ELECTROCHEM CAL CELL W TH | MPROVED | NTERNAL CONTACT
FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates

W e00e/088705 ochemi cal battery cells with strip-|P&BUS2008/010791
el ectrodes and having a pressure contact between a

t
contal ner- u od n
R TRACHEMICAL CELE WATECAIRRZIY D SN EERIAD AT T
i nvention relate an eI ectro cell having a

spiral wound el eiTtI}L‘J OF:E E\[ﬁ@ an internal

[0001|Aead'lhﬁ iflléritfoh r@fa?e%stb' %I%cﬁ?éﬁeﬁﬁ&al"ﬂa&@rgace'lk%ﬂp%f) Qe electrodes
egative electrode free of a separaté current

and having aqiressurenebnitact betmwean @ ledd fromronewfiche glectrades and atstd:e wall of

the ELHoRARE | iniWORSF FPRDSESSL e BRESCH RYeBlPBaEIAS o an

elect&t‘&n‘ﬁ@ﬂt éi‘:'llrlﬁ{vni’g"Ej sf;@él'wom%gzmﬂi?ﬁlab FEintdMal lead in
[0002] Cells with ‘adjacent positive and negatlve
dlrectepr@esur@ gentact with a lithibm fodlenegative relmtrdée @tcgobfha géparate gcurrent

I SC erfor nce. Electrod con a|n n
colle or ﬁnci‘ t"? tagtaﬁwﬁa ipet poftion o glgb rem sgemfied

contaf:@l')éﬂﬁéerpﬁleﬂ@dd &ld thives MI Bﬁﬁfﬁdds\éﬁrréﬂldﬂéw Qb@fWééﬁ the container and
el ectrodes. Cells can have housings including

foil. contai ners made fromelectrically conductive netals
that are in electrical contact with one of the
el ectrodes. IBACKGROUND OPTHEINVENTHONE Ccan serve
as or provide electrical contact to an external
ont m [ 0003 ctricall tive | ads
ton0zio Fehs Bl epnit Pekutly and Fieeafioe, qleolBRe ihitgegmn B2 Gsed to
prowaé %@bﬂ Higle rat@ddischatdee perfeimancONEIREéde BiseibHSs thMaining such
contai ner or a cover closing a portion of the
stripsccg igglude one eramerednpirs i9é fiah folded ou spiralbynwoundipasiiyscand negative
electr%ﬂé:é.1 a? fg@ F&n: hg\%c{ 'tf%?m?lgg 1§15)l'ild S co%ek %gfdec %n? electrically
connected toO contai ners=or cove nvari ous
conductiv’k nebtalg thay afedn tebtirival Eentact ,w1Vl»Ed)1dEl ¢the al&dtr@dES In such cells the
pressure. [0004] U.S. Patent Application Publication
cell cmélnez%usemmpmvzée slegyisalosaitach tp OEFmlcontget terminal,
relate to el ectrochenical cells having various
[0003]onf Etsdtrivallpeendwtive deade cin Bgused fopthakingeelettied icustact between
el ectrode. [0005] Exanples of cells in which an
electy @fi@cmdoﬁ@tlveé&ellucgmn@p%@dsqca agrthe coRfalGT BHAEOWET dosingaportion

o Ly, UGB S i e B S, s

springs; ied ésade cam bel conmectudﬂamon%e.ﬂsapacm&es mavazious ways, mcludmg by

bl t
fasterﬁxl‘nJ (eI é: awlel(zirl]ngn limng %y pressure.

[0004] U.S. Patent Application Publication Nos. 2004/0185332, 2005/0238956 and
2006/0147792 relate to electrochemical cells having various configurations for connecting

a lead to a negative electrode.

[0005] Examples of cells in which an electrode lead is welded to an exposed edge or
surface of an electrode current collector are found in U.S. Patent No. 4,554,227, which is
hereby incorporated by reference, and in unexamined Japanese patent publication numbers
05-121064 and 09-035739. In each of these the leads are electrically connected to external



05-121064 and 09-035739. In each of these the |eads
are electrically connected to externalterm nals by
wawedodiossyos I n U S. 4,554,227 the | ead is bent tRCI/IpI008/@10791

the strength of the welds to the exposed top edge of

: I de ex b I
i B8 ' AR 1 0150058954 06 B 3 BOR T AITEL B2 SBnety of the
weldsitocthe expospd Eqrbdge roff itleneledtrogle cetrenttaotldetorur r ent

collector at the core of the electrode assenbly are

oun t . S cﬁr%? ag

1000 Bxaphs s TR I sl 38 e Becdl Ylead and an
expoéh,da;’tﬁnr&%’f arhelecteadt ¢wsTenn callestdrrat thedl ¢ore 06 Hobugledtroelesisseangbly are

found g 1 2paiER Nor 53245 B 3afs BT oo et s heiPhy incorporated by

referéiiebl M U.SND 43 d37ahe Makiieh setiriesly &)ﬂdﬁ@tl%? Bhdt l?sefastﬁned toa

open end Of tﬁe cont ai ner nakes pressure con act wt
covert pletesqmdr exmcm@laeam}lak\nlne&&rél(ﬁlcﬁ%ahc ddad 1sv|atmethlemimt and a leaf

are poptions of r
spring S48 107 Y 4P Lo P of it ot s Brsyes sptaptwith the
splint)- S. Patent Publication No. U.S. 2002/ 0094478 Al,
which is hereby |ncorporated by reference. The

10007 o1 Anotantple, ofdh pell Sy Teade) iy . B PHEn Ghiquirent collectors
protrﬁuiﬁ%"ﬁiﬁn glogrdram& dfdléctiodbd is FRPACI OIS, epaddi| Bubbikation No. U.S.

Wi th | ead extending fromthe bottom of an

2002408447144, a@y‘élmﬁl lyer@hydmﬁermmect by tréferapee.t dibealurahigy of leads is

bent gr?cgk%ld%?rm &hé 0 nd f‘&réer}’efgé)gﬁ ce %Q/V]%p 63 ed{aat eg]t-rer geads provide

goodfvw]aradengma portr on of the |l ead welded to the
container to provide good wel d strength. [ 0009]

aml e | e ] egtrical
00052 RSBl 8 w5l P PR B She S} clecode
assenibilgl dndtwelded td eheo bbromedfeticr faimrds FotRY & uakxihiAed Japanese
t he container are found in U S Patent Nos. 5,418,084

paten pyblicatign numbper (f;330637-¢ A¥rdpped Eoove dy ﬁtl’@&dby a portion of the
lead %gllfd‘?& fhe 'coﬂl?m\éﬂd r%élde% Eh%d %lre% 2 herein. The
s are eyrimdri® svvr(% Irally wound

el ectrode assenbl ies. As described in further detail
[0009)¢| oExamples PEpallsotiith lqads prozsling elgpigical cantact hetiveen ope glectrode

and DU SoRBAN U5F LEAER T ot 4854 B U Ui o comainer
are famdiip U.SaPatemtANos] 634 18| 084 tanid g9 6 30418, &ﬂﬁ(;lba’e\kem’bytlha)rporated by
ative el ecirode and_t he, side of t t.ai ner
referepg %*p‘rglhas inoH Cle iz breim, eT'eeHsc%e erherfﬂfaﬁﬁréb%mth spirally
wourﬂreﬂccc‘ﬁléﬁ@ aSSeRibhiet. Wst(féscﬁ'ﬁ)@d ?L\r#ﬂe‘t‘ QetaliHeldw hclléf‘err&{ge to FIGS.
[ ector exposed at t the electro
1 anda% se padhycel Bsprimgtprovides elpctheaictonmctf MWeaetlhemositilve electrode and

ative el ectrqde .and . . .
the cell 4o over, and a tetal strip Nead provides electrical contact between the negative

electrode and the side wall of the container. The spring is fastened to the cell cover and
makes pressure contact with the positive electrode current collector exposed at the top of
the electrode assembly. The metal strip lead is fastened to the negative electrode and
makes pressure contact with the inside surface of the container side wall. A reliable
pressure contact is needed between the lead and the container under normal ranges of

variability in manufacturing.



makes pressure contact with the inside surface of the
container side wall. A reliable pressure contact is

woe@dosB7het ween the | ead and the contai ner undeCT/Hs200%010791
ranges of variability in manufacturing.[0010] In a

[Oﬂll)jel | h?H‘EQll SacH E%ﬂﬁeéell)lr HFIEisGSr an]cﬁ AN \Qﬁg He ditig to the prior

ccor di to t art, €ad vveen t
art, ﬂﬁdaﬁchbetweemthd:e:ovﬂﬂer aidd Wdlba:&i metetecdedassembl)ylsllﬁldml plessure

res cotat by a tight fit of the el ectrode
conmsfs§£ e clsmarin @ssenihly in hs SoMaingr. o £0F Felipble electrical

conta€d %ﬁéﬂlhtyvlﬁrthé‘ idd d‘xafn@ 5} e the'SdritfnéH AFEhE oulide chgrgeter of the

cont ai ner and the outside di aneter of the eI ect
electrads assbinplynmest beesnsatial One @ap istaywvary thedength pf hism;i @thgathnal that

is wigiped Arainpg oxipa e it of it EEPBe SeSBhl § cogrpensate for

variaiSH¥A8 MBRkfesb @ oMBE lefictrBlss thi & &&ﬂ?ﬁﬁﬁ?fefgnc&hﬁx diameter. This
el ectrodes that can result in differences in dianeter.

outer Tytfip afumaterigt cap bsf omgaoemere $Eps 9 ssparator arpa eseparauepsnp of

oversfop SFAREBLCRs oS R e 38 A8, TR nerey

incorpstaRBbyirefeedneer at ed by reference. [0011] Metallic
i thi um and i th| um al |l oys are used as negat ive

R T SR T ——

mater§dl§ innearioRk kel co8stRcA6ns dnd thE Hfiiuhs BBAsIhRdVia reactlon during cell
conductivity of the negative el ectrode throughout

dischanggc hdn gerder, 49 | maigtain| coniduetivitya ol tb@eliﬂgpti\é% ctrgde throughout
dlSCh!ll#g ?zﬂ’icpug SHI iohg h??% %S{H ?%gént%(gtd EIEJQ utllié%qué i %erllmterfamal

ca aCI ra

theorétﬂsiﬁinput c@amt,f;imaﬁb/ of iRl ode tothd tdthodeA/C)Eeie. il 6@drbalance of
. capacity; and utilizing.a current collector. l\/an

lthiuge, Khegresiel £3R36HY ot %ttlw%%a&prrém salleetasoMay SifErontyfypes and
Style é‘é& &gg&ﬁ' %ﬁg&s oslggag&”ssgﬁg aﬁ@}lﬁgsr. Eﬁ? ?nérll\l odfs ’3a6 8,958
wh1ch dlsbibsmn asdaadtvi chaconstmatitioniof @ 1ithium etmét a condadtivel foil and msecond
ity e, ¥k Sa GIIET Y Eeporionest v the 4t 0 sccond Tithium
sheetd eg%ﬁ.r;t?cah 11§ dekhlle4m RARER 2nd @%%ﬁg?qf&j H&h%dlscharée having an

’havi ng an underba ance
underbhlatce hﬁ llﬁuoniemmys that e anbdecmap esuffer idiscommeaces Hrthenare any

in the electrodes. These di scopngcts
disssg i in s HleFErdeSof Tt SREURECRopS SR FASSBATS OL Sfegtompacross
the amiletBRhé @bﬁrOPHﬁ{eQﬂﬁreﬁP toiRetdR! heﬂb%ﬂﬁ@ rédi6n rn%ﬁ@oﬁhdfw solutions
prior art solutions require collectors to span the

requitegoie¢torsria span thie dengthy and/prewidthy dbthe[apode] Current
collectors or leads for lithiumor lithiumalloy

[0012.;]' €g aChMSntQ:'oﬂ@étbf%Qﬁ%i&‘@r @i S feliesefoy %Eatﬁ?&t cﬁ&.‘i‘rodes have
wise or wdthwise in relation to a strip-|
been d@gg)[sf:d/ ghat extend lengthwise or widthwise in relation to a stnp-hke negative
electrode that can be folded or rolled into a jellyroll form, for example. U.S. Patent
Application Publication No. 2005/0238956 and U.S. Patent Application Publication No.
2006/0172190, both herein fully incorporated by reference, disclose a negative electrode
lead extending widthwise, i.e., axially, across a portion of a spirally wound negative
electrode about 90% of the width or the axial height of the electrode and positioned near

the outer circumference of the wound electrode assembly.
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el ectrode that can be folded or rolled into a

jellyroll form for exanple. U S. Patent Application
wWeuP03sI03 on No. 2005/ 0238956 and U. S. Pat ent PCT/US2008/010791

Application Publication No. 2006/ 0172190, both herein

fully incorpor I?Mnigmﬁ Flﬁ,edeE a negative
el ectrode | eadayext endi ng%‘_"ﬁ] W se, Niql.lg.%,e axi ally,
Cross orti.opn of a spirally wound negative
10013} c AR ek 8F the st meniipRtif 19 Prowiicatelighlenpregpire contact
. I .
betwé&tn dnec@iode idadmdARCsiRe Wag og l'ﬂlzégct:e:ﬂgégi’éltzgfsi%.e WW@mges of

circunt erence of the woun
the irGentiefE canvEiideOtiuf ac1684t lmited e dmpoévedheongace selibility, increased

olerdgl SE SRR RS e B e S S, improved
ease SfahhmFRdHiAhg) Educed %@hm&alrir@%?y@g%q&fedm%dcw&ﬂt i on

can include, but are not |imt i mproved cont act

eligbility,.incgreased tolerance of variability |n.. . .
1001 Aottt Bhisel 58 SBteniGin o Biovide 3 Sesshemicel Cel including
a negafifé QIReo8e TBnSIbtiNR BP ALy bP Y. lithRY GREy TRAUIRKbEGEDY can be

scrap and reduced product cost. [0014] Anot her 0bjec

provided with 4 lead der elactrisally, conneefing thereledtensierto @heamiduetiivecedmponent

i ncl.udi an tive. el ectr.ode, consiSti of lithium
of a dgpeateiof oot FRbrEIT RS nEE Bt subianiy enghieBe of wisthuipe curren
collestirigitontaceidd Yeoh dipemdelivi@l.| y connecting the el ectrode

to a conductive conponent of a container of the cell

erei he need r substantial |engthw.se or .
00137G; A RebeEaPRE et Bl fyendin b A o Flectrochemical cel
having| SIRBNSE deiitive eldcBBAS Freé of Hiséfdte RRireft coflbctbN8ndPh E@MHaving a

Invention iIs to provide an electrochem cal cell having

relatiyely isherit dengtle gannegtededirastly 3 dhe fithiumfelectepdpandite a portion of the
: : hayi latively short
cel LRI oA CPATE 8 LS00 o) YR ol ety

availdbde forpotive mategihlst he cel | contai ner thereby providing

the cell wth an increased internal area, preferably

vai P [als. [00L6] Yet, anot her .

(o163, L TP uforhd %tggé\}i% Yo ?é}‘gg% AL ‘F%‘g_ THEG hfylatively
smallontacedrey olith thertitHiuradoil @lictrad€ 3udh derhbdied byhteditédiehd length

.el ectrode, such as, enbodi ed bé reduced | ead | ength or
or digiance Jp cantagt wathiapidthiafithe elgetiede. ovithons sebstantiayi dmpacting cell
servidd thout substantially inpacting cell service. [0017]
Still another object is to provide a negative
I ecg{%ﬁde | ead connected to a lithiumfoil electrode

[00173f a’ i apgther d&](pct Hlé\)tp rigo&idge%inggattwaglegr@%}%g connected to a
i ) AU U S b 48\ oy, v

isolatedhfrom the lead during discharge which can prevent consumption of the lithium and

reduce cell service life.

[0018] Yet another object of the present invention is to provide an electrochemical
cell, including an electrode assembly, that has an interfacial, theoretical anode to cathode
input capacity ratio that is less than 1.0 (A/C<1), and wherein the negative electrode lead
has a relatively small area in contact with a negative electrode that consists of lithium or a

lithium alloy and is free of a separate current collector.



reduce cell service life. [0018] Yet another object of
the present invention is to provide an el ectrochem cal
w@ed0b/03870x | udi ng an el ectrode assenbly, that heST/E82008/010791

interfacial, theoretical anode to cathode input

apa .
001707 Sl Bl h 2350 14Dkl 8 EEHtpe Bl ot i
anods daﬁd:lelarmd that hap ah amtérfavidl theoreticaltanude ol cadigdedeapitleapacity ratio

consists of lithiumor a |ithiumallqQy and is, free of

| ipetesgalb) ot

of legs tap J, Oy eherein, gibptaptinllyealt fterfepal £q nsgﬂit"ﬁeﬁile“mde active
mateﬂﬂ ?schrﬁhn{eBewftHUﬁn%dbgﬁnhﬁ fols ngﬂé T e, even 1}] utilizing a

ctroche hat i s ano I cI ént an
negatiwas elactrodet lead haviag relatiealy dittiecarea am cdmtactowith ithodegating Lelectrode
capacity ratio of less than 1.0, wherein substantially
that léﬁgel‘)h?)é}’?ﬁ’&tlcgilﬁ}obrl ent ed negative el ectrode active
material is consunmed w thout substantial |oss of
[002QJer f dmuttrer @speet of thehpresant iihventing indiveged to/an eleetrbcltmhacal cell,

contyh | SR S, A SR BT sl e
end selell Q)?tzﬁr end 9Rbly R Beidedan %&fenﬁfngfﬁb@w@éx?ﬁﬁ@losed end and the

i nvenfion is dlrecfed to an el ectrochem cal
opencapdpe ipositige zlectiode anmpalsllng iropl disulfidead pegaimmlecrtmgle consisting

csrfI 5 Gk 5 A0 R0, 4S5 BE l vin o

cmnmétmedmesl afeagl at JeparaideNa @Bfaqueois) Urbdnie ewcﬁstyw% internal lead
omprising iron disulfide, a negative electrode

located; s thetdontpines aadtin &chy'w@i contact with e regativeeleatradd, oyherein the
cod B RS 6000 Bkl g BRI 0200 Sy st aren

of th@ﬂ@ﬁlve eletecdd, ahy hered thenpevitivgd eleeredd, abatmegative Eleetrode and
container and .in electrjcal contact with the negative

the sgnagater ggavoupddpir ualleol) dairadsassenably sadhatdhe temal lepd makes
electSéHl %ﬁ;ﬁ%p with ltl‘?eS %oﬁtgﬂl@f Q)I’ [ ?ndt gk% dﬁyﬁéla?lh' %ﬁﬁ%ﬂf faaﬁl(i?oretical,

area of the negative el ectrode reln
interfacial 4riode-tedcathbde ilput tdpacite eiol foethel cell tis ledethand .(.he

separator are wound into a jellyroll electrode

[002 ng]temohﬁhhﬂ) ﬁ%@ﬁfeoit € prdbf iﬂ%ntloﬁ)gg éi%gtgé é(g %ﬁféglerc{rggtlaﬁnucal cell,

act wt contal ner or
compaiséngea sutatantielly eylindrical, icohductiae icahtaitien ieving-acdddeddnd, an open

capac,i t or.the cell js less than
end Sf%‘ﬁgﬁ?y qusﬁwﬁx ?Ré{c't‘ sigewall expsndughetvegnothe %9?68§nd and the
oo R WPy e RSO gl MNE Comalier fod including o
nega@V@Iwmﬂeemﬁ;tlwlwmdeem O@Bicembanu@us ehadtrabd;ﬂs raiod )a, polymenc

