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portion of an electrode current collector at the core of the electrode assembly are found in

U.S. Patent Nos. 3,245,837 and 5,021,306, which are hereby incorporated by reference. In

US 3,245,837 the lead is an electrically conductive strip that is fastened to a cover plate
and external terminal. In US 5,021,306 the lead is a metal splint, and a leaf spring welded
to the cap on the open end of the container makes pressure contact with the splint.

An example of a cell with leads that are bare portions of current collectors
protruding from a plurality of electrodes is found in U.S. Patent Publication No. US
2002/0094478 Al, which is hereby incorporated by reference. The plurality of leads is
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side surface of the electrode assembly to compensate for variations in thicknesses of the

electrodes that can result in differences in diameter. This outer strip of material can be one
or more strips of separator or a separate strip of overwrap material, as disclosed in U.S.
Patent No. 4,963,445, which is hereby incorporated by reference.

An object of the present invention is to provide reliable pressure contact between

an electrode lead and the side wall of the cell container. Additional advantages of the
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lead extending from the electrode assembly, and at least a portion of the lead is disposed

between the electrode assembly side surface and the container side wall; the lead is
maintained in physical contact with the container side wall by pressure only; and the
portion of the lead between the electrode assembly side surface and the container side wall
comprises two edges and a deformed initially grooved shape that is biased against an

internal surface of the container side wall, with the groove disposed parallel to a
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i. allowing the deformed non-planar shape of the lead to partially return
toward the initially non-planar shape to apply sufficient force against the side wall of the
container for electrical contact.

These and other features, advantages and objects of the present invention will be
further understood and appreciated by those skilled in the art by reference to the following

specification, claims and appended drawings.
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Fig. 6B is a cross sectional view of an electrode assembly, V-shaped electrode lead
and can showing their starting positions in a model used to determine spring force of the
lead against the can;

Fig. 6C is a cross sectional view of an electrode assembly, arc-shaped electrode
lead and can showing their starting positions in a model used to determine spring force of
the lead against the can;

Fig. 7 is 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;
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DESCRIPTION

The invention will be better understood with reference to Figs. 1 and 2. Cell 10 is
an FRG type cylindrical Li/FeS; battery cell. Cell 10 has a housing that includes a
container in the form of a can 12 with a closed bottom and an open top end that is closed
with a cell cover 14 and a gasket 16. The can 12 has a bead or reduced diameter step near
the top end to support the gasket 16 and cover 14. The gasket 16 is compressed between
the can 12 and the cover 14 to seal an anode 18, a cathode 20 and electrolyte within the
cell 10. The anode 18, cathode 20 and a separator 26 are spirally wound together into an
electrode assembly. The cathode 20 has a metal current collector 22, which extends from

the top end of the electrode assembly and is connected to the inner surface of the cover 14
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In a cell according to the invention, the terminal portion of the electrode lead,
disposed between the side of the electrode assembly and the side wall of the can, is
initially non-planar. As used herein, initially non-planar means non-planar prior to
insertion of the electrode assembly into the can. Before electrode assembly insertion, the
terminal portion of the lead is formed to create a non-planar shape that can provide

improved pressure contact with the side wall of the can. The non-planar shape can



apertures (not shown). The can 12 serves as the

negati ve contact termnal. An insulating jacket, such
wa0mnsadhesi ve | abel 48, can be applied to thecsiusen06/002733

wal | of the can 12. Di sposed between the periphera

prov1&é Qg&ﬁ‘léolflké OfardcBiBiB A t}fc%’rﬁ{mﬁgoﬁﬁii{l dMBe LRl reSANRYS inlifle

Itive tenperature coefficient (PTC) device 42
apphd:eilmh o§ fidys¢ by theatbmnb] prirtien ofthe idad\m bfas (ﬂm ]I3@¢] agaipsy e can side

ve electrlcal condi tion I
wall, g}e raviding ipproved pressiiee cggﬁsafst %e 8 g}veix zﬁaﬂ }gt\né%‘ﬁ AT 8f the
electr%@@ ﬁés%ﬁlyc‘ﬁﬂﬁhé §idB Svafinbfithy\einthnA fifdreéinglie @@Rirham possible gap
with a vent hole 30 in the bottom of the well
for wmh gasn@ elgplaical gantacs carbbg mainRineg. A Ferighy of nen-plargr shapes can

oo S B TR M ., ity

and c3§1|bfkﬁﬁoi1§@eﬁlef | Bhanpleobf lehds Véﬁm km@hl\}’-sB@ed\Ahé arc-$haped

ce I Nt erna ressure excee t d
grooyes are, AWnga ﬂlgsg 34 apd %rwpﬁwselyg Frf Wg@ﬁ e%g]fﬁggﬁ F%%’%Z has a
boﬁoh?1§4°§ EgncPﬁ%lels{; 3R B thifin ﬁ&ﬁ&&é@@xe RASI! Q?@d

seé rom a cell accordin
:j etig mﬂmhrhﬁ‘acttmentheh ahzgndnemunaquomdmofethegﬂad@d@bt defgrmed,
i sppse t he, si de d
c.g. AN 1 Poigtepmty, o i fpRElRGiRE AT fkap.

follo@thg4sieh t}%rt&&ﬂnal pUrtibibf the Téad-cih Sptig PERAMSy PAR-tpwarddrs

prior to insertion of the electrode assenbly into the
1mt1a¢1amon@@m@r shapk ot rerdaings lestimagtisliysempressed torappiset fAreflo the

B S B RO o 00l
contdchﬁntﬁltﬂ@caatﬁ'ﬂlg@félAt dil 4Rce cfdse-saamnpl dnpes sfedgerode assemblies
A RS N T
tem‘lﬁﬁg;(l)jdrﬁgltlébl h teﬁHQF A dg% hﬁl}lﬂebéeﬁrb'ghﬂﬂ{o Iﬁ&iﬁdr%] &%nttth%e

agal nst the can sid
externblesiddbsurfacesvofithe glectnpdeoassantgios 4§05 250¢ diigs élA EmﬁrﬂhShOW the

oSt RSB TYSED e o R Tehp 2REARerin

into E3#S 'm 1o Sﬂie%ﬁllﬂﬂﬁ)dcr%nsmltMeMGeQ% el padtialig@otpedssed

can mai nt ai ned vari ety of non-planar shapes can
compmfedlti)dli@‘lr prﬁema@ﬁtlng shatmpe@thmanplamgng detcp graing{dhs myer

surfe}.éﬁqee?]gtg? e%#p? ]egr g?n eg ahk K8g 23@ bvgy%nqg%hgﬁ gurfaces of

the e@écﬁn&@@d%aﬁbné@moessaa@d ﬁia@m wanslafglsa caamancmas
resgectlvel i n_which the groov 252 has.

bofheshapsts) Tormed ip thedgruigal ySioneRis feaican P priPpigg in any way
that 9@{ Iil'lcﬁ’g i egrt{oﬁeof ﬁaageétﬁﬁi'e agsefhb Mtb ﬁﬂ: c‘éﬁlv&l'ltHi‘Sﬁf‘ﬂ‘ettﬁ&élﬁ’g e

erm nal portion o the | ead can
elecﬁl@(feoarsﬁmﬁbly,emg le,adta‘n\is}a?ﬂr chrith ¢hespoiiet thit thdreclBb ek;clmdleor discharge
assenpl y, s dnsert i nt.o

| ]
cary ook W b PeSEe el R O o i 1% Rabe iy porion of
the 1e& éJ‘tﬂa@BHéla}ré’ oﬁéiﬁgd {oBaghlliel fo the longitudinal axis of the electrode

assembly can facilitate deformation of the lead prior to insertion into the can and spring-
back of the lead after insertion without causing deleterious damage. In addition, by
orienting the lead so the edges of the terminal portion of the lead do not point inward

toward the electrode assembly, the risk of damage to the electrode assembly can be
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The maxi num gap, or difference between the outside
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damage to the lead (e.g., tears, holes and wrinkles in the metal and abrasion of plating

from the surface of the lead). Examples of commercially available sofiware that can be
used for computer modeling include ABAQUS (from Hibbit, Karlsson & Sorensen, Inc.,
Pawtucket, RI, USA) and MARC K 7.3 (from MSC.Software, Los Angeles, CA, USA).
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e can from corrosion.
the desired corrosion resistance and ease of metal forming. Formed covers may also be

plated, with nickel for example.

