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density, efficiency and safety to power advanced electronic devices, especially portable

electronic devices, while still being economically viable. Older battery configurations are
often unsuitable to meet these increased demands. Out of environmental and efficiency
concerns, the reach of electricity providing devices has been expanded to new areas
including hybrid electric vehicles. Ideally, an electrochemical device will provide high
current density, decrease the internal resistance of the battery and effectively manage the

thermal output of the electrochemical device to increase the longevity of the device.
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R =pl/A. where: "p" (rho) IS the inpedance val ue of
[000Te el ecThotlgttenchemical device performs usable work when ions pass between

the electrodes of each cell via the electrolyte, and when electrons concurrently pass
through each cell via the electrodes. The generated voltage per cell is predetermined by
the electrochemical reaction of the component materials used, and the generated amperage
and/or power available is dependent on the configurations and masses of these active

components.

[0008] The specific output energy of the device can be provided in terms of watts-
hours per device weight, and the specific output power of the device can be provided in
terms of watts per device weight. Output values of existing electrochemical devices are
typically small fractions of theoretically possible output values, because of internal

resistances and other inefficiencies (hardware mass and volume).
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the separate oppositely facing folds. A “jellyroll” cell can be formed by coiling a
preformed assembly of cathode and anode electrodes and a separator on itself, to yield a
cylindrically shaped electrochemical device, with the face-to-face electrodes and

sandwiched electrolyte and separator structures, increasing the interfacial contact area “A”

between the electrodes.



el ectrolyte thickness "1", offsetting benefits
obt ai ned by increased interfacial contact area "A".

wQ 0@gA4p90current collectors used in these cell PCT/US2008/002782
arrangenments add significant weight, and thus reduced
specific cell energy and powar outputs. For exanpl e,

| S0l at ed;conducrors are ner.al ly. connected to the.
1004710 £+ oo Rt PEUREbSrARGTIR elipEaNRTONE andSahd¥iched
eledtili@p and eepatatoOraise B o@le L E4Us O B Soricerr, A@mENttRE Bidhctural sufficiency
termnal s. These conductors nust carry the full cel
duringrassambly and) during opgrationhte mintir andcsuppert theseleetrage elements

- .0 - i r .
P BP0 G 54N AR TR RAERIon v
of theeall cuahsoneatsaluiring dpetatibhal uem perutue©thanges) s etedd packing the cell
. termpal resistance/battery termnnal resistance can
mtoaaé%ﬂ?e hepsing. dncreasing the Bickness i thessapdyyished elsgirplyte and
sephafid Px%%cfetﬂe%aéd &ge‘ﬁ?m Add}’é(raiu%?ﬁ{ 18 inc%g&%'tﬂéaﬁn-conducting

connectors are use 0 avoi d powe oss for hig
elequohge gdckhmss &) effsettirgDicme gl cbtaind¢dies meommbedd interfacial contact area
«arrangenents provide el ectrodes of Iimted size and/or
At hi ckness, limting the quantities of usable el ectrode
materials and thus limting maxi mum cell storage
[00B41ET 9y A et cOREEtatsiuRed fY b dellf@ranPéthénts HI@EiMiffcRAt weight,
rechargeabl e cells. [0016%] The dil emma of these
anddbus igAucadspe¢ific cplbwaergyand powen eutpetd. Bor ¢xsordadsalated he
Lnt.erfacial ectr rea YA across th | ectrolyte
conBlsaPF ber B Gmetlen B 87 elebirofl PGP LGE afprE Sihall ot
indglendérntbl ofttRe tletebdee 36 thelexteradlderniifalMe THOde cdvndudtelstABst carry the

of the current collectors _reduce specific ener g){(sand
full gellshrrents ard thus pyigebe ebsnificientiasss #5d grospsection tg kgep intemal

: e . ' r I ght
e e L B 0 DR P P R IhAD clectrode
tab/addériticotledtotieel themn mal tdsigtanteibsttehrpcarminad resistinke cah atdoant for a

Spirally. wound "jellyroll” configuration nerely trades .
50/3??({11&%%}%@%? %{?ﬁ%’%@ﬁ frome 3@9@?@91 oAy, Ceprally, massive
confEAb LR S8R5 ALVG doNef KA 5t High p&&%é bhRérige! |

durability and cycle-life. Existing bipolar cell

arrangenents do not escape this power and energy trade
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el ectrochem cal devices. Specifically applied to
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due to needed additional hardware. High interfacial area “A” of the spirally wound
“jellyroll” configuration merely trades off usable power against the energy density; but
minimum separator thickness is needed for cell durability and cycle-life. Existing bipolar

cell arrangements do not escape this power and energy trade off dilemma; nor do fuel cell

electrochemical devices.
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[0020] Thus there is continuing and persistent need for electrochemical devices
which have high energy density, provide high power output and approach the theoretical

limit for electrical power output.

[0021] A Li/organic-based electrolyte battery for high power applications, such as

hybrid electric vehicle, must also incorporate features to enhance safety and battery



[0022] Thermal managenent is critical to long life of
Li-ion batteries in retaining battery capacity
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coupled to the first longitudinal edge of the positive electrode and a negative plate
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the ?‘%g’ng I[l oyl %rﬂlgl e) é%eggjbft 10?1“1‘@& p?flg Bg\%é Hl?‘thgl' g(ﬁ%grflsmg a

ara ayer ~conti gurati on

hougingtiav e pSrBRP e @fectrhﬁllp ceged td thy ﬁlﬂ§tll@r[gltukiﬁﬁ2 &lge of the
FIG 2 is aright side facial view show ng

posgiveclgcade aad a Regafive gilate alegiricnlly Epuplacodas flﬁ“é Tongitudinal edge of
the tﬁ y%léﬁfg Slfétcggggor din DAOEOR R agfénllblgﬁi%r}n{ K aFa Bgfth% lte}ﬁlsmg. The

Form ng an el ectro
eleamde raskentply beinpisEghthyveider dran[tbOplates of Ge Budimgi ct s t he
process for making the el ectrode/separator assenbl y of

r
(023527 TR et rath e pamhsatt 4t seuloladn rpre dptai in the
follaWaidddstitidh hdafluéthRe PIARE Afav@hgFdestribbd HeplRBdlow! G 5

is a cross-sectional view of the cell preassenbly
taken along line 5-5 of the process of FIG 3; [0032]
FIG 6 is a cross-sectional view of the cell
preassenbly taken al o ne 6 _of the process of

D 5D ob UG eSOy O 1 REANRES T o

el ectrochem cal device of the present
[0026] The preferred exemplary embodiment of the invention will hereinafter be

described in conjunction with the appended drawings, wherein like numerals denote like

elements and:

[0027] FIG. 1 is a cut-away perspective view of the electrode/separation layer

configuration in the electrode assembly of the present invention;

[0028] FIG. 2 is a right side facial view showing the electrode assembly coiled on
itself to define a rolled-ribbon cell (laminate cell membrane) of the type suited for forming

an electrochemical device according to this invention;



invention; [0034] FIG 8 is a radial edge section of a

bi pol ar el ectrochem cal device incorporating the
web@stiowae assenbly of the present invention; PODBS53008/002782

FIG 9 shows a high voltage b&ttery nmade up by

st acki ng di sc-shaped el ectrochem cal cells of the

sent igy¢enRti ' I - ' '

O e et B B okl ARE R Pl Bt Wembly of
thevpresemg enveatiorer y, taken along line 9-9; {0036] FIG 10

depi cts an enbodi nent of the present invention that

achi reater cooli .of e el ectrochem cal ) ‘
0G| 37" 385, F F ooy sectigupt ik oL Rl R EERERbIY fken along lie 4-4
of BlegiibéR6I8f RIG. £el | hardware that is conducive of
I ntternal heat rejection, where negative el ectrode

(bottom) and positive electrode (top) communicate with
[0 pbosi t e HGeéds afrosesectionaloview of the qelmpcassénebly tikenralong line 5-5
£Or face (typically Celgard); [0038] FIG
Of?%&§523?8¥gﬂgﬁ% skin tenperature nonitoring of
roll ed-ribbon cell during HPPC Tests (60A di scharge
[0032]se) ; [FIG36]is irtfass-icktidapi iew of thel qell ppéass@hbly taken along line 6-6
tenperatureKéSAh) from constant power full discharge
of the PresRFaAEF KGN or 6C and 8C rates: [0040] FIG 14
depi cts a Ragone plot, conparing the specific energy
the r . e . NN
O e SR Seb Rl Betind o sreI S Abmial Btifi of @0 present
inpppts a cell voltage and current plot vs. time for a
cell undergoing a I00A (20 C rate) 18 sec discharge;

42] FI 6, depi.ct.s a plot .of.Flat | 1, Resistance
0G5l o 5701 &5 FERA s PRl i sl FfroondiRRa AR
inddeporasig thkien@trodPansmoly of thel pakém iswinkiogapaci ty (5Ah);

[0043] FIG 17 depicts a current vs. tine profile for
a cell pulsed at 180A (35C rate) to provide in excess

[04%] 500w #36- 2 showr kighpeoess pastary mads ey stagkingliseshaped
ele?:?h&l% &QQ:%M of_' {h@ rélsént iq%ﬁtﬁ)&l;c’ Mg vxfiﬁvaecrrgéggge.%tié LdwW8nd a
of & Li=ton ce ﬁEV|ng i tial excess positive (Li
detaded btrosscsatipnalapewiof yhet ligh volBagddpaanage ikenalongdingd-9;
vol tage control. The "bypass" current at 4.125V can be

dto aljze the capacity of. these cells.in.a .
OG5 ery. THETAD opiBra e s GE e BETeRU B TGSE abers)achieve
greafd cBHBSEDL the RURbLimiBAI¢lIsles an i nproved cel |

arrangenment involving the orientation of positive and

negative el ectrodes, interpositioned separator and/or
[0Q7¢ct r ol VilE; 11, depicts an arrangement of electrode and cell hardware that is

conducive of internal heat rejection, where negative electrode (bottom) and positive
electrode (top) communicate with opposite faces of cell hardware to remove heat from

separator interface (typically Celgard);

[0038] FIG. 12, depicts the skin temperature monitoring of rolled-ribbon cell
during HPPC Tests (60A discharge pulse);

[0039] FIG. 13 depicts a plot of cell temperature (SAh) from constant power full
discharge at 7SW and 100W, or 6C and 8C rates;



and current collectors used in nmaking up the
el ectrochem cal device. The inproved cell uses an
web@siowade assenbly with | am nated el ectrode/ f BCT/ES2008/002782
conprised of alternatively aranged, generally
paral l el, positive and negative electrodes, and a
arato Y
0P 24 OF1 U8 AL, s SR b e EL S e roed
ribteort defihwitls & spiealtwoadiiziFioe celhatchigh psweaDlyput (B‘Sétf,‘pos ed
between the el ectrodes. This basic |aninate cel
easse Iayered on itse such as by wi.ndin
100F11" o7 | :fﬂk;é s gepigtsafellyoliage SR6h SHrE: Blopt. difblor a ce
m&%ﬁf?ﬂ%)&@@@%a&?ﬁ%@édﬁ%?ﬁe of a flat disc (wherein
ameter 1s preferably greater than twice the

t hi ckness of the disk) and the cell nenbrane is
- [0042hdwi chEHG bl depintspl ploteof] FliteCa LR esdstanceols| SeteorfChargdy(from

HPP L PRy FaBbe FEane Briol R e BRa P ca
cell. [0046] In one enbodi nent, the present invention

[00ABpVi deSFEG. 1e7l dﬁpﬁd’t@@ bentaals. Gay pEsEileBsier defl piflsedrat 180A (35C
el ectrode as y which _includes: (i) an eloéggted

ratey 4Q prawide 1 léleéE?SlS @é SO0 for 3.4k Waleg me@hgpwfa@' Raeri@g hese cells;
(ii) an elongated negative electrode with a first
gi t udinal
OO o mch % e e Reisycflble R EAGEEL L Bfon Y Hav bl excess
posatehge(Li metal ImmcbD e@palcny Itimtnsodadpeni@m or chdrge pokagdei ooatrol. The

« el egtrode, ratlo ayer., and the negative_ .
bygrSe PO a2 Sttt Eeeling P catatry o Risoe fils in a batery
formng a coil of alternating electrode and separation
| ayers such that the separation |ayer prevents direct
contact between successive el ectrode | ayers.

Addi ti onal DETAILED DESCRIFTION O MTHEINVENTION
separation |ayer extends beyond the first Iongitudina

e of e separation layer, and the fi
lﬂﬂﬁgﬁgi t udffH%Preé dNYNUOR BT LR AN B PE e d e 35aBgaRsdnvolving the

orlé?ﬁé&%q) %@m@@%ﬁﬂ‘?&ézﬁﬂ@dé&%@@s‘l irff Ssﬂf)nédhs%gt rR)Z?raﬂ&/‘o?Qlectrolyte,

| ayer. re effectTve use of éxpensive ele
andogyaitenhiepljectors dsed in enaking umthe @tacirgelemicalalevigee dherimproved cell

T T T
arrzﬁm%EJi geabratly pdralleB lposifiae dM@h&satiot elebfodeR! AR §ép‘§ﬂ@6}‘ lhyer and/or

| esser portion of cell weight conpared toth
ele%mlxtﬁét)medc@ 4 very ¥hin goniecandugtive obb@l-hlselager ¢cmfmum in a tight

serﬁe?lgiﬁg r?# 1 powgih%'gl%al?i ﬁﬁ%‘g?%ed‘% ?vtvéeern rﬁfl@ Clleezztron{ Oj%‘ Vb%l%}eé: laminate

celigiresssemnblydsigyeteddavited, aah a@%?ﬁmhﬂﬁlblﬂﬂ @oiling QL& dgpiral to form an
havi ng a positive terni nal electrlcally coupled to the

eleqtqdg SRy + 1o dhsagnesd ghansrofiaflat dissi(whoiginsihg chiamgier igmeeferably
gref’tepﬁlgﬂ'i\kfl\ég t{té%{h%l&@gs St &Hfskfﬁld the 98?"94&5%6%1% i \Aﬁ'éd;v{glf:l?gd between

ongl tudi nal edge of the negative e
plateHekealueent mikec@ssemtblt!ye elsctmdel inteefdcds\printeilih pegpendiculantb the

an el.ectrolyte .
current colFec%ors, tg make up an electrochemical cell.