B Gy DI B 650, S S R i e
negatiVeSElegiRflleWohbisR ets%tlﬁﬂﬁbﬁbﬁ@ br &¥fe 1dyels8 MiBidn B8 4aithiieh alloy

el ectrode, positive electrode, an organi c nonagueous

having| adength ymé a widtha apd whergin (_the negative electrode is free of a separate

current collector, and an internal lead located in the container and electrically connecting
the negative electrode to the container, wherein one end portion of the lead is directly
connected to the one or more layers of lithium or lithium alloy, and wherein the lead
extends a distance measured from one width end of the negative electrode from 10% to
less than 88% of the width of the lithium or lithium alloy layer measured parallel to a

longitudinal axis of the cell at a location of connection.
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separator di sposed between the negative el ectrode and
positive el ectrode, wherein the negative el ectrode
W@ o0v3/034785 essenti al |y of one or nore | ayers ofP¢T/UBI008910791
or alithiumalloy having a length and a wi dth, and
er 8ill aflifh it b ' i
[002 urr enlt acoI I%}?g‘%‘%%gn pggge?lg?%re *rlg?dz {Sggrgeﬁ%%%%? %gﬁ?%}eﬁﬁ%al cell,
compeisingad substaatiallye tditdrical cbydurtive eontaingr hindng agddésed @nd, an open
el.ectrode t.o the container, erei.n qne end portion of
end sEeIE8 by 3 nd agrerahlys i e welaxteadimedebneenhe gsed ond and the
open | S5 SpRal Wolihd B[BcRbdd biRbTY AldpBYed RitHin MMl @nthitd?e sai?l spiral
| ead extends a di stance neasured fromone width end o
woundheleefeqgist assemblyebavingea megative0eletivodee sizipt bensisgidgo eskentially of
- the wdth of, the lithiumor lithiumalloy |ayer
lithiufgrc & g o With b ength grd povidih gieatng € tymtlafe sufface arce, a
positi#t éledtsdat $tap, ah &@&HSP&dnﬁ&ué&@%‘l}ct@lj’tEJ afd fa "séﬂi@aftor disposed
aspect of the present invention is directed an )
betwesndhe pegatieiand pogitive elegtnedsr Jtps; gnantemial lead docatddyin the container

i j tive.contajner hayin .closed end
and QY1) EbechBP HE oL ACRBAREL 1Y% "y SRR e enc
porticxéfethdilexd is eonketed foethe lidlsiath eNithaigl all6R VIR@EIn&Rére ifno direct
spiral wound el ectrode assenbly disposed within the

electracah contaet betwaen dhe sidewall abthecsontainer and either dhenegative eleagode or
: i I tHLl P I Stiqn S f.al l f
the sfiE0X1ectodl, SRR ine 1FAD i SBRIRIGRIGRR 6 Bl offon of the
negatb{eeatétﬂgleamﬂtgméraisiomiw tl_feaelect&kibaassanblglstbtﬁlﬂéel pressure contact
i ecfroge strip, an organi c nonaqueous el ectrolyte,
with 'glﬁa}dts_w (S5 aogemgvall, e&%& cpBtafseAnduhaieig dhe lpad daga surface area
that iPHE LS (FIeBE RPN o Wl flot¥ SIR: kR tieBhile biorode
and egteads a diktarice mé¢asured rftam oae widtheerd of the aegmive piedtioda fwin 10%

the le i s.connecgted.tpo the Lithjumor Iithiumalloy,
o legan B RSt Ehq D 6 e (negriva FlecHPos: gh HERVIRS REgHEl to a
longitudfhab b€l€ WRiHe cefl. t he container and either the negative

el ectrode or the positive electrode, wherein the | ead

L D AL R AR
be flﬁﬁfl{'@l‘i&ﬂ%@& Sdﬂﬂea;ﬁ)?&tiﬁE(ﬁa r%:g" {Hdsd @ﬁilﬁﬂdiﬁv‘flﬂel adrP[l]) zregéﬂzﬁ&mto the

! of the container, wherein the |ea
followsing fspenification, ¢laims 4l appemdedidrawings! ess t han 0. 7% of
the cunul ative surface area of the negative el ectrode

and extendmm#nksmm@wmmpmwwh end of
the negative electrode from 10%to [ ess than 88% of
[0024] he Whelitvention will he hattérunderseandr andeother featasasrand advantages will
rallel .to a,longitydin axis of .the cell. 02 .
becor by By teipe ARSI Sesftbilort b e Sntiiiope e flecther with
the drbh:ﬂlgg,rﬁﬁ&@{n;i nvention wll be further understood and
appreci ated by those skilled in the art by reference

t %Iéh? is a longitudinal cross sectional view of an electrochemical battery cell with
a lead disposed between the side of the container wall and the external surface of the
container for making electrical contact between the container and a cell electrode;
FIG. 2 is an enlarged view of a portion of the cell in FIG. 1 showing the location of
the electrode lead contacting the container;



foll owm ng specification, clainms and appended draw ngs.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024] The invention
wowdob/obssobet t er under st ood and ot her features BemUS2008/010791

advant ages wi I | becone apparent by reading the

e . L : s . _ _ .
S BB SRBESLAL RO e AP e AR 5L B e
lead witlva singbcVishapdd groeve;of an el ectrocheni cal battery

cell. with a | ead di sposed between_.the side of .the
C 0SB o Jeane Ish RS RAL i G i deninAl Rasion of an clectrode

lead WiR b 3Ry arb YnaplAgBSVE! ectrical contact between the
container and a cell électrode; FIG 2 is an enlarged
viH@. dA & peressosectidnal hvew.epdrpendidul@. tolthehlongitudindleaxis of the
| gcation of .t he e] ectrode, | ead contacti th

clectiofle A MBS of a Slegirpds S 35uly SOt € rbed Rebodedrat: vi e
of FIGh@ B &Y &licheds RefiénaP Vi, petp@ldicilldroRetheaafgitidifaldaxis of the

si ngl e V-shaped groove; FI Bis a transverse cross

electrode assembly, of amelsttrodroassemblyrvth groarcishapesk elegtragledead; ode

598, S0 o St PR B Rl el i i an

after there{ictrodé Abmdly BasWeeh eRbERIG #d@;assenbly, of an
el ectrode assenbly with a V-shaped el ectrode | ead;

FIREG. 2B i erogy sesdionalcyipwrafi the ielegtrode pysembiy: andileadgn FIG. 4B
[ £ i ' : .0d nbly, of
after (B1GCHBAE MG BA el MschOfind ERAC 1° o0t T ot | cadr

FIFEG. BA ik a crosrsestiorad ¥igwoofin vleerodef askdinblg| fiat ¢ledfode lead and
ssenbly and, lead.in FIG 4A_after the el ectrode
can shoipgtheir paEingRApitions dp adpodel ugedytocdgiernipesspripg fosceyof the lead
agajn]&rtﬁééaée‘?“ onal view of the electrode assenbly and

b

ead 1n FIG 4B after the el ectrode assenbly has been
i i46r 6Bdisi ntwsa sectipnalFview 6fan elertrode assentbly,i Vrshhped elsctrode

st G B RO e e e B e S v o

theleg@%gd;ﬁgt@ﬁe&ﬂgi ng force of the |ead against the can;
Fl 6B is a cross sectional view of an el ectrode

addenbCyis akrebmpestiordledewodanl eeciraiechssamblyhan-shgped electrode
their starti posi.tions.in.a nodel used det erm ne
tead dpieh sEo Bine. B Bifing B df adhode sEEf. dederting e toroe of
the le6d 85dinsi @6 dapnal vi ew of an el ectrode assenbly,
ar c-shaped el ectrode

FIG. 7 1s a graph, generated by a computer model, showing spring force as a
function of electrode assembly displacement, for a 0.051 mm thick by 4.75 mm wide flat
electrode lead;

FIG. 8 is a graph, generated by a computer model, showing Spring force as a
function of electrode assembly displacement, for a V-shaped electrode lead with a leg
angle of 90 degrees made from a strip of 0.051 mm thick by 4.75 mm wide metal strip;

FIG. 9 is a graph, generated by a computer model, showing spring force as a

function of electrode assembly displacement, for an arc-shaped electrode lead with an arc

radius of 1.78 mm made from a strip of 0.051 mm thick by 4.75 mm wide metal strip;



| ead and can showing their starting positions in a

nodel used to determ ne spring force of the |ead
W@woH34703 he can; FIG 7 is a graph, generat edP@yUs2008/010791

conmput er nodel, show ng spri ng force as a function of

08 SRR BlagER 5 Wil 9o a5, T e s«

ﬁmctgmaqﬂqlec@mde asteablydisplacement] for ancatelshaped @léctrgds peaidngith an arc

radiuy P 1 38 dnace Hogn & 3rp oL FEkmen ik B 7 dn Wik e sy
angie qu is9P %ﬁﬁ%ﬁr @&ferﬁ@&i% fz{ eoinPufet P sHowimd sﬁ%gpﬁorce as a

t hi ck nmw de mefal strip; FIG 9 is a
ﬁmctgmﬁrdc@@dbysmn@mupbpemuuefor anraoovshaped mléctrgdé deadewitls an arc

radivf pt 238 Rt S5 8,56 B0 T Sk e 7S G vige il 38
mmmade 13 acg%ﬁﬁx , PehérbtedlbyOa @5&1 et tfvdek sBMn% fdree A auf&ion of

metal stri 10 is enerate
electr@éﬁﬁéaeewlmdmlacemmqurga @gﬁl ngnf lséaya%las trumrnd@ flab¢lectrode
lead; el ectrode assenbly di splacenent, for an arc-shaped

’el ectrode lead with an arc radius of 1.91 mm nade from

a HG 1B ©fa @ra@ﬁlgéﬁﬁrétbd Gy ab)totﬁgﬁt’ér o dM, OeholBhg ks dpﬁ’ﬁg fdtce as a
FIG 11 is ag gh generated by a computer
functignoQl elgctsqsde ?ﬁgem bycdisplgcementnfari a1y -glaped @éqcr-r@d@ lead with a leg

[ I
el R ek ARG 0.0, A6 SRACREA, 618575965, i v
strip;of 0.051 mm thick by 4. 75 mm wi de netal strip; FIG 12
i raph, geperated by a conputer npdel, spring
fé:rgeqés‘sa? g{?ﬁgt geferaged &w&e?@aeteamw showing spring force as a
1"'unctﬁi>'nstﬁ4 %ﬁ@‘és eﬁfb eyagl BIE?%]I r[linf olr G- S¥aped blea oIl eg‘:{%lth an arc

flat ctro IS a gra genera
radiusiof hrt@ mm made dieim a strpvafr0g0 Hpmimididkdryc® 1 5 rran videctnietah strip;

of ..el trod asse | acement, for a Y-shaped )
olFIGk 3502 e trgff"%tl?l@@ repigteR AN S oasgrfgea TR Of & negative
electrBH@ %&'1‘1 §$r[de9te9ftooa qgﬂg‘tﬁ”@nﬂ" &a tikthftin il ?éléczl%dmn\ﬁ' &8ending a

nmetal strip; FIG I's a graph, generated by
relatlwyrphox@ rdlsmaelalox@mhwu wigths of thecgléatrode, which if Lpantallgrshof;vn in an
unwos ‘Z l?_fode tassen‘oly di spl acenent, for an arc-shaped

ere& fO%d with an arc radius of 1.40 mm rmde from

a |G '19 isd sifle Slevatiial VieGhofiiNe Smbddim¥t Yo MBI, 15 wherein the

strip; FIG 15 is a schematic el evati onal

free end pf élifeh@dmpwpmctmh@ thedshiiume fail dﬁctepdq:dgiatheme folded around the
bottor?lI \gﬁtﬂ ? ?% ﬁlgdele graﬁg%cz Hb“t“hd&% 51' pegllgon that gxt%%ds upwarﬁ H‘ong the
side of the electrode assembly and is spaced therefrom and adapted to contact an internal
portion of a cell coritainer;

FIG. 17 is an illustration of an anode and a cathode and the interfacial electrode
width "A"; and

FIG. 18 illustrates one embodiment of connection of a shaped negative electrode

lead connected to a negative electrode free of a separate current collector.



rel atively short distance along the wdth of the

el ectrode, which is partially shown in an unwound
waeoemwbiosgroati on; FIG 16 is a side el evati onal RCBUSTNG/010791

t he enbodi nent shown in FIG 15 wherein the free end

g}‘ ef: P ? o] IoI ?@Tﬂffﬁ‘é@ﬁﬁ?gﬁﬁg@@ﬁm *ﬁkwgqmﬁglth h end

[0025]f t The m\@ntlom adll dbecbettor indéestoad pithirefererichad FEGS eDdﬁd 2. Cell

f th | ect nbly an
10 isj2B B e o MBtal e batempcel (L P bR Pk s agludes o
contaﬁé‘i'tlﬁ A2 Bimdreedadn W arlﬁ{) a cam#&ge aﬁ%n top end that is closed

lustration of an ano e ana
with a n¢lécéder |1&Iandlaegaske:1d6 \ithetdan "12 hias arbdad-biGrediided diameter step near

trat t of ti.on of a shape
the tqp P VRPETE e RReh DAL miE 1 od Bf Go3Keh Gt FopBprebsed between

the c4ll ECAHdOME chbveére 4ab sBalS@RAbAL 6r ﬁéé‘éfl%‘&lectrode 18 28 th[o(d)e oL ositive
col | ect or. DETAI LED DESCRI PTI ON"OF THE | T

electrpe 20 and glectalyié withipetheaell d0. (Heemsdeds, wtlndderzﬂ andea sgparator

26 s Sp A ophed Wi T e eSO AL A6 P a e

currehtNEdIdRE 22, GatiltRieRRhd$ Tronh ehd RIpeRf of tifedBledtfoddd £§§eﬁbly and is
cl osed bottom and an open to4p end that is closed with

connegtedeto] the dnner surfacenef the gautret4 wish adeatast sprim Pdis The lonodt 18 is

elec ‘{169§§ d:di{é) BE\'E: rssgxqg?zetaq)ﬁt ns Aé%&t endta? iea%%? 9ab5 36 (FIG.

2). ma@ssad fhatveiern theeanode 182 eﬁt@ﬂdd FemCtéeBottbh bP tisealectrode
an anode or negative el ect r ode 18, a cat hode or

assembly; i folded | ackass ghe botiommndepr alang| tw éldm ofritha alensrode|assembly.
0; t
The lé%} %%Fﬁ(@{l\g SC]&? &t?{;wer In Omg.lgrdse ec e gé%%%ﬁe can 12.

Aﬁerﬂmehatdsduisséfﬁblyas veouitd] Alcan be held togahélebdfﬁfe ﬁé’ertlm b Rooling
extends f.romthe t Oﬁ' end of the el ect rode assenbly and
in th q'ga%@ﬁﬂwa%arqcsssl» Q& therpier endrafqnaterial (fige separator o1 pmyinher film

outer raP 98 AGh behéBEedPdbwn tﬁgl}lr% fhed %? g{hﬁg& %1: nb&'ifcgd Ie&ample

connected to the I nner

tal l.ead (or tab (FIG 2). The | ead 36|s
1002615 ¢ 8RR o0a s qoatedea,rwwd@eﬂnpeahqrﬁl@%w emhsftop of the

electrbd€ aﬁteﬁﬂ:)l)r Q)gﬁt Jemapd chth?H rﬁ%gu@&{) 55 ol ntact with

and up along the side o ectro e asse
the cdneB2] aB4 comtaesbgiweers tlreebattom edge ofi thé cathedé Phand $hﬂ’ lbcatmn of the

f. th [ |l of .t 12. ALt th l.ect
can 18G5 ifGPed By it ot ol Seniion of sbietor phrasian elecrcally

1nsuldti?1§%ﬁbﬁm1§8/44 B&hﬁé}&d' in tﬁJ’l?oti@Br{‘Hf el 199 process, or
e outer end material (e.g., separator or polyner

th
[0027@ eal ﬁgﬁSr Wita% qﬁl)etpggﬁwg ete i asatllg‘)r‘}gd éﬂ}evﬂuch }/s he‘fcijl in place by the
inwardly crimped top edge of the can 12 and the gasket 16 and has one or more vent
apertures (not shown). The can 12 serves as the negative contact terminal. An insulating

jacket, such as an adhesive label 48, can be applied to the side wall of the can 12.

[0028] Disposed between the peripheral flange of the terminal cover 40 and the cell
cover 14 is a positive temperature coefficient (PTC) device 42 that substantially limits the
flow of current under abusive electrical conditions. Cell 10 also includes a pressure relief

vent. The cell cover 14 has an aperture comprising an inward projecting central vent well



[0026] An insulating cone 46 is |ocated around the
peri pheral portion of the top of the el ectrode
w@s®endi79s t o prevent the cat hode current col | eR€DUSRA8/010791
from maki ng contact with the can 12, and cont act
at
28 wiIERRRONIBSOIALHOR ST B O 28NEUpeAtA0 LBy g vom bal
32 andbat ﬁmmﬂecbthdlimepbemxabuﬂimg 24 welnidh mcmhpxekseﬂcb&then the vertical

wall ph fie St 1e1f B8 639 e rivhes? 3 ahe, YeRbaloe. JWBRR Hmeell intemal
pressﬁferéﬂcgéﬂs £ré8EteARinedMdvell the vBs! KAl 32, Rlrdfoth {Hé B2NE32 and bushmg

inwardiy crinped top eddge of the can 12 and the gasket
34, is Bregidowtacf tha@perturedtogreleastt presairizad gse(snfnomahomu 10Thia other
an 12 serves as negat Lye contact .term na
embadfets, (B ptseset dphielSyRh S b in SRRirdRl ool € riptff gpembrane,
such RS daRRIst®Gh RSt Patest Aﬁpﬂ‘ﬁnbn(ﬁub‘ht!@udiﬂﬂol 3004/094800, herein fully
D sposed between the peripheral flange of the ter m nal
incorperated bygeterenceher ackeldtive arga uchas @mmed\goove that can tear or

otherh FIRFLA 4 ForfiPF VeddpBRve i Borfit of et Bh.as agsating plate or

contaﬁieewam cal cond| tions. Cell 10 also includes a
pressure relief vent. The cell cover 14 has an

002257 406 SRR £l BRI BB i orion o

the elz&rodgﬂba@nﬂﬁﬁdsécﬁ betsves aheesldO Wi thevélddtrdir! dsséiﬁbl?lﬁd&he side wall
t hi n-wal | ed thernoplastic bushing 34, which is

of the g3 e Yutallyhrenplana nAs wsed hergin, witially, on-plange meangenon-planar
pnor 2t§ flEb%{:ﬁ‘ of p‘ L1 %iode stsérm ‘ﬁ{bt &aL%meszBefme @@del assembly

erna pressure exced termne
1nsertlidn=; theetetminal boBiZm afrthéddad if Iﬁ@'nhemll tlo cﬁéhtaﬁdlohb;ﬂhhaﬁghﬁﬁb that can
i,s.forced out of the ap&{tﬁ?ure toa@el ease pressurized
LT

provigle, {mprovee prespure copfac ecﬂ%w 63§ ot dheinga-planar shape
oo PRARSE EFIELEIRILIRR Gy MApRAHHIR, LR n e

apphMphlocf divrice by Fhebtermatal pornNn of ﬂ&OEhd) mu;a@ theeadagaidst the/can side
mc&) orated b ref(grence or a Jel atlvel thin aea

wall, dergbarodiding yedprousbprpEsure FoRtagt ST ¢ glven gab efhisap e Side of the

electr@ﬂ@ ﬁi‘sem‘bfy A the 3ideBRAII 8P Relddh And InGeAtd the Qn@ﬂ‘lmmxeposmble gap
cell, such as a sealing plate or container wal
Wp@bm)]odledﬁcaml enhiach caprhe whintaine. | Aacamtydoﬁgon-planheshapes can
the t orti of the electrode |e

be uskf {BBLARY shhies Hth oS so@Rib AR inRLaie o Bt Yo gy god the like

and cUntbihdtRnsi ®eredR! | EQimpIes oFalRadsd withnsingR! WisHipBd RindNarc-shaped
As used herein, initially non-planar nmeans non-pl anar

grooviss pgsr shogvn lnsra:&s 8A wid IBreenestivelidia whichithe groowe d52,hZ3’>'|2 has a
bottor‘ﬁ‘e‘l%#r gﬁj %rgf?c%eg %égg% iR oert% Sr? 8’; L Plhe lé%ﬁl gqe Zg‘gna

sha e that can provide inproved pressure contact wth
(0030} e Bruring veell manutasture.athe haped dermpinah portiapé the lead can be

deformed, e.g., toward the side of the electrode assembly, to facilitate its insertion into the

can, following which the terminal portion of the lead can spring partially back toward its
initially non-planar shape, but remain at least partially compressed to apply a force to the
inside surface of the side wall of the can, thereby making good physical and electrical
contact with the can. FIGS. 4A and 4B are cross-sectional shapes of electrode assemblies
150, 250 and the terminal portions of the leads 136, 236 (FIGS. 3A and 3B) afier the

10



can provide a spring-like characteristic in the
termnal portion of the lead, resulting in the
W@ ppbissros on of force by the term nal portion BPET/UB®08/010791
| ead to bias the | ead against the can side wall,
1 hye P\ e 0 .
termip 0D RAnDlof AhE A8, T, RN B B0 BhoiliBh gopnt 1o the
exteraaichldd]mrﬁlcehaoﬂ\ﬁiel el&ftrddheasmmblmstOnEi(haﬂ@S $Aand SB show the

S BT PR el SRS ) B B o
into @fs lﬁ?Cbl?.' nPlllé"Q:hﬂg'na? B@Rﬁ@s Wﬁﬁﬁk h&S $363 98k %@Ea i ok Pmpressed

one or nore Vs, arcs e 11 ke and co

compatesy @othelrEpmesemomfshhlmdw theyhapply gl spritigs fapedgainst the inner
ar c-.Shaped OQMES ar hovvn in FEl and 3B, .