The terminal cover should have good resistance to corrosion by water in the
ambient environment, good electrical conductivity and, when visible on consumer
batteries, an attractive appearance. Terminal covers are often made from nickel plated

cold rolled steel or steel that is nickel plated after the covers are formed. Where terminals
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degrees of corrosion resistance or to provide the
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The vent ball can be made from any suitable material that is stable in contact with
the cell contents and provides the desired cell sealing and venting characteristic. Glasses
or metals, such as stainless steel, can be used.

The anode comprises a strip of lithium metal, sometimes referred to as lithium foil.
The composition of the lithium can vary, though for battery grade lithium the purity is

always high. The lithium can be alloyed with other metals, such as aluminum, to provide
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havisg gpuritydevel of at least 95 weight percent 1s avallable from American Mlnerals
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In addition to the active material, the cathode mixture contains other materials. A

binder is generally used to hold the particulate materials together and adhere the mixture
to the current collector. One or more conductive materials such as metal, graphite and

carbon black powders may be added to provide improved electrical conductivity to the
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particulate materials together and adhere the m xture
currenbedllvetor oarr provide @l dosreent agrdfopmakingeoptsaivith theeelectrical lead

terials such as. netal [ :
conn3iiie B RagHiediindh oy oA Fodlc SAMARD ML Gt pnding
porti6® BEHS el brticotlectbien ninithem téheake s unichof tleonttumedl velme of
mat eri al used can be _dependent upon factors such as

the Cgﬂ] avalablerfer echive awpteridt md el5otBHytPhe active material and
c '0151ﬁ)"?‘c!:-ﬁerrgxi~I ﬁleg-ﬁ'td%lfmé)ﬁestz Qgﬁ}ﬁghé%t i¥ Ec?rcjig&otahg slg.\'hlglro[? Abtive

ector and the current “collector gn.
matefigDmidtsreafiaterdals mushighly volatile organic solvent (e.g., trichloroethylene)

onto both sides of a sheet of aluminum foil, dry the coating to remove the solvent,
calender the coated foil to compact the coating, slit the coated foil to the desired width and
cut strips of the slit cathode material to the desired length. It is desirable to use cathode
materials with small particle sizes to minimize the risk of puncturing the separator. For

example, FeS; is preferably sieved through a 230 mesh (62 pm) screen before use.
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additives may al so be used to enhance cat hode

manuf acturing and cell performance. The follow ng are
weoexerspse®s0 of active material m xture materi al sSPEDUS2006/002733

Li/FeS2 cell cathodes. Graphite: KS-6 and TI MREX(r)

\'\;ﬁ'he %a%ﬁ@%%l%ﬂ? tcbl‘ﬁlélfeﬁlﬁh 'tﬁéapcfs'itﬁf@ tdipTRA o AARBEIC ahis may

Car bon bl ack: Grade C55 acetyl ene
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and c&0H& M&chﬁdaﬂmlﬂ@umt@me%mﬂ5§ﬁomm other. TDortions of the
Addi tives: FLUO HT (r) mcran

ed, . .
separgfgr ma@ta}saﬂw&t% eﬂlﬁxﬁc&wrxepfprtﬁffeﬁgwa# cputast withibe falkiegninals
to preg\glfgﬂﬁ{ glilall Ql? rrtoc#] fitk y}fﬂ%\% ofl\tP(e séﬂ%%eérgdﬁgg%&%né |ble%ond the ed es of
at leadtR@Sldcfrojle @0Asuye ﬂd\eﬂfewtmde gid cathocferctmmqwgaks slaectncal contact

even EGhRERE P! Fegro g ABFEORL T SO Yo B ASTREE Pho.

minirh Bk MROEm S Bﬁ&?ara%r hdadidegead tedldetedemy be coated
onto one or both sides of a thin metal strip.. Al uminum

i s:rcapnoamw highaowen tischaree paufermeanes it desypbledhadtheray
nd . th 0 C
s SRR RE N RSB R o AR ) 0805
and aQ!a!Kg’éﬁrﬁlméﬁﬂld)rﬁ@ﬁlﬁf mORthi 6 yintlcrasss @ puweite it tharargefodi30 to 70
maki ng contact with t Iggpel ectrical | gad caonnect e

percenh @n 3 PEGEC resisansa P om 2 o HuQpepy @ndgt %‘é(ﬁltf/ﬂ%*s?han”)

d1sclys%}i% € palAENG X5 80611 1 1BRAEE E)Pﬂclpi 1998, &AHeB&Hy incorporated by
col l'ector to a mnimumto na as much’ of the’internal

refersteeune of the cell available for active rraterl al s and

el ect ef rred od of maki

c BB as Rl AR s ngrenaedi o s e ol
mand}‘ae%hﬂﬁg 1oRERES Alveell 45 ;ﬁei&hﬂh‘hﬁt mg& Bé btepted roﬁam &p&ﬁt&&ﬂﬁmg

(e ?rlchloroethylene) onto both sides of a

cell cbﬁchatgwwﬂmt feais| split jrolen or other Bang deaelpblﬁﬁ\%attcﬁ‘éld result in an
t
e Ao 0P RSy RS b SO I o

shoulWBe &tthinS poésitlbgpreferdbly Rhthee 26qine thick, ahdntdrepriézablydo

length. It is desirable to use cathode.materi.als h
mmorgheit P2 e sk 5168 95 80 Mo 0f] iRy 7o DIShGSRIGRUTGRs is dosiable,

prefege#ﬁ? Ll %?%06 hﬁor%??é& gftﬁ 1&%5%0 AR tg?amf §SFrdeSer square

ereraply Sieve SCr eén
centibet@egliiee’) Ther amE]h@t},@ewsll ¢hemrefered |t¢n;sllc simse s afdeasb1500

kgﬂctmrbeln tlcl)es llngclzhlvr?e 1(reerc2?orr1] %ll’ld at 16}18??.288 kgf/cm msthenEanverse direction, and

for a FRO3 type cell the preferred tensile strengths in the machine and transverse
directions are 1300 and 1000 kgﬂcmz, 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 pm, more preferably no greater than 0.20 ym. Preferably the BET
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be acconplished with an electrical lead, often in the
formof a thin netal strip or a spring, as shown in

wei2gne/0k3660he | ead is often nmade from ni ckel pl aceas2006/002733

stainless steel. The separator is a thin m croporous
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SultaBI%rsﬂﬁgflé YaykFbibkiglly aﬁ&ﬁe& ol§9thg1én3 911&%{381%(1& ?Téﬁfht&* i€ 8vailable
ecific’resistance of from