[0046] In one embodiment, the present invention provides an electrochemical
device made up of an electrode assembly which includes: (i) an elongated positive
electrode with a first longitudinal edge; (ii) an elongated negative electrode with a first

longitudinal edge; and (iii) a separation layer having a first longitudinal edge and a second



adj acent to the electrode assenbly and encl osed within
t he housing. [0048] The housing typically includes a
wo peostiowep i ncl udi ng the positive term nal andPEI/E8100810h2782
cup including the negative termnal. In this manner
the first cup and the secondjcup are joi ned together
oo B e Ml it P e RS fparation
layé‘ruidd”tﬁé néfiveielectiogde BW@udd&rblﬁ{dﬂ Setltrabunéls fR@etyl fofming a coil of
term nal are generally planar [0049] In another
altegnppipgiclrstipde #id yeparting lavess sich feat dhsnieppmgonfayenpreyenty direct
h S
conldof ihath AERNe ALIREEIANS PRI, HeTRSHo R IR Ree of

the mptai’atmntlhl_s&:r Iemstﬁdsngeydmdnhé fisst pongitadinel edgt loff thet eparation layer, and
? ?lng reaEh 43 redetermned limt, whilge IeaV|Hg
the fifst Tongitudisgbedgs) of the pegativhelepiradasirtends beyend fhe dpqom
lon%tlﬁhﬁlﬂ”éé OO the séﬁrﬁﬁﬁlelgyer[ @@ef@é‘t‘f'veoﬁ erg?reﬁ?ﬂ{ sivieM&Brode
ectroc em cal ‘devi ces” can be coupl ed toget her
coatthgptovides sendryl advamtages) |.elgreater povee ougsit meghmfml@:uode

f. th | trod
CelfRsthis erased B AonPra A e gy ol aBbe it camesig el

har@\lvﬁ‘é 6008 refiebboh B AIRBSpHAHPBLEAL W¥ighl Qdddred b th€rismatic
anot her enbodi nent hou5|gﬁ of the device, which due to

cellthawngltemm@ldwsgs B groimtir | enmneeticar(t disdsstrcksdhfask te face)
| Lent_ heat t nclu es channel s whi ch
oty R Hm S Blb 6 b G e i o

around t he hou5|ng whi ch further prOV|des for cooling

[0047] t he dElé electrdcheinfical devikecan élkxbmnlude |a|hou§1hg having a positive
el ectrode foils act as_cooling, fins

termanakglesuenlyesoapladde thefiest %%éuélealcﬁdgevot}@gtp%ﬁwe telpctrpde and a
negﬁ&% teﬂﬂﬁlﬁl agﬂtrlthg}g/g%tl oc?ﬂ olthE fird? 1t(19i'hah§%% olfﬂ’ﬁ:sné tive

not across t heat sensitive arati o
cledtayle whéyein the eIehEo«hsedidserhblyss anglosedibytthe houdingg, iand an electrolyte

cont ac he co fluid 005 Still anot her
adjagepligit %TFC%? e 3tecty ﬁe enﬂﬂ%@%\ﬁéﬁl%t@h@rsg&rode i s

not physically attached, such as netallurgically

0048 ded t PEShHRing ttyﬁlctah? iRMgdet la \fBstt@ipThdladind fick ]?;t%ﬁwei t¥@ninal
el'ectrode is not nmetallurgically attached to t

andrﬁe‘ga@md/@m laﬁlmdm the P@%EYF taund edn Bipwanpesthe st eueand the
seofhFEI BE BT Roe By lscBrBnd RRoRITRR by B 8 second cups are

rnes“an e e asse

elecﬁhédl@&k@ldteﬂ(fﬁdrﬁ bde a@dtﬁ@{aﬁﬂcf&mhe(rlwﬁeraﬁ tied plfbﬁl&teetdrmmal and
negati ve electrode; and (iii) a separation |layer, wth

negatl%ﬁ?ﬁ@ﬁ@hﬁre(ﬁ?l}ﬁlagﬁ PiaRat.he el ectrode assenbly for
shorting the el ectrode assenbly when the el ectrode

(008915 D! VI PSEHB I nHRARRET: Fid Hcﬁ:sﬂg%eﬁlg iR &JH%?@ SEAE cell H8m the

positive electrode, separation lFayer and
ambient atmosphere so that a pressure release component or feature can relieve the

pressure build-up within the housing when the pressure within the housing reaches a
predetermined limit, while leaving the cell operable after the pressure build-up within the

housing is released.

[0050] One or more of these electrochemical devices can be coupled together
electronically in parallel or in series. When coupled, one of the electrode assemblies can
provide a component for shorting the electrode assembly when the electrode assembly

becomes nonoperative.



the negative el ectrode are wound around a central axis
formng a coil of alternating el ectrode and separation

wo ay8ne90gtich t hat the separation | ayer prevent BCHUSH08/002782
contact between successive electrode |ayers. This
enmbodi nent can al so i nclude & housi ng made up of a

sitiv e
onSt]2 v AR SRR BBl B o e
elec@dels pypehdicuianatierthttgt exhibitsl exceltenp he réjectionf, inchides channels
i tudi nal edge of the negative electrod wherein

| on
whigl, éﬁ‘é‘l" det ¢ @aéluasgoémuiﬂtq withie thsgugh ¢yarpynd ‘ﬁs densipg Whih further
promyssif‘oP Qoﬁh&%ﬁﬁf Loses BMné k&féhfr%tfbheceﬂﬁb %1&&999&{},\% ot as

can urther 1 nclude a pressure rel ease conponent
cooling fiey atsthp elessodedsdparaltat-imerfacd toi dravheatmu so thy cwﬂémumhg The

ressur hi t he housin ache predet er m ned
moff i35t bagih i R PP AP LR POLNE Y EE31OL HEYATERSII e Sepprafion layer, bu
to tl@ho@éiIQQJu‘é‘m@f %vﬁfchtclaﬁ be ru?éc%{é& v fhd cH@ln’{g fillgn the
housing i S released. [0054] In still another
enbodi ment an el ectrochem cal device conprising an

[00&3]ect r odtilharathesi embodimenttod the devide, the nosdive eticirpde is not

|
ey SRR SfhchP 0 B s RRGHAl Bysl B4 LB B RRERR Wijantanc
neg@&ﬁﬁlé@ﬁﬂe@ﬁ@rﬁﬂwllm’glmf attaghe@fio eHe degats\te tefin@kpngared

positive el ectrode, an el ongated negative el ectrode

and a sggaratlon | ayer wherein the Qviltlve | ectrode,
[003He sep a?thewm%@ﬂémenwfd ¢ Flectrehamical deyige o tha@resemt invention

con%l?ﬁki}dan%ﬁ&%% QSﬁ‘éﬁﬁ)tl)r LR S(if LEE8 %/atéd)ﬁ?ﬁﬁ\g: Ae@Rdk; (ii) an

ternating ectr ode a d(lsepara lon layers such’
elorigasetd teigetiwelectridepand @ivea sqpasniontayedi wxﬂca ccmpblamil coupled to the

bet.ween ssive e] ectrode | ayer electr
cleckOdE B e pHog EEIEHEE sy Whth g slEcag? Ssembly
bec&%é hér}eg,eia%m m{hlseérﬁséalhﬁai kb ﬁ&.HﬁJe%@ech%d@ sEbz[rﬁﬁon layer and
Onglt i nal ed ge of the pOSItlve el ectrode and

the neeyéuvc @hmredmmavmmd@mtm@amnyrabmp faminga goif pf dtematmg

di nhal | d
elec BT o SrpRirisRIaecd st IR Simeiifiod 15k T Raes et copjpet
betWédn¥udcdskiee R ELAG12MERN ThixCerfbREMEhtecanial 9l iiclufk€a housing made
housi ng reaches a predetermned |imt, wherein the

up eff apasitpetemiaal clepticaly qoslpbsiuto |a fuﬁé@%&zn@n@fl edge efifhe positive
ele&{gﬁg 2H4 ? nggs \% t&¥hi 1t.{‘¢&‘n{ er n hqgalfﬁstrlg ﬂﬁﬁgl {g&o?f the

sea eal s res re con
negaﬁvcﬁelsaf(ﬂieywhaatmﬂle eleabde Sssamblyem edclmddf‘r@uhe housmg The

eopar di zj ngthel|fe expect of the battery. IS
ouagla Wﬂﬁl@éw?gﬁwm 1%%%?#@6% cgesfunbwaﬂu%ﬁpwssure

rele%?é'ﬁnﬂd?ﬁnf:@hichtr@h&@s g Surk bufidd 9% Wi tHer}mglE'ﬁg r%ﬂ{%ﬁfiﬂé pressure

I nvention, pressure r ase I's a
wﬁ)snprthmgousumea@mea asmmkemﬁnqnidlmphwhahinyhs eleteocheali¢ad device is

stll et et heoressure bIMERR L e HySoE Bufefeall) ©V© 970

configuration has enhanced exclusion of noisture
(0054 i | t 1 atni i dhotHer Smbblivnehit b elSRoEHenliGd] AePiot ¥ pysiaRan

gasket and silicone fluid cool ant.
electrode assembly in contact with an electrolyte, coupled to and enclosed by a housing
which possesses the functionality of a pressure release component. The electrode
assembly is made up of at least an elongated positive electrode, an elongated negative
electrode and a separation layer wherein the positive electrode, the separation layer, and

the negative electrode are wound around a central axis thereby forming a coil of



Because there is no added conponent to the cell, this

design for internal pressure control is cost
wepdosavdoee. [0055] In still another enbodi ment PCEHENS2008/002782

el ectrochem cal device conprising an el ectrode

assenbly in contact with an ¥ ectrol yte, coupled to

i t . i .

e g RRLAS AR 99 OF o B0 RGEPh s v
confaotisitwgen siiteessive dlaitrede tyyersy Tielelesrodé assembielslcoupled to the

housi re pressed together with the, Rol | ed-Ri bbgn
hougipg. Y REh B2 BRBAYE lemi ?leAtrlﬁ%s gounbehiootinst oggitydinal edge of

the p&3Gvd deMaRM 2hA" i indPel 8 c ARBERD f itudi

© i<):el I an%l conta]icnn S erée@?tgfet tte{?(tzzmce ?aagﬁgzrot%bk? r{? %eﬁrg{lgggtléuéi inal

edge ef the magatereyeledt@db 6 [The prosedre s¢ledse campbhent relidyves prasire build-up
an electrocqgni gb{device COHErisLn an. el ectrode .

witl‘gg gléq,&ﬂlvlqgnw es§yre gvithin the ousing reaches 3 predetermined limit,

wheERWAEI0E trocheMdat dedife ANHIIIPe!BRES R YhPpRQiusd E‘xﬁld-ﬁ? within the
Z-fol ded separator is tensioned across cell elenen

housing ékueteased aridethe a¢al echesleptaelat biterdelf gaspsessaielcontrdl iy amafity
ext.ension.of electrode rj.bbo ond separator. This .

ot BT Ao ot 65t ol PR TGRS 5 e s

usudl Kt A6 P sHeANeTE niphere TRRA Whieh wolulbexis® theQlell 4o BB Most if ruptured.
di stribute overlap across cell wdth. Rather than half

In the-preseat nysnben, peesanrgireleasecis geeommished withispringiqadingfa stack of
R, AR Hb S TS e
they ejlbbeal Bsgpeselvals] The e¢al lcanfiguration ha dndanded eXORsioAfof moisture
infiliaop ATBiFiD ™ h el 6aih PoBELaRE Ep8s oA RlFeMGRIG ERglant
BRI O, e B BB M conc

costsdfeatin¢.or, and/or with a separator coating can be used
to increase cell elenent integrity. [0059] In a

ntinued epbodi nent related to the separator,. an
10035t o i 0piher Braktcimestan o hmiga e Ragrrishgapclectrode
assettlgl @flcdiladivaifarpélectiiR] esupldddiafd ch@6§ddY a OUSIAE The
when the electrode naterial |ayer swells during

eleciraile pssembdy is stightlyywider teanghe prrafiplaglates obtdoysingr dhe two
tele&%gﬂx ﬁ{a‘i\‘?e%sof‘tﬁe Nt e pidReGYs F%%%ﬂx Bl HHG:RibBS
Se arga or | ayer 1s 1n gOI’TpPeSSI ongeftor e

electrolie yleattatr geille( fAOpreechibed@lomprés8ideWdad i uséd for ik i ap and
enbodi nent, an el ectrochem cal device co rising an
opegatign of diferellandponiinyes forpthe sell agpar ofthestasked egl| bastery.

coupl ed to and encl osed by a housing that is easily
st a8l PR SIS g ay s
electrade assomibly inddnyaco patheckledtetytenfilled tsepdrated .copled @ and enclosed
by anl?otugﬁl%’. AE %(-efofciaeldI se{)asrator is tensioned across cell element thickness. The folded
separator defines cell width and extension of electrode ribbon beyond separator. This
procedure can enable a rather minimal 0.1-0.2 mm extension beyond the separator.
Indexing of Z can distribute overlap across cell width. Rather than half an overlap of
separator across the “first” third of the cell width, we can move it to the middle third, then

to the last third, then back to the first and repeat. Especially for larger cells having 100s of

windings, the distributed separator overlap improves the integrity of the cell element.



subm tted to vacuum and the cell pops apart. Renove
the outer retaining band and the cell can be unwound
WO paos/1090e®e i ndi vi dual rolls of anode, separ atPCT/US2008/002782
cat hode. [0061] The individual rolls can aid in
process and cost of recycling of materials. The

rther, i nproves the econom cs of lifecycle,. and{or _.to .
00371, e TRE SR Ersan S FBRgH bt Serdiongeh Bfiias Sund B S0 a setr
discf | bbons can be processed and the cell can be rebuilt

with fresh separator. [0062] In yet still another

enbodi nent, the two tel escoping hal ves of the cel
[0038%)) u sV segrToablsr laxersgparaigetandfor witha separatesn qoatingrasbbmused to
: i nside separated by a relatively
‘““F%%g%ﬁgg%F%%§?§$h§ea| of pol yethyl ene plastic (a

relatively lowtenperature nelting polyner material)
[005n Ther comeédut¢dberhbodigrhyretdtal to théeepaedtdr, andeter plastic band (to

.destructi.ve .situation . It is yndesirable for a cel
fnighr b CHE iR biataty Seimatnce apd s marERURS (Tpisg: FpRbesaphen the
electiBHO nftdrial ?ayepﬂvélldocﬁﬂﬁl?riﬁfti'ap&ll Habs b uté faskictand 8fB2s hoop
a high resistance short to cause l0ocalized "heating and
stressi tgltonBngpthe Ralled:-Ribbom elemigati The separator dayeavsaindompression for the
ihuexgloaﬁ&n%gnﬁsuhts froma well-distributed short.
¥ﬁ %gf 8419 anot her embodi ment, an el ectrocheni cal
devi ce conprising an el ectrode assenbly having a

[0040]- i Iartifll a@6the 6MbOiRichY, af@VdchgclieNcRY EeeROFIprisi an electrode
el ectrode capacity can forma reversible short. That

assqmebly {rheontacy avith,an dpetralytsgeoupteds gpd eaelosgdihy a housingohat is easily
. el e . '
i FIIAL 6 SRIGE 0 08 S0 Y AR EHRT T B vt s
presSifeasealaaarbeshadeas bedylly epphed evhdnfuhessatined.aln o hethod, the cell is
exhibit the reyersifple short henon%non. Thi s
e Hempet

SUbBHER d AT AR PORRIRATH RUPP Wihg Quter &etpiing bang sad the cell
can 5O TRABLAE R0 Hred RGN 'rol_ls"bfsaﬂog&'s@lgaratbh%ng_?_:h{lhghé

saf eguarded from destructive overchargi ng.
reversible cell shorting nechani smcan al so be used to

[0061d u aTheziadividuah seltseran a{drakmoesdss anheost ef tesyélingofithatedalse The

tate of charge) wt t electronic ans,.ta maxi.m ze .
fortfGr IbRr Vs I CepBp il ey Eleomdl o AtIE S e FpFEREtoh Processine,
wheX PrREB&deibidnk lRhi! BE bRItedsadl bhd tHRScell\Wah 6B rédusle wathOfydsd&eparator.

the greatest el ectrochem cal potential and | argest

enerﬁy content, the rolled-ribbon cel] configuration
(0063t IReyehpteld angthenprpphadimentihs tyartelpscaping hatyesiof ther gsil housing
- 5 bi U i

are ifEheed (GERh N RO R BHOR Gl fr AL RS Spraica by o

relaiuély dat gt pergphveal seall df pohyeithydérrel phastici(a edlarii ety loviotdm peadture
l.imted to, nickel/netal hydride and al kaline )

melng R By PGyt @i wrd 10 BN ENIE Sl e g 2 dpiructive

situbtfENNRI 9 A ddalraie 3652 bi1Bihatid |u%§er?9ﬁi§rdegt?ydt%%on@ﬁions, (eg. thrown
reduced costs and wth excellent tRermal managenent

intopy forgumdihperietkation, crushing, etc.) to form a high resistance short to cause

localized heating and high temperature. A more benign failure (avoid explosion) results

from a well-distributed short.

