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[ 00011 FIELD OF THE | NVENTI ON AND RELATED APPLI CATI ON The present
invention relates to an el ectrochem cal cell and a nethod for naking such a
cell, particularly an electrochem cal cell hiving lithiumand iron

disulfide as its primary el ectrochemcally active materials and a positive
el ectrode with electrochemcally active material selectively deposited
thereon for inproved service and nore efficient utilization of the

el ectrochem cally active material of the negative electrode. This
application is a continuation-in-part of United States Serial No.

11/ 493,314, filed on July 26, 2006, describing a positive container cel
which is particularly suited to use of the invention(s) described herein.
This application is incorporated by reference herein. BACKGROUND OF THE

| NVENTI ON 100021El ectrochem cal cells incorporating a Iithium positive
anode have becone favored, anong ot her things because of their | i ght
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100071Separately, certain electrochemcally active materials used in the
positive el ectrode of primary lithium systens-nost notably, iron

di sul fide-undergo significant expansion during discharge of the cel
(sometinmes nore than doubling in size), thereby presenting further
difficulties in terns of howthe cell is constructed. The difficulties
associ ated with expansion may be further conpounded when accounting for
fact that the electrochemcally active material nust be m xed with binders
and other additives in order to permt coating of the negative el ectrode
material onto a conductive carrier that maintains electrical contact

t hr oughout the di slghar e cycle. Thus, cathode design for primary |ithium

cel l's, ana"e@épéﬁ? Rf gontral inf hept optimizing inphticfos yist purposei ofinipreving ahdrze-ul ar

concerns nodischarpeseiling Vand 'Ye6dmABly §yRtenish e . i ven the foregoing,
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t he nuances of adf)rrdl PE° PYPEE (i that arerpat nadely Sopmasrllydmplediented\ENT| ON
1000911 n viresmyd¥picklconhomer applivatienys and consi derations, the need still

exi st otfo@{ a pri egtrochem cal cell. design that provides inproved
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[0006] Primary cells must also be mass produced according to standardized size and
voltage requirements (e.g., 1.5 V and AA can size). Government regulations impose
further restrictions on electrochemical cell producers as to the type and maximum amount
of certain inputs, such as lithium (e.g., at present, 8 maximum of 1 g of lithium according
to certain transportation guidelines). Thus, because the shape, size and amount of
electrochemically active inputs are constrained, electrochemical cell producers must
carefully engineer all aspects of their cell design in order to provide improved
performance.  Similarly, as consumer purchased primary cells must be sized to
standardized dimensions, the ability to volumetrically maximize electrochemically
reactive materials within smaller standardized sizes (e.g., R6 sized or smaller, on a
volumetric basis) allow for the realization of significant service improvements if the
utilization of internal anodic and cathodic materials can be optimized.

[6007) Separately, certain electrochemically active materials used in the positive electrode
of primary lithium systems—most notably, iron disulfide—undergo significant expansion
during discharge of the cell (sometimes more than doubling in size), thereby presenting
further difficulties in terms of how the cell is constructed. The difficulties associated with
expansion may be further compounded when accounting for fact that the electrochemically
active material must be mixed with binders and other additives in order to permit coating
of the negative electrode material onto a conductive carrier that maintains electrical
contact throughout the discharge cycle. Thus, cathode design for primary lithium cells,




interfacial contact between the negative el ectrode and positive el ectrode
t hrough the use of a selectively deposited configuration of

el ectrochem cally active nmaterial on the positive electrode. 10012) A
further object of the present invention is to provide an el ectrochem cal
cell relying upon a jellyroll configuration wherein material costs are

| onered by decreasing the anobunt of lithiumutilized, when conpared to
conventional cell design wherein the |ithium extends around the outernost
circunference of the jellyroll configuration. 100131t should be noted that
the aforenentioned objects are nerely exenplary. Those skilled in the art
w |l readily appreciate the nunerous advantages and alternatives that can
be i ncor por2id Etpesially fithivrg-irom disudfidosystomsninvdbes parficilarn conbernsThadicb@siry and
al | the vanhteee fstherdbinggs and equival ents thereof, all of which are
expressly contenpl ated as part of this disclosure. (00141Accordingly, one
aspect!®P! t he i Kesthe forpgoing, it shanld betnpatent tiatthie dedchings bf secomfary Hihi\gn a

non-int er cakly d6 thod akaéssifly | peridid 10 the akg a? QN i sul fide positive
el ectrode, wqund jnto a j rlyr ol I conf %%crggtﬁl on W a'gspep tlb'*“"m é’f)'ised
bet ween t h&CHER- MooV er @celltdesion shat misimizes; anl permite kffective wiilizathalr bf all

housi ng al eRgtrwdhicicalip Gittiag] WHIRARILE aBdifrhbddhi Yot § NSl ON

di sul fide iéfﬁgcoat d onto.,a substrate, but in a nman gt%wt a edafvae§ Ay
partially o &98e8%-on one side of the carrier that extends from one
axi al edge of the substrate toward its opposing axial edge. This uncoated
portion follows a |longitudinal axis along the height of the jellyroll/cell
container, when the jellyroll is created. A second partially uncoated
portion may be provided, preSEMMARYOOF!IHE DPPERTION Si de of the substrate,
SO as ydegeyf Or m a ngi t udi nal axis. These |ongitudinal axes may
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then be al paeG.OR4V0G; %Er ' grence and/or the innernost core of the
jellyroll, ‘elimnating at e #ggg&f%{%p? ailé l'ithium adjacent to the uncoated
porti BNY), redbesndingiieonmobinct of theiinvention te groividechnaslectaRBehivhll delledhbOW NY

for a costediitsHeSirdble dei b0 e cel. At.t sane tinme and
not wi t hst andi ng t he reduqieg ﬁﬁ%ﬁé&m i nﬁﬁ%‘,cg‘lc}g ?%Wfﬁg%%i“gﬂ'a%i gn

exhi bi t ed mandated limita pe she ameountoff vasions metediels) sich ay litdgurh\ithin a
addi tional gdti.t hi um 100151Anot her aspect of the invention is an
el ectrochem cal ,ce|ll, having a nominal voltage of | .5V, made with a

negat {%81 el ect rdBRIeS; olpstof theaitrentiquois to providecnt elsdtroakietnical cell having

el ect r ocheitiippéveldylitivir \ifliZaNoR" dffidicf WALk f.ol riieh. re agai.n, the
el ectrodes, %rge spirally wound w tlh. a’ sep rato? lﬁiﬁ%no&gr]r ltf/'r%%l% ed

di sposed i} WI%%!Y’“ER)‘HP_ Fegtive glegtrerde gnd ipositiveelecttade through the tisendfy t €.
In this easﬁledﬁhﬁy%ﬁﬁhmicbﬁﬁgﬁ&ﬁdﬂfé]&%o@hénﬁ@ﬂy% iV mbstal upning from
one end Ofel he . foil to another w thout coating oOn eitﬁ%r SI gg%ﬁ%"ﬁ%
preferabl y Orl fited at the top end of the jellyroll. As above, at |east one

Uncoaloetd) por t o fambesnuticon ef ahe prétentndiatioh is'b SréAid afi YidhBiher il heline
jellyroll ljeﬁ'in%ﬁmg’a'él&gblzfgr ferable tqQ orient the uncoate ortion on the
out er nost Crr edf %@I%%W?WWi%@“ﬁ@dﬂt@ﬁ%vsﬁms are
provi ded, antmemnt of ithiuanutilized. oviteniconpaseddo BHvehtRs! dBYicHigh Wheteln/th® fithium

conpl et el Yy, i roxipate tpo opne anot her but on opposing sides
of the foiﬁx@ég%‘lgg?é{.heaomfgggﬁguﬁm%?&hﬁﬁ nHEWEtion i s provi ded on
the Sl sur f adeshohuld bendted itha she ifordnientioned dbjettsSire fersl9 RRE@pIRA. f TRIRt he

first unc : tl Q0. rtion (i.e., except for the uncoated
| engt hwi sgﬁgggtl'?g{ﬁ, t Ee“b'#@ g’f&?ﬁ%@ﬁﬂpd‘w@&@mﬁ anjd pltematives that gan
portion i rednqsmansated Aenording toctbe folloWingdaeitivn of bmbbdimichts Siid Ath@ Gaidas

ermts deefieanesadd ddui | iy XRhibitin uperi o erformance in
(F:)orrpari soﬁo con{/dédn%%nal ce| : smd’gfg‘i&ﬁ W%élﬁ' %E%E‘E aspag of tignt i on
is acyli higclasure. el ect rocheni cal cel | conprising a negative el ectrode
containing no nore than 1 g of lithiumand a positive electrode with iron
di sul fide coated on a conductive foil so that at |east one uncoated

| ongi tudi nal portion extends from an uncoated edge of the foil across the
width of the foil to the opposite edge. The el ectrodes are spirally wound
with a separator and a non-aqueous organic electrolyte is used. The
resulting cell with have a discharge3capacity of at |east 2400 mAh when
pl aced on a 2000mA continuous drain test taken to a 1.0 V cutoff. As with
t he other aspects of the invention, reduced lithiumand enhanced service
characterize this cell.



100171Unl ess ot herw se specified, as used herein the terns |isted below are
defined as follows: (0018)electrochem cally active naterial - one or nore
cheni cal conpounds that are part of the discharge reaction of a cell and
contribute to the cell discharge capacity, including inpurities and small
anounts of other noieties present; 100191el ectrochenically active material
mxture - a mxture of solid electrode materials, excluding current
collectors and el ectrode | eads, that contains the electrode active
material; (0020laverage particle size - the nean diameter of the volune
distribution of a sanple of a conposition (M); 100211capacity, discharge -
the actual capacity delivered by a cell during discharge, generally
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capac I]t;[ll}Q] : Another aspect of the invention is an electrochemical cell, having a nominal
voltage of 1.5V, made with a negative electrode of lithium and a positive electrode with
electrochemically active material coated on a foil carrier. Here again, the electrodes are
spirally wound with a separator into a jellyroll and disposed in a cylindrical container
along with a non-aqueous electrolyte. In this case, the conductive carrier has a lengthwise
section rumning from one end of the foil to another without coating on either side that is
preferably oriented at the top end of the jellyroll. As above, at least one uncoated portion
extends across the width of the foil carrier. When the jellyroli is wound, it is preferable to
orient the uncoated portion on the outermost circumference of the jellyroll. H multiple
uncoated portions are provided, the first and second uncoated portions may partially or
cbmpletely overlap (i.c., be proximate to one another but on opposing sides of the foil
carrier). However, if a third uncoated portion is provided on the same surface of the foil
as the first, it must be separated from the first uncoated portion by a coated portion (i.e.,
except for the uncoated lengthwise section, the first and third sections must have a coated



100241el ectrode loading - total material mxture dry weight per unit of

el ectrode surface area, generally expressed in grans per square centineter
(g/cnR); 100251el ectrode packing - total material dry weight per unit of

el ectrode surface area divided by the theoretical active material mxture
dry weight per unit of electrode surface area, based on the real 'densities
of the solid materials in the mxture, generally expressed as a percentage;
100261i nterfacial height, electrode assenbly - the average hei ght, parall el
to the longitudinal axis of the cell, of the interfacial surface of the

el ectrodes in the assenbly; 1100271linterfacial volume, electrode assenbly -
the volune within the cell housing defined by the cross-sectional area,
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wi ndi ng al bonydishiéide coaterhorns comduvtivi foil so ¢hat at ledst onkahcoated Ishigitidiosl pogitin” al
o 10 PR ASIEIN ETIR JOA A DL L.
The electrodes are spirally wound with a separator and a non-aqueous organic electrolyte
is used. The resulting cell with have a discharge capacity of at least 2400 mAh when
placed on a 2000mA continuous drain test taken to a 1.0 V cutoff. As with the other
aspects of the invention, reduced lithiurn and enhanced service characterize this cell.