from {lopew ©bpmical €ow . tavaitable SPmIEX KBS Mphlln QheglcaP@pe AMacrdonia,
NY, 65%9%6%114?2%]5%? Srdddwaé arat%rh %a% %mrh%l% kness and Setela

rncorporatée SRR e separato
161\4M$tga<ﬂahafsasteapummoﬁhﬁaltmelqﬁsgong enough to vvnthst and
cel | nanufacturéﬂg processes as wel| as pressure that

mebhaEogsathode apd penarAYpERRR A CERIPeY teesher i dtelartipde

h
assenf N% it ouf ﬁ?czesas?%f)lk%aﬁhﬁ’é %prl lp%ﬁﬁ-@t&%&? Cslﬁ}ﬁli{ &l ﬂllﬁf Hdwn in
Fig. mmadmhyavmﬂhlgtadibaiatmg ptaipa b cathoda, separator, Asodeaintl sepdngor

arouy o Rafire, vIR s e eet i T et aeray Ve ik is

compl&taN AL ZeaB0reNbhfds of Wt&smﬁ%rmé%t ok lﬁ'fé‘r of‘el@étﬁ@alzlgy insulating

tensile stress is desirable, preferably | east

film (peg- epQPyREppylane)ys aqneraélafswram@barr@un@gwmléﬁofﬂm dectrmie
s SERS TE e BORLSORY: g0y R MR Bl s

be ustd € atadtithewtlith ecdiamBted bflthatassepatsly td&@@lebﬁga‘d/ difiindion.t Tee
transverse direction, and for a FRO3 type. cell the

outergiost @id fdhe mqt@ %PFI?H gries filmg layes may bsihsld dayen with a piece of
adhe§1{f@ﬂ12¥ oF ﬁg lhgét s& %Sd«%ghgpoeqﬁg 0 g{ﬁ e%f g{:e{cfrf{;ﬁce, as shown in

respectiv T—"ree abl'y the average
Fig. 1, or the cathode can be the outermost electrode. Either electrode can be in electrical

contact with the cell container, but internal short circuits between the outmost electrode’
and the side wall of the container can be avoided when the outermost electrode is the same
electrode that is intended to be in electrical contact with the can.

Rather than being spirally wound, the electrode assembly may be formed by
folding the electrode and separator strips together. The strips may be aligned along their

lengths and then folded in an accordion fashion, or the anode and one electrode strip may
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breakdown voltage will be at |east 2000 volts, nore
preferably at |east 2200 volts and nost preferably at

woOeast082400 vol ts. The preferred maxi num ef f ecPCYRISP®6B02733
size is from0.08 mMmmto 0.40 mm nore preferably no

be laigr CRLGRiChRD t%ie%?th%ﬁ% add &lole2l e\étrﬁ ﬁgzﬁn&é/ﬁ&' didcrodes
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surfab& 8 oppostte endof the siaalnbfldbcﬂfbdtedwaha‘e atlptcgrtm ppppstth eides of

e e e ot Ealhe, L, 2 LBROnal 0L EGLICOS e
of thoidddhl £a 4 islnghR rhgkéﬁfy JHRio]l |ai/ea(8'ﬂtﬁé‘1tn§j$r peiERt byiheRathode

m Cropor ous separ I's aval |l abl e from Tonen Chemi ca
through e sepanasir] asl the bntmn@(mqvb lof the abrineile ajarsurfaces are

adj acgntzt@(%ﬁqﬁ axa m@ﬁfﬂf encfo e]téegls EﬁODHI gtgsi fi Qfegﬁoc%aa%sembly
due B 2k GndFAsE QHHRAoniHI AR ESess NS (BhRiRle aﬁahb]thd@e Brdnstrained by

separator strips are conbined together in an el ectrode
the canfeimebsige WiHE)el ect r ode assenbl y rmy be a spirally

2
B et
contﬂﬂﬁadﬁﬂt (arggl nf%)&ﬁélee&hm’r abuoSOpatsmen dnHeion waeaght; dependmg on the
extract t d [
O A S e e TR
elec&cﬁ tsufmﬁ FANBE with 1BhRG! £ﬂdceﬁlt1|v¥ chtASAH AhleRidl thhy Be (€49 The

propy ene) is generally wapped around the outside
elecmﬂymereenmirmmm enas slentoolyte sahs dissdyedein am aygaiesolygnt. Fora

cir R3Sl PSR e TR R R

lltmlﬁﬁ %@ﬂﬂlﬁbrélﬂlok 161 Stak&mdicRBMsirophosgite, Aifhibf bl darsenate,
of the separator or other outer filmlayer may, be hel d
hthlmmﬂwrpmeﬂlapﬁ%%@n@iﬁ apd iy dodidg; engd :su%gbl% @%@mg &8iveRfg include

one g ot R (oA EEBRRLe TR QonalS mRIENIY

carbbhdié) thh}&érfé(‘dafbviﬁte@ pfd)pblbne Barbbeaté,r1,-blitylene carbonate, 2,3-butylene
carbonate, methyl formate, y-butyrolactone, sulfolane, acetonitrile, 3,5-dimethylisoxazole,
n,n-dimethyl formamide and ethers. The salt/solvent combination will provide sufficient
electrolytic and electrical conductivity to meet the cell discharge requirements over the
desired temperature range. Ethers are often desirable because of their generally low
viscosity, good wetting capability, good low temperature discharge performance and good

high rate discharge performance. This is particularly true in Li/FeS; cells because the
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contact with the cell container, but internal short

circuits between the outnpbst el ectrode and the side
woabde/osseeb he cont ai ner can be avoi ded when t hePCT/US2006/002733

outernost electrode is the sane electrode that is
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contast ppyingead yent bushingh erefplated @b thetaped end of theces. Fhe cell is

d f the,s ac of el ectrode
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ctrode i ncr ease t he

mbly. d to
termiPhf e aleas opmanarahe i celidste ard teais e il i
bent if¥ear€ Ythal RBApidk AR 188lold Rlain ﬁle@ﬁﬁl@éﬂ,%@@ﬁas@érﬁﬁl‘y" P*l“@td%vwe and

containing water only in very s quantities as
termimgheoyet anshtongrdetg the sealing pethe open qbbcuﬁthgg@ lp:athegapiat

4 O AR DS BT A L e

FR6 bitVERO3 Bipes, /Aeueﬁ@émuﬁtémuahﬁcstmmsemmaoabl learlddEQU0986-2,
with [ithiumand active cathode material nay be used.

published by 1be {ntsmptigna dlectiotchpinal rmpnissione Gé%‘?‘fao Pyitecrizadt s
How%e?%la Yﬁav% #15}1 ﬂﬁy QLLSIQ a‘&fl}?t&ll Y& fner ddéﬁr& gkgaieg glll to cells

exahpl es of sul e salts inc € H
with lotieh elaarqﬂeraskﬂmiﬂy,t Imyusingt tuahmd;&xgsﬁfmhamm fésgie, Other cell

typesﬁ:@g%p glgélgfeég{qlgggé Hs()e%ﬁrrﬁuc?é prlirlng.rr}]/i alljlg]rechargeable aqueous

alkaline cells, such as zinc/manganese dioxide, zinc/nickel oxyhydroxide, nickel/cadmium
and nickel/metal hydride cells, as well as primary and rechargeable nonaqueous cells, such
as lithium/manganese dioxide and lithium ion cells. The electrode assembly configuration

can also vary. For example, it can have spirally wound electrodes, as described above,
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lithiumtrifluoromethanesul fonate and lithiumi odide;

and suitable organic solvents include one or nore of
woheosfosdsowi ng: di net hyl carbonate, diethyl caroonak@e/002733

met hyl et hyl carbonate, ethylene carbonate, propylene
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RSt es, 852l sclosed 6, U, S, PRbS I b

b./i Tjwe cel | can be closed and seal ed usi ng any swtabl e
process. Such processes may include, but are no