[0063] In still another embodiment, an electrochemical device comprising an electrode
assembly having a Li-ion electrochemistry having an excess positive electrode capacity

can form a reversible short. That is, the negative electrode is supplied with Li beyond the



| evel s of power. [0065] The inproved cell arrangenent

of the present invention uses a ribbon-1ike cell
was@siogs with coated foil el ectrode strips eRCENNI008/002782

beyond the edge of the fol ded separator when viewed in

cross section. The extended # ectrode areas can have

t.] tro
eI R dior e GG 82 S B 3 bR BPEMRZpmgeit ravio i 14
or gi@ltérs OrheradhBfiisteibemby aeyuie iliffereh@tisPdoadxhillit the gever51ble short
carbon paper_ and/or electrically conductive polyne :
phepgypenons Thig pheftomanps appears to hrge openrregsluetio gie wiiges ¢Q5rmactness

[
of P B0 Pligbl RS FHbalREl fl Srb@MF Sk tpeing. This
revezsibletdeti dhonimiganéchanism el dlsmed tyedqualiv@thedattery (make all the
ten |ng t he ele trode tr| s beyond the separation

celly E%fr © RaRfeRte 9f; %Wﬁ%ovéq RATOBHMEANS S MxinIzs @vell cell
perfofRar@] Or faces of the rolled-ribbon cell or cell

separator nenbrane as in earlier button type

el ectrochem cal cells, the el ectrode extensions define
[0064ser voiBecavse ef the exprbee phlithiimlion Hatesies, extticnaliso peovadecthe

ere R BRPemid PERECAF G Bl ot solal e FTietsibon ol

configi@fién 6NthelpFéseRf AVErtRsh KaQparichRiPafiBfydfor E¢I@Mploying
configuration in which the folds of the separation

lithiugyergarie elestrobrie eel! ehsmistdy.adhpugh the @cqse@tdg@entnon is also well
suitéd ?)hos[hec’r CF%;I c%nraﬂsé &t' imchef tb?l{ n&tsl%rﬁlte% @%E l/xggt (f%fgle and

ance tween

alkaTlilb shetralygesBdmss 60V £ partioulat inftesthibie €dchAdloRH Praviildadish pulse
with respect to the separator _and hel ps to ensure the

POWsH A Yiresn atigdugedigostsand é’YlFfb‘a‘ég lept thesmabmaragement progueing kW

] ding operation. This alignnent aids in formng
eveg%‘%pa&t%%l sc cell. [0068] The invention can provide an

el ectroni c conponent, which can serve to electrically
[006dnove allshiomrededorelldafangemon of ¢hd premireneaﬁbny ugdsa ribbon-like

B AT T NN ST RO N P

sep&i@lol wheh vR¥ iAfcrdteRedtsmt lfmﬁaexfe@lﬂe&@l@m& dWas can have lesser or
initiating the cell winding. In a preferred enbodi nent

no agtiv¢ elgetrods materipkand the elecwadatibhpns are Ism&rablxz cexedivithggtal foils
or o‘lﬂ:? {‘1.9{11%9 %r?cflchl I eneltrial ?Ig czlrséxlhé?pd:é (;( 021%1 egc?nréiuctlve

ass Ccu ove

polyadrt Foe acscmeh tiagitser ceNOBR) to D36 fi dSlﬁ/éiétItﬂo@B edb & CoiAAWithEscell
a button-type cell enclosure. Consisting of two

hougipg éstypisalir ashigvgdcups, which are eI ectrically isol ated
fromeach other with a polyneric "U shaped gasket at

[Oﬂﬁfge out efheqqg&ltlo-ﬁr}ﬁo%gé‘ﬁﬁ aliling REVC b @ ABiteRiaP8Scdil BBhcity by

way of extendmg the electrode strips beyond the separation layer. Rather than having
electrode discs applied to the major faces of the rolled-ribbon cell or cell separator
membrane as in earlier button type electrochemical cells, the electrode extensions define
reservoirs of electrode material. These extensions are subsequently compacted into a disc

as the cell is assembled into the disc enclosure hardware.

[0067] The invention also provides for a separator ribbon configuration in which
the folds of the separation layer are oriented up and down at each edge. In cross-section,

the separator is a “Z” configuration with a defined distance between the folds. This



interior contents of the cell. These cups nenbers
interface with the perpendi cul ar el ectrode nenber of
wa@p@sheso2®l ectrochem cal cell to serve as bot hP@Er/US2008/002782
current collector and a cell termnal. The positive
el ectrode substrate IS essentjaJIy of the sanme
as .l m nal..surfa nd the
arra TR G35 14 WsbRE ElesltBod FR R VuuT e Ry (Geeffigr and hetps o
ensGi@Be PEHiROHiAg oﬁﬁletek&btrﬁﬂﬁaddd\/s@pixﬁfomiﬁﬂhg el deBlGRindibig®peration.
positive is generally alum numand the negative is
Thiy abignmgnt gids dp perming adlardis eell-Ri bbon cel | assenbly is a
disc that is slightly wider that the distance between
[006296 par aJl"lll 1nv§ﬁtf<frf"‘&?133r9v1dé B cRESEMP lc@ﬁtgonent \ehich can serve to
rrent-collector cups to assure contact t
electticadlyrreniové arlshormdmtdeeﬁ&oﬁse cél@OP&IerHHsig them/lecttcbmdﬂ c@hponent is

| de hi d .hi
e poded biBin g o2l aRdprrtab S TEn s WG R BotcreRt Hﬂgé?{ el for
easd OGRhAFEcturk) ?or%%hﬁx?;l@ﬁ}emﬁﬁ’a@i' dhd YelCRHAREL afl A e{%ﬁre?es-

Control of intern res ure and rralnten nce o
embygimensta cbo@fssurtlélzgéfomemovlhg (bughodreiceiting) thet domoperatike cell.

. G be acco essure, such as a
simily s EFERERT R fetdh by p R b En gl BrOEhes B Prtefinvoliage
contlftiogs.nal pressure is handl ed by rel ease via the

peri pheral seal, which can reseal after an event.
%ﬂ071] The |nvent|on al so provides for an augnmentation
[00e}] passi Ve mmentian alsmprayides abuben-tine agllgaclesussr Consisting of two

oppggg% Eﬁ 2llc Sy%tg;t%g\}gielg:lhcyﬁg 918&91{351 S)ﬂ gofalt | igﬁ)rﬁg:g%oﬁlgxewptﬁ p%'iyymenc

t I SC
“Ut shapatbgdsheted tioomitenddgeu s ghﬂet fdrthed fdrmsexdasftiphl seal for the

mteic[:-tgglxlgggqts 0 as vigHe ' %"grlgsaetsc?{gﬁ ?r{q%ms el lltn&ﬁq?algzg E}%&l&?é ipgq%yrlilgilcﬁlar
ele@idAk AT of Qﬁkqﬁﬁielwﬁ‘kh%rflf&m éﬂeto%leﬁf@tag 8d8/ a éﬁ—ﬂﬁ{t b ®ctor and a

interface. Furt via flow passages betwee
cellfterpapalofTheposivive eleatrodd Substratenesetialkyatf theesamveainatetial as the

PG NI BH RIS 414 BE PR es s P RSct o RoAdre Ceme
matefi§l BHRCAELQAGDE Mrfmfhal I8MARE ST he[&@l?l%]: ifpdnetdI§hidirh RR@Nand the
cell configuration according to the present invention

negataye is geeers emma Tbe Rotled-BibhonasH assesatily promaisc dfat issdightly

. b bst anti al |
Wldkg lﬁhgg t?lggle IC ;%%t\geefgﬁiﬂarggel sgrl'}e%/es 2 tl%e ass?mgleé l‘j}“FS?]t Xolctor
cupdto é&@&'e%ﬁtaét Mtﬁﬂh@el&¢tﬂﬂie€oﬂ ghbstratedr t her t hese

stackable cells, preferably having 125 cm di aneter,

intercell contact can del j ver .t he wer at .the batter
lﬂﬂjr‘ﬂver f r bhg et alsg providesa hughsvol %srz apd igh C@prcetyttrartsry

Ble@by Stadkitied FHRAHRL ofurtoRI|de/cdlls toletterd THE s 4% fificall
asséé‘ﬁegt r odél l}ﬁgct rol y{veo mat eri a § sc can produce. a tﬂ:ﬁca y
conpé¢ajer iniseeps. Costroladvantnabgss mesuschndnmh @igesanae dflventaed pressure
between the button cell in the stack can be accomplished with active pressure, such as a
Belleville spring washer. The specified limit for internal pressure is handled by release via

the peripheral seal, which can reseal after an event.

[0071] The invention also provides for an augmentation of passive thermal
management of the high power battery by manifolding cooling fluid about the battery
stack and between the disc-shaped cells. A thermostated control pumps the fluid to

external cooling such as radiator or small refrigeration unit. The cell hardware pans of the



managenent. The roll ed-ribbon cell used inside a
stackabl e di sk cell housing will pronote |ongevity of

w0 besaowest |y battery materials. Unlike the prPGIEE2008/002782
jelly-rolled cells, internally generated heat fromthe
roll ed-ribbon cell can be drpgwn out fromthe ceII Vi a

o3k GBS RSB SRS B et

F urﬂﬁﬂa)ﬁaiﬂéw paé¥ages Bétigby thetfb@s R eisccthlttonedells, adbreldirect removal of
operated w thout the need for active thernal

heah’ér@ﬁ@‘@ﬁ%t. [0074] The enl arged cut-away perspective
viewof FIG 1 illustrates a cell preassenbly 10

ited f IV hce: a
0074, ary, P eI ARl SRR o K YT Glbt
conptrgdma ant) litg eldetropleemitaladeivicgs.i ncl udes al ternatively

arranged generally parall el positive el ectrode 12p and

00PG0Er 1A e HBeGe i carlrfioB Rb et ioRia e frefRb g can

rele@de AodeB1108YEoSthbsretitH] %owleﬂof e 3.1k dga‘iﬁ@eﬁ&ftﬁ)ly& Rell cREABtry in
anode and cathode will "al so be used for the

subétawllyddzgsr C%lbrﬁ,fvﬁl'lbﬂ Aihmaeaqztlyaw@eawlsg/ curgentyef 100a20¢ Adrom a
singl err AL s ac bl ¢ %i fefe a vmg 159 ¢m (lillarlIJlSé err 8i‘ﬁf:f::rce:ll
gFk el é Y8

em ca ery

con&epaeﬁﬁddl)ﬂvéﬂhe qiowek ¥t e béttdrs 16fel &dm MBibaAttEYREHThAlY eMoreover
material; the positive and n;}gﬁatlve el ectrodes 12p and

effegtivie uyeeolar giben ampentiof castly lithiaded NiCe oxislclestioge/electrolyte
matgﬁalg hﬁwdu@@% s%?ﬁicraﬁ{ éHsPé‘&‘Zafx% zﬂl% aca%LthrlQqu ?ﬁermlals of

ectroni cconducti ve materi act ua eria
mardgesientc dFlmmHadl-Slbbam celepsaddngide & bﬁck@bﬂ)@dl@k cell housing will

el ectrochem c atte The e tro are gener
promgfeslongeifyof, é@%f@ éast@u %%Tepémeaa Uplikerihe BEETaE iélly-dbitea
cell§! 1ﬁ&§ﬁa@f§'€geﬁgﬁa€é’d‘ h%'at fr6thafP l'(ﬁ&dngb%‘ﬂ'cteﬁkelaﬁ b@ h% Qg%m the cell

Include’w thout Timtation, 10 m cron
via flaart ¢ondmteon paths thlhoutecsoﬂnmbe haartd;enmave mmpcabus Due
thecnfi uration of the cel | hei r
polialoy P RRPR BN S fler AsoBiingDs edesat erllsens bg operated
withif theasec@ FoPAMvE itRE@malBlan¥dtntdht.general | y has | ower
conductivity than netal foil. Preferred materials for

the cathode are lithiated netal oxides while preferred
[007H: er i al She eplagged cuhdvey perepectyoweWaRfdiIor 1dHugrstese cell

preisggrz l\i@‘gstutﬂteg Itf Cf%)ﬁg?lgshﬁg q‘é&:té&?ﬂéﬁ%&l (?JVI&I ﬁ@%éy%?tgﬁ?, fuel cell,

area er cent
senioMo%:aﬁdEEr ('Plod yall prghdsetbly Fd smbllﬁéel.ly echudeKyherhatily arranged
m El f tochem US. i nder matri X. 05|t|ve
genswag‘atpﬁf?alé %vec%mtaqequlgs amﬁ%ﬂ%a&ve&#cwg%& a separator or
eledTRORAE HyRPM4 %t%@%ﬂéregm &ﬁe\ghﬁl 1ﬁdll§e) fofnﬂ f ala ma structure.
el ectri‘cal conductivity. Bo el ectrodes are app

