative
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electrode lead 62b extend can be reduced, thereby improving
the volume of tThe battery elemsnt 54. Therefore, energy
density per volume can be improved as compared with the battery
shown in Fig. 22. Further, the sealants 63b and 63c made of
thermal adhesive resin materials containing thermal adhesive
resin and fine resin fibers are arranged between the positive
¢lectrode lead 62a and the negative electrode lead 62b, so it
is possible to suppress occurrence c¢f short-circuit more

reliably.

4. Fourth Fmbodiment

A fourth embodiment of the invention will be described.
The fourth embodiment is the same as the third embediment,
except that the positive electrode lead 6Z2a and the negative
electrode lead 62b have different arrangement and
configuration in the width direction. Thus, detailed
description will hereinafter be made focusing on a difference
from the third embodiment, and other description will not be
repeated.

As shown in Figs. 23A and 23B, the nonagueous electrolyte
battery has a battery element 54 which is housed in a concave
portion 47 formed in a laminate film 41 and sealed by
fusion-bonding three sides excluding a bent side on the
periphery cof the battery element 54 under reduced pressure.

The nonaquecus electrolyte battery is configured such that a
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positive electrode lead 62a and a negative electrode lead 62b
connected to the battery element 54 extend in the same direction
from a seal portion of the laminate f£ilm 41 to the outside.
The positive electrode lead 62a made of, for example, aluminum
(Al) or the like is connected to the positive electrode of the
battery element 54. The negative electrode lead 62b made of,
for example, nickel (Ni) or the like is connected to the
negative electrode of the battery element 54. The positive
electrode lead 62a and the negative electrode lead 62b are set
to have the same width.

Fig. 24 shows the section taken along the line e-e' of
Fig. 23B. As shown in Fig. 24, one end and the other end of
the pesitive electrode lead 62a in the width directiocon and one
end and the other end of the negative electrode lead 62b in
the width direction are at different positions in the width
direction. Specifically, one end of the peositive electrode
lead 62a in the width direction is located leftward from one
end ¢of the negative electrode lead 62b in the width direction,
and the other encd of the positive electrode lead 62a in the
width direction exists between one end and the other end of
the negative electrode lead 6Zb in the width direction. A
secalant 63b and a sealant 63c are provided between the positive
electrode lead 62a and the negative electrode lead 62b. Thus,
a part of the surface ¢f the positive electrode lead 62a facing

the negative electrode lead 62b and a part of the surface of



PTFE 33.5 0.37 6.19 no short-circuit As shown in Table 2,
according to Test Exanple 2-1 to Test Exanple 2-8 and Test Exanple 1-10,

it was confirnmed that short-circuit could be suppressed regardl ess of the
kind of the material for the fine resin fibers w thout affecting adhesion
or sealing properties. <Test Exanple.3-1> As the inner resin film
41c for bonding of the al umi num | ami%ate film 41 and the seal ants 43a and
43b, unstretched pol ypropyl ene (CPP) in which 15 vol % of PET fi bers having

oot oD S ant A den 27c0000,A0 38 AL By berngher
tests (Jg:gag%éél)ox)@leapcgggﬂ%ﬁqér i7n9tﬁgetsttli(§§r%@é edi3r-ezc>tion through
the secalant 63b and the sealant 6€3c.
At a portion between the upper and lower laminate films
41 where the positive electrode lead 62a and the negative
electrode lead 62b are not sandwiched, the inner resin filﬁs'
41c for bonding c¢f the upper and lower laminate films 41 are
opposite each other. At a portion between the upper and lower
laminate film 41 where the positive electrode lead 62a and the
negative electrode lead 62b are not sandwiched, the inner resin
films 41lc for bonding of the upper and lower laminate films
41 are opposite each other through the sealants 63a to 63d.
At a portion between the upper and lower laminate films
41 where the positive electrode lead 6©62a and the negative
electrode lead 62b are both sandwiched, the following structure
is made: upper laminate film 41/sealant 63a/positive electrode
lead 62a/sealant 63b/sealant 63c/negative electrode lead
62b/sealant €3d/lower laminate film 41. Specifically, the
following structure is made: upper outer resin film 4la/upper
metal foil 41b/upper inner resin film 41c¢ for bonding/sealant
63a/positive electrode lead 62a/sealant 63b/sealant
63c/negative electrode lead 62b/sealant 63d/lower inner resin
film 4ic for bonding/lower metal foil 41b/lower outer resin
film 41la.

At a portion between the upper and lower laminate films



As the inner resin film4lc for bonding of the alum numlamnate film4l
and the seal ants 43a and 43b, unstretched pol ypropyl ene (CPP) in which 15
vol % of PET fibers having a dianmeter of 0.5 gmand a |length of 200 pm as
fine resin fibers were bl ended was used. O hers were the sane as in Test
Exanple 1-1, and the tests (1) to (ﬁ% wer e conducted. <Test Exanple 3-3>
As the inner resin film4lc for bon :%g of the alum numlamnate film4l
and the seal ants 43a and 43b, unstretched pol ypropyl ene (CPP) in which 15
vol %0f4EEJhIa%Qe£ﬁe gxgwl@edé@@a%d@f 19aé poLand éahemgt:heef 50Q pm as

fine resin fibers we [ ended was used hers were e sane as in Test

Exanpl ef&ﬁowﬁﬂg ?uf:%ﬁ%%cﬁ%)mégoﬁ g@ 1?@993%%11 §5’s@é§gﬂke 3-4>

As the i nner e alumnumlamnate film41l
dth | t 43 43b t t hed I P h 15
701 % of CRRTPPRBET navPhs At et SR C0oR Sy RN T BT 3000 pm as
fi fib | end d h t Test
Excanp! eb10{ 58T hE CddPE ey A 1Hhe vkt %iduﬁﬁé%u?%agff‘a = W

inner resin film4lc for bonding of the alunlnunllanln te film41l and the
seal ant Eo;héawelﬁa AIBICHNEE et BREE *pBPYFFopy T ehe YCPP) 4 H“ AhEEHPES TV ol 9% of
PET fibers having a dianmeter of 0.5 gmand a | ength 5000 gmas_fine resin
fibers Wekelbfehldd MAPRRedNIEOrhERS 1iet bLT Hel G4rE ASNFANTASEAERRADl e 1- 1,
and the tests (1) to (43 wer e conducted. <Test Exanple 3-6> As the

i nner reé3aAPPELMLAEC fotepbhaifg olcfHe aPdai ABMLRAN nafdPfFEmlaltand t he
seal ants 43a and 43b, unstretched pol ypropylene (CPP) in which 15 vol % of
PET flbéBs/ha&ﬂﬁgta6ﬂdéhQWer bingr Reand &l Irerddich fofr oodgnoasovene resin
fibers were blended was used. O hers were the sane as in Test Exanple 1-1,
and themteslisfel) #ob(dpweer eucemduetsdd f<Testd IBxanpl e 3-7> As the

inner resin film4lc for bonding of the alumnumlamnate film41l and the
seal ants 43a Atd 43t iunsbeewehkedthel ypropydehda (WERP) aimi nahiec i 2 1isvol % of
PET fibers having a dianmeter of 5 gmand a |length of 200 gmas fine resin
fibers wergnbtended magatsed. cCbhersdewereatihe2panme asnbnitast, Exaaple 1-1,

and the tests (1) to (4) were conducted.

following structure is made: upper laminate film 41/sealant
63a/sealant 63b/sealant 63c/negative electrode lead
62b/sealant €3d/lower laminate film 41. Specifically, the
following structure is made: upper outer resin film 4la/upper
metal foil 41b/upper inner resin film 41c¢ for bonding/sealant
63a/sealant 63b/sealant 63c/negative electrode lead
62b/sealant 63d/lower inner resin film 41c¢ for bonding/lower
metal foil 41b/lower outer resin film 4la.

The opposing inner resin films 41¢ for bonding are bonded
to each other. At a portion where the inner resin films 4lc
for bonding are opposite each other through the sealants 63a
to 63d, the opposing inner resin films 41lc for bonding are

bonded to each other through the sealants 63a to 63d which are

bonded to each other.



