ELECTROCHEM CAL CELL W TH | MPROVED | NTERNAL CONTACT BACKGROUND Thi s

I nvention relates to electrochemcal battery cells with strip-Ilike

el ectrodes and having a pressure contact between a |l ead fromone of the
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welds to the exposed top edge of the electrode current collector.

Examples of cells in which pressure contact is used between a lead and an exposed
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 A1, which is hereby incorporated by reference. The plurality of leads is




good weld strength. An exanple of a cell with a |lead extending fromthe

bottom of an el ectrode assenbly and wel ded to the bottom of the container

is found in unexam ned Japanese 5 patent publication nunber 09-330697. A
V-shaped groove is formed in a portion of the Ilead welded to the container
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| ead Hhd UsexaminediPatent Bublietion Noag8-119h3k end in Figsj hand 2 hereim The cells are
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small variability in the electrode 25 assenbly outside dianeter 1sto
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This outer, stri p of terial can be, one nore strips of separator_or a
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present |nvent|on Is to,,p e re e pressure contact between an

el ect3bde | eadhamdell hmhsasdhe @dl in Rigs, tlrwdé‘eWhenmwiaiamdingddithé puicar art, the
advant ag fead Letween tlie container side wall and the electrode assembly is held in pressure contact
by a tight fit of the electrode assembly in the container. For reliable electrical contact,
variability in the inside diameter of the container and the outside diameter of the electrode
assembly must be smail. One way of achieving a small variability in the electrode
25  assembly outside diameter is to tightly contro} the thicknesses of the electrode strips.
Another way is to vary the length of a strip of material that is wrapped around the external
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.
30 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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I nvention can include, but are not |limted to, inproved contact
reliability, increased tolerance of variability in manufacturing, reduced
nunber of cell conmponents, inproved ease of manufacturing, reduced

manuf acturi ng scrap and reduced product cost. SUMVARY Accordingly, one
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container side wall; the lead is maintained in physical contact with the
cont aj rf esqqyléam@spdedyalbr essure only; and the portion of the |ead between
the el ectrod Lot of il SUhf A Entils b0 & ABlirdbhéictbrorg MDY | ses
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par al | ea{ssemobly 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; one of the negative and
positive electrodes is in electrical contact with the container side wall through an electrical
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 parallei fo a
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3 longitudinal axis of the el ectrode assenbly and the edges not pointed
toward the el ectrode assenbly side surface. Yet another aspect of the
present invention is directed to an el ectrochem cal battery cel
conprising a_housing, an electrode assenbly and an el ectrolyte, the cel
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pl anar shaps;, f. oAl aRIdIidN IRACoIRRSAE JHRAGRR eyl did bR 180 P! anar

shape adj acent to the electrically nonconductive side surface o
el ect r 8 apd s geasing engs. def ormi ng t he non-pl anar shape to facilitate

. nser i ng-tno Braate BrdaCaRRY I bCHR oilhe BRERRand Rotie cont ai ner

h. inserting the ale

and i .elebtbdsy; ng t he defornmed non-pl anar shape of the lead to partially
return toward the initially non-planar shape to apply sufficient force
agai nst t he %&i de cR@bmipg thefiegatvhelastrasde, pasttivel electiode and sepatatenstriffhese and

ot her f [%lgfﬂﬂ L ny:entian w ll be
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y:

e. prior to inserting the electrode assembly into the container, forming at least

OB

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. ingerting the electrode assembly through the opening into the container; and

1. 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.




In the drawings: Fig. 1 is a longitudinal cross sectional view of an

el ectrochem cal battery cell with a |ead disposed between the side of the
container wall and the external surface of the container for making

el ectrical contact between the container and a cell electrode; Fig. 2 is an
enl arged view of a porBREWF BESCREPTEIN QR TEEPRAVENGS ng the | ocation of

t he el ectrodﬁlﬁlg?ﬁvﬁgg%acti ng the container; Fig. 3Ais a transverse cross
sectional view of the“term nal portion of an electrode lead with a single

V-shaped gr oBigel i tpngRtinsl crodsisastional siewionslea6thaneil batew &l wine

term nal 8rt | O%‘gig an etgec,t ro?&w lead with a single arc-shaped groove;
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el ectrode | ead; Fig. I's a cross sectional Vview,
| ongi t udi nal Figx2 & af enlirged wiewoafiaqutetios e£itib lcyll iroFigah skbwiap bR cagGesn! Y Wit h

an arc- lectrode lead: Fig. 5A is a cross sectional view of the
electro gglgf*?%gﬁf%\%@ g a‘ft'é]ﬁgﬂﬁéﬁoqi‘%&?rMA after the el ectrode assenbly has
been inser t eBigi DA Gs AtrB@VersEichoss 3tichaBvibw i i

g choss a %?ﬁlétt@@éjhgq@g?érf% gf\ﬁféleé%giley has

el ectrode, assenbly and lead in Fig. 4B after e asse
been i st waH 2isif ¥-shaped giogve;6A i s a cross sectional view of an el ectrode
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a nmodel usedﬁ ?b?%g{éeﬁ%%ﬁgl Sggﬁsﬁg&ft‘é}f@e‘ﬂw °ﬁ%’§qf’f8&Bﬂl Bogiehek an flectods:  Fi g.
6B i s deat with aseglé anahapddepwoode;an el ectrode assenbly, V-shaped el ectrode

lead and c S‘P@\M ng their starting positions in a nodel used to determ ne
spring for cet18f4+4 fa Cloghipcigual vigw.meweadisulartqjthe dmgitwdimat axis of thect i onal

Vi ew Ofgl@rodl 86dchMie 02SS 8 = %EW@F ] | ead._and can show ng
their set ar toi ng o_s;gf"i ons @ﬁgderr%géflﬁ se %?%ﬁ’é{?%ng% °“§63P‘1“ﬁg force of the
| ead agai nstFighdB tseagross sectjonal viesv, perpeagioulagenthe dmitoinabaGospmEer nodel ,

2 0. 05 EIGRoHR B 57 3u BepRcis AL wilh BLi o Reerodo g 6 | o & o aph.
gener at ed byFig. S0 4/é0ks sBeti6hal vRROUE e cfRirbdJass NS o438 18ud in Fig, 4A
after the electrode assembly has been inserted into 2 can;

Fig. 5B is a cross sectional view of the electrode assembly and lead in Fig. 4B after
the electrode assembly has been inserted into a can;

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

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 Iead 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;




function of electrode assenbly displacenent, for a V-shaped el ectrode | ead
wth a leg angle of 90 degrees made froma strip of 0.051 mmthick by 4.75
nmwi de nmetal strip; Fig. 9 is a graph, generated by a conputer nodel,

showi ng spring force as a function of el ectrode assenbly displacenent, for
an ar c- shap®ig. & ie atgrade gkiematedby b campater model shiswing spriv@fores areede from a

tri f Q.05 thick by 4.7 ] tal strip; Fig., 10 | h,
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are radius of 1791 nmnmade froma strip 51 mmthick by 4.75 nmw de
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nm wi de t hi ¢k 3.175 . mm wi de tal strip; Fig. 14 s a graph,
generated by'& dﬁﬁu&f‘@hs gerpapted Eﬁﬁ\ﬁh"ﬁ‘@“@f)?ﬁ’ﬂ@ﬁ ?@}vgggggn%g hﬁfh??q on of

el ectr tiﬁﬁ%?@i%h%o@é %Eﬁﬁ@”ﬂ%&l&ceﬁﬁh@ ?&p&(r) e}ﬁc-%ﬁ'%%%@lé%hﬁﬂé Téad &itieadari th an

are radius o 0O mm nmade froma stri : mm thick by 3.175 nmm wi de
met al  sadinpof DESERE BREdENTonT h etriprofdriS1anmythick byt Bemmewideiaetebttapd wit h

reference tq.,Figs. 1 and 2. 10 is . an Fk e lindeical Li/FeS2
battery cel F¥ca'’f al%apﬂjage%er?c\%g{ljlgy AGOTREE m?gfggﬁé%l?gdf&%eoér?{% aililﬁgt?onl# the form
of a camckdddbdsbmBlycdigsiecknnait,form 6081 ain @gen by O 76Ramtvide fiaseledtaried with a
cell cover 14 and a gasket 16. The can 12 has a bead or reduced di aneter

step néedd; the top end to support the gasket 16 and cover 14. The gasket 16

IS conpress - . de 18,
cat hode. 20 23k B S et AR bE o ARobiaE pRRYE indfink SpAAg Ford el e 20"
and a Yapsioatodicle2frods asssmiblhadikplacement] fowg¥tdheped eledraie lewl wthndeje assenbl y.
The cat hode 2 as a netal current . cgllector, 22, [ extends from the
top endnge "tflg?g Aﬁ%ﬁ@@? ngﬁ%'&%%ﬁ%lpffg lirgmc‘ﬁﬂﬁﬁlﬁléggbgl% H’)émivﬂ é?negagrface of
the coygip: ifta6

Fig. 14 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 1.40 mm made from a strip of 0.051 mum thick by 3.175 mm wide metal strip.