[0017) Unless otherwise specified, as used herein the terms listed below are defined as

follows:

[0018) electrochemically active material — one or more chemical compounds that are part
of the discharge reaction of a cell and contribute to the cell discharge capacity,
including impurities and small amounts of other moieties present;

[0019] electrochemically active material mixture - a mixture of solid electrode materials,
excluding current collectors and electrode leads, that contains the electrode
active material;

(0020} average particle size — the mean diameter of the volume distribution of a sample of
a composition (MV);

{0021) capacity, discharge — the actual capacity delivered by a cell during discharge,
generally expressed in amp-hour (Ah) or milliamp-hours (mAh);

0022} capacity, input — the theoretical capacity of an electrode, equal to the weight of
each active material in the electrode times the theoretical specific capacity of
that active material, where the theoretical specific capacity of each active
material is determined according to the following calculation: [(96,487
ampere-seconds/mole)/(number of grams/mole of active material)] x (number
of electrons/mole of active material)/(3600 seconds/hour) x (1000 milliampere
hours/ampere-hour); Using this equation, the following theoretical input
capacities can be calculated: Li = 3862.0 mAh/g, S = 1672.0 mAh/g, FeS, =
893.6 mAh/g, CoS; = 871.3 mAh/g, CF; = 864.3 mAl/g, CuQ = 673.8 mAh/g,

CoF = 623.0 mAh/g, FeS = 609.8 mAl/g, CuS = 560.7 mAb/g, Bi;0; = 345.1



beconme apparent by reading the detail ed description of the invention, taken
together with the drawi ngs, wherein: /0032)Figure | is a general viewin
cross section of a lithiumiron disulfide electrochemcal cell according to
any enbodi nment of the invention. 100331Fi gures 2a and 2b respectively show
a cross sectional side view and a top view of the selectively coated
positive cathode according to a first enbodi nent of the invention, while
Figure 2c shows a cross sectional top view of the jellyroll assenbly
created according to this enbodi nent. 100341Fi gures 3a, 3b and 3c
respectively show a cross sectional side view, a top view and a bottom pl an
view of the selectively coated positive cathode according to a second
embodi ment of t he mAl/gnMnSh = 308.3 e Ali/g MBRO; STEAR AANHOSH BLNS, @892 1 0P

vi ew of the Jellyggkhgﬁssenbly created according to this enbodi nent.

100351Fi gures 4a, 4b and 4c respectively show a cross sectional side view,
a topld23w and eAPBRIDY, Slechpdm ingerfagiabi- ﬁlheotsbbmbmhwfcmaﬂadmﬂe&b fethe/ Gell

cat hode accor di ng tiierdickiniii: sg,ﬁ%g)ggqagﬁﬂ t g;r eqlnven ,&/@I le Fi ur e 4d

shows a cross sectlonal to VI the Je It(’%}rt(l)1 1OVEE

according to thismsehEYs @ndqaemlwgm eéadilatszn&b:rmhd)mﬁcbeiﬂaﬁttﬁwﬁw show

a cross sectional psitid@ of tRVictide mHrikl RINGE Iiﬂcetﬁ? Jn?ﬁn S e lonb e

sel ectively coat ed posjtive cat hode accordi to a Xl' ocf?ﬁ?ﬁf’ of the

i nvention, while °§E?‘L’ B3FuBHRR) corgplele Fsaction Béln%flth?@pﬁmmﬂ gérerally

jellyroll assenbl ﬁxmmmeﬂmm@wﬁaetom,soﬂa‘apw fo Qﬁ.ﬂ&% &5 6a
Y

and 6b show genera{ and/.or bottom views of an altern e selectrvely
coated positive c§& T'ﬂﬁt‘s adiassat petive aterakinde joppesity elgctrode; only the
af orement i oned enbatiliermaérial oh thdt Side D @it di@rod DE Cithdr T BE@QE'JDTMIQ:&THE

I NVENTI ON MOMFi gur.e Illusirates t cell design, for typi cal
lithiumiron di suPfi% !fg F'?)' ﬂgﬁft Wethat matezial, “l!)é“-lfs@ﬂ thiskness jof a8t i on

with the inventi onlectsteadlithoutohhsslid current collector sheet — included in the
determination of interfacial capacity);
[0024] | electrode loading — total material mixture dry weight per unit of electrode surface
area, generally expressed in grams per square centimeter (g/cm?);
[0025) electrode packing — total material dry weight per unit of electrode surface arca

divided by the theoretical active material mixture dry weight per unit of
electrode surface area, based on the real ‘densities of the solid materials in the
mixture, generally expressed as a percentage;

[0026] interfacial height, electrode assembly — the average height, parallel to the
longitudinal axis of the cell, of the interfacial surface of the electrodes in the
assembly;

[0027] interfacial volume, electrode assembly — the volume within the cell housing

defined by the cross-sectional area, perpendicular to the longitudinal axis of the
cell, at the inner surface of the container side wall(s) and the electrode

assembly interfacial height;

[0028] nominal - a value, specified by the manufacturer, that is representative of what can
be expected for that characteristic or property;

10029] room temperature — between about 20°C and about 25°C;

[0030) spirally wound electrodes — electrode strips that are combined into an assembly by

winding along their lengths or widths, e.g., around a mandrel or central core;

and




designs or configurations are possible, so |long as such other designs or
configurations rely upon the jellyroll electrode assenbly and, nore
specifically, the selectively patterned as descri bed bel ow. (00391The

el ectrochendcal cells of the invention are normally cylindrical in shape
and preferably have a maxi num hei ght greater than the maxi num di aneter,
with the cylindrical container having a greater interior volunetric
capacity than the cover or end cap. Preferably, the dinensions of the cells
wi |l match standardi zed sizes (e.g., IEC, etc.), including but not limted
to "AA", "AAA' and "AAAA' sizes. However, the invention can al so be adapted
to other cell sizes and shapes and to cells incorporating an oval or
circular jellyroll electrode assenbly, housing, seal and pressure relief
vent designs, etc. (00401 A preferred enbodi nent of the invention will be
better understood with reference to FIG |, which shows a primary

el ectrochemical cell 110 Bwrnmmmmwmmm iron disulfide

cylingggsgal el eghd %l}ﬁﬁ? gﬁ%@‘de FR6. under %"C
norrencl atur e) wherein aj‘]llectro es %eare pT OV d"'m fyantages YL o) |

confi gur at Peseme@pparent by reading thepdetdiled desraiptiom of the duveatiom takentogethict dyith
preferabl ygaaiiviged wHefthed bottom and an open top end to sinplify assenbly

and cl osing/sealing of the cell. U S. Patent Application Publication No.
2006/ H833154, WRiBER derier & sepersbsviewbiss oseste sestion hof faedtthmmsm disulfide

cylindri catlettrdchibriiibal éehceurding td Ay GhiRihéit BEHeienis).! cOMMON to the
current i nventi g_n (i :}gl uding but not limted to_exenp ary construction and

mat er f for t apo gp %%&@ﬁbpyw%tm@bﬁ%mmm@fmp yisveef | ) |

is incor poﬂﬁtselécbgelj e&wmﬁ%moaeaé&&ﬂagﬁehlﬁ:ﬁlmaﬁnén%ﬂh% iabddiiogd over
t he open en ., Of theefce?l?ar ner 112 accordr ng.to an nber of known

mechani sns Vi, EieyF NG BN feetmal top |view Jiﬁ%’édﬁfﬂ“ﬂ@bsc%‘@ssure
relief venacc&fdhguphsmmm«:ﬁal cover 115, gasket 116 and PTC 142. Upper

term cover in by the inwardlLy c¢rinped t{op edge of
cont aibﬁie‘r' 112 an&meggé’e:{i'“f?‘é vﬁ&@ﬁ% r‘é’&"%ﬁﬁﬁ’&f‘ﬂﬂﬁé ‘E‘&H)‘SPHWW may
have a beaal mnomeplanede\dldrthe selective]y conted pbeitiveopathotd adebriinglid aldeyorﬂnd/ or
radially c t.he cell closure 114, r.eby
form ng anagg‘;s&e%?&a ilt@gllé‘g% rorl'(atg‘ll §1mn'ﬂ"o PHOSYs A CTosy Feciif’ﬁétﬂ’% "lef"l'l"? in a
nor e specrﬁllmﬂmﬂ!m@dmmw@a&Mt 116) nust provide el ectri cal
i nsul ﬂrbis?n bet v %&.E; | .couer 115 in order to
avoi d unwant ed shorting %h?h%wéf%ggw&lﬁsg%ﬁ?gﬁ@@ ﬂe it B(‘ffﬁ"a?‘ﬂer 110
work in corijottem: plen viewhofothe selestivey queteprmﬂtds atlhcsiakaqymiirlg seal thidr t he
cel I intergabstimbst t QOUS

el ectrol yte (not sﬁ%ﬂmﬂbﬁ”@#‘g‘e ‘ﬁ@ﬂeﬁﬁﬁ% %QF con a?ﬁ@? i éeprffhgr ably
a netal cal§l mlmhlhwamm%mt hough in sone enbodi nents a

met al e that t a
can. 'Iq‘r)rj:pcont ai 'E‘E%&“k B% %ghhgg any sur t!gtl e%ﬁn%?ﬁgrg%#ﬁ?ﬂeﬁq +§1ﬁ9§%§|

exanpl es i hoofiemnplag vigw | of the Selsgtively aeated positive cathaden perording 4o ecfanrthni ckel

clad or mmﬁbata%sm%ﬁommnmem%waow%ﬁm 169 Vg t’#’PJe a
di ffusi on apne Ied w cai bon, . al um num ki |l ed, SAE 2006 or equil val ent

steel witH* Y‘B sceqiding to this embodiment.i axed to slightly el ongat ed
gr ai niesdvppe i s l{igﬁéel rﬂae&(tjd rsbomwegawna tmflflort B&tddgv\ﬂa% | Cbﬁérﬁﬁ;d ivef
cont ai ner ri.a nsu agtors 1Inclu ut not limted to,
conduct i vr{wgﬁ#r ?°é§1 rfg’ﬁpﬁ?‘i' fi | tPBJF‘F‘ﬁ“‘P‘i'\t A ghdthsctive

material s aﬁ)tduennéﬂeﬁenﬂioﬂmdol‘mmvérﬁéﬁASlOel | closure 114, and including
term nal cover 115, nust also be nade from a conducti ve nateri al, such as a
nmetal, netal alloy or an appropriate conductive plastic. Suitable exanples
include, but are not limted to, those used in the construction of the

container (discussed abpye) W rda essing the other
qualities discussed herein. Lgfn) addi %&@ﬁ@ﬁ]g‘%ﬁr ons identified in
t he plo@skEdi ng riégwgraphllusutaescduplce&i Hesigd  fohea C eppival shmnﬁn-ueasa.safﬁde

f orm ng/ meg S and co atr it i nternal s
are all fact ors % ?ﬁc%nsr E’éj P m? tg‘&’ifive\ﬁh ﬁ%r"ﬁfeérm nal

cover 115 may have a srnple shape, such as a thrck, flat disc, or nmay have
a nore conpl ex shape, such as the cover shown in FIG 1, and may be
designed to have an attractive appearance when visible on consuner
batteries. To the extent that term na& cover 115 or cell cover 114 is

| ocated over a pressure relief vent 113, the respective covers generally
have one or nore holes to facilitate cell venting. |00441 Gasket 116 is a
non- conductive portion of the cell cover and is conpressed between can 112
and cover 114 to seal the peri pheral edges of th onponents to prevent
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100451The gasket 116 may be coated with a sealant to provide an even better
seal . Ethyl ene propylene diene terpolyner (EPDM is a suitable seal ant
material, but other suitable materials can be used. 100461A positive
tenperature coefficient (PTC) device 142 may al so be di sposed between the
peri pheral flange of term nal cover 115 and cell cover 114. PTC 142
substantially limts the flow of current under abusive electrical
conditions. During normal operation of the cell 110, current flows through
the PTC device 142. If the tenperature of the cell 110 reaches an
abnormally high level, the electrical resistance of the PTC device 142

I ncreases to reduces the current flow, thereby allow ng PTC device 142 to
sl ow or pr d¢dgs q;@pnﬁmwmmm scelong) esibtich gthen designe o8 bordfigatktiofis 1y
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mat eri al . ﬂ'diEiZEL(g) H f2004 (ETFE resin with 25 wei ght percent chopped

glass_fjller) e hernmoplastic material. 100491The vent ball
132 ch"u‘ e madeCHfghms, %ﬁ OVELihe ppep endipf the containen|l 12 agrordiag tegmywi t h

tEe ce|t | Cruhlentof known m&umdﬁ?s ltbeaci;eaﬁ&mexﬁs&dxmls.ﬁ,a&m?oaﬂd 1Y¢%%Bﬂses 4
characteri met al s ch as _stainless steel, can use
1005011 n a%%ﬁc"feeﬁfafvﬁ lgﬁbéi%ﬁ'?m“&e?ﬂw’li "édﬁﬁr‘lngemép di43gl @pPpesyer or
| ani nar f olerminaintove:SlitSmhy ibk mmrmplmasgeme invadly dringied ottt be
chem cal | yy0 e it th s 118, 120 e eI ect rol yte.