surfafls GRS P (12 21 Sk i hete o0k bthod SHo258 DR theside surfaces of

the ele@tdd¥Bsdcrblied 340205h AfiaRe s&lé@vau%%@merbahbm %m nal
portlon of the I'ead 136, 236. [0030] Durlng cel |

s B T R . 28

way ﬁhﬁﬁilf ﬂ‘l’cﬁv ﬁ%‘éﬁf&' of thE Qleﬁﬁﬁdé ads@hBly ﬁlﬁ) the8h tvi'lﬁ{(‘)ui 4 hrﬂagmg the
the can, follow ng which the term nal portlon of

electrode @ssemblys ﬁh‘i i@dgarthc ghnh yo Brcpointothat thej qedl’s cﬂlectnaall or discharge

| i |
a0 e S bR, CrhuhER eRBL LG} ngyporion of
the lal 8o Shal grovel aff oridhtedC@ibe paslled By tHEAIb F?ﬁl(ﬂ&ﬂ @xgmﬁh@ 8lectrode

and el ectrical contact with the can. GS. 4A and
assemply canp éafshtg@cdqutloghépb% le@ﬂ mm@ @ insgrionsiptmthici can and spring-

back %)?C{he(- é?&gﬁg% rﬁg 10, rgatﬂﬂt o@éﬁﬁt]%ﬁgﬁls ggr!n?g? dﬁsl%sq?ddltlon by

orientile theekdd sé3he eﬂ@@s bhur lbﬁﬁﬁhabpﬁitlolnrkBﬂJthBClsad démot point inward
djacent to the external side surfaces of the

toward) ther slgefepds sasssBblvedha sisk ofsgampgects theclegtrodasseably can be

e
reduck? P SRMBORTR IERORTn 3l JrodR bl Ve SRS the bogtom of the
groowcafaseslﬂﬂwarcﬂ]tawafﬂ]ﬁlet dea‘rml aspemblypasd die édpesl|ofatie gi&ﬁ/e point
6 are rtladly onpressed conpared to their
°“tW*H eloW |°6?15’§F| so they apply a spring force
agai nst the inner surfaces of the cans 112, 212, even
[0032]f t E’hc mlaan'eurg@ap, dl'&ﬂffe&ﬁSe betineer thet dil&snge dfan&lﬂsrh rgdfﬁﬁs electrode
t el ecfroge asse ies 150, 250 and the, side
asserfﬁaévf aad ghe fnside cfgﬂ%letfm san, fthai pep benaecemagndaterl Wishowsdoss of
contabtnbettageﬂ ﬁlrer@aﬂ aalnd Rﬁé iéaarbaﬁfbetctéf"cu fad {&afleg@ with £ 9%21% Vhaped
any way that wl l'ow I nsertion o el ectro
groovgswd fot 3 lead tvatht msmgbrarwshmedtgmkwwagntﬂglmgm:reésahe emtire width of

nbl t d th to th t.that t
the 1G5 FoiaE Baphith dofn Eaplthar JeRerbvat R aiRE diah BF dsformed
termikdld&Ri bR he/ 1l RBLRK be leee"tﬁ iy tsEﬁné N5aRR toNitd Bfiginal shape if

term nal portion of the | ead so that grooves are
unconsirpisad &y theoelprirqsigragsanebly and £4. | ongi t udi nal axi s of
the el ectrode assenbly can facilitate deformati on of

the | ead {/Vior t 18ionsee tI(}BI DG 9)
E&t&iibﬂqpaCE?)osin( — j-{ - R }H,where:

2

W = width of the flat strip from which the lead is made, t = lead strip thickness, 6 = V leg

angle (see FIG. 3A), ID = can inside diameter and 0° < 0 < 180°. This calculation assumes

11



of the lead after insertion w thout causing
del eterious damage. In addition, by orienting the |ead
w@eooblss7etiges of the termnal portion of the |RemUs®08/010791
not point inward toward the el ectrode assenbl y, t he
o rlf iy BRI R el SEEAS AR BRI g il e s
than the calculatedachgo the bott om of the groove faces i nwar d,
toward the el ectrode assenbly, and the edges of the

groove point outward, tovva d phe @1 D RRin 2RN0032]
THEquation gum é&p(l ooy fQQQ') - @/ (2R) +1, where:
di aneter of the el ectrode assenbly and the inside

W = AidtARifehe Aht §tHP fEctA wHiblptheQadd REmAKS PEMRERERH MAKASH! R = arc
| oss of contact between the can and the Iead can be

radiug, dDctiFan ingide diametercand (W/R) <an.si ngl e V- shaped groove

and for a lead with a single arc-shaped groove

xte d|n acr t he nt|r wi, dt h of, the dUSln
0035, o Poibe Fielink on 57 e arcyielont by fos SBS ARy gad of the

lead dnd&ol{OforBsintifig MeNead AatwAf inkth@ ;Jhcj«ﬁeamﬁta@t B&wabh fhell€ad and

fully spring back to its original Shape if

the camesisieswalhian cprbxﬁm tdamage do rthel deadsdwing formvimgz, daking into account

.Equ W= wdt.h of the fl srlpfro
consiffgfibhs” Ruchi aliife Sorotérficd | And" pither’idis | of Ihe” WA metelfl and  the
dlmeﬂélérﬁgofatﬂiﬂe@ecﬁ%ﬂ@ akdefablyAhd chi? Eoﬁfwérr}ﬁb&au@ @Hedlﬁf be used to

and 0° ? < 180°. This cal cul ati on assunesno radi us

P

demgnm«rlmgtfvé @@@géhe teyminal jpogtion off theHeadetq thedesiset skape to avoid
damagg l?% gi?@(‘g%a%%age l L?A?g ajuf Sﬁhntkli]egn ttlﬂg frﬁa?lc gx#dra Iabgrg??g r%f plating

from \the elifdcheflthattady E&dmple% of cbﬁﬁhﬁiershlly ﬂvhﬂd&é( l%ﬁiﬁare Fhat can be
rc radius, |D = can.inside dianeter an

used fospemputes Fpedelingipglude @%@HSH@% Elibhig I%mlﬁé%ﬁé §ﬂr&pw Inc.,
f
P, SO TINARC o 5 RSSRAODA] GO, . Ui,

etween the |ead and the can side wall and prevent
[0034] :

amagBe @%aaeh@np%ép dhsr terrginebpertiog, oftthrileng ¢am be advastageous in
any o?? % 6? R Iéﬁaﬂ%lé I@Sw@&%ﬁ% Li1ER Qi ]@qitl"%p el portion

I "ensi ons 0
prior ¢ mrtumeoﬁﬂmeeibdt;odamisemluiy iflnthetcan, astieped@naiial pbetion can

. used t.o design.tooli for for thet rm nal
Prowg%mtrea piite e flgrsies oldue aaraturfl Spes indapisies between the
side df Qlﬁ@&@ct}dﬁetaﬁ&rﬁlg?%ﬁ %&1?e 5{3@\5 %an rﬁ?h%ﬁo@'ﬁeﬂi@f Kdom #)f'chome

the netal and asion o ating fromthe sur ace o
in leadh mdtﬁ'ml)typfmdpdlwnsxbnsorﬂt@hcadadahgagw gah absult sofiperved cell

t hat be
characterlstlcs, greater ease of cell manufacture and/or reduced cell manufacturing cost.

[0035] The cell container is often a metal can with a closed bottom such as the can in
FIG. 1. The can material will depend in part of the active materials and electrolyte used in
the cell. A common material type is steel. For example, the can may be made of steel,
plated with nickel on at least the outside to protect the outside of the can from corrosion.
The type of plating can be varied to provide varying degrees of corrosion resistance or to
provide the desired appearance. The type of steel will depend in part on the manner in
which the container is formed. For drawn cans the steel can be a diffusion annealed, low

carbon, aluminum killed, SAE 1006 or equivalent steel, with a grain size of ASTM 9 to 11
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used for conputer nodeling include ABAQUS (from

Hi bbit, Karlsson & Sorensen, Inc., Pawucket, R, USA)
W@r@INBRG K 7.3 (from MSC. Sof t ware, Los Angel eBCT/T#2008/010791

USA). [0034] The shape forned in the term nal portion

. d t u ]
end o ARSI YR 36501 DUh AR Sl ol YR G, can
be ustd toimeet sppeialk nezds.p Fopexdnaple,nskort the ganis inhedecttiet comdet with the
ssenbly into the can, shaped  term nal porti,on_can
cathoaﬁ,m o5 Steelmay,pe H@edcﬁaruae Qv sesigtancety carrasian By the cathode
and e¥cE8 difference in dianeters between the side of
the €l ectrode asserrbl y and the side of the can, and

10031 hrE oBes comerrmaiay a Uk BIah IR ASTRY bf Stdndib pepinless
steel &% encd@ﬁﬁﬁé &sp é&?l whélf ?ﬁ[&fvexeﬁﬁ e?efcgr&%{ g%@%ﬁg{ﬂér&thode.

and reduce ce manuf act uri ng cost.
The @mhplemtynoﬁtheewoves shkfneewilhalﬂetbala famtorvintrhateriall sebsetion. The cell

cove ik} REReSh TS s S bl nfiihea el Hafa hore comple
shape2 k&t zisothb!f(ﬁvéf%%@lwhrlntlilé qelwherﬂrﬁcum&nhmé &rhAtkx *suaﬁ like that

is steel. For exanple, the can na e made of" st eel
in FI@I htaetypes3 O soft @malemstamﬂdseatscl W“éw M i8ef2 gtain pzomaytbe used,
of th rom corro i on, . The tylg
to prgyide P §EHER Berobithely Pl sy ggiegeovers may

also Keqi14t68, with hiRRe1FbAEEEIE. tO provi de t he deSI red
appearance. The type of steel wll depend |n part on

cont a

1003730 TRR il s et iy pe] i 39 SBropib, by WALeF i the

ambi€it" &irondlent]l poul llddugshl SNdud@PREy Andeavtienahviible Sbeelonsumer
with a grain size of ASTM 9 to 1Tand equi axed to

batterigs, ghtattyactive mgneasancgr al ermeinalpeovery frsrofiancmade frone mickel plated
cold xi?_)ﬁl@d QJeSlsocif s?ée?%a? is gﬁelg) atgﬂ? gﬂertﬁtﬁg Eg\ec%rr are 1 ' aI gﬁ?e% terminals

are ldoat‘ehl otrhq)resaufmdﬁef ventd, theteffinabéovets genyrallg huﬁ@ﬂné &F more holes
nproved resi stance to corrosion by the cathode and

to facé‘l‘é‘@t"?@l"ﬂ“@"g [ 0036] The cell cover can be netal .
Ni ckel plated steel may be used, but a stainless steel
[0038]s oThegaskesis mbde frofspacitable ﬂibﬁﬁbﬁlib@lcﬁﬁateﬁall that provides the
.electrical contact wth the cathode. The conplexity of
desirgd,, sealinge propsss. wi Mptegink selegtian figchased in partepn athe electrolyte

comp%ﬁ frl %Qamﬂég k&@ fsi.utﬁﬁé/ erB ¥ls hlﬁxt\éﬁxdg ﬁ%l%#o‘f)gi%ﬁ@pgolyphenylene

at di ok
sulﬁdeptep‘aﬁuomdea}mﬂusmfkyhs'myitaham@blysﬁmy\polyhutlileﬁe tdrepMhelate and
t he cover a co Iexshapellkethti FIG 1, a
combiraans; her %tﬁ Pleiemsf cgpsketamfoals dnchie pp yRroRsignes(ce., PRO-
I
FAX?o?ngsﬁfd gﬁg?gégyls)t nce gn\gﬁg%lggﬁof 5%epasl%)f E‘?l%[’ﬁ‘g'.lenﬁé?’e léthalate

(e.8.,cCORBANEX® BBIp gredel 16064, fiwoim HTinomkBlS.f GunemamNl. USA) and
polyphenylene sulfide (e.g., TECHTRON® PPS from Boedeker Plastics, Inc., Shiner, TX,
USA). Small amounts of other polymers, reinforcing inorganic fillers and/or organic

compounds may also be added to the base resin of the gasket.

[0039] The gasket may be coated with a sealant to provide the best seal. Ethylene
propylene diene terpolymer (EPDM) is a suitable sealant material, but other suitable

materials can be used.
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[0037] The term nal cover shoul d have good resistance

to corrosion by water in the anbient environnent, good
we@k@ensszemnl conductivity and, when visible on PCHES2008/010791

batteries, an attractive appearance. Term nal covers

[o04d)’ ©_aht ﬁg@%ﬁ#gggaﬁ% HOR) o BlcPhBHlaGR! Malcltal B R1E8ka 10 cold

e covers are
flow Athigh dempi¥ratuecst(e/gi 154C:  The tHeomaplasticomaterial emaprises a base resin

relief vents, the term nal coyers generally haye qne
such 3 SN HRBuERY e, PRbEIBNFIe (eeh te, | nyigge sulfide,

polygh@isdifhideS ERFRNE-LRBIAANuSOEhIRNE, t L6 TR Ebtbdthylene, perfluoro-
mat eri al thaaé@frow des the désired sealing properti é’s.

alkoxyatkan¢.afluerinatest iperfluosodibent ipolypropiylene ahé plpstherethyt detone.
Ethy G bR o SaRUADPENGELEER qBolphénylendsilfide  (PPs),

polybugjlend teréshitiifatd gPBITY ah@ Yokpphth4laiidetH€ pr&feROA.Y MBle: resin can be
ol ybut yl'ene terepht hal at € ‘and conbi nati ons t hereof.

modified by adding gotbrmealrseahilizing Sllentsl prowidect yent dpshipgavith the desired

(e r).6524 tr Basel | Pol.yol ef i ns S
sealig’ il Yertg OHSpickisihnd & Bieh e EAIret o, Mg PYabfg gon be injection
moldéd figm thStheoylasiic Maferiallr FHEZECROATR00MHTER Résiwith 25 weight

Summ t, NJ, USAg.and ol yphenyl ene sulfide (e.qg.,
percentehqpresd\glass fibes f%megzs@déh@rmomllaég@ materialnc. ,  Shi ner,
TX, USA). Small anounts of other polyners, reinforcing

[0041]nor Jheivent bdll €nSbeardd® frofd iy biitabRNAALEMAS thERYs athBle iR®ontact
added to the base resin of the gasket. [0039] The

with thespell camtgnts eandoproidesithe: dgsitadatelh sealingpangl, verdingheharacteristic.
GlasRES! m3GH, sudbl AVAARR LU fRE lbgne L er pol yier (EPDY

I's a suita nt” nmaterial, but other suitable
materials can be used.[0040] The vent bushing is nmade
[0042%], o mThe anedegomnyises a skin ef lithium matal; sometimes refarredgo as lithium
. . i . e °C . .
foil. 1B SoipBltiBh of W UHAIEP LAt "hoblh for balepbragd Bhim gpe puriey
is alwﬁylsylhjgh.el-’ﬂﬁ li&ﬁht:tlwari]aebdﬂlxﬂley&t wlﬁil?| %thélt yﬂelﬁl@hsuﬁhl as algm’inum, to

terepht te, enyl ene sul fide, po t hal anj de,
Providt 14 GRBIh el BlGciIGaL GleeorTgIcen e Battery’ grade. lithiam. alumihum foi
taftfth® D3 il i i
eon fl u%rl na{: lg’hygéer?ﬁt%r oet yf%ga[n‘);ahggf:%%py gr{rlegﬁgﬁ%ote Corp., Kings
Mourgainy NChUISét. her ket one. Et hyl ene-tetrafl uoroet hyl ene
copol ymer (ETFE), pol yphenyl ene sul fide (PPS),

0043]°! YiHi ) ) i
(004310 THE YASRIEPRARY QR SllcERE w0 AU IR U merali
lithiutrhe Asah tbe edll in FIG.gl,fa képaraté cupremtvéadiectar neayt ndtitsehheeded, since
... With the desired sealing and venting characteristjics

ithiuh b i kel ensictivl, Byl a REABRCERNEEiST mayche mglyded, e.g. to
maintAH QRLtridaP Bohtifuity S1iIMR! Met AfodeB AR dischafgellds! the lithium is

HT2004 (ETFE resi'n with 25 wei ght

consumed. When the anode includes a current collector, it may be made of copper
because of its conductivity, but other conductive metals can be used as long as they are

stable inside the cell.

[0044] In a preferred embodiment, the anode or negative electrode is free of a separate
current collector and the one or more strips or foil of lithium metal or lithium-containing
alloy solely serve as a current collector due to the relatively high conductivity of the

lithium or lithium-containing alloy. By not utilizing a current collector, more space is
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percent chopped glass filler) is a preferred

thernopl astic material. [0041] The vent ball can be
wore@e/088763m any suitable material that is stablBCT/HS2008/010791

contact with the cell contents and provides the

availgie Wiith &%'cbn lf&gotﬁ YR &I&Hraé‘g t?\fei rﬁLﬂeﬁalB. Providing a
asses or net SUCh a5 st ai nl'ess steel, can be
cell wighaait afh @hakz] cu'fhaﬁt ensitné&)rcbamatsbsrediwe cetl rcbst (referdblly 8Ringle layer

sonetj.nes referred to as lit foil, The
or strwoﬁatﬁaém o2 Bfiumoptaning M8 Wikizgd a5 the aegptive electrode.
battery grade lithiumthe purity is always high. The
[0048]i t hiAmnalecrica) deal dzmyhﬁinmld fromt hthin metahlsgip comnbetitg the anode or

R T W T TR
FIG. ‘TPml"ﬁis %% 11<|§:o 18hed &ﬁf)&ﬁf‘ﬁlﬁ &l & %'léada\)(rﬁ}ulnaa?g%non of the

from Che ote ngs Mountain
anod¢ 00U kindply pressihe znpynimavwch as anreadtof ¢ld leadtomtq thei sulnfane of the

ol Ty 3 GoGlamt 1 e Gibisive wispreiet apd ahgeroly t least o

shgmbesuma&ﬁd reS4uré Cor lc&xhhé{”b&@v%eﬁ thé ORac!RAt Elebdde will weld the
cond uct|V|ty, but a current collector may be include

Compengnts thwthm rinagne piefartedi gabodimant, the negative llectrote is provided

d d ithiumnis c
with 30 it ol gt RS B Tynalf cenfiButaoRu PLeXegiote; dufiag proguction,
a banﬂ&dﬁlpﬁﬁmg@t)l&ﬁt diRGRgaBvSledtiode CONEStEig of & ithiudy br Rh\GH alloy is
conductive netals can be used as |long as they are

providedipt @ leads penmecting statipn Wigment|a lead ds meédedr entg the surface of the
lecoBTRR0A FB 18RS e STALAE L RELERR hpL0es st e

lead Btdoined, ifrdekived, iAforleért toi shapértieafrecdénd bf theUsad AdK é@nfkdted to the
all oy solely serve as,a current col|ector, due to the

electrpgde. 5 Ul?%qqyerﬁbg tthe sagritvei sJeaipde s eerabined yighhthsy remaining desired
 compbhtf UPUGPOREI S soB  IAR80Be S SRy,
wounﬂomta)a heﬂymlirmmfgmanons uBteferablgcafier ethemmﬁdmgl ¢peration has been

a cel.l tho a ode, current coll ec
Peffo &ﬁ% St crgative. eFtre%s,%eag ﬁﬂgflérf%h'if RIOS§ S, Y égr&mg into a
conﬁQﬁraﬁ&r{ sRhQk shém Hﬂjm@rl@phblt 3 iHeBr G i fHeQ:gll 2bhi@het.S
I'1zed as the negative el ectrode. [0045]
Iec |caI Iead .can be m fro thl,n taI str
[0046] o, megal 18P 438 ndpa@eﬁa d| wckelplpigd éﬁf@i nd affixed
d1rect.‘1)h Qo Ctﬁ‘é |11tltuﬁfnm 'E%!a?nﬂléé’@f ‘Bﬁﬂ:r'sﬂltﬁlgl t‘?vé)felekﬁg%é: R&d materials

shown in FIG . This conp I'S
lnclum drengotalimied tcnfchpper, Icep;ml:r\/allk)hs,rfoa epamplecaoppér almy 7025, a

coppdlf RERel Hiogcogmariine B A diskeh Sbru™ 5 Hlifdny and S 0.15%
magnksithl WithOthe Ibalafté %ﬁh' Rppéragmdeiifs ivpuRfieR eatd 8spRPdlloy 110;

general ly at | east
and stainless steel. Lead matenals should be chosen so that the composition is stable

within the electrochemical cell including the nonaqueous electrolyte. Examples of metals
generally to be avoided but can be present as impurities in relatively minor amounts are

aluminum, iron and zinc.