DESCRIPTION

The invention will be better understood with reference to Figs. 1 and 2. Cell 101is
an FR6 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 assenibly and is connected to the inner surface of the cover 14
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with a contact spring 24. The anode 18 is electrically connected to the

I nner surface of the can 12 by a netal lead (or tab) 36 (Fig. 2). The |ead
36 is fastened to the anode 18, extends fromthe bottom of the el ectrode
assenbly, is folded across the bottomand up along the side of the

el ect roé@ fAst springrd. | Bagiarpge 18 kel egiriealuronnesed fcthe Wrleh sidife off fRer
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at sea

pol ymer 1f|| out er P (){l can be fastened down ﬁ’g, gl ui ng
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i nitialldys alpusmtreatmpera%ﬁretmefﬁdi@ﬁ €PTC) dd%ée'?' thift é&BE‘cm @ﬁﬁmﬁiﬁgﬁhgpn pl anar

prior tg |€l_§§ﬁé|on of the electrode assenbly into t ore
el ect r S4&F ¢ ADUSYE elgchical F?Véhthﬂér ﬁﬁeﬂdﬂ a{lﬁs»rmclmde&ﬁ pricksnrd sshief vent.f or ned
to creqth@cg]m%ghqiaggn aR& roved pressu e cont act
with the side wall of thg caﬁw% n pu}a glprogﬁ ﬁ' I'vent we

with a vent hole 30 in the bottom of the well 28. The aperture is sealed by a vent ball 32

’-

v C

and a thin-walled thermoplastic bushing 34, which is compressed between the vertical wall
of the vent well 28 and the periphery of the vent ball 32. When the cell internal pressure
exceeds a predetermined level, the vent ball 32, or both the ball 32 and bushing 34, is
forced out of the aperture to release pressurized gases from the cell 10.

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




7 provide a spring-like characteristic in the termnal portion of the |ead,
resulting in the application of force by the termnal portion of the |ead
to bias the | ead against the can side wall, thereby providing inproved
pressure contact for a given gap between the side of the electrode
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el ect r degbowingavineh the tamynalyrgtiemer the logd can sprang pashalliobackiewpiddtss 136, 236
after i ' ' . . berni tJ f eads
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el ect r SeBtgsEEhHIE 8. 1535, 55 TREresgectingrl shapgs Qliflectiodrasserblien 12 The
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way that"wll allow insertion of the electrode assenbly’into the can
wi t houttegzinaigioniionsiod theeleads g 83abseatizen bentinto prattionradjdeentdarthe o t he poi nt

that the, cel.l:s electri.cal ,or,_dj schar.ge cteristic 1.l b

undes! rISTOA SidPBE oA AP s A50 P e AN e B of e
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causi ng, del eteri QHBQﬁ | il ' L NG, - -Iggg. so the
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surfaces of the cans 112, 212, even if there are gaps 158, 258 between the side surfaces of

the elecirode assemblies 150, 250 and the side walls of the cans 112, 212.

The shape(s) formed in the terminal portion of the lead can be oriented in any way

ot

that will allow insertion of the elecirode assembly into the can without damaging the
electrode assembly, the lead or the can to the point that the cell’s electrical or discharge
characteristics will be undesirably affected. Orienting the shape in the terminal portion of
the lead so that grooves are oriented to be parallel to the longitudinal axis of the electrode
assembly can facilitate deformation of the lead prior to insertion info 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




toward the el ectrode assenbly, the risk of danmage to the el ectrode assenbly
can be 8 reduced. For exanple, a lead with a single groove can be oriented
so the bottom of the groove faces inward, toward the el ectrode assenbly,
and the edges of the groove point outward, toward the can side wall. The
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USA) and MARC K 7.3 (from VBC. Sof t way e n
Equation 2: 2R-(1 cos(W/ (2\}\3% IM%IB gﬁl@ %(MZM )

+1¢ , where:

W = width of the flat strip from which the lead is made, t = lead strip thickness, R = arc

radius, ID = can inside diameter and (W/R) <.

Computer modeling can be used to develop shapes for the terminal end of the lead
and tooling for forming the lead that will insure physical contact between the lead and the
can side wall and prevent damage to the lead during forming, taking into account
considerations such as the properties and dimensions of the lead material and the
dimensions of the electrode assembly and can. Computer modeling can also be used to
design tooling for forming the terminal portion of the lead to the desired shape to avoid
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 software that can be
used for computer modeling include ABAQUS (from Hibbit, Karlsson & Sorensen, Inc.,
Pawtucket, R, USA) and MARC K 7.3 (from MSC.Sofiware, Los Angeles, CA, USA).




9 The shape fornmed in the termnal portion of the |lead can be advant ageous
in any of a nunber of ways. For exanple, conpared to a lead with a pl anar
termnal portion prior to insertion of the electrode assenbly into the
can, a shaped term nal portion can provide better spring characteristics,
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Gtten desirable, especially when the cover is in electrical contact with the cathode. The
complexity of the cover shape will also be a factor in material selection. The cell cover
may have a simple shape, such as a thick, flat disk, or it may have a more complex shape,
such as the cover shown in Fig. 1. When the cover has a complex shape like that in Fig. 1,
a type 304 soft annealed stainless steel with ASTM 8-9 grain size may be used, to provide
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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10 are | ocated over pressure relief vents, the term nal covers generally
have one or nore holes to facilitate cell venting. The gasket is nade from
any suitable thernoplastic naterial that provides the desired sealing
properties. Material selection is based in part on the electrolyte
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per fl uor o€t hyl ene polgpro yl'ene and pol yetherether ketone.
Et hyl esempewndsiaiorlse h?ﬂf&déoél@d!ﬂs?mm ¢ftremyskeol yphenyl ene sul fide (PPS),

pol ybut yl en [ t RBT. Lam e rred. The
resin can bgrh%%[)a%%?%?%y&gggﬁgl %%qh%?wg@ﬁ %?F\ég%i'f?ﬁ)&gé?lgto provi de a
vent buysdpyielidde teipelesi (EPDM)Se alshitablaschlant Materinl, b othet auitablel cs at  hi gh
tenperatures. The bushing can be injection nolded fromthe thernoplastic
mat er | Aaterptisanbeysedro004 (ETFE resin with 25 wei ght percent chopped
glass fill erpgl L&5 :] ; : | can be
made from ar;I))}/l egﬁ?flg%gﬁg?ga? F'g&ﬁ’{ ﬂ%@éﬁ%ﬁgglﬁ %ﬁfx%ﬂl&%t&gg&%s‘lﬁﬁﬁohmﬁ he cel |
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a t.al h t ai nl t egl b d.. Th d
compr i Sudh 3 SRyl terrafpieindane bhYD LY RAS erRb B B leas SRR L o 1
The conppphiiaimiat, diffend-sR1brofifaRo MR ne, ChRMGKAuSFockaidel Y grade lithium

the purity is
P perfluoroalkoxyalkane, fluorinated perfluoroethylene polypropylene and polyethercther

ketone, Ethylene-tetrafluoroethylene copolymer (ETFE), polyphenylene sulfide (PPS),
polybutylene terephthalate (PBT) and polyphthalamide are preferred. The resin can be
modified by adding a thermal-stabilizing filler to provide a vent bushing with the desired
sealing and venting characteristics at high temperatures. The bushing can be injection
molded from the thermoplastic material. TEFZEL® HT2004 (ETFE resin with 25 weight
percent chopped glass filler) is a preferred thermoplastic material.

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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al ways high. The lithiumcan be alloyed wth other netals, such as

alum num to provide 11 the desired cell electrical performance. Battery
grade lithiumalum numfoil containing 0.5 weight percent alumnumis
avai l abl e from Chenetal|l Foote Corp., Kings Muntain, NC USA. The anode
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active material conprises greater than 50 wei ght percent FeS2. The cathode

can al o6thematt ¢rmingie(the camby the sefgiofithenBER6 eell shoavmimBigi Bl Jheaegidsliithg on t he
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Exanpl @sayiteclcustapiBindd Imbedding G ¥nd 60 lead VISR a foutidn 6XiBe ahake,orbeCuS2,
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cel | cammyyeressiagpnicnd of the lpadanto i syefagmel Pelitum fols yet nore ‘
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particulate material's together and adhere the m xture
or more additional active materials, depending on the desired cell electrical and discharge
characteristics. The additional active cathode material may be any suitable active cathode
material. Examples include Bi; O3, CoF, CFy, (CF),, CoSz, CuO, CuS, FeS, FeCuS,,
MnO,, Pb,Bi;05 and S. More preferably the active material for a Li/FeS, cell cathode
comprises at least 95 weight percent FeS,, yet more preferably at least 99 weight percent
FeS,, and most preferably FeS; is the sole active cathode material. Battery grade FeS;
having a purity level of at least 95 weight percent is available from American Minerals,
Inc., Camden, NJ, USA; Chemetall GmbH, Vienna, Austria; and Kyanite Mining Corp.,
Diliwyn, VA, USA,

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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to the current collector. One or nore conductive materials such as netal,
graphite and carbon bl ack powders may be added to provide inproved

el ectrical conductivity to the 12 mxture. The anmpunt of conductive

mat eri al used can be dependent upon factors such as the electrical
conductiixtutey THe anfvenaof conduotivematatialarsdd bﬁmhlede;pen&mtmbbn favtors swth ashe

amount BegHexiea oiruoy oF Y Sk maresl B titles o UBAmeRCe BaTRNE

manuf agh W digrepf Ebikeslol ARG fHeQuiRACG e desh .'Qﬂﬁlﬂ&n@ﬁﬁs%@ﬁﬁ&ﬁs of active
material mxture materials for Li/FeS2 cell cathodes. Gaphite: KS-6 and

TI MREX@dditingsrBayalseibe ussdrio sahance gathpis memlfa@imiﬁg Mcelhn@fqmnce Vst | ake,