Opti onal | y, sﬁ%ﬁh‘%&é i\//gen{i"}s eﬁeg %??Pﬁﬂ'é‘ %taé'ﬁﬂﬁg@gv@“ ehspd ‘or

act i vat ed xegugsd cismeter stabtnealsﬂ:el opeas ghichnakidly &ladr fadially dﬂfnpi-é%sd‘sumﬁ her

0 or i ont ey 18 efl B8 4 ol e AT e, o e Bl Sekemrpgs el
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varying t llg,mqg({e T e crinped, heat
seal ed an(rzlh/":“(ﬁi ot her‘gA se nechani c%gﬁtﬁnﬁ g?emg\%er YR M the
cell cl osuﬁfé"fﬂﬁ"mﬂwmt?d shostingoif theiedhl 1 0v €ietl clasureddd and t:dsmamﬂ-tlemha!rkvol ume
of the cell 110 available for electrochemcally active materials. In
particul ar and understanding that appropriate materials should be utilized
and el ectrical connections nust be maintained, a foil vent simlar to that
disclosed in U S. Patent Application Publication No. 2005/0244706, which is
i ncorporated by reference herein, may be used. 10051] The cell 110 incl udes
positive electrode 118 and negative & ectrode 120 that are




spirally-wound together in a jellyroll configuration, with a separator

di sposed between positive electrode 118 and negative el ectrode 120. In
order to maxim ze internal cell volune, a circular electrode assenbly is
preferred. (00521Negative el ectrode 120 conprises a foil or sheet of pure
lithiumor an alloy of lithiumselected to enhance the conductivity,
ductility, processing capabilities or nechanical strength of the negative
el ectrode 120. In a preferred enbodinent, the lithiummy be alloyed with
0.1%to 2.0% al um num by weight, with nost preferred all oy havi ng about

0. 5% al um num by wei ght. Such a material is available from Chenetall Foote
Corp., Kings Muntain, NC USA |oon, Depending upon the polarity of the
cel |, an ePe®opjusgion, With) due tahetbemtorpevider a dealdprobfiisedl 26 i the foell Gififeynals,
connect ed SRRl I | t pone .tiqQn of the
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el ect08@heni cal Gasketc 1§ ds mahen-banductilecpation tof ahb il Catved add i LBmpRE&ai al s
preferabl yd | Lde. recis roperties. of each will be described
in greater !(§et al P&ig’%\i‘vggfﬁg%%@o@i W(f&‘%ei’%‘é’i’%ﬁsdﬂé’l promRepeats3and

Wi th the rrsgeant gerresierc anchtieinbiltit leaktape af eleetpalyatthiough GiroiHd ¥ betvideh thaeat ed
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out er - nostthegmeplastic on gh¢raiosst rpplymerothie qpmpmsition of MohiclPls based Gn \paA GnNghe

el ect r odechihtbal | nt 4l or onding to an S
traced al (S;cng t hejclgglﬁgl tlﬁaﬁﬁg Q| engyfﬁtiﬁ ?:%%Pé‘lyﬁger el’f?é&”%h‘éﬂ’gp‘ﬂe‘? ehlbls of
positive dixamplesdef magrials thatcan tbe\used ire e tgaskée 116 Gnalude Wmnafe nablimited to,

coext ensi ' u oy ] eac nd positioned to
make appr @F&%@éﬁlﬂﬁPﬁtﬁﬁ%’ §ﬁﬁ&$¢1¢gﬁ%§‘r‘%n 13 2 s?g'&r %‘?B@W’i»h t he

bottom or side of the container 112 and the cell closure 114.
Al ternatively, one of the electrodes 118 or 120 may have an edge, oriented
along the top of the jellyroll electrode assenbly 119, substantially equal
to the upper axial end height of the9%separator utilized so that it does not
extend t hereabove, and the other electrode is deliberately sized larger to
advant ageously allow for enhanced el ectrical connection with the cel
closure 114 and/or the bottom of container 112. While several enbodinents
bel ow contenplate a jellyroll electrode assenbly wherein the negative
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jellyroll assenbly 119, the container 112 nay serve as the positive
termnal of the electrochemcal cell 110 (wth collector assenbly 114
configured in conjunction with negative electrode 120 to serve as the
negative termnal). Aternatively, an insulating material, such as the
separator or other suitable insulating tape, may be di sposed around the
outer-nost wind to prevent shorting of the cell 110. In this alternative,
the el ectrochemcally active material is not coated along the top axial
edge of the foil carrier of positive electrode 118, thereby reducing the
anount of lithiuminput (as conpared to instances where lithiumforns the
outer-nost wind) and generally allow ng for better utiIization of t he
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nmet hod such as a medl amll, or adry mlling nmethod using a non- mechani cal
mlling device such as a jet mll. Electrochem cal cells prepared with the
reduced average particle size FeS2 particles exhibit increased cell voltage
at any given depth of discharge, irrespective of cell size. The snaller
FeS2 particles al so nmake possi bl e thinner coatings of positive el ectrode
material on the current collector; for exanple, coatings of less than 10 gm

can still be used. Preferred FeS2 materials and nethods for preparing the
sane are di scl osed in Un| ted St ates Pat ent PubI | catlon Nos 20050233214A1)

1 . T Y 1 Y A NSNS A




Ri dgefield, NJ. 100641A preferred nethod of nmaking FeS2 positive el ectrodes
Is toroll coat a slurry of active material m xture materials in a highly
vol atil e organic solvent (e.g., trichloroethylene) onto both sides of a
sheet of alum numfoil, dry the coating to renove the solvent, cal ender the
coated foil to conpact the coating, slit the coated foil to the desired
width and cut strips of the slit positive electrode material to the desired
length. It is desirable to use positive electrode materials with snall
particle sizes to minimze the risk of puncturing the separator. For
exanple, FeS2 is preferably sieved through a 230 mesh (63 gin) screen
before use. Coating thicknesses of 100 gmand | ess are common. 100651

Fi gures 2athhyentgall 832 When g cell intemel pressurecexceals iarpgedeteinniied Sevel) e ik P t O
char act eri pantihg, g ﬂﬁﬂh% ntio ach i stance
the FeS2 and assodglbzoglg%&%?lrllg?%gmnaterl afg {yflﬁk(ﬁ% gﬁ‘ 55‘3\?'5?
selectlveI?“ﬁ@H8§¢ 6t 1¥hs of one or both sides of the alun1num

foil. (éeag exanpirp Eitgj.gg 13@ qmﬁ,ogggﬁ I to
spiral winding w ?HI n th%gj el I yrol |l configurati OéninXQ fﬁltg‘gtlf'£ res’rsggpéaw&
4a- 4c and HEVEH highigmperamwes (8ige 7ér°‘%bd1h¢éhmqpiasmmmm;qmesdhseresm

i Sﬁﬁéidia:ﬁélguﬂ?‘%ﬂ?&wﬁf PolpBYRTRR: \leffitiey Bviietk sty o

axi s al ong der oss SthyleneshiorowifiveroshylBieyur es &dqm&dluoﬁsbﬂqme,‘Sd are
depi ct ed. Brodikio anaatner ect.r
bl ct od. POy Igine] Eenitd PhiibedFicnd WIrifIchk Sl Bllfeidiines

conpri ses &vg %am | des I S and arrier
2a, foil Fep E‘Ieo%‘ii"’b?!ﬂ" @F{Fﬁmmlmhe@ﬂﬁmtmﬂﬁdq (RPS),
t hi ckness. p&lybmyleﬂelmapmlﬁﬂl&ty(m'r) ¥Rl PRy SlithAhmidd HEPR¥FAT Pl ROAI&H 0 on

251 of int ha uncoated re lon 261 I's exposed

al ong int erﬁ{oggflfal aI% @"‘ 1‘%18?‘%3 e S Yo b@hﬁugmh the desired

el ect rocheneabaglayd azenun@chmcwﬁsﬁés NAGEI tendpeRitbres.. The Hukhif 8¢ BnjkdidnN®

di rection A, as S own b oa@% ion 252. 10%671 Fi gure 2b

i |l ustrates aef’op e Fhegmop HTPROA(ETFE resin with 25 weighty seen

t hat uncoapaﬂeme@madﬁﬁism&mdmbh@o d&hme%l nore preferably the

| ongi nal ax en the carrIer 250 is spirally
\/\oundwg‘?y]rmst pre ‘ggrnéb% gﬁﬂy madg, |"f’?3’ts that s stabledn comtactal

edge, of twshftbc Iceltmuents 218 Groviyiési e alekived bl hdaﬁﬂg@ﬁdﬂr g&ﬁ}ac&@isﬁ&‘:t or
and as is H1 a‘P Qr artk 1%%oat ed edge 270 may be provi ded
on both |nte ac & sse: ish electrical connectivity to
t he cH®%hi ner oinamhltemetwe uhlsshmmtamelrtﬂ ay\b@fipeQGidgliRyet b ldntinaiYolta!l | Y
wound wi t S Iect de. 68 ure 2¢ _shows a
radi al cr&%tsgg‘?{%ﬂ% t@?ﬂe 'rel%gﬁl ng J §I°I“ Eéee‘g‘ﬂ%‘ﬁbgfﬁ@%ﬂ blgwith) | ne
A- A when p#sielectrades|id8; F2handthe elestralpier a(D;bt;onnH;u soctafileht rh ﬂs@beuﬂevw th

t but di d |1
merf i S‘I"eﬁ“%ﬁ%"?’% nts@e?%?f%@éﬁ@ P g D98P B s o

el ect r ode BbsT patiet, nén)atmfem@pmhoamm fous tayseed vho Bonsistifig of
out er nost  griented e,g,f Rlethylet,! aiEnfiohd resulting in
t he benefits, an | rrpr overrerllatbs derseg%ligﬁl t hr oughout %e"@@w& I:e
el ect r ode W5t gh-other metenigls arepopriblpasiwell #%Naahwgletnhmbemfelamsin the

nf er daminates h
circunt er kes MVérﬂrﬁi}ebeﬂHﬁﬁlgiﬁaJeQ@&ggcﬂ' &ﬁout I NCr easi r?bﬂ‘\flrﬂénrl sk

Figure 2c l?Iiut descri bed apoye)

of punctur ?Fg‘t"ﬁéa%mwheaﬁ'& e dilg. mmy,ngepﬁw@awmmmm

i nterfaci dhteambaohmievofihé kel al10Cdvaslé f3rl Jlecthodhemiddy AP hidbiaTO g1 Ment
Is illustrated.in Eb’%ﬁ? a, 3b and 3c. Here, two uncoated regli ohs are

provi ded FRrsles & i that approprat imatenials. ghouldobe ptilized avdrelectrical

speci f i caldopnectiony tnmgbmhﬁin?ﬁm,rermn \Iegglihfgwq?aﬁ?, &98bdelt V4 QSQgecﬁa;egge 318
conprises f | at epf.ac of ,a foil carrier ) i gure
3a, foil ﬁ"%‘%“"s@'o'ﬁ%‘?%ﬂ ?8 gmﬂﬁg@rm h ds incomperajgd by refaienes hergin; t s

t hi ckness.m&i waisedbchenmical ly active material is deposited on coated region
351 of interfacial side IS, such that an uncoated region 361 is exposed
along interfacial side IS. Simlarly, interfacial side 25 has

el ectrochem cally active material deposited on coated region 352 so as to
| eave an uncoated regi on 362. 100701Figure 3b then illustrates a top view
of interfacial side IS and corresponding Figure 3c shows a top view of
interfacial side 25. As above, the uMcoated region 361



extends along the width, or nore preferably the |ongitudinal axis of the
jellyroll when the foil carrier 350 is spirally wound or nost preferably
(and as shown in the figures) the |ongitudinal edge of the foil carrier 350
in Figure 3b, while uncoated region 362 extends al ong an opposed wi dth or

| ongi tudi nal edge of interfacial side 25 in Figure 3c. Axially uncoated
edge 370 may again be optionally provided in lieu of a current collector to
establish electrical connectivity to the container or the cell closure
assenbly when electrode 318 is spirally wound with a separator and a
negative el ectrode. 100711Figure 3d shows the radial cross section of the
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provide a longitudinal axis along the jellyroll 419 where the anode tab
(not shown) may be safely and securely placed. As above, the resulting cell
has i nproved service with reduced lithiuminputs, all described in greater
detail below. 100751A fourth enbodi mdht is illustrated in Figures 5a, 5b
and Sc. Here, two uncoated regions are provided on each interfacial side of
the carrier foil. Mre specifically, starting with reference to Figure 5a,
positive el ectrode 518 conprises two interfacial sides IS and 25 of a foil
carrier 550. In Figure 5; foil carrier 550 is shown in cross section with
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shows a top view of interfacial side 2S. As in Figure 5b, the uncoated
regi ons 56la extends along a first |ongitudinal edge of the foil carrier
550 and 561b extends al ong an opposi ng edge thereof, while uncoated region
562a, 562b extend al ong opposed | ongi tudi nal edges of interfacial side 2S
in Figure Sc. Axially or |engthw se uncoated edge 570 may agai n be
optionally provided in lieu of a current collector to establish electrical
connectivity to the container or the cell closure assenbly when el ectrode
518 is spirally wound with a separator and a negative el ectrode.
10077] Fi gure 5d shows the radial cross section of the resulting jellyrol
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mandrel , separator and negative el ectrode nmaterial are provided in a

| ayered fashion and the jellyroll electrode assenbly is then wound. Because

the uncoated foil is primarily oriented within the winding mandrel, this
wi ndi ng procedure will result in thellincoated regions fornmng a
non-col | apsing core for the jellyroll, as seen in figure 4d. festal Such a

non-col | apsing core elimnates the need to utilize nore expensive separator
or negative electrode materials in the start of the w nding process,
‘thereby resulting in a cost savings to the manufacturer. At the sane tine,
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hexaf | uoroarsonate, lithiumtrifluoronethanesul fonate and |ithiumi odide.
Sui tabl e organic sol vents include one or nore of the follow ng: dinethyl
carbonat e; diethyl carbonate; dipropyl carbonate; nethylethyl carbonate;

et hyl ene carbonat e; propyl ene carbonate; 1, 2-butyl ene carbonate;

2, 3-butyl ene carbonate; nethaformate; ganmabutyrol actone; sulfol ane;
acetonitrile; 3,5-dinethylisoxazole; n,n-dinethylfornmam de; and ethers. The
salt and sol vent conbi nation should provide sufficient electrolytic and

el ectrical conductivity to neet the cell discharge requirenents over the
desired tenperature range. Wien ethers are used in the solvent they provide
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as possible, but at |east about 1 pmor nore so a physical barrier is

present between the cathode and anode to prevent internal short circuits.