[0047] The electrically conductive negative electrode lead has a sufficiently low

resistance in order to allow sufficient transfer of electrical current through the lead and
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slight, sufficient pressure or contact between the
| ead and el ectrode will weld the conponents together.
wo eooonss7pF ef erred enbodi ment, the negative el eRCT/O8®08/610791
provided with a lead prior to winding into a jellyroll
have %Qu&ahb% lagtof)n AR fife gF rtl'xengflpr OFHC [dsRPncB c{faﬁ'\g lead is
nprising at 'l east one negative el ectrode consrs

genexﬁfly desk ithidni 1MQcn aridpreferably dass itlsant. @mﬂiﬁd dthe &)rd)zﬂ‘laldnge can be
connectll&a station whereat a lead is wel ded onto the

attaingd Wi 8- 102 mpe (@04 dnchy dhigk, 4.788gnme(. 187 tnch) wideq384 stainless
s BB UG PalR SUPSIGHSOL! 088 BF 1500 et ol 4 750

mm (@rid7dhck)heide €ael, 0051 aanr(0©002dndh) thick celdewileddteel and 2 layers of
ubsequently, t he negatlve el ectrode i s conbined with

0025 man (LR 10ngky thicki nigkel: bagaresistance pf thPemgd/emy (Byjutilizing a lead
matelzagshg(gglt%gld&clf mungﬁnéi{& bfalté/de?q% Hdosg%rll,?lfqgcllj flg?englons such as

ﬂuckﬁsefaada\bidm ahu e fedecedi nﬁiomgvapeléaﬂsl that bﬁswaethin Of narrow can
performed the free pegative electrode lead end is
incregsgle ?Oqsafl%%re“@@éa&t resislansAdiVhigh icAR snake dbn el mose peane to voltage

1rreglﬁjrﬁ?th o Examplts! ET Sk%lel%%acp Ha% idl0 HISE rptrb\ﬂp? ;d%gl?r%%g Shegative

€ netal str Ip iF's o
electrbde tead iredisthnoervahies lindlugd, butare sioe hhuteddo adoppeealloy 7025 having a

tickigsh f P9S1 b P ORREIEN #atgi ol a7 herbiL S bitchEpich rovides

a tabI e@ls g% Zog 1.800€5Em %8%5@ FJ ??ffS hain eﬁ(aﬂmkﬁesgout ?(}/04 mm

a coppef oy conprising
(0. 00h33: lﬁeh) asdbauwtidth 6544750 nira ¢0.18Zrinkcty bohith Probddes a tab resistance of

esium wth the bal ance bei n er and m nor .
2.7 mﬁfgms copres allgy, 029 ﬁg@pg@l qhayynqsw %ﬁﬁp By (hPRL inchy apd a width
| b th
of 4758 Hm 187 iR AR povifes RS ¥bisThet BF 3 S EHprm, o sqmper lloy

7025 ihacingCi thickness HP0IS e (0/00¢33 ch) @nd BXwHEM 85 3075 mm (0.125
metal's general Iy to be avoided but can be present as

inch) iwhich provisies a taly essistanoebf/4.fim@fcmmnount s are al uni num
iron and zinc. [0047] The electrically conductive
[0048] €9akis (Rdi8AES hERHRLLEATh m@%a%kér%ﬁﬁﬂ oF B ﬂn%ellxtﬁ}ﬂ van?us prior art
resistance in order to allow sUfficient transfér o
referescescutilizeed metal carrenttdollectgh andier lead dhat redteade substmmally @n entire

s, RSB GRS e U b B o 5o
thered¥ iaf @& HoYprb e oft 0P FHVedeBtricHl %aﬂ’lr Eﬁ@eé@ﬂﬂ:eneg@ﬁv@ €lectrode
attai ned vvlth 0.102 mm (0.004 inch) thick, 4

and apothergell perhponginticsugly as thea¢anitainer @taa@lrmurad;r Aexmmﬂr@nt aspect of

l.at ed ,co rall ed, steel
the pftif ThyBh 55,45 e B Ryl et Sons ot ffidm or o
lithiutnGal K9 3s kuRiblentliicokduetivel thad tHeafked ferednyans) oZa)haMﬁ’f radiaf contact is
0025 mm (0. 0001 inch) thick nickel) has a resistance

not requiredg evpy @% they lithinm; of dighiumy aley is depleted (thereby reducing or
eliminating potential electron conductive routes across the active material of the electrode)

during chemical reaction within the cell. Moreover, it has been further found, even more
unexpectedly, that the length of a negative electrode lead that extends in an axial or
widthwise direction of the negative electrode is even effective when the length in contact
with the negative electrode extends less than or equal to 50% of the axial or widthwise

distance of the negative electrode. Further unexpectedly, the substantial axial or radial

16



mat eri al nore conductive than the nickel plated cold
roll ed steel, |ead dinensions such as thickness and
wor@vi3soeh be reduced. However, |eads that areP€DUS1008/010791
or narrow can i ncrease | ead/contai ner contact
i . [ n t.
conabE5 BLIOR A A BRERe HfBbndR0 BGARe Ll colector
can besubstaritiallywhintibatpd evérdwheie gher celll contedydn ingeréicixt tuhdétbalance of
... lead resistance values include, but are not limted
hth“‘f‘b, copper alloy 7025 having a thickness of 0.051 mm
(0.002 inch) and a width of 4.750 nm (0. 187 inch)
[00491hi c Nopabdy i the afaeinaltionedi widarbatanoé of lighiokY smvitk e¢flednce to the

[ 702 [ t hi ck f 0.034 0. 00133
inte ﬂeﬁ)yth%%?}? %éﬁr%%togeathéd%éggﬁéﬂ%esinswm g[?y(m@mand referred to

. ' . ' f 7 . .
hereif)tl SriRcihE hoofaical AIC Bty ThsdnfHHabll JpRARE) blbhpacity of
an eledtaklh, if., the tie@ativa ¢électi@ie ompdsjtiwenéledtrqaepisi the sotal tariribution of
.resi stance of, 3.6 cm .and copper .ajl 7025 havi ng
the i6yEipRielbh a0k SlsCoRRNTHIABoSS0 S9aTHE Pt S P dRen Cobe cel
. . _ i r .
BT TG0 AR50 ) O B 4E0 By i
and tBatoita) amowait of active rateralt Gontginedawitbimsthe podionaofithe active material
. . references utilize a netal current collector and/o .
mixelog S Io aftivs fatesiah & Lifapprly Shotbie; Fouding fpalete reaction
of alEbf thRracki®e GhaWiAe The Wiptt Ripazfty a6 gefsrally @xPRERUI MEAh or mAh.
el ectrode, or a conbination thereof in order to o
Whepprlyione of theotwa majos fsuefaces |of an elestriode it adjasentwative trhaserial in the

orpo B 7 Uyl B AREDR S FLHEAERE, o M it

on thahsidplof sesulidi durfnt icoNedtsr §Heet, dh IRO¢eYoft & pbsitivé @BRtrbde of the
el ectrode consisting of lithiumor a lithiumallaoy is

presest, fIVeBii@h s he Begative i alectrodatis fee ofer gurrent egllectosjipra preferred

' i.al. | S r [ v, t
embfihd, & whPfiafial ATAF ind hichBked UM AiBeiod® A0 D curment
collector ghéen] Mntincbgdedoirenhe aletedniigdtionnof el unteifucial; atit@stical input

across the active nmaterial of the el ectrode) during
capa@Weni cal reaction within the cell. Mreover, it has

been further found, even nore unexpectedly, that the
[0050]engThe dfitetfacialy ahéoteticll enbdode chthade tilpit cpheindsationasimtilized

...axial or widthwi se direction of the negative el ectrode

withip ¢hegreseng imveption,is cajcalatedas IoHOWSh i n contact with the

negative el ectrode extends |ess than or equal to 50%

of t AmodxCapacity Rer didear frchdiGathodeeCapacity Pernkigiear Ineh

el ectrode. Further unexpectedly, the substantial axi al
[0050" T RaiRl Qedtcdet capaditye daRaBeWichRuBtddcaRkid Core! Bfet ra@fbunt of

in the absence of a séparate current collector can be
electroghemigally andteriad| providedeon v standdrdized hmit atda basis, gpmfsrably by

measﬁllri]ngI ﬂ%ee(r)\frearlacﬂ %lenslilgdgfr 81%' Raterial’ zfmci Icatllglllllejlg]ng the capacity based on the
theoretical capacity of the material. The capacity could also be measured by quantitatively

determining the amount of a key elemental species in a standardized area of the electrodes
(e.g., iron from the FeS, in the cathode or Li in the anode), assuming the elemental species
accounts for the electrochemically active material and then calculating in a similar
manner. Another experimental means of calculating interfacial theoretical A/C ratios can

be found in U.S. Patent No. 6,849,360, incorporated herein by reference.
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[0049] Notably, the aforenentioned underbal ance of
l[ithiumis with reference to the interfacial,
W@ b@onss7pTal anode to cathode input capacity rB€T/U5$2008/010791
al so known and referred to herein as the interfacial,
[005i]he0508t indfdatedy herefid 1if- va-Hb%s e‘éﬁtﬁfdﬁrﬂ@ﬂt@lof B EteSink 01ﬂlrentlon the
put capacity of an electro he negat |
mterfablal:tﬂlemietlcnl pwode ttoveatlddecinpot eapacﬁytﬂaaotlst@nerally less than 1,

desuéqléiﬁsfg?ﬂmc%;‘gi’h‘%ﬁ?gbgr%gﬁ %’3¥ g:‘i tgﬂgdel ectrodes to

the cell theoretical discharge capacity, based on the
[0053}ver AWhence burrchtscoﬂacrtgeisrmwiiimd inem hegativeslatde lag preferred in

to taL qfoe'-['l act i terial tai ne vvlthlnthedlthl
variops,em B‘ﬁ"lﬂ‘ %\H{Ve{} %F‘?‘H!ec‘i‘r‘?%( THvee, HeLontngr pand lithium-
contafihg Wﬁyéiahﬁrﬂh@' lehd 1§ hﬁlp@ms 'eﬁﬁecfdll?cfrf Qdﬁnmﬂﬁls BN, nﬁh electrical

COI’Tp ete reaction of he acfive material
contmmpumustalmamamyamgl g@mg eﬁll @asmeessedas ﬂneAhhmm tstnsumed In

view 88 Pleny oF aipeitfog SR FoH oaPiidif b pnlhssisaly digcovered

that tB¢ 661th@dRea @Nh)t 1é4tEwRE tal néQatival aéétﬁide%nhwg &f &'ﬂtlﬁﬁm foil, i.e.,
the electrode, either the material on that side of

lithiugpey l@hummmpmerag aléayt, end &iee of a separath sugertecodlectgr can be reduced
whild) StV BT, BEDLAREe Xr b1, BEERGRE LAY SBMET PR P 9, pror ar

embdﬂitﬁéxﬁr 'With e dideaveny of te préht IveRtidr thd Reddafot tHehigad to have a
thi ckness of an el ectrode without a solid current
substansjal clepgthwisee or | Widthwise| cemtact; withh they megatien glacaderhas been

ehmlff,ﬁsd.! m&gﬂg he‘lrd fdrNRO Gk GaladoRtint: “@%gg@hgoge cgggg(ltnmy when

e interfacial, theoretical anode
compasedzaoiniokel pliated steel.uti | i zed within the present
invention is calculated as follows: Anode Capacity Per

[0054@I neﬁr as Bebh glsg@\te@&fjﬁlapﬁ‘ﬁ ftiv¥ eFe% ﬂa‘ﬁﬁ crile%as nly [b%gc%glheected to

ectro e capacity ca e ca ate
a ne@mvel rdleanfodelmtlsﬁngmmhlh:luhy ofrat Eirhluﬁil eﬂ)rotyvs&hdh@lﬂth% lead has a
standardlfed uni t_. area y neasuring

suffigigt a5eAoa farmye 3 t%enéquq& eﬁﬁﬁeertle@ dc%ec%ﬂgaiwen 5lectr0de in
order! Qeg&@gﬁc képé:é?f%ﬁeget@@eﬁ he E Qrcﬁfd 3}%(@4%9& dr'&hen the
mat e meas

rial he capacity could al so
compquams matpresehty i eh eassdmbled) celle  Hniasnbeeaf foamd ejaat the connection

oGS o 5 b GRS S8 10h 0E cta can b

conndeted Mt t &y Qfé@i‘i’@a loé‘aiﬁiﬂmof’gthkhﬁe%‘tﬁg‘?@ﬁ:&}o&oecA@%rdmgly in a
accounts for the electrochemcally active materi al d

configuration: aICélLasaltJﬁHgOIIrel@tmdm theinegating electrodolend may be connected to

¢
the ngbREE LfEERbE afRete Rlond I pBln Birent cthbaly Brom a Jocation alone
the iffheBéfd &5 lodafief 'alsHzAbrokkah @iccoiteDdirdudh 06 O f ﬁ&oﬁfghnﬁlectrode

i ndi cated herein, in various enbodi mrents of the
assenphlbs dhe npgg;gme,lqgﬁodq igad can be oriented in generally any manner in relation

to the length and width of the electrode. In one embodiment it is desirable to weld the
negative electrode lead to a non-interfacial portion of the negative electrode, i.e., a portion
of the negative electrode that does not participate in higher rate reactions, such as a flag

portion of the electrode.
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interfacial, theoretical anode to cathode input
capacity ratio is generally less than 1, desirably
wo e@g/osd1em 0. 99, and preferably | ess than 0. 95PCT/08883/010791
When a current collector is not utilized in a negative
[005]! 1 e ARDRTRERL " Efiedch HRMLAL e BEORIVEEES e 138 and the
I'nvention, e connectlon etmeen t hecont al ner an
negathvd eﬂeamxie,rwah l’heng:ghayeelemrm:letﬂemg fecdfrom a Slfpaltate&mrrent collector,

|nar cell, as electric contjnuity
is cha tﬁnﬂg {% Aatast .A{ga OB [CPIGFiRR F de "é?f’ehefﬁgl reffas to the
georﬂe&f&h@ﬁhf@oﬁdﬂ%%f'ﬁ&e t+v8 -dieHiGhal TG0l HhE me%ftlve elecgode lead,
mai ntaining electrical continuity, It was unexpect

ie., langh omdtlphied by twitthe irc oomtactt with caasuofacd: ot theehtlhum toln lnhmm alloy
neg ctrod isting.of a Lithium foil

nega ARG, MHTER LGP RGO BPESPIe SHags Blelyiess S ot aken

into SEHRRIeAHFRNC UTHEY)thé Rbhcchidh KedRedf tHeChdiande \Muctr%de lead and the
substantially maintaining or even exceeding cell

negat@@r dleetrodsalithinmy or dithiuno alley is netoliatitad te tharnegativheslectrode lead

iR o B R SR i 8 e o e

negat®@éléctioddiis Rot EtidABIMdr¥6ved] # Bhs Bekh foand iRRMhe area of contact of
elimnated. Materials used for the |ead can al so

the neggtive glestrode lead in velatiomioutbe jatdataf thmmamm@énctrng t5 substantially
k .
e bl 25 Pl 0B A5 SRS e e

tlmest width, dogait in¢eessarilgtieed @ megatvestletitbdefledd hiVitg Ghindnum area in
li thhum al l oy such that the lead has a sufficient area

contactwith the electipdeioving fo theicanduativety of thedithiug onldym alloy. In one
embo‘&ﬁ‘ﬂéﬁt'o ﬁ g?&%ﬁpglgehtﬁbrp rtﬁcﬁ r'é{ehoofpﬁlg%{%gg \?‘eegl@{:t%deoﬁad Jn contact

ween t sanme during processi n% or whe
with d[enmgaevﬁ eleatredeprangengerenalpnframsshvint S med to 1kss ihaﬁ about 160

fﬁglnfﬂ?féggfp that the2 corg}echléfn | pcat i oﬂ“ﬁéﬁ’l’ gfen%ead N2
aboutI 626 HAP. blf’orcé%!mﬁﬁé esl na atﬂ%yelgﬁfddﬁelgad had #Fq‘“ﬁétht &¥€4.75 mm

negati ve el ectrode.. Accordingly, i1n a conffguration
(0. 18% insh), 0 azed ofl 926 oinh? ml oentar:bwﬁh thehmegatigatlievteode! wmtld@db' extend

about 0 e R F i 15 e PRI of s ST PfERIPE, 2 jllyroll

electro@€ adseMBlyefop AA 1191 _ype1odl. @&ﬂpﬁxﬁtl%l& OFMoul @n@b@i‘?ﬁbn@i of prior art
near the outer circunference of wound el ectrode

negatiyesientiogle lepdevidthsavére 884 ecmprsy eucthemhoah%% ofithelithéem width

s, G ERRESH S BSTE SEFod 2 B iy 4 RS e o
163.90a67 babbsut 197.66hsl’ ti8gpededdlyi ve el ectrode lead to a

non-interfaci al porti on of the negative eI ect r ode,
hat

10056, Jo.F el i Bodinahl GroB S e o R et b BhadifRectrode i

charattefiged in terms of overall surface area contact. The area of the lead contact is

calculated as described above. The area of the negative electrode is calculated
geometrically for each surface of the electrode, for example by multiplying length by
width. In the case of a strip-like negative electrode, the area of each side of the electrode
is calculated and added together to determine the overall cumulative surface area of the
electrode, and the thickness of the strip is not taken into consideration. In one

embodiment of an FR6-type cylindrical LiFeS; electrochemical cell, a negative electrode
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portion of the electrode.[0055] In one enbodi nent,
contact between the negative electrode |ead and the
wme@anssres el ectrode, with the negative el ectr oPET/b81008/010791
free froma separate current collector, is
i
s BP0 8 [fch BRI 4y IR B0 Ay B foncos
has aderggtlyof abow 3125 nhinmaids i ovidth dfé?ﬁ Yhmnobntone sidegahick @rovndes an
Iec rode Ie Een h pul

over P24 378 stm” Aoy far, bifRosiary o e, clfdgge and

excluﬂﬁ&&fﬂcl&ﬁes@'o? Ghd QIQ@trod’é.hﬁﬁﬁ' Therefdte! & neddiRg %‘lé&'ﬂ‘odé ®ad having an
exanpl e surface roughness, is not taken into

area o A MeYaini emtacTiwigh thehroted megativeoeletteadeestript prevides an overall

N N M AT RN 1

haVIngeaﬁmeu%fei&phm?dﬁl t&scthaith MR fe | lettRyde PrdPidean overall
esign. Likew se, positioning of the |ead on a surface

surfagst ar@éheorﬂ@g Retween shelend aubthegeaativesléatiodaiof ONSp%ov er |

it has been found that the area of contact of the

[0057)€0aACY&dRIgBE tih e dnfRithént! oFl thé 'p?ééeﬁtomtveﬁuﬂf e etermln Qurface
negative electrode is substantially irrelevant.

contapisares beyweewy thedpadcanddhie Qeteéw ﬁb;cmd@mgcs/gftryralbfrfg@n 0 0205% to
abou?0 98% bP" li)&iiad%’bf% dSé‘%‘b Bl Sl Qsézzﬁ/g 18 %bout f Q465 or about

necessarl need a neg a

0.50%] anidrprefefibbyafrom sbont eCMl@%ttb abbet B3 8%tofaRe cemulatvé Surface area
t he conductivity of the lithiumor lithiumalloy. In

of theprgadymelastradst: of the present invention, the area of
the negative electrode lead in contact with the

[0058)egalr vee embolinge, thargss 3648 @bmndcied fooalédpdhilend . &rtmﬁzof the
to_ less than about 160 mm, desi rabl£% from about

lithiugn, fojlopegative elegirade) 1 r wrchragishgwhrisrklsh didt liqufnblvdhe Tead 36 is
attac B%‘ ttheggutgr g?%thoég:ﬁ Zpo%@r{n?# %Ir%ggtﬂ%ﬁ%lhéfﬁo&l I%Cﬁga? ‘ﬁ?ef J)tﬁ@ldend of

aving a w an area o
the jedigrdil m’rﬂ)lfah vmmtlaitéctlwﬂé Iasstehﬂ)lﬁagﬁbhgle otHeg aittachdgentdodations are

possiglpleét?%:h@ %glpg zoé fe § he tﬁ{l']ll %I{E gfe’%g}rieépt(wq electrode 18 is
desuﬁJl@Qst SRAGeaP gﬁgahé’ntfa@lb“@rfo#%}ﬁie%ﬁ%s% ?k‘ Imanufacturr% when compared

Conpar ati vel various enbo prior
to attadga‘tntvqf theelead ddeotheralbeatiatishef wheer aem%: oalectmide, The megative

6% of ,the ,lithi dt h
electrids, A3 tn BE plited 8RS lstantt SO Uiscougtiaia 4 B flegicpds,jepgh, such
as abBut"2dahn/e OT' QutdeOGeisab Vb dndbritB8d MatahOUladldahr Be rEE'B?%nected to

respectively. [0056 In a further enbodi nent, contact
alternptivensess ofithe hegativaelectrhde imcagher emebadimaents.ode i s
characterized in terns of overall surface area