<Test Exanple 3-8> 81 lamnate film4l and the seal ants 43a and 43b,
unstretched pol ypropyl ene (CPP) in which 15 vol % of PET fibers having a
dianeter of 5 gmand a | ength of 500 pmas fine resin fibers were bl ended
was used. Ot hers were the sane as in Test Exanple 3-1, and the tests (1)
to (4) were conducted. <Test Exanple.3-9> As the inner resin film
41c for bonding of the alum numlan‘i(?'n te film41l and the seal ants 43a and
43b, unstretched pol ypropyl ene (CPP) in which 15 vol % of PET fi bers having

a dianeter ofrp.am £ éﬂ‘%%&ﬁdé&’% E%aﬁoéi?f\ré%ﬂ ﬂcf?)oqgé 08 €

bl ended was used. Qi hers were e sane as I n Test Exanple 3-1, and the
tests ( to 44 t T !Eé;g nl.e 3-10> : t i nner
resin f%%ﬁ]lléch% ogrg%)g%rg?gégy%fae'g%eﬁéﬁeﬁ}rﬁ num annﬁrﬁétﬂegs]fnl Ifﬁlﬂ%j‘r?d@?ﬁe

seal ants 43a_and_43b nst.ret ched | ypropyl ene (CPP) in whi.ch_15 vol % of

PET fi bé?ggﬁggi Hg° gg%l?i%étteor “ %SOgﬁﬁeénd QMFe%%?%I ojfg%‘ﬁf)ﬁegfﬁ'lnagl e resin
fibers re_bl ended. was, used. hers were the sane as in, Test nmple 1-1,
and theg\?gsf%r?ti n‘gﬁn‘éﬁs\?@‘?réd%n%ctt%ed.poéﬁéﬁv tgogler §adE>é§a As the

inner resin film4lc for bonding of the aluminumlam nate film 41 and the

seal ant 57248494n4P4362dREEr &5€hed 82

The sealant 63d is bonded to the negative electrode lead
62b. The sealant 63d and the lower inner resin film 41c for
bonding are bonded Lo each other. The lower inner resgsin film
41¢ for bonding is bonded to the negative electrode lead 62b
through the sealant 63d.

The sealant 63b and the sealant 63c are bonded to each
other. The sealant 63b is bonded to the negative electrode
lead 62b threough the sealant 63c. The sealant €3¢ is bonded

to the positive electrode lead 6Z2a thrcough the sealant 63b.

<Effects>
The nonagquecus elecfrolyte battery according to the
fourth embodiment of the invention have the same effects as

in the third embodiment.

5. Fifth Embodiment

A fifth embodiment of the invention will bhe described.
The fifth embodiment is the same as the third embodiment, except
that the positive electrode lead 623 and The negative elactrode

lead 62b have different arrangement and configuration in the



pol ypropyl ene (CPP) in which 15 vol % of PET fibers having a diameter of 5
gmand a length of 7000 gmas fine resin fibers were bl ended was used.

QO hers were the sane as in Test Exanple 1-1, and the tests (1) to (4) were
conducted. <Test Exanple 3-12> As the inner resin filmd4lc for
bondi ng of the alum numlamnate film41 and the seal ants 43a and 43b,
unstretched pol ypropylene (CPP) in ch 15 vol % of PET fibers having a

di aneter of 10 gmand a length of 200 gmas fine resin fibers were bl ended

was useg; d%@?{%eé!\@{ ! 2?@?&“%3%%}16 e§eq§s> @f‘ﬁgﬂg@iﬁﬁ Andetngehests (1)

to (4) were conducted. e rnner resin film
41c for,_bondi,ng.-of the alum nym.l.am nate.film4l d_t.he_seal.ants 43a and
43b,  unBPr B EReaCHuP o BeoR Bt kBB LR ahrEntiE SBistormBER RRES o havi ng
a dianmeter, of . 10 gm and a.l ength . of 500 gmas fine resin fibers were
bIendedaﬁgsoﬁggﬁ.g@?ﬁ@ﬁg%%éwe%Fﬁé'§§%ﬁqﬁ%'ﬁ%Peﬁ§§FﬁExanple 3-1, and the
tests (1) to (4) were,conducted. <Test Exanple 3-14> As the inner
resin film 41¢° 5P Bombind of Che* 2t &rﬁBnuanéjl’ﬁ”ﬁﬂU@qqq mM2ECaRGYERe

seal ants 43a and 43b, unstretched polypropyl ene (CPP) in which 15 vol % of
PET fi bBR5tRAVI BRS 2 Pgd tamnsenesrt 26 YhiaRd a ekttt 16F 22000CgHeas fine

resin fibers were bl ended was used. Ot hers were the sane as in Test
Exanpl ePBriioandt t héotrests {1) & olel)npéfe FoHudtledandTesta IBchnple 3- 15>
As the inner resin filmd4lc for bonding of the alum numlanmnate film4l
and t hefseapanbend3agard23b, sadstr erxxhiedd pod ypr apytlene 1EPR) | hhwhi ch 15
vol % of PET fibers having a dianmeter of 10 gmand a | ength of 5000 gm as
fine reseniphbeyscietkebbahtdedywadeused. S& hedsrweeduthe pamesasein Test
Exanple 1-1, and the tests (1) to (4) were conducted.
The nonaqueous electrolyte battery is configured such

that a pesitive electrode lead 6Za and a negative electrode

lead 62b connected to the battery element 54 extend in the same

direction from a seal portion of the laminate film 41 Lo the

outside. The positive electrode lead 62a made of, for example,

aluminum {Al)} or The like is connected to the positive electrode

0f the batteryv element 54. The negative electrods lead 62b

made of, for example, nickel (Ni) or the like is connected to

the negative electrode of the battery element 54. The negative

electrode lead 62k ig set to have a width larger than the width

of the pesitive electrode lead 62a.

Fig. 26 shows the sectional structure taken along the

line £-f' of Fig. 25B. As shown in Fig. 26, one end and the

other end of the pesitive electrode lead 62a and the negative

electrode lead 62b in the width direction are at different

positions in the width direction. Specifically, one end and

the cther end of the positive electrode lead 62a in the width



<Test Exanple 3-16> As the inner resin film4lc for bonding of the
alum numlamnate film41 and the seal ants 43a and 43b, unstretched

pol ypropyl ene (CPP) in which 15 vol % of PET fibers having a dianmeter of 20
gmand a length of 200 gmas fine resin fibers were bl ended was used.

QO hers were the sane as in Test Exang,lig 3-1, and the tests (1) to (4) were
conducted. <Test Exanple 3-17> the inner resin filmd4lc for

bondi ng of the alum numlamnate film41 and the sealants 43a and 43b,

unst 1 et hed paLyps opY) £ LOPE). . Wl ehe 43 Yol ! PET, T Lpersy b na o

di aneter o m an mas fineresin ers

bl ended_was . used., & her re sa as..i,n, Test anpl e 3-1, ;and t he
Pects (PrBRs e S ORhde HEIR BOB SRR R0 N SE Gt RR © P iban 20, [ 1E
resin fi ng 41c. for bonding g% t he al um nu Iagi r%ate film4l an%.the

seal ant §343£%hd? 4362 r ‘E:h@dfepo?:gl?ﬁb%]?/ﬁje & LPEBB) T whPeH “18 SV ol % of
PET fibers having a dianmeter of 20 ggm_and a Ien%th of 2000 gm as fine

resin fFBEFSEREFe! BT fded2 HAst Uz eF I e §1REreChel S Ay | A "Pést
Exanple 3-1, and the tests (1) to (4) were conducted. <Test Exanple 3-19>

As the Privert Pdsthefumhae’ oforNBaiRi Nyt 6 e &0 naAd St A& 0i I m 41
and the seal ants 43a and 43b, unstretched pol ypropyl ene (CPP) in which 15
vol % of tPETNEPRE Eehalvfabraddi Aneter<bf a0 Yyhmand & [tésyth 6 B00F gm as
fine resin fibers were bl ended was used. Qthers were the sane as in Test
Exanpl ethelneagndi vhe teastodd Y aagl 02p herengontucosd.t ioFest cBkawplee 3- 20>

lead 62a overlap each other in the thickness directicn cf the

battery through the sealant 63b and the sealants 63c.