OH, US 1 Car bon bl aci< 9 e cet enetbl Ch vr Phl I'1ips
CpangP g gl sfisiBles o Tadie MR ATEE il r AP R GRRGEL | Poer)
nmade  Gitagh@ley K6 afti FIVIREXGNIRIS @,fddéﬁ%&it%ﬁe@rafﬂ@ﬂb Afrdnf Q‘lﬁlcﬂﬂ’dn@:l&ﬁl | abl e

fromHarw ck Standard Distribution Corp Akron, OH, USA; non-ionic water

sol ubl &Vgs8pkes ORI WaHA- Sﬁmﬂ’@b(l@ﬁ@&ad@?@@d)ﬂl@ blapk Bom Cherpe Bhillisnpany |

Vo Copideny EBnoRath BEVeR Mifsers S RRCRRIMUSISEINRA BOShaLeTe ||
AN i g i T
Inc. . BigBHeRC y &gnﬁgis%mnﬁ yaispp éﬁﬂa&e e @ Bﬁ)om
DEQUSS@S% OS@@& rﬁﬁbo%@ﬁ%ic Ngiceﬁ@anﬁm%u ehd, UMM, add&1651 g&a& col | ector

may be wthin or d ’nto the cafhode surfac or the
cat hodetymmcte[thséenﬂy.ltﬂen@estyl@de &Ebgﬁﬂeckﬂopbmrsﬁm&dbn&’dmﬁms,net al strinp.

beyonativon oK AR yest RECCRnShaRonat apvhc BfboR BB BBl £ Tl <

ext end nguRefuréDy pﬁcxb%wdéwmentraﬁyiokm;w USHA (qnarbdtally svpiisaiient area
for maki ng contact with the electrical |ead connected to _the positive

t er ni n&ar-Tegh fng., ddevalanst, OH.3I5Abd ABROSL AR08 radedvmed siligadipm  porti on of
the cu as nmuch of the internal volune
of the!ijc’f‘3 %Saavﬁ(ﬁg%ﬁP%&eﬁt &%w\?nkgaﬂ%egrl al's’ and electrolyte. A preferred

met hod of make ngtrﬁﬁsallecabﬂ’mdyhe dispdsedrwikiiin onﬁnbaldedl ittto yheodattadit iswdfacepat er i al
m xture nmaterigls.in a highly volatile o | vent

trichl &F Baiho aﬁ&‘m{ﬁﬁ@’g at%‘?ﬁ%@OGPOE{’g‘ﬁé o5 a&i“ﬂrﬁ“%%rﬁ lbul dry the
coat i NG\ ih iR \eCohttford) wY&ateria R BlRAREch G 1ERE %ﬁlyfe%téndtﬂé SQIpact the

coating, slit the coated foil to the desired w dt cut strl ps of the
slit caotivieftx ethale covtaiting thegiathede mixigrd. This extgnfdias pedisineofitle use cat hode

current collector can provide a convenient area for making contact with the electrical lead

connected to the positive terminal. It is desirable to keep the volume of the extending
portion of the current collector to a minimum to make as much of the internal volume of
the cell available for active materials and electrolyte.

A preferred method of making FeS, cathodes is fo roll coat a slurry of active
material mixture materials in a highly 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 {o 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 um) screen before use.
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materials with small particle sizes to mnimze the risk of puncturing the
separator. For exanple, FeS2 is preferably sieved through a 230 nesh (62
m screen before use. 13 The cathode is electrically connected to the
positive termnal of the cell. This nmay be acconplished with an electrical
| ead, of t enTha cethedd isrelacﬁicaﬁybhﬂnect@ttarthes@csitbredcmglmf thegcell. dbhistmaygn i n

cepar aPeretomsishe widkae ElsBRalicad dshn e e SF S Bl R o A g |
el ectr heaowh lﬁql?golndﬁfetlbﬁ/@is dffeninSadeaRaR hitkef 1El@h§taﬁﬂes%tstde£a$t sone

el ectrolyte within pores of the se arator The separator is disposed
bet ween adj aben@pasaiwa@élamamcrqp@rm rand thehisHorrpeormaeableand: i cal | y

I nsul at electr P h SERA AL or nmay

al so i RSt éy 8&%00}18@0%%50# 1%}0%% n (gﬁlg)g{lmgc e&éég,ﬁ e%ie&m@ﬁ The' ctg%l

term npb@s ofﬂlersepatem Thé Qafpaﬁitmahdfsposedrbwvé@ adfadgtisueficdsivdf thegmidat or of ten
extend beyond the_edges of _at (ﬂ?st Qne_el ectrode to i,nsure that the anode

and caf#berthers tﬁ@iecmgyﬂsélﬁt“i’ﬂ’@ ecigfessikem cackepthey: 3%9“%‘Pféhﬁot perfectly
al i gneg?]&% | gla#,ln anmount
of separa tatc’)[ér;hgl glﬁgﬁﬁr%gjabeyondy&%(ﬂe teséﬁfgg%fg ofa;()%%\l/tlh e@%ég]o | gﬁ power

di schatgerepentfimtermahstort dirduits.dEdgasalflties deipataidrivdien erjpad beyondthe edgdsef

char act ics es .wth_a small est st, 0. m and a
o gostt FAHERE Flshate tavbr et i pmete et oiads & Tob mulp elpefvel faEnge of 30
to 70 eRal Eﬁféy,arélﬁoﬁfe%ctﬁ’ eﬂ%ﬁ%ﬁédcﬁbﬁib@e%%e§é@m13dé§ﬁaﬁﬁ t@hm cn2 and a
tortuosity | eSs than 2. fsclosed in U S. Patent No. 0,414, issued

Mar ch mlmnmme@nwunéo%s@panam(@xmd@gény@;d the glectredase . SU| tabl e separat or
material s shoul d n 0 n nufacturlng _
processes a \%?Yﬁ%\g&bcﬁilé g’?ﬁ‘é& #%i,p-%gorgxa% %gg ‘g‘*s“??%sthagghr ator during
cel I dsgrbasgeaveithd\eitiaci@iiss (popds With a b@bBSst Aimeisiarofes kast®0® @@ ng t hat
could result in an internal short_circuit. To nminjmze the total separ at or

vol uneav%aﬂawgeaﬁémensm@f@@ﬂw&tt@ﬂ §W%S%P%¥§Slbhiﬂﬁhﬁ§a“§6§§ PRIR70

prefer I @ 22 m
t hi ck, ﬁgl{(jc &%Qﬁé}: ’ﬂéﬁe?&a%‘%gﬂ?g‘ﬁ‘dzt tgﬂssﬁhgﬁ g{nr é@g !#% es ag tﬁaﬂ%)

pref er dtsblpsed inl @ &8s PateiiNo.n[H2 %), 44 isnedhMardt 1,11894,tand G@eblyi lhcxgpemechdnbz force
per squ ay centinmeter (kgf/cnR). For an FR6 type cell the preferred
tensi | EEEPESs is at |least 1500 kgf/cn? in the machine direction and at

| east 1200 lSﬂftélSl@@eﬁaBatBﬂ%aiehﬁB%ﬁ@ﬁl&%lﬁ'He%ﬁbhg BaodAdo WitistaadcBEB type cel |
the preferred tensile strengths in the nmachine and transverse directions

are 1300mafgturmgEreessies @ wellss peessurgdhat mayy bef exertpd g theesepgrataigatiag el ectric

cell discharge without tears, splits, holes or other gaps developing that could result in an

internal short circuit. To minimize the total separator volume in the cell, the separator
should be as thin as possible, preferably less than 25 um thick, and more preferably no
more than 22 pm thick, such as 20 um or 16 pm. A high tensile siress is desirable,
preferably at least 800, more preferably at least 1000 kilograms of force per square
centimeter (kgf/em?). For an FR6 type cell the preferred tensile stress is at least 1500
kgf/om® in the machine direction and at least 1200 kgf/cm? in the transverse direction, and
for a FRO3 type cell the preferred tensile strengths in the machine and transverse
directions are 1300 and 1000 kgf/em?, respectively. Preferably the average dielectric
breakdown voltage will be at least 2000 volis, more preferably at least 2200 volts and
most preferably at least 2400 volts. The preferred maximum effective pore size is from

0.08 pm to 0.40 um, more preferably no greater than 0.20 pm. Preferably the BET
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breakdown voltage will be at |east 2000 volts, nore preferably at |east

