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with the rnb pmtion msJ the coutaiut~r, it is f)(>&$ibk: tu c,ru~c· 
the ekx:tmlyte $Olntion tilled foirn the dectrolyte solntinu 
filling opening to inuut~diardy rmd, tfa· tab por,ion. 
!0013.l Ia (ht· "=ncrgy ~loragc device ac·c·lJrding to an ,l5{K'l.'l 
nf lht= prt.·~t=Elt invt=nlion,. the eketrndt= <l:>~t=mbly nmy bs: 
formed hy winding the dedrotk imd the dec!rnlyte ;;olt11ion 
filling opening may be formed in the wall portion of the 
container and posii.ion{x! in a din .. >l.:iion of .i \C\;·inding axis of 
the eled:m{!i: ,i:,;scmhly. 

!0014] With thi.~ ;;trnctur,\ 1he efoctmly!e ;mlution Jlllinp, 
npt=ning is di~pnm..'l in the w.;l! fK>rtion po~itioncd in ths: 
dirn'-~tion of 1he wirniing a:<is of tlK~ dt,~1mde a;;semhly, 
llwrcJi.,rt·. the dt,-:ctmlytc sdntion c,in pcnetnit<= tht· insid"· of 
the electrode a;;;;embly from 1he tab portion and 1he de;..~­
trolyte solution ncct1.muhi!i.ng on" bottom (;f 1he container 
(on ~' w.;l! j)(>rtinn facing the wa:tl portion pn)>'iJs:d v,·tth ths: 
ek·ctmlyte sohHiou filling: opening) ,;:an penetr:Jt(' lhe inside 
of tbt" dectn:,de assembly from an t"nd portion on an opposite' 
sick fmrn lh(' wb por,iou in !he dircnion of the winding ,ixi~. 

!0015] Acco.nl.ing tn the pre,ent inventfo!l, it is pos,ibfo 10 

provide 1fo: ,mergy stomge devk~" including the deeirode 
a,;sembly and the (.'.Onta.iner for holl .. ~ing the dcctm(k :i~;;~\111· 

hly. in which il1e denrPlyk: solution hlk,d from !he· dec­
trolyte solm.ion !Hling opening: formed in Hie conlainer cau 
eiliciently j"llllldmte the electrode ;3$~embly. 

BRIEF DESCRH'TlON OF THE DRA.WJNGS 

!iHil 6} FIO . . 1; :\ pernpt=~·,ivt= view illuslrnling an s::xJcrnnl 
Hppt::-Hrantc of an enx~rgy s~on1.g:r.:.~ d~vicc accord~ng to ttn 
cn,bodi.nwnl. 
!00171 FIG. l; Aii t:x:pk,d",d perspc(.·tivc vic,v of the energy 
stornge ck.·vlCt= according to tbc rnibodimc.m. 
!OOllf! FIG. 3: An t=Xplrnkd fK~rsptx:tivt~ vi,,w or a lid plate' 
strnc!llre accordhl!i to the emhodim,~nl. 
!0019] FIG. 4: A per5pcctlvc view ll!us1n11ing a sirncturc 
of an cb:,i:rode a,st·mbly ,Kcording to tht· emhodimcnL 
!0020.J FIG. 5: A pt~sp,cetive vie">'' i!lustrnting m1 dectn:,, 
lyte solution hlli.ng opening and a ~tmcture ,irmmd the 
,lpening accnrding tn ,he embodhne11t 

!OH2lj FIG. 6: An exploded per.~p,xtive view ilhrnh'ating 
th,, dt,Umlyte wlutiwi filhng opening ;md th~, strnctnre 
around the opening acrnrding to 1he cmhodimmrt. 
!0022J FIG .. 7: A sediona! schemati;;_~ di:igmrn illustrating 
m1 upper end por1.-ion of the dectn:,d," as,cmh!y and a 
~,rudun.~ armmd the ponion «l·cmJing ;o the s:mb(>dimcnt. 

MODES FOR CARRYING OUT THE 
INVENT10N 

!iHil3} With rck~rence to the Jrnwing;-;, Hll cut~rgy &turngs: 
,kvicic\ according to mi cmb,)dimmrt ofihe presen1 invention 
,,·iH ho: dcs-:cribd hd,J•W. The rcsp(.'(:tivc dniwings arc sdJe­
rn,ifo.: diagrnms Hnd are !K>l nc(:t=Ssarily accurnk~ ,kpiction$. 
!0024] The ,2mb!Klimenl dc,cribed below show;; a ~p1:,dfic 
c.\XBrnpfo of tht.· prcsem invention. Shape.~, m.;tcri,ik com­
ponDnts, di:;postx! pHsitions and 1nam1crs <)f t~}111K,dion <)f 
tlw nJmpoat,nh, ,m onkr of n:wnufol'.turing ,!cps, nm! tht· 
like ;;howu iu the following embodimeul are me.rely 
example.~ :md not intended tn limit !he pr<.'$<.:'nt invention. 
Out c,f the ,::omponl'Hts in the follc,wing embodiment. thl)Sic 
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whid1 aCT;., iwt d,)wribd in ind,)pcmknt daim:; Je$,Tibing 
!he nms! generic cofa,ept ,viH be described as optional 
C(.,mponeut,. 
(00251 Fir~,, by using FIGS, 1 to J. m1 en,~rgy stomp;e 
dc·vi,'.;;; .10 w::o:.:or<ling 10 tb;;., ;;.·mbodim,::nJ will h,:: ck~~·r:ibt'tl 
gt~1eraliy. 
(00261 FXG. l is ;i persp,,clive ,,k,v il!uslrnli.ng an t.>Xk'm.al 
app;.:•aninct, of mi cWirgy ,;tor::,g;.:• dt=vicc 10 ;Jtc,)r, .. li.ng to the 
"'rnb-odiment F!G. 2 is an exploded p('rnpective view or the 
energy storng~, d1:.,vice 10 ;icco!"dfog to the emhodimeni:. FKi. 
3 i~ .:ine~;ploded P<"l"~fK'S..'ti.vt"V!t'W ofa Ud plate strnetJJrt' 180 
according !o Ilk' embod.im@L :In FlG. 3, a pl)s.itive ekctmde 
lead pbte 145 and a m,-gativc t=kL,tmdt' k(,d pbtc 155 tn be 
joined tQ a po~ihve electrnJ,'. nirro;ut collector 140 and a 
n.e-gative dec1md1.: cu1Tent colkxwr 150, re,p~-:ctivdy, pro­
vided to 1he lid pl.«k structure Hm art" il!ustrnkd in dotted 
lines. 
[0027] A.l!hough a Z-axi;; direclion is de&cribt':il as a ver­
iical dfrt'dion in no. l and sucreeding diagrmns for t!K' 
conveHie.nce of e:q1hB,1!ion, !he Z-axis is not necessarily in 
tile venical direction in acll.rnl m;mners of use. 
[0028] The energy stomge elev.ice l O .is a s<.:.--condary bane.ry 
,vhi.d1 ~'an h.:: r~',,harged and rnn disdmrgt" an dectrk 
eurrent, mid more sped!kally a nom1qw .. "'ous electrolyte 
s<.:x,omfary b,~tk'ry such m; a lithium i,m st-:cornbry hatkry. 
The e11e1-gy stomg,e device HI i& applied to an d:,cu·ic vehicle 
(EV), ;J hybrid electric whide (HEV) or a plug-in hyhrid 
electric veh.ide (PHFVJ, fr,r ex,,mrle. The x,m,i-gy &torr,ge 
device 10 jg m,t limited lo the nonaq,ieoti, ~('cmxbry h:ltlery 
bui may be a secondary bai.kry o1lwr than ,~ nm:i;~qiwou~ 
s1:.x,ond:1ry battery, or a capacitor. 
[0029] As illmtrntcd in FJG-S. l and 2, tht" cn"'rgy storagp 
d1:.,vic1: 10 induck:s im ._,k:ctrock a,;s,::mbly 400 and ii t=C.•ll· 

tainer 100 for bouslnr, tlK' dectn,.;k a%0mhly 40!). !n ihe 
"'rnb-odiment, a !id p!me ;,tnKtnJe llW formed by di~posiug 
v,:1.dous e!emeim; on a fol pbt.: llO o:ftbe container 100 is 
dl~po~cd above th~' ckx,trodc as:-;t"mbly 400. 
(0030] The lid \)bk stn.icture 180 indude~ the IJd rlatc 
.LIO of the eontainer 100, a _rositi,,e ('kx.,tr,x!(' terminal 200, 
a ncga1ive d,X'.ltodi.l termin1il 300, npp.a ·insuki1ing nwmhiclrs 
125 and 135, !m-vcr in~ul.«tlng m""mh""rs 120 and 130, and !ht= 
po,;itive e!t,,::1rode current co:tlt>t.'lor .l 40, and th.: negatlve 
decfmdc current collecto1· .150. 
!OOJl J T{K, po~itive dectrod;;., tl,rmimll 200 i$ dcctri~·,1lly 
conneckd ,o a po~itin-- ekctmcle of th-"' ekx,twck ,~sst'mhly 
400 by lrli.:' p(.1~itive cknrodc o:.:urrcnt L,o!Jc-:ctClr 140. The 
ncga1iv.z cfocimdc 1crmi1ml JOU is dcctric,dly connected ti) 

;1 11~,gative decti:ndc of the ,~lecin,de as;;emhly 400 by tlK~ 

(K,g:1tive dectr<)dt~ current collector 150. The rcspt.\."Jiv;;.' 
conduc!iw memlii.lrs ~udi % th,' pl)siliv,' dcctmck tem1ina! 
200 eko:.:t.rically u:,nm.'\.,lt=d lo llw dt,,,trnck· <W-;t•mbly 400 ,ire 
insu!a1<i.'<I from !he container .100 hy thi.l in;;nfating rnemhiclrs 
rnch a~ the lower in;;ubting memher .120. 
[0032} E~dl of the UJ)pi:r ill~Ulating m,::mb\:T$ 125 and ns 
and tlrn !m:ver insulating members 120 and BO .is an insu­
lming mcml:icr at k,l5t n pan c•f 1.-vhich i;-; cfopn~cd h;:rv,-ccn 
a wall portion or the contain~r 100 and th~ conductive 
m~,ml-l~,r. In the pres,mt embodiment the .rn,pxx:live insufoi­
ing memh;:rs :1CT;., '-lispos,\d ii long llw lid plak .l.l O fonning ;m 
nppiclr ,v;i.11 portion l)U! or six ,:val! porilons forming tht~ 
cmlls0incr 100 h,lving a ,;ubswntiall_y rt<..:!nngu!,u- parnllckpi­
p;;.tl out;:r ~!rnpe. 
[00.B] In ,,ddition to the ,,I-love &truciure, 1:he energy 
storng1:., dt.•\.-ic:1: .10 ,iccording f(.I th;;., present cmh(.lJinK~nt 
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i11du(k;; mi ,ipp;;.•r ;;pc1,x:r 500 and ., shrn.:k-,1b$orbing ;;beet 
600 dispO$t-X! between the lid plate s!mclure 180 am! !he 
dectrodt, %$embly 400. 
JOilJ4J Th,, upper ,pact'r SilO ls di;;p1.,scd between an end 
portion ,)f lhe dectwck c1s;;rn1blv 400 providtxi with lab 
portion~ 41 il and 420 and !he lid platt, 110. ll1e Dpper ~pacer 
500 has lock<:.,d portions 510 to be locked to poriiGH$ of the 
lid plmc $tmetlll"0 .1SIL !n oth,,r 'Nords, the UpfK'r spacer 500 
h,is th,:: lud~,,d portions 510 to gd t'lmghi. on th,' portions of 
tile lid plm,, ~tnK,tur,, 180. 
(0035} Sp,x:ific.1l!y. th;., entirt' upper 5pacer 500 is in <l flat 
pfakl shape and ha.~ th,, two locktx! por!ions 5.10 a11d two 
opening po1titm$ 520 thornugh 1.vhid1 tfa· tab }X),tions 410 
and 420 m-i: inserted (thwugb which the 1~1b p()rtions 410 and 
410 p;i~,.1- In the prdent embodhne11t the opening portion~ 
510 ;Jre fr,nnt,d in rK•tch shapes ·int□(;' upp,,r spaccr 500. The 
upper ;;paeer 500 .is m;idc or material ;.m:h as poly~':lirbnrn11e 
(PC_), po!ypropyknt' (PP), polyethykne (PE), cind polyphc, 
nylcno:: sulfido:: rt\sin (PPS} having an insulation prnpet1y. 
JOilJ6J Th,, upper spaeff SOil serves as a member for 
direc1Jy Pr indinx:lly r,,stril,tin~ upward move•mern: of tlw 
dewrnie assembly 400 (tow,ml the lid plate HO) or a 
member for pn.?~'t,nting: a shon c·i1~uit hd'N(;'x~n i.hc lid plate 
~lnJl.'lure 180 ;md thl, d(;'t'.trndc a;;;;embly 400. for exampk.. 
The upper sp,K,er 500 bas the IV<'O lock,x1 porti,ms 5HI and 
each of the ts.vn !0ckcd pn1tion, 510 i5 lockcd to a mounting 
portinn 122 or B2 provid,x! to the lid plate strncture ISO. 
! 00371 rhx' ,hock4i:mrbing. sl,,x.1 6(10 is a member which 
is mmk of high!y-llcxiblc ,md pomus material ~ud1 a:; 
fo,im,::d pulycrhykne. and 5erves ,is a shock-ab,urhing. mem­
ber bnween the dectn:,dt, a:,senibly 400 m1d thc upper 
spa,,t-'l.' 500. Similarly to the npper spacer 500, the slmck­
absorbing slwet 600 fo1s two npt~ning portions 620 thi:nugh 
wllid1 !he tab rot1ions 410 and 420 arc inserted (tbrrn1gJ1 
which Hw tab P'-•rti,ms 4Hl and 420 pas5). The upening 
po1tions (,20 art, formed in notd1 shapes in !he shod:­
absnrbiug sbeet 600 in the present embodiment. 
!0038] In the present t~mbodin1en1, side ~pac,;~rs 700 an~ 
dispo;;,_,J tiei·wl"-'ll ~ide frtees <l r the ck'<.,t:rode ,isscmlily 400 
in H direction inkr,,:.::ting 1!J,, dfrtx,ifon (z-axi, d.iredi,m) in 
which tht, ekx,trnde a~st'mbly 400 and the lid pblc 110 «J(;' 

arnmged (opposite focl,;; in an X-axis direction in the prese11t 
embodiment.I and an inner surfoc0 of 1h0 contain<-:,r .100 The 
~ide spa;.,crs 700 perform a frmnion or re~tri,,ting ., po~ilion 
of the ek-dnxk ,is,;i-:mhly 400, for exam pk. Similarly I<) tlK 
upper ,p,Ker 500, ,ho: side ~pat'"'r~ 70{1 arc nmd"' of matc,h1! 
such as PC PP, PE, and PPS hHvi_ng. an i.mailatinn prnpcrty. 
for example. 

!0039"! In addilion w the Ct)mpcmmt;; illustrntcd in FIGS, 
1 to :,, th,' en;:,rgy storng;:, devke 10 may indlJde other 
tctJmix,ut,nh ~ud1 ,i~ au insnhling !fon for wrnpping th<: 
dectmde as,cmbly 400 m1d a shot,k-absorbing shec! dis­
posed hel,\'ecn the dcetrode a,.,,;emhly 400 and a b(;lfom face 
of the ,x,nlaincr 100 (nmiu b()dy 111), Ek\:!rolytc ~olutirni 
(non,i.:11wi:ius dcctro!ytt, solmion) is seHkd in !ht? co11tainm· 
100 of the <:.,iie;gy swra~c devil:e 10, thoug:b ti«, ckl'lrt)lyi:<:: 
solution is mt illu,tmtcd, 
(0040] The con,;ii.ncr 100 i.~ fomid hy !he main hody Hl 
in a r~'-.,tangu!ar l·ylindrica! slrnp~ ,1,ith a bottom and tb~ lid 
plakl 110 whkll i.~ a platc~i.haped mcmbe.r for dosing an 
opening of the main body UL The cntfrc ,x,nh1iu<,r 100 i, in 
a redangu!ar para!ldepiped ,bape and formed hy the six 
wall portion.~ a:{ de;;crihcd. above. SpecHka.lly, the eonl;)iner 
100 iaduck, t!K upper wull portion fonw,:J by the lid plu,e 
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HO. the lower ,,,o,11 porti()n liKing !lw upper wi'!H pmlion, 
and the frmr side wall porHons .. ,onnecting the upper ,val] 
poniou and tbt· k,1H,r wnl.l po!1ion. ln ,Jtht,r 1,;,Jr,k the main 
body 111 limns the tower wall ix,rtion and lhe fom side w:iH 
portion,. 

!0041 J All im,ide <Jf th;;.· \:ont,iiner 10il c;m be scak,:1 by 
welding tlie lid p!arn l10 and tlm main body 1II to each other 
a:tkr lh<:: ckctrmk ,i%cmbly 4110 nnd !ht· likt· are h,Jused into 
the container 100. Although nwlerhil or the lid plnte 110 and 
the main body 111 are not pm1:icB.lal'ly !Jmlted, \Vddahle 
met,t! such a;; stainless ,ted, aluminum, alurni.m1n1 «Uoy,; i~ 
prdirnhk. 
(0042] As illm;tratcd in l:-!GS. 2 nnd 3, !ht· lid pb!<:: llO is 
pro11id<.'d with ,1 8,dety vain., .170, au ekctrdyte iiolulio.n 
lilHng opening 117. thmagh hoks 110a and HOh, and two 
bulgi.ugporti,Ju~ HiO. Tll<:: Scll;;_,,y v;ci]v;;.· l 7il h:is 11 Ji.ml,!ion of 
rde;i,;ing gas inside !he ,,imWiner 100 hy opening \Vhen. 
internal pres~1JR' of tht· eontaim,r l 00 inenc,as"'~ _ 
[0043) Th.e de,,irotyw solution filling opening .H 7 is ;i 

through hok from ·which ;he ekcimlyk' solution is 1.n !J,, 
lilkd during msnufa\:llll:<.' of tbl, em.,rgy ;;J,)r;;gc device 10, 
A~ illllslrnled i11 F!GS. I to 3, an ekctrnlyte solution fHling 
plug 118 is di,post'ti on the lid pl«t<:: ll!I to dos"' the 
electrolyte s,,luhon. lH!ing opening 117. By lilhllg !he dec­
irolyk' solution into tht' runt,ilner 100 frnm th,~ ekcimlyk' 
wl1Jtion filling opening fl 7 and \Vdding the d:ctwlyk, 
solution filling plug 118 liJ the lid plate 110 lo close the 
dc,,:trolyte ,ohnion filling op,:ning 117 during fo(, mam1fac­
ture or !he euergy storngc de'vk,e H), tile dectnilyt~\ solution 
is lmu,t'd lnto !tit' eoniainff liHI The dt,ttn,lyk so!uiinn t<J 
b,, filled into the container I 00 i, not pmtinilarly limitt-d «nd 
various kin.ds of eketrolyte solntirni l'im be sek~tl'<I, as long 
,ts iht: d~c!roly,c ~olution dot~$ lll>t im1x,ir p<1rforn1a11cc of 
the energy iilornge devke 10. 1'.foreo11er, hy lining the 
eketrolytc solutlon after ndudng ilw prt,ssurt' ifoi<.k t!K' 
.::ontHiner I 00, for ,,xampk, in filling th' dectroly,e solution 
from the dedmlyie s.lhHion !Hling opening .117 .. ii ls pos­
sibk to dllde11ily fill ,, nec,;,s$ary amount of ek(,tro!ytc 
solmion into the container 100. 
(00441 Si.ru,,ttirnl foam.re;; of;Jw ekctwlyk solui.i,m fHling 
opening 117 formed in H1e em,rgy storngp device 10 accord­
ing io t1:ie pre,;ent emhrnHme.nt w.ill be described later by 
using FKi-S. 5 k, 7. 

[0045] In the pre~eu, <::mbodinll'll!. ;;.·oid1 of the two bulging 
portions 160 is provided i:o ;he Hd pbk 110 by fomiing, 
ponious ofllw lid plntt· ll O inw buJgi.ug shapes and ust~:l for 
po~itioning of the upper insllfating. member l 25 or B 5, for 
ext,mpk. A. i:ece,~t\d portion (rn>t shown) whkh i& rece&s<-:x! 
upw,m! is form<::d ()U cl IJ;ciek side (sid<:: facing llw ek~·trode 
,b:;.ernhly 400) or ;he bulging portion 160 ,md an enipr,,~d 
poniou 120h or lJOb nftlw k,wt,r insulati.ng membt,r 120 or 
lJO i~ engaged ·wi1h a poE'tion of the .1~,,es~ed portion. In ihi,; 
\Wt).\ the lower ·insufo!ing m,\mhern 120 and 130 are pnsi­
!ioned :w<l tlxe<l 10 th<:: hd pl;cite U O in this ,a . .;tc, 

(00461 The uppx'r insulating nwrnlx,r 125 ls a rnt'mnt'r for 
dci::lrii::ally in~uJ.atiug the positive <::knmde terminal WO 
and the lid pbte rm from ead1 other and lhe loww insu­
l;itinft memh~,r 120 is ;J m,\m.h<\l' :for deurie;;J!y insubi.ing 
the po~iti vc dt'-.,trode n,rrem c:one~"tor 140 and the !id plat;;: 
110 iixim rach Dthrr- Tlrn upp,'r in,nhting nwmhrr .D5 .is a 
nwmber !i.Jr dl:·ctrically iusufoting !ht· negativt· elet·H,Kk 
lenniiwl .100 and !he lid pl;,te J 1{) frrnn e;ieh other ;,ml the 
lower inrnlating mx,mber BO i& a member for ekci.rica!ly 
imufoting t!ie 11ega1i,,,: ek<,,tmde cw:r,;,,nt eolkctor 150 ,md 
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the !id phttt.· HO from ;;-,1d1 otb;;-r. The upper in,;,1Jating 
rn,miberu 125 and ·1.35 are reforred to as "upper packing:". 
and the knn,r insulating m.:mbers 120 and 130 ,1R, ,d~n,,·d 
to a;; ''km,cr packing", lbr c.~ampk,. in s(mw ..:mk,s. ln olher 
vmrds. in the pn,'sent <.:,mb,1diment, the upper in~ulming 
memht,rs 125 mid B5 .1nd the lower insulating meni ben 120 
and BO al,;o h;3VC !imc:,ioHs of providing se;iliug between 
i:ho: do:ctwdc krmimil (200 or 300) and the ccmtnincr 100. 
!0047! ·nie uppl,r in:sula,ing.mem1wrs 125 aml .135 ;md ll:w 
lower i.nwlating member~ .120 and .130 ;3fe madeofm,ll<.:,r1;3J 
sud1 ,.i,-; PC. PP, PE, and PPS having an imulai.ion fll'Op,,ny 
simihrly !o tile upp<.:,r s:pacer 500, fo.r t,xampk,. A:t a position 
din.x,iJy bdow th,, cb:·rrolyt<, ,\ilutimi filling opcning U7 of 
th,~ low,~r i,mifo!ing member .1211, ,1 ihn.,ugh hok: 12.1 for 
guiding th<.:~ 0.lectro!yte solution tilled from the electrolyte 
solution filling opening .11 i toward the eb:i.rode assembly 
400 1$ formt.'<.-1. 
(0048] The pusithe electrode termini! 2011 is an eb:trode 
tennirnil dcc:1rit11Hy C:OJH!(;'t'.kd to !he positiy,.; ek..:trnde or 
th,, ,,kctmde i1%<:tnbly 400 hy the positive d;.edrndc CDfft'1lt 
colkctor 140 and lht, rn,,gativc dt,ctn:,d,~ tcmiinal 300 is the• 
e!e~trnde Je.rminal electrically com1<o'Cted tll ,he nega,ive 
dectn:,de of the det'tn>dc as;.cmbly 400 by the n"'g.1tive 
dectmck currl,Jlt ~c;Jlkdur 150. In other wonk th,~ positive 
ek·ctnxk krmimt! 200 and the negafo,;;, electnxk temiiml 
300 are metal electrod/2' terminals for leading electricity 
stored in the e!ectrnde assembly 40H out into a ~pace omside 
the energy ~tornge device to and kading dectrkity into ;i 

~ra~~e insick !he energy stor:.ig,.; device 10 to more !he 
ek·ctricily in th<., dectm-:k ;is;;emhly 400. The po,li:iv,' 
dt'<.'irndc tcrmimd 200 and !he negative d(;'i:!rnde tennina! 
JOO arc made of ah.utJinmn, ;m aluminum alloy, o.r the like. 
!OH49J '111<.' positiv<., dechxi<fo krminal 200 ls provkfod 
wi!J:i a Umenillg rorlion 2.IO for fostening tlw lc;na.1ir1,.;r 100 
,,ml ihe positive ,;,kctnxk t,urrcnt colfoctor 140 10 each other 
,.md tb,, nq,Ftthe dec1n:,de l"'rmimil JOO i~ provided with -1 

fastening portion :n O for fo~ie11iug. the cont,i.iu~r 100 and the 
n,'gativt, ,'kctmdt~ c1,1w,~nt colledor 150 to t,ach olht,r. 

!Oil50J Th,, fastening p,Jrtion 210 is a m<.:'moe1· (rivet) 
fonncd to ex!l,i1d downward from the positive ekd:mde 
terminal 200 and in~e.rted 1hmugh a thnmgh hok .140a .iu 1he 
positive d1..-cu·otk curreni collector 140 and ;,waged. To put 
it c:,mcn.,td}\ the fo;;u.,ning pt)rlion 2.10 i~ inserted thrmigb a 
through hole HSo in the upp<.:'f .inslllatin,:,, memher .125, the 
through hole llOa rn thl, lid plat,.; HO, a through hok l20a 
in ,he lower illsnh1ing member 120, and lhe tllf(mgil ilole 
140a in t!R, pn~itivt, dt"-.:trndc l'.tim:nt collector 140 and 
sw«gcd. In this 'WU}', th;;- positi\'c dcctrode terminal 200 and 
th,~ po~h.ive ekctmde current collector 140 m~ elet!J.'ica.11y 
conn,;:ct<;.,d ,u1d the positi·,,e deci:rmlc (.·rn-renl LOoll,"'-:tCJr 140 i~ 
fixed to the lid plate 110 ,ogethtir \,-·ith ,he positive ekd.rode 
krmimil 200, tht· trpp,,r in:;uhiting rm,rnbcr 125, and lhc 
!1.)wl,r in~ulating m;;-mbcr .120. 
!OOSlj The fastening p()rtion '.HO is ,1 member (rivet) 
form•~~:1. to <.:,xt;;,nd dowirward from ihe m,g,1tive ekdrod,' 
tenuirnil 300 <in<linscrkd thrnugh a thmugb bok 150.i in ,ht· 
negative ek,.;lrode cnrrcm collector .150 ,md s\;,·agl'd. 'fo pllt 
it concre,dy. the fastening portion :HO is inser!t'X.t !hmugh ;i 
through hok 135a in th;;- upper insulating member 135, the 
through hole 110h in ,he lid plate 110, ;i tlm:mgl1 hole BOa 
iu iJ1c knn,r imulating mcmb<::r DO, ,md the through hok 
l50a in the neg;rtivc d~ctmde rnrrcm co!Jector .150 and 
~waged. In th.is way, the neg;11ive d<.:'Ctrode terminal 300 and 
thc negativl, dl"-'lr<.Jdc cun-eul ,,l,H(:"-.,t(>r 150 ,,u:,, ck:dri.:,-illy 
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,,l,rnlt,,tc<l ~ml thc negcitive d;;.,c:Jmdc ,;:um.,nt colk1..,l(>f .150 is 
lhed to lhe lid rhte .I.IO together with !he negativ;;-; dcctmik 
k'!minal 300, i.hc HppcT in;:ul.,1ting rwimber BS, mJd. !ht· 
lO\-ver in.snlmiag m.c:mbct ·no. 
(00521 T11e fasten.ing portion 2Hl m,iy he formed .in!e­
g.rally with thc po~itiv,, dectrnd,, lermimil 2iHI ,.,r 1hc fo,;­
k\nin.g portinn 2Hl fomrnd as a separak' pact from !ht~ 
po,iti,-c ek,,tg)dc' !cnnim,! 200 rnay h,, fi;-;.,;:d !(> !he· p(isitiH' 
d;:.,drode krn1i11al 200 by a method snd1 ,1s s,vaging and 
wddil'lft. This holds t11.io,, for ;; relationship between Hm 
fastening p<:>ttion 3.10 and th;;.· negative ek,,tr,xk t<.,rn1iu,1l 
JOO. 
(0053] The po,itivc ;ik,,trndt· ,;:urr,;.,n:t ,,nllc,;tcir 140 is tlK· 
mei:nher disposed between !he dt.'Ctmde :,ssembly 400 and 
th~, container HIO to ekctt:ically c:onnect ihc deci:mde 
,i~sembly 400 1,mI 1hc po~ilt'-'l' ck,,tmde tennirnd 200, The 
posifrve des.,1mde cun-;;-;nl colkcw.r 140 i, m;J<k of alumi-
1rnm, Im alumi.mirn aUoy, or the lik~-- !nth'-' -present embodi, 
ment. the posith·x~ d1:.'Ctnx!e CU!TI'llt cl)ll;;>.;__:ior 140 is ele,,tri­
cally ;..,omJ<.,cted ,o llie 110,itiv<., t,~b p,mion 4.10 of lhe 
;;.,kctrod;;., Hsse.mb!y 400 by il1e po~ifo''-' ck1..tmde lead p!,ilc 
145. 
(0054] The l1i.'g«tivc dcctrod,;: cum::ni ~-nlketor 150 i:-; the 
member dispos,'d be!W,'0!1 !he eketmde assembly 400 and 
tlK container 1 ill) to ekdritally cnmwft llw ekctrode 
,i~sembly 400 snd !he n,,gativc dectr(,d,, k'mii.nal 300. The 
n~G-;<llh'e elt,.;nude ~'llffC!l! colleclor 150 is m;,de of copper, 
H copper Hlloy, or thc like. In the pri:·si:·nt <:'mhodimen!, th;,:' 
n .. ,g;itivc dcetrocle current colketor .150 ·is dectrically (;(Hl­

ne<:i,'d io the rn:,gai.iH' tab portion 420 of tht' ekctrode 
,i~sembly 400 by thc ncgmiv;;.· ck,:trnde bid phrte .155. 

!0055] l),,taib or connc-,;:!ion portions ktw"-"'n the ,;:m-rrnl 
collector;; and the fah pmii(lll.S hy th,' lead p!ak~, \Vill he 
dc,cribcd btcr by using F!G. 7. 
(0056] Nt,xt. a structure ofth<:~ dcctrod'-' as~~-mbly 4llll will 
h;,:, d;;.-;;c:tih;,:,;_l by u~ing 1-'JG. 4. HG. 4 i~ <' per;;p,,.:,tive view 
illustrat·ing th~, ~trucn.111.:, of !he electrode ass,~mb!y 400 
a.:,.:,ording to lhe cmbodim.eu!. FIG. 4 :i.llustrntcs a wound 
swte of the decm1,k a~s,'mhly 400 in a partially d,,vdoped 
lllan!K'J'. 

[00571 The deetrod<~ m,st,mbly 400 is « p0>1'er g<,newting 
dcmcnt whi,-.,!1 ,;:an Sl<)re d;;.,clri<..'ity ;md formed by :dler­
n;itdy l;iyel'ing and \Vind.ing the positive dectrode 450, !ht, 
tK'gntivc dectnxk 460, separators 470a, and 470b. ln Olher 
wonb, th;:., ekctrnde ass,embly 400 is formd by lay,~ring Hw 
po~ilivt· ck<:Cl.m,k 450, the 5Cpcu:al.or 470a, th,, n,·gativc 
dcctrod;;., 460, .;ll(l ,ht· ~q)arn,or 470b iu thi:; (,rder mid 
v,.:inding tht~n1 tn nht:iin an: <.:":.longated ci.rcnlar :section. 

(0058] The JJ<)sifrve ekctrodt' 450 i;. an decirnde pl,~k 
formed by fr,nning a po5itivt· iWtivc ma!<::ria! layer ou a 
snrfoce of a positive substrate layer wfoch is a long band­
shaped she-et of meial foiJ niade of ah1minum .. an a.!rnn·im1m 
alloy, or tb;,:, lih'. A~ po~itivc cictivc Hl<ikri;,il %Cd for th;;.• 
pu~ltin' ,1ciive material lay<.,r, known mak'rial can be us,'<.{ 
suitably, iftb;i positi vt' act iv,;: mnk'ri.al ,,an !-H\)K' and rdcas,;: 
lithium ions. For ex;rn;pk, ;Js th;;-; _positive ,wfrve material., ii 
l;; possible to use !i!hJu111-in,nsJtion me:t,il oxide or ihe like, 
c.g., ii poly:mion rnrnpound ~ud1 as J .. ii\·H'04, Li1'.'1Si04 , 

Li11.·1BOs., {M represcn!s one or morn trnnsition mdal de­
ment, ~ck·ctcd frnm Fe, Ni, !\.fa, Co, and the !ikc). ,i ;,pi.nd 
1.,ompound such as lithium dwnale and lithium. manifmak, 
;md LlMO1 (M n.,pn.,senis on~, or more ;mnsition mewl 
ckmeut~ sck,;_,,cd :fr(>lll Fc, Ni, l\-fo, Co, ,'lud the lih·). 
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!0059"! 'lfo,, 1K,gHlive de,;:trt:,dl:.' 460 i~ ,m ckctrrnk plate' 
formed by fonnill',;'. a negmive active rn,l!erial !Hyer on a 
s•.irfrnx: nf ,, m::gativt' snbstrnt<:., !aye, which i~ a long bcmd­
~ilapcd ,ilect of metal foil mad~, or ,;:op per. a ,;:op per alloy, or 
th,, liJ.:1:,. A~ 11<.:'ga!ive ac1iv,, m;ik,rial u;;ed for the negative 
active mai.t~ri;Jl layer, known makrii1l \,,m be used ~uiwbly, 
if th,, 1Jega1ive adive makr.ial can s1ore and rdt:,,~t lithimn 
ions. For t,x,unpk, (1s the neiptivc ill'tiv<:., rnate,h1!, it is 
possible to u;;e an alloy. c,i.rbnn rnaic.rhi:t (e.g., grnphik, 
hm.·d.ly gr;i_phiti:;-,ibfo ,;:arbon,. e,r,,ily gmphiti:;-«bfo carbon,. 
lp,,;·,tcmpewturc sintered carbon, and amorphous carbon), 
.mt,1.a! oxide, li1hinrn mewl oxide (Li,(fi,O,? or tli,; !ih,). 
pulyphosph;ik c•.mrpomid. and lhe like, ,vhkh cmi. store and 
rdt'1Ht: litllimn, bcsicks lithium me,,.il and a li!himn alloy (;J 

lithium metal contain.ing alloy such ;3$ a 1.i1h.it1m-;ih1minD.m,. 
lithh1m-k""1,l lithiunHin, lithiunNllui!lii!um-tin, lithi11m-gaJ, 
.linrn .. or v,,"Cm,f s alloy). 
fOMiOI 11it' ~eparators 470a m.'!d 470b l1f(;' 1nicmpon:,u, 
sheets mmk ofr.:,in. A~ mak,rial of the separntors 470a and 
470/, 11s"'d for tb"' t~nergy s1ora2,c dt',·foe HI, ktio\Vtl mmerlal 
Glll bx, u,ed ~uitably, a:.; long a, lhe material does not impair 
pt.'l.·fom1,mce or the energy ,tornge devke .10. 
!00611 The po;;ii.iw dt'l.'\rode 450 h.Js a plurnhiy of pro­
trndillg portions 4.lt pmtruding oul\Yard from one end in ;J 
dil'~,ction of a winding axis. Similarly, th"' m~g.ati>'"' ekctrod,' 
460 has a plmality of protruding portions 421 protrnding 
onhvard from one end in the di1<.'i:tim1 of 1he ,vinding axis. 
The p.lurnliiy of pmtruding portions 4H ;md !he rluralily nf 
proln1ding porti,Jns 421 are ro.riions (;Jetivc makrial 
m1comt-xi r~,rtions) \Vhkh arc not t,oated wiil1 ihc ud:iv,' 
m;Jterial ai!d Pll whkh suhstwtc layt~-s are expos<:.xl 
!00621 The winding axis refer:; 10 an i.magitmry ,ixis whi,;:h 
sic:tv<i.,i'. as a et,ntrnl axis wlrnn th!?- positiv,' d,;.,>,;.,imcfo 450, tlw 
no::11;itive do::'t'.trode 460. and the like m,c \l'<)UBd and i~ a 
slrnig.bi !in,, pun1lld 10 a dir,x,thm of the Z-m;is pu,~ing 
through a center of the dectrodt' assembly 400 ·in th"' present 
emhodimcn1. 
!00631 The plnrnlity ol' protmding po.rtioll,$ 411 mid the 
plum.hiy of pmtrudiil';s p<)1tions 42.t art' disposed at ,he end, 
01i the ;;amc ;;idc in the diroctinn ol' the wimfaig axis (end:; 
01i a pmilive side in 1he ·r.-axi~ dirlx,1ion iu FlG. 4) and 
bye1wl ai. pnxietnmined pushiom ofilie ckx,ttodc assembly 
400 when the p(i~itive de,;:tmdc 450 and the nc·g;,tive 
llk-ctrode 460 ;ire l;iycrnd. lo., pm it conc.re1dy, the _plm·ality 
of protnidillg rortrnns 4ll arc layered at !he predetermined 
position in a circtmlk\rnllti:il din::dion al ttw (HK\ end in lhe 
dir,,;,:tion of tbt, winding c1xis when the po~itin, dcctrodc 
450 i~ by~,rcd by wiJidi.ng. Tk plurnlily ,~f pr<:>lruding 
poi1.ion~ 421 a.re foy1?-1-ed ;1! 1h0 predeknnined pn,iiinn in a 
circ-umk,reuti11l dinx:tiwi, whk-h i$ diik1,crn: from th<:., byt'11;d 
position oi· tht: plurality of pro1mdi11g portions 411, a1 lhe 
one ,,nd iu tht, d.irtx·tion of the ,vinding ax:is whe'll the 
negmive dei:troJe 460 i~ layered by winding. 

!iHi64j ),$ ~' re$tdt, tb,, tah portit:,n 4l<I formed by k1yering 
the plurnlity of protruding. fK,rthms 4H and th"' tab poriion 
420 frm.1it,;,l by hiyering th,, phinifoy tJf prntruding portion~ 
421 are formed on the electrode assembly 4tHI. ·nie lab 
portion 410 ;~ g;1lhered tnward ,l ce111<.:,r in ,1 byemd di.ri:.'C­
tion, for ~,xamp!e. and joimxl w th~ positive dcctrodc k·ad 
plakl 145 by ultrn$oni,, welding, for ;;,:,,.;_,mpk The wb 
portion 420 l$ ga,henxl w·ward the c·,-.mer in tht' byt'11;d 
direc,iou .. for example, and ,\oiiwd tn the neg;itive ekx,1mde 
lead plate 155 hy ultrnso.nic welding, for example. The 
positive ck,;,:lmdc ki.!d plate .145 joined to 1he t,ib po.ction 
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410 is joined!<) ,he po$ilivt, d;;."t:lmdc nu:rcrn c:olk~·t(.JJ: 140 
and thi.:' twgativc dcctmde lead plak .155 jo.ined lo the Wli 
poniou 420 i~ j(Jincd to the negatin, ,c')e,.;tnxk' (:Hrn.,nt 
eollcc!or 150, 
[0065] The tab ·pmtions (4.10. 410) are portion,. thmugh 
whidi ck,,,trieity is kc,d in,o and oul of tht, ek-:tf(.Jd;;,' 
asscrnl-Jly 400 and tm,y he gh.'ml olher n;mms ~udi a~ 
"·kads/kad }'n(tion,;" ,,nd "cwxt·nt col!t'<0ting pc•rti,,n~" in 
so1ne cases. 
(0066] Hi!re. Hw !;ih portion 4.10 i;; Ji,nmxl hy foyt~ring i.he 
protrnding portions 4.ll, where tJ1c suhslrnle klyer is 
;;,xposed, and !herdiJre dox'S noi .._,ontribuw 10 power gp.n­
enition. Similarly. the t;ib portion 420 i~ fonm~:l by layering 
the pro!rnding portio.rw 42L whim:: the sub,trnt-., Jayi.:'r i~ 
expose-cl, ;md thereforn doe, not comribute to i:he power 
ge.n.:ratil).n. On Ille <)tlier hand . .; v,rfom of the ek~·trode 
a,;~emhly 400 ex,;,,Jwling the 1.,b po.ri.icrns 410 ,md 420 is 
f<-mr,t>J by fayering porti\:,m; formac\d by cc,ating th<~ snh;;lrnt~' 
!ayers ,vith the active n:w!cri,il ,md therefore conlrihnte~ tc• 
tht' powt'r generation. Thi, 11onion ,vill be h,:rdnafkr 
rdhn,cd to m, th<! '\x.,v,;er grnt,rnting portion 430". In otht,r 
v,,ords, in. the pre.sen, emhodimenL it ean he said tlwt the tali 
portions 410 and 420 protrn(k from portions of an ,\nd 
poniou of the power gcncmting pox!ion430 'Nhich is a main 
,;1sst'mhly porllon of 1Jw d,:,rm,ck ,b;.,:,mhly 400. 
(00671 Nx\Xt, stmc,urnl fo,itures of tllc d,\ctro!ytc solution 
liHin.g opening .1.17 prnvidt.'l.i ,iJ the e.nergy sior;ige device .10 
,:1cc(,rding. to ,hx~ presn,t embodiment \,·ill b(, d,:$critwd by 
using FIGS. 5 lo 7. 
(0068] FIG. 5 ls a perspertiv"' vkv'i illustrating th,: ckx,­
trolyte solmion filling opening 117 and ,i strnctm·e ar<.nmd 
lhe openil,g 117 according !o 1he .:mbodimenl and FIG. 6 is 
,m exploded perspective view illustrating the ,~:kctrolytc 
solution !il!ing opeuing ll 7 and the struwm,, m-onnd !he 
opt'nil1g acmrd.ing 117 ,xnmling to Hw i.:'mhodimen1.. ln 
FIG. 5, in order to i!lmtwtc ,l strnc!tlrt' from lhe ekctr<..1!ytc 
solution filling opening .1.17 to tlii.:' l;,b pmlicm 410 in the 
cont,ihwr 101), compom,nt, ,,!lwr ,!Mn the dectmde assem­
bly 400 ;,_re cut along ;, Y-Z plane passing through !he 
decirolyk' soluiion filling 0\11.:'ning 117 and nn!y pmtions tJf 
the ~:ornpo11<,nh on a back ,id;;' {a nqwtive side in tht' X-axi~ 
dirt--ction1 ol' tit.: ;;e.,,,ion at.; HIBstraled. FIG. 6 illustrates 
onlJ· a port inn of tht.:": en<:":rgy· s;tn.rtig.:.:.~ ck":,dt".:e: 10 on ri s.idc- of 
the po~iti,,e d;;. ... ,1mde krniin<,l 2:00 whe.rc th;;.' dcelrolyk 
solution hlling. ,Jp,:,ning. 117 is fonmxi and do,', nnt illustrate 
a pnrt:ton of the energy ~tonigt· dt•,.foc 10 on a side ,,f the 
ncgativ.z dt.~imdc ,cnnim,l JOO. 1\-fon.uvcr, in F!GS. 5 and 
6, thi! dedmlyte so!nlion frlling plug ll 8 for do,·ing !ht~ 
ck,,iroly1e solution !!Hing opming 117 is nol dlustrntt.'<l. 
(0069] F!G. 7 is a ~ectional sch"'matk dl;igrnm ffl11s1J"11iing 
the uppt'r ,,nd portion of the ekctrc•de a,~cmbly 400 ,oiKI a 
stmcwre awund 1he ponioE1 :,ccmxling to 1he em!iodiment. 
FIG. 7 ·ilh1;;ornk,;; ,l .s~,ction ,,ft, pMtif,n r,fthc energ.,-Y stom.ge 
de, .. i,,e lO tah,n al,mg cl y.z pfo!K' passing thmngh line 
V!l.VU in. FIG. 3 and ,h:, not iHusirn1,~ !he sick spa,x'r '700 
(st'<, FlG-. 2) on the nq;ativ<:., ;:idt· in the X-axi, diK,,,tion. llK' 
dt.%,fro,k ;,s,;.;mbly 400 is ilhislrnkd sdiematica!ly. 
[0070] . .:\.s ·ilh1,trnt-i!d in F1GS. 5 and 6, in !he energy 
storagl, de,,ice IO ,!l'l'tJ.r<ling lo th,) p,,cscnt emlx,dimt,nt, !rii:.' 
drn.:!.mly1e solu,ion mlin.g opming .U 7 frC1m. whid1 Hw 
dcc:trolyte ,olu,ion i,; to b<: tilled iu1() tlK' (:ontainer 100 j~ 
frmtlt.'d in. a pD.sition ()f !he ,1.,aU 1x,rtion of the eontainer HHI 
;md facing thi! f;ih portion 410 of!he electrodeii&sembly 400. 
ln tfo,, p1,cseu, emb<)d.i1:rn,'nt, the dec:u·o!yl>.:.' so!nlinn lllling 
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op,,ning 117 is kmneJ iu the lid pfak, .11 II forming th;:: uppn 
wall portion of the comainer 100. !n the prcscm emhodi­
meut, wlR,n the cmiwiner l 00 is ,._,-cn in tb"-' directilm ( Z-m-.is 
dire<.ctinnJ iu ;:\'!1ich the dcctmd"' ,issernhly 400 ;md the wall 
poition (lid plate 110) formed with the dedrolyic ;;olt11ion 
filling opening 117 are arrnng,x{, illc electrolyte ,;olution 
filling op(:ning 117 is dispo~ed iu such a p,lsition a~ lo 
nver:bp th,, t<ib po1tilm 410. 
!007.l! !·3('t:mis,, the dcctm!yte solution iitling opening 117 
is dispo~ed in the _prn,ition facing the 1,1b portion 4.10 in 1hi~ 
manner, Hic dedwlytt, snlrnion frlkx{ fn:,m the ek,,trolytc 
~oh!!ion filling opening 1.17 imnKx!i;11.dy r;;::;1chcs th,, wh 
portion 410. 11:te wb ptJrtion 410 is t!«, portion fonn<,d by 
byering the pm·ti(l!l ofthl' ~ubstraw of ,he p,)sitive ekx,trnd(:' 
450 and not coated with the prl.~itiv0 ;1c1ive rnal<.:,rial (active 
matt~ri,,il trncoated portinn) m; (!.(;~StTih,x{ alKw,'. A pori.ion of 
the tah por1ion 4.10 i;. joim.·d to !he po;;it.ive d0..,tTode !eml 
pl;Jtc 145. Therdi>re, th(;' ckdxolyt<, solution filkx{ frmn th"' 
d,:,'l.,t.rolyk ;;oluiion filling opening H 7 disposed in 11w 
pusifo,n focing Hw wb portion 410 goes dmvn !he tab portion 
and dfa,iernJy pendrnR,~ tht, d,,,,,mde a-;semhly 400 (more 
sped!kal!y, ,he adivc mamri,1l layers of the positive dcc­
trnde 450 and the negative efoctmdc 460 and ihe separafor~ 
470a ,md 470l.> provid,:,'>:1 t,J the eknwJc a,,;(:'mbly 400). 
JOil72J !Vlor~,i,ver, ;it the em! p,irtion ,Jf the d<,"X'.trod,' 
a~st~mbly 400 mher than the tab portion 411i (i.e., the upper 
e.nd _portion of ,he power genernting portion 430 other than 
the portion p.n)Vid<.:'<.1 with the tab portinn 410). encl edge~ nf 
the s,:.-:r,mimrs 470a and 470b may be bent or a mrm:lnre may 
h,, dispnsed to wkt~ nH:;isures against eniry of for,'ign 
m;Jttt~rs. 

!0073J In the presenl embodiment, as illus!rn,0:l. in FIGS. 
2 ;,nd 7, th,~ upp,n spac,,r 50-0 irnd th<.:' slx,dhib,;orbing slw,?l 
600 an,, di;;p,Jsed to cover !he upper end poriion ofth~, power 
g<:nen11ing porti,.m 4JO oiher than the portion~ pn,vi,kd >,viih 
the fab -puri.ion, 410 and 420. Thcrd,,re, t,,,-cn if foreign 
nmllt'fs $Heh as rninnle meta! chip;; are ,here in lhe cDnWincr 
100, ,~ntry of tlw to.·,rdgn matkr~ inlo ilw power gcnt'n:Hing 
por!inn 430 lhmugh de;mmces betvvccn !he end edge~ ofll:w 
$,~pamtors 47ila :!lld 470h iin,mged in the laycr,x1 dirct:tii)n 
i~ suppr(;'S&ed by the upper ,pm:er 500 or the ,;hock-absorb­
ing sheet 600. fo other wmxb, in 1he energy s10.mge devi~,e 
.10 ncconl.ing to th0 pres,~nt ,~mbod.iment, the cfoch.'oly!e 
$C>!ution CH!l ,,nit:iemly pcne,rnK the dcetr<:>d,, a$~;;::mbly 400 
aml ,he mrtry or 1he foreign ma!l(:rs iulo tll~, ekctmde 
;J'i;;emhly 400 c,u1 bt' ,uppt"<-'%ed. 
(0074:I [n the energy st,)mge (kvkc 10 according: to the 
pr<.:~~ent i.'1nhm.liment. the th.rough hole 121 i~ formed in ;i 

position between the ;:kctrdytc solution filling c,p;;::n:iug 117 
and th(: tab portion 410 of ihe lo\rnr ins,1l;1ting mem her .t 20 
di'i}ll,,;,cd betwt,en 1J1e plJsitivc ekctrnde nim:nl cl!lkclor 
140 and th" !id platt~ 110 .. 
!ilH75J In oiher words. the lower insulating mcmher 120 
for ekctri,~~t!ly in~11lating tb;;:: po&i,ive ekctf.'IKk cmRnt 
collector 140 and th(: fol pfo,e l10 provided with lhe 
dectrolyte solution filling op<,1ring ll7 from e,,ch otht'r is 
dispo,ed in ,nch ;i mmme.r as not to obstruct a Hm:v nf the 
llk-ctrolyte solution filled from the e.b::tn,lyte snhHion filling 
opming 117 .. 
!0076) Hem, in the pr,:s,:m emhodirn;;,nt ,he elel'.lmly!l, 
solution filling opening 117 i~ dispo,ed in tl«, p<:>~i,h;u facing 
the tah portion 410. There:fore. lhe lower in$ulming .memh;;:r 
110 for insubiing the po;;itive ekctmde currnnl collector 
140 dectri~'<illy co1mcct<.;,d to t!K tab portio.n 4HI ,uid tk lid 
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plm;;., 110 1:mrn l'-c,,,h 01hcr <.;:xists in ~uch ,1 positiou ,1,; t.() 

over.lap lhe ekctmlyte t,olnlion filling open.ing 117 ,vhen 
$CCU from a direction iu v,hich the, dcctrolyw 5-c•lu!i(JU is 
!iHt><i. Ix, this cag(', hy fon:ning th~- through hole 12.l in !he 
po~ition of the lower inrnbt-ing mx·,mhx~r 120 hilf1,Vlle!l Hm 
dcctrolyte solution filling opening 117 and th~' tab portion 
4HI, it is possible to alJow ttw ek<.;trolyte solution fHled from 
the ;.:'k'\,1Tolytc solution filling opening 117 w r<c·ach th(' !,,h 
poniou 410 through the' through hole' .121. In o!h('r ,vord,, it 
is possihle to ,c.•cnm a ;;;rn·ight iJ!yw ptrth foi- !he eketrolyte 
solution from the dectn:.•lytt' solution filling op~'i1ing 117 lo 
!h,! tah por1ion 4.10. 
[11077] FurlJiemwr(', in the, en('rgy w,nige (k-vi<::(' IO 
according to tlle pre,mt cmb(,dim<'nt, the opening po.rtion 
520 th.rough which iht, tah por,.ioi-1 4H) i, tr, he ·in.~erted is 
l<.mr,t>tl in tlw upper sp«cer 500 disposed bt't;,veen the e,nd 
ponio.n ort1:i;;: e!t'Clrode a~sembly 400 prov.ickd with the lab 
portion 410 and tht' lid plat~' 110. 
(0078] in other words, in order to nrnse the upplc'r spm.,er 
51H) to paform fru1r!ions of n:stricting Hw pusltion of ihe 
dec!rotk ,1,;~(:mbly 400, pr~-n,nting the ,;h(>rt ,,ircuit bd·w,x~l 
!he e!ec1mde assembly 40i) and !he lid pl;ite slrncture .HW, 
mid suppressing th,\ entry of H10 fordgn matter, into th~' 
cll'l'lrodc asscrnh:