That said, the separator thickness ranges fromabout 1 to about 50 pm

desirably from about 5 to about 25 pm and preferably from about 10 to

about 16 or about- 20 gm The required thickness will depend in part on the

strength of the separator material and the nagnitude and | ocation of forces

that may be exerted on the separator where it provides electrical

i nsul ati on. 100921Separator nenbranes for use in lithiumbatteries are

of ten made of pol ypropyl ene, pol yethylene or ultrahigh nol ecul ar wei ght

pol yethyl ene, with pol yethyl ene being preferred. The separator can be a
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descri bed above and using the nost preferred materials, along wwth a
control. In this instance, the anount of alloyed |ithiumpresent in the
control cell was 1.000 g, whereas the alloyed lithiumin the experinental
cells was varied as shown in Table Ib below. The lithiumin the
experinmental cells was reduced by reducing the negative el ectrode | ength
and reducing the positive electrode |l ength accordingly to ensure the
positive el ectrode did not overlap the negative el ectrode tab. (00971By
provi ding an el ectrochem cal cell with an el ectrode assenbly as specified
above, the quantity of lithium can be reduced as conpared to previously
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desired width and cut strips of the slit positive electrode material to the desired length. It

is desirable to use positive electrode materials with small particle sizes to minimize the

risk of puncturing the separator. For example, FeS; is preferably sieved through a 230

mesh (63 pm) screen before use. Coating thicknesses of 100 um and less are common,

[ooss] Figures 2a through 5d, inclusive, depict the coating patterns that help to
characterize the preferred embodiments of the invention. In each instance, the FeS; and
associated binding materials (all discussed above) are only selectively deposited on
portions of one or both sides of the aluminum foil. For example, Figures 2a and 2b show a
positive electrode, prior to spiral winding within the Jellyroll configuration, while Figures
3a-3¢, 4a-4c and Sa-5c show a separate embodiments of an unwound positive electrode.

The line defined by A-A is common to each set of figures (e. g, Figures 2a-2b, Figures 3a-
3c, etc.), while line A-A also defines the radial axis along which the cross sectional views
of Figures 2¢, 3d, 4d and 5d are depicted.

(0066] With reference to Figure 2a, positive electrode 218 comprises two interfacial sides
1S and 28 of a foil carricr 250. In Figure 2a, foil carrier 250 is shown in cross section
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Cell Size Li (a)Surface Area Li (a) Surface Area A Li (a) AA 1.000197.6 cn?
0.965 233.3 cnR2 43% AAA 0.4587.3 en2 0.41 91.0 cnR -8.8%

with respect to its thickness. Electrochemically active material is deposited on coated
region 251 of interfacial side 18, such that an uncoated region 261 is exposed along
interfacial side 1S. Notably, interfacial side 2S has electrochemically active material
coated along its entire length in the direction of line A-A, as shown by coated region 252.

[0667) Figure 2b illustrates a top view of interfacial side 1S. Here, it can be clearly seen
that uncoated region 261 extends along the width, or more preferably the longitudinal axis
of the jellyroll when the foil carrier 250 is spirally wound or most preferably {and as
shown in the figures) the longitudinal edge, of the foil carrier 250. Optionally, in lieu of a
current collector and as is known in the prior art, axially uncoated edge 270 may be
provided on both interfacial sides 1S and 28 to establish electrical connectivity to the
container or the cell closure assembly when electrode 218 is spirally wound with a
separator and a negative electrode.

10068] Figure 2c shows a radial cross section of the resulting jellyroll electrode 219 along
line A-A when positive electrode 218 is spirally wound as described above with negative
electrode 220 and a separator (not shown but disposed along all interfacial contact points
between positive electrode 218 and negative electrode 220). Notably, uncoated region 261
is disposed along the outermost circumference of jellyroll electrode assembly 219,
resulting in the benefits and improvements described throughout herein. Nepative
electrode 220 may be wound to extend partially along the outermost circumference
(shown in the figure) so that an anode tab (not shown in Figure 2¢ but described above)
may be affixed without increasing the risk of puncturing the separator, and thereby
shorting the cell, at the interfacial area between the electrodes 218, 220.

]0069] Another embodiment is illustrated in Figures 3a, 3b and 3c. Here, two uncoated
regions are provided on opposing interfacial sides of the carrier foil. More specifically,
starting with reference to Figure 3a, positive electrode 318 comprises two interfacial sides
18 and 28 of a foil carrier 350. In Figure 3a, foil carrier 350 is also shown in cross section
with respect to its thickness. Electrochemically active material is deposited on coated
region 351 of interfacial side 1S, such that an uncoated region 361 is exposed along
interfacial side 1S. Similarly, interfacial side 2S has electrochemically active material
deposited on coated region 352 so as to leave an uncoated region 362.

[0070] Figure 3b then illustrates a top view of -interfacial side 1S and corresponding
Figure 3c shows a top view of interfacial side 2S. As above, the uncoated region 361
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Table Ib. Conparison of Control Cells to Experinental Cells for Exanple IL
Cat hode Length (cm) Anode Lot Nane Totalthrailsal inmal Li fgl Control

29. 85

extends along the width, or more preferably the longitudinal axis of the jellyroll when the

foil carrier 350 is spirally wound or most preferably (and as shown in the figures) the

longitudinal edge of the foil carrier 350 in Figure 3b, while uncoated region 362 extends

along an opposed width or longitudinal edge of interfacial side 28 in Figure 3c. Axially

uncoated edge 370 may again be optionally provided in lien of a current collector to

establish electrical connectivity to the container or the cell closure assembly when
. electrode 318 is spirally wound with a separator and a negative electrode.

[0071] Figure 3d shows the radial cross section of the resulting jellyroll electrode 319
along line A-A when positive electrode 318 is spirally wound as described above with
negative electrode 320 and a separator (not shown but disposed along all interfacial
contact points between positive electrode 318 and negative electrode 320). Notably,
uncoated region 361 is disposed along the outermost circumference of jellyroll electrode
assembly 319, while uncoated region 362 is positioned on the innermost core of the
Jellyroll 319. The negative electrode 320 again preferably extends partially along the
outermost circumference to provide a longitudinal axis along the jellyroll 319 where the
anode tab (not shown) may be safely and securely placed. As above, the resulting cell has
improved service with reduced lithium inputs, all described in greater detail below.

10072) A third embodiment is illustrated in Figures 4a, 4b and 4c. Here, two uncoated
regions are provided on a single interfacial side of the carrier foil, with a third uncoated
region formed on the opposing side. More specifically, starting with reference to Figure
4a, positive electrode 418 comprises two interfacial sides 1S and 28 of a foil carrier 450.
In Figure 4a, foil carrier 450 is shown in cross section with respect to its thickness.
Electrochemically active material is deposited on coated region 451 of interfacial side 1S,
such that an uncoated regions 461a, 461b are exposed along interfacial side 18, preferably
with regions 461a and 461b being located on opposite longitudinal edges of foil carrier
450. Interfacial side 28 has electrochemically active material deposited on coated region
452 so as to leave an uncoated region 462, preferably directly beneath region 461b,
Region 461b and at least part of region 462 can be incorporated into a mandre! to simplify
or expedite the spiral winding process.

[0073) Figure 4b illustrates a top view of interfacial side 1S and corresponding Figure 4c
shows a top view of interfacial side 25. As in Figure 4b, the uncoated region 461a extends
along a first width, or more preferably the longitudinal axis of the jellyroll when the foil
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31.62 1.000 11-a 32.87 3.1 30.51 0.965 11-b 32.37 3.2 30.01 0.949 Il-c
31.67 3.0 29.51

carrier 450 is spirally wound and most preferably (and as shown in the figures) the
longitudinal edge of the foil carrier 450 and 461b extends along an opposing
width/axis/edge thereof, while uncoated region 462 extends along an opposed longitudinal
width/axis/edge of interfacial side 28 in Figure 4¢, either directly proximate to one of the
uncoated regions 461a, 461b or offset therefrom. Axially uncoated edge 470 may agein be
optionally provided in lieu of a current collector to establish electrical connectivit& to the
container or the cell closure assembly when electrode 418 is spirally wound with a
separator and a negative electrode.

[0074] Figure 4d shows the radial cross section of the resulting jellyroll electrode 419
along line A-A when positive electrode 418 is spirally wound as described above with
negative electrode 420 and a separator (not shown but disposed along all interfacial
contact points between positive electrode 418 and negative electrode 420). Notably,
uncoated region 461 is disposed along the outermost circumference of jellyroll electrode
assembly 419, while uncoated region 462 is positioned on the innermost core of the
Jellyroll 419. Region 461b is also located on the innermost leading edge of jellyroll 419,
for the reasons stated above. The negative electrode 420 again preferably extends partially
along the outermost circumference to provide a longitudinal axis along the jellyroll 419
where the anode tab (not shown) may be safely and securely placed. As above, the
resulting cell has improved service with reduced lithium inputs, all described in greater
detail below,

[0075] A fourth embodiment is illustrated in Figures 5a, 5b and 5c. Here, two uncoated
regions are provided on each interfacial side of the carrier foil. More specifically, starting
with reference to Figure 5a, positive electrode 518 comprises two interfacial sides 1S and
2S of a foil carrier 550. In Figure Sa, foil carrier 550 is shown in cross section with
respect 1o its thickness. Electrochemically active material is deposited on coated region
551 of interfacial side IS, such that an uncoated regions 561a, 561b are exposed along
interfacial side 1S, preferably with regions 561a and 561b being located on opposite
longitudinal edges of foil .carrier 550. Interfacial side 28 has electrochemically active
material deposited on coated region 552 so as to leave uncoated regions 562a, 562b,
preferably with 562a aligned under 562b and region 562b directly proximate to region
561a. These uncoated regions allow for simplified manufacturing processes, in terms of
feeding uncoated portions into the mandrel of the spiral winding operation and in terms of
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0.933 I1-d 31.17 3.0 29.01 0.917 Table 2. Di nensional Conparison Between
Control Cells and Experinental Cells. FeatureControl AA size Control AAA
size Positive electrode | ength298.5 mMl46.1 nm Negative el ectrode

| engt h316. 1 nunl63.8 mm Separator | ength396.2 mR33.7 mm *** NOTE ALL OTHER
DI MENSI ONS/ MATERI ALS ARE | DENTI CAL*** (0098] At |east 5 cells each from
Exanple | and fromthe control cells were then tested for service life
under various conditions as shown in Tables 3a and 3b below. Simlarly,
Table 4 illustrates the service inprovenents achieved as a finetion of
lithiumreduction in the cell. As used throughout, "Cont." stands for a
continuous drain test at the specified power or current "1.5/0.65W DSC

cont enpl at @uting andssizing thi eleiatrodecs ietdl lehs_;emmaﬂemmaa ﬂgﬂg\ﬂ%lr)uﬁgﬁyfﬁbrﬁguf
fil lz;)\g.eng*B%%Brcont em%‘getaes amg%s?g :ﬂ%ltbghﬁ? e ngs%ip v ngé&gt“&ﬂ‘& 1. 2W
pul se reg:ons Specifically, region 580 of Figure 5d denotes where such excess
separator or insulating material may be needed. It should be understood that such excess
material(s) could also be used in any of the embodiments of the invention to allow for
simplified manufacturing of large continuous rolls of electrodes according to more relaxed
tolerances than would be possible. Such excess separator/insulation regions are also
necessary to the extent that any of the uncoated regions are located on the interior width of
the positive electrode (i.c., any instance where the jellyroll electrode configuration would
mean an uncoated region is located anywhere other than the outer-most circumference or
- the inner-most core of the jellyroll).