2200 volts and nost preferably at |east 2400 volts. The preferred maxi num
effective pore size is from 0.08 gmto 0.40 m nore preferably no greater
than 0.20 m Preferably the BET 14 specific surface area will be no greater

t han 40 referably at |east 15 M2/g and nost preferably at

| east 25 nﬁ%g".ﬁgag?g‘reém@%%‘F@Sf@!ﬁ@épwi\égmpw@wiyalmtgsmée@@ han
4. 3 ohmmo preferably aeleastas 2/ROP nm: cnP, .and nost

pref er adeé E?q ggegt er than 3?5 %%%%E%Séecggggﬁfmg1%5’%%@6%% in
“great er ‘tie 04~ 10rS preferably né greatdrithat 4.0 ohisoem? 08 nedst 28 akly nodat ed 26
May 200 ' [ e iacorporated b ref erence. Separatof nenbranes
for gseiﬁ@ﬁ?a% E%E‘t%ﬁ'e ea?gro(gp{tgﬁ #%%ﬂ%keqd&gﬁtgp@qt@hmuso@mm hyl ene
or ubt r dhibjicatior Nou2005/0EIA6E A0 MR i l.ene bei

preferred, The separator can be a s?%lhggf%?/gft‘@laﬁ%%a |‘§°95PP@FF53H

mi cr opor&FENEE: nenbrane, or two or nore layers can be |aninated together to

provi de the j ' t.rengl.hs i rthogonal directions. A single

| ayer is pref !eﬁrideagjh%‘s’?‘ﬁ%%‘%“gs gée’ ‘{sgé'g @-?’é‘f“.’%agﬁ}?“tség? eﬁsﬁl Agde of pglypropyleneal | y

ori ented erreyd h'ahiighmﬂeﬁl.ﬂmeigma@ ' | a Tonen

Chemn cal %&E‘} vai | abl e from EXXON b??gylgﬁeéﬁﬁﬁgia#ﬂ%ﬁ?’le%gglggni a,
0

USA. Sef& SEhater can e asingledayer of binxipiyravientes michopkoass, and

Set t0 a hiemGdhE of tE Or iitte T rﬂ' gﬁ| i ess. The anode, cathode and

separator strips are éonb_ien thdc%(rabt%her |aﬁéﬁﬂg?§ﬂ%rctf’rp6ﬂ?§° ¢4 tensilge

el ect r of@engthsinnrihogepaltirestions. rAlsinglevayeds pagia oSHaERmRs th@t%st.Sho"m di n q
separ at or, anode an

Fig. 1, SuRss | fadl al fernatin trips of, cathode,
separ at gr a??&ﬁ@ faag%a‘l&ﬁyo tﬁﬂgPé’e@YFqﬂﬁWé@M%ﬂemawmwmﬂﬁeasserrbl y

when wi fremonen Chemieapd ,iav@aﬁleﬁ.ﬁnm 0f arator, and/ or at
| east I r of . e ect?litpgal l'y insulati ngﬁ%‘?(f%&(%&egﬁl?a%?'yﬁﬁ'ﬁféﬂ“%e) S
gener a%’%éﬁ% m¥ grade separater ks a 20bpml rorhinaktbickassscatl Seteldni S
sernes peNUIY 8fadethab 1B ol | s hold the assenbly together and may
be used to adgfjast taﬁe wggﬁﬁng#ﬁ%?@ BF of the assenbl y to the desired

di mensi on. THbe anedep cathede mﬁs@hﬂdﬁnﬁﬁé%ﬁbhﬁﬂtﬁ%iﬁ%ﬁee&b m | ayer

may be OWR_ Wi, t pi ece .of 25 adhesive tape eat sea?ng. The
anode c%ﬁérggﬂ't m‘%ﬁi‘?%‘ﬁﬁéﬁseéﬁx mayche a spiralfy svownd designgsuch as diat sleweiat hode
can be Figel,auidy Wp&indih s trode can be in electrical

contact with the cell .c%%?%@ﬂgg ﬁﬁﬁ{gf%‘"‘tﬁﬁ%ﬁ@ (%, SR90E B0 PR een ¢ he
out mostreY¥c? Fgadrel.ampich iextragted ferh tied eledimdeaBsepibly ik wining 4@ ded when

t hegoutiipist. AlteGist 946 layar & Separator and/or at least one layer of electrically insulating
film (e.g., polypropylene) is generally wrapped around the outside of the electrode

assembly. This serves a number of purposes: it helps hold the assembly together and may

be used to adjust the width or diameter of the assembly to the desired dimension. The

NY1

outermost end of the separator or other outer film layer may be held down with a piece of
25  adhesive tape or by heat sealing. The anode can be the outermost electrode, as shown in
Fig. 1, or the cathode can be the outermost elecirode. 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.

30 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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el ectrode that is intended to be in electrical contact with the can. 30
Rat her than being spirally wound, the el ectrode assenbly nmay be fornmed by
folding the el ectrode and separator strips together. The strips may be
aligned along their Ilengths and then folded in an accordi on fashion, or
t he an@eddaidpependicelhett thodethede aml amether tlectiedd sifip apd theasdelitodesar to t he

cat hode_ and an r electrqde strip and the el ectrade al ternately fol ded
one ac %E@aﬁe&e&f{] © @GS \al (9%?505‘ Laentsdy, B’&TQﬁ EHER TSR ng a
stack QfacRbfSidaitdReRAedEed odAbilade | ayers. The el ectrode assenbly is

inserted into the housing container. In the case of a _spirally wound
el ectrode adbemlsictrodevassembiy isnnseriey itte the hoabing copieineraln tbe ¢gnstadianer, t he

e conPi Gy SR g i odthet R PRI AP Er B e aS bl
I's par ghdjed subfcds JTING Elebitd BB larPpdrperdiculdrie tHeafide wall(g) sttt ebaineO@e

assenblies are typically used in prismatic cells. In the case of an

accor diogier mordre theejeatrel age obthselsitpde essemblyde paraliel to adpngitndingl gisohat t he
flat eleeldfdPoshelatss AaARRaskl Refnis tla flpitlack AL mieetigde | avers
are adjacen 0 opposite sides of e contalner. T'n these confligurations

t he majaaracéordioh-fdlded tticabdanssambly, tHeassemily iseridnialrs thaifthe fet dednddei s

adj acent the majorjty of e tot%areg g{ypthe j or surfaces qof tge

cat hodé“IfPWPGE@PPOFﬁ%e’%‘g‘H%\f:t £ sfack akRleqtode GANeEs 46 8H2pAY {9 BRROSHP SICREC% ect r ode
maj or RERS ' ?ﬁﬁ‘@ﬁr themsi i this
way, ej%%ém onergpﬁ Fheggg ec r%%@sassearr%)ﬁﬁ ugtcggl %ﬁﬁ?ﬂggg%g%}%ma%éﬁe

conbi ned thehinoke ssuigesenf the meaj ety tlzaridtat atch of the rsajoonutaces afilie bgthodhe

containgr side wall(s). nonagueous el ectrol yt cont ai ni water only in
very sgﬁ‘ioflglhﬂﬁrm’atr?%& "’é'éiAtgeo %ﬁ?%ﬁ?rpf’l‘g’r%s ?}é{hﬁ.e?lecﬁgdma@rtsﬂg%%ﬁ%%t 500 parts
per m Iah{'a@émba tHeRsi @ Nvall A€ BRI WnTEncd NI hes waY, e&pdrRion! oF tBaklecteicn@sansay) , 1S

used in the battery cell of the inventiaon. Any nona(ig?eou_s el ectrolyte

sui t abldaetomn ingrcags inihe combined dngkusssaswd theannde andrpathodeds cppsjramed byed. The
el ectr ' or nore electrolyte salts dissolved in an organic
sol venﬁhg{‘—oglrtﬁgé}tsﬁﬁr\%%%gfcel | exanples of suitable salts include |ithium
broni de, |i tAhomgnesushslestadlee, cdntditiig malkevaly inoropiroslpraintitiepad @ssi um

hexaf | uor ophosphate, |ithium hexafl| uoroarsenate l[ithium .
Crif1 uGPBRETR Gt ho MAre tRdDOR: 1IORHS 56t 1 i O%PH“%IFéﬁ?PSUCB?%BﬂFh& sol vent s

| nCl Udeyte ABRtO%al BYiSs Rled) 1€ nbdd ih oMY Bilier PRSIl ik BAEG ARy nétlaBho

car bonateec, %t%yﬁ%ﬁ © ?:’ar lt;'onat e, et kel?l%ene carbonate, pr o%ylagne gar bonat e,
1, 2- butejdctolyte auitsbleafor ps@wBh Bithiyinemd actes tatimaicanatemalimdy Beouseds dhe '

Y- DUty 8l ASHAD Sl b2 8Sior SR Sl isediath TR b RIREL! For a

Li/FeS; cell examples of suitable salts include lithium bromide, lithium perchliorate,

lithium hexafluorophosphate, potassium hexafluorophosphate, lithinm hexafluoroarsenate,
lithium trifluoromethanesulfonate and lthium iodide; and suitable organic solvents inciude
one or more of the following: dimethyl carbonate, diethy! carbonate, methylethyl -
carbonate, ethylene carbonate, propylene carbonate, 1,2-butylene 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 ceil 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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‘n; n-di met hyl- formani de and ethers. The sal t/sol vent conbination will
.provide sufficient electrolytic and electrical conductivity to neet the
cell discharge requirenments over the desired tenperature range. Ethers are
of ten desirabl e because of their generally low viscosity, good wetting
capability, good | ow tenperature discharge performance and good high rate

di schar gethemrdre nrara sfablefthas with MaO) cahbdys! 36 Highe eﬁibrlié\/ef because
the 16 e§ %@ é’@ nore stable than with MhQ2 cat hodes, |gher ‘et her
| evel s caM'Ee Geicts inclyde, by age natilisvited; ta acyadie, ethinss swh@sd@z -dimethoxgthane,

acyclic ghgieth Etﬁaﬁé t

di (et hoxyet hylo)get her, di(rn?eﬂ?d){%&@pé% %g‘%‘ﬁ%m gg%lgh}%l‘@ﬁ)%w&%{n@d cyclic

et hers seﬁll%ﬁéherssu@m(hB-aimolm;teahlmhoﬁmﬂ-m&hybﬁeh drefuraball nf i uan and
th)ﬂe 1. %‘Zohhg'ﬂf’me Speci fi ¢ anode, cathode andy el ectrolyte