[00593 0Nt BC lone TEAbAdIBRNP fsubh&as! ARRERAt AFIFIG £9! Mél ¥a@deffnds a
descri bed above. The area of the negative électrode is

predemmmalﬁdncgeaim theoalldﬂwf the negativeseledtende, oe fdrepurposes of the
mvenﬁofia Ghd Odgth fso}gerSé(na Poy thrertullléglagvg IeT&trog q Yin the case of a

rectangular- or square-shaped electrode, with the width generally being substantially
parallel to the longitudinal axis or axial direction of a cylindrical cell after the electrode
assembly has been inserted therein, preferably after being wound into a jellyroll
configuration. In order to obtain desirable conductivity, the lead extends a distance
generally from about 10% to less than 88%, desirably from about 10% to about 60% or
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wi dth, hi the case of a strip-like negative el ectrode,
the area of each side of the electrode is calcul ated
w@paomskiesl t ogether to determ ne the overall cROTUS100%/€0791
surface area of the electrode, and the thickness of
o/S ak i Nti@o oge Lt 0 .
about Eg/ aﬁhﬁ?ﬂeﬁ{m% Roeétb)?lgg 1? f ?@ngs'r()?‘éa? tt@ﬁr %Atﬂ/e Bf&ctrode width,
measatedmlomg:tkenwnhlh portidn, toawhielyathé Yeaddb eotmeecast Whentthalead has a

d || |1 I bl
contag, fISTANGE SIS b FRIBHEIN 1 U Sicth OE A Flegodsleh 887107 ore, the

arranBEh &R Mkl 1 Rt o#fer 8y Eﬂﬁs%tl%néﬁg&d’\éﬂn%cﬁ VI,PQ €8st of the

an overall surface area of 24,370 nmR accounti ng
cell. p¥hén thedead mntad’ieilmrmctmcaserednd relatonth thg wlkitlx:datﬁthS$leEtrode is

he el tode strip,..Jherefqre, ative el ectrode
less a5 A5 J0%E Lol ARGRERH § g iRl evigrbihe negative
electroat fshdn@ahé heg zﬁiv%félé&%@e $fsElfP }Rm%ldq& fAd Q4R eRlehd a distance
surface area cont act between the lead and the negative
less thane H% of thegiegativoelsoyodgrwidth sodladg hsw swificient wekborafonta@0can be

n, cont th,the negative gl ectrode provides an
main epgefweeartﬁ%%g&”gfx%gw&e&té lﬁ%tméen the |l ead and the

negative el ectrode of 0.656% [0057] Accordingly, in
[0060ne &nbdurtherrembgdimant mléhletmte v EHGi b%y, the Ipertoneofathie negatlve

cecoHE BB PeAGa 1 SRS Rol 7 <SBBBA T Bhrer BronlS

the wider n &f @ﬁ%eldétﬁleﬁd%détéd RWadd eHet ne?aﬁ?@&%ﬁ&d@ié%? edge in
0. 46% or about 0.50% and preferabl rom about

ordergo gighipopresntipg sepapatBpofremn @eg@um elgetrade @mnrgeasidltmnehformmg

o h£hed B BPBRALIE Sl gyl SR AR T BIRAERA i e
to prometel désivabie domitdct rtﬁgﬁédnvﬁle&iegﬁtlf'@ él%c&&e $dad hardstheh&ifainer or

in FIG 15. Preferably the |ead 36 is attached to the
anothgy, captagteafiar Hnmorpeﬂtp.tbﬁ cgll copwineeqdixamples efcaddiienal egative

I

s e ety S ol R LeHIAC R AL Shped e
ends, lang atirediilaments qndsss]nlhal that dintbeeoietded tocf ﬂath&d stack.t 0 t he

outer length end of the negative electrode 18 is

esi I 0 Vv

(006J22  IF Prees 3 cHEEH & BORIGH C B Pulor W Recd, B8 Wb e lead
extends ﬁdnt the gioktéon d)ﬁlhatléadrmnm‘ctmg thendgattddee Irlaquefendd emTabdlment,

gative el ectrode |ead e pI ace ny distance
the 16830 coRecGRA 6 Ty ReEaRvE cgp 8¢ ket the ieserendssidendgout from a

lowelagﬂd”ofzthg O néFative Ui18&ro sdcﬁ 40 sR&vY A eE . ops %lhﬁ)tuéh other
| ead can be connected to alternative areas th

conﬁmgmnwddesutlmde The foteHead embcati bnamampu[amﬁBﬂ ddsiredyiee., one
nment haS|IIutrted|nFlG 15, | ead .

or mEoaf hRHonenl FanE veronmtfdy el ooy 6 BRETORLINg das, Coptainer, and

prefefabB; BREAtHe RegiOE Ldl8AdOde! iftludiA® th® WIOIRS peSitivB&lectrode and

separator are spirally wound into an electrode assembly, such as described herein.

S

Accordingly, any of the reliable pressure contact structures described herein for the free
lead end can be utilized to provide contact between the negative electrode lead and a

portion of the container, preferably the sidewall.

[0062] FIG. 16 illustrates one embodiment of a shaped lead 36, wherein approximately

50% of the lead as shown is. pressure welded to the lithium electrode, and the free end of
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invention the width is perpendicular to the negative
el ectrode length in the case of a rectangul ar- or
waoquanssshaped el ectrode, with the w dt h generedT/¥S2008/010791
bei ng substantially parallel to the |ongitudinal axis
ialiagi [ pndrical qce e .
the 1644 PilcBlinfl RO W0 tBltof SAUBTGA] B EPhonalll Hiedfble is folded
backwardf apaib ityel fih distarive ifrogn Weupadtiom irocantact [ Wish thlel electrode, extending
[ i order &f obt ai

configuration, .hi . n desirable .
acrosg g KA B APOrtifth of S vidih B FEs: 1Y duKhe e raineamwardly along

the side OPROBIErddEY0 AQditBaRIY, MR 18 %, cﬁﬁﬁ:’e?%’lf%mﬁ 5%?%%?—%‘1& portion
10% t o about 60% orabout 80% and preferably ffo
extendinguparaliplito thesodaladirectien o€ thwt ¢leatrode sotthatdbe érhimg! free lead end

measur al ong the w dt ortion to.pwhich the lead is
form{ B el Predids <ottt ath 8 coniaingh Bidévaly el japerion in the cell
contaifRS The tolded leall @hd Vel dpstalporitétlbhtheleldci8de Wetdet 964 Srtion. In
88% or nore, the arrangenent was found to not offer

a prefemed mbodimenta thepeutert ¢ircumferenemof therwewns elketradssinclyfles one or
t cel When, t he | ead .cont agt di.stance nmeasured in, ..
more, et el BRL SRR 156 o B uliBeEl Pre VR A EpRa tithium
from adihetind OR% thet comdinee dlirinki GskitiohOoP théi dlectroddf 4ds6mBRt thereby
wel d between the negative el ectrode [ ead and the
preventipg ppssible teaping of thejnegative elegitadger, the | ead can
extend a di stance | ess than 10% of the negative

[0063! ecThodethsdélisirsthel foffl o §irip Uhdtl contiseval dreht collector and a
contact can be maintai ned between the |ead and the

mixtyie that incdudes epe ppawre elogswhemicallyagtivehmatesialsousuptlpitin particulate
il i F tj . Of ti .
form.'elﬂé(gf ?fggféﬁ?é‘ggSé 61 CaO ngeé‘['égigac{m"’e rjnﬁ)tg?gl hp? Lrlﬁ%ga 'ec\éﬁ é.he active

0 negative electro
mateéa ltohiptisesagredier tHaapOdveiplityetcene Fedt MHehwatlvdddean alsbiconain one
of the welded | ead,l ocated toward the negatjve

or mote additignal achye materipls, idspending on thedegired, cell elgeticalgnd discharge
i j i .
chars$GASIGL R JHAAIEeRERginolf EASR SR iy sy cattod
material. t Exiveplds tihdude &i,@n AR (€B)nCoShame] CefydFéS) FeCuS,,
order..to pr,o desi rahl.e cont act bet. n the
Mnohe‘gﬁaﬁfz@é %’fjeg? ﬁ@e&s lPrs%aabDAh dhe ﬁ‘é‘vc?o‘ﬁ?'ﬁp\é\ﬁ oI Eyﬁs%%er" cathode

compFiSés #Qbastbb @sﬁei%lﬂspﬁzﬁ'één@ Fe$]) 8 bk ?%kéralﬂ?rhtt RE99 weight percent

Exanpl es of addi tional negative el ectrode |ead
FeS,,padtmest préfarablynFeS: iswhe bole hetiveegathodeemetesiat. r Bef$; having a purity

i pcl yde ade shaped .l.ead S, and. . wire fi n r
vl of Gt 1730 OF R eRORCBEP, I8 PR T | Wgehigeiop MRy Nore Grafion,
MA, D326 I3hehietdll GedibH, 0V AN, Mistrda; ALK Rihite Midigg CoRS.aDNRNyn, VA,
a second, free end of the | ead extends fromthe

USAportion of the lead contacting the el ectrode. In a
preferred enbodi nent, the lead is connected to the

[oosagegaxd Rl the @6t ROmbsial, tRecdth@R BRI oAt RHér materials.
roma |l ower end of the foil negative el ectrode such

A bingder is |ggngrally,usadco hoki thg partisulpte matesialstogéthenandtddbers theymixture
to théég%rl%rrfélc?i’oﬁlgc.q%r., T?)g'aﬁ:];(gre o}eegodnd%(r:]tgvec%%te%%lsn?u%ihpa%l r%'ét%ﬂ garasl’phite and
carbon black powders may be added to provide improved electrical conductivity to the
mixture. The amount of conductive material used can be dependent upon factors such as
the electrical conductivity of the active material and binder, the thickness of the mixture
on the current collector and the current collector design. Small amounts of various

additives may also be used to enhance cathode manufacturing and cell performance. The
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or nore of positioned, bent, deforned, etc., prior to
insertion into the container, and preferably after the

wmewanssres el ect rode, including the | ead, the pPSI/US2088/010791
el ectrode and separator are spirally wound into an

olofhE HBRSSEb L B R KREIS s, e catoes
Graphkite: UKIS:6 @ad JEMREX@dAVIESegradésosynithegict grqﬂﬁieeﬁdnéﬁﬂmoﬁﬁﬂmerica,
Westiker DHo 47 -o B back o it CO ACHB1G08 M3k G Chovron Phillps
Compry 68, 3Pbubtdn] Gr)é,i@‘ﬂ@'éigd%@ P{iﬁ%}e@%ﬁﬂ@n& lcbpSiyin@t BSEPP) made

oné enbodi nent of a shape erein
by PalpmootPlastios|Gorp 0FomibertyhRolysmdines) andanmilable fnoes Harveick Standard

DistrfRHfE o AR i Sh oedra: it ol ey ERufEDE oxide (PEO):

POLYOX@ | f¥Sim DBt (it EOmPasy, PRGHUARL IMIUNGSA! 18! 61851 grade
di stance fromthe portion in contact wth the

styrers-etbylenelbutyloneenyreng 48EBS} klack cwwpelyinrey &oporKiaom dHolymers,

he W, dt d edg t her extendin war dl
Houslghp T Aty SOPRLLD St b mifsosiied oA tplene PTPE)
manuf@déred By MicFPROwl&s TR MTaTrRBWhNY!, USA Rdnirh&@Bially available from
ext endi 2&1 parallel to the axi al direction of the

Dar-Eachclne g deleseland, aOH, HeS A ranid nAERQSE®) 280 grade ffamad silica from
j t i h t ai i d I 1
DegufCeblaoR PRARH Gb R Rigkettid A e oM o P S

end overlaps a portion of the electrode welded |ead
[0060r t iTB® ,currﬁntacqi&étoes rinay] be rdisngiseck iwithin jog imbedded into the cathode
jr y e u | ectro i nel udes -one. or .
s EWE RS 8t ) 350 5085 b 8 Sy i i
Alumiitirh iig @tohn@ilgUsed neatetidt X Peeshirtdnt Rbleotdr MEY asthdi tegond the
to the container during insertion of the el ectrode

portigrs @b gathedsr eerytaining, et eatbodsonuxtarce Hbier e¥ignding pretion of the
curreREGHeLE c &l ?%R'[d%daecodvggl@ﬂ aryc? ?orcxﬁﬁlpﬁg %ﬂitﬁctj With iﬂ?e 18tHital lead
of a strip at conp n 0 a

r''Ses a curre ector an
connetted tor thetguaitivienetmiiels dNig desirable ao Keeg thicoeblamecal thy extending

,ac&jﬁg mate}rjié@ s, usually in particulate form, Iron
portiq) @ jf icygrentrradestor 4o g mynimuny e dnake: 3sBusheiednternay, vglume of
the cétﬂh é\};aﬁg’%e?&‘ Acﬁib@ﬁxa@&idlé’&d@%&fd%ﬂb conpri ses greater

wei ght percent FeS e cat hode can al so

ontain Qne or re additional actjve materials, .
10066§epeﬁdvrﬁ§?rﬁﬁ_mr—rggé &§ im%af}g:_gﬁz watrdesiiy i rolhepayiastyry gé active
materGdl A BGE" hitehiR in T ?u%{lif yg;lé?ﬂélor 3¢ \églvgﬁtt gé‘?%: P'iechloarloethylene)

material nmay be any s e acttve cat hod ri

onto [Brtnpides of rac khege ofi A@RinuB? Fpil CHry, tHeCEdatingOCwSPem@&eCthe solvent,
Fe eCuS2, M2, Pb2Bi 20 and S. e preferabl,
calengidhe, £53Rb olp G0 mEPe} B caming PLBE cortpd (ol faghe desred wilth and
cut StFiSOF kReSit Fatho8a MatSal W6 1B Hesh@H 96 Pth FEOR. de¥FhblERS Gse cathode
preferably at |east 99 wei ght percent FeS2, and nost
maternigle Mathaimhall partiele) sizasiteo minimizgahe visk edtpuodtaring tthe separator. For

examgFe?Fe 2V1|s Bl%feara lgrrsketv\éd through a 230 mesh (62 um) screen before use.

[0067) The cathode is electrically connected to the positive terminal of the cell. This
may be accomplished with an electrical lead, often in the form of a thin metal strip or a

spring, as shown in FIG. 1. The lead is often made from nickel plated stainless steel.
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| evel of at |east 95 weight percent is available from
Washington MIls, North Grafton, MA USA; Chenetall
W@i9pt0387pEnna, Austria; and Kyanite M ning CorRCT/US2008/010791
Dil wyn, VA, USA [0064] In addition to the active
te I CRt
(o0GH]e, STHE)sspbiy L SR, LS, bt i, g omeatle an
electmxmlltyl mancahduchise.erlt i eapab@edﬂi&ﬂdmg cat aehtse seme fedectdokytteivthin the

he current_coll ector. nore ¢onducti
pores, G bF SeAtHOTCITHE SCRAERAT S §jSASRY PERRD SiPHY PUEPRRSf the anode
and RANSR' & Wﬁ%l?%ﬁﬂa&%@%ﬁ’éﬂﬁe& 'HHIHV&%G&HSJ I ifRtions of the

conductivity to the mxture. The anount of conductive
separptor enayadlsa wulaceanthbeccmammnn elgotnical zontactswithdhe eall terminals

o oy SRS AL B b S SR 02 s of
at led&PbheEslerod®Nd ihé\Re Ehtt tRE hndde! dnd atodd ! B mﬁd@éléctncal contact
amounts of various additives may al so be used

even dfi Hbeit are aph pedeethn aligradumithgeashdotbet. | I;L@wew;mn@edesuable to

. . f i S Sk eso active terial mxture
minin) 38 o 4RSS SRR bR A Bt e "S- 6 and
TI MREX(r) MX15 grades synthetic graphite from Ti ntal
[006 e Teaproviset gasidehighrpowss Mdiscbargsoperforawiace @ isddesi@ble that the

o U0 AR GUR VI PR SRACCrg gs
and o [REREY) diffReisioR)of Mol o tharPh aeih keDssQr forodifyOinnbe Irange of 30 to 70

Pol ysar, Inc.) and avaj| abl e from Harw ck Standard
percepy, #p areq Apeeibic apyigfance o fepm 2¢tpi1 S ghm-cmoand a fereuosiy dess than 2.5)

st LA RN, 1, Bl PR

referaicyr ene- et hyl ene/ but yl enes-styrene ( SEBS) bl ock
copol ynmer from Kraton Pol yners, Houston, TX

dd d
00761 SLNES: ST Td B 480 e sopg sppugy g and o

manlﬁ’mmmrgSpﬂonesses danvell taspressibé, thatShay dberexerted ah |tlye separator during
ilable from Dar-Tech |nc G evel and, OH_ USA) and
cell FLYyithous draryy SRHE: alﬁ%er gfher gapy ﬁiqyrﬂqpygaj&@acould result in an

interrfaP SR k& H*&Hﬁﬁhug | Spgg&%t'o? hg | 1in in HeO ngeﬂd él:w Separator

current coll ector
shouldrtieoast thén aapbsmlﬂe,spnefemiﬂy less thaheZﬁ:a,mmlniek nanct nmoee peeferably no

morebtg?,lf g?t ed n e orzgm%sbges of ) 3 hltegqsﬂe e Pfess is desirable,
prefeﬁi%[yr ﬁﬂ‘lez{é@ |8b§°hﬁfre Friferabl e e 1QRY QOQO tlﬁﬁ)gﬂ?ﬁst oPToRke ﬁé}esquare

cat'hode cont aining the cathode mxture. ~This extendi ng
centimeter i(kgf/ant’) Heorcamr FEﬁttym)bftlbdteopreﬁmmdmenﬂledﬁr@ss is at least 1500

kgf/cﬁlonv fild dﬁ%:télér?er cgl??cglgfl t@%ﬁ%@b ?gf/ﬁytﬁer}fang\léeerget dlrec?Jon and
for adBROB alype del Hﬁe@réf&?ed/ Qs fenpihS BXHRNAARHIne and transverse
directions are 1300 and 1000 kgf/cm’, respectively. Preferably the average dielectric

breakdown voltage will be at least 2000 volts, more preferably at least 2200 volts and
most preferably at least 2400 volts. The preferred maximum effective pore size is from
0.08 um to 0.40 um, more preferably no greater than 0.20 um. Preferably the BET
specific surface area will be no greater than 40 m?/g, more preferably at least 15 m?/g and
most preferably at least 25 m%/g. Preferably the area specific resistance is no greater than

4.3 ohm-cm?, more preferably no greater than 4.0 ohm-cm’, and most preferably no
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portion of the current collector to a mninumto nmake
as nmuch of the internal volunme of the cell avail able
W0 o09a8d79ve materials and el ectrolyte. [0066] PCT/US2008/010791
preferred method of neking FeS cathodes is to rol
S 2of l.
great(%arotﬁ%ﬂé Elsy&t/ﬁél m~ 1 gé B}/o egPetgo éﬂjsstcpiz)é& H EreQPeg Qetafl iR lbg Patent
Applicati@hNor D027 1y429) ﬁ)ecbdsﬁ Nobeéermbersd1ld 9903)fwlacl$ sartebyfincorporated by
alumnumfoil, dry the coating to renove the solvent,
referelgfender the coated foil to conpact the coating, slit
the coated foil to the desired width and cut strips of
[007%]he Sb}baratorat ﬂne@&‘brdii&ﬁ eforalus¢ oint Hithidesi bat@driee nge hoftéri made of
desi rabl e e cat hode ggerlals with snall Partlcle .
polypsopylene; o p Yﬁ ¢ t9e Wirahishr mpolsevlar i Wgighte polyethylene, with

pobe RSO SRAER SIS T o 8 £ ety o

micro]':beousantmtjlané,soretlvm:blr moat layersocancdt lthinated hegetes itd ipv@vxde the

of . the ¢ may be ac I i.she
desirgf Tyl et 46 orbpednel AHCGEL & FMERe IAVEr S prefeteq (o minimize
the c§§tr l%lﬁbl@Slﬁ@E'l%r b°i§x1 WRiehted %O@eﬂ;lyleﬂg‘ﬁnérﬁﬁfmh? separator is

often made from i ckel p ated stainl ess steel
availafie fm@péﬁoam IChiesnicalt Gonp. m\@llokziorimm EXMQMMObll@Chcmxcal Co.,

Maced b RY, G o et F2PDHI. £R0 SBBbcRE, PO pimife] thickness,

andsretwamws adéH&&ﬁ@Pﬁﬁﬁ&ﬁmaﬁMﬂ&@ﬁarator i s di sposed
bet ween adj acent surtfaces of the anode and cathode to

| ectxical S the el ectrodes fr.om eac
10073hor ¢ Thh nese” ppBode Bf sordfeafoit 86 Somtingl Bigdpcin an clectode
assenfSHPTHE BleStrbde As@ably Mmay béa Pﬁﬁl‘ly Wolild dBSigit 8uth as that shown in
termnals to prevent internal short circurts. Edges of
FIG. t1h énaglg it sinding faltemating etrapshel; eathode esep,@rg@s, @mdat and separator

o 09, A 5 Beh O Bk B0 Ol i 5

complste. Aoleaftainkdsyicr Vi sépagateland/érhat Q@e@hoﬁﬁ hgér oﬂdwwﬁ‘i@lly ihéulating
is desirable to mnimze the amount of separator

film g RolyRIOMEGRR) dist grnegdlyc tyrappred. ajopnd othe Tentside \afgthe electrode
d e
G O AL P PR eSS S may
be used ttdn adjustddel wiith of ﬂmmsetelﬂoﬁ)ﬂleadssérﬂﬁytto Ghé @esired dmﬂ:naon The
| ar gest dj mension of no nore_than 5 mm across,

outergstsaaf thiseparatorpithesrouigy filg Iayermax @ﬁthelda‘ipvgr with a piece of

adhest‘f)‘f)k‘rafﬁ %gﬂ)g%%igseapﬁ%n?% %‘&g SC oseg (ﬁln ?el at ed%t ai\%l?own n

FIG. b, ®3be ddthode mllmdh&/bntchndtst el&orbde aﬁldhélesledllgode can be i 1n electrical
abl e ar ato

contapCh 1 SIS Fopikinet W ipirial bRty CLRBuPETGo R Aot electrode

and tifeedide WRIN8F Bfel dohtaiterRAR B6 2961 ANVhER the AiterRid3f SletPode 18 the same
may be exerted on the separator during

electrode that is intended to be in electrical contact with the can.