[0076] Figure 5b illustrates a top view of interfacial side 1S and corresponding Figure Sc
shows a top view of interfacial side 2S. As in Figure 5b, the uncoated regions 561a
extends along a first longitudinal edge of the foil carrier 550 and 561b extends along an
opposing edge thereof, while uncoated region 562a, 562b extend along opposed
longitudinal edges of interfacial side 28 in Figure Sc. Axially or lengthwise uncoated edge
570 may again be optionally provided in lieu of a current collector to establish electrical
connectivity to the container or the cell closure assembly when electrode 518 is spirally
wound with a separator and a negative electrode.

{0077) Figure 5d shows the radial cross section of the resulting jellyroll electrode 519
along line A-A when positive electrode 518 is spirally wound as described above with
negative electrode 520 and a separator (not shown but disposed along all interfacial
contact points between positive electrode 518 and negative electrode 520). Notably,
uncoated region 561a is disposed along the outermost circumference of jeliyroll electrode
assembly 519, while uncoated region 562a is positioned on the innermost core of the
jellyroll 519. Region 561b is also located on the innermost leading edge of jellyroll 519,
and region 562b is near the outer-most wind, although not located on the outer
circumference thereof. The negative electrode 520 again preferably extends partially
along the outermost circumference to provide a longitudinal axis along the jetlyroll 519
where the anode tab (not shown) may be safely and securely placed. As above, the
resulting cell has improved service with reduced lithium inputs, all described in greater
detail below.
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for 2 s followed by a 0.65 Wpulse for 28 se which is repeated 10 tines per
hour. AR tests, as shown in Tables 3a, 3b and 4, were conducted at room
tenperature. Table 3a. Conparison of Performance Data, AA Size. Test Cutoff
(M Control Cell Time Exanple I Tinme 200ntA Cont. 0.9 898.7 mn 946.1 mn
+ 5.3% 1000mA Cont. 1.0 158.2 mn 161.8 mn

|0078) Figures 6a and 6b show an alternative coating pattern that could be implemented in
any one of the embodiments described herein. With reference to Figure 6a, a top or
bottom view of positive electrode 618 is shown. Here, the mass free zone has been
eliminated along the lengthwise edge of the positive electrode 618 so that the only
uncoated region is located along the width of the electrode as shown by uncoated section
660. As above, positive electrode mix, which includes electrochemically active material
(i.e., iron disulfide), any optional binder(s), conductive material(s) and processing aid(s),
is coated in region 651. Notably, this pattern may be created on one or both interfacial
sides (e.g., 1S and/or 28 of the positive electrode in any of Figures 2a, 3a, 4a or 5a), and in
the event both interfacial sides are coated, they may be proximate to or offset from one
another. Similarly, in Figure 6b, two uncoated regions 660a, 660b are patterned on
electrode 618, along with positive electrode mix 651. As in Figure 6a, this patiern may be
placed on one or both sides of the positive electrode 618, with the respective uncoated
regions 660a, 660b on each side being proximate to one another or offset. In both Figures
6a and 6b, the preferred arrangement is to have the uncoated regions disposed at opposed
width-wise edges of the electrode, with a coated region interposed therebetween.

10079] Generally speaking, all of the aforementioned configurations eliminate the need to
provide any electrochemically active material around the outermost wind of the jellyroli
electrode. This feature is even more significant, as the most prevalent design of prior art
cells not only required electrochemically active material, but provided it in the form of
negative electrode lithium which is expensive and difficult to handle. Thus, the lithium
inputs for a cell of the present invention are reduced, while numerous, unexpected
improvements are observed in terms of performance, as discussed in greater detail below.

10080] Moreover, it should be noted that the uncoated regions described above do not
need to extend along the entire longitudinal length of the jellyroll. However, the fullest
benefits of the invention are realized according to the embodiments described above.

0081} To the extent that uncoated regions are directly proximate one another on opposite
sides of the width-wise edge of the foil, this uncoated portion may allow for a simplified
Jellyroll winding procedure. Here, the uncoated regions are oriented within the winding
mandrel, separator and negative electrode material are provided in a layered fashion and
the jellyroll electrode assembly is then wound. Because the uncoated foil is primarily
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+ 2.3% 1500mMAV Cont 1.0 114.8 nmin 123.8 nin + 7.9% 1.5/ 0. 65W DSC 1. 05 275.0
mn 295.0 mn + 7.3% Table 3b. Conparison of Perfornmance Data, AAA Size.

Test Cutoff V Control Cell Tine

oriented within the winding mandrel, this winding procedure will result in the uncoated
regions forming a non-collapsing core for the jellyroll, as seen in figure 4d.

[0082) Such a non-collapsing core eliminates the need to utilize more expensive separator
or negative electrode materials in the start of the winding process, thereby resulting in a
cost savings to the manufacturer. At the same time, the uncoated width-wise edge
provided in the winding mandre] should not comprise so much fully uncoated material
(i.e., uncoated regions located proximate one another on opposite sides of the substrate) so
as to collapse in upon itself or to otherwise compact upon release from the mandrel so as
to form a solid axial core along the longitudinal axis of the jellyroll. Or stated differently,
the resulting jellyroll electrode assembly should not be wound so tightly and with so much
uncoated width-wise. Preferably, this means that the uncoated portion should not extend
for more than one full winding revolution of the mandrel.

{0083] Turning the remaining features of the cell 110, an insulating cone 146 (shown in
FIG. 1) may be used collar the positive electrode and/or any current collector used in
conjunction therewith in order to further reduce the likelihood of shorting of the cell. The
annular insulating cone 146 is preferably disposed between the bead of the can and the top
of the jellyroll electrode assembly 119. Preferably, only the uncoated portions 270 (in
Figure 2b) or as appropriate in any of the other figures of the foil carrier of the positive
electrode will need to be collared by insulating cone 146. In any event, care should be
taken to avoid having the insulating cone 146 unnecessarily compress the top ends of the
jellyroll electrode assembly 119, as such compression may lead to unwanted shorting of
the cell 110. It may also be possible to orient the uncoated portions 270 (in Figure 2b) or
as appropriate in any of the other figures so as to contact the bottom of cell housing,
thereby obviating the need for an insulating cone 146.

{0084} Electrolytes for lithium cells, and particularly for lithium iron disulfide cells, are
non-agueous electrolytes containing water only in very small quantities as a contaminant
(e.g., no more than about 500 parts per million by weight, depending on the electrolyte salt
being used). Any nonaqueous electrolyte suitable for use with lithium and active positive
electrode material may be used. The electrolyte contains one or more electrolyte salts
dissolved in an organic solvent. Suitable salts depend on the anode and cathode active
materials and the desired cell performance, but examples include lithium bromide, lithium
perchlorate, lithium hexafluorophosphate, potassium hexafluorophosphate, lithium
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Exanpl e | _ _
rrpm'n 115.1 min 1000mA Cont. 1.0 55.0 mn 58.6 nmn

107. 7

[0085])

Time A 200mA Cont. 0.9 750.2 min 798.2 mn + 6.4% 600mA Cont .

hexafluoroarsonate, lithium trifluoromethanesulfonate and lithium jodide. Suitable
organic solvents include one or more of the following: d.imethyl carbonate; diethyl
carbonate; dipropyl carbonate; methylethyl carbonate; ethylene carbonate; propylene
carbonate; 1,2-butylene carbonate; 2,3-butylene carbonate; methaformate; gamma-
butyrolactone; sulfolane; acetonitrile; 3,5-dimethylisoxazole; n,n-dimethylformamide; and
ethers. The salt and solvent combination should provide sufficient electrolytic and
electrical conductivity to meet the cell discharge requircments over the desired
temperature range. When ecthers are used in the solvent they provide generally low
viscosity, good wetting capability, good low temperature discharge performance and high
rate discharge performance. Suitable ethers include, but are not limited to, acyclic ethers
such as 1,2-dimethoxyethane (DME); 1,2-diethoxyethane; di(methoxyethyl)ether;
triglyme, tetraglyme and diethylether; cyclic ethers such as 1,3-dioxalane (DIOX),
tetrahydrofuran, 2-methyl tetrahydrofuran and 3-methyl-2-oxazolidinone; and mixtures
thereof. Usage of additional cosolvents, either listed above or known to those in the art, is
also possible.

With respect to the Li/FeS; in particular, examples of suitable salts include lithium
bromide, lithium perchlorate, lithium hexafluorophosphate, potassium
hexafluorophosphate, lithium hexafluoroarsenate, lithium trifluoromethanesulfonate and
lithium iodide; and suitable organic solvents include one or more of the following:
dimethyl carbonate, diethyl carbonate, methylethyl carbonate, ethylene carbonate,
propylene carbonate, 1,2-butylene carbonate, 2,3-butylene carbonate, methy) formate, ¥-
butyrolactone, sulfolane, acetonitrile, 3,5-dimethylisoxazole, n,n-dimethy! formamide and
ethers. The salt/solvent combination must 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 ethers are more stabie
than with MnO, positive electrodes, so higher ether levels can be used. Suitable ethers
include, but are not limited to acyclic ethers such as 1,2-dimethoxyethane, 1,2-
diethoxyethane, di(methoxyethyl) ether, triglyme, tetraglyme and diethy! ether; and cyclic
ethers such as 1,3-dioxolane, tetrahydrofuran, 2-methy! tetrahydrofuran and 3-methyl-2-
oxazolidinone.
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+ 6.6% 1500mMNV Cont. 1.0 652 mn 69.0 mMn + 5.8% 1.2/0. 65WDSC 1. QS 88.0 nmn
95.2 mn +8.2% Table 4. Effect of Li Reduction on Service, AA Size.
Test Cutoff (V1 Control Il-a

[0086] The molar concentration of the electrolyte salt can be varied to modify the
conductive properties of the electrolyte. Examples of suitable nonaqueous electrolytes
containing one or more electrolyte salts dissolved in an organic solvent include, but are not
limited to, a 1 mole per liter solvent concentration of lithium trifluoromethanesulfonate
(14.60% by weight) in a solvent blend of 1,3-dioxolane, 1,2-diethoxyethane, and 3,5-
dimethyl isoxazole (24.80:60.40:0.20% by weight) which has a conductivity of 2.5
mS/cm; a 1.5 moles per liter solvent concentration of lithium trifluoro-methanesulfonate
(20.40% by weight) in a solvent blend of 1,3-dioxolane, 1,2-diethoxy-ethane, and 3,5-
dimethylisoxazole (23.10:56.30:0.20% by weight) which has a conductivity of 3.46
mS/cm; and a 0.75 mole per liter solvent concentration of lithium iodide (9.10% by
weight) in a solvent blend of 1,3-dioxolane, 1,2-diethoxyethane, and 3,5-
dimethylisoxazole (63.10:27.60:0.20% by weight) which has a conductivity of 7.02
mS/cm. Electrolytes utilized in the electrochemical cells of the present invention should
have conductivity generally greater than about 2.0 mS/cm, desirably greater than about 2.5
or about 3.0 mS/cm, and preferably greater than about 4, about 6, or about 7 mS/cm.

[0087} Suitable separator materials are ion-permeable and electrically non-conductive.
Examples of suitable separators include microporous membranes made from materials
such as polypropylene, polyethylene and ultra high molecular weight polyethylene. A
suitable separator material for Li/FeS; cells is available as CELGARD® 2400
microporous polypropylene membrane from Celgard Inc., of Charlotte, North Carolina,
USA; Setella F20DHI microporous polyethylene membrane available from Exxon Mobil
Chemical Company of Macedonia, New York, USA; and Teklon Gold LP microporous
polyethylene membrane from Entek International LLC of Lebanon, Oregon, USA.