corrp05|t|on 8Ccan be adjusted to provide the desired cell

manuf act ur i ng Sppeifit ahodd) eathadél asd Q& R8MP6EIABASA] SN ' i n
U. S. Patent Puplication No. 2005/0112462 Ailiﬁ V\lhlicl:i&%s r%‘?ﬁsr%%icedi‘ﬁ%%ve The

cel | cant%le‘,l"’&dém esied cell manufisturingaperforianad i stomge sharaQeribtis) & esses
may 10 hiaglh WY pafefit ﬁﬁﬁhcahg'i} N%d?(%{ﬁlqﬁ?@gﬁqg}wp qé?"fdire%ge v, | N9 and

conbi nat | ons T hereof . - “Eor exanpl € %is

formed in t heThenelhtaebe tloseddmixealed @singAdy shifdbid ﬁﬂo@éssc ®ueh pEebdas ﬁ{a}'ed
nd cover_assenfly, (|nclud|ng the cell cover, cont

d
?Br. g aﬁ%\]'ﬁ"«l;l ‘?‘%B‘E&H?Hw fo, prmping. 1 Wégd;s%lﬁn@gwancbeomhmaumthaﬁeef cell is
t l;g,aﬂl, I
Zgaﬁl%r gp(ggé{l nst 15 tﬁ\eé'mgggg{é~| g%{ﬂane‘?-g{rldgﬁﬁfehe togpﬁ*eyetl% gg?‘l ove t he
bead i s Wegatosgong wlasmgnmdthel gasket drek caver anséxdblyf(ﬁl@&ﬁhgthead’eﬁ COOSST
nbl l.| ., Aft t di d toth
ool Tt hyosricP BT all alF pBSiibe) 4t bBked e iben/frit af e Ga The ke bl | .es

i nsert edrsUppbﬂed htethé beddl Wwhilé meS@aketﬁaﬁé‘ caRPakhibly &éﬂhﬁh@&&%\ﬁ%ﬁr

over e cC OVEI’

devi nal cover are placed onto the cel
and lghe%F‘ Be%hgﬁh lamster o the top 96 thscoan aboveihe bmdis l‘adlmedrvptqu;]sagnmnted hol d

t t d
Compl ot o sERY hepisgér AITEE ecablyift ML AR et ABE: BRerfifiedne bove
descri ptdispenied into thecwall:mﬂoygh teamparttires in tl-rglwmbuSBQQg and/coo&? a &eht all jUch as

FR6 and I n_l.ntegnat St andar ds [ EC 60086-1 and
| EC GOOE}Eﬁ%%d %ﬁgﬁ?g %ﬂm?ﬁPw&H ﬁEP‘é‘d't r%?@@rﬁms&mné@mn ssi on,
Geneva, t&mlhil&fdvaﬂﬁi-ep?&eﬂmﬁﬁyﬁéceﬂh@er'tﬂé@éll JVar, TR (R R} dfe BFARIEH 1 O Of her
cell, sizes and shapes and to cells er e ectro e dssenvly, "housi ng,

S ealzoand’eﬁ t ayeard witha qrémping die tgdml@wgam @ger@skeiedzdver assembly, PTC device and
terminal cover and complete the sealing of the open end of the can by the gasket.

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 60086-2,
published by the International Electrotechnical Commission, Geneva, Switzerland.

25 However, the invention may also be adapted to other cell sizes and shapes and to cells
with other electrode assembly, housing, seal and pressure relief vent designs. Other cell

types in which the invention can be used include primary and rechargeable aqueous
alkaline cells, such as zinc/manganese dioxide, zine/nickel oxyhydroxide, nickel/cadmium

and nickel/metal hydride cells, as well as primary and rechargeable nonaqueous cells, such

30  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 ébove,'
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types in which the invention can be used include primary and rechargeabl e
aqueous al kaline cells, such as zinc/ manganese di oxi de, zi nc/ ni ckel
oxyhydr oxi de, nickel/cadm um and nickel/nmetal hydride cells, as well as
prinmary and rechargeabl e nonaqueous cells, such 30 as |ithiunm manganese

di oxi dﬁ}l@é&ﬁd&é&dﬂb&'@r%ﬁm@@ﬁdﬁps Bhe, ﬁt@mésgdwhasalemby cawallo guryatd on  can

al so var For exanple, it can have spirally wound el ectrodes, as descri bed
above, inc emlm@@aém&pmmshape%fq@%gmab strips (e.g., flat plates). The
cell shape I dfghﬁ SR pes, for
exanpl e. Feggﬁ%g%?w\éqﬁeeqﬁtﬁggﬁ??%ﬁugﬁl %étg gfé a aﬁilgg%%tﬁe futﬁlﬁ)‘ﬁﬂg

i Il ust exdogples.n the foll ow ng exanples. Exanple 1 Conputer nodeling was
used to eval uate several negative electrode | ead designs suitable for use
in FR6 and FRO3 cells with el ectrode assenblies simlar to that illustrated
in Fig. 1. The nodel was used to &528P he the spring force that coul d be
exerted by tRRE ctrode

| ead in Fi g??) l&é}éﬁg Zd% E}Il%g&gg?%dn%é %???legéerﬁ %Eﬁvé%agchou %%d[;%ersgé??nat e the
amount suifablofor asendREshdiR O esltsarith elettroierasiemblics fingiter to Swdi thygtiatedt t he

I nside, surf of the side wall of.t he del, . .used the fol |l ow ng

e § M1 Figr b ke modeFwse wed 49 Orteitnis Qo st ey o AR kUit eapr R o . ol o

rol | edshell efd bf R1dQ5inkilR tb a@&gaﬁwa%@mwﬁﬁgs 2.28d 2x ’Ji‘he%nﬁ’ (3.00 x

1071b./in), Poisson's ratio = 85 and initial yield strength = 251,000 Pa

(36, 40@orce detﬁmm)led mn@@amprbxw@theméo%r@ exoded by the tﬁl@mnﬂh@rtl@% m nal

portion,.qf .th t.he t|o C external surface of the

el ectr8 gla{asdg%ﬁ?] t}‘%ﬁ%ﬁ}%e cSen egérl%u‘ﬁ%i {tﬁlg%%[gttom of the el ectrode

assenbly, pribeinddel sedehnd followahg hacerial popenide faYsEItahn (0r002 ihbie) thickn) :

flat, V-shaped (Fi 4A) and arc-shaped (Fig., 4B), with the rpgf)(g%@ of the
f

V- andnickekplaied Fcé]&ésfﬁtqebﬁt&i’&f thedepdery ionaE s mosebg 204 % t he
term n%'ld”%%%@?m&jon s{}'gtlnal 285" ard ;&nge%fe%egélﬁ@’@ﬂ y§ubs (Rgacl sposed

parallél to after |nsert|on of the
el ectrdidﬁn’&)ssenbl les into the cans. In the nodel a cross section of the

out side dia el ectrode, a and .terdnn rtion of the
| ead were s 4}%‘16&68 Esrwﬁre(?rvﬁg‘??e?efrm %}%ﬁerg}lnaflll?g tgh ?e&figﬁlgter of the
can, U%bﬂﬂmtefagacbﬂ thitRe cAtERE] KIPRRE 0PN HcHBAS h@&ﬁbl}ﬁ@btﬂie&ﬁé besiEarase bl y

di anmetéer of 1 mm (0.508 inch), a can inside dianeter of_ 13.44 mm (0.529
i nch), thmbttom of the electrode assembly, prior to insertion of the electrode assembly into the

can): flat, V-shaped (Fig. 4A) and arc-shaped (Fig. 4B), with the grooves of the V- and
arc-shaped leads located longitudinally along the centers of the terminal portions of the

strips so that the grooves would be disposed parallel fo the longitudinal axes of the cells
after insertion of the electrode assemblies into the cans.

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
diameter of the can, using the initial lead shape and dimensions. An electrode assembly
diameter of 12.90 mam (0.508 inch), a can inside diameter of 13.44 mm (0.529 inch), and a
lead strip width of 4.75 mm (0.187 inch) were used in the FR6 cell evaluations; an
elecirode assembly diameter of 9.25 mm (0.364 inch), a can inside diameter of 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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| ead strip width of 4.75 mm (0.187 inch) were used in the FR6 cell

eval uations; an electrode assenbly dianeter of 9.25 nm (0. 364 inch), a can
i nside dianmeter of 9.70 nm (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

t he st asdalé)gThe silfds@lsofafie lche wetesihcadida canREenitl tiin|1824hd the bRLiry& t 0 the
can were the sanme in each case and were_established based on a | ead

i ni tial FyemBlRER Blaced ig contagipigh thethaseof thg Vagigioint §R. di theastarting positionshown i n
Fig. 6 & f din. t act

i O o ea Qe BuRe Bl eyl Mo PR o0 of e oo Bl e PR BT 7 e
base of thelvan V2 ahd pimi distafi. 64 et stiairé srgthp ekictrodnsssethbly, daolphohet he ot her

Can 12" SoHEten Bead dn Bir 5% 1oviadeh on 110 Boiigh PRBCIRAebaB Adomd y.
th h i : : : jjpach) f
e PR o e P o ST TR MERpR mOR PR R FREIN D) G

show t hwith flat ancharersbapad loads, fespectiRalycmiatle from thi sdthamatenidl as the Shalmpdd | eads,

respect . efromthe..sane npterigl. as. the, V-shaped. lead_.in Fjg. 6B.
Becaus eie%{%kylaﬁggggh gg cﬁebﬁ%dlﬁtgﬁf @3\5{?{ l?;\%fl copstaytfherg 15,3 g%bﬂ‘&iﬁ% g—]‘FqF‘Tde | ead
and t heartd 6 tleortodegssemiblyin Figs6ATnd &6, AdhSfhodbinhé Pesiimost ik RRcROS ti on of
the electrode assenbly was noved to the right (Figs. 6A-6C), reducing the