In this dascdsure; yhettormhquetaad catbodcsw(lt #lso balulsqd fod the aiccmmdes,
er f for t ative el ec

d 2
sonjamtipe R Rec il seRgags BhpL dealgter duthe

illustrated electrochemical battery dev1ce, the separator/electrolyte 14 is of an ionic
conductive material; the positive and negative electrodes 12p and 12n are of both ionic
and electronic conductive materials; and the terminals of the cell are of electronic-
conductive material. The actual materials of these components can depend on the type of
electrochemical battery. The electrodes are generally metal foils coated with particles of

the active electrode material. Examples of suitable electrodes include without limitation,



whi ch after drying adheres as porous |ayers (50 micron
thick each side) held together by PVDF binder and is

wo ag08nodord i | trated with the el ectrol yte. For tPET/LIB2008602782
cell chem stry, there are two major types of cathode
material: Lithium N ckel - Cobpyl t Doped Oxi de and

Lithi ngamnese y Spi othc SItIO r
10 ikt APl ARRERR RO 109 e fresisiicd S EIBREHPL MR Fleo te
conB@tadosf the présenfiells, 1663@16@"&110&%EH RnihlsthéPRaterials can be
respectivel The preferred conposition is Li Nix

utiligeds ypctops %%lqmﬁb@ mgt which genegatlydmsdowercopdpetivatyithay metal foil.

r B o 2B AP R ol SRR Bt o

the dielesepedrbdand/ér graphiygi cal [y a m croporous pol yner
filmthat is required to maintain physical i ntegrity
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per&ﬁ{ %ftavﬁgéhgg{/@g&/ @Miﬁﬂ?llﬁéﬂéﬂ@?ﬁ%’% @gﬁ(gﬁfg’aﬁ?&ﬁ EIf

Atobhnm HISA) bllndwal)latrpoliihcmqsrtlv;‘: ielegtridoaino athAFBC\N(’/o garbon black

(e. gégg\%ia m cal W%W{\ﬁ c?rt(t %Eq.ﬁ?() for e?ec?rlcal cbnc?uctlwty Both
eleclﬁ*oae§ dre fabb'l‘i’e”m% 8¢ SdHhedh Qalofal1 6l gy pichIgfTeO Mickoh Ql'iicl{ ﬁopper foil

M | waukee, W sconsin). As can be seenin FIG 1
for hesiegative elentrode gad 2§ anietoadhick @bsnmwpa fQH(fOIlﬂ_’lﬂ pesitisg glectrode)

whi?fﬁXﬁe ddrgltn ogggr%s %g&‘glel% 3! 0(?@ 1cro l%ck Fa(ithl € fh%id#?) gther by

el é es ex epara

PVDBEY@idePadd isdattr (hiiliated uith ths el@cﬁolm R@E‘ theolision o R chemlstry,
skilled in the art will readily be able to determn

there e raemaior sepes ohgithodmatsrieh Dibiter Nicksks obl Roged Oxide and
Lmﬁ%a%?&g?nsé%ﬁ%%@ghg gpgi% {s?@%@dtpﬁg P3SN aiiblE HOHTPEIC Ebrp.

ness, separator
LitHitnh dkimeGsstamid, IO 8054 a5 Ladtro Plysic0N@ lanadlLeotfo Phws 300, respectively.

ThegREtE SR RATPOHEOD & b1 S is S 5 HEE® Do DR e decb 18p0-1<r<

0.3 aaﬁa@i M@Qe g)@aﬁ@ﬁmg $hdesmpEGtISNLiMIRIO, if MheREDRL Mifratio is
‘el ectrod n extends to and al ong the sides 16n and

1.02-806: 1he positive el ectrode 12p extends to and al ong
pan of the side 16p and the separator or electrolyte
def th de, 18 d let . .
[Oﬂ%émaleni‘j e e §epfelw or 4&2 ﬁp&gﬁily allghc?sw]o(g&%%ol)%?ﬁrs ﬁt% ﬁ'rat is required to
maiBfa8apHRHal Mlt%} Wftblhuﬁdét ifg O nécheiicMMmartipilaliéns to form the cell
el ongated indefinitely. [0078] The cell g{reasserrbl

preagsembly 10| Hreferaly. separatan 1hés 3 mlw@ayl@pe/aa pranydene film known as
e f

CEBERR b3S gRY OB Pt SEINCANER Lo TSI Tl i)

polypuerid filvh knd')Wn as NABION® (DowCheatitd Cfcmlipnnyt t. é)otltsuﬁhssouri) or
and vvlnd i.n ribpons, The ateri al

PoIY By ERcRYif M8 IWBHTEP g BRoTR PSRBT Lt raicr (S Rlarien,

Milwaukee, Wisconsin). As can be seen in FIG. 1, the positive and negatlve electrodes

12p and 12n extend beyond the edge of the separator layer 14. Preferably, the electrodes

extend beyond the edge of the separator layer 0.1 to 1.0 mm, such as 0.5 mm, or more.

One skilled in the art will readily be able to determine the preferred length which the

electrodes should extend beyond the separator layer based on a number of factors

including electrode thickness, separator thickness and the physical requirement of the cell.



or as a powder to be m xed and fluidized with a

bi nder/sol vent system which can be extruded or
wa@elsavdoeel y tape cast or painted by stencil WPET/8S2008/002782

needed. Powders can be very fine (1-10 m cron size)

and when m xed can rmake up 6& 90% by wei ght of the

e R R e p—

has gpgosing s’idésutﬁpl’la@dpl(ﬂny&md?wpoain@%l&k 18E¥h&18n. The negative electrode
(ponV|nyI|d|ne fluori or thermal settin

d
2nextengs tosang alppg Sheétﬂ?étl?g ané lglhéhe E%ﬁ*ltl‘éﬁ‘e@%fﬂ%é 2pyextends to and
oY OR0 LA 0 b P B8 Sl RT3 e B 10

and memlpmnesahé kqmarmdémﬂ the sitlésethn, ¢8i and) b6e drheeoellrprdmiémaly 10, with
ow t enperatu 6%9 A cell preassenbly 10 can be
th‘SGH?SPéECthfB‘oF\aI} "s%le‘ga& tdefinitelyt er core 24 to produce

successive layers 10a, 10b, and 10c of a rolled-ribbon
(003! | . Flfhe &1l pﬁ‘e&kséﬁlgﬁftanaydii%elfl ?rﬁe'n?dral’{é &N b%%i‘i‘h&gb§' B&apting

el'ectrode assenbly 22°coiled on itself to define
otherpisegdny¢risipnal techriqidsarfhaanateriad$ formentlectrades of t h e

el B MR P4 B OB ¥ o vin

thingitdohs. OURe édnﬁ t iatdriafof the dleRtrd8dsalah Yl sT-Iettvall M1k as a liquid,
ri bbons that have been coated with a thin uniform

or ap apewdents hegningd apdl Eluiizachwvigk  bifderselvens systews whirh can be
extrgg&{ ércs% e%tlg%lgf gél]% cr?% (ff panfﬁg&1 ?’I% Ft;g:ﬁ]():e(ll gfhgr%%%geedrhl’eowders can be very

finegll AOthieeen $ise)pindpatiendnixed aalﬁ)ﬁiaﬁé ub 68O Ky Wetzhh dY tHeGnixture,
about 8 wt % PVDF di sso] ved in
the bindegstokyant making ) thaibatsres (prqﬁ%@bbx dhout 30fé) nBindess can be selected

fror% X%{l‘)&? 1'n¥%ﬁﬁ%ll\g§§tflg§§veﬁﬁg{o m%gﬁ?%‘é‘% 'i&lﬁé %‘lggn&ié' %Q)l?xgler), or

therpat sétthgeesat, bac ppdyisabutylend that canydet rap &3¢y (I]:ipmieneriz'ﬁﬁen. A

.onpl et ed de ribb hapdl ed
plasEiPivBs SH & T s ROL bR R AT 48 alit 53 sratsroo be
medpBhiEAYy Wokied (Rﬁredgkbif]h?gékéa éﬁﬁla%ﬁ) Mb{vttexgpér)auﬁ&@l osures

for edach cell orm ng of the cell preassenbly
10 of the present invention can be perfornmed as
[00TMpi ct ecdAicall Pre@sse@hjy 1P ghube gOléﬁdSimOIﬂptSdff abeyfaxcgnter caet 24 to

procll ggﬁézclggs&{]ﬁr})' rpsglg)gia e PB@E dl nI%d rﬁ)gngslgg t[’ﬁ%ls 1p ght side

fac1hly\ﬂé®&hd)\)hdg&hé ereﬂﬁddé/\asts&nblymf@illeg oh i€l to détirfel &Folldd-ridbon
single cell preassenbly is illustrated as bei ng wound
£

cellwrran%ﬁ%iﬂ Blembigne) ok qutyp%)ﬁw@érf%for@mgeanz@iecttq«; i device
accc?thﬂ%'t@tﬁi?‘lﬁv% n?gI | menbrane. A cell fabrication
app

ratus is typically located within a dryroom
contains three reels of ribbon nmaterial to supply the
[00§si t i vchurIeaempbadﬁ;e alegade vibbeheinthlGd2 aaamisxmﬁpmeml(fml ribbons

thatthave Eeen coate% with a thin uniform layer (25 to 100 micron thick) of active
electrode particulate (~400 U.S. mesh). The electrode particulates are held in a matrix of
PVDF. The electrode is prepared as a paint-like mixture having about 8 wt% PVDF
dissolved in NMP (1-methyl-2-pyrrolidinone). The electrode mix is typically applied by
doctor-blade. Controlled drying removes the NMP, leaving behind the electrode particles
attached to the foil by the PVDF binder. The completed electrode ribbons are handled in a



[0082] The nethod of formng the cell as in FIG 3 can

be reversed to permt the el ectrode and separator
wora0s/10®ks to be separated for the purposes of PCPIUB2008/002782

mat eri al recycle and/or rejuvenation. The recycle

materials recovery may procegd by first poppi ng open

ey 5 SRR R B N o b SRR SR Al oheratty
sealé@CaiHipht)dMR10sies fhradacBasipes expand to push apart the

tel escoped cell cup halves. Then, the ribbons of
el ectrode and separator can be separated wound to

[008Y c o nmo dirmning ot the cell pregvrambly 1 8 o theinsesent mysationseandgn
reRERBERIHH 0, oo 550, L SALEGITS OMERgd 8
and]s[i@l.ng lﬁ)a?eledtﬁdﬂearldp 106 12kired eppdyity foldhef tHeaeparade 34 13 pically

periDiped Hithe e b ,@\?Lif off FE SeaFhelsresliGueamtarbizs ifstated as
ben{sgg\ggggii l??‘ Qﬁﬁn&&? Yentdd cbie 2’33%‘?1)#{11”% girex fe@blﬁz?l éell

step 10 under|ying l'ayers o

merGbrage.| Aopgllcfabﬁi@penappar@aladhams sypitally)locatedawithohhediyvem,
con{ag\%e gg&(lggg“ IH te ﬁf@rsggallyghg&to%ﬂtﬁ%gﬂg%%de r?egatlve el)ectrode
andeeﬂ,mom thedeABddrl uoride, e.g. KYNAR(r) 720) the edge

of the separator/electrolyte 14 to the edge 20 of

t he next successive separator |layer to seal the

[008Hp aFka wethed of foraripg theeqellrasin E1G B canbaceserseddg @emnit the
elec%r%gg tch? %pélga[tgre%hfg?la@ t§ % {'fmgpgaéﬁ (ll korqg{'}))&‘ggiees o’?ﬁgﬁ %]%Eér% ?ecycle

and!’d’ﬂfrqtu‘/@maoby Tht i‘f&iycléﬁﬂitSrlél@ @éco&é‘l@\méy probéed by ﬁrst popping open
ar at or/ el ectrol‘x e 14 seals with the unde
&

the aﬂfla@emg asdp A1 GiTor A expediensmathod tRop apart ﬂaﬁw‘c‘:f’” 10 put the cell
unr@sglfaﬁ'féh | 18)a¥uGh 0988 iktbfhal E%?/esoéxptdﬂf to?}?%gabé(ﬁ {1 t‘éfets&ﬁ)qg ell cup

to have them open o to one wher eas
halveeg dhen,ehetibbénsadedecirdde apdseparadtor dao belsepayapd siaugd to
In form ng?the el ectrode assenbly 22 in

si de. LO%&%
accopmodpte APReT JeAYRREPIOCESSHE | bhonl i ke el ect r ode

el enents and the separator/electrolyte el enent are

[0083]i ant, AeBAT B tén TR PEEH 40indt ) ehesdetidde € 128 hivd/ £2n are folded
mat er i aI of the electrodes or seggr ator/electrol yte

intoethp sefdeaion ki yerssawe steps AR 102hE04wid K. di:rhferarl%ﬁttheﬁlectrodes
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electrode edges to form a flat disc. The guide can also serve to debur the electrode foil
edge and can also be used to remove electrode coating from the very edge portion of the
foil. This feature aids in minimizing the subsequent contact resistance between electrode
and current collector. For designs with significant electrode protrusion (reserve capacity),
the guide serves to bend/compact the electrode edges as the disc-shaped cell is wound.