[0088] The separator is a thin microporous membrane that is ion-permeable and
electrically nonconductive. It is capable of holding at least some electrolyte within the
pores of the separator. The separator is disposed between adjacent surfaces of the anode
and cathode to electrically insulate the electrodes from each other. Portions of the
separator may also insulate other components in electrical contact with the cell terminals
to prevent internal short circuits. Edges of the separator often extend beyond the edges of
at least one electrode to insure that the anode and cathode do not make electrical contact
even if they are not perfectly aligned with each other. However, it is desirable to minimize
the amount of separator extending beyond the electrodes.
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Hb Il-d 200m Cont.0.9 931.6 mn 971.6 mn 956.0 mn 932.1 mn 907.7 mn
3106 | nAh 3239 tnAh 3187 mAh 3107 tnAh 3026 tnAh

[o089) Additionally, to the extent the cell is designed to be container-negative, a layer of
separator will be disposed between the jellyroll configuration and the sidewall of the
housing/container so as to provide appropriate electrical insulation, while an anode
collector tab attached to the lithium electrode and extending outside of the jellyroll (either
on the longitudinal sides or at the bottom) insures sufficient negative electrical connection
with the container. Additional separator or insulating material may be needed, as
mentioned above, to insure no shorting occurs along any patterned (i.e., uncoated) length
of positive electrode.

{6090] To provide good high power discharge performance it is desirable that the
separator have the characteristics similar to those disclosed in U.S. Pat. No. 5,290,414,
hereby incorporated by reference. Suitable separator materials should also be strong
enough to withstand cell manufacturing processes as well as pressure that may be exerted
on the separator during cell discharge without tears, splits, holes or other gaps developing
that could result in an internal short circuit. Additional suitable separator materials are
described in U.S. Patent Application Publication No. 20050112462A1, and its progeny, all
of which are fully incorporated herein by reference.

{0091) To minimize the total separator volume in the cell, the separator should be as thin
as possible, but at least about 1 pum or more so a physical barrier is present between the
cathode and anode to prevent internal short circuits. That said, the separator thickness
ranges from about 1 to about S0 pm, desirably from about 5§ to about 25 pm, and
preferably from about 10 to about 16 or about 20 pym. The required thickness will depend
in part on the strength of the separator material and the magnitude and location of forces
that may be exerted on the separator where it provides electrical insulation.

[0092} Separator membranes for use in lithium batteries are often made of polypropylene,
polyethylene or ultrahigh molecular weight polyethylene, with polyethylene being
preferred. The separator can be a single layer of biaxially oriented microporous
membrane, or two or more layers can be laminated together to provide the desired tensile
strengths in orthogonal directions. A single layer is preferred to minimize the cost.
Suitable single layer biaxially oriented polyethylene microporous separators are identified
above, each having preferred thickness between 16-20 pm. .

10093} The cell can be closed and sealed using any suitable process. Such processes may
include, but are not limited to, crimping, redrawing, colleting and combinations thereof.
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8+43% 8+2. 6% 6+0. 1% 8--2. 6% 1000mA Cont. 1.0 173.4 mn 181.2 mn 180.0 mn
175.6 mn 171.0 mn 2890 rnAh 3015 tnAh 3000 rnAh 2926 tnAh

For example, for the cell in FIG. 1, a bead is formed in the can after the electrodes and
insulator cone are inserted, and the gasket and cover assembly (including the cell cover,
contact spring and vent bushing) are placed in the open end of the can. The cell is
supported at the bead while the gasket and cover assembly are pushed downward against
the bead. The diameter of the top of the can above the bead is reduced with a segmented
collet to hold the gasket and cover assembly in place in the cell. Afier electrolyte is
dispensed into the cell through the apertures in the vent bushing and cover, a vent ball is
inserted into the bushing to seal the aperture in the cell cover. A PTC device and a
terminal cover are placed onto the cell over the cell cover, and the top edge of the can is
bent inward with a crimping die to retain the gasket, cover assembly, PTC device and
terminal cover and complete the sealing of the open end of the can by the gasket.

Example I

10094] A first set of cells were constructed using standard “AA” sized cans and the most
preferred materials identified above. In particular, the negative electrode having a
thickness of 150 pm (about 6 mils), width of 39 mm and a length of 305.1 mm was
provided. The positive electrode had the most preferred FeS; mix deposited to a thickness
of about 80 um (3 mils) on either side of an aluminum foil. The final positive electrode
bad a width of 46.7 mm, including a 3.0 mm width uncoated axial edge, and a length of
328.7 mm, including an uncoated region having a length of 31.0 mm at the terminal
longitudinal edge of only one interfacial side of the positive electrode (the second
interfacial side being coated along its entire length, but again with the 3.0 mm uncoated
axial edge). The two electrodes were spirally wound with a 404.2 length of the preferred
separator and sealed along with the preferred electrolyte in a standard AA sized container
according to the procedures described above.

{0095] A second set of cells were constructed using standard “AAA” sized cans and the
most preferred materials identified above. In particular, the negative electrede having a
thickness of 150 pm (about 6 mils), width of 34.2 mm and a length of 149.2 mm was
provided. The positive clectrode had the most preferred FeS» mix deposited to a thickness
of about 80 pm (3 mils) on either side of an aluminum foil. The final positive electrode
had a width of 42.9 mm, including & 3.0 mm width uncoated axial edge, and a length of
167.1 mm, including an uncoated region having a length of 20.8 mm at the terminal
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2850 nt Ah 8+43% 6+3. 8% A +13% 8- 1. 4% 1500mA Cont. 1.0 106.6 mn 110.7 mn
110.8 mn 105.0 mn 103.2 mn 2664 mAh 2767 mAh

longitudinal edge of only one interfacial side of the positive electrode (the second
interfacial side being coated along its entire length, but again with the 3.0 mm uncoated
axial edge). The two electrodes were spirally wound with a 243.4 mm length of the most
preferred separator and sealed along with the preferred clectrolyte in a standard AAA
sized container according to the procedures described above.

Example I1

[0096] A set of AA sized (FR6) cells were constructed, again according to the principles
described above and using the most preferred materials, along with a control. In this
instance, the amount of alloyed lithium present in the control cell was 1.000 g, whereas the
alloyed lithium in the experimental cells was varied as shown in Table 1b below. The
lithium in the experimental cells was reduced by reducing the negative electrode length
and reducing the positive electrode length accordingly to ensure the positive electrode did
not overlap the negative electrode tab.,

{0097} By providing an electrochemical cell with an electrode assembly as specified
above, the quantity of lithium, can be reduced as compared to previously known cell
designs, while at the same time increasing lithium utilization and unexpectedly increasing
cell capacity. Notably, even if a fully coated, double-sided positive electrode were
provided on the outermost circumference in place of lithium, the unreacted FeS; would
still occupy internal volume, which is at a premium for smaller standard cell sizes, and
would probably increase the potential for electrical shorting, as both the particulate nature
of pyrite and its extraordinary propensity to expand upon discharge makes any such design
more prone to shorting by way of puncture of the insulating material (e.g., separator)
between the jellyroll and the negative container. In this regard, it should also be noted that
the inventors believe United States Serial No. 11/493,314, from which the present
application claims priority, represents the first instance in which a lithium-iron disulfide
cell is described with a positive-container polarity. Tables 1a and 1b below shows the
potential reduction in lithium inputs possible according to the invention. Table 2
highlights the dimensional differences in the electrodes for control cells created for
comparative purposes to both Examples I and . Note that the control cells, as referred to
throughout this specification, were constructed from the same materials and according to
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2770 rnAh 2625 nt Ah 2580 nmAh 8+3.9% 8+4. 0% 8-1.5% 8-3. 1% 2000mA Cont. 1.0
69.2 mMmn 73.3 mMmn 74.0 mn 69.7 mn 67.0 mn

the same procedures as those of Examples I and II. It should understood that with respect
to dimensional differences shown in Tables la and 2, these differences are directly
attributable to the fact that in the control cells lithium must be provided along the
outermost circumference (as is known in the art and noted above).

Table 1a. Comparison of Control Cells to Experimental Cells for Examplel,

Control Cells Example I
Interfacial Interfacial
Cell Size Li(g) _ Surface Area Li(g) Surface Area ALi(g)
AA 1.000 197.6 cm 0.965 2333 cm -3.5%
AAA - 0.45 87.3 em® 0.41 91.0 cm? -8.8%

Table 1b. Comparison of Control Cells to Experimental Cells for Example IL

Cathode Length (cm) Anode
Lot e Tota] Uncoated {cm) Li(g)
Contro] 20.85 31.62 1.000
II-a 32.87 31 30.51 0.965
II-b 32,37 3.2 30.01 0.949
II-c 31.67 3.0 29.51 0.933
I-d 31.17 3.0 29.01 0.917

Table 2. Dimensional Comparison Between Control Cells and Experimental Cells.

Feature Control AA size Contrgl AAA size
Positive electrode length 298.5 mm 146.1 mm
Negative electrode length 316.1 mm 163.8 mm
Separator length 396.2 mm 233.7 mm

*** NOTE ALL OTHER DIMENSIONS/MATERIALS ARE IDENTICAL *#**

16098) At least S cclls each from Example I and from the control cells were then tested for
service life under various conditions as shown in Tables 3a and 3b below. Similarly,
Table 4 illustrates the service improvements achieved as a function of lithium reduction in
the cell. As used throughout, “Cont.” stands for a continuous drain test at the specified
power or current. “1.5/0.65W DSC” contemplates a test in which the cell is exposed to a
1.5W pulse for 2 s followed by a 0.65 W pulse for 28 s, which is repeated 10 times per
hour. “1.2/0.65W DSC"” contemplates a test in which the cell is exposed to a 1.2W pulse
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2305 mAh 2444 mAh 2468 mAh 2325 tnAh 2234 mAh 8+6. 0% 8+7. 1% 8+0. 8% 8- 3. 1%
1000mMW Cont. 1.0 230.6 mn 239.2 mn 237.6 mn 229.6 mn

for 2 s followed by a 0.65 W pulse for 28 s, which is repeated 10 times per hour. All tests,
as shown in Tables 3a, 3b and 4, were conducted at room temperature.

Table 3a. Comparison of Performance Data, AA Size,

Test Cutoff Control Cell Time & e I Time A
200mA Cont. 09 £98.7 min 946.1 min +5,3%
10360mA Cont. 1.0 158.2 min 161.8 min +2.3%
1500mW Cont. 1.0 114.8 min 123.8 min + 7.9%
1.5/0.65W DSC 1.05 275.0 min 295.0 min +7.3%

Table 3b. Comparison of Performance Data, AAA Size.

Test Cutoff V___Contrel Cell Time m Time
200mA Cont. 0.9 750.2 min 798.2 min + 6.4%
600mA Cont. 1.0 107.7 min 115.1 min +6.9%
1000mA Cont. 1.0 55.0 min 58.6 min + 6.6%
1500mW Cont. 1.0 65.2 min 69.0 min +5.8%
1.2/0.65W DSC 1.05 88.0 min 95.2 min +8.2%

Table 4. Effect of Li Reduction on Service, AA Size.
Test Cutoff Control H-a O-b Il-c 1I-d

200mA Cont. 0.9 931.6min 971.6 min 956.0 min 932.1 min 907.7 min
3106 mAh 3239mAh 3187mAh 3107mAh 3026 mAh

A+43% A+ 2.6% A+0.1% A~2.6%

1000mA Cont. 1.0 173.4 min 181.2 min 180.0 min 175.6 min 171.0 min
2890 mAh 3015mAh 3000mAh 2926 mAh 2850 mAh

A+45% A+3.8% A+1.3% A—-14%

1500mA Cont. 1.0 106.6 min 110.7 min 110.8 min 105.0 min 103.2 min
2664 mAh 2767mAh 2770 mAh 2625mAh 2580 mAh

A+39% A+ 4.0% A-1.5% A-3.1%

2000mA Cont. 1.0 69.2 min 73.3 min 74.0 min 69.7 min 67.0 min
2305 mAh  2444mAh 2468 mAh 2325mAh 2234 mAh

A+ 6.0% A+71% "A+038% A-3.1%

1000mW Cont. 1.0 2306min  2392min  2376min 2296 min  223.8 min
2956 mAh 3059mAh  3034mAh 2939 mAh 2871 mAh

A+3.7% A+3.0% A-04% A-29%

1500mW Cont. 1.0 134.7 min 141.9 min 142.6 min 134.8 min 131.6 min
2694mAh 2826 mAh 2832mAh 2697.mAh 2630 mAh

A+53% A+ 59% A+0.1% A-23%

2000mW Cont. 1.0 85.2 min 92.0 min 91.6 min 83.6 min £3.2 min
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223.8 mn 2956 rnAh 3059 mAh 3034 nt Ah 2939 ntAh 2871 snAh 6+3. 7% 4+3. 0%
8-0.4% 8-2. 9% 1500nW Cont . 1.0 134.7 mn 141.9 mn

2335mAh 2496 mAh 2492 mAh 2283 mAh 2274 mAh
A+8.0% A +7.5% A—1.9% A-23%

1.5/0.65W DSC 1.05 333.6min 347.8min 341.6min 334.6min 330.8 min
2909 mAh 3034 mAh 2977 mAh 2930 mAh 2890 mAh
A+43% A+24% A+03% A-0.6%

10099] Clearly, cells of the present invention, irrespective of size, demonstrate improved
performance despite the fact they contain almost 7% less lithium than the corresponding
control cell. This result was unexpected and seemingly counter-intuitive, as the generally
accepted teaching in the art is that more—and NOT less—electrochemically active
materials in the cell should result in improved service. Also, the improved service is
observed across all tests, irrespective of low or high drain and irrespective of power
requirements.