(cjii st ancessgublyavs maeedds thegehti(Bies o410 Drredneng theghistarae Gdpan fﬁw sprBg
: - € or . QPO
Cases vkt Ain81cal dehinding bad Wi SUSRUALENA b o Ot fleiccfin iRl °% 1"

spri ng fightof poitt 62, fneaset etiereaherewas adiapbleticed poitt SR and fiid ad, ah&@emiagct and
begin to push . against the |lead. The results of the nodeling are shown in
Fi gs. 709 FGUGRICPARUY Fleciectiont, ap Aishigocd SHEcioBty theontack Ak Besin i Péshe can
(g/ cm ofgahfp@enesf the shaped portion of the lead) as a function of

di spl acenent_of the el ectrode assenbly (nm) fromthe starting point; Table
1 sunmari zethe resultedf the yodelinglare shows fraPigsr 2iwesghnitde which shawhspoingt he

drawi nggs. T e, 1,Fi g. Il Type Lead Sh 7 F El at FR6..V- shaped, 90
|l eg angle® %%E%Pg%&ﬁgﬁ%&m (%P% oﬁ%{xgt?dﬁg%sqaﬁgcﬁ?orgpg of tfilead) 76 2rRe
Ar c- shafiattionlofdispliRement of the electrode assembly (mm) from the starting point; Table 1

summarizes the cell type and lead shape represented in each of the drawings.

Table 1
Fig. Cell Type Lead Shape
7 FR6 Flat
FR6 V-shaped, 90° leg angle
9 FR6 Arc-shaped, 1.78 mm
(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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(0.075 inch) are radius 11 FR6 Arc-shaped, 2.29 nm (0.090 inch) arc radius
12 FRO3 Flat 13 FRO3 V-shaped, 90 leg angle 14 FRO3 Arc-shaped, 1.40 nmm
(0.055 inch) are radius 19 The graphs in Figs. 7-14 show the changes in
spring force as the electrode assenblies are displaced to the right. The

amount of di The graphe it FigsoTrl ¢ lskows tigr dhianiges ip epritig fofcd 4si 18 elebifoRC) t hat

| aces the ft side of .the e|lectrode assenh] opposite point 62) against

'Ito he i nsfl%fgm*’ﬁ?st arg &}Sﬁ’éﬁ?&d%‘? ﬁFH'EgiEa ?%Fmiiﬁ@?a@ﬁa(ﬁmaﬁgﬂﬁ%n ﬂ%%ﬁﬁﬁ] di) a_mgt er

el ect r ogesigde bl $A20C) ROBEA 1N ddb & thle SRCHMLAEGIIIOGHRIAEPRLY | S
I ne E. e etectr

i ndi cated by, . E hi s corresponds to the positron ode
assenbl §2eagest thededide Ioft sunface ofibe camfor WRGrellhwithl 21t 90oen diagred| v i s as

far t f 1 ible. el 0 | i ith_smalle
o gor HRER daditDn8 EN R cellPfriRaid T oo sty s PdicsBat ey The
amount EofThil ple8S@iis b tHd }aisitiohad @t 8itRdde %eﬁﬁlﬂgﬁﬁﬁﬁée‘i‘t‘%&n %&ﬁﬂe%ﬁ]de right

surface of the can is indicated by line F. In those cases where there is
no gap Beemsslectede assgribiyistasdar tethecieft o8 possilenBoyeleotradeassnehiics mith

positio | : ' . eqi to j.ncrease imediately
with di g‘ﬁ%@é’ g’?réaﬁgergﬂg%l%%}séf’%% Vit Q%%ﬂéﬁ%fﬁeﬁb%q}%i IF?PgeﬁfEV"j}frd%Ee amouxt
cor r espafdispigccntemp thes places pdint 6Xbdigpapatibe fheringdé phiafirfabeof Mk thdls | ead

ses the spring force does not begin to rise above

shape).. I.n th C

zero unﬁqca{eﬂzryglﬂegﬁ'n@tgafﬁ Gaseraw Rt Hhete 1sgiorgap befweepth blag&ﬂ@lﬂﬂ show t he
spring f | sl : g - Qf - : Lhch) for
PRe ool [ RSl Bien T e IR Ml e b AR pd 135, i brigf Rt iRl 07
D2 showncreascirmegdistelywith disptpctnentofithie ¢iédrode astentdy teathe eight and & di spl aced
back to left (0. 127 0.0 inch).for. FR6.cells and 0_102 nm (0. 004
Pnoh) 1 eoptempeyiite ot Ssiof B o 1 ar i oF the Gmaldend S8PONLS Ricqrer o

poi nt's dises Bk spiiig At Ebes roebEEE td N Abovd Bbrd unGPIHASR AW L3p romifif Woul d
happen duri I’}ghl nsertion of the electrode assenbly into t 8 can, for

exanpl ePoipts Ah 81, 4 pndDbshkaw thsspring fuee foi daementahdisplacenzamts ¢fd). 1B7ni mum
necessag, (of . r 5§ 14 A i he, i nsi.de ,di ter of
the can) a Od(ﬂ{sh%%}gafﬁ ngve 5 8?% S ﬁ?@%ﬁb@&a%%}wn%{ FRR% c?e:'gn rﬁ’ﬁ%@ A&pﬁ ng force
i s | ove€2 bet Rdshowfthe ehdriges inpspring e if tHeélttigld Brertblytid@ishResH badke t 0 the
ield h th d hei ded | t f th
yield shL S0 Y min (.00530cm) Tor FrE ST 0. 10% o (0700% ineh) Zor FRO3 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 becanse of partial permanent
deformation of the lead, due to the yield strength of the lead being exceeded in parts of the
lead. In general, for a given amount of displacement of the electrode assembly, the V- and
arc-shaped leads provide more spring force than a flat lead.

In Fig. 7 (an FR6 cell with a flat lead), the spring force is zero at the starting point
and until 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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| ead. I n general, for a given anmount of displacenent of the el ectrode
assenbly, the V- and arc-shaped |eads provide nore spring force than a
flat lead. In Fig. 7 (an FR6 cell with a flat lead), the spring force is
zero at the starting point and until the electrode assenbly is displaced
nor et haditibnd21i§pTadetheb6f 0.0%6 nmh (0.00BRINY,| cgfresponBRGAL2E ddterodPidsagblyor ce does
not rise above zero until the el ectrode assenbly is displaced beyond |ine

E, therdamefergreaigy thay 12 98camy@old awh) keq@gd- and the can for an el ectrode
assenbly di ggser : G | | WM ol ect r ode
assenbly di arre% gr%gi%z&gov%ngg? rﬁig ee Vs&ﬁgé{%ﬁﬁg{ﬁf‘é‘gfﬁ% &g%ﬁé %%he | ead
and t heisean sochrasispletenicind ofihe dlespbdcassamblydd ik HF8 beging 0 VG the) |

o Bos e pssomBl S ciplacen oo ikt Bt ns of 1 etods HSRTEE b s haped
| ead), &b whthd slaR1EH sRERCTLE thebant 118 Spfife RARDIsAST Y/ e\ @ARABAIAHAY 1ol he

el ectrode assenbly to the right begins.” Wien the electrode assenbly is
di spl adbelintesectino ofthetgraph with linef? Hiisimeafs thatan elcsBtwithlen elseftadsl y is  even

with the inside |left r e of..the can. t Spr i force.is 167 g/cm
(cor r e SRR s triatd 2o e Spiod i BRE forke B kel ffiub oot oo o
that i nh@lea@ld ovthdoinpibssel @sd iade Eaesavddvereinipreison &dn 2ulPRithlaere will be
spring force between the | ead and the can, unless the lead is

over corfprrdassmgnt kryond paint Bl toswhere theye tesnyiinleqiodnts ehpomied betvegnihe a

di | : . . i js t act

et neor i aed SR 0L ard the bt 016 doASHHIAY Soffine bk, BRbIThE g "OT ¢

(of f t hetreggtaplijhe lumd mhateriabisyixetaled abd thegpling fortd drdpe tulzeratfier allyas exceeded
dth [ f .d ) t I I t of

b i ngtaER st obsiEinghat He. €T B eOME RO GBI 5 SIEhaT | s

about 14,0561 1738 fntn G235 HNS SRANG thdYRE nlikienuh BleBHOALh Mt HR1icHTRIFRE,

indicated 1n Fig. "7) can be used in a cell with a can inside dianeter of

13. 44 rithcan e téeel ih@ad]lygigia can inkids diasveséroditl B ek, mmrard; the lad wagd mMABiscel | with

a l1.78 mwirétdi us arc-shaped lead), there is a small gap between the

el ect r c08"g %%nbly and the lead at the starting point of the nodel, but the

spring for cenifgg AEUEFREEE With a 1¢i8SAnaa6INE aitc-thapéERad)) thdd@istasniilgp90 mm

di aneter el ectrode asserrbllg, positioned against the inside |eft surface of
t

the carbetwsencheelegitodseasseypblyiand thelead ghthe stariingrpoant of thermedel butdh® i nch) and
till . i : . di anet
ol ect r ORifig duBlla iy L Airttes A ERRE i reotiillingSE AMEIERRREE O]

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
zero, so a smaller diameter electrode assembly (greater than 11.83 mm) can be used with
this lead.