Preferably, the protruding electrodes are bent in the same direction to provide a common
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central axis to form electrode assembly 22. Inner center core 24 of insulating material,

separator or electrolyte material can be used to start the coil so that the cell membrane can
have no intermediate voids or gaps. As will be readily apparent to those skilled in the art,
the electrode assembly 22 can have any desired thickness or diameter. Finally, a plastic
ring or wrap of plastic 40 (not shown in FIG. 2) is used to keep the coil under rolled

compression and from unwinding.
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enclosure could be made from conductive plastic because electrons need only pass through

its thickness and it has a large area of contact, such as to the next cell in the stack.
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[0092] The total interfacial area contributed by the axially overlapped electrode
regions can thus be made one hundred times the total interfacial area contributed by 5
transverse regions, and accordingly, this cell configuration can provide one hundred times

more electrode interface area than the simple area of adjacent planar current collector.
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also be an adhesive polymer, such as Surlyn, to seal the cell without pressure-loading

where a pressure-release seal is not required.
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conduciivemalerial ean heoBirepAsed betnogn the eiectf%ie?’ 1284 A2mand ¢ups 28p
and5|8§‘ The cdii réﬁgm&% 1B Qgi g {tho Gelpg? i g{éﬁé@aﬁ? récﬁaltcﬂrectlon
ave a series connecte atte ’hat to’ I ncrease

subtthletlalbl pazg kel of thelapd2’y ael 283yarﬁitth€ kepagatdblh@ aledttodyt8Q4 therein
and then constrain the single unit The cel | )
asSYRG\A Y¥apenting ﬁﬂP@%‘ertéorb "I‘tFenGgltq een IBG’EIIYa‘Hd Qe tion and
tranQWrﬁ@ﬁtthQ BhRett-collb&ors! aInH %Bfn Fedh QHRSY A0S ASbs8d Benerally
bi pol ar in nature, each nglts opposite faces
ax1aib'rm1dctf|snglltm1®rposs dlsmseémjhaibgat ive el ectrodes 12p or
12n of the adj acent ceI I s The endnost cups 28p' and
co rovi de faor
1008, o VEEH AT Uit @330 a7 Bk e 1S haRE yp dprefea
ele&ﬁét:ﬁérh@ﬁl dteNdeCRFas illlistrBe AFIGE gUTEEEbrhidh application of the device
el ectrochem cal device 46 be made up of a plurality of
is telagveq sgpes mcwa\haﬁgm that isitel ingrease thei vadiage ef the device, by

t 2
s 0P R) g FRECoShaRL A BSTRIEIN ol i
cumaﬂatt\ahieﬁ v@hﬁg@ﬁﬁtpﬁtdﬂd&ﬁddﬁlmofﬁlﬁmﬁ loufpluy., Thélﬂlustrmeé otips 28p and
col|ector would thus take the place of, a,ndéﬁ)erform

28n35 SPRIT A NAYITS, RRCTSRATING HiORACSHE Eges eqniReting thepepitpyrand
negt? ivd é]@ct $198 0 82n bR QljabERRESs. V"Pﬁckeddﬂlc}sh@ups 28p’ and 28n’
& 0%

ectrocheni cal device 3 ustrated I1n FIG 9 occurs
conmewrmmais 4fipeandr4fingd provade foeeweerl timepten bf the edavttochemical
ative el ectro es 1

deviigd spipat tietsodt BaP} et tafdetBorbsmisal dpyicnAghe made up of
a plaladiey HPOIsBOCeRATRO\hdividual BdRfigk 0de A 1RBshtively, each electrode

assembly 22 can be separated from the adjacent electrode assembly by any suitable current

collector. Effectively, the current collector would thus take the place of, and perform

substantially the same function as, cups 28p and 28n of the housing 28.

[0099] Usable work in the electrochemical device 30 illustrated in FIG. 9 occurs

when ions are transferred between the positive and negative electrodes 12p and 12n via the



the adjacent electrode nmaterial |ayers between the

termnals of the cups 28p and 28n. In a preferred
weedpsdogeent , both | ow resistance el ectron and PERUS2008/002782

transfer fromelectrode to termnal occurs by having

el ectrode substrate and ternﬂﬁal cup surfaces being of

sepird i S0 IR PPl b P e el ElB e SR ¥ eprrodes and

the bdjaseny elentrbdd hlylteaﬁiil%lyﬁs&)eﬁﬁeeﬁhﬁé)tehﬂﬁﬁwfiﬂlhé caiMVi8peand 28n. Ina
with el ectrode assenbly 22 inside each cell_ housing
prefgyed epbgdisnsnt) Bothy fow Frsistance elegtrop apd heay .tﬁatl%fﬁyfra@seéwoge to
t
terfihaf AERE PRind IBARTRE BRCNPUE B PO, SPERc{ihe bfite same
mateha. Sdtltarkatlv[el}il, @0ps IBpearmded & doujd bd speitwelded togetten sifithrcoolant

e 38 Bl S b LS o SRSy 2

insi@é emrdéﬁlhoh@ing R9. GHLERRbIFOf the BhRErS wiflSa RitAY a?&ﬁ}{ﬁy of the

the positive and negative el ectrodés 12p and” 12n ar’e

cooksiné channeladridyhasisimgi cups) egclatel bis pessinttde bpghinatrlsousingreeosecutively
respectively with the positive and negative nateri al

on Bf@ﬁ‘f “and 12n of each cell. Resistance to
el ectron passage via the electrodes will generally be

[016630! i Qi bTee @@ ]mmy efleleOtrorPthns fdr@sies phite &n thEhkial direction along the
sandw chi ng ectrode material layers 12p and 12n can

ﬂat@ee%la@trweﬁ land thecadizcsgeleqtepdgimaterial dayens. 96 serml te he current
I

coll@!ggf;s. %’sclﬁkﬁée'a glgdﬁlaeé ﬁ}\é y%@l%nv}éﬁgﬁ gf:%al?lslre tg%’q g?ngésaﬁp?q%qgﬁ are

eledtidAly] cohtiru@iset bpposieapsrgadst thereofiies pdeeivelgrwitingle pokitive and

the cu 28n i.s i.n the axial direction
negﬁ?%@@@ﬂéﬁ'ﬁtfﬁé rlgf’ gnd ddnpheach celnfssistanse toleqirongrassage via the

eledtfddBs whll ?éHe\Pﬁlygl% %@élgfﬁlé h&ﬁééﬂéd tP1Y H:Crteblgﬁn The sandw1ch1ng

const ructi on Thal tesiStance due to The current
eleatwidk evatarad layierd 123 &rd n qaadieingade! veitle tgkae s tosuivthe purpose of

sj stance. .The r concern is electrpde conta
the gERtSqRIFa) dEViGe: e Qi DUHE RGPS P ol pagactty of the
eleGdRHMAIchMAdwWceLan be preserved or enhanced with a
non- oxi di zi ng conductive paste, e.g. NoAl ox (Ideal
| ndustries, Sycanore |IL [0102] The mmjority of ion
[010Hansf er The electrempaspagedbrapigh theerminakefthe cups 28reand28n is in the

xS, SRV BKE B 2 ROl GE Bl BV BF AP fhcign

ectro inara
elecﬂﬂ@hlk;rtdm&ﬂwtueaﬂohytnmroal IeterriabreksReant€dig tvathe trrémi&olleqsrs will
and.28n. Sone ion transfer will take place al so

alsoabﬁ nagligible pompared feloniGresigtanegeis Tl repter egncerm is glestradgicontact
ontd B ﬁ?dam aFEuﬁ?@tﬁ%\ﬁ:&ofel }ezﬁ:ﬁarl ngr‘dllcﬁ¥ﬁ{' tan mg)résﬁ,f\gﬁ or enhanced

I nt ectrode area "A", conpared
witk o asB-ox@lizing conductive pastt,le.g. anNoe $Idea11tladm1hesr SycahamedE).
agai nst ion transfer in the

[0102] The majority of ion transfer will take place via the interfacial area “A”
between the axially extended adjacent overlapping paired electrodes 12p and 12n, in a
radial direction and substantially parallel to the terminal of the cups 28p and 28n. Some
ion transfer will take place also axially between the closed ends of the electrodes and the
adjacent opposite electrode layers. The large interfacial electrode area “A”, compared to
the cross-section of the cell, reduces internal resistance against ion transfer in the

electrochemical device.



el ectrochem cal device.[0103] Another advantage of the

di scl osed cell orientation relates to its durability,
wa@pasiimeeby al |l ows the separator/el ectrol yt e BET/US2008002782

made with a very small thickness "1", for further

reducing the ion resistance.27This is possible in part

ause

[OIPﬁCt he C}e\Flﬁthg}r/ gcg\gée ﬁ%%? ﬂ‘%rhlgcflos%x %F: l%HQﬁtQﬁor? J‘e(feftu {Z)qfshdurablhty,
and]tﬁemhy alMnes &bwaph&tos/ekbatralyw 1 4toctnt madeywizh 314'e1‘y5‘§lﬁ|all thlckness b

tructural ly separate the electrodes acrQss on

%{‘z‘éﬂgé PpiangerisgtnsThiv i Rospible s partieeause é‘t? Sverall length

of &%Hﬁ'ﬂﬁﬁ ERES ncgs [n ST E%El nt 2 l'tOf]is Eﬂ fil @kh gs less than 10 mm,

fabrlca ed a en COI e el ectrode assenbly
whagby the separatoeklecpolyas lséend:ddystmeturedlyf @banatrahe dleotro@asdtcass only

t of form ng the ectrod 2 reover
thefirhon ReH g ralts . Tofiis SRETHIE B paravse el mispssernbly 10 s
initla@y Fhtbricafdd dndeh& &sitedqp®Shé El‘é@@o&e@éﬁkrﬂ-@y@ oxdt@le IEE’ltl reassembly
10§d§ylre hi ghl y conductive el ectrode curfien

icatpdrin ang asmapatfafbmmhg ity ¢lewrosle @stenide2?. Mdrgwem,ghe short

LB S A P 5 PRI 546047 o

reqlitelBighlyldoaddétsel &écﬁﬁ)de |cﬁﬁ§ﬂt%h@ﬁbﬁﬁipg%&énﬁﬁg or paralleling the
configuration of FIG 9, mnimzes the nechanical | oad

eleqtindes @faminadie elestpdostucauresiand e sepaspior/eleetuelyivgl 4 tedbe made of
ab&ﬁhﬁﬂbﬂhﬂﬁ%hQHé kA0d thereafter under normal usage; and
es

eover provi very high specific output energy and
speci fic output power, conpared to known
[0184]ectro C'ﬁhtm'ixseibsmlbsléﬂmherﬁl&ﬁD&ﬂwdkScdnlﬁgEiaﬁon 9®f F&G. 9, minimizes
| 1 ed-ribbon eIIs consi sts

bat f | .
the 3 utp! opc e FEParRIPTSErO oy TR St Shrinth e formation,
andtth@reﬁ)@e?'tfnﬂ&en&ﬁtall u§a%"e”arﬂﬁlnofe§v8"rbr5ﬂﬁest 9&?’ ‘ﬁ%@t %ﬁgiﬁtc é)rt)ltput

negative cell termnal 48n is on the bot ' _
enerdy andespseific loutpnit phwep oginpiared thkinown ylettzochiematal davides. he
bottomis the negative battery termnal. Provision for

ol i ng eII oyl ded by coql apt
01650 el s RS I FRE, S Epafer ot yPUBlREbrEs T of i Bl s stacked to
buikl vdMage. OFotitlbtratioRpuSase s Mk Q&ﬂtveﬁell&efhﬁﬁﬂﬁ@bﬁ thd ©p&8p and
45 of corrugated materjal or netal ge. . alum num
neggRY G EsdkioTmBALEAN is Onrihe hettasm olbR loPTofdbeHask & the Restiyabatery

tenf?fngf gﬁ@g'![e ; eswlsttﬂé]ﬁ%%tﬁg? Bg}?e‘f'g éeq&r%l e?lsdv?ﬁorlr' fergag?g between

i eées I ent such as i ndiv
cells [30 linpevided byBeblaay chdnaels 42| fog exasple rgrocWIeE romtht figceafdither or

estr pl ates 50 and/ or rlpher brackets 52 of
botf ﬁ\épseféé’anﬂg’éﬂeﬂt R PAELG PeEe 4501 9078 .rﬂ@}e@ oftmgtplde.g
aluﬁﬂﬁmﬂfbet\bgensthéegllssﬁrtﬂ@ Stadl0 BRPLNfir Etﬁt?ksié gzei@fabi)hﬁ?ld é%gether

el ectrode/ current collector cup interfa as vie _
undepcarhpressadn using pieices emﬁslhcmSnathmlétSy suchras uxadltvydual springs or a

nat e co tact.re nce.. [ 0106 ernativ
el R0 BSRGT P i S RE Bl abs D aPyof opsk ppkets 52
of th@tleetrdchénlidhl device 46. The spring 38 at the end of the stack serves to apply
pressure at the electrode/current collector cup interface as well as to the cell-to-cell

surfaces thereby virtually eliminate contact resistance.

[0106] An alternative method to constraining the stacked cell is to wrap the battery with
“high strength” polymeric material. The cells are stacked, positioned at their periphery,

and compressed within a fixture with a hydraulic press before applying the wrap. An



"high strength"” polyneric material. The cells are

stacked, positioned at their periphery, and conpressed
wowdaokitewoas f i xture with a hydraulic press bef orBCT/US2008/002782

appl yi ng the wap. Anexanple of the packagi ng of the

stacked cell battery is the 28e of heat shrink Teflon

h t 4 con

exalp i fe ko 2 it AREEA S SIS oPHTRARIC o o
hold ef $tgik topether dirisproeides deasudas sail. 5- 10 mi croohns f or

a 125 nm di aneter cell under the pressure di scussed

| ow. Cell reS|st1 ce is typically 5-10 mlliohns
[01%7]12@0fifﬁ?tdF%lﬁé‘?¢§r Of ey pressng%ﬁwarwﬁaaﬁ B?Fndfleaswéedeq«sé 210 micro-
hn‘f&pflror 5925 Sarh glz{n?fgéij &'ilqlntdgfthg '&a?&*s&%%&hks%%@io%v ' @élﬂé@%kance 1S
ce pressure. For exa a spring conpressed
typlEﬂQ‘ SIOO nhiblisohmsefbr ai 126 maldlameiplsce:klsm amdmd $mdmamaﬁ g1e2cﬁld spring -
ar ea mai nt ai n all the cells
s 1q fophl ©f geqpiest pliSVagle TReRb el nicsshe £an e Pl soring

conﬂfr@s%%ﬁ@(ﬁ}xmﬁl@h Rsed WRh 81 &gbspR'p dnldPigh ’ha‘&ﬁ‘@ NP ﬁ@lral ﬁga would
woul d slightly conpress and the peripheral "seal of

maiotagr 1 ppeissuall the @eld:seim thewtatkl Kualsiraleesit plyodu@ldantemﬁl pressure

rel.i eye sur .Thi s [l d then seal .
excitg e N Y R 355 H pPEetouly ighle Sofnrets anf TR yiphera
sealSHHRE Yve PResBlifizelnidl Wwoll@ butkegudntiyatiag td RliePé Heivieypressure.

functioning cells. The stack arrangenent al so provides

This _ml} whaldrtben regealiitseld gndarithe sing fareea Popssiredmeld up is a safety
congéerﬁiaggé{ 1;1/00[ g%lh@lﬁﬂeﬁrfgﬁﬁroﬁérmgmggﬁigg? Lﬁ@ s}a\l/ﬁ%en %&Sent also

protided folchdheling b eodlamesuchtad atsiizonp dizsdctric parsfgries y’luﬁf 561
the cell stack. Alternatively, .the ent cells

(Dov, Usfie) Somothe psriPhery w1 eB¢ sidg OSHlepfaH§r=\9§ REBPemge ool] ks in the
stacd {1 Bgf)&?ﬁ é)terl xg%rf heQeMERRKY %l%‘fﬁdéi‘éf@%;ﬁ@ ﬁr@&nt cells when in

measur e t enperature can I ntal ned
opeidfid@ candelyisskelynan pmss/etcbahngt%tiomtremnytopm@n&texmnshreractlve
’.he stack, .even ynder extr erreggovver

nﬂ)o It will be
coofigg iepsren pEhe Tk SmmTER LR cpp By mainteined a1 i risfgo more than
006% &Ry pRRL {Vﬁﬁlﬂ e k8K CRR uhdd AREme %Bw@f' déign 10 Wil Ye readily

can be of any desired strength. eferred pressures
appappt foehelpkilteddn tlasart thantherferdsapplidl todhe vm8y28@ra@ét28;a of the

hou3{ir $Gn < A Yo GBoRen P e DSyt RLRE RS fesiten

metnBerdIBS¢ani Riry Grebll$, such a9 BEie Rdngefof Gedst toSItassK, c&@éndm% upon cell
coolant flow A polyner jacket creating a 1mm annu

usaggycapsul ates the cell stack with dielectric fluid.
Mul ti pl e el ectrochem cal devices 46, e.g. batteries,