I i Hhree diffepent shapep wers evabertedifon ghe témlmékp%golaﬂﬁthe lead (the
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e gas ver asse are pushe
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Ff fie n‘fcﬁie r%é §4ctifh 8 tHAuydi® difimeies BEMS EctrBi®adsb@bly and
throug the apertures in the vent bushjng and

the temmaal poatiorenit the kdafl wese sunseimpeged eies aCHss 5@%16?!1@5 thegynside
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the aperture.i e T

e R T
dlarﬁe%rlofqgwmmqo @08 lheh),ercapdaadodiatdeser 08 N3.44 nie 0. sw.mhu and a

a cri die to hold retain_the gafket cover
leadasmwblﬂy of 22?‘ 0.£87 meh) were used in the FR6¢cell evaluations; an
electrode assembly diameter of 9.25 mm (0.364 inch), a can inside diameter 0f 9.70 mm
(0.382 inch) and a lead strip width of 3.18 mm (0.125 inch) were used in the FRO3 cell
evaluations. For each cell size the starting positions of the electrode assembly and lead
relative to the can were the same in each case and were established based on a lead

initially formed into a V shape with a leg angle of 90 degrees, as shown in Fig. 6B (not to
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term nal cover and conplete the sealing of the open

end of the can by the gasket. The above description is
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no sp’tm@fdrc‘ﬁeurﬁiléhﬂ clectede evad dikphcgd sufigientlp tecdnbact asébegin to push
.FR(% agddFROS cells wwth electrode assenblies simlar

agaips the\lead. | | ystrated in Fig. 1. The npdel was used to

detrae Rsifis bhtheTdeNflg bR hewhhaFigon Itlﬁroﬁ’%x X SFHi@sHOW spring
the termnal end of a lead simlar to e negatlve

forcep e deadergamatithe warr( gem 0£ leallgﬁl tzf thtrﬁl@ap@é ppﬁ@nm@ theelead) as a
t
funcggﬁ ?)%' Eﬂgﬁ%@e %ﬁ%tf gl}e%[f%é port o @ﬁ?ﬁrﬂﬂﬁ the ta{'tgr{% pnoSu%t, Table 1
sumirfizésthe dell spe fad teadishipearepieskntsbin eaclh of ﬂhe deswingslhe
nmodel used the following material properties for 0.051
nm (0. 002 inch) thick nickel plated, cold rolled steel
strip for the |eads: Youné'ab enJDduI us = 2.07 x 10 Pa
(3.00 x 107 th7mR), Porsspn s ratto = 0:-2857jand
initial yileld.strep 51,000 P 400 | b./{in2).
Three diffler ‘shag%egl’g@ﬁe eval %aégil\age t he |t er m nal
portion off tThe;Tea (iERg POl F PN adj acent to the
external sjurface of the electrode assenbly, above the
bend around tHe bott omRef thé’-siiapedlrﬁﬂdéemkrrbly,

t
asert+eonof—the-—ele & frb} Hnto t he
NS aped P78 mm

prior to i
9 FR6
(0.070 inch) arc radius
10 FR6 Arc-shaped, 1.91 mm
(0.075 inch) arc radius
11 FR6 Arc-shaped, 2.29 mm
(0.090 inch) arc radius
12 FRO3 Flat
13 FRO3 V-shaped, 90° leg angle
14 FRO3 Arc-shaped, 1.40 mm
(0.055 inch) arc radius
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can): flat, V-shaped (Fig. 4A) and arc-shaped (Fig.

4B), with the grooves of the V- and arc-shaped | eads
woaemtossteh ongi t udi nal |y al ong the centers of tReT/US2006/002733

term nal portions of the strips so that the grooves

WO ttd g%hg i PRserl 183K lg%' cggﬁ%éﬁgﬁg@gfo&%gdsr{ﬁé e1R%EeOT

the céll's after Inserti . asse I es
asseinbiies arkelispdaved t¢ thetright. nBlstedmennt 06 dspheenemfrom thehstarting

ros i B BTGl Bl RS RSB STB0 (tpin

62) s%]ims thieaasiie efofurfab&of 1S lcsiefo@l IFREEEE wath & 17296 At diditleRd
e initial | ead shape and di nensi ons. An el ectrode

elecﬁg@gmrybld' anddiRO3 cstls witha. melgmderasggmbln iciadicated by line

h and | ead
E. ’l*h?sS sl vﬁé@;ﬁ& ?ﬂeﬁgigilo% %%dg %%em é}/ éﬂ?}‘slg%? g the can
whefr BG elaitiode\aaédaﬁﬂy M faﬁB tlﬁﬁ efitak Possible s ® Ubéwctﬁbd@fﬁﬁieﬂ{blles with
nm (0. 364 can i nside dianeter of 9.70

Smaﬁ?ﬁqr getzdlmsms ling an%ae shifteeh laff Qpmiehbsrespectivelyn The amount
of di(sgla&%ée t ?p 1H§ élﬁ%ﬁé&%s't:%%n&?é hﬁﬁt ﬁ#ﬂ%bﬂﬂg can is

eac {1 ng posi
indieateiclyr hnmbaFahséwbé ayasamthd:re debre |t gapebetwednithe tead andat}fe
hed, based on

d t
cleckafz SPRPIVAR R ST REBoTHLEY SRt mihs Prip agedegie o
incrébkse RRMEGIATPP FrithaspidreMBnt oF tHd HectfRe(RUmBIP3S Bl q')ght %xﬁhe

edges 60 of the |ead were gl aced in contact wth
corrgspanding cgmrqswen of thetleasiddetarmatingl 9f thagnpaldwblshnape) In the other
t fth V at n 2. Inthe ..
case§ ﬁ‘ﬂe ?ﬁﬁé prgg Id%)@sorhog%g P‘% geha Ve tzﬁr %}tﬂg}er%lgéqé)§ap remaining.
Poirgy/Al \B1,6CH aidD1 8H@® shetpriag féroe foraaclemepabdigplakntdlof 0.127
contact with the can 12 and the djstance 64 between

mm (3,003 ingb) o5 FtR'f?é’egF aed P-4 0 m (Lol nch) for RGA celhe Raints &2, B2,
C2 a%g r]ﬁt"ﬁlgl\xgﬁl '018 eE Bes &gﬂ‘% f%l%e‘i\ﬁﬁ? %legﬁgﬁ'@%s%%%é? H{%ﬁﬂled back to

the 16RO 12°21xins (0. %@mchﬁ%r HRG cbIB stiodvl 021mn$((3®04 mgh) for FRO3 cells)

ater b intily Binicra 1§ e siblomunss e Bad aha by Fpoctively. This
corrésb@ndé‘ 8 Rtk Sk ouRPlhppBn Finthg BErti&e BP{LH%%I&%dQ hé%ﬁﬁgﬁnﬁ)‘lthe can,

hel d constant, there 1s a gap between
for eﬁih@pb’p Hdhe lrad lag‘eeéﬁbmprﬂswdﬂdgbnnad\nmcjtmthd minimem necessary

o RSB B Syl S ST Rl A BT

spn@b’hck lagaisigy the garl. OTlgespih g fdree isﬂ@@eﬁﬂéﬁaﬁ&l oftfagii2 PBrof¥dSnt
m ned as a function of the displacenent to the

deform@tmn Hrthp) b‘iaﬁt dupzto thevigldsirgngih of éhe Inagd being gxegedribin parts of the
b p :
s B4 HERRIPRFS 55 et Db 51 B MR BRI e v-
arc- shapcrbhadvecpromdd nhx&g isprifgofopittharag ﬂanhhd t he | ead. The
de Figs. 7 th h
r ° ugﬁ zga%ﬁgacg Wﬁhgganfgat ?f!a((el) Stﬂeo gg]nnlgnforcle 1s zero at thre%'ltja%tmg point
and untll the electrode assembly is displaced more than 1.42 mm (0.056 inch) to the right.