[0073] In one or more embodiments of the present invention, the electrode assembly is
formed with the positive electrode having electrochemically active material selectively
deposited thereon for improved service and - more efficient utilization of the
electrochemically active material of the negative electrode. Non-limiting examples of

selectively deposited configurations of electrochemically active material on the positive
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cell discharge without tears, splits, holes or other

gaps developing that could result in an internal short
W@ R000/088705 To mini m ze the total separator vol uPEr/Us2o0$1€10791

cell, the separator should be as thin as possible,

electxﬁ%i@ %.gl{i Man Zgleht?@(']‘q hh@llﬁdirggﬁj%(gn@%\fe %éﬂln%r?%\ley set forth

in UlSi. dlatene pgiplieatiarr Sexali Nod é@/i493),l|149, ﬁkedehxky ab] 2006 ahéd3$S. Patent

o3k, SEGESHFSEERS, Ho S P IR e

appleJiﬁ)anfQﬁ@ﬁk@éihﬁ@ Stidl Bumbee B@th' ﬁll helleﬁfiﬁ’ko%:%%ed(g}t f&Fince.

he machi ne direction and east 1200 kgf/cnmR 1 n
ansv r edlrectlon and FRO3 type cell. the
0074)7 o1 54 1o romdntd; r 2nRATHRTY; ‘?CHQa]i‘Fé’&'ﬁ?lnée ngomprises a non-

interdalAhgViklg §ﬁvéj liEifGh QBStrddeCantSAP iRAMidHA e lﬁ)%r[tl‘?'g?electrode wound
resgk(dtlve y. Preferably the average dielectric

into djed bwnﬁgmtagwewwmla sejparatqr dlmed bod@endhe $wo electrodes. The

. abl a OO vol rmst refera

jeltyBl 3 BNt 16 v BRHosE Ppm@ploRa Bius ofeslc Sharolyte.

NotabBlyZ#he iifonfdisitfife {3& o814 loftdPa dibstihie, ﬁﬁﬁﬁ aﬁﬁzﬁfn@f ﬂﬁ{ }¥al& a partially
greater than 0.20 mMm Preferably the BET specific

uncoafed fRgetionnpBonG bide i e eprden that tentends drome/qne amaleedge of the

s PE Y gPho 57 g AR PR S i o

along thenteightadft the jelaollAel cdataiZwhe®itiee plEtSl abbia@. A second
reater than 4.0 ohmcn®, and nost preferably
partigllyg wpeaatad peHiPn3MBY ohenRepvideds hprsterahly per tthe Prppsite side of the

b 50 o S R Poo SRR PP

(i.e., berditegtly lpcmrlnrateatoednd)yndthéremamopﬁdlﬁé kldeSajfathatsabstrate) or be
nmbr anes use_in lithiumbatteries are often made
OffsegfﬁoﬂbI%r %‘neenﬁolui)%‘tq‘ﬁﬂ SREIY can ttheihibsh alignedc gnathe outer

cucuif@érgﬁge ﬁﬂifé(reﬂﬁyﬂnﬁgﬁnosw&fb Bf)h%e eyl NS 1%*1&31& the need to place

preferred. The separator can be a S|r’1
lithiupi adjacent yo thei muoatedrpommm.)g oeducingnthe amnunt) Df lhﬁnumrrequlred and
re.laye can _be lanminated to eth to |i)rovidethe
genergﬂg PP%HY effs?g? F‘é“&Y‘B% € Fops the ceflr ections. A
single layer is preferred to m n| mze t he cost.
[0073ui t &bk furdlien ginbollayent, d elxdteddeyassembdy comipristsyendpatice electrode

of lltféla.p'tparp r Sgsfslpg% é&%%ﬁ Val Dl e L}}homvgg{x]gtn thoateﬁ on a foil
carridB RO Ry An, Y ’elelé%dessﬁe %bﬁ‘all:yz@@ﬁﬁd Q’it"ﬁdaes ﬁﬁ%ﬁhﬁf a Léﬁ;’lzroll and

a 20 mm nom nal thickness, and Setela 16 gr ade
dispogedim mln@mmlaQOMneﬂ@i@gmtp @ORetaqikeusclodeglyteatindbis case, the

tri ar e..conbi ned .t oget her
cond e XERRE el o ROEG e e PR AV o8 EnE R, lyPE ol to amother
withoup téainigonvéitheflside Shad s pefihblforiehRl ab feWap iefid of the jellyroll. As

above, at least one uncoated portion extends across the width of the foil carrier. When the

jellyroll is wound, it is preferable to orient the uncoated portion on the outermost
circumference of the jellyroll. If multiple uncoated portions are provided, the first and
second uncoated portions may partially or completely overlap (i.e., be proximate to one
another but on opposing sides of the foil carrier). However, if a third uncoated portion is
provided by a coated portion (i.e., except for the uncoated lengthwise section), the first

and third sections must have a coated portion interposed therebetween.
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FIG 1, made by winding alternating strips of cathode,
separator, anode and separator around a mandrel, which
wo 200048876kt ed from the el ectrode assenbly whenP@i/nsiong010791
is conplete. At |east one |ayer of separator and/or at

eas ne_ | 0 | ectriGal Ly, insulating £ilmJf(e. .-
0076167~ Yl e BhemsShl dddRiond) IASHA A tolfkdide Pidead posicive
electrofies 4t s&l fofth iw iR inssporated. refehémgeser ves a number of

purposes: it helps hold the assenbly together and may

e u adj y hea, Wi dt h di er_of .th
10075, Rifhst S b, bt Wittt Yoe SAIBAE ooty Fray be, formed by
foldify thehtechrofaand @épz@itoﬂﬁth’ﬁﬁ topetiRr. fIhestrimyaay baylifteddbalg their
own with a piece of adhesive tape or by heat sealing.,
lengthmandthen doldeghiman aerordion &ashiosy oethecanodejand gae glsetfpds frip may

t b . e
be. 1dd erdend ik '8, . BAHGS A Mol QIR BlioPhEE e Rfectrodes
alterma&dly folded aneacrosbuhe othee (orahogohslly ofierted), tis boei wases forming a
t@ge out npst el ectrode and the side wall of the
stack of aitemating angdegnd 539pde@Yfien t he out er most el ect r ode
is the sane electrode that is intended to be in
[0078]] ecThe ekctrodnaszeinblyi islindelred d@to.the HOWB]g tontainer. din thecsase of a
. enbodi nents aof the present invention, the electrode .
spira maf}ek?%roﬁs rasesam by « w%?tﬁ?sr b i ylipdrieal cqr; prasmatic gantgjner, the
majofyHfick BNHE Bt NEpTRAGILD (BE S ML) of the container Gn
otherefdrids,i theitenttal lcoreaifi the elettrodecassérablyrie phmilekc®l 4 longtodina axis of
terial. of the negatjve electrode., Non:limti
the celf)s il ectende astemplies srrpeplE s iprmrismatieicEliS B the case of
an acBbrAfd- IR ER Jd¥ a8chiblf, tHBh&EehMly Rbriehed so that the flat electrode
positiveel ectrode and further, an electrochemcal =
surfaegs| 4t oppesiteienidn gf thepssadkt ofelectmde dayess arezadgacent tof appokité sides of

e R B P i L ] .
of thd M lis A§dcerlt ithefhafdritP BE theltftal RADI\WRE MAjdrSuffaces of the cathode

continuation-in-part application of the preceding

through rthe|separatonr and, ghehontgimest oréons phthsr pleetsedsd mgjor surfaces are
. reference. I n.on adj ment DI L PR
sjackft BT wpll o Sl g, FTRREMIT Toppihid bEE¥pesgode assembly

due toag afdrease lin tHel dombih@rthickelesse$ of e anbddat sdthddedie constrained by
positive electrode, wound into a jellyroU

the comtaineridewaldid)-wi t h a separator di sposed between the
two el ectrodes. The jellyroll is disposed in a

[0079]y| | AdfidrgbediBUdedi@]yab Odtthtathinig WateOOnIfdH 8RS s Yhstities as a
el ectrolyte. Notably, the iron disulfide is coated

contagpant £e-gu Mot narectham aboyt 509 neets MeF million hyewgight, slepending on the

. . ¢ ot . c .
clecs B¢ 404 bin 150, SRR Y AL5 P08 B B SR, SR80 haqueons
electrobmtasditatils fappseswith lakiual asdlgetiveTéathadecnateeidl paytbeoused. The

follo a longitudingl axis aJo t he hei ght of the
electﬁogxf? FPRleins SOFTOTTBRRe-8 oLy el feolyed 1y pR oFegnic solvent. For a

Li/Fe8 6R118E6kaniple€ 6P Witable salts include lithium bromide, lithium perchlorate,
lithium hexafluorophosphate, potassium hexafluorophosphate, lithium hexafluoroarsenate,
lithium trifluoromethanesulfonate and lithium iodide; and suitable organic solvents include
one or more of the following: dimethyl carbonate, diethyl carbonate, methylethyl

carbonate, ethylene carbonate, propylene carbonate, 1,2-butylene carbonate, 2,3-butylene

27



partially uncoated portion may be provi ded, preferably
on the opposite side of the substrate, so as to forma
w@eewomsB7hdngi t udi nal axis. These | ongitudi nal B&XBEES2908/010791
overlap (i.e., be directly proximte to one another
' i h . .
carbofi, SRIGPRATIALE bR Iore FUHAT, AL, P53 dihpBlsorascle,
n,n-dirhéthylefdrrmamidecardudthers.c i Thewaitéspbrotcanbihationt Wil provide sufficient

i pnernost, care of the.ellyroll, elimnating the need
clectiolj i SREIPSERRAATPEBRD (5% e SHcDRES BAEmESS over the
desu%afl&ﬂéaﬁ@e@&uféﬂmgpumheg atel bitéry MeSiffbid bechuRl %f%@i?rééln%%ély low

. oW ng er a cost savi ngs In t he CO_nStYUCtI on O
viscosity, |goofl 0&RH]g ¢apability;rgod dow teropératne dischargd paferosace and good

. . asseq cOo ises a ative.electrode qf. lithi and
high 5 Siehitel TEPOERROSG TREn® GHELBNEHF dnrtifreSe crljE bedhuse the
ether§RfeCmiodé sEdRS BAnOWith KR, Gaiddes! so hher 38Rk Nevdld1@an be used.
el ectrodes are spirally wound with a separator into a

Suitaplg|ethars inclugdedbuti arp seklimitad 4o agpiclia gthesnsuch@stlaz-dimethoxyethane,

| non- a electirolyte. In thi e, )
1.2 AOBEBRRERE BRs! befreelad 80 AR5t ether; and
cycli¢ @thergudh @sn 1ghdicxothnef téthdydiflirah,02ahehiie tettthidy@firan and 3-
coating on either side that is preferably oriented at
methyl-oxazelidingnef the jellyroll. As above, at |east one
uncoat ed portion extends across the width of the foil
[0080]ar r BpécifidVamodé, heathddel sidlelectrdly® WathpokitiohS apdeiméw@ité @an be
. to orient the uncoated portion aon the outernost 4
adjusted; tanfrspvde e thsr  desired ecpl r gpanufacturing, ¢ pprfarmanceatand storage
charaPRHLHRNSas? rd?scﬂfs&%’ ! ige %St Ii’aatefrllt rﬁé{)l?t{%ﬂoﬁ ekgn d1 Wﬁf d%'hich is
poriiohs may partially or conpletel’y overlap (1°7€7) be
refergneekabaiee t 0 one anot her but on opposing sides of the
foil carrier). However, if a third uncoated portion is
r ovi L] Ny > t
o0s ] 5 Yo SRSES RSy oy Sl | G proceses
may fretideprbait s hoh dinited ) adridtbing)r fddfawing! eslpaiagdand combinations

t herebet weep. [ 0076] Var.i ous. coati ng. patterns, and
theregfgQIFOT GiYAMD Se deh (hiy T dB T g RFEbn derasgin fhpecan afier the
electr%ﬁ@scﬁﬂd)ﬂﬁﬁ’laﬁ){r 8:8§§]'aréc Rg{s%&d, ?.Rg ﬁ g&‘kg{ Ay @6\%? assembl)a (including

ref erences. er Ing spirally wound,
the cdlheovet, @onhtactspringsandivient brashingd afeoplaeed ihyhd opehi eng dfitke can. The

.el ectrode and, sep tqr strips together. The str]
cell lﬁa‘gppaéte&af teotead while Hhecsasketeang: 4R <n Arrombbnate i fwnward
again§thdWead iR digdBicPof tRE 1dpI6f BROGR MdVe RE bEALH! feBl&d with a
strip may be laid perpendicular to the cathode and

segmenied [seHetetaeboldothe gaskep andiovbr asiembly dulgdac! inctheatrell.y After

RS2 B SO e
vent el RGARriedNRo3he bREhiSY tol§eal BHeOsertarteinahé @8I kYvdrS A PTC device

inserted into the housing container. In the case of a
and a terminal cover are placed onto the cell over the cell cover, and the top edge of the

can is bent inward with a crimping die to hold retain the gasket, cover assembly, PTC
device and terminal cover and complete the sealing of the open end of the can by the

gasket.

[0082] The above description is particularly relevant to cylindrical Li/FeS; cells, such
as FR6 and FRO3 types, as defined in International Standards IEC 60086-1 and IEC
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spirally wound el ectrode assenbly, whether in a

cylindrical or prismatic container, the nmajor surfaces
wW@Rooviss7es ect r odes are perpendi cul ar to the siPB@&r/US2008/010791

wal | (s) of the container (in ot her words, the centra

coosf 3Rl SLoSht ARG PRI oo, G

Switzsaedrb Hoezver;, ¢hd inventidr maym beradupteadat d)thetcﬁdll ﬁzesl dhd shapes
t he case of an accordion-fal ded el ectrode asse
and to el With ey Slectrade asserbls dousing. seaband presiire &hfeé Jent designs.
t t: t
Other> il GRS 1A WIIPR 98 bk eBAOR cBh tel el AENAP riflef uhfl Hechargeable
nonaqlmnuaéeﬂrs; suchrastlithmm/mngangs& diox ke sant Hizhinmy nicells.oThé blectrode
amwngg rea.of th na or _surfaces ,of the anp

R0 GAY, Forf PRl di caalrf@a(eéplrglﬁéwmfbﬂectrodes
e ang et
o dei‘t‘%‘%ﬁ‘%ﬁé%ﬂ"‘%%??‘? 8%’2‘*"8‘?% P TS (R Rl Taisel shape
can aksdjvane ta inchide leplindrital and prlﬁﬁatfd’ﬁhapcmf(wdxempld. nthis
way, expansion of the el ectrode assenbly due to an

ncr ﬁﬁ,@m
0083 Seies R, RGP nb ik MEERRAR: Ol ARSI IREAR in he

ﬁﬂkﬂhm@%@pnpknonaqueous el ectrolyte, containing water only

in very small quantities as a contanmi nant (e.g., no

nore than about 500 part]]@x jillion by wei ght

depending on the electrolyte salt bei ng used), is used
[0084]n t Remipater engdelalg waf tded foneealtiatonsevéray negat:iiwetmﬁrode lead

el ec | yte sui e se W th Lithium and .acti
desiglis Sstle thcchsk v FRRL G, EROLEENS WD cle<ortide ReShmeb S sintfagsto that
illustRRR BY FRR'E GheGho@I WA SRUID dbiGhfthd Bt sgHmfopédaRt Could be
solvent. For a Li/FeS2 cell exanples of suitable salts

exert¢£hb,y theetemiinali endh ofraolend similarto themagativh Elscwods, lekd ihFIGS. 1 and

2. THE SR e AR BnRb st PR i B OP IR0 Serted by the

termihdli goktik 6ftaé Radagiinkahailiderfaté bf thesidedi4lesef the dan.
sui tabl e organi c solvents include one or nore of the

008991 4L 5 LR VRSP bR 8 BB 002 e

thick Gl&ikbpﬁlateﬁ calld Zolsd stéed %mpiﬁfrbﬁ’é‘&bes Young’s modulus = 2.07 x 10% Pa
-but y% enecar bonate, nethyl formate,

3. OOQL ldht“) fiBDaReissa’s mioroP R and dwtighyieldistrength = 251,000 Pa (36 400

lb/m§ 5-di met hyl i soxazol e, 'n, n-di net hyl- f-or mam-de and
thers. The salt/sol vent conbination will provide
sufficient electrolytic and el ectrical conductivit

(0086}t Thise differentishaprapiges svaAadoias the icowenal pRaiancaf thedead (the
pori IR A0 AR 5L AESIGLAI0 BRI PRRAAR wouna
the bmqm lof khet e;lectgxalecaskmbly ephisrtatindestict oCthereletiode Eagsrenmy: into the

% d h rate di scharge performance. This is
can): ity Fcuieard (PG 65 nd e s QK. A EJonahbe graves Aefhs V- and
arc- S@#’her ds léfa?&i fon %E@&inﬂl} B1oYB € ALARAESS thaQefthiRRportions of the

evel's can
strips so that the grooves would be disposed parallel to the longitudinal axes of the cells

after insertion of the electrode assemblies into the cans.

[0087] In the model a cross section of the outside diameter of the electrode assembly

and the terminal portion of the lead were superimposed over a cross section of the inside
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Suitabl e ethers include, but are not imted to
acyclic ethers such as 1, 2-di net hoxyet hane,
wa@esssohoxyet hane, di (et hoxyet hyl ) et her, trPpgl/ysmps/010791
tetraglyne and diethyl ether; and cyclic ethers such
X yl
damy bt sl S S ACIGHUSAR BRI | an lcis psembly
diam8peof 12. QO mm@@508: atch)gdlecaannislﬁ diametelr pf é3ﬂénnms(()ti29nnch) and a

lead gtg]% o ét P‘F‘ﬁg (6?l gg{l \tﬁ%gpl;s% I1gte @tpglg% h evaluatlons an
elech%ﬁ@ragééhﬁ:ﬂy 8‘dn§e‘ier 6¥59.95 %ﬁhg@ 884 iiichY: Dcar fHsfiY diameter of 9.70 mm
Application . 10/ 719, 42 which’1's referenced above.