(0108 be c Jongd s%ﬁéxnd QFdeys hRCKEhpehbit deQﬁ fack and
%% Rt e VTt Rl i

s an inlet o an inlet mani out| et
coolant floan mpblyamr []I:mkbf akatirfgr 1 aim enndts n@apmba\tamﬂle 5¢ll aradk with

e Rl GRS ot oS e & SLELAS” 2050 Shimes
witRAlthEpdlyRF fﬁcﬁ&l. STHeSadket has an inlet 54 to an inlet manifold and an outlet 56
from an outlet manifold for circulating coolant 57 and thereby removing heat to an outside
refrigeration or radiator system. The ends provide access for the battery terminals (e.g.
“Q” ring seals). As in section 10-10 of FIG. 10, the inlet and outlet manifolds are
separated by means of a manifold seal 58, and the coolant 57 is directed from the
periphery of one side of the cell stack through channels between the cells to the opposite

stack periphery. This arrangement, in conjunction with the excellent heat removal from



"O'" ring seals). As in section 10-10 of FIG 10, the
inlet and outlet manifolds are separated by neans of a
woranusfiagods seal 58, and the cool ant 57 is di recP€rU$20081002782

the periphery of one side of the cell stack through
channel s between the cells t29 the opposite st ack
r r
the Rtk opll Bcbrls, ARABIRE DY tetbebile (BRI Ds iyt a few
degrens easmglrade dtsmgaplabdthmbsfe deamndrfatnutte baasiy: olo ﬁm&ea:hdsure

within a fem1de es centigrade ring typical, puls
PregiReiEMAcTa S RCPRES w?tttee‘fejﬂ 5 mw@ﬂﬁwoa ltﬁewﬁ%ldn@e Insulating
jacKe€s@erature control of the cells, the manifolds could

be encased in an insulating Jacket 59. [0109] By way

of summary of this invention, the el ectrodes overlap
[018Hd oppcﬁ:e wapof awotraey Of)thévrint/hmonaﬂm relqutiemveolfap tahé oppose

ness of the rane
one Ziifer byer T R BhwicearefoBiR Biskess T RRage i ingmbrane
discS 6P& At Kt ABpRKIN ALY tRiceWhé HicknRsE 6B séﬁ?ﬁtbﬁ&e@t%&y&a@'ﬁlch in
In a serpentine manner between the el ectrodes. The

CIOYSSFHANVZZ ZARS Wcserpepsing tr@émerdmté\yeqr @e glectpdest ﬂi)@lgosmve and

neggtr\;e%f%“?%ﬁl\@@g e a?té %@g%ﬁyen tagé e(f*VBﬂ S cl eg"]‘g{}w"‘t rgln 8¥1 with

only Sneexfithe ﬂ@lded%urf@t tbljectdra RS pedtiBRlyodnday eRtef cﬁ;ﬁﬂdhx@l@thﬁﬁlsverse
thereto. [Q110] The conponent |ayers of the discl osed

or eyl perperdicWaiiBEFt@an be of very thin ribbon-1ike
cross-sections, less than 1nm and nore typically

01 t ween 'p) ngp(ﬁleﬂmag@s ok the-m&l@éeﬁ %Flrl g%ﬁ e?r?d?n% CAPES6f very thin

over e anot her over snal
nbbbyfjtkcaclrdw -sbetiomselessithas 1mm aaddndrh eymcﬂltyetmbtweéri 0. 01 -0.5 mm thick.
nbr ane ar, uiLte narrow,

nbl d | ed
TheXJGiTBAR §P1 GBS Pl o FBlI e LG SUBGIY| e DRy PICaly

betwddas] -2 fivh,| SidARE fNRRHREN pRY8Ient B BhdSoifld deﬁQﬁémﬁﬁM@ a3l quite
times and up to approxi mately 500 tines the thickness

narrof, typicallydessahanr 1@ maet The 9p1@sma€é¢qm§e@ﬂmh ewerﬂ)leme @nother over

lenggfif fetbasl SeB IRSHH o % hbiokindnel sHF s TRE e of the

sepdri@r/RRcaoBd inkepodel YRerarwaagat i ve el ectrodes, far
greater by an enhanced area ratio "EAR' than the
| anar area_ of either adgacent current colleqtor.

[01}d112] UEhsdis¢lpssdaelied-pphonedlamebrae ganfigyrationsprayide n
Rk r
e A S rech A L DO R B BB B preater by
an gnhamsed andal ptib dEARY thamihdtphanandreafof 4itlerrad) amant <a1nteat' gﬂtector.
"h" of 0.2 mm can provide an enhanced area rati o "EAR'

o0 P R B ket SR -
forra%1i 6 fOr tEhhaBtePdiBa Patioah Bk Yeptesctd® as EAR=2w/h; whereby a cell
preassembly having a width “w” of 4-8 mm and a height “h” of 0.2 mm can provide an
enhanced area ratio “EAR” of approximately 40-80. By contrast, attempts to overlap
electrodes by using corrugations can provide a maximum “EAR” of approximately 2, due
in part to fabrication limitations including the allowable minimum thickness of the
component layers and the consequential tearing of thin layers at the corners.
Electrochemical devices formed with rolled-ribbon cell membranes configured according
to this invention thus generate significant outputs, compared to a given cell cross-section

and existing technologies.



in part to fabrication |limtations including the

al | owabl e m ni mum t hi ckness of the conponent |ayers
wapasiim2tonsequenti al tearing of thin |ayers BCT/UR®08/002782

corners. Electrochem cal devices fornmed with

roll ed-ri bbon cell nenbranesioconfigured according to

this invention iﬁﬂ§hﬁﬁj | ut puts,
conpared to a given cerhl% gﬁ?@@%@?}mﬁ exi sting
t echnol ogi es. EXAMPLES OF THE | NVENTI ON Exanpl e 1.

Examplailum IBthiued Batteryrfod medd with iliguidlo cgagidnbasedadadrolyte
electrolyte [0113] A lithium organic electrolyte

[011Mttery A;élhmhlbﬂl/@@ﬁml‘: ieB:eﬁ‘oKyte baatery Cal teocomprised or fabricated with a
carbon/graphlte anode; Lithiated nickel cobalt oxide

carbop %Rbé@@poslﬁ,tlnﬂw%awkelaﬁq%la exideI(biCoR- ith gathon)cathode

o BT L YBEIRY) 505 R LAB G AR vt

caerauﬁehglemyMIcuEh:d)nhtel'{EE/EECD haing Hsselved LiRHq shie as thewddckrolyte.

easse i bbon c buj.l t. by .indivi bons
P’ieﬁ%*egﬁ%i%flf’%’e?@éﬁ 1 By Ve oA b Shcctpg aparator
mat@ﬁ’aﬁp OR&H elEétRﬁﬁr&ohﬁ)ogerQQQ)bgﬁﬁ 0 06 nﬂ‘ﬁ‘ %1@1( élm%&i%lde the

the separator is O. mm t hi ck and 6.0 nm w de maki ng
separhtor oVE02 mndtm'elﬂmdﬁg niin Gvidermak thg thqn dveﬁall dbnensiansi7dkmm wide

and 05 BB a5 Dot sarred s aate any Goline kel
predsSdnil n%@nﬁtsélf Appidrifkteldys SHIndifosth # FBt Ehneihekt E}Dﬁﬁ) mm diameter

asse disc. Two cup |ike subassenblies can
electrode wembbuw@c ahwosypdike @ﬁbatsmnl@lle@@an beldittgd gmdwnéndges of

the El?gt?(gffe ;%sémnlglg aftd Efrﬁgei't?&] ?r{tg 54 pg||a éh a(s)lt(ét ?(IZ E.o&tx %Eé)wo cul%g Bf the

housing s Thy &iduid dPeEﬁroﬁIiﬁb (ECIEDE@)‘ with Hﬁ%@l@e@ LiRF, shie id@ifiltgated prior to
sealed . into the housjng which also serve as current

beingsepled ipfp thehensineewhichalsoerigas cyrrapifollectopistainsse pluminum,
f
e, SR e SR SO rel Pl by OREEISt cos

stackedatokfoah aGthttefy. A Glack ot 60 0f syohebuttehltgpecarils pan pralédena battery
battery. havin m pal out put of 200 volts under

havigg geomie [RRPU ] 20H [Volkh BndiE POR B WPHY ¢ out st andi ng
heat rejection for good passive thermal nanagenent.

[01H]G 11 Tife @IS leRRibitfdueiaddiROh M éctioh or St 144108 tHefmal
cross-section the arrangenent of “el ectrode and cel

marfagemionalr 16hat 19 ssiophidigd idiagram of hl@rstiowingin ¢repsemctlgm the

arraf)igeerﬁé o?%Ee* §a$ %?’q %cflth éw%r%gb a?c%‘lglﬂgﬂytg%f gbﬁxpgle?ea?rejectlon

- Ele@fsdletribbahdadt @8 @bblinglfiss t@&hﬂnoh@h@hﬁ@foﬂl e lCel @fd antBade by large
sink, and heat need not exit the cell by crossing the

areacganggst$hort patslengthG The sell hardkvarnects asasheat sinkyanst heat need not
exitGfil LelPlY BrobGRP RleAEHESaMEasUr ement  using

[0115] FIG. 12 shows the sensitivity of a cell skin temperature measurement using
a J-type thermocouple. Excellent passive thermal management of cells enhances battery
safety. The cell (undergoing a HPPC with 60A discharge pulse for 18 sec and associated
charge pulses) has a very manageable 1°C spike in temperature representing a negligible
safety concern. As seen in FIG. 13 even with the much more rigorous sustained power at
100 W (8C rate) to fully-discharge capacity, the 7°C rise in temperature still presents only

representing a negligible safety concern.



a J-type thernocouple. Excellent passive thernal
managenent of cells enhances battery safety. The cell

w@ avdaoges ng a HPPC with 60A di scharge pul se fPCT/LIR2088¢02782
and associ ated charge pul ses) has a very manageabl e
| 0C spike in tenperature remlesenting a negligible

e, MGl S50 TRy bRgE G

rﬁeus St
ful ly-di Q2. capacity, the 70C rise in tenperature

i opr nts only. r esenting a negligible safet .
[01 i‘g ncer n. fr’éorﬁf”){‘ﬁ ieﬁ’)#rﬂﬁ?%gﬂeg’f S‘?a'\r;\%i’et ‘I‘?"i%?r(‘ﬁ?ﬁ &r Tabrichted as in
Exa®l€1 I Oi-ydreceliy @r@iyﬁ:ﬂi’aﬂ?q‘éﬁf%a&UQH bh QHEhBd R hatH OHESkd metal
A'lithiunlorganic electrolyte battery can be conprised

oxidgy pasithiei edestrode and carbpx hlagk aegativeieldctnde eAlIsithanm salt, 1.2 M

. i ¢al l abricated,in.an uncha state .wth ) .
LiPpy B iafed kg Aol ) BT 308 ikt 3 EC-DEC i
ethydérCdaria@ad: éthginedtid tch@date Mrbint ENIBBi&RE L USA. 2rHd deil REfhitially

I's dissolved in organic carbonates (e.qg. ECEMC 3:7 by
chargsf gmvhichHle fzore thmetal exide positiMe farms Beaa@'ethe carbon negative. The
: t car [ . ! .
oot G0 FOTRA Y CRRIRD Phort O THE ARG 1 RlEpie Rk B major

typgsagfintdteréal f Dithisim fiCkel ajobhll @oealr Oride asd hithivén Mengaest lOxide
has_ahout 4.0.volts in jts ful charged state.
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Spirglt RoHecqmpeseinsasyayailahlertipm il o Compddiwn Dyt G#ania, NC
28054 L LEORP K %go GRe i'eEtIr@PRﬁ‘éo@,’(ﬂe%cﬁ{?Q?'L%Q ‘cffposition Li Nix Co,

Manganese Oxi de Spine Bot h conposi tions
M, &y & Whiérk dNifxr is 9. 630G . y isilt hysh0.B) and Mbars (ogi Al) ONG<z<0.1 . The

28054 as, Lectro Pl us .6 and Lectro Pl us 300,
comrosToB VRO S Bere Sl dn RS U0 Q6 chy We 02 i
where NI x is 0.6<x<0.8, Coy is 0.1<y< 0.3, and Mz

[01{78- 9. Al Bot@.M&tbdes donsist BENiIGRIIRESdE! ﬂr@aﬂ;ééxivwg ERat areMe®d Fh an 8
2 Li:Miratio is 1.02-1.06: 1. [0117] Both el ectrodes
wt7e BNDIEstpobivimyligene fnprde e KX NSORET20 (HihAtephem, BiSA )ibinder

%.:RV] i ' fluori de , B r
maif3 TERPYREIERPI U Y ATEE it Stk e MEGIB of C-Blacg
to pedvidd Inofkasal electeiodlicdhtict®itwt Bottaglbetrodek afkapptied as MMEry to the
or C-Blac to provide. increased electrical

k
metaliodls étefp’wzly a 18gnisron Bickcopner caildonihsinegstiveselectodgapg a 25
' | % . . . i
mickdh (hER FAoR ot e sty Bl Bbld) il ol o ks P BBLs lyers
(50 Aicronithick eact $ide)tetd tagetheebpPVDRIgindevhisibh & lner indiljrated with
the ﬁdlf?tg(glg%g 3?1 ﬁlgq(,) ([,egt: %lﬁ%l aypﬁ%&ﬁ(iéjﬁn\%ﬁ%%?@]%&%)@ %q%?ec(ij fo?lls)da?r% separated
by thitkdddrs @ Sflydh{end/PSlyplpGieh mbi&iald HF 1RiG6h thicklRE€S®hich are
el ectrode |am nhates e'el eCtrode coated foils) are

infiketed witle thenleatiadytepor ous pol yet hyl ene/ pol ypr opyl ene
materials of 25 mcron thickness which are infiltrated

[01 M]t ht heTh“a’lls %efbtrlrc%{ix}l/gs'sembly operation is usually accomplished in a dry room.
Coiling the cell preassembly on itself approximately 350 times forms a 7.5 mm thick by
130 mm diameter electron assembly. Electrolyte is added to coiled cell assembly with a
soft vacuum. Two cup like subassemblies can be fitted around and edges inserted into a
peripheral gasket to contain the disc-shaped cell. This cell has a cell-housing composed of

aluminum parts. The total cell weight, including electrolyte, is about 220 grams.