Because the spring force does not rise above zero until the electrode assembly is displaced
beyond line E, there is no spring force between the lead and the can for an electrode
assembly diameter of 12.90 mm or less. In other words, with an electrode assembly

diameter of 12.90 mm, there is no spring force between the lead and the can. An
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force of the | ead against the can (g/cmof Iength of

t he shaped portion of the Iead) as a function of
wdieploaswoent of the el ectrode assenbly (mm fpromush®e/002733

starting poi nt; Table 1 sunmarizes the cell type and

additﬁ%ﬂdiéqqa dnf R Qﬁzgt ed(qgose ng,\ﬁo?r% eéo%gi tg‘gn@e%gorgé‘%sgmbly
dlamfeféf%%at%ﬁtliahqz@%ﬁﬁf(ocﬁalaﬁaﬂﬁﬁ)ﬂeqﬁ%cﬁre dl spl aced to the
The amount of displacenent fromthe startin

i o ap ERscellyntls eP0dagree Vi shaped leag) (e rige farcs esins to
o A T PSSR O B3, e

electdode A6sembil ylisatisp soed dhremmbngidthabths defbbide afitheFeR@8ode hssmbly is

eveniitimipe iyl B SHOMEO TS £ L5 SBIY GoIS 1T BT e pghing t
the n‘ﬁ?xg&f&hﬁaf abd @'ﬁﬂb Wﬁﬁrlfﬂeq{‘ THak ﬁlebﬁhethﬁﬁﬁ ARBWii 8n electrode

ctro is as far to the |eft as possible.
asserbly dedmctemfdlé %@emmllém apnng fcsrmabﬂwee@ the| laa and the can, unless
dianeters in }& 1% 1t with
the 1?%&8%??%?‘3?55‘53%0 s nF"%ﬁSSl&? 8‘6‘?8%@%%?0’% F{‘“% Blrales ?

displR&in¥nt BeydR@ipdeht ARk ShereBert B rgltipleiints ld)&'f:@iﬁx@cthetvtIdﬂ:ﬁ the
can is indicated by line F. In those cases where there

defoinsedrigadyans! the cowand thespriegtpregdses Kepidlydeffithey graah)s @ﬁﬁl the yield
ip ot

steergly 2 B e i RS o E i e At 1 2803k By o

smaldimbi@ ofspdigbade Bips Gmixlwys that drhﬁecrtfoglbtasmﬂalﬁ diameter as small as
correspondl ng conp of. t he | ad formati of. .

sbouf b 55 AR (k> P GUGHEBYS the il p eferots Sedieiendiidip Fie

7) cdnWeRed BEScAOYith %Qhﬁ‘ 1ﬁsﬁier d1§ﬁet@1b&fv1% FEfh MY the 184081564 inSthis
no gap renmal ning. Points A, Bl and DI show the

evalumronng force for increnental di spl acenents of 0.127 mm

F oh o o Setpa el o fm B i G P 1 oy 4 dmat gap

betw%@@ﬂﬁ%?ec‘tr@d§ ResbB 1y AHdBe Idad bhte Slagiidd Selft eherdvldyl, bst the
di spl aced back to the left (0.127 mm (0.005 inch) for
sprirerigrasds Aleovarrgraat olispiasepenbeurespeiriing ra HRp8 mep djagyeter
t o
elec%?c{e aé?e%sf%g %ohﬁb)&%ﬂéf Ynsf“ch%?ﬂ st eﬁelgﬁ %ﬁiée%fgbg E}énp o 3@ ? B3hde
shiftadd &ift yoas rudtegspled? duns (0]@42 msl@rmd&nlldfave hepleﬂlgﬁjrw)gteater than

assenbly into the ca X le, if_ ¢t | ead i.s .
ZeI0pfAch sm@#ﬁfi@g%fé%r &R0 Pﬁ%samkgf@rr? bkl g%e be used with
this legessary for the electrode assenbly to fit within the

I nsi de dianeter of the can) and then allowed to spring
badke mhnﬁﬁg A6 igsimilaTteethgtpnFigy % ddesausepdigadyl, B, C1 and D1

b tial t .def f. th
are gl Sisher R0 1 PRIt FEg BErRgolsRs Bifpe igher
with! a?l Dafdns vef1.18enl srdadiliifdienreisalo oxfe@cfonibr%s\kﬁfbf&ﬁ@lbﬁ& during

di spl acenent of the el ectrode assenbly, the V- and
insertion of the electrode assembly into the can. The minimum eiectrode assembly that

can be used with this lead design is only slightly larger that determined from Fig. 9.

The graph in Fig. 11 is similar to those in Figs. 9 and 10. A comparison shows that
a 2.29 mm arc radius results in higher spring forces for displacements beyond point B1
(point D1 is above the maximum spring force shown in Fig. 11), but there is somewhat

more loss in spring force that results from overcompression, and the minimum electrode
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arc-shaped | eads provide nore spring force than a fl at
lead. In Fig. 7 (an FR6 cell with a flat lead), the
wepoierng3deor ce i s zero at the starting poi nt angcumsedo6/002733
the el ectrode assenbly is displaced nore than 1.42 mm
[
sssciy APl o b4 Ae\el bty SRR o B 108 001
and il.%dmmrahmadﬂ beyond |ine E, there is no spring force

o AN RER oy 190 RR 6y 405 K Brer s HEIagsq Frosdhown

in Fi%E eLi{ 096o ARER H&lniéregél@ﬁf%f ﬁfe V’-@han%d %ﬁdrfﬁh rEARNR fhtulf the lead

Spring force between the [ ead and the can.
and Jasadfispringrfaitced Thp ngiensm teleofrodlb dlmewnth(at)ca)d& useyl with the flat

cleo S EAF RpRaRlsd SRR, F2 RobaREsating Bl Bisfl ishhinigpum with the
1.40héh raduf are- dﬁﬁﬁedf:@bd rdf!rés@nt@d &DFigem i%&ab\@{uﬁglawﬁﬁnl(@éﬂb inch), and

the spring force ins to rise as soon as
the rgingippaicwitie e 98fdegf¢@ aner derd rapresavbad/intig t13ds pbepk8.46 mm
(O3?§ﬁm . Wien the el ectrode assenbly is displaced far
enough that the left side of the el ectrode assenbly is
even with the inside left surface of the can, the
spring force is 167 g/CﬂFﬁﬁﬁﬁﬂéﬁpondlng to the
|ntersect|on of the with line E. This neans that

i n Tgndeip pf TR el Sl@llg?étw erlbl Qislagh | lyandi % wweremade tojgvabmpte cell
chargagﬁﬁlcwraﬁé g&?%rﬁﬁﬁ éc‘?lrc“eﬁ il ¢LVeEhd fgmi g @62?5‘ ﬁm‘m ?@001 inch)

|s over conpr esse
thiclExteip 9 ipuBethyine cﬁmmmpp@haromd 1|he sldctrods ztdSerably circumference.