In the example shown in Fig. 26, one end and the other

end in the width direction of the negative electrode lead 62b

where a variation cccurs are located so as not to overlap the

positive electrode lead 62a through the sealants ©63b and 63c

in the thickness direction of the battery. Therefcre, when

the negative electrode lead 62b is made of a material, such

ag nickel (Ni) or the like, having a large variation, it is

possible to more effectively suppress short-circuit between

the positive electrode lead 62a and the negative electrode lead

62b.

At a portion between the upper and lower laminate films

41 where the positive electrode lead 6Za and the negative

electrode lead 62b are not sandwiched, the inner resin films

41c for bonding of the upper and lower laminate films 41 are

opposite each other. At a portion between the upper and lower

laminate film 41 where the positive electrode lead 6Za and the



As the inner

resin filmd4lc for bonding of the alum numlamnate film 41l

and the seal ants 43a and 43b, unstretched pol ypropyl ene (CPP) in which 15
vol % of PET fibers having a dianmeter of 25 gmand a | ength of 5000 gm as
fine resin fibers were bl ended was used. O hers were the sane as in Test

Exanple 85 1-1, and the tests (1) t§6(4) wer e conduct ed. Table 3
shows the results of Test Exanple 3-

to Test Exanple 3-20 and Test

Exanpl e 1-10 (for conparison). a ON

negative electrode lead 62b are not sandwiched, the inner resin
films 41c for bonding of the upper and lower laminate films
41 are opposite each other through the sealants 63a to €3d.

At a portion between the upper and lower laminate films
41 where the positive electrode lead 62a and the negative
electrode lead 62b are both sandwiched, the following structure
is made: upper laminate film 41/sealant 63a/positive electrode
lead 62a/sealant 63b/sealant 63c/negative electrode lead
62b/sealant 63d/lower laminate film 41. Specifically, the
following structure is made: upper ocuter resin film 4la/upper
metal foil 41b/upper inner resin film 41c¢ for bonding/sealant
63a/positive electrode lead 62a/sealant 63b/sealant
63c/negative electrode lead 62b/sealant 63d/lower inner resin
film 41c for bonding/lower metal foil 41b/lower outer resin
film 41a.

At a portion between the upper and lower laminate films
41 where the negative electrode lead 62b is sandwiched, the
following structure is made: upper laminate film 41/sealant
63a/sealant 63b/sealant 63c/negative  electrode lead
62b/sealant 63d/lower laminate film 41. Specifically, the
following structure is made: upper outer resin film 4la/upper
metal foil 41b/upper inner resin film 41c for bonding/sealant
63a/sealant 63b/sealant 63c/negative electrode lead
62b/sealant 63d/lower inner resin film 4lc for bonding/lower

metal foil 41b/lower outer resin film 41la.
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The opposing inner resin films 41c for bonding are bonded
to each other. At a portion where the inner resin films 4lc
for bonding are opposite each other through the sealants 63a
to 63d, the opposing inner resin films 41lc for bonding are
bonded to each other through the sealants 63a to 63d which are
bonded tc each other.

The sealant 63a is bonded to the pesitive electrode lead
62a. The sealant 63a and the upper inner resin film 4lc for
bonding are bonded to each other. The upper inner resin film
41c for bonding is bonded to the positive electrode lead 6Za
through the sealant 63a.

The sealant 63d is bonded to the negative electrode lead
62b. The sealant 63d and the lower inner resin film 41c for
bonding are beonded to each other. The lower inner resin film
41c for bonding is bonded to the negative electrode lead 6Zb
through the sealant 63d.

The sealant 63b and the sealant 63c are bonded to each
other. The sealant 63b is bonded to the negative electrode
lead 62b through the sealant 63c. The sealant 63c is bonded

to the positive electrode lead 62a through the sealant 63b.

<Effects>
The nonaqueous electrolyte battery according to the
fifth embodiment of the invention has the same effects as in

the third embodiment.
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[Examples]
<Test Example 1-1>

A three-lavyered aluminum laminate film 41 of 10 cmx10
cm shown in Fig. 6 was manufactured for a2 test. Referring to
the sectional structure shown in Fig. 6, the aluminum laminate
film 41 was used in which the outer resin film 4la, the metal
foil 41b, and the inner resin film 41lc for bonding were
configured as described below.

cuter resin film 4la: PET film

metal foil 41b: aluminum foil

inner resin film 41c¢ for bonding: unstretched
polypropyilene (CPP) in which 5 vol% of fine resin fibers are
blended

The inner resin film 41c for bonding was manufactured
as follows. First, bymeltingunstretched polypropylene (CPP),
adding fine resin fibers to the unstretched polypropylene (CPP),
and stirring, a resin melt in which the fine resin fibers were
blended uniformly was manufactured. The blended amount of the
fine resin fibers was 5 vol% at a volume ratio with respect
to the unstretched polvpropylene (CPP). The resin melt was
formed in a film shape by an inflationmethod, thereby obtaining
the inner resin film 41¢ for bonding.

As the fine resin fibers, PET fibers having a diameter

of 10 um and & length of 500um were used. When being observed
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by an -SEM, the diameter and length of the fine resin fibers
were obtained by measuring the diameter and length for 30 fibers
alternately selected and calculating the average.

The aluminum laminate film 41 was manufactured as fecliows.
An adhesive was appliied to both surfaces of the aluminum foil
having a thickness c¢f 50 pm, a PET film having a thickness of
20 pym was bonded to one surface of the aluminum foil, and an

unstretched polypropylene film having a thickness of 30 uym with

5 vol% of fine resin fibers blended therein was bonded to the
other surface of the aluminum foil. The thickness of the

adhesive layer was 5 um.

(Separation strength test)

L separation strength measurement was performed by using
the aluminum laminate film 41 fera test. Two aluminum laminate
films 41 were prepared and arranged such that the unstretched
polypropylene films (CPP) were oppesite to each other, and then
fusion-bonding was performed. The bonding condition was the
use of a metal seal head, upper/lower head 180°C, sealing
pressure of 20 kgf/cm?, and a sealing time of 5 seconds.

A fusion-bonded test piece having a width of 15 mm was
cut and pulled out in the length direction, and separation
strength was measured. In this case, a PET adhesive tape was

bonded to both surfaces so as not to cause resin to be stretched.

The separation condition was 180° separation and a separation
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speed of 50 mm/min.

(Cleaving pressure measurement)

A battery having the configuration shown in Fig. 3 was
manufactured by using the aluminum laminate £ilm 41 for a test.
As the B8 mmx10 mm sealants 43a and 43b having a thickness of

50 pm covering the electrode leads 42 {aluminum tab leads having

a width of 5 mm}, a material in which 5 vol% of the PET fibers
as fine resin fibers were Dblended with unstretched
polypropylene (CPP} was used.

The sealants 43a and 43b were manufactured as described
below. First, bymelting the unstretched pelypropylens (CPP),
adding the fine resin fibers to the unstretched polypropylene
(CPP), and stirring, a resinmelt in which the fine resin fibkers
were uniformly blended was manufactured. The blended amount
of the fine resin fibers was the amount corresponding to 5 vol%
at a volume ratio with respect to the unstretched polypropylene
(CPP). The resin melt was manufactured in a £ilm shape by an
inflation method and cut at a predetermined dimension, thereby
obtaining the sealants 43a and 43b.

A battery was configured such that a dummy element was
used as the battery element 4, the dummy element was covered
with the aluminum laminate film 41, and four sides on the
periphery of the dummy element were sealed. The sealing

condition of the laminate filmwas the use of ametal head having
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a width of 1 mm, upper/lower 180°, sealing pressure of 20 kgf/cm?,
and a sealing time of 5 seconds. Next, compressed air was
injected from the dummy element, and pressure when the seal

portion was swollen and cleaved was measured.

(Molding property evaluation)

Deep drawing prccessing was performed for the aluminum
laminate film 41 by using a mold of a rectangle ratio 40 mmx60
mm. The molding speed was 100 mm/min. The molding property
was evaluated by measuring the minimum depth which a pinhole

or crack occurs in the metal foil 41b.