{o100) One proposed theory for these observed benefits may be because the lithium on the
outer wrap of the spirally wound electrode of the prior art (where lithium is provided on
the outermost circumference) is only consumed or discharged from one side, thereby
leaving unreacted lithium, whereas the current design is more efficient in that substantially
all of the lithium may be reacted (except in the case where the lithium extends to the
outermost circumference of the jellyroll in order to permit affixation of the anode tab
along this outermost circumference).

{0101} It will be understood by those who practice the invention and those skilled in the
art that various modifications and improvements may be made to the invention without
departing from the spirit of the disclosed concepts. The scope of protection afforded is to
be determined by the claims and by the breadth of interpretation allowed by law.
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142.6 mn 134.8 mn 131.6 mn 2694 mAh 2826 nt Ah 2832 mAh 2697mAlt 2630
mAh 8 + 5.3%+ 5.9%8 +0. 1% 6-2. 3% 2000rnW Cont . 1. 0

WHAT IS CLAIMED IS:
1. A primary electrochemical cell, comprising:

a negative electrode comprising non-intercalating lithium;

a positive electrode having an electrochemically active material comprising iron
disulfide coated on a substrate, said substrate having first and second surfaces and at least
one partially uncoated longitudinal portion, extending from one axial edge toward an
opposing axial edge of the substrate on the first surface, in which electrochemically active
material is not coated thereon;

a separator, disposed between the positive electrode and the negative electrode;

a cylindrical housing;

wherein the separator, positive electrode and negative electrode are spirally wound
into a jellyroll configuration with a non-collapsing core such that the partially uncoated
longitudinal portion is oriented along a longitudinal axis of the jellyroll configuration; and

wherein the jellyroll configuration and a non-aqueous organic electrolyte are
disposed within the housing.

2. The electrochemical cell of claim 1 wherein the partially uncoated longitudinal portion
is disposed on an outer circumference of the jellyrolt configuration,

3. The electrochemical cell of claim 1 wherein the partially uncoated portion makes an
electrical contact with a sidewall of the housing.

4. The electrochemical cell of claim 1 wherein the substrate further comprises an
uncoated axial edge in which the first and second surfaces do not have any
electrochemically active material coated thereon and wherein the uncoated axial edge is
disposed at a top end of the jellyroll configuration

5. The electrochemical cell of claim 1 wherein the negative electrode comprises a lithium-
alominum alloy.

6. The electrochemical cell of claim 1 wherein the negative electrode consists essentially
of non-intercalating lithium.
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85.2 min 910 mn 91.6 mn 83.6 mn 83.2 mn 29 1.510. 65WDSC 1. 05
2335 mAh 2496 mAh 2492 mAh 2283 mAh 2274 mAh A + 8. 0% A + 7.5% A - 1.9% A
.- 23%333.6 min 347.8 mn 341.6 mn 334.6 mn 330.8 mn 2909 mAh 3034 nmAh
2977 mAh 2930 tnAh 2890 mAh A + 4.3% A + 2.4% A + 03% A - 0.6%

7. The electrochemical cell of claim 1 wherein the negative electrode consists essentially
of a non-intercalating lithium-aluminum alloy.

8. The electrochemical cell of claim 1 wherein the partially uncoated portion has a surface
area of less than or equal to D x H x &, with D representing a diameter of the jellyroll
configuration and H representing an axial height of the jellyroli configuration.

9. The electrochemical cell of claim 8 wherein D is less than or equal to 14.5 mm and H is
less than or equal to 50.5 mm.

10. The electrochemical cell of claim 1 wherein there is & stoichiometric excess of iron
disulfide relative to the lithium.’

11. The electrochemical cell of claim 1 wherein the positive electrode further comprises a
second partially uncoated portion, extending from the one axial edge toward the opposing
axial edge of the substrate on the second surface, in which electrochemically active
material is not coated thereon and wherein the second partially uncoated portion is
oriented along a second longitudinal axis of the jellyroll configuration.

12. The electrochemical cell of claim 11 wherein the second longitudinal axis of the
second partially uncoated portion is not proximate to the longitudinal axis of the partially
uncoated portion.

13. The electrochemical cell of claim 11 wherein the second partially uncoated portion is
disposed on an innermost core of the jellyroll configuration.

14. The electrochemical cell of claim 11 wherein the positive electrode further comprises
a third partially uncoated portion, extending from one axial edge toward an opposing axial
edge of the substrate on the first surface, in which electrochemically active material is not
coated thereon and wherein the third partially uncoated portion is disposed, at least in part,
on an opposite side of the substrate relative to the second uncoated portion.
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partially jun?:ngJat‘:gd ongl tu%flﬁgpv%or 10N Fggégé‘}een ed- &l ong a | ongitudi nal

axis of the jellyroll configuration; and wherein the jellyroll

confi gur at J9NTRO Sle@rdtBEMRALENUST PLifhaN r i ,thin the
housing. 2., The_ el ectyochem (Lgfl ceﬁ%ﬁﬁ%ﬁﬁdﬁeﬁnﬁﬁgq%%??%wy

uncoat ed | BigPt efflertrochamicallyactive matssisl inthe positivereleatrode, but endlesiemofany? t he
j el lyrol | Geighi @ibaiabfiin thelposfite lekbid BEVE'E iler GPldnafileive! leiilel WIEGE! N L1

partially uncoated portion nmakes an electrical contact wmth a | of
t he housi nosrate. ]

20. The electrochemical cell of claim 1 wherein iron disulfide comprises at ieast 99% by
weight of electrochemically active material in the positive electrode, but exclusive of any
weight attributable in the positive electrode due to a binder, a conductive material and the
substrate,

21. An electrochemicat cell having a nominat voltage of 1.5V comprising:

a negative electrode comprising lithium;

a positive electrode having an electrochemically active material coated on a foil
carrier, said foil carrier having: (i) first and second surfaces, (i) an uncoated lengthwise
section, extending along an entire length of the foil carrier, in which the first and second
surfaces do not have any electrochemically active material coated thereon, and (iii) at least
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4. The el ectrochem cal cell of claiml wherein the substrate further

conpri ses an uncoated axial edge in which the first and second surfaces do
not have any electrochemcally active material coated thereon and wherein

t he uncoated axial edge is disposed at a top end of the jellyroll
configuration 5. The electrochem cal cell of claim1 wherein the negative
el ectrode conprises a lithiumalum numalloy. 6. The el ectrochem cal cell
of claim1l wherein the negative el ectrode consists essentially of
non-intercalating lithium 7. The electrochenical cell of claim!| wherein
t he negative el ectrode consists essentially of a non-intercal ating
l'ithiumalum numalloy. 8. The electrochem cal cell of claiml| wherein the
partial |y uPREoWIQ#ted POrtiasy extgndine Agrass@n emticen wixith |of the tfbihcardier ofURé fir@ D X
M n, with dirfaepéfBenil cagied, i wHig] QbctRk heactiVe Rlateri&Co fb A ali,on and H
representing an axial hejght of thg 'ellll‘%/%ngffé:égﬁ#%ﬁura 'Fg?\&a%f“hﬁﬁ‘é’n’

el ectrochem cal H¥PIgf sech bstwigea thg ppsitive slactrade andahe mopativpmiéctiode;14. 5 mm
and H s | ess t hacylihdielBbusing; 50. 5 mm  10. The el ectrochenical cell of
claiml wherein there_is a stoichionetric excess of iron disulfide relative
to the |ithium W HESeRITaor ROStivf Flestrodeand nggative glestrode e spitally Wewnd

posi tive eliswiacctalaf jellifolirconfigiraficitand second partially uncoated portion,
extending fromt axi.al edge.toward the opposing axi al edge of the
substrate on the‘ths%gglgﬁlae éﬂ@fﬁﬁé&“ﬁ%ﬂ"c%?mmemmm disposed er i al
i s not coatwithin therhousinand wherein the second partially uncoated portion is
oriented along a second |ongitudinal axis of the jellyroll configuration.
12. The el ectrochem cal cell of claim11l wherein the second | ongitudinal
axi s of the?2sdbsrriectrachemical ycelinafhelping 2) owhérein the wicbated Mgk bitibi Gs

| ongi t udi nadispR¥ddat Rtop' 28 Ll H{ﬁ:ﬁ% d portion. 13. The
el ectrochem cal cel IOF{)th c??gl{er#%hﬁ erein %ﬁ’e second partially uncoated

portion is disposed on an innernost core of the jellyroll configuration.

14. The el egt rme i i t osi tive electrode
ResireHemi@l kelPbs lfl{!i?/d gin gv(i)xgété@ﬁﬁ.g E,‘?‘f“}“??ﬁ, I%éi‘inellﬁ\é a

further conprises a third partia . dFdne
axi al edge of JFsrhamAr SARE PR *aH & mowith Birepiseenting st diatneteo of tthe jdliyrail

surface, i eonfiGdtionlafa it a0t J: i j .coat ed t hereon
Nl Gt H repfeSstiting bh ¥xialildi € S?ﬁegﬁly?éu Jc;ﬂ?,ggglﬁgggé)

and wherein the third partially uncoate “at least in
part, on an opposite side of the substrate relative to the second uncoated

portion.  245ThékRcedcheinical B bChinte] Whéinb 2 1&kni6F &lugl %Mhaé Ly
all of the lrti llé uncoat ed | ongi tudi nal portion I's orfented on an

out er nost Féﬁ?ﬂa’ﬁ‘ h Pﬁfé"‘f‘bl lyroll configuration. 16. The

el ectrochem cal cell of claim15 wherein a portion of the negative

el ectrode i 0.9ri ent ed on _an_ outernost circunference of the jellyroll
confi gurat ?%n%ﬁ.&@ﬁgewcﬁlﬁ%gﬁi"& gdqb‘ﬁ'é‘f'?mdh“el 18ianstaighipmetriscexcessnefi | si ng
an el ect ri elettrochemivelly sitive nispdriabfdlativedo the litkismnegat i ve el ectrode on the
outernost circunference of the jellyroll configuration, said electrically

conductive tab maintaining electrical contact between the negative
el ectrode #6dThhelegidcherdicalocall dff oldim2d. wherein substantially all of the uncoated portion

is oriented on an outermost circumference of the jellyroll configuration.

27. The elecu'qchemicai cell of claim 26 wherein a portion of the negative electrode is
also oriented on an outermost circumference of the jellyroll configuration.