di spl t b th
The RBEE B AP B iarhiten Gnelibe hacion Egplyeidene fim
was qg ‘@)6&&% (@ 34 M) t E&‘chs&'ll' 1ﬂ‘loft505 €6 hhdl A6 511(6?%58 éff ﬁcﬁfléthylene

e graph), until e yield strength of the
ﬁhnnmdeihﬁ average eiteide d@memrd)f tthaeelscpmdn gssembtyewds bi,b§5 tam (0.510

e e onI of spri ck. Fig, .
inch§ yaPiolihe FiereSin iR RS Cop i PGt (3l iny. Toan
lots @eaitbathve Hectidde (chd Isade ®drh @ithihkah M&nﬂhéﬂv@iﬁétal 4.75 mm
el ectrode di ameter indicated in Flcg} can be used in

(0.187 &sh) wigley putdo @ dengtihef 39 a1 (2@ inch). @ne gud ahithg depdrwras
attaéh%?go Hi%?ﬂt?g&mn : a é'i@(lzt{'b&&te'n% 1t4 (ﬁ;t%: 1%1 hg lt?eg’nﬁﬁe{l end of the

IUS arc-s ap e
leadsredrhded oo eevisettont drel «flthe hsserdbled&%ﬁbﬂglassmdbl}b Whleteadwas

v B T AT b S TR s B
JongdudmhaPikif MU ERhe0 Rt BALHALEIASRERD 'oY tlfé%?éc%ﬂo@@ ﬁgsembly, as

agal nst the inside left surface of the can. Line can
showe irshigf 2.ed | eft by as nmuch as 1 07 nm (0. 042 |nch) and

tl h f t
el s s BbaE ant oG8R S e €838 Fgfivn in Table.
The hbnPBariflea8SRaddthés & dindld V- or arc- shaped groove that was parallel to the

longitudinal axis of the electrode assembly when the terminal end was bent along the side

of the electrode assembly. The V leg angles, arc lengths and arc radii shown in Table 2
were dimensions of tooling used to make the shapes, and there was some deviation and
variability in the actual formed leads. The grooves were approximately 12.7 mm (0.50
inch) long, extending from the terminal ends of the leads, with a transition zone from the

V- or arc-shaped section to a planar section.
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this lead. The graph in Fig. 10 is simlar to that in

Fig. 9. Because points A, Bl, d and D are generally
woiglsms3dshan t he corresponding points in Fig. 8CTASRI0GG2733

forces should be higher with a 1.91 mﬂvs 1 78 mm arc

radlu 1 f there ressi.on. of
BRI Sells S0 S 318 CEI-CPT Do BRI A Bfpedance and
ampef%@@ befbiCarll ST Lleast 6@dLysas 567M! Salhﬁlatcenﬁﬁroh&aacﬂskd were
with this | ead design is_only sli htlgqlarger th

a
also tekéeceoma mariety pbdischiagge, physivad abysgmdielec bjige fests. tThere were
L9 tho 0 i son shows
no Su?ﬁjiﬁncuagdlf S Hin s ¥(%:n%ré; ?‘?}gd r%%%{hq]tl% A gr(ygspr i ng

forces for displacenents beyond poi nt BI (point D is
above the maxi num spring ¥4l shown in Fig. 11), but
there is somewhat more loss in spring force that

esul tis from over conpression, ahd the m ni num
Iémtrodeasserﬂ:éaﬁMatanelt er that|can belgakghaps

| | nhf | IRV | A -
7@ AN Ell?iﬁﬂﬁlPOﬁ;;geQ§t%‘ﬂds shgwn for FRO3 cells in

I gs. 19051 miny ((HO0P4ingl)e hickni | arlt o those shown_in

gs. [MNickel plated peidholehgedssi ohVoshapebgrgokmaped | ead
an“r es0Ds1 nm {O02pneh)dhickhe | ea80 degted legsngle spri ng
or ce. | ikelplateddoidabied stoele di anetshapéd@bovg@Obarcuse
tR theos1 am 61602 meRAKicRad T epl @3 enigd.or ifdhyradid i
out a4y .m (U. 370 I'nch), the 'Vﬂiaﬁbﬂﬂgfﬂbﬁré" the 1.40

m Fad| "’@frﬁn LRk ePr es9pgktel fbghingle 14 1S
e A el e
'mln‘g gi% ?&8&2 Ey a4 :?9 ml . 1995,1.130 )fff’dlu%g

e B
bl Ies, | Biidkel Elﬁtefi&‘)@épue‘i@tef’ln Fi gglat 1 and 2, were made
D_eva 086 & mye|0.00hinchrthisk st i cd and performance. Each
b1 1., | hNickebplatedredidoHed stgeld. 025X -shaped 2B0Ye:i nch)
i 0105 noh (RO0Y atchythicke fi | h7drdagedeganglnd t he
ect r pugclasprrEdcldiolled steel; enc ¢ architapad groage 90° arc,

| ect r Oge5a$58TBLY2 Biéhpite di AMREN0 hin©l05Siingh) rhdius

TP 0 % érWIEl&*Xh finn was 13.06 nm (0. 514 inch).

-

&N

UJ

mcnmf-*caf-*om@m:gmg—"o-n-npmm

Each, ce ad no oyfVeshaped grose,
pol yet h lmﬁr{sg ﬁlo,, 7b35 hﬁ( aver agé d@gtegll%altﬁl%rret er of

t he—el .um,, 5 yVwasS—+2—95—rm(0-—-510—+nch) i

all 1 ot §°PH%r IHM 9% | psi de di aekeshapbd tiveveHN0°\aas
13. 49 Wb@%@gAlmWZQ) al | Iotq.sm&@g‘gim&) radius
el ect r 0@5/ gam (0A92 ifghethiglom a tihin strip of

conductive netal 4.75 nm (0.187 inch) wide, cut to a
length of 55.9 mm (2.20 inch). One end of the | ead was

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 disclose concept. 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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attached to the lithiumnegative el ectrode near its
outer end, so that the termnal end of the |ead
wonaoederogstsd from t he bottom end of the assenbl eBCT/US2006/002733
el ectrode assenbly, where it was bent outward and then
u rd so. the.termnal portion of the |ead was
p inggntioy 3ied &g t udi nal axis and adj acent to the
external side surface of the electrqde assenbly, as
1. httsmleptmoqhegncaibattm celbepmprEng p evsiagi@n segtiedqassembly and
each of the lots, as shown in Table 2.
anel%t]xfoiﬁ glﬁar | eads had elther a single V- or arc-
shap eléc'@didma&eerhlbi&tcon@ﬁs@anwghﬁ{fe ¢locttdule skrim gipbsitive alectrode

axi s of the el ectrode_ass t he te nal
strip gesateast ong m@ramxétrga @ép%ﬁé‘??%vesv Heviesai Sidaariy® Sepizodes
th@ Yo ﬁsreg alc fhaﬁ;nﬁjg & 16as"t %ﬂé 5idé Wﬁ%nﬂ A bbREnewall;

wer e ons o I ng used make the shapes,
a rti:ie tahaetredmembhyélasi ew elat:uncmllm@maducaiyﬁ lekteynal pide erface |