[0118] This fabrication/assenbly operation is usually
acconplished in a dry room Coiling the cell
woe@agewedbly on itself approximately 350 ti mesP€DURB0§002782
7.5 mmthick by 130 nm di aneter el ectron assenbly.
El ectrol yte i s added to coi I3 cell assenbly with a
ft vac '
0188 g end e ghils S8 it LR 3R g PP sfi8a BBl ioh bBfer pulses
of 300W ati acuriemt df 500 athppeSuahed dell idhlss capdblle bidsccapting pulse charging

cel I - housi ng osed of _alum num parts. The tatal
at asgny ar\n@“@ﬁ!evel [ nihass |aFf‘gP“éf‘¥EllaP%ﬂ sﬂtpé&%rlgs afistaress er batteries in

hybﬂﬁ%[&tri%%lef‘ PRl by Cf?%ll I:JH %@aﬁg?n%ﬁﬁggéﬁpo?;u%aéw 98% of

generati ng secon ur at
theaxretoaat flentasxfnplé)ﬁaxaﬂpisale&mdbtat cell is also capable of
accepti ng puI se charging at a si m I ar power | evel.

N !

O TS, ¢ e B e RS G 3BR ot Aikf Bratr MBI apdPitain good

spe€ifit bnagyaewxln@g fMGTﬂﬂCz?Rhgorﬁ:&ﬂbtoébrﬂﬁir@!; theRB6IAL energy of the
theoretical froma si araIIeI el ectrode test.

rolledyriblnn crileyigh eéme@tlmggbﬁhed @m@twdrlg-lhm gell. pBWehlgh specific
pov%?% Al'(gt gsu%ggled Z)togver fltgtﬁg %CSer% tfl? ﬁolﬁ Shig cy“ﬁ S 9c1ﬁc energy is

e eC|
appfdxirhhely dﬂdb@thélrﬂh@&oﬁﬁédno‘ﬁhlt d'pnal Weﬁlﬁi'ﬂ;i y)nFUélll IFEGBGS is a cell
spiral wound Li-ion cell. For high specific powe

voliggmandgpriestploavhcimpindhe eall wndsranmg ad @9A (26, rate) 18 sec
dlscrélg{#oeq'h%'cgﬁ (Pngn(?l@é {hlsc‘HP?Cf 1e%@ GbSM doﬁbl@m?g @?iﬁﬂa% %ﬂl within

he nore-conventi ona I ral woun
voltegéspetHidatioms Qe to 4.dvbhgle Amnid e&amnpkenlt terhpdratusge rigd iIs®f negligible

for t cel |, under 2 ate) 1 .
CONGRTA 9&%@ eriperesk g h ﬁglﬁamséglefmc(v Bﬁg‘cf iﬁﬁ G¥y i FIG. 16
the g&ljﬁélsfstl{/ﬂ? at ¥ Ptirfcﬁt)n ro?Et%teWﬁ{ clhal‘@et@hﬁité’f’?itt aWﬁereas the 40-60% state

speci f I ons .5 to 4.1 volts). As I n exanple 1,
of changp @) region ﬁdﬁlls Hd?lPCntegI goglsibetypiatepiral wolnd Luiidrecells, the

rollpReibhSH botf RilkRIGIHRC el ELtoF AU SRR @Y idipe 3 times

refibr whble@eNicapdtityd F1GS 1 9 gives edidatce GMW%%&S Bafid PoGRfor these
s state of cha}r9 (SO0 rglonfulfllls PCbtestggoals

cellp. x4 kkeallhe p(pli #l pubisdradl IBOA (DI eade)l te previde in excess of S00W. The
Cellfglk'ljﬁgfé}é St%%%oﬁl%l 111d1\é41t|eg regaHNeU fnitl.'é'Fégﬁ:pBI%ﬁtz t%%lalo§s %}cf egood current

provi rea er us

colle&tidn thﬁtﬂ@@htu}dpatEﬂGutlﬂiEe gis‘vtRSecBNdlﬂdﬁ’stge; of the peak
speC|f|c power for these cells, 2.4 kWkg. The cell is

Ot G RO RN e
chafg%yc%dh‘é@eycykleg tf!)lethe %Elll hAhgEkZalil o go§1f?§esel@&po&%gac1ty A

current col'lection that Is antici
revetsibld xbm&dlg:lmelnodasmg appefatsita hpv@b@urrba aelthepdedlyis chdrged to 4.125V

cel | volta cel | .cur t for consecytive.

duegf oSt w6 Sy AsiaSputabenicy i et wgppeded fom
desQQ&Ne'dﬂ(@r&h%(iﬁg OfRis Q&Q@ﬁblfe)éell@hér@iﬁg "n&:'cﬁiuﬁsrﬁ r&@ﬁ FalsBQbe used to

phenonenon appears to have occurre he cell is
equahze the dattery Amakegll the cells have the same state of charge) w1thout electronic
means. The second charge to 4.000V shows virtually zero current, near 100% Ah
efficiency. If the entire battery is charged at a current within the limit of reversible short,
each cell in the battery will accept charge to a predetermined voltage and remain at that

voltage. Continued charge will then provide an opportunity for all the series-connected



due to the uni que conpactness of the cell. As a

consequence, the cell is safeguarded from destructive
wor@sammey)i ng. This reversible cell shorting neChTER20981002782

can al so be used to equalize the battery (make all the

cell s have the sane state of3xharge) w thout

ect h 0 0 .

cclEhE S (TRARS the BEASERER SORLETE o4 d 8V AR Y ccti in the
battelyeatrain fullechagdet ery is charged at a current within the

limt of reversible short, each cell in the battery

w || accept charge to a predeterm ned voltage and

r emain hat volta nti nyed c w |l then
Exqgp 3deafaﬁf=wb8?tfsw Wiy e bt e oiyie
ries eIIs in the battery to reach,the,
l‘"%ﬁedet er&q‘?}lé‘ Y*&ﬁbele%tgolyfezbam@ C\?Blbﬁ§°¥1p§}éeda13!h Li®d(REOs0-
LlNégf{Sg?z))/}??mE(t)ﬁééﬂ @{/t?ﬁg?lﬁbcggégghg@ggt@?%ﬁl@e %igj]g kbfﬁﬂﬂf‘f@ne oxide
bas¢d pdiymm FHOdectmllgetsepirgtoe Blag Lxhallon momqaosntnmmds edntains

. )2/ V2CB cel |
e i b IR R AP S ——
bladmm@cé@sﬁghb@ﬁhﬁém vAREdm eABsdd & s\zﬁlﬂélswgh@;s&{% h8€an

Li Al alloy conposite anode contains 60% Li"Al’ po
alumipgmosubssate o4l he Yhicke®ss pbiby elactrefe laminates ean range Bemgen 10 to 30
pum %g %Lt? Cm @ﬁggg‘hg & 5re%?sgplb?og (§n gauq% 3 hit ﬁg&)y e{ﬂdxvxdually and

seqadntiaily pﬁilnﬁtl@ stithasténcil Buedeshéte khe 86rnp&5ndnt§50rﬁﬂhe Gin&lifing cell
| am nhates. can ran between 10 to 30 mm by _a cast|n8
preassqmbly Whelecbeing ¢01%ﬂ@asas@ﬁeﬁryl rliqsbaﬁm@anetaélbben cen hp U9y mm
n | t .
thick! ﬂ'léivéagh' @lec%o@fganz%on%{gﬁgirﬁy%en&ﬁ@% els Myitlélqcnagx kgegﬂ)d) mm wide
ovemlle\aﬂlsd‘mm §5 wim édeddouibde thidk ﬂ@ggemdaanﬂqmdﬂi(ﬁis tobdedine a cell

bb 0. t hi ck
preeh el gl %'ghwg% Hidy W@%lﬁ&ﬁ@e égﬁefqaaﬁfewéy Exith the
PE@ ?ac% -8 JHSM AR 0AUREAdaln f¥rh B ltrﬁﬁl tﬂlcQEBOrﬁﬂnvﬁlgﬁeQP Bl @lectrode

hi ck staggered end portions, define a cel
assqmmldas dbeblegtroddmpongntiers amdd ©a12 GadimahiyrivgHap @mii bpm};e tohe another

ove? ?I?ngg ggﬁ Ay §q& ‘\ﬁ“ﬁ%qb tlggl ¥ ace cﬁ%xtpétrelg gg{uﬁﬁc’l%loﬂ dlSC can be

appBE®ES the tiehi aSeddd Hthe I&l?nﬁhﬂﬁéxfeodﬂll@ QUPPRANHSCIES0 fin? 8fmeter
can radially overlap and oppose one another over

Tnsamﬁmnrw@we@t@me sihode 99051 e imeampanri. ke apbaseamblics
Lt £ d t
can bIF {Hqgt@(i: erﬁ{) pe e%al?@on&%nﬁ%@onﬁ dobett\{v ({] %ﬁﬂ%ﬁnen@ collectors

(of @tam&t eueelT hioRel xaylgrbde:ramn becabp)| srdedsd tnéiﬁteemé&a&e)rféh t€ing
nenbrane. Li ke subassenblies

blP‘Plﬁ% ém? é‘d‘lffdn‘P(fOEE rﬂi‘ep‘P?é'FEX 14 s&a@htogﬁﬁqyrfgvef%%h afﬂl& can provide a
I f I
b e 0 S arbom) . at Teast the

i nternedi ate ones being bipolar, and sealed to form

the battery. A stack of fifty five of such cells can
Exampleidde Battery with Nickel metal hydride electrode components

[0123] A nickel/ metal hydride battery can be comprised of nickel oxide Ni(OH);
electrodes, metal hydride alloy (e.g. V-Ti-Zr-Ni-Cr) electrodes, and a polymer separator,
such as nylon or microporous polyethylene. The cell preassembly ribbon can be built up
by using ribbons of the components on the underlying cell preassembly while being coiled

on a mandrel. Each component electrode ribbon can be 0.10 mm thick 9.5 mm wide and



battery having a nom nal output of 110 volts. Exanple
4. Battery with N ckel netal hydride el ectrode
waeompoomrt s [ 0123] A nickel/ metal hydride batP&r/ySmasi002782
be conprised of nickel oxide N (OH) 2 el ectrodes, netal
hydride alloy (e.g. V-Ti-Zr- -Cr) el ectrodes, and a
t I .
the BEp YT RERAIA A be BB TARNI oB 030 i BARPRIRHPwits th ¢ 10 mm
widagdobble tisick gtapgdrbd asd pértiohs te daﬁxmmcﬁl]spmassbinbly 10.0 mm wide and

OSEH T PSS T e e e
125'Tmnt<ﬁhrﬁgte19cél et cﬁ{bdt"l"}ﬁ: e@é HE %Mgﬁ&%@ﬁﬁ%ﬁg a.g‘?gﬂdally

mm t hi ck an e over
ovednp amcblepnhsa bhe and»thcxkowt ap;gexmhtdm 9.(oont. i loike subassaiebliasean be
10. 0. nmm w and mm
insesfitntn pRHRATALY Fonte BIEs oD S Reth e fdiaczgt Crmsia GoNestors (of

staiAledsOstébl AT kd) intddy BdenuiTorHafbBel Sind §84lbd TRARIRARY & ﬁﬁ'm the stacked
The el ectrode conponents as Si zed can radlally overl ap

cellahaaerdp postaclopbeightyt fires ofpueh celfspranspronideh patterg hawinglai iogninal

es can be inserted into peripherally
0“““38?36 %Sforns and between adj acent current

coIIectors (of stainless steel, nickel nolybdenum or

carbon), and seal ed individually_to formthe stacked
Exameple Shat Sepercapacitordiatietry eiithhirgahicvieasedl etectitolyrel | s can

provide a battery having a nom nal output of 100

[0124]l t s. EXaiyptia shper&afaeitorepeit cin Béaiohqﬂﬁed\lbf &arbon/graphite
c-based el ectrolyte [012

anogﬁgéﬁeaés%&%lr%a{tmawﬁ Oﬁ@eéL%‘ﬁ ﬁ/&x&)dfwnh carbon cathode

(ele‘é@&pQéﬂcﬂlﬁwéﬁéﬁpc?faﬁﬁ&%h%yhs%bgﬁmﬁ ner hoﬁ)ﬁp @é;?\laé%}gr with ethylene

manganese OXl on cat
cartfophtet tired'rylmmatlmmte) (ESYDEER) hyenp dissoletd hiBF@rsab b dree

B I N e .
EC: WC 3apby GRighh, e&ltlerré’ |E)Ct pEEapig e cabokiik Qk%@ﬁilyt carborfate)

M Li PF6,” i s dissolved in organi c carbonates (e
fror&@egw@quqrabyn wEhg el 1S\Amt31|algly E@rg&bn whigh fhy lﬁ@methe ‘metal oxide

nat at fro
posgfb 3G Ficis 3 e TR e, PHRL G ok RERIEES Polts nitsfully
chafded ma&@e mettﬂie andi mlmosf éalrld@l {118 tHel B d@tsutings @z&b&ﬂn
“%atlve The cell has about O volts inits ful
nang

£y dignits the sharge grapsfpreat {pd Cb‘#@@ rie pefdostnasly slylsf@@e é@uble -layer.
The tﬂﬁkﬁ %?tl%es#igﬁfo%% l&ﬁﬂﬁ?e@ cgﬁ %E ki’)gﬁwee ZnPotS u].u%ll'i)s/ CaPo8ton

trans er a char eto om nan
mettiodibEgcH «ayleponeﬂfhﬂblbdﬁ @hﬂfef{BOi)]fnn{ ﬂﬁcl@hﬁ@éi@o&edtmﬂb rah 850.95

EA 208 Qo EFOT P18 40 B VB SVR L e Clomaide double
thic L%%?%‘%g%%g%"ﬁ%g‘g?%%‘%ﬂ5{6%%‘*8?”8%‘ D2l 5B P20 mm
high. Coiling the cell preassembly (with the separator face out) on itself 200 times can
form a 1 mm thick 80 mm diameter cell electrode assembly. The electrode components
as sized can radially overlap and oppose one another over approximately 0.90 mm. Like
subassemblies can be inserted into peripherally containing forms and between adjacent
current collectors (of stainless steel, nickel molybdenum or carbon), at least the

intermediate ones being bipolar, and sealed to form the battery. A stack of fifty of such

supercapacitor cells can provide a battery having a nominal output of 150 volts.