28. The electrochemical cell of claim 27 further comprising an electrically conductive tab
affixed to the negative electrode on the outermost circumference of the jellyroll
configuration, said electrically conductive tab maintaining electrical contact between the
negative electrode and the cylindrical housing.
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18. The el ectrochem cal cell of claim 15 wherein the outernost
circunference of the jellyroll configuration is entirely fornmed by the
positive electrode. 19. The electrochem cal cell of claim1l wherein iron
di sul fide conprises at |east 95% by wei ght of electrochemcally active
material in the positive electrode, but exclusive of any weight
attributable in the positive electrode due to a binder, a conductive
material and the substrate. 20. The electrochem cal cell of claim1
wherein iron disulfide conprises at |east 99% by wei ght of

el ectrochem cally active material in the positive el ectrode, but exclusive
of any weight attributable in the positive electrode due to a binder, a
conductive material and the substrate. 21. An electrochemical cell having

a nori nal 0ol t e clebrrdohicaPBAll bt 28 WEHRH Eoﬁke?}ﬁ&étoéi‘:%u&?% e

l'ithium 1 & sitive electrode having an el ectrochem ca
material cdHPEY jop censists extirely of the positiveeleatiode. having: (i) first and

second surfaces, (ii) an uncoat ed | engthw se section, extending along an
i n_which the first and second surfaces

entire | enghh t.h il

do not havg’ban@‘ 15%0.98 ??f'%a%@'hmﬂiealec@@dwedcquchmmm (iii)
at | east mmimewtmlym‘rﬂt |lewt 9% e WEIRE: SCHGIS dis@fidE Nut reﬁcl%:d%ﬁf Qeight'®
foil carrigp. %d!;st surfacedo the foil carrier,.

el ectrocheni ca | |y ac %30y capductive material and the ol lcé'ﬁ'ﬁf a separator,

di sposed betmeen the positive electrode and the negative electrode; a
cylindricak;hqy Qg! : or i ti ve eI ectrode and
negative el ect ro e ar eersn[lﬁa% gi\e&e n%} Wﬁ?'g’%éﬁ‘d’?sﬁ}? F'IcOmPnseS

conf i gur at B@Reongrincoated pommeezemdxmecrpsl ﬂuy lwiﬂtl: ofcmé lﬁﬂUé&h&D&n ﬁ'ﬂ:dseaond

NON- aqueoUgyrflos oF el sy

el ectrochem cal cell ?ﬂ%%ﬁﬂ erelhn é'ﬁi ﬁgwm‘ €&eR-i on i s
di sposed at a top end of the jellyroll conf [ gurat ion. 23. The

el ectrochegzcamecguu&f,e,ﬁjcal ‘;guzgf WEIS{ ' b8 or n has.a surface
‘area of than qQr uaI to xglrlgﬂﬁ L{ﬂ%g&gﬁgé’gm‘ﬁ?rﬂ"ﬁllﬁﬁﬁ't er of
the jell yr (ﬂ‘ﬂ’f‘@ﬂ\‘e M%@ntﬁM@dan axi al height of the
jellyroll configuration. 24. The el ectrochem cal cell of claim23 wherein

Dis less éga,?{se(c)r e ug fo 14.5 nun and His less than or equal to 50.5 mm
25. The el 8tt 8‘3&{? ?“‘t?@‘l‘fe &f clajm 31, whersjp, the seepndvoreatédspartion isidispossdet ri ¢

excess of e acinhamitatitsrabf the flllytolFconBifaratiat. rel ative to the Iithium

34. The electrochemical cell of claim 31 wherein the positive electrode further comprises
a third uncoated portion, extending across the width of the foil carrier on the first surface
of the foil carrier, in which electrochemically active material is not coated thereon and
wherein the third uncoated portion does not overlap with the uncoated portion on the first
surface but is, at least in part, directly proximate to the second uncoated portion.

35. The electrochemical cell of claim 34 wherein the positive electrode further comprises
a fourth uncoated portion, extending across the width of the foil carrier on the second
surface of the foil carrier, in which electrochemically active material is not coated thereon
and wherein the fourth uncoated portion does not overlap with the second uncoated

portion but is, at least in part, directly proximate to the uncoated portion on the first
surface.

36 An electrochemical cell comprising:
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26. The el ectrochem cal cell of claim?21 wherein substantially all of the
uncoated portion is oriented on an outernost circunference of the jellyroll
configuration. 27. The el ectrochem cal cell of claim26 wherein a portion
of the negative electrode is also oriented on an outernost circunference of
the jellyroll configuration. 28. The el ectrochem cal cell of claim 27
further conprising an electrically conductive tab affixed to the negative
el ectrode on the outernost circunference of the jellyroll configuration,
said electrically conductive tab naintaining electrical contact between the
negative el ectrode and the cylindrical housing. 29. The el ectrochem cal
cell of claim 2§ W “E e outernost circunference of the jellyroll
configuration consists en Yy of the positive electrode. 30. The

el ectrocheni cal wsﬁh\cfelwhadmtﬁﬂpnm:mrﬂmbmnqle bf Rlgwdi cal |y active

mat eri al consi st 1oy B, east .9 ht ‘of iron disulfide,
but excl usi ve ofas (l;; [gattr%{bu{lxgﬁ mg qtf/‘iéﬁ‘hé‘é’rwj Ry canductivei foil. paideri al
and the foiendustive foil hagag: Tﬂeanemmoauetb(eﬂmﬁaﬁmaeirbn disulfidai i 'ndt ci&] §4 N t he
positive elepfiér fiRvd al GEFREL oat.ed. portion, extending
across the wi dta of the {nI carr?‘g‘rS gr‘f% g%‘ﬁ g (1 3t orjencpgleq
carrier, inongitudinalsectipn daHuhick she yroac!lsuiﬁdm 80t edatédsomal lestbhsl ofiRs eon.
32. The eI SRteITaid S BERS of @k lcoftuchii ol 31 Wherein the second uncoated
portion is not directly proxinate to t he uncoated portion on the first
side. 33. The §|W%M%QMWMWana¢mmmmgmcam uncoat ed

portion is di spedeftidthe 38partHC W ¥c§u%de COﬂf ura
34. The eleg trOéM cal. cel | claim 31 erel hs Jeel p05| P'nge
further cor‘ﬂ?' 'f‘mﬁgﬂ"'ﬂﬁ?:oat ed portion, extendl ng across the wi dt h of

the foil carri ewhesid e jellysdll abﬁﬁ@g@,oﬁfa,{dhg doml. r [ i.ch
el ect rocheq'%sg@ehxﬁ ctl ye E@ erial 1s not coated J’tqﬁg‘?daso?tﬁga!hld 4 r!aﬁen e
third uncoa por &8 ot overlap with the uncoated porti on on the
first surface bwbemh,atuasdmmtﬁ}ierunaaitédl i 1 ¥ecBibRsdxiEaE

BT A

uncoat ed pg.t el ect m cal cel] of claim 34
positive elagcdtogo e ? lt‘:hmgt%eo ?’f t?ﬁ'b??ﬂ?ﬂ?ﬁ@ﬂ&‘t@&"’ﬁ%?ﬂ on, extend| ng

across the WI dt Whmtheelbwdchemm.l il o8 aldistha@e eishcfty! E,{'aqeespﬁmdm
carrier, i g28hoER I erial 1s not coated ther eon
uncoat&%%kex %Lb%&m

and wher ein the four por ot overlap with the second
uncoated portion but is, at | east in part, dlrectly proxi mate to the

uncoated p9r.titHe Q¢ 1Sef Card ectroch m cal cel]
conprising: a cylindrl ca i‘%m al‘tngﬁl 3 %@Fep‘é?“é B‘G’é’dﬁd\%rﬁ’%‘l% no

nore than $ecpnd) wgroated: igngitpdinal sect!anspandtwhmml tet seetf] GRBFIted is@dioh’ BN
di sul fide W@Q&W 'ﬂcill c tive (i) an
uncoat ed edge onovvhl ch |ron&§f sﬁﬁl ’f‘gﬁr‘{gt‘“@’sﬁﬁiﬁ‘@?ﬂﬁ?ﬂ%ﬁm

interfacial surfaces for the conductive foil, and (ii) at |east one
uncoat ed 38. The electrochemical cell of claim 37 wherein the first uncoated section is positioned

to at least partially overlap with the second uncoated section located on the opposite
interfacial surface of the conductive foil.

39. The electrochemical cell of claim 37 wherein the first uncoated section is positioned

s0 as to not overlap with the second uncoated section located on the opposite interfacial
surface of the conductive foil.

40. The electrochemical cell of claim 36 wherein the positive electrode has first and
second uncoated longitudinal sections with a coated section interposed therebetween and
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| ongi tudi nal section in which the iron disulfide is not coated on at |east
one of the interfacial surfaces of the conductive foil; a separator,

di sposed between the positive el ectrode and the negative el ectrode;

wherein the separator, positive electrode and negative el ectrode are
spirally wound into a jellyroll configuration; wherein the jellyrol
configuration and a non-aqueous organic electrolyte are disposed within the
cont ai ner wherein at | east one of the uncoated | ongitudinal sections
extends across a width of the conductive foil fromthe uncoated edge to an
opposi ng edge thereof; and wherein the el ectrochem cal cell has a

di schar ge C?’Bgf%@“’oﬁﬁt éeast 2400 mAh on a 2000mA conti nuous drain test
taken to a ciit and gecopd uncpated sestignsriareflispesed apf a chmizronJatenacisei N
t he positivéuficect rode has first and second uncoated | ongitudinal sections
and wherein the second uncoated section is disposed on an opposite
interfacial surface relative to the first coated |ongitudinal section.

The el ect ro‘@:herﬂ'f@aﬂemr:hcmfcabbdl of i) WhBreid el posttivelNEQRGE dnag E,é@n ' s
t se

positioned gfroged! LAS r.l w th the second uncoa I on
| ocated on the op 05| te I nt er%feé%ﬂ%ﬁgﬁl? oateds sechien i dispeserven foidpposie. The

el ect r ochenintesfaciabsurfage rejativie to &@ fishand sdohd Gndoated TonpG@RhIGdeRmst | ON 1S
positioned so as to not overlap with the second uncoated section | ocated on
the opposite interfacial surface of the conductive foil. 40. The

el ect r ocherft&a/Thees! whmﬂme%oﬂmhmﬂr Wh&ehoantpdgmvelmggqmpgsﬂgrhr st

and second uieesed SectidaNghd E%i th a_.coateg section interposed
t her ebet ween and . wherei n% i rst an(t]mcog n8FeHRR d%it e P1 oh sommen

di sposed or™ ﬁ!ﬂﬁfﬂpﬁmﬁadﬁﬁrs@m.m_bﬂmmmwﬁaﬂm Gdrpésel | Of
cl ai m 40 whhérebetwkdie positive el ectrode has a third uncoated section and
wherein the third uncoated section is di sposed on an opposite interfacial
surface relative to the first and second uncoat ed | ongi tudi nal sections.

42. The el elétriﬁhdnei&ee&heﬁﬂ&ahcelioeleﬁduwﬁ ' WROSLLiye el ect rode has
a third unggated section anger\é\herel n the th| rd un%& %‘%‘E’#&‘ﬁsf’ oWl hosed

on a conmmon urth uncoated section is dlsposed on a common
interfacial surface relative to the second uncoated section but with a second coated section
interposed therebetween.

44. A method for making an electrochemical cell having a jellyroll electrode assembly
comprising:
providing a negative electrode strip consisting essentially of at least one selected
from the group consisting of: lithium and a lithjum alloy;
providing a substrate having first and second interfacial sides;
selectively coating a positive electrode mixture comprising pyrite and a binder
material on to the substrate to form a width-wise uncoated edge, said width-wise uncoated
edge of the substrate having no positive electrode mixture on either the first or second
interfacial side thereof:
providing two strips of separator;
orienting the substrate so that the width-wise uncoated edge is held within a
wmdmg mandrel;
positioning the negative electrode strip between the two separator strips and
orienting the negative electrode and the two separator strips proximate to the substrate but
offset from the width-wise uncoated edge so as to form a winding core;
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interfacial surface with to the first uncoated section but wth a coated
section interposed therebetween. 43. The el ectrochem cal cell of claim42
wherein the positive electrode has a fourth uncoated section and wherein
the fourth uncoated section is disposed on a common interfacial surface
relative to the second uncoated section but with a second coated section

i nt er posed t herebet ween. 44. A nethod for naking an el ectrochem cal cel
having a jellyroll electrode assenbly conprising: provi ding a
negative electrode strip consisting essentially of at |east one sel ected
fromthe group consisting of: lithiumand a lithiumalloy; providing a

substrat e havi ng,t.i cond interfacial sides; sel ectively
coating a posi tivgddﬁe‘ﬁ%tg?rggbgégmhi @‘F&F@%SMW%%‘*@E%MMPS into
mat eri al on®isdyralieslentiode assemblypwherein the wiriifidyy oiré @oed E\Gpaﬁﬁﬂseqmﬁ itséf‘iag 3
wi dt h-w se uncoamgqmﬁ&gﬁmg#n il ubséfate havi ng po positlve el ectrode
mxture on either the fir P secondYi Hitin; 8 sontainer, providing: 8f nomaauedwi ng
two strips PEamieglectelyte to the container e sealing the conthinéd at € so that the

wi dt h-wi se uncoated edge is held within a w nding mandrel;

posi tioning, the negative el ectrode strip between the two separator strips
and orientify THremABgd propaling tocelnioniéd whereinhthe trimlisg pirt abprisds oliford s Mt €
to the subséreabeliitn dfohfath &m‘,},-&e“ﬁ@g' -w se uncoated edge so as to form
a w nding core; mﬁnﬁ?ﬁg the su %%?3%%} the negative el ectrode strip
and the two separator strips into a jellyroll electrode assenbly, wherein
the w ndi ng core does not coll apse upon itself; and di sposi ng the
jellyroll assenbly within a container, providing a non-aqueous organic

el ectrolyte to the container and sealing the container. 45. The net hod
according to claim44 wherein the winding core conprises no nore than one
revolution of only the w dth-w se uncoat ed edge.
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