N Y T T ity Y

englie &tfthd H@gahe@dm pdyﬁtm leditodBsistin SR cERACcOntRMWith eheV-
or arc-shaped section to a planar section.Sample cells

contdinessidear#l] thooughenesloctrinablead GKteaélélB fram thei elecligrle aggemblygand
nce n £ f
at g BOAPA G AR B RS PLG, AOLIBIp ] asb B3 B ana
the cb@ginedsiaewallyari ety of di scharge, physical abuse and
el ectrical abuse tests. There were n& suﬁgtantlal d
di the deadris snphysispberntack patbithgioqnipingnds Woll by pessyre qaly; an
| o
or e PR e e Biviceh e EARORE A3, S0 St nd the
contamatsmeawald) uempmists ideforined snitizlty norpplavarsbapsthatiy bissed against
to t he bnvergtlon %ut departing fromthe
anmé"’ﬁ? isprigge effhe EoUUPGSICE gept . The scope of
protection afforded is to be determ ned by the clains
2. an‘ﬂh@ elf Et%oﬁﬁ At faiff 1, 'v&ﬁe%lﬁ’ iRl cﬁ&étﬁﬂe%ﬁieﬁi@ﬁﬁﬁ‘bﬁer comprises a
e I nvention clained . An el ectrochem cal
strip Mbteetry:aﬂg irisulating mamrmgccafetmg at ]@gg,t agypriapreef the glectrode assembly
ssenbly and an el ectrol yte, wherein: the el ectrode
&8sl y conprises a negative electrode strip, a
positive el ectrode strip and at |east one separator
3. StThEcHl SRORAH: REINBET WikiRei eslchd Extefdh PO ithd Bittom of the
el ectrodes; the housing conprises a container having
electaode assemblyne side wall and a bottomwall: the
el ectrode assenbly has an electrically nonconductive

oo ALl e 05 SRS e e bR BT o ot
eleciEdd assembly.

side

5. The cell according to claim 1, wherein the initially non-planar shape of the

electrode lead comprises a groove with a bottom and two groove edges.
6. The cell according to claim 5, wherein the initial shape of the groove is V-shaped.

7. The cell according to claim 6, wherein the groove is disposed parallel to a

longitudinal axis of the electrode assembly.
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one of the negative and positive electrodes is in
el ectrical contact with the container side wall
woOhomigssean el ectrical | ead extendi ng from t hePCT/US2006/002733
el ectrode assenbly, and at |east a portion of the |ead
i s di sposed between the el ectrode assenbly si de
surface and the container side wall; e lead is in
3.  physictiziccadingtotclaimnt 7 “ﬂxn@%mn@nrré@n% shape,gepprisss a single
ressure only; and the portion of the | ead between the
g“mvglectrode assenbly side surface and the container side
wal | conprises a defornmed initially non-planar shape
9. PRl célﬁac@bﬁ%?jtomw twiRfeih fHeadroove exterfdaaeross thbiepatlre width
Si

cont al ner . The ceII accordi ng,to
ofthe Wiadr 5 Roaihece Rt e sisS oAU IYTES PYIGHITHnpiE CeBE gt b an
. I t
nideFiafr g HETHI G 05 UhRL AR Bkl e soytivind

differcnéé basRen the éaﬂtalﬁ@ lihsidecdiomdien gnd theclexinodd assemblyedigmetails
| ead extends fromthe bottom of the el ectrode
defined dydhpequatian: The cel | according to claim1, wherein

the |lead extends fro thﬁJ’f—ege—(s—u{j—qm
el ect r 686\ asserily0 | 5| IBirel B21 1 Vaccdr i tf@st'e | ¢y ai m 1,
wher ei i o et itpal y| non-pl anar shape of th
el ectrode” | ea corrprl es a groove with a bottom and
wher%\/@ %rtﬁg %irﬁdtﬁ dg :?i m éf’sﬁréaeiwn%g SRFRE BF tHeledd, aisth&material

e ini ape of t groove is V-shap ed.
thicknéss difte teald]  acthe angla dorined blydherVendiig grcaten thapd dpekrss and less

i s di spose aral l.el. .t tudinal axis of the
ﬂmn]§pé%g$@§émg§§ ﬁﬁFvn§de$W§1%%P?h§bcordlng to claim 7,
wherei n the non-pl anar shape conprises a single

gr CHREEInEe hén laﬁhlam ¢ ohigpeies atpherality
10. Pglgvgﬂg%oénggt&a?ﬁggz t he entlere _\%l dt h the | ead,

ofgnkhescontalner and the el ectrode assenbly are
cylindrical, the container has an inside dianmeter, the

el ectrode assenbl y. has si.d : _
1L moraihar R BEan B WE BE "R Seney! i e o shaped.
di arret er and the el ectrode assenbly di arret er is

12. c%ﬂ Yol tﬁ QH@h 19 NwhdRET 1Bk f%rchb $s 8idposeil ghtallelftotahe

& Fredsur ed ong a surface of the lead, t is the
longlﬁﬁﬁlﬁﬂlaﬂb of Heodtevtrode afsembly. | ead, g is the angl e forned

by the V and is greater than O degrees and | ess

13.  The cell according to claim 12, wherein the non-planar shape comprises a single

groove.

14.  The cell according to claim 13, wherein the groove extends across the entire width
of the lead, the container and the electrode assembly are cylindrical, the container hgs an
inside diameter, the electrode assembly has an outside diameter, and the maximum
difference between the container inside diameter and the electrode assembly diameter is

defined by the equation:

ID —/ID* - (2Rsin(/ @R)) +t

2R o (1—cos(7/(2R)))+ 5
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than 180 degrees, and IDis the inside dianeter of the
can. 10. The cell according to claim7, wherein the
woamepsadsar shape conprises a plurality of groeeeas2i/002733
The cell according to claim5, wherein the initial
shape of the groove is arc-shaped. 12._ The cell.l .
wherencWds tierwidtivoicthe lead measysd alang a ek %%%i’ia > i dsguaigrial
- nBar gl &f U i@dee 296 & (RE insfiR dPAB&Er XdBe container,
thickn ?sog%ﬁel)??&’%g tﬁggﬁg&euﬁ{taccg’r ding to claim12, wherein
and (W/R§ £@n- pl anar shape conprises a single groove. 14.
The cell according to claim 13, wherein the groove

extends across the entire width of .the |ead he .
15, ciie celhascoRNRE ttrdaiar ouvisERn ST AL ShATE foplRAEF g pluraliy
£ the container has an inside dianmeter, the el ectrode
0 gmg‘é%senbly has an outside dianeter, and the maxi num
di fference between the container inside dianeter and
16. t M8e 8biEsdcoRTiRg asceimbl ywhkireinsheportion o€ fHerleall tppwednethe
equation: wherei nWis the wi dth of t | ead ur .
electredepaseerably sidesuefags and{be confgines Sli?%wflﬂ s el e 40 hSpoint
. t.hi Rl e radius of the arc, ID
mwarﬂ?‘?%@ﬁ%%%ﬁ%%&%? Slgfe sﬁrﬁ{‘e&éont ainer, and (WR) t.
15. The cell according to claim210, wherein the _
17. NaheRbRASord&AaREclaiy whasinahp blectabde gjrips angrssparator strips arc
The cell according to claim1, wherein the portion of
in a spifally werndrop{igwitiPhe el ect rode assenbly side surface
and the contai ner side wall has edges that do not
pai.nt_ i nwar ¢ th jeH&rator strips are
18. Saltlygggaccloﬂm%g%@fge Il’ggggﬁgﬁﬁgg?ga%f% ?L{nde erein P
in a folded ebrfukAd@. Stri ps and separator strips are in a

spirally wound configuration. 18. The cell according
to claiml1l, wherein the_ electr

de. strips,.an epar r
19, stPepellapesriinedo Femdd vEgT BEIEG AT PRI HEOaE Y, a
caording t L @ribs ' $4r8lin b ¥tabifedn@afifirdtion.
pluragfye%{n%%gveﬁercﬁllgg E a pla}g@ g‘lgpl%tk al)301281‘tﬁiﬁegat ive electr oglgﬂi
strips and separator strips are in a stacked
20. COMid @Urtdr@ihg t3Qlaifie whetdin thecelds agylinsirichldeth 1,
wherein the cell is a cylindrical cell. 21. The cell
according to claim.1, wher th .ceII.is.ae;ﬁrisrratic

ei
21. ceThe cell according to claim 1, wherein Hw cell is a prismatic ¢

—

22.  The cell according to claim 1, wherein the electrode assembly is cylindrical.
23.  The cell according to claim 1, wherein the electrode assembly is non-cylindrical.

74.  An electrochemical battery cell comprising a housing, an electrode assembly and
an electrolyte, wherein:
the electrode assembly comprises a negative electrode strip, a positive electrode
strip and at least one separator strip disposed between the negative and positive electrodes;
the housing comprises a container having at least one side wall and a bottom wall;
the electrode assembly has an electrically nonconductive external side surface

adjacent to the container side wall and a bottom adjacent to the container bottom wall;
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22. The cell according to claim1l, wherein the
el ectrode assenbly is cylindrical. 23. The cel
weacemwrodsasg to claiml, wherein the el ectrode aBeemskon6/002733
is non-cylindrical. 24. An electrochem cal battery
cell conprising a housing, an el.ecirode assenhl. nd
apnaofdhe pegajive andpesieyselcgiipdesisdp Piesﬁ’é?a]a%"é’i"r% sz‘% i
1 | i ri r fidn 11 dMbHOUE WSsembly, and
contaifif RIS SE B IRRL 4R Gl Rl A i 1R RN Mol
at leastlb ppADAGT et embis dispesatrvearthacticiyods assemblyl sidg ysgez and
t he housi ng conprises a contai ner having at | east one
1he°°§PHETW§PW’ nd a bottomwall; the el ectrode assenbly

ha® 1844 18 lil’?fﬂﬁ}rsﬁcﬁﬁéélﬁadi QREOME U6ihthiver €dé @an dly psesdere only; and
surface adjdcent to the contai ner side wall and

b dtet pomiciip fabe fead betwden thoeleeiradersyathly ﬁﬂ@v&‘rulf‘i‘%r?é‘g dpe
t he .ne ive and.posi,tive .el e B ' :
contaogde P PYRPRIG CHB e O e tieafy fbofed Sk @l i
biase®h@Sist it Bterh@adrfasd @Ndle denthinensiddwak) with thedpoaesiistyisgd
and at |east a portion of the 1}:46) dis di %ose het ween d
parallehe adpegitudaubass o€ s sjeciode assemphcanddhe e44es NEbRYIRICA "
si.d | ] is in physical contact with the
the el%%’f?t% %I%Sg'?bgggeglg °by pressure only: and the portion
of the | ead between the el ectrode assenbly side
25.  SWif d6RrodhénichEbRRRf dlnemmisitez abdusingp apelesteade assembly and
edges and a deforned initially rooveg shape that is
an elqsprakyéa thepsllhsinganade et RECeSFOPRESNgne $18P% ont ai ner
side L P pBeltiPasRE k& dnd at least
I c?hgi }A%(Igl(%)vﬁ%%%%eg&g%eg{l%efgﬁoge a{sserrbl y ean t he
one s€sk@atsr sidp; poi nted toward the el ectrode assenbly side

surface. 25 An electrochem cal. battery .cel S

chpri ﬁr%}g‘é‘gﬁ&fgcﬁéﬁaﬁ geﬁﬁ EPRPH88 & ngcil}e/crtrl‘g’ ? {/A fal gtrip with a first
end a8l §GbdRlikhg, the cell being made by a process

conprising the steps: a. providing a negative "

elect r ddssening s, firat gnslofithe lead teoene @fdhe Begatiye gpdjpogitive

| east one separator strip; b. providing an electrical
elecqoggﬁj conprising a conductive metal strip with a first

engl andomEmiag ik wipdiiveeleftamiegpositiyet diectiode snd exparaddr strips

the | ead to one of the negative and

togetbiigotn BcRasode xSRI EPIIE hBgAth 9B & It ppggde sutace such
that lﬁ% gfél% Igﬁér?e}c%gg Gibked SERRNRE Ghd Belsebshdt DAY lebdEftends

e asse y conprising a bottom and at | east
fromQheclséteteleamgehddy such

e. prior to inserting the electrode assembly into the container, forming at least
a portion of the lead extending from the electrode assembly to create an initially non-
planar shape;

f. positioning the portion of the lead having the non-planar shape adjacent to
the electrically nonconductive side surface of the electrode assembly;

g deforming the non-planar shape to facilitate insertion of the electrode
assembly through an opening in the container;

h. inserting the electrode assembly through the opening into the container;
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that the side surface is electrically nonconductive

and the second end of the | ead extends fromthe
wehewiossrde assenbly; e. prior to inserting therPCT/US2006/002733

el ectrode assenbly into the container, form ng at

| east a por.tiagn of. the |ead extendi fromthe.

ol bot r oo vabe BisRio S Bt e il o G0 Ieohiptisthafetum
towasd'8R8nitihlly R&SblanS¥hage tdppPP&dffitientforde@ainettie BRI of the

t he non-pl anar shape adjacent to the electrically
contginerdonelaeiricaleoniagle surface of the el ectrode assenbly;

g. deform ng the non-planar shape to facilitate

inserti.on of..the el.ectyode assenbly.,thro '

| I fhe PP S, SRR IRty BopPHinar uBBifopea
priof t6 Fa¥4&Hing {he 164aaB iofd of tHedokitiee @AM hEdaARE clectroddsl owi ng

t he deforned non-pl anar shape of the lead to partially

return toward the initially non-planar shape to apply
27. sufhé cé¢lbancordingte dajai 2% twhehein gedaitially nonlangeshape is formed

tal ner .f el ect.,i cal ..cantact. 26.. T el
aterJRRF i 164 oion i DS IRGHER AN Rra®8 cleL PGS
non- pl anar shape is fornmed prior to fastening the |ead
28. t OTREBCIPAccbREnPRI14ihY 25, 3fbréif gl ihitR11§ eRIpIREL Shapd {s deformed
The cell according to claim25, wherein the initially
priorrforingsrtingsthe sleaiseds assémblydatodhe egntdinet eni ng the lead to
one of the positive and negative el ectrodes. 28. The

ce aceordin 0 .cl ai 5. .wWherein.the initially.
29. ot P oottt g Resit B 51y Mompbintet gt deformed
duri® REéHion 6f A eRRbYe hdbAbliatCBB cahthiger. 29. The cel |

according to claim?25, wherein the initially

non-pl anar shape is deformed during insertion of the
30. el bt cdtiaccantiegtsl glainn2y whesein diret proerss incholes threstepof bending

accarding.to aim.25. wherein the process.incl udes
the S o ch8ldhy Pinst ERp Bt ar g B RRERF b Yk fEasgembty
and @6W&dSo thdidftiallgmodiplide pbaich@mniief leid adjeeitrtodes side surface of
assenbly and upvvaré) so the initially non-planar
the ghestiodeassgmbihe | ead i s adj acent to the side surface of
the el ectrode assenbly.
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