thi ck staggered end portions, to define a cel

preassenbly 1.00 mm wi de and 0.20 nm high. Coiling the
waeedlos/1proenssenbly (wWith the separator face outpCDNS2008/002782

itself 200 tinmes can forma 1mmthick 80 nmm di aneter

cell electrode assenbly. The3%®l ectrode conponents as

§1zed ¢
O o ey gt Bl B S SRRASE T 0 ffoniEhs
disdussedrabede imvarione momﬂ)maabhg; as deditd niArgofdingty, iamill be readily

bet wee dj.acent ¢ ent col | ect.or f i nl ess
apparephio tﬂﬁ a‘E‘JﬂJS‘? a‘f‘r’éF‘? HURT Oflctg dish Sé‘ﬁ’t‘”ﬁ’@ﬁ% Pe‘?‘ﬂ’é steps can be
deldtéd 6 ATt GHaP sRPESerhicd me &ffect@BIhSGAbRTY bPhEMdthods.
the battery. A stack of fifty of suOch supercapacitor
cell's can provide a battery having a nom nal output of
[012¢0 vol t 4s POl bsungerstopd by ent skibled odthe@atn farmnyland alalrwrposes
f the.ste or .c i,tion cusse

parfiy e, wERBR U B Roh T HARR G TN i el

encbﬁapﬁs%&(ﬁy'aﬁd anpaksible sibrahPés #idi dohfinadiohs SAsubriides itikreof. Any
sonme of the disclosed nmethods certain steps can_ be

listegerapgeerndie epgy recognized pepyfipientndenstbingtand gnabling the same
2 |
ran%t lgeqﬁ%er 3 F% gg\&%llﬂtlg):#é Ilé t %ﬁlai&ltthége ﬁl%g uaL'th.Ig)Sr g?}'_}léﬁe%é etc. As

a nal-limfringrosatple, reaﬂt tangé distyssedihérelnandle rpadibyi stbkigh dbwn into a
witten scription, all ranges djsclosed herein a

lowgh@%rﬁlpgg gﬂv ay lg:mer B@@Spqﬂ é\ss\ﬁygkaé%%urgj%stood by one skllled in
the ﬁﬁ%'l%&a@@%&fassﬁgrt@ng‘@lsleﬁé?er“ ?{ telr’gt%’l +184s8fad, an&%re than” and

can be ea recogni’zed as suffic escrI’bi ng
the hhd irehatel theigumhber seaite arslngter hmrangesbwhichmani bmubseqmemlly broken

ual hal,ves, i rds uarters, fif hs nt hs, .
dovgt 10 sBAESB A IR FhE R bR ariTrshgl afiet fda heren
alsdVRERIB afl 30bRABos BAkHd ‘)('1tHTnQK@BchQW‘rahBt o a lower third,

m ddle third and upper third, etc. As will also be

understood g one skilled in the art all |anguage such
[01& "up t@ne skifled irethgtart-willplscpreadily regpgrize thas whetggnembers are
erou B Bl S O lahli, LS4 MBS L IRE phSEh invenion

encdm‘pﬂssbs‘lha (ﬁﬂjﬂﬂﬁl’f@lﬁ& gdupi IhSKéd&S advlﬁuﬂ)@\bat edch Iﬁchﬁbérajfehe group
er, al] ratjos disclosed herein also inglude al
md’é’ﬂfBPHt’ i28d 2k popsiblg subgrrpps efifbe Braghgorpy dcrerdinedy.foy albpwrposes,

the %ﬁésjsllxtqgvér{gloh REcGhpasidd IllOt ﬁpthE ﬂﬁcﬁ’ﬁ E%ubeERUNARe hiXad group

ers are groupe t'ogether “in a comon nmann
absentcine @s mane af Hergroghmgmbers, Tﬂieeprqmeatsmnenndm\kém éronsages the

neonpasses not only the entire |ste
eXRHRG PECIODR SEAEhonBIRet 1Y O W GPBRBeRHF Pl Rieghigvention.
al | p055|ble subgroups of the main group. Accordingly,

[0129r all RUNBRS&Res HRElORERREh akdWRBificAlly BRGAIIRASS 8§ reference
not only the main group, but also the main group

therglisent one or nore of the group nenbers. The present
i nvention al so envisages the explicit exclusion of one

(0129) "¢ foﬁfhif%%ei%ﬁreﬁ S bIE MR RIRBeen [1strlted Gh@ B8R Abed, it should

be understood that changes and modifications can be made therein in accordance with
ordinary skill in the art without departing from the invention in its broader aspects as

defined in the following claims.



[0128] Al references disclosed herein are
specifically incorporated by reference thereto. [0129]
wakiosaopeef erred enbodi ments have been il | ust r BCEUSZN081002782
descri bed, it should be understood that changes and
nodi fications can be nade tdgein in accordance wth
CIXpusry skill in the art without departing fromthe
Invention in its broader aspects as defined in the
Whatok khavnedisc! ai ns. CLAIMS What is clained is: 1. An
el ectrochem cal device, conprising: an el ectrode
L s‘%%leﬁtr%‘é}?ﬂl%lldﬁ@*ceéi?n&rtﬁﬁ@at ed positive el ectrode
i nal edge; an el ongated negative
an%ﬁ%ﬁ%??gﬁeﬁﬁﬁ¥h&ﬂg¢&H€ | ongi tudi nal edge; and a
Separaongated poséiveledadtioge avithi a Sist lonpiudinaliedgk; edge and

d | d
o) eratgnseted Theedue drcadrvinng ot ontatod el Hlssaend
el e&§eﬁ>9ﬁﬁoﬁﬂ®e¥‘ﬁ%ﬁ @rfﬂé‘("lgng?tu‘aﬁﬁi Edde & SsebHRS RR ﬁltudmal edge;

formng a coi'l of alternating el ectrode and separation
thrayéhespcmm‘c «tlhratodEhélese}pvaatmﬂ layeri, arydethe mlegaxemesl;ecxﬂnode ate wound
cessive trode | i r.st

oro Bt bl Pl TGRS e b TR oE SOl pgaration layer

suclR EHa0 e sepirafibn Riyet &@Qéﬂtygirmkoﬁtﬁ&%e@\ﬁ/eéﬁh@xc%@ﬁé dldcRBde layers,
| ayer, and the first |ongitudinal edge of the negative

the érsé langitudinakedgeds tbeewmnph dayse exiands lmygnd thei first lopgigedinal

ede f {l%esfzéaqgfrféxﬂay I gﬂ@%’lﬁerﬁrs{ lg{lglgu 1%&1 reﬁ%e AL I%ggal;t}/vgn Eecg%de

extdmdsl deyuhdthy sétond l@@ﬂuﬁiﬂﬁﬁe@e&if@h@ée@ﬁfahbﬁ @d;ley coupl ed
the first | ongitudinal, of the positive

the @g%@mgrﬁm bgingegight] vméfrrég@ &F plates ofdhe howstngsiapd t o
a h%gx ]ce}ila(/ﬁ{ghel e&{}%ec:iﬁ%tg %heacgrgcgﬁ qu}?lgc? téﬁt?? Qitrétg&gé a'i gﬁi{fe of the
poshb'a slevgod@andieegheive np&toélecﬂrlﬁalﬂly doupddetoeha fitsn dbngltudmal edge of

aratjon la steS|oe The devi of cIaJm
the ¢ %@FEFHO%@?@%&F% sﬁrq%wéﬁwe%wﬁng@é § ﬁxs
4. The device of claim1l, wherein an outer plastlc
band surrounds the el ectrode assenbly
2. ci rthenderrasrficddimy], whteeeinithe seharation tayepisaensianedand
retains the electrode. 5. The el ectrochem cal device
of claim1, wherein the housing includes a first cup

3. | nciecdevitet dTR1430S1, thegeiR tind Faﬁn&@c@eﬂc&ﬂmee@wmy@gs
the negative plate, wherein the first cup and the

second cup are joined together to formthe housing

4. S uoﬁlet &Qﬁcetcn%lgijnr Is,twl?el?gn an outer plastic band surrounds the electrode

assembly circumferentially, wherein the outer plastic band retains the electrode.

5. The electrochemical device of claim 1, wherein the housing includes a first cup
including the positive plate, a second cup including the negative plate, wherein the first
cup and the second cup are joined together to form the housing such that the first and
second cups are electrically isolated from one another and further wherein the positive

plate and negative plate are generally planar.

6. The electrochemical device of claim 5, wherein the electrode assembly is sealed

from ambient atmosphere by the housing.



second cups are electrically isolated from one anot her
and further wherein the positive plate and negative
w@b@sao®e® generally planar. 6. The el ect r ocheP€T/E52008/002782
device of claim5, wherein the el ectrode assenbly is
seal ed from anbi ent at nospheye by the housing.7. The
el ectrochem cal device of claim6, further conprising
a pressure release feature which relieves pressure
7. bu i Tlﬁ—ahrptwctlhhwat devidroefilmg ernhetrfcenmismmmemiurmietease
reaches, a.predeter wher e

el S B BB Bt POATRE VGt fRe ising e ERetge ilfin the

houBihg $&d¢hes @ptehgreﬂﬁm‘éﬁﬂlﬂhﬂ wieeih ehesdl@@rdcherh RaPd&8eh is 8till operable
The el ectrochem cal device of claim1, further

afteg therpressirgcpualdoemyyshiarthe bousingis releaseBe el ect r ode
assenbly for shorting the el ectrode assenbly when the
el ectrode assenbly becones nonoperative. 9. An

8. el etierddedi@icherlcall@aniiceof ARDT,ifaiRG codtpriginget ddh%nent coupled to
assenply, conprising a_positive el ectrode and

the glegfredeassamily fpnthorting the glschgde aspmbly Whensthe eéeﬁerpé%mgmbly
bec&QF EAI’E)E)E[I qde assenmbly to forman el ectrocheni cal
ce i; the nousi ng consists of a first tel escoping half
and a second tel escoping half wherein the electrode is

di sposed t her ebet ween eri pheral seal separating
% th ﬁS\?gﬁrﬁ%‘eHHﬁa?tdﬁ‘é‘c%lcé’Bf bt and nai nt ai ni ng an

an éi‘éc‘irtoﬁg BiseRBA, ’coﬁﬁ‘)‘?lsﬁl%aal pdsARIelethBde @ncl 5’%%@1 E'e[&tr@@é nt
po yneric naterla and ‘servi ng to s hort the cel Un er

a hq:usmg@loephd heand cxmilosumg)ﬂu@ elegtredeassempbntogban ermmctrpchemlcal cell;

e GRS 4 GRERRI GRSt S0 RO itpheri
electfddé & dispdied SRMbelRednS UpoON the occurrence of the
predeterm ned condition. 11. The device of claim9,

a pasipbera] seal h@aéat@@tth@b@u%mﬂ tbesleést@@es@qdagmtalmeg an airtight seal,

the gtj,a? %rﬁgrqgng g%\% ntléitl%g% é()lnt r e mn rt]eg'nal Q%cﬂ%nv%g tg %51@ file cell
undsupﬂeduaﬂmmgd t:dsmilh@w;;l ng. 13 An el ectr ochem cal

devi ce, conprising: an el ectrode assenbly nﬁr|5|n
whf'aelsmppamiatcymsm 1§|aowga'er§dthsé%lp%cr>9@gé1abv(9§ .ezs@eé owing for

dlsa%éﬁﬂlﬁ&r bk YheQfep€! ONgat ed negative el ectrodes ; and

10.  The device of claim 9, wherein the seal melts upon the occurrence of the

predetermined condition.

11.  The device of claim 9, wherein the electrode comprises excess positive electrode
capacity.
12. The device of claim 9, further comprising a removable outer retaining band

surrounding the housing.

13. An electrochemical device, comprising:
an electrode assembly comprising:

a plurality of elongated positive electrodes;



a plurality of separation |layers engagable with
eachother to forma conti nuous separation barrier
whedosaem2ach of the plurality of positive el eR¢T/O8H98/002782
and the plurality of negativggel ectrodes; the
pluralit Ay, it t he positive
el ect rod}é ,%Lgié aoﬁgt??%%&flyfg{}}g% egéﬁk rqg%’g%}dve el ectrodes
wound ar aphatalityasfistparhti@xiagers kagafaplef witlreavhothee aj formfa
alternating el ectrode and separation, |layers such that
CO MOUSSFRALAIOR RafTiEy ithvmee\?é?h of e pligplity o pasitive elerierdss and the
1SRG Bt MEivELRELb@de | ayers, a first |ongitudinal edge
P of fhe p%lsivt ive re?%ét rode | ayer extends beyond a first
| ongi t uditheglusdigeodlfrytrk ositipagdaduch that gyeepasitaectlatdodess t
| ongi t udi nal ,edge. of . the negative el ectrode extends .
serg BB 44ETS 260 AT IR w0 BRd § FEGL g shsrehy forming a
coil 8YAferndtihg SRPRUALA sdARRIANSr AGIcBIBatthescPhffibh ¥lRr prevents
assenbly and defines a cell width, the width of the
diregt sonteeicheswestt seksaiye lstoptrnde talyerswa firsh lasfgitudimal edge of the positive

sepanat or. . and. a hagusik ng, hayi a poskLive plate
cleff o fy i PAE biaT G 3 onBtodi R aBERE e SErfaforElayer gpd a first
longhadipgisddige b€ tiR! ghfivddearslic@xfaabeyondpl RE6hd longitudinal edge of

electrically coupled to the first |ongitudinal edge of
thetsgparpéerulay¢ic el ect rode, wherein the el ectrode assenbly

i's [ Ag. T j [ .

13, HASePERr hsldiEs A5 el oad WeeiBly 3 dbngs 21T wicth, he
width\of tig dedtiokiss exionding He wmdahel wadtt ofitiit sepiratosf and

protruding partion and second protruding portion the._.

cenf hePSIpS eYiBE 2 pasifye Pg‘l‘f‘g%‘Fthlﬁ%W %qv@qugpél@e Hrsglopgrudigal edge

of fglg ?)BEM% @Qcﬁ@&%ﬁlﬂf’a ?ééaﬁvé B%l&t elé@flc ﬁ’;&ﬂl 1dt8 ttllieuﬁllispg)ngitudinal

trons extending from substanti a the first an
edgearfdheinegatise elesyedd, iwhekein thet diecrode gsdeinbdy srehclvoesd by the housing.
el ectrodes partially disposed between the central
portion and one of the protruding portions. 15. The

14deVviThe de¥ic& bPéllind 33, WAGER the Sfabat&f confises R Emteh) Penion having a

portions of each of the plurality of separation layers
firshend hrghsecond epd and ylirst grgymdingpertion andsdcend peaimadatg postion the
layer.. 16.. The devi ce,of. cl aim 15 erein th
cert Y Bpriph rinklnded itn? o e WISt vt
secohé pﬁ)tﬁfdﬁr@{l)diﬁoﬁm&ﬁﬁﬁg‘ fbinOsubbtan@ily thefirand second ends
substantjally evenly across the cell w dth.
respectively with a negative and positive electrodes partially disposed between the central

portion and one of the protruding portions.

15. The device of claim 13, wherein each of the protruding portions of each of the

plurality of separation layers overlaps the protruding portion of another separation layer.

16. The device of claim 15, wherein the separation layers are indexed such that
position of the overlap of the separation layers varies substantially evenly across the cell

width.