The graph in Fig. 10 is similar to that in Fig. 9. Because points Al, B1, C1 and D1
are generally higher than the corresponding points in Fig. 9, spring forces should be higher
with 2 1.91 mm vs. 1.78 mm arc radius if there is no overcompression of the lead during
insertion of the electrode assembly into the can. The minimum electrode 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 Bl
(point D1 is above the maximum spring force shown in Fig. 11), but there is somewhat

more loss in spring force that resulis from overcompression, and the mininum electrode
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The graph in Fig. 10 is simlar to that in Fig. 9. Because points A, Bl,
G and D are generally higher 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 lead during insertion of the el ectrode

assenbl yssembly difraciepithat Jdnebeansed RUlghtl¢ Cirg@dBarasises i Yeddb abith CLaNndxe used

with this 1ead design.is only slightly larger that determned fromFig. 9.
The gr af¥l }-A® g arciidiig sinilar to those in Figs. 9 and 10. A conparison
shows t hat

efofﬁﬁoy§elts%ﬁatﬁ 12 rmmg fﬁr amlﬂg 18 BloSEShobdl

di spl acenents %eyon pol nt Bl ol nt e maxi mum spring force
shown iim Hgsg 7—1|Jl)'].‘od:)m1uch bempressions ofr’éma-shapm ﬂ&adloaﬁ sesutt is fatigng of thedead hat

I'ts f d t | ectrad mbl y
G amret o] R SLBHEBEGE S The B e BRowen et coniesed viffohataln « h 1. 01
mm andeléctz&iermaﬁreﬁremﬂedmﬁgem fs%gﬁt §M§’ﬂﬁh (287074308, 8R! hihitnGm @ the 12, 13

and 14 are simlar to those Shown Fi gs. 11." To6 much conpressi on of
t he V- sh4paamradius @aﬁha@ﬁdbad lrenrersamtﬁ@ueﬁgf 14 isebbetti64 mml (0.84@ inoh), apd i ng

force. . t.hat can .he flat

el ectro];!d;g%l“aaﬂL'(;lI]T @g%pgggqeﬁ . %eadgelgsstg&%] fél)g ﬁgr}sf‘%"‘g%ﬁ% t he
m ni munv@33hinth)e 1. 40 nm radi us arc-shaped | ead represented in Fi g 14 S
about 8.64 mm (0.340 inch), and the mnimumw th the 90 degree V-shaped

| ead represented in Fig. 13 is about 8.46 nm (0.333 inch). Exanple 2 Ten
lots of FR6 cells, simlar to ceIIEm)IlPleZ:i gs 1 and 2, were nade to

eval uate cel ach ceI n Lots 1.and 2
rrd a6 oseatent ?@%ﬂé} ’%?ﬁ i panigeY’ﬁﬁﬁ% Al f5Bed
around ¢Haeactdriztity m@aﬂﬁmnhd:@! Eachmulrﬁlemnsqemd 2T mezwmtmlrﬁ@l@

assenb utsid | apet er ncl uding the strip of pol hyI ene film was
13. 06 150 af Pﬁ&ﬁ}w EE%ﬁfanaéfﬁmpqdﬁr@mdstheelfetrWs@n rcdicupferpness

pol yet hyﬁ@mr%l_ élé@troﬁ@?ss%ﬂl% [P &ﬂ&&gﬁﬁ%@ S pgrﬁvfeﬁd?g tﬁyl.@&é

assenbly was e I’lSI
di amet ewai3.0fhens §hS ibkchB. E&hm@il@ﬁ)Lﬁﬂ&-I@nh@ no dutemwlap cbfqioﬁydﬂn&megat ive

el ectro | e was made f hip.,stri f con ctiv t al 75 mMm

(0. 187 8&5‘%%"3“’&%0“{ ‘ﬂ”é‘ﬁéﬁ 6 the clashrgdt as gfébw%ﬁ%??nea@ SHY of the

| ead waﬁch)atmagh@@ thedavehipel ihdie BRIMREFL theT a8 v IR AGHRC@ 58t iU Tes end, so
that the termnal end of the |ead protruded fromthe bottomend of the

assenbl Jot the Begative sleayadadsny wagimade from pihyn sisipraf conduative metd 4 Hemupwar d so
the ter 3888 bubto § IighSRS SRR A 1ndh). [Gud 88 of the Tead was

attached to the lithium negative elecirode near its outer end, so that the terminal end of the

lead protruded from the bottom end of the assembled electrode assembly, where it was
bent outward and then upward so the terminal portion of the lead was parallel to the
longitudinal axis and adjacent to the external side surface of the electrode assembly, as
shown in Fig. 2.

The negative electrode leads were different in each of the lots, as shown in Table 2.
The non-planar leads had either a single 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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| ongi tudi nal axis and adjacent to the external side surface of the

el ectrode assenbly, as shown in Fig. 2. The negative el ectrode | eads were
different in each of the lots, as shown in Table 2. The non-planar |eads
had either a single V- or arc- shaped groove that was parallel to the

| ongi t udi naka@biccefll folifedthesitwead testmisBrbhen otftal voliegd, ATImpddassshngas bent
along the side of the electrode assenbly. The V |l eg angles,_ arc |engths
and ar@mpqagﬁ:b@,ﬁqtﬁ/mld after gloragedor QRdaysdt ﬁé"r{f}n damplgfee %@P‘iﬁrf’@"]%u%él"% meke the

shapes N f ormed
| eads. ﬂfﬁg SS*P 0 ve‘é%éﬂﬁargc@g%\:efﬁa*&%l%? #ﬁm .cgjoé%ls g q}%g%%%]xtendl ng
f r om t he siletmitiapdiferaten beydid dxpacted vavidbility, amempsthelatn. zone fromthe V- or
arc-shaped section to a planar section. 22 Sanple cells fromeach | ot were

tested for open circuit voltage, AC i npedance and anperage before and
after storage for 60 days at 60C dahif% cells fromeach ot were also

tested on g varitety of i bblldl ge physiT abuse
tests. Therle no s di fferepnces, ected jariability,
anong the | OPQ. TabI e 2 tglaallvat eriall Lead S éd@h"ﬁégkel |t ed col d Y
rol I ed stedl, T [Mgkel t&@éolﬁ%lié&s@é@ I nc é thi ck 2 Ni ckel pl at ed cold
rol |l ed stegl ’lv'ﬁﬂffﬁ O%‘é%g:h) ato02 | nch) thick 90 degree | eg
angl e 3 N gket ;.I Iy I?Iéfa o lﬂﬁ l]:'UI dV—Shé];)%;ﬁB %1 oove, 90arc, 0.051
mm (0. 002 i|nch) e 2§ %e’i nch q ckel, V-shaped
groove, 0.Q76-n % A ek 0y o0 .Weg'fgg.leg.ﬂn. 5_Ni-eke
ar c- shaped |gr oy ICQ@PA#tEdCOI@r@hSISrWﬁT 0. op&°rsh @Pﬁ APYaO%° &P (0. 075
inch) radius - Nildk@$1 mmaf0R02dnsh) thisk| ed s b@ﬂ mm(@ 023 inch) radiusnmd (0. 002
inch) thicK 7,Ni d¥iekelpl at ed col d rol | ed s} ¥Wethapad geaysd gr oove,
0.076 mm (0.003 inch) thick 90 degree leg angle
Nickel, arc-shaped groove, 90° arc,
3 0.076 mm (0.003 inch) thick 1.91 mm (0.075 inch) radius
5 Nickel plated cold rolled steel, flat
0.051 mm (0.002 inch) thick
7 Nickel plated cold rolled steel, V-shaped groove,
0.051 mm (0.002 inch) thick 73 degree leg angle
Nickel plated cold rolled steel, arc-shaped groove, 90° arc,
8 0.051 mm (0.002 inch) thick 1.50 mm (0.059 inch) radius
Copper-nickel alloy :
9 | (Olin Brass Alloy 7025), Y-shaped e
0.051 mm (0.002 inch) thick groe 1eg
Copper-nickel alloy i R
10 | (Olin Brass Alloy 7025), irgg’}rfgfgogégg‘;’ci?r bl
0.051 mm (0.002 inch) thick ) "

Tt 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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0.051 mm (0.002 inch) thick 73 degree leg angle 8 Nickel plated cold rolled
steel, arc-shaped groove, 90 arc, 0.051 nm (0.002 inch) thick 1.50 nm
(0.059 inch) radius Copper-nickel alloy V-shaped groove, 9 (Adin Brass