(0. 38900@11)]andraale@élsmp: widtheofd. b oun 40,425 anxchg vere iusegd anthe FRO3 cell

evali3fions® 6 eI re AR BASERPTGY oot gsibly and lead

relath@fT@ltH@fch@r\ﬁeré hRé @@ie iMOfach*aBPlafd W&k dsti®liSiRld based on a lead
1, a bead is forned in the can after the

lmtlal:.ly é@mnque@ aMchapes withiadeg aegle 0AP@ degrees, reghowmin FK® 6B (not to

C C cel |
scaleg ’f'ﬁ %r()lo%\éﬁéa lﬁ%ﬁ\%/xgﬁb% Iﬂlnclg()ngacp %%xﬂg% San 1% Q‘}ﬁl Gthe electrode
assenijl@ vas rp@boeﬂ it bents@rvithlthe bad of the Vsatippiitiead Iathd startiBg pdsitions
whil e the gasket and cover assenbly .are pushed

for eash\ofthe ethgreasessevalyated, dheedeen 60 of Hiedeads weretplaced dp certact with
e 12 558 GO RRg DR R nGEBS B 6 Lhchoaf UBABA uen e

center of tHeelearE ltd theAdanel2 whet.88 @init(8.074 inkhg penthe F Rénctdl)lstahd 1.24 mm
in the vent_ bushing

(0.045 e 105 HORRDBSEIST FIRCBA R 6 shovithe Bisking gosions for FR6
cells %ﬁﬂh‘ ﬂét%daaﬁl@ Eﬁ e 1b4ls! fb@;é&gﬂvlﬂ th‘éﬁ FITECsa&’x?ern% erial'ss the V-

t er m nal cov r are pla At 0 t e cell” over t
shapezdelbad mdviér. 6BaBechee the distuige 64 fwas theldoamnstant, itheamé is angagr between

e St SRS, ERLET U BE O e
electﬂ[bﬁ€ aSRATHIY Wa@imdvea t8 Qﬁé‘n?ll'ﬁg(mst 68- @nre*aﬁcitngechg a&@fce 64, and

2’] The above descrip Is parti'cularly rel evant
the speingyloreedof cthe llgad Fgshst ¢he san swa:h determir@dansl aFRaRtion of the

a defl L nt natlo t andar ds_|
aispl{ckBERt iRl ot o Bl ARb RBRFeuPC RIS A eap BEpvesnoint 62
‘and thé @&ddr qtee@hwsqw speRigoPed @iitil i REMErodSWak 2R §pladed. sufficiently to
However , the jnvention may al so be adapted to other

contagiand begineto push agatingdhe lead. to cells with ot her
el ectrode assenbly, housing, seal and pressure relief

[0088]ent THE TS - of GhB&hodelink dr¥ RBSWH nVFTG) 7 fifohighy €81 WAith show
can be used include primary and rechargeabl e

spring, §prse 0 Higslead pgajnst dhe pame/ ¢ afilengtivah thershopedipertionof the lead)
as a ﬁﬂl@tll)h 'cﬂggléc%ﬁme‘ﬁ? lok%he H}gtrgél %se&%?y (mm) from the starting point;

Table 1 summarizes the cell type and lead shape represented in each of the drawings.
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assenbly configuration can also vary. For exanple, it

can have spirally wound el ectrodes, as descri bed
w@bwye3s70D| ded el ectrodes, or stacks of stri psPCBUS2008/010791

flat plates). The cell shape can also vary, to include

cylindrical and prismatig gigegs, for exanple. [0083]

Feat ur es of the invention and its advantages are

furtlh [l usCelt ed in the foll.ow exanpl es. Exanpl e
1 [(Ogi? GonmyigRr  fiodel i ng was lﬂFé’éﬂsq{acP €eval uat e

sevel a| ”@ga[lbk& W&tr ode |eac1 GeSI gns SUl [aDI e |

glsren | gst;Rn IFRg:r\IUI V.,slal S ng E]e .,l CLIL rode—assenbtes
useq { Arc-shap Iy 8 mm (070 inch) ar¢ radius
exert el byl t HER$ ermAcrmshm 491 anm 0§73 jingh) arc radius he

negdt i Vb gl ecfR@de | |Ageghapedr? @3 mm (8080 InchT hee raghius n
forge 2t er MFRO3 shdldtd approxi mate the anmount of
forde exerlt e¢FRO8 tmw_gwu,rmjowgnaﬁgwn of the Tead
agai/nsi4 T Ne TFRy30e AttIsRased01.4b Hm 30855 1th) afdlradills

can. T—Te—Tmo used tne forrow ng naterTal

propertl es for 0.051 mm (0.002 inch) thick nickel
ated, cold rolled steel strip for the [eads: Young's
10084fo e eeaphs i FIGB0- Pasliov ot Rhangys i sprinioforce as the electrode

vi: el tr th
asserfS 380 i Yoo BEhE; ¥fe flybfpr HiPldeeiepf BBl sarting
positidh E(B@S V&”K-GC?Vlﬁit padcesl tHedlefitside 6 fthgiehtrod® adse@blyofopbbsite point
| ead \(hé portion adjacent to the external surface of
62) aghasteiednsifeldeth SuEag 9f thepeare farneRé calls aithysd 2t99emm diameter

electljg?ét @?ngf deF J)E?Qélfsqgﬁ;lil QW %leafdd% §e%rﬂl??seirnhicg{éd by line

Yettro e asse e can
E. Thﬁss:bapqﬂmdﬂﬁhellﬂ@sltmmdofahe ekdc&pé:d a{sEinGly 4ffr, invértidn irhe the can

- ooves of the V- an ped I ds | ocat ed ) )
whenjthe gt erflamblm?fg i thdri B Bosstble.EoR Srcifads assemblies with
smallgloéilt 1hfRs dﬁfnewi‘? 1ife' %u d didfed %ﬁ d'riAy, %sﬁg‘?ﬁ“{uﬂ%b?he amount

di sposed parallel to th ongi t udi nal "axes
of dispiddement thet plagese poinb 62 dfeinghegahst dhe auéleag gltndiirfaes of hecan is
tion of

. .. the cans.. [0087] In the del, a cross se h

indicqiFf £ cfines Pl dhossy P VL e & 20 oo iy by IR and the

electrb@¢ BERADIP R tHeOfta®ing! RRitl A IHRT 8 HUPE)i HROGRR IR Begins to
cross section of thé insidedi aneter of ‘the can, usi ng

increaspeimmediataly wéthddisplapementcofdtheeelsetoode. assemblyets thedeight and a

correfiR RS Hripher o 0 qsid K0etalyton 3 Yo ol g0, g the other
casesStth lsﬁm% firbe @bes?notDegifi (PrideBdbdvechrto VBtikEthefel noNgdp ®maining.

eval uations; an el ectrode assenbly di aneter
Pomt@f‘\lg Big %ﬂn@d)séhownhmpn@g fagee farsinerementaldisplacements o 0.127

mm (0105 inch) for FR6 cells and 0.102 mm (0.004 inch) for FRO3 cells. Points A2, B2,
C2 and D2 show the changes in spring force if the electrode assembly is displaced back to
the left (0.127 mm (0.005 inch) for FR6 cells and 0.102 mm (0.004 inch) for FRO03 cells)
after being initially displaced to the right to points A1, B1, C1 and D1, respectively. This

corresponds to what would happen during insertion of the electrode assembly into the can,
for example, if the lead is over-compressed (deformed more than the minimum necessary
for the electrode assembly to fit within the inside diameter of the can) and then allowed to

spring back against the can. The spring force is lower because of partial permanent
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(0.382 inch) and a lead strip wdth of 3.18 nm (0. 125
inch) were used in the FRO3 cell evaluations. For each
w@eiob/03478% t he starting positions of the el ectpP@r©s2008/010791
assenbly and lead relative to the can were the sane in

deforifibn SR ffe 1854 diE &@th%?lé;lb ls{réligﬂ of ﬂﬁqﬁad;&fig% Ieg%'gfkéd in pagts of the

initially formed int
lead. de@eners], forsa gitven\mnonnﬁf(als;ﬁ&e(xrmt of the ebeztrede asshmbbg ¢esV- and

60 t.he | ead d ith th 12,
ar-sigef i il BAE SPeBe oy e DAGE [ n contact wi i h

the base of the V at p0| nt 62. In the starting
[009Q]osi 1n BKS. T ¢an ERG [celb fwithha flat leed), mmﬁi’kﬁmeﬂm aththe starting

point &3] Gps the s SR ReSIS e ARATe SR Ag2nBH 01038 Ich) to the
right. e'fﬁ:@ﬁﬁs@dﬁe §§ﬁ1@§f¥3r¥e db&y RMIset AR vE %f&ﬁnt‘ﬂf thE ré?ecltr%ag afsteﬂlbly is

the can 12 was 1. mm (0. 074 inch) for FR6
displaged b_b:ygnd hinve (). m@ isruh jpring farbe baﬁmnahe Il&d EII(GBle & for an

ctect B o8GR ibieD o R R s 1 Sl e e Rscrode
assenSt{diaRit@dfal, smid) heYs rs%escimhg F6rck befden thBlcaBafdtiR®an. An

di stance 64 was held constant, there is a

t he
addltm%émam@m oh 4. (Hﬁdnﬂh@ @)3eied). eoueespersking foy an n%pu@& assembly
osition of the el ectrode
diamgt nﬁﬁ?ﬁﬁm‘agb%@g@r@ 1 b UGS, 6A-60)

r educi n&'the di stance 64, and the spring force of the
[0091] ¢ 2 d I G . rstantHRS eedlwith e 9Qalegresi Vishaned lead), the sprimg fotrce begins

to ris I%E sgbrf %e?gsswﬂgg&gﬁtg%ftpﬁg hnggae (é%seﬁ}%'l%go g"ﬁ Oné}H b%%fggg When the

electxbﬂe assewidly Bodisplatodofat @iezhuthbl thetlbf stdestt the Gectdde assembly is
pl aced sufficiently to contact and begl n to push

even a@% the insidedeft surfacq efgberanitke srsing fio_scedfs 1 ﬁe/qm@qeagondmg to
the 1@51@(3&1?)9\’\6}’ ﬂl@ ézrlaéﬁm’Zh IlHé g&hi'sd'me%yg C}n ) eng}t‘tﬁgag)f electrode

orce of t al nst "t he "can

assenttiy dmhaqmcbf darao thareOi'lllt teespriag ddrca bebwdenrthié lead a@d the can, unless
displ acenent of the el ect rode assenbly (nmm), fromthe
the leydats PYfICQIBPIGEsedTin) Wugh.s J¥RgsSIVe SVEIRMpEIsSiony¢an Egsult with a

dlspli[cgglgrglt]s@%gld é)%ﬂ{t BERD %e'ré"tlﬁ?é:%ﬁqgﬁlgl f GUiY JT%ntBhEiween the

raphs’in FIGS. 7 e changes 1 n
deforgwod ileng dndrtbe casaridthe sprng farckensessrepﬂdly @dT theezraphd phratit elik yield

t i ght. e. amount .of dj spl acenent fromthe
suengfl i, ol Gustereh s Apessed gnd b5 SPRER TosPe, deaps igerer pfer only a
smallSnfRinPbf $pRigBA&S tFI@idQ sREWE THat dn éﬁ@lﬁ’&fe‘ 4sSerhib! ;y?rlaxlﬁ:%r as small as

agai nst the inside |eft surface of the can
aboutcld. 3 5smm (1h3 iamlm sigallenthati hemisimeheddctrode dmutihgiicatnd in FIG.

a 9.25 electro senbl S e
7) caff R EsEEing o5 b SinBei0E it lofadE? G ol hdlond ped in tis
evalu@tiort he el ectrode assenbly after insertion | nto the can
[0092] In FIG. 9 (an FR6 cell with a 1.78 mm radius arc-shaped lead), there is a small
gap between the electrode assembly and the lead at the starting point of the model, but the
spring force is above zero at a displacement corresponding to a 12.90 mm diameter
electrode assembly positioned against the inside left surface of the can. Line E can be

shifted left by as much as 1.07 mm (0.042 inch) and still have a spring force greater than

32



when the el ectrode assenbly is as far to the left as
possi bl e. For el ectrode assenblies with smaller or
WO 2009088708 anet ers, |line E would be shifted | ef PCDDS2008/010791
right, respectively. The anount of displacenent that
C [ I .
zero, B ARG Wincher AEU B0TRIY (et fioh 11 43 AR M08 wiey
this ledder e there is no gap between the |l ead and the
el ectrode assenbly in the starting position (FIGS. 8

[00933”0' gﬁglgres}ﬂgﬁ\?ﬁﬁg 18 il ?fr&i?a:%%&iﬁn :FEG! §CHRAGe points Al, B1, C1

nre I'splacenent o e electro

and D arergehyratly higter thaphthe goftespoading gojpmnili AHG.)Rprirg foroes should

.of the | ead (defor ion of the ipitial |ead shape).
be higher; with 8t ]hg]r g"t"%é’és ?%én@pw gdips i hetfossnohgyergagpression of the
lead Bl BREUHNZSH MUkl odeBsemi GRP i BRI i
e Poi nt s AT{, nBﬁ( g] and0 Dl &éﬁgt\?vﬁ’t ﬁgo spr f%g for ng rcr)lF1m clectrode
assembiy tleteai b¢ ustidspitlathesiiend design 3. dhRy slightlyQar@ebthanddtyrmiined from
FIG R6 cells and 0.102 nm (0.004 inch) for FRO3 cells.

‘Points A2, B2, C2 and D2 show the changes in spring
force if the electrode assenbly is displaced back to
[0094]he [The tgrdph L2FIGmI | & Siblar ne thoskdn FHRE. Gedrids 1&ndA comparison

0.,102 0. 004 inch) for. FRQ3 cells) after bejn
shows il &4 73 5 817 AR TR HhGHSREPARS fgres{er displagements beyond
point3H (fdint DESPABSVe fleYmaxifudn %ﬁ(‘éﬁg?ﬁﬁ@@ Ao P ifVreG, w,i!b%% there is

happen during insertion of t el ectrode assenmbly into.
somewhat mare losoin sprimgpfoece that nehdts| feerd dvsrcompressivmp ard thedminimum

ef or re. than the m nium.necessary.for, th .
electiglg aSie TPy HRoTeIEs (ot e e Ui BT IR e Gpofdpp feads with
1.91 fim &ltE1.98Mm artalifien al l owed to spring back agai nst

the can. The spring force is | ower because of partia

o0o4§E" TRAEREAR! B L3 18l HIF B 5043 a5 Sl o s

showh @2 #IG$.17-9ENE6& nuch @brrrr%r@marbfq@wsha d 14 SAreSUTe I3 fatigue of
of the electrode assenbly, the V- and arc-shaped | eads

the lagd gnd dess o spring foragy The sinimmum electrpde diameter thatomo]belysed with
= ' f. t ' -
e 5Pt W GRS M, 3214 Bl 398y 0y AP e i

with eHe€lc40 amhe ralicead!sliapedl ad pdprésefitedan FIGH a4 islabbit 8164 mm (0.340
0.056 inch) to the right. Because the spri ng force
Defegris

inch) sgidothe aHinymNE WiiAe A ehanddeqd Eprovented i Sl 3 is about

j @'g@l- d beyond line E, there is no spring force
4 {Bﬁn . :
8.46 et ween ltﬂﬁl@ | ead and the can for an el ectrode assenbly

dianmeter of 12.90 mmor less. In other words, with an
el ectrode assenbly di andt*amp}e212. 90 nm there is no

pri figL.C . ngl n.
0097 2015, D85 08 it A IR ) 2. were ot
evaluaterceH chanadierigtidsandpeefoenticed Eazh celiiin Yotk hamd 2ihad a 0.0254 mm
reater .than, 12,98 0.5_11 inch)_ is required.
(O'Oo?dﬁgﬁ thick gtrig, of P(’%YE{HW : ecfim Wapgeqa.ag{}mge eglectrode assembly
circuMfGRRE AThE M bragd f8ctidtle! £8erh By C6utfi89 dfEneter (including the strip of
polyethylene film was 13.06 mm (0.514 inch). Each cell in Lots 3-10 had no outer wrap

of polyethylene film, and the average outside diameter of the electrode assembly was
12.95 mm (0.510 inch). In all lots the average inside diameter of the can was 13.41 mm
(0.528 inch). In all lots the negative electrode lead was made from a thin strip of
conductive metal 4.75 mm (0.187 inch) wide, cut to a length of 55.9 mm (2.20 inch). One

33



to rise as soon as displacenent of the el ectrode
assenbly to the right begins. Wien the el ectrode
was®ends7ys i s di spl aced far enough that the | ef PCHUS®I®610791
the el ectrode assenbly is even with the inside |eft
e PE ,
end G5 BAE A gl 0 oA A0 LRl o P, o s
termihalnendE.of Tthe deark protrudedt from thecbbdttomni dnid af tid asdembikel electrode
senply .dianpter of 12.90.there will be spring forc

asserplilyRBFTE iy of BT QUG A COMPERSS thRderp e FRgtion of the lead

was PHENAORP{HRS RagdithARalTHES - aniX & acnY G0 GHE re&%’i‘i?a[les"iéé ng;fg&nof the

result with a displacenent béyond pol nt , to wh
electiode pssembly, msihavoh m Pl6i. 2% s of cont act bet ween the
deforned | ead and the can and the spring force rises
[0097)2P1 Gh¥ reBhtivel ABctEsRPIRAds Wokd HiffdhéntYih &lath "B, & shown in
the lead material is exceeded and the spring force
Tablel2 opthe von-plananfeads had| either ansingle avroanarcefshaped goposie khat was

8 ,shows. t hat. an el ectrode assenbly di aneter  as
paralleh {12 S8l s 38 o BT SRR il the It 82 was bent
alongMhRi THETOL HIRE blee@Sde h3eRIbE). ThEI ¥ abg @njfes,FAre ledpth€ AAd BEc radii

used in a cell with a can inside dianeter of 13.44 mm
shown il Teble 2 werg dimewsions afiipelingused 40 make tHeGbapgs, and the was some
. (.an _F celd.. with a . 1.78 mm.radi ar c- shaped | ead.
devie il Veridbilicyh 1% Gt S5rna0 B, T irBo I VEE ottty 127
mm (8150 ih€le) 1beB @xtindingefréthaké tepgiina®eds 6ff thé adsDMieh a thHition zone
the spring force is above zero at a di spl acenent
from ghey Y eaisashapgdissctiomtp aplanansestionet er el ect r ode
assenbly positioned against the inside left surface of
[0098]he Sampleldells fifont 8dchtiet seic teedd f&f dpeh irbit WoRAzea A Clifipedance

mm (0.042 inch) and still have a spring force greater
and amperaser beforsand affen staspgedfor i days eat §9P€ o fample gl from each lot

. . . J

were B3890t P o Rt 508 U okt 48ty There

were 9o silestanmbdifferetices, Meyordl expetted variabilisy;, amoag ehcelbtsy
hi gher than the corresponding points in FIG 9, spring
forces should be higher with a 1.91 mmvs. 1.78 nmarc
radius if there is no overconpression of the |ead
during insertion of the electrode assenbly into the
can. The m ni mum el ectrode assenbly that can be used
with this I ead design is only slightly |arger that
determined fromFIG 9. [0094] The graph in FIG 11 is
simlar to those in FIGS. 9 and 10. A conparison shows
that a 2.29 mmarc radius results in higher spring
forces for displacenents beyond point Bl (point D is
above the maxi num spring force shown in FIG 11), but
there is
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somewhat nore loss in spring force that results from
over conpressi on, and the m ni num el ectrode assenbly
Wele@aesssns t hat can be used is slightly |arger PEEES2008/010791
those for leads with 1.91 nmand 1.78 mmarc radii.
3cellsinFIGS 12, 13
own in FIGS. 7-1 1. Too
result in
spri ng LieadShapyhe
carr e usetnrtirtire—
iflat FI G 12 is about
maith the 1 40 mm
gshapedgrgoves i s about
30 degrepileghangle 90
| arqashap&l grbdve, D08 anest
(10096 (0075!inély radiukRA
-shapedl @roove el € Made

9@nggﬁgr1g£ ce. Each
a2 had—a 0702 %.rclléﬂa é)d&i)bv
etk o0 Gebhe | TXER R
lé?kg]slgéﬁ‘?ﬁ lddﬁllfwé‘@eldl anltﬂgf (i ncl uding the

3-0xLhmp Gy was 13. 06 nm (0.514 jnch)

[0095] The trends shown &
and 14 are sim'Iar to those s

of thé—l?aé'aMa&‘mPll oss of
gte ‘;EI l;};la:j
lélw&clsmﬁﬁé g0 deraéleqi gigelesent
P51 g (§.8@hinchhthick he ni
Nickblgplewtd cekidrotled steelent eq
091 333 (0.06hinchhévkpl e 2
el l's,| Rickel,ar to cell 10 in FI
o 8va @J@t@m&@kd 06 RIcRFIS] St i C3
S
hi 6k

oct vy
A\ v |

| egt r
trip

BEREE

‘ﬂ

acl9 C
ol yet

aNickelplated sollrolledhstdelno ol
.0 &hmnd {0.692 awch) thivk aver 3

| (Veshaped gravive,
38 dogrtes legkcanplanet er of

eNickeldsiated selilxb)ledvasel 2. 9%

b arg3HaPed &fdolvO.0IDP ard)!