(Short-circuit confirmation)

A battery having the configuration shown in Fig. 3 was
manufactured by using the aluminum laminate £film 41 for a test.
In this case, the 8 mmx10 mm sealants 43a and 43b having a
thickness of 50 pum were used. The sealants 43a and 43b were
made of a material in which PET fibers having a diameter of
10 pm and a length of 500 um were blended with unstretched
polypropylene (CPP). Secaling was performed for 30 seconds
under the conditions of sealing pressure of 30 kgf/cm? and
sealing temperature of 200°C, and it was confirmed that

short—-circuit occurred for 30 seconds.

<Test Example 1-2>
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As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene inwhich 10 vol% of fine resin £fibers were blended
was used. OQOthers were the same as in Test Example 1-1 and the

tests (1) to (4) were conducted.

<Test Example 1-3>

As the inner resin film 41c¢ for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of fine resin fibers were
blended was used. Others were the same as in Test Example 1-1,

the tests (1} to (4} were conducted.

<Test Example 1-4>

As the inner resin fiilm 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 20 vol% of fine resin fibers were
blended was used. Others were the same as in Test Example 1-1,

and the tests (1) to {4) were conducted.

<Test Example 1-5>

As the inner resin £film 41c¢ for konding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropyiene (CPP) in which 25 vol% of fine resin fibers were

blended was used. OCthers were the same as in Test Example 1-1,
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and the tests (1)} to (4) were conducted.

<Test Example 1-6>

As the inner resin film 41c for bonding of the aluminum
leminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 30 vol®% of fine resin fibers were
blended was used. Others were the same as in Test Example 1-1,

and the tests (1) tc¢ (4) were conducted.

<Test Example 1-7>

As the inner resin film 41¢ for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 40 vol% cf fine resin fibers were
blended was used. Others were the same as in Test Example 1-1,

and the tests (1) to (4) were conducted.

<Test Example 1-8>

As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43k, unstretched
polypropylene (CPP) in which 50 vol% of fine resin fibers were
blended was used. Others were the same as in Test Example 1-1,

and the tests (1) to (4) were conducted.

<Test Example 1-5%>

As the inner resin film 41c for bonding of the aluminum
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laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 60 vol% cf fine resin fibers were
blended was used. Others were the same as in Test Example 1-1,

and the tests (1) to (4} were conducted.

<Test Example 1-10> {for comparison)

As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropvlene (CPP) in which no fine resin fibers were blended
was used. Others were the same as in Test Example 1-1, and
the tests (1) to (4) were conducted.

Table 1 shows the tesgst results of Test Example 1-1 to
Test Example 1-10. As the result of the separation strength
test, a value egual to or larger than 25 N/15 mm is desirable.
As the result of the cleaving pressure measurement, a value
equal to or larger than 0.35 Pa 1s desirable. As the result
of the molding property evaluation, a value equal to or larger

than 5.80 mm is desirable.
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Table 1
Additive Cleaving pressure Molding
amount | Seal strength measurement property Short-circuit
[vol%] [N/15 mm] [Mpal [mm] confirmation
Test Example 1-1 5 33.2 044 6.17 short-circuit
Test Example 1-2 10 32.7 044 6.17 no short-circuit
Test Example 1-3 15 33.0 0.42 6.13 no short-circuit
Test Example 1-4 20 32.3 0.40 6.09 no shori-circuit
Test Example 1-5 25 32.2 0.41 6.00 no short-circuit
Test Example 1-6 30 31.8 0.41 6.03 no short-circuit
Test Example 1-7 40 23.0 0.32 555 no short-circuit
Test Example 1-8 50 19.5 0.21 446 no short-circuit
Test Example 1-9 60 12.2 0.16 3.57 no short-circuit
Test Example 1-10 0 321 0.41 6.20 short-circuit

As shown in Table 1, acccrding to Test Example 1-1 to
Test Example 1-10, the following was confirmed. By using the
aluminum laminate film 41 made cof unstretched peclypropylene
{CPP), in which fine resin fibers are blended, as the inner
resin film 41c for bonding, and forming the sealants 43a and
43b of unstretched polypropylene (CPP) in which fine resin
fibers are blended, short-circuit was suppressed. Further,
according to Test Example 1-1 to Test Example 1-10,
short-circuit was suppressed in a predetermined blended amount

without affecting adhesion or sealing properties.

<Test Example 2-1>
Similarly to Test Example 1-3, the tests (1) to (4) were

conducted.

<Test Example 2Z2-2>

As the inner resin film 41c¢ for bonding of the aluminum
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laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 wol% of polybutylene
terephthalate (PBT) as fine resin fiber were blended was used.
Others were the same as in Test Example 2-1, and the tests (1)

to (4) were conducted.

<Test Example 2-3>

As the inner resin f£ilm 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol® of 6, 6-nyleon as fine resin
fibers was blended was used. Others were the same as in Test

Example 2-1, and the tests (1) to {4) were conducted.

<Test Example Z2-4>

As the inner resin film 41¢ for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of aramid [Nomex
(Registered Trademark) ]} as fine resin fibers was used. Others
were the same as in Test Example 2-1, and the tests (1) to {4}

were conducted.

<Test Example 2-5>
As the inner resin film 41c for bonding of the aluminum
laminate f£ilm 41 and the sealants 43a and 43b, unstretched

polypropylene (CPP) in which 15 vol% of polycarbonate (PC) as
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fine resin fibers was blended was used. Cthers were the same

as in Test Example 2-1, and the tests (1) to (4) were conducted.

<Test Example 2-6>

As the inner resin film 41lc for bonding of the aluminum
laminate f£ilm 41 and the sealants 43a ancd 43b, unstretched
polypropylene (CPP) in which 15 vol% of polyimide (PI) as fine
resin fibers was blended was used. Others were the same as

in Test Example 2-1, and the tests (1) tec (4) were conducted.

<Test Example 2-7>

As the inner resin film 4lc for bonding of The aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of polyphenylene sulfone
{PPS) as fine resin fibers was bklended was used. Others were

the same as in Test Example 2-1, and the tests (1) to {4) were

conducted.

<Test Example Z2-8>

As the inner resin f£ilm 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of
polytetrafluorocethylene (PTFE) as fine resin fibers was
blended was used. Others were the same as in Test Example 2-1,

and the tests (1) te (4) were conducted.
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Table 2 shows the results of Test Example 2-1 to Test

Example Z2-8 and Test Example 1-10 (for comparison).

Table 2
Cleaving
Seal pressure Molding
Fine resin fiber strength measurement property Short-circuit
material IN/15 mm] [Mpa] [mmj] confirmation
Test Example 1-10 - 321 0.41 6.20 short-circuit
Test Example 2-1 PET 33.0 042 6.13 no short-circuit
Test Example 2-2 PBT 331 0.41 6.15 no short-circuit
Test Example 2-3 6,6-Nylon 324 0.42 6.10 no.shor-gircuit
Test Example 24 | Aramid (Nomex) 31.8 0.43 591 no short-circuit
Test Example 2-5 PC 31.8 0.43 6.02 no short-circuit
Test Example 2-6 Pl 318 040 5.99 no short-circuit
Test Example 2-7 PPS 322 0.39 6.13 no short-circuit
Test Example 2-8 PTFE 33.5 0.37 6.19 ng short-circuit

As shown in Table 2, according to Test Example 2-1 o
Test Example 2-8 and Test Example 1-10, it was confirmed that
short-circuit could be suppressed regardless of the kind of

the material for the fine resin fibers without affecting

adhesion or sealing properties.

<Test Example 3-1>
As the inner resin film 41c for bonding of the aluminum

laminate film 41 and the sealants 43a and 43b, unstretched

polypropylene (CPP) in which 15 vol% of PET fibers having a

diameter of 0.3 pm and a length of 5000 pum as fine resin fibers

were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to (4} were conducted.
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<Test Example 3-2>

As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of PET fibers having a
diameter of 0.5 um and a length of 200 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to (4) were conducted.

<Test Example 3-3>

As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 wvol% of PET fibers having a
diameter of 0.5 pm and a length of 500 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to (4) were conducted.

<Test Example 3-4>

As the inner resin f£ilm 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropvlene (CPP) in which 15 vel% of PET fibers having a
diameter of 0.5 pm and a length of 2000 um as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to (4) were conducted.

<Test Example 3-5>
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As tThe inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP} in which 15 vol% of PET fibers having a
diameter of 0.5 um and a length 5000 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to (4) were conducted.

<Test Example 3-6>

As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP} in which 15 vol% of PET fibers having a
diameter of 5 um and a length of 120 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to {4) were conducted.

<Test Example 3-7>

As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of PET fibers having a
diameter of 5 pum and a length of 200 pum as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to (4) were conducted.

<Test Example 3-8>

As the inner resin film 41c for bonding of tThe aluminum



Test Exanple 3-12 Test Exanple 3-13 Test Exanple 3-14 Test Exanple 3-15
Test Exanple 3-16 Test Exanple 3-17 Test Exanple 3-18 Test Exanple 3-19
Test Exanple 3-20 87 In Table 3, Test Exanple 3-1, Test Exanple
3-5, Test Exanple 3-10, Test Exanple 3-15, Test Exanple 3-19, are Test
Exanpl e 3-20 were conpared with each other. That is, Test exanples which
used fine resin fibers having a diareter of 0.3 pm 0.5 pm 5 pm 10 pm
20 pm or 25 4m and a length of 5000 pm were conpared with each ot her.

Wth this conparisqn, the follow ng eval uation was qbt ai ned.
iamgngge fi?m 41 and the Sé%lants géa and 4gb, unstretched

pelypropylene (CPP) in which 15 vol% of PET fibers having a
diameter of 5 pm and a length of 50C pm as fine resin fibers
were blended was used. Others were the same as in Test Example

3-1, and the tests (1) to (4) were conducted.

<Test Example 3-9>

As the inner resin film 41c¢ for bonding of the aluminum
laminate film 41 and the sealants 43a and 43k, unstretched
pelypropylene (CPP) in which 15 vol% of PET fibers having a
diameter of 5 um and a length of 2000 um as fine resin fibers
were blended was used. Others were the same as in Test Example

3-1, and the tests (1) to (4) were conducted.

<Test Example 3-10>

As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of PET fibers having a
diameter of 5 pm and a length of 5000 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1} to (4) were conducted.

<Test Example 3-11>
As tThe inner resin film 4ic for honding of the aluminum

laminate film 41 and the sealants 43a and 43b, unstretched



In Test Exanple 3-1 (dianeter of 0.3 pn), the fine resin fibers had a
smal | dianeter, so it mght be inpossible to prevent short-circuit because
fine concavo-convexes of a netal material are not covered with fiber

di anmeters. Thus, short-circuit occurred. In Test Exanple 3-20 (dianeter of
25 pm), the fine resin fibers had a |large dianeter, fiber cones were
strengthened, and the fibers flied d¥er the filmsurface at the tine of
filmformation. Further, rigidity of the fibers interfered with the flow
of resin at the tinme of fusion-bonding, so seal strength was degraded.

I n Test PEkHRBPEYZEBS( dCEREL P Uhle‘hslgnjfolregﬁ E%Enﬁﬂgewléa(fapanét er of 5
pm), Test Exanple 3-15 (dianmeter of 10 pn), and Test Exanple 3-19

(di anet 8i apEt20 ph); Hm aneb acdrhigtiedtt ha C shoras dimsuiresdouldbbes
suppressed wi thout affecting adhesion or sealing properties. In
Tabl e 3veTedilahdarpes3ugedTesttiBxaspleg c3tlze Sfuwt aBxanles 3Eganmpast
Exanpl e 3-9, Test Exanple 3-10, and Test Exanple 3-11 were conpared with
each othet, Fhatths, tTests (88 Exanpllesewts ctoruBedtdd.ne resin fibers having
a dianmeter of 5 gmand a |length of 120 gm 200 gm 500 gm 2000 gm 5000
gm or 7000 gmwere conpared with each other. Wth this conparison, the
foll ow ng eval uati on was obt ai ned. In Test Exanple 3-6 (length of
120 gm «rébe Ekampresisnibibers had a small length and there is no
ennmeshi ng. Accordingly, even when the fine concavo-convexes of the netal
mat eri al presgedide fidenssitheren 3108056 LBSIANCE cB5@nhehalimehnaui t
occurred. In Test Exanple 3-11 (length of 7000 gm, the fine resin fibers

had a | %Igﬁng%gtfmmsq 1thed ine resimdd beds; fhhgdsoyer yhberbibmegur face

at the time of Imformati on. Further, there is strong enneshing between
fibers, ;59 é?ﬁp%igﬁés %b?dlﬁsWBEEESEBV@oﬁanggnﬁﬂ%Sfﬁhe&gehhbqﬁgog
m)ldlngp aused eterloratlon i n nmolding properties. Test

Exanpl e, 3

|.en f 200 8 ngth of 50
Sl e3¢ e tpErigr 0o g05” Gri- P ERl TeotD Bl e SR T agER 6T 5000
it was on d that sho t-circuit uld be _su pr e qut

affectlﬁﬁr%&ﬁ‘ C%(ngssgg?ghg ?Qﬁﬁﬁtle S £Re San&fEFo P%ﬁﬁagéegp 8scri bed
conpari so n ne resi rs having a di er of 5 gmto 20 gm and
a Iengtﬁ"gf %@% 5%?t5 §660Q& %@ é4ds¥@é% Qﬁéyniﬁélrned that the nost
excel l ent effects were obtained. Simlarly to Test Exanple 1-3,
Tests (1) to (4) were conducted.

<Test Example 3-13>

As the inner resin film 41c¢ for bonding ¢of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of PET fibers having a
diameter of 10 pm and a length of 500 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

3-1, and the tests (1) to (4) were conducted.

<Test Example 3-14>
As the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43k, unstretched

polypropylene (CFP) in which 15 vol% of PET fibers having a



<Test Exanple 4-2> As the inner resin film4lc for bonding and the
seal ants 43a and 43b, unstretched pol ypropylene (CPP) in which 15 vol % of
PET fibers having a dianmeter of 10 timand a |length of 500 Iimas fine
resin fibers were blended and 5 wt % of titanium oxide having a particle
size D50 of 1.2 vmwas bl ended was used. OQthers were the sane as in Test
Exanpl e 4-1, and the tests (1) to (D3 were conducted. <Test Exanple 4-3>
As the inner resin filmd4lc for bonding and the seal ants 43a and 43b,
unstretched pol ypropyl ene (CPP) in which 15 vol % of PET fibers having a

di anet eidléf“eférpﬁfaﬂ%“ﬁ‘ PBHg? M F19IED ] ?9&3 FPRreS rfédts 1650er 1REFE bl ended
and 5 wt % of titanium oxide having a particle size D50 of 0.5 jimwas

bl ended"fAE RSERACOMRE 45T e THEEEANE TES PR SR 2ExAAPISS UEFAMRAG t he
tests (1) to (4) were conducted. <Test Exanple 4-4> As the inner
resin f B 4280 6hebbRdlfg (dnd tohd QedlShift SATRIERA 43b, unstret ched

pol ypropyl ene (CPP) in which 15 vol % of PET fibers having a dianmeter of 10
l.imand a length of 500 90 mmas fine resin fibers were blended and 5
wt % of silicon oxide having a particle size D50 of 2.0 mm was bl ended was
used. CkHeps Wepwmpihe3sdhe as in Test Exanple 4-1, and the tests (1) to
(4) were conducted. <Test Exanple 4-5> As the inner resin filmd4lc
for bondi ng and tie isesrantes 434 idmd448bfournsindiched pdleyplopyihemne ( CPP)
in which 15 vol % of PET fibers having a dianmeter of 10 pmand a | ength of
500 nm asmfihpeer €siin #ilbemns were ddendeds anth Sandl %4 80, sihscertokiede havi ng
a particle size D50 of 0.4 pmwas bl ended was used. Ot hers were the sane
as in TgstyExapphlend- lcrpandihhenhtiest s5( ¥b1koof4pruerebeenduatedg sTest
Exanpl e 4-6>

diameter of 10 pum and a length of 5000 pm as fine resin fibers

were blended was used. Others were the same as in Test Example

1-1, and the tests (1) to (4) were conducted.

<Test Example 3-16>

2s the inner resin film 41lc for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstreiched
polypropylene (CPP) in which 15 vol% of PET fibers having a
diameter of 20 pm and a length of 200 um as fine resin fibers
were blended was used. Others were the same as in Test Example

3-1, and the tests (1) to (4) were conducted.

<Test Example 3-17>
As the inner resin film 41c¢ for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched

polypropylene (CPP) in which 15 vol% of PET fibers having a

diameter of 20 um and a length of 500 pm as fine resin fibers



As the inner resin filmd4lc for bonding and the seal ants 43a and 43b,
unstretched pol ypropyl ene (CPP) in which 15 vol % of PET fibers having a
dianeter of 10 mmand a length of 500 gm as fine resin fibers were

bl ended and 5 wt % of al um num oxi de having a particle size D50 of 1.0 nm
was bl ended was used. Others were the sane as in Test Exanple 4-1, and the
tests (1) to (4) were conducted. <Test Exanple 4-7> 91 43a and 43b
unstretched pol ypropyl ene (CPP) in mhlch 15 vol % of PET fibers having a

di ameter of 10 gmand a |l ength_of 500 flne resin fihers we e blended
and 5 V\Jf’%%fbjtﬁ?%da‘?é ‘L’fﬁ"\so‘)’(?ﬂ‘é ha‘?x%%f% esaé?ezésD‘s% 0B fa
bl ended_was use were the sane as in Test Exanple 4-1, and the

tests (3y?1 toaPﬁ)tﬁérEeééﬁddéte&c‘ﬁéﬁl@ﬁfgﬂﬁﬁﬁg%QR?@esults of Test
Exanples 4-1 to 4-7. Table 4 Filler Material Particle size (D50)

<Test Example 3-18>

Ls the inner resin film 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 veol% of PET fibers having a
diameter of 20 pum and 2 length of 2000 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

3-1, and the tests (1) to (£) were conducted.

<Test Example 3-19>

As the inner resin f£ilm 41c for bonding of the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol$% of PET fibers having a
diameter of 20 pum and a length ¢f 5000 pm as fine resin fibers
were blended was used. Others were the same as in Test Example

1-1, and the tests (1} to (4) were conducted.

<Test Example 3-20>

As the inner resin film 41c for bonding ¢f the aluminum
laminate film 41 and the sealants 43a and 43b, unstretched
polypropylene (CPP) in which 15 vol% of PET fibers having a

diameter of 25 pm and a length of 5000 um as fine resin fibers

were blended was used. Others were the same as in Test Example



i.r.mSeal strength [NN15 nmmj O eavi ng pressure neasurenment [Ma] Ml ding
property [nm Short-circuit '
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'1—1, and the tests (1) to (4) were conducted.
Table 3 shows the results of Test Example 3-1 to Test

Example 3-20 and Test Example 1-10 (for comparison).



confirmati on Test Exanple 4-1 No 33.0 0.42 6.13 no short-circuit Test

Exanple 4-2 Titanium oxide 1.2 29.2
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0.36 5.88 no short-circuit Test Exanple 4-3 Titaniumoxide 0.5 30.8 0.38
6.02 no short-circuit Test Exanple 4-4 Silicon oxide

87

In Table 3, Test Example 3-1, Test Example 3-5, Test
Example 3-10, Test Example 3-15, Test Example 3-19, are Test
Example 3-20 were compared with each other. That is, Test
exanples which used fine resin fibers having a diameter of 0.3
um, C¢.5 pm, 5 pm, 10 pm, 20 pym, or 25 pm, and a length of 5C00
pm were compared with each other. With this comparisocon, the
following evaluaticon was obtained.

In Test Example 3-1 (diameter of 0.3 um), the fine resin
fibers had a small diameter, so it might be impossible to
prevent short-circuit because fine concavo~-convexes of ametal
material are not covered with fiker diameters. Thus,
short—circgit occurraed. In Test Example 3~-20 (diameter of 25
pum) , the fine resin fibers had a large diameter, fiber cones
were strengthened, and the fibers flied over the film surface
at the time of film formation. Further, rigidity of the fibers
interfered with the flow of resin at the time of fusion-bonding,
so seal strength was degraded.

In Test Example 3-5 (diameter of 0.5 um), Test Example
3-1C (diameter of 5 pum), Test Example 3-15 {(diameter of 10 um),
and Test Example 3-19 (diameter of 20 um), it was confirmed
that short-circuit ccould be suppressed without affecting
adhesion or sealing properties.

In Table 3, Test Example 3-6, Test Example 3-7, Test
Example 3-8, Test Example 3-9, Test Example 3-10, and Test

Example 3-11 were compared with each other. . That is, Test



2.0 27.8 0.36 5.82 no short-circuit Test Exanple 4-5 Silicon oxide 0.4
30.8 0.38 6.01 no short-circuit
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Examples which used fine resin fibers haviﬁg a diameter of b
pm and a length cf 120 pm, 200 um, 500 pm, 2000 pm, 5000 um,
or 7000 pum were compared with each cther. With this comparison,
the following evaluation was obtained.

In Test Example 3-6 (length of 120 um), the fine resin
fibers had a small length and there 1s no enmeshing.
Accordingly, even when the fine concavo-convexes of the metal
material pressed the fibers, there i1s no resistance, so
short-circuit occurred. In Test Example 3-11 (length of 7000
um) , the fine resin fibers had a large length, so the fine resin
fibers flied over the film surface at the time of film formation.
Further, there is strong enmeshing between fibers, so the
fibers acted as resistive components at the time of molding,
which caused deterioration in molding properties.

In Test Example 3-7 (length of 200 pm), Test Example 3-8
(length of 500 pum), Test Example 3-9 (length of 2000 pm), and
Test Example 3-10 (length of 5000 pm), it was confirmed that
short-circuit could be suppressed without affecting adhesion
or sealing properties.

From the above-described comparison, when fine resin
fibers having a diameter of 5 pym to 20 um and a length of 200
pum to 5000 pm were used, it was confirmed that the most excellent

effects were obtained.

<Test Example 4-1>



Test Exanple 4-6 Alum numoxide 1.0 29.9 0.38 5.96 no short-circuit Test
Exanpl e 4-7 Al um num oxide 0.5 31.0 0.39
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Similarly to Test Example 1-3, Tests (1) tc (4) were

conducted.

<Test Example 4-2>

As the inner resin film 41c for bonding and the sealants
43a and 43hL, unstretched pelypropylene (CPP) in which 15 vol$
of PET fibers having a diameter of 10 um and a length of 500
um as fine resin fibers were blended and 5 wt? of titanium oxide

having a particle gize DL0 of 1.2 pm was blendad was used.

Others were the same as in Test Example 4-1, and the tests (1)

to {4) were conducted.

<Test Example 4-3>

As the inner resin film 41c¢ for bonding and the sealants
43a and 43b, unstretched polypropylene (CPP) in which 15 vol%
of PET fibers having a diameter of 10 um and a length of 500
pm as fine resin fibers were blended and 5 wt% of titanium oxide

‘having a particle size D50 of 0.5 pum was blended was used.

Others were the same as in Test Example 4-1, and the tests (1)

to (4) were conducted.

<Test Example 4-4>

As the inner resin film 41c¢ for bonding and the sealants
43a and 43b, unstretched peclypropylene (CPP) in which 15 vol%

of PET fibers having a diameter of 10 pm and a length of 500



6.00 no short-circuit As shown in Table 4, even when a materia
made by adding fine resin fibers to thermal adhesive resin and further
conmbining an inorganic filler was used, it was confirnmed that
short-circuit could be suppressed w thout affecting adhesion or sealing
properties. <Evaluation of volune efficiency> <Sanple 1> A |l am nate
filmbattery having a battery hei ght9®f 100 nmm configured as shown in Fig.
17 was manufactured as Sanple 92 1. In this case, the seal width of the
seal portion for leading the positive electrode | ead and the negative

el ect r oe deddn@ase3ipmiomeg viege phengedi ande ¥Féce¥ Gdd,1afhecnegat i ve

el ectrode, and the separator were wound together with the gel electrolyte
so as tbawmangf acbareiglbattierey Mlement? . @ hen batrs ebyerilegertswasedover ed
with an alumnumlamnate film and three sides excluding a bent side on

t he perCphery wire Hddbasemer ysel erifimat Weearsealied, Thas;he hestani(date film
battery of Sanple 1 was obtai ned. <Sanple 2> Alamnate film

bat t er ytbavi hgwarbatbedycheidght of 100 mm configured as shown in Fig. 22
was manufactured as Sanpl e

<Test Example 4-5>

As the inner resin film 41c for bonding and the sealants
43a and 43b, unstretched polypropylene (CPP) in which 15 vol%
of PET fibers having a diameter of 10 pum and a length of 5C0
um as fine resin fibers were blended and 5 wt% of silicon oxide
having a particle size D50 of 0.4 pum was blended was used.

Others were the same as in Test Example 4-1, and the tests (1)

to (4) were conducted.

<Test Example 4-6>

As the inner resin £ilm 41c for bonding and the sealants
43a and 43b, unstretched polypropylene (CPP} in which 15 vol%
of PET fibers having a diameter of 10 pm and & length of 200
um as fine resin fibers were blended and 5 wt% of aluminum oxide

having a particle size D50 ¢of 1.0 pm was blended was used.

Others were the same as in Test Example 4-1, and the tests (1)

to (4) were conducted.

<Test Example 4-7>

As the inner resin film 41c for bonding and the sealants



2. In this case, the seal width of the seal portion of two sides for

| eading the positive electrode | ead and the negative el ectrode | ead was 3
nm That is, first, the positive electrode, the negative el ectrode, and

t he separator were wound together with the gel electrolyte so as to

manuf acture a battery elenent, the battery el enent was covered with an
alumnum |l aminate film and four sidds on the periphery of the battery

el enent were seal ed. Thus, the Ianinate filn1battery of Sanple 2 was

obt ai ned, <Eval uati on> 93 hei g is 100 al 3 mm
ond i Eha Tt e P FAbaRes POy saRELERs, (ERE b terharaRe L Es 100

mm and two seal portions are provided with the seal width of 3 mm That
is, in ohePEBAnf Heaes flidvbata eriadtSarmd & 01 Hra ap6er 8 aNe&Ppablfe®8f being
used as a battery elenent is 100 M3 mm=97 nm In the lamnate film

bat t er ypofa sSanpk er<irafpoetrisowe capdiralest abdi hythsed tad aq ivat psigeel enent
is 100 nmm6 mm=94 nm Therefore, it could be confirned that the | am nate
filmbahdeiygoh Samplield edulkd Dadhicgve iamumovenentlafided| vae eféici ency by
about 3% [ {1- (94 m1 97 nm }x100% as conpared with the lamnate film
bat t er yooheBanpd = 2Zhebsafdehes EnfisditrEmatigple 4-1, Jhe thwvértiten(Ls not
limted to the enbodi nents of the invention, and various nodification or
appl i catbons) mayrbecondecwethout departing fromthe subject matter of the
i nventi on. Al though in the first enbodi nent, the inner resin film
41c for bondingaad thesealmntsAda andt 43k tareamade sofi-thepmal-7adhesi ve
resin materials, any one of the inner resin filmd4lc for bonding and the
seal ants 43a and 43b nmay be made of a thermal adhesive resin material.

In the nonaqueous el ectrolyte battery according to the first enbodi nent,
the seal ants 43a and 43b nay not #Bg,proyi ded. Further, in the battery pack
according to the second enbodinent, the sealants 6a and 6h may not be
provi|ded. 94 Al t houglPaitise { he second @edviodli nent, the adhesivel | ayer
16a df the soft lam nate filmsk&, |t h&eahdhesi mressirayer MolgBg of t he hard
laminate filmlb, and the seallafit s eEnghd | Gisagiradehtad 8opsfly t| heherbticWdhesi ve

resi n_material s, 't flleriMatedatt i orm s | ANH5 Py t edMeHer et ofMMor  SOAMSHIR  lany
one df Tastxempiifekive | 0ers 16a-and 16880 ang thQ4%paInnﬁé3ﬁ"ﬁﬁﬁmﬁﬂmWny be
made |ofestExepiadvhl  HienuRpxde 1 esih nat 892 a 0.36 588 | no short-circuit

Test Exampie 4-3 Titamum oxide 05 308 (.38 6.02 no short-circuit

Test Example 4-4 Silicon oxide 2.0 278 (.36 5.82 no short-circuit

Test Exampie 4-b Silicon oxide 0.4 30.8 0.38 6.01 no shori-circuit

Test Exampie 4-6 | Aluminum oxide 1.0 29.9 (.38 5.96 no shori-circuit

Test Example 4-7 | Aluminum oxide 0.5 3.0 0.39 6.00 no short-circuit

As shown in Table 4, even when a material made by adding
fine resin fibers to thermal adhesive resin and further
combining an inorganic filler was used, 1t was confirmed that
short—-circuit could be suppressed without affecting adhesion

or sealing properties.

<Evaluation of volume efficiency>
<Sample 1>
A laminate film battery having a battery height cf 100

mm configured as shown in Fig. 17 was manufactured as Sample



The resin nelt (hot nelt material) described in the second enbodi nent may
be made of a thernmal adhesive resin material. In the first

enbodi ment, at |east one of the inner resin film4lc for bonding and the
seal ants 43a and 43b may further contain an inorganic filler. In the
second enbodi nent, at |east one of the adhesive |ayer 16a of the soft
laminate filmla, the adhesive |ayer®216b of the hard laninate filmlb, and
the sealants 6a to 6b may further contain an inorganic filler.

Exanples of the inorganic filler include titanium oxjde, silicqgn oxide,

al um numn oxitdenigi $4%y, LARISERL WiKe! OFH % PRELFCT hePT AGFgaRf e ffI I er is
not limted to the material illustrated, but materials which have been
suggest elde i ot helvel at edt apEemhyaeadelne TRRIAVEY 8 paFtPEfel 8R%e of the
inorganic filler is preferably equal to or smaller than 5 and nore

pref erabhy, Sequal tBhat sl [tdre thanitipm clectrofife bdi® eRy9ereHent 4 is
not limted to the battery elenents 4 described in the first enbodi nent
and t heesecondde 95amehiiddi separafor eragpieynd nstgsithef vt tidiengetype
body, a lam nate in which a positive electrode, a polyner electrolyte
and/ or @lsepasatve,scaad ta negafiove uelees brdde rar el ¢raamnattéd aytbeyused as
a battery el enent. O course, a battery elenent in which no pol yner
el ectr okyémens provdeded ar téxanph Bumanbat teniyn el eféntm,i anshtohea
positive el ectrode, a negative electrode, and a separator arranged between

the positiye skectnode andethesnagabhvenel petipderar erwonadoaayebg used.
After the battery elenent is housed in the lamnate film a |iquid-shaped

el ectrolylgeABY, e Lokestied TRnd the baht 8kyeoliamepit By yher dhjaped in the
| i qui d- shaped el ectrol yte, thereby formng a battery. Al t hough in

the first J an exanple of a lithiumion battery has been
describzdvgggggF%E?%g'second enbodi nent, an exanple of a battery pack in
which a circuit board having a protection circuit and the |ike nounted
thereon is connected to a lithiumion battery has been described, the kind
of battg$¥ ig nﬁg limted thereto. The invention nmay be applied to
an el ectri®device, such as a capacitor or an electrolytic capacitor, in

whi ch | ectrode. | ani nate f |ating electricity i d with
ar nate fim 15TL0250 ColBPd T he RHTH Co O Yelbod erts. an

exanpl e where the four sealants 63a tq 63d are u%ed hasdbeen desgribed,
mm configured as shown 1in Fig. 22 was manufactured as Sample

2. In this case, the seal width of the seal portion of two
sides for leading the positive electrode lead and the negative
electrode leadwas 3mm. That is, first, thepositive electrode,
the negative electrode, and the separator were wound together
with the gel electrolyte sc as tomanufacture abattery element,
the battery element was covered with an aluminum laminate f£ilm,
and four sides on the periphery of the battery element were
sealed. Thus, the laminate film battery of Sample 2 was

obtained.

<Fwvaluation>

In the laminate film battery of Sample 1, the battery



96 two hol |l ow seal ants each having a hole into which an electrode lead is
inserted may be provided. The seal ant 63b and the sealant 63c may be a
singl e seal ant. Although an exanpl e where the sealants 63a to 63d have the
sanme wi dth has been described, the sealants 63a to 63d may be different in
wi dt h. Al'though in the third to fifth enbodi nents, the positive

el ectrode lead 62a is set to have a9%ngth smaller than the | ength of the
negative el ectrode | ead 62b, the sealants 63a to 63d nay be appropriately
changed such that the positive electrode | ead 62a and. the negative

el ect r odeipead 626 0HEVe afHet Bamed lengtRh I feihatindely FithéaseRPARt s 63a
to 63d may be appropriately changed such that the positive electrode |ead
62a hasfaltebgtheksr gér Senanet Re FRAgPAtERIVhEchEHAt ivel8letiy odedl ead
62b. Al t hough in the fourth enbodi nent, the positive el ectrode |ead
62a andtvhesaefartveiehecérederbeadcd2ipishetset sekelhavethhefsanmmni dt h,
the positive electrode | ead 62a and the negative el ectrode | ead 62b nay be
set to Deadifferemtthd Mirdirdntelhe Imdidftitcaty arf deserlicbéd Bnpbhéeivhird
enbodi ment may be applied to the fourth enbodi nent and the fifth

enbodi neababEursheseind dded tdd rd Hea fd iyt ke lendeodi men90 hhe 3paskEtiive

el ectrode | ead 62a nay be a negative el ectrode | ead, and the negative

el ectrogg. | ead+620 amynde- & pasid tverglect eagdesl26ad polkhe qaf espable
application contains subject matter rel ated
of being used as a battery element is 100 mm-& mm=9%4 mm.
Therefore, it could be confirmed that the laminate filmbattery
of Sample 1 could achieve improvement of volume efficiency by

about 3% [{1-(94 mm/97 mm) }x100%] as compared with the iaminate

film battery of Sample 2.

6. Other Embodiments

The invention is neot limited to the embodiments of the
invention, and variocusmedificationor applications may be made
without departing from the subject matter of the invention.

Although in the first embediment, the inner resin film
41c for bonding and the sealants 43a and 43b are made of thermal
adhesive resin materials, any one of the inner resin film 4lc
for bonding and the sealants 43a and 43b may be made of a thermal
adhesive resin material.

In the nonagqueous electrolyte battery according tc the
first embodiment, the sealants 43a and 43b may not be provided.
Further, in the battery pack according to the second embodiment,

the sealants 6a and 6b may not be provided.



97 to that disclosed in Japanese Priority Patent Applications JP
2009- 037565 and JP 2009-233118 filed in the Japan Patent O fice on
February 20, 2009 and Cctober 7, 2009, respectively, the entire contents
of which are hereby incorporated by reference. It should be
understood by those skilled in the art that various nodifications,
conbi nati ons, sub-conbinations and &4 erati ons may occur dependi ng on
design requirenents and other factors insofar as they are within the scope
of the appended clains or the equivalents thereof, 98 CLAIMS. 1. A
battery pack Bbepeighngn the sgcendsempapiingné f ithm REPEAGVE LPVEE net al
layer and a first adhesive resin |ayer; a second |l am nate film having
a second6perdl thayepfandamiseteondiddheési veheesdhelsayer layer 16k pattery
el ement which is housed between the first lamnate filmand the second
| ami nat ehéithawd lamindteads nhilbh ané tWonrmestlettt tbhendatlt eme skdrent, are
sandw ched between the first adhesive resin |ayer and the second adhesive
resi n | ayetharmangedites e opposnt maeach adtshergheanichexteheh ot shde t he
first lamnate filmand the second lamnate film and a circuit board
whi ch i s:igensectiedrioot herdeadsmpAng any one of the adhesive layers
16a and 16b and the sealants 6a and 6b may be made of a thermal
adhesive resin material.
The resin melt (hot melt material) described in the
second embodiment may be made of a thermal adhesive resin
material.
In the first embodiment, at least one of the inner resin
film 41¢c for bonding and the sealants 43a and 43b may further
contain an inorganic filler. In the second embodiment, at
least one of the adhesive layer 16a of the soft laminate film
la, the adhesive layer 16b of the hard laminate film 1b, and
Lhe sealants 6a to 6b may further contain an inorganic filler.
Exampies of the inorganic filler include titanium oxide,
silicon oxide, aluminum oxide, silica, and the l1ike. The kind
of the inorganic filler is not limited to the material

illustrated, but materials which have been suggested in the

related art may be used. The average particle size of the
inorganic filler is preferably equal to or smaller than 5 pm,

and more preferably, egual tc or smaller than 1 um.

The battery element 4 is not limited to the battery

elements 4 described 1n the first emboediment and the second



wherein a sealant is provided between the | eads and the first adhesive
resin | ayer and between the | eads and the second adhesive resin |ayer,
wherein the seal ant conprises thermal adhesive resin and fine resin
fibers, wherein the fine resin fibers are dispersed in the therna

adhesive resin uniformy.
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embodiment. For example, instead of a winding type body, a
laminate in which a positive electrode, a polymer electrolyte
and/or a separator, and a negative electrode are laminated may
be used as a battery element.

Of course, a battery element in which no polymer
electrolyte is provided, for example, a battery element in
which a positive electrode, a negative electrode, and a
separator arranged between the positive electrode and the
negative electrode are weund may be used. After the battery
element is housed in the laminate film, a ligquid-shaped
electrclyte may be injected, and the battery element may be
dipped in the liquid-shaped electrolyte, thereby forming a
battery.

Atthough in the first embodiment, an example of a
lithium-ion battery has been described, and in the second
embodiment, an example of a battery pack in which a circuit
board having a protection circuit and the like mounted thereon
is connected to a lithium—ion battery has been described, the
kind of battery is not limited thereto.

The invention may be applied to an electric device, such
as a capacitor cor an electrolytic capacitor, in which an
electrode laminate for accumulating electricity 1is covered
with a laminate film.

Although in the third to fifth embodiments, an example

where the four sealants 63a to 63d are used has been described,
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two hollow sealants each having a hole into which an electrode
lead is inserted may be provided. The sealant 63b and the
sealant 63cmay be a single sealant. Although an example where
the sealants 63a to 63d have the same width has been described,
the sealants 63a to 63d may be different in width.

Although in the third to fifth embodiments, the positive
electrode lead 62a is set to have a length smaller than the
length of the negative electrecde lead 62b, the sealants 63a
to 63d may be appropriately changed such that the positive
electrode lead 62a and the negative electrode lead 6Zb have
the same length. Alternatively, the sealants 63a to 63d may
be appropriately changed such that the peositive electroede lead
62a has a length larger than the length of the negative
electrode lead 62b.

Although in the fourth embodiment, the positive
electrode lead 62a and the negative electrode lead 62b are set
to have the same width, the positive electrode lead 62z and
the negative electrode lead 62b may be set to be different in
width.

The modification described in the third embodiment may
be applied to the fourth embodiment and the fifth embodiment.
Further, in the third to fifth embodiments, the positive
electrode lead €2a may be a negative electrode lead, and the
negative electrode lead 62b may be a pesitive electrode lead.

The present application contains subject matter related
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to that disclosed in Japanese Priority Patent Applications JP
2009-037565 and JP 2009-233118 filed in the Japan Patent Office
on February 20, 2009 and October 7, 2009, respectively, the
entire contents of which are 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.
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CLAIMS:

1. A battery pack comprising:

a first laminate film having a first metal layer and a
first adhesive resin layer;

a second laminate film having a second metal layer and
a second adhesive resin layer;

a battery element which is housed between the first
laminate film and the second laminate film;

leads which are connected to the battery element, are
sandwiched between the first adhesive resin layer and the
second adhesive resin layer arranged to be opposite each
other,. and extend outside the first laminate film and the
second laminate film; and

a circuit board which is connected to the leads, and

wherein a sealant is provided between the leads and
the first adhesive resin layer and between the leads and
the second adhesive resin layer,

wherein the sealant comprises thermal adhesive resin
and fine resin fibers, wherein the fine resin fibers are

dispersed in the thermal adhesive resin uniformly.