Al'l oy 7025), 73 degree leg angle 0.051 mm (0.002 inch) thick Copper-nickel
al l oy arc-shaped groove, 90 arc, 10 (Ain Brass Alloy 7025), 1.50 nm
(0.059 inch) radius 0.051 nun (0.002 inch) thick It will be understood by
t hose who practice the invention and those skilled in the art that various
nodi ficati résimgnﬁ nnp mants may be nade to the invention w thout
departing from 18 g bf t he di scl ose concept. The scope of protection
afforded is to be determ ned by the clains and by the breadth of

i nterpretal.i on AhkkRogdcheynit4\well 28mplisingnvention clainmed is: 1. An

el ectrochem cal cell conprising: a cylindrical container having an inside
di aneter, at |®edinddend conteigenkaiing amthside binirtetamn at iastlone side yhil rutt 4 lodtom

el ect rodewgﬁ.senbl y having a negative electrode strip, a positive el ectrode
strip, at | €ast one separator strip di sposed between the negative and

posi tive el ect® &iadrical gicgtrods|apsembbihaving sawatiye leotirods strio e pesitivesirgtrods
out si de dsag&ﬁ &rastdﬁte hé}ﬁ?ﬁt&ﬁéﬁﬁs AP vitiedeh Vit &é&%r&ﬁh oshivdRtbdeR Rigad] acent

to the sidewall container, an electroly ereln ei ther the

‘negat i ve BFHNE aff&%‘P‘cY hpxingjabottor gad F’S"‘P‘ﬁd“e‘lhé@?‘ﬁ fle:fmewh@ BencoRguetive ytemal

cont ai ner sidsiudfacé\@djhcehitb Ghikidewall OF Belcbnaimbr; | ead extending fromthe
el ectrode asserrblég nd at |east a portion of the lead is disposed between

t he el ectrode ‘%Ps‘g ’SI de surface and the container side wall: wherein
the lead is i rwmgimenmrmvgm otklelpotitice €lediode dn e&hﬁeai\whdaetbgdthphessure

ur  ace apRg o8 SRfibioGh & etteticnl FaEerigiefacions 05, Seietremuliaa Mifel
t o a | ongt purtiomef thadad isadisfiolbe teheesh thed e ectasis essenbly sdﬁutunﬂamraad thet tomtadeexi num
differ encgdp‘ggmeen t he contai ner inside dianeter and the el ectrode
wherein the lead is in physical contact with the container side wall by pressure only;
wherein the portion of the lead between the electrode assembly side surface and the
container side wall comprises a groove disposed parallel to a longitudinal axis of the electrode
assembly; and
wherein the maximum difference between the container inside diameter and the electrode
assembly diameter is defined by one equation selected from the group consisting of:

ID-.[ID? —QRsnW/2R)) +r
2

i} 2Re(1-cos(W/(2R)))+

wherein W is the width of the lead measured along a surface of the lead, t is the material
thickness of the lead, R is the radius of an arc formed between two longitudinal edges of the
lead, ID is the inside diameter of the container, and (W/R) < ; and

'ii) [E).sin(iso-—t?)_{ID—JID’-(Wzlz)-(I—cosﬁ)J+t,

2 2 2

wherein W is the width of the lead measured along a surface of the lead, t is the material
thickness of the lead, 8 is an angle between 0 and 180 degrees defined by two longitudinal
edges of the lead, and ID is the inside diameter of the can.

2. The cell according to claim 1, where:in the electrode assembly further comprises a
strip of'éle_dtricaily insulating material covering at least a portion of the electrode assembly side
surface.
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assenbly dianeter is defined by one equation selected fromthe group
consisting of i) 2R (1- cos(W(2R)))+ ID - IDZ - (22 sin(W(2R))) +t ,
wherein Wis the width of the | ead neasured al ong a surface of the lead, t
is the material thickness of the lead, Ris the radius of an are forned
bet ween two | ongi tudi nal edges of the lead, IDis the inside dianeter of
the container, and (WR) <_rr; and ii) (-)sin/l 180-81+('D-4'D - W/2
(]-cosB)l+ 2\. 2 ) 2 /1 '- wherein Wis the width of the | ead neasured
along a syrface of the lead, t is the material thickness of the lead, O is
an angl e g’et weenThe gglbiacrgnlingtordaisn teWheeein a5 Jeastmart of thsi groatiehas a Vesligpss  of
"the lead, and IDis the inside dianeter of the can. 2. The cell according
to claim}, wherein the el ectrode assenbly further conprises a strip of

el ectrically i nsdbacehgcopndiagitarlaig e et 1eastpert of tisareqvehanin arere

el ectrodehapsdenbly side surface. 24 3. The cell according to claim1, :
wherein at |least part of the groove has a V-shape. 4 The cell according to
claim1l1, wherein at |east part of the groove has an arc- shaped. 5 The cell
accordi ngit o cl ailte tell whwerding td éiginp0) whereiothe pbrtioh 6ftike RAH BEGRer fhe

el ect r odg.asse! | ac nd t he cqgntalner si | |  has .edges t hat
do not pgll nt %e)rﬁgﬁ} %%%%%Wg@ ?@E"%%‘gﬁg’gféﬁﬁ ?lggﬁqgﬁt\%lﬂ"f%ﬁm‘ﬁggme

cel | acctvrdhieriscidds assemblykide sirface.he el ectrode strips and separat or
strips are in a spirally wound configuration. 7. An el ectrochem cal
battery cell co I sing a housing, an electrode assenbly and an

el ectrol ye.e, whelB§ fell 2ecerdingta ¢loiie 1o sdhereh the clostde strips andwegaraiov siripd met r ode

strip, ainspichlly@ofiPsohfigiatsl.rip and at |east one separator strip
di sposed between the negative and positive el ectrodes; the housing

conprises a container having at |east one side wall and a bottomwall; the

el ect r ode7.asseMhlelechashamicsl ek Glll don eTgTe et MY al si.de surface
adj acent manté}&nq,q)ﬁga‘mﬁgm{si defylvval I oaﬁ(ﬁ}g gl%bot t o]tf[r%ga%} gl)ééetﬁ{d%taaselnhbgycont ai ner
bottomwal | ; one of the néegative and positive el ectrodes is in electrical

contact with thbdeaadeaisemblysdostprisviad legitive@UEBRod budh, AGbtititebledtRBE sty ke di ng
ortion of, the lead is

Ij |r gr; o; ggatg%a? %e% (r%gl%a ée}ngﬁ%lenE lfl%?fgég%@%ﬁ{)tﬁggéﬁag@p?ﬁﬁﬁ’%e elfeiT96% cont ai ner si de
wal | ; 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 édjacent to
the container side wall and a bottom adjacent to the container bottom wall;
one of the negative and positive electrodes is in electrical contact with the container side
wall through an electrical lead extending from the electrode assembly, and at least a portion of
the lead is disposed between the electrode assembly side sutface and the container side wall;
the lead is 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 a deformed initially non-planar shape, having a single groove disposed parallel to
a longitudinal axis of the electrode assembly and two groove edges, that is biased against an
internal surface of the container side wall; and
the maximum difference between the container inside diameter and the electrode .
assembly diameter is defined by one equation selected from the group consisting of:

1D -J1D% - 2Rsin(W/Q2R))) e

> >
wherein the groove is arc-shaped, W is the width of the lead measured along a surface of the
lead, t is the material thickness of the lead, R is the radins of an arc formed between two
longitudinal edges of the lead, ID is the inside diameter of the container, and (W/R) <, and

i) 2Re(i-cos(/2R))+
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the lead is in physical contact wwth the contai ner side wall by pressure
only; and the portion of the | ead between the el ectrode assenbly side
surface and the container side wall conprises a deforned initially
non- pl anar shape, having a single groove di sposed parallel to a

| ongi tudi nal axis of the electrode assenbly and two groove edges, that is
bi ased against an internal surface of the container side wall; and the
maxi mum di fference between the container inside dianeter and the el ectrode
assenbly dianeter is defined by one efggtlon sel ected fromthe group

consisting of 2 i) 2R m gosang )-t/IDD—{WPEZ) (1ZRosoN(W (2R))) +t°
wherein the groove S a qr
ist

The Wdrhyof the teaftfreasured al ong
a surface of the |ead, e nat enri al thlckness of thedead, Ris the

radi us of sheminahé %Bﬁdlsbﬁ EH',‘WY&Qhe Wﬂg&ﬁdﬁ%%ﬂ%%l&% al Hﬂ“aée%%ﬁm IDis
an - a,

the inside, quefer e cont

wJ. si nr 180 eg? af@ i/@i %ﬂgﬂﬂl‘”‘lfﬁélelbe@’efn Pendi80 dﬂm’?@? éﬁfﬁﬂe@ he
groove is bﬁl@halpagitudWal edgeklefwdshdnaa& 1D aht 88ide AR 6fmakalg a surface of
.the lead, t is the material thickness of the lead, 8 is an angle between 0
and 180 degrees defined by two |ongitudinal edges of the lead, and IDis
the insi 8e di amdtEcedpeeardingdn clan 7T heheseh the&@&ﬁbd&ﬁ@mﬁbly ik e ot priéer ei n
the ele i str. i cal |

nsulat f*’“‘mm%%%ﬁ'ﬁ%r. aff ol it R B §0 B ¢ Bt Pl lepredmspse i
si de F8€e. g The cell according to claim?7, wherein a pIurallty of
p05|t|ve el ectrode strips, a plurality of negative el ectrode strips and
separ at org, st ri ps"flﬁrcelllancca'dmeto lchﬂllﬂonfwh@.‘di’n&tplﬁ@htyl)@pgs_[m em{rédeasggﬁrgl ng to

I d f ol ded
Cont | gur BRELF Pkl S EEb T3l bRy SpERR e St eofmibonel | s o

prismatic cell. 12. The cell according to claim7, wherein the electrode
assenbl y 1ps non-mglden gf:é(ﬁ‘a“in\g to ¢fim 7, wherein the electrode strips and separator strips are

in a folded configuration.

11. - The cell according to claim 7, wherein the cell is a prismatic cell.

12. The cell according to claim 7, ‘wherein the electrode assembly is non-cylindrical,
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