3

koMo E= S
::s

he_el
181 ot o8 hanpue0emRCchpide d aRsRTmpf (01030 ifich) rdis
S AL N dder kel Ay - T at TS the negative
| egt rjo@s; E%gﬂ( 9 fromathhapcdgmoM:
onduct'dﬁ: 0. 187 | i73dbgreaileeangieit to a
anot go ?] r\h\ Oheendof—the | ead was
t ache RR?r't“fﬁke ‘W | um negatlve, EPERONETCiakS
aht]@r i¥in Brgss Alloy 7R25X er ni nal Iﬁ]p %9 1{? radius
r ot r ud®85F mon{@.002 inch) biskend of {he assenbl e
el ectrode assenbly, where it was bent outward and then
upward so the term nal [Examle3of the |ead was
paral l el to the |ongitudinal axis and adjacent to the
(00993 ! LAt 18605t FREfé’éH% Qfmlﬁi}etoebaptlboﬁr%“ﬁﬁﬁﬁﬁés 13%d 2, were
shown in FIG 2. [0097] The negative el ectrode |eads
constiysted tdi ddtemwem avwageasd!rvu:b lifaeoflthe sellsas Thawells iof ea'ciblozt had an
ar ads. ha r a single V- or arc-
inte §‘H%lpgt‘?° ‘8 R W?cgafﬂgx‘f’loéltolbio the | ongitudi nal
axis of the el ectrode assenbly when the term nal end
[0100\]\/as Baght ofathe (tpntiok Let di@nd Lot &l -d# emdre dxtbatiaaiseiﬂb Eyceplibe to the
negatlve quctro'agl §e% amegt herem&g,:io‘r’lr ¢

lead a$ exp Thé negatlve electrode consisted of
lithium alloy foil having an aluminum content of about 0.5 weight %. Cells of Control
Lot 1 included a nickel plated cold rolled steel negative electrode lead welded to 96% of
the width of the lithium foil and had an overall length of 55.80 mm (2.200 inches). Cells
of Lot 11 had an anode lead directly connected to 50% of the width of the lithium foil and
an overall length of 37.97 mm (1.495 inches). Cells of Lot 12 had a nickel plated cold
rolled steel negative electrode lead that extended 25% of the width of the lithium foil and
an overall length of 28.22 mm (1.111 inches). Cells of Lot 13 had a copper alloy 7025

negative electrode lead with a length that extended 96% of the width of the lithium foil
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shown in Table 2 were dinensions of tooling used to
meke the shapes, and there was sone deviation and

wo 2000888703ty in the actual formed | eads. The grPODU8208/010791
were approximately 12.7 mm (0 50 inch) long, extending

and a‘}lr&'@}aﬂlrl@nétﬁ of’5580 nERYS.206 h" s)) €8S of Vot 14 Bad 4 é{@& b8y 7025

zone fromthe V- or arc-s sectlontoa
negatherelegtmde[legbgiat Sctepded iﬂ%loé' ther widtb af1the htluumrfell tand tancbverall

n ci it voltage, AC inpedance and anperage

lengt&é’?é?gs (L‘?%P’cﬁf’s@r age for 60 days at 6C0C. Sanple

cells fromeach |ot were also tested on a variety of
[010Hi schslyef Eontsil cladt AkmsleLatsdlialaedter oedre adentiealt exdept for the

negatjik igg 54 5 IRl el ek 5 s ARl ol dgupt f6 were

forméd Qﬁélu&lﬁé Sa Qeght® %I%'c{réde Tohiisig 08 £ QthiudD aBBPVRIL Raving an
FIGS 1 and 2, were constructed to determ ne average

aluminam, cerdentjof abeat §.pevic &. | dhe positive lelestrode was rﬁommd dsaaipatterned

el A8 S ol Sl ST PMBRESGHNehf oo on

either didd 4f Wpbsitivel elRbir6d cuddnb cEM&eedt! I THE dells Uﬁ@dﬁﬁﬁﬁthVE included a
el ectrode | ead as expl ai ned herei nbel ow. The negative

nicked plated enld rel&s%ﬁgqlewg@qu ¢leetrade land wigldeditp 96&w iohéheayyidth of the
lltmu@)@r%ﬁwﬂ_o f,f)%gltaclzlﬁg Oé.g%ygaggéréﬁﬂe(b%gilrégges)oof%&fs crquoa 15 included

a nickél ptdtedhegldtroNel sbelGicpatile élﬁﬁﬂ)d\éﬂéadletﬂat &xt&fafd 310% bLthe width of
width of the l[ithiumfoil and had an overall |e

e mptadon ovienbdsnetief £2 Sgmin-5 et G5t Lot 16
8 e YRy ST B e o

lithiurmfolilesid. ha@ah loseral] 1émgth $22532 nam IQO ®82linch).at ed col d
roll ed steel negative electrode | ead that extended 25%

0 15 A 4 e L4 AR T8

negativepglentrodk vag 17055mneé gart the eeld?sl leofingkkadd eaehdmg h6% of the lithium,

Iengththat xtended 9 wdth qf t Iltplum
92.6 T dik i ColBoPPRIPG TR 51 a GBI i, AR i dgy the cell
t @ﬁi 35%ToflAt 1itHiulAdidthCARP Y. 63hPYfof e c& tbrY 16% of th
o ene eglctrodoe | ead that extended 50% ofo thecva%téfw o(ﬁn% he ot the
lithiupi widtlum foi | and an overall length of 37.97 mm (1.495
inches). [0101] Cells of Control Lot 2 and Lots 15 and

[0103'1]6 Wq'h@ nééjcﬁf% lefeRtrog R:‘?i@tm EQh lbh@agpﬂzgdré’ @vefdeﬁ‘ri\gé E%lt‘ﬂscontact to

'ead as follows. The cells of Cont Lot 2 a
the negatiye dithiamvioil dbyfpressere bandingli IncalbLotsgtht inegatileanl¢atode lead was

oo 50 o b P B B A e o
the 1én@th &4, 86 titat R tePMi end of the lead protruded from the bottom end of the
assembled jellyroll electrode assembly, where it was bent outward and then upwards SO
the terminal portion of the lead was substantially parallel to the longitudinal axis and
adjacent the external side surface of the electrode assembly. The outer circumference of
the wound electrode assembly was covered with by the cell separator. One or more
portions of the lead not connected to the lithium negative electrode were in contact

pressure with the container of the cell.
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electrode wth the electrochemcally active materi al

m xture sel ectively deposited on either side of a
w@omonssres el ect rode current collector. The cel PGT/U§2008/010791

Control Lot 2 included a nickel plated cold rolled

[0104\1‘t dt Ehgggﬁélvaﬁd%ﬂe?geﬂ lf&a%emﬁ& aggd 0038e ?xgﬁ’ @Fteﬁli} T ser\Flce life

accordmgd0 thenettd seOforthah daples Gednldst. dThd ebulfsdisteinutie (T ables represent
i ckel plate d rolled steel negative el ectrode

correplgs, dnmub SR bl i tEOORTORUHESH thervelly Werdinqhapgedpontinuously
at thclf I%Eéh%lggﬂj tJ(]:eﬁﬂq iAdicRéd rv%lt!i ?ﬁ‘f i eg T8 DSC Pekt @T&c‘qﬁd%tgeﬁfo Zlggh rate"

I's of Lot 1 a copper
test ané gmindicetived eft¢allopbeformanicet fmam@n'a&mtedsmﬁ%soﬁ dtheesmfai‘tdxample
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1500 m f r\u an m )Qé ad 1 J\Q-L %\An o OQi/P odl § nvgg'ﬁ%\v Aol 98.9%
RTl C t V) L 1 Ilut 2g/1l ULI 1 Ull'3% VALY A>3 Oﬁyl \waV | l'-\.l: 0'760 T :I‘I \"A Y . 0.1%
IIIU aC LUl UIII LU [IIU I.UDI.D DUI. IUII.II LI abrcsos o daliu

4. The results listed in the Tabl es represent
corrected input variability. For the continuous test,
the cells were discharged continuously at the rate
given to the indicated voltage cutoff. The DSC test is
considered a "high rate" test and is indicative of

cell performance for high rate uses such as in
devices, for exanple a digital canmera. The DSC test
cycles the el ectrochem cal cell utilizing two pul ses,
t he
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first pulse at 1500 miWfor 2 seconds followed by the

second pul se at 650 nWfor 28 seconds. The pul se
w@ewuessoes i s repeated 10 tinmes, followed by a PEFUS2008/010791

period for 55 m nutes. ﬁﬁtermards, t he pul se sequence

and rest period are repe?%\gﬁf ?hprsde:ermfned ;
or e tes per or me

cut-off voltage, 1.05 vo
herein TARIE 3TAR

3 and 4 i it was unexpe
negative EPEctrode | ep,

momggtwufe 3t Lﬂ%?"

I|ffl -YaS '~|fn 1'7%:3

L@P@%Eowwfrm 1100.006) _943_9&_/@,2@,@, 09.69
o hdliouasdl o 1.2% o b i 08% VIVl =Y 1 88%

t HRmACostiReRy aCowAbl nadfl.0%: e | ng WnlH HBRY%,

-_a-l-s—u-i
1398 “W(f pes 1% Hentrgbl o 1100.0% 5
Q—Hﬂj 237 : + 5 0%
e zéﬂﬁﬁ'&"%saf%rms 1000 KT ST FXT
TN " 1.1% o .

T
Sﬂlsw&étren %Geniol by J800% o0k J033%Bns by ” 3%
bt Al 1l ~ Er\ d Ig Su‘|9 (L SC? l. CCT4 ofg n \T/ol 1
|m\’i§§’s%ﬁ‘d€’ Loabentgll 000G b o dDlXs ¢ Wb JOL2%; o
MO0 IR DO - d IS &N M1 1%

n‘DdIfI cati ons and i nprovenents may be made to the
i nvention w thout departing fromthe spirit of the

[0105]i sclagdkuktamdda Tiables madslc Opevas ingxpettedly distoaéded ittt @ negative
mned i ms, and_by. the breadth

[ 0 be det
electigle tl‘??@e‘i"ﬁ'f‘%‘it % Hesa| @%b‘gﬁj tﬁswwlmf # ithipmrq@ntInige negative
electﬂ)d Aﬂhﬁhqyf{eg i Iﬁ@kat@% ent Eﬂo?'lﬂig litfle im act chacell service,

St anti al rca Ctl ve cont al VI Nng

whenacmhmrecﬂ te rthe Lants @;ﬁqmoemi't &eaﬂreldcé:lls aﬂi)lﬁanéneessenﬂieyresults are
end an

. and dewal.l extendi ng between the cl ose
belicyqictorhsrednaprings SHEHHONG tha CEL pra dUBBRMARGIASG e d variations
in naRhrl nfdiclfals AtiNSEAh URe ReRS! fBﬂ@xﬂ%@féuﬁg the ARG o?rlhé‘ negative

wi dt h consisting essentially of Tithi"umor a lithium

electralde did n@tvbmgmattw ésodated When utidizingtahshontenertinegative glegtrode lead.
Moreg el Hit rexifts s A ndl' FRrefaiieRai%s Seercls BRBIRPeytilized with

differefintypés &l ceBREnitucBbRE With6@ subStahdlly affebting b&l a@diet e

[0106] It will be understood by those who practice the invention and those skilled in
the art that various modifications and improvements may be made to the invention without
departing from the spirit of the disclosed concepts. The scope of protection afforded is to
be determined by the claims and by the breadth of interpretation allowed by law.
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el ectrode, wherein the |ead has a surface area that is
connected to less than 0.7% of the cunul ative surface
WwW@e@a/088703 he negati ve el ectrode, and wherei n tPE&I/US2008/010791
positive el ectrode, the negative el ectrode and the
WHAPRS P und into a jellyroll electrode
asgglcﬁillt"gh\s%ﬁnth%\'? the internal |ead nmakes el ectrical
cant act Amelebtrodhenical tcell ompeisitghe end assenbly, and
wherein a theqretjical, jnterfacial anqde-to-cathqde
iptosEapaly fﬁuﬂg% cprgjuctiyie canipyner Bayigg 2 qlossd endgan gpen end
sealed BG afileRl DS RAHHT 4l a G@IWalPEGdHAS BetWRef ¥ dbsed MdShA the open
the | ead surface area 1n contact- wth the negative
end; el ectrode is less than 0.5% 3. The el ectrocheni cal
cell according to cl.aim1, wh in the | ead has a
- SRestie el Qmpringg 198 AR | ength. 4. The |
el Lrdgafitd el Pate KRing R EnBHANS WidthCoRbiSint eMBR{Ay b1Rum or
a

| ead 1s nickel plated cold rolled steel, nickel,

a lithiying fldoy havingat leaspP@ wt. % lishiypeandhaving a eumglativesurfase area;
staeel Aralir: The el ectrochemi cal cell according to claim
1,2 %REPE™ the lead has an area from5.0 M2 to 160

MPndnaqeddi astbanit elecirbi§tesur f ace of the negative
el ectrode. 6. The el ectrochem cal cell according to

clas; intenal \\padrlerated hethecqatainer fand dn glestricahconsant aith thietnegative

e SRS XE LR P57 JELIGER rbaihand s 13 or e

cumulatjvetsurfageeared yf thahegative dedtddé,iad 0. 95. 7. The
el ectrochem cal cell according to claiml, wherein

t Hhegeindhq posifiveelectapdss the negpiivorleaeadernd e serasetor are wound
o £JA516 Usokodd RGN BRa R TEd LOCHRLHE comact v
the caitaiotr arcthe end akseaddly, adowehiateing theoretiaalrinferfadied rapbde-tdicathode
. |l ead.i s copnected to a botté)m portion of the negative
input capACity Safp 1ox fhey Sg‘?sém?é‘la ‘bottom end of an outer

wi nd of the electrode assenbly, and is in pressure

contact with the sidewall or a bottomwall of the
ccéht ai nkhe. electrahemidat cell eehendingato claith Bowberdinnthet lead surface

claim7. .wherein.the surface apea,.n, contact with the
area i sBhBP i HEcteetie flecide o e o8 %t¥nd 0 5% 10, An
el ectrochem cal cell, conprising: a substantially

cylindrical, conductive container having a closed end,
ar- openThenelegteedhemitn) cgH enedrding doinlgim dnovhereindbeclead has a

resistgﬁ(cte%welsg %atl)leltS\Ar%fﬂcr% I?gn |.0sed end and the open

4. The electrochemical cell according to claim 3, wherein the lead is nickel

plated cold rolled steel, nickel, a nickel alloy, copper, a copper alloy, or stainless steel.

5. The electrochemical cell according to claim 1, wherein the lead has an area

from 5.0 mm? to 160 mm? in contact with the surface of the negative electrode.
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end; a spiral wound el ectrode assenbly di sposed within
the container and including a negative el ectrode,
WQEoonssres el ect rode, an organi ¢ nonaqueous el eRCT/OB300%010791
and a separator disposed between the negative
elgctr SRErRhehdiday Cefl &%Hd?ﬁ’% fo Waahel ,nwﬁé}@iqnﬂmgalteh&’ Surface
el ectrode consists essentrally one or nore |ayers
area inf cdnitachiwith the negativehelactradel is\behveeenry020%| andd. 56aand svherein the

wi dt h, d wherein the negative electrode is free of a
theorglical e BACial FHE 1 -oRAGAT BIpat coracibn atiois ons fhen O
| ocated in the container and electrically connecting

the negative electrode to the container, wherein one
erd por Theoelegtfochhmidab zdlliascetidingctol glaiow i ahersdn there lino direct

e TBRE BRSPSl s Ao A S o
the poditiNdeledttbdefcohtact. negati ve el ectrode from 10%to |ess

than 88% of the width of the lithiumor lithium alloy
| ayer nmeasured parallel to a |longitudinal axis of the

cg |l at I ' . nectipn. 11. The . .
eleééct roc er%&%gﬁélgég?l?&agg@r %icﬁf;(ﬁ?%]% I 3l|a}‘31 16’, ‘Wr?é?uéi We lead is
connédied {oeBoteoth @ottiorfoflihetrdgatveelasttdded ektefds &0endva Hoftom end of

end of the negative electrode from10%to 60% of the
an oujgrWiRd oxf the,gleftreds; apsembly, ardhisuim RIPSSHIE Gomjast withnthe sidewall or a
botto\SLIELFHE hiEMept | cal . interfacial anode-tocathode

I nput capacity ratio for the cell is less than 1.0.

12. The el ectrochem cal cell according to claim 11,

erein_the | ead exten a distance. neasured from qne .
xbdt h_ gﬂlf %?Ct{or‘f e‘ﬁ_&’@ﬁf&\f/é""&r@&gﬁ%& my 7 heson ithe syrdgcgrarea in
contau"\%itli\’!tlfg&fggﬂcivéélgc&ddehé BERwREN bighB4 H@@F%‘?y | ayer, and
wherein the | ead has a resistance o ess than 15
mMVcmlength. 13. The el ectrochem cal cell according
tq.cl ai wherein the | ead.has an area from5.0 m®
t810160 "Sﬁlr?l‘%ﬁtr?:%‘ﬁf"é@l Cﬁlitf’t"ﬁ?‘%?@mgface of the negative
elahibk@fgallyldylinGtials boducA v eohtaier Afihg 8Ctskediend, 4Popen end
claim13, whérein the lead is connectedgto a bottom

sealegh by ah ¢nd @ssentbdy,rand at sidewall extending betweem thbsclosediend aad the open
. bottomend of an outer wind of the el ectrode assenbly,
>and is in pressure contact with the sidewall or a
bat $paril WRuhd @lectrible asyehily ispoddd: withid e @ehfaifeh @Rl GAéluding a
cell according to claim 14, wherein the | ead has an
negatiyecgieqtiogde nasitvenglectrasiegan ergamic nonaguenuseleopiolyie,tand a separator

dispo§éiir i)@t%\?eeﬁ) fthé *h%g&%%a%ieXSo&é Gl rp%gﬁfveaé]gctgode, wherein the negative

electrode consists essentially of one or more layers of lithium or a lithium alloy having a

end

length and a width, and wherein the negative electrode is free of a separate current
collector; and

an internal lead located in the container and electrically connecting the negative
electrode to the container, wherein one end portion of the lead is directly connected to the
one or more layers of lithium or lithium alloy, and wherein the lead extends a distance
measured from one width end of the negative electrode from 10% to less than 88% of the
width of the lithium or lithium alloy layer measured parallel to a longitudinal axis of the

cell at a location of connection.
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wherein the theoretical, interfacial anode-to-cathode

i nput capacity ratio is less than 0.95. 16. The
webk@enssehem cal cell according to claim10, wWhEer/E52008/010791

the |l ead has a resistance of [ess than 5mNcm | ength,

and wh . . . 5
el THE SlefRnERA bl Mcplfhe & B 16 Wigtel tEdead cxiends a
distaree m¢arinreld desm ohe svidthlehd offthe abgative eidvaiside ftont 0% to 60% of the
...according to ¢claim16, wherejn the separator .or a.
width(of B T‘w%a, OrJ}JH&"tﬁlJlﬂ IR¥ET B PR theoreficak dpferfagialanode-to-
j ssenbly such that
caﬂlotgﬁgfptggi@asp%ﬁ%; g??efgf d{r?:ebgg?% 5:% egggf(?ode or positive
el ectrode contact with the container sidewall.18. An
el.ectrogheni cal , cel | rising: a. sybstantiall
C)}Iez'r ndr aq%:c%pghgaaa} Vgpg%ﬂfdj?%g)r CIPr%iLiEgW e’@f’bg’@ﬁeaéinﬁ‘,tends a
distarRRe r¥3hire Trbri ¥R GFdfAVerdbARE n8SARRRtrodE Fromn $0%EER0% of the
ext endi ng between the closed end and the open end; a

widthsef; thg|lithigomer bthdemnradles lagssecansl whelieiptheddadvhaha mesistance of less
ntagi ner aid spiral wound el ectrode assenbly havi ng
than £RHRTErE

| ectrode strip consisting essentially of
lithiumor a lithiumalloy with a length and a w dth
creating a cunul ative surface area, a positive
elléet r eectrqgrhemicab cglh raccordingatgueloins 14| ediereih thee lead has an

area 338 5t G50 30 310 ot FERP At i St PLhe Rekaive slnge n
the container and electrically connecting the negative

el ectrode to the container, wherein one end portion of )
t H4. | eakhei slegwochemieal edl! tageordinghiairplaim 113t hwhereial they lead is

rei s N ir .electrical .contact between
conndtfl8 G LoduRih Bofihorh B B ERHE AECHPE PP FElnE LPRGR: nd of
an ou6dr &dihd off ¢heoéletthmlenBsémblyeal BGh pReSurevddRtRt Withnde IsRRGall or a
is conpected along a bottom portion of the negative

bottorg  veal} ofthe camfaingkt ends out si de the el ectrode assenbly
to make pressure contact with the sidewall or a bottom
wal | of the container; and wherein the |ead has a
susf ac dher decttdchemical celhaecdrdihgt o ¢lems 1uhaheftin theofead has an

he cunul at i surface area of the negative el ectrode
area figin 1000 D40 42,6 B 4k Gomaciovite teru e A aE NG ecaode, and

wherdif? ﬁlé“tﬁ&ﬁjeﬁé’a?, iRfePEbiaP Ao de 18 Pt ‘irg)ult @?fac ?ﬁioSig%sgfthan 0.95.
the wdth of the negative el ectrode as neasure
parallel to a |longitudinal axis of the cell
16.  The electrochemical cell according to claim 10, wherein the lead has a
resistance of less than SmC/cm length, and wherein the lead is nickel plated cold rolled

steel, nickel, a nickel alloy, copper, a copper alloy, or stainless steel.

17.  The electrochemical cell according to claim 16, wherein the separator or a
cover wrap, or a combination thereof is present on an outside surface of the electrode
assembly such that there is no direct negative electrode or positive electrode contact with

the container sidewall.
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19. The el ectrochem cal cell according to claim 18,
wherein the surface area is connected to 0.02%to 0.5%
w@poovkss7eunul ati ve surface area, and wherei n tPEI/US2008/010791

theoretical, interfacial anode-to-cathode input

c cit WoRY t&q,gb 20. The

elaig%tr Xﬂéﬁkﬂggﬁﬂegu# glécor [ ngl%so claim19, wherein

t fuesdbsmdtlﬂlgscﬁindaice]a coﬁdlﬁ:nﬁ)e eoRainer hmng talvdosed @dd) @ open end
I,n contgct wi e of ths atlv el ectrode

sealed iy ARG @5 APV SHERANE bEBFOR s Glpfedignd and the open

end; cOntact with the container.

a spiral wound electrode assembly disposed within the container, said spiral wound
electrode assembly having a negative electrode strip consisting essentially of lithium or a
lithium alloy with a length and a width creating a cumulative surface area, a positive
electrode strip, an organic nonaqueous electrolyte, and a separator disposed between the
negative and positive electrode strips;

an internal lead located in the container and electrically connecting the negative
electrode to the container, wherein one end portion of the lead is connected to the lithium
or lithium alloy;

wherein there is no direct electrical contact between the sidewall of the container
and either the negative electrode or the positive electrode;

wherein the lead is connected along a bottom portion of the negative electrode and
extends outside the electrode assembly to make pressure contact with the sidewall or a
bottom wall of the container; and

wherein the lead has a surface area that is connected to less than 0.7% of the
cgmulative surface area of the negative electrode and extends a distance measured from
one width end of the negative electrode from 10% to less than 88% of the width of the

negative electrode as measured parallel to a longitudinal axis of the cell.

19.  The electrochemical cell according to claim 18, wherein the surface area is
connected to 0.02% to 0.5% of the cumulative surface area, and wherein the theoretical,

interfacial anode-to-cathode input capacity ratio is less than 0.95.
20.  The electrochemical cell according to claim 19, wherein the lead has an

area of 5.0 mm? to less than 160 mm? in contact with the surface of the negative electrode,

and wherein the lead is in non-welded electrical contact with the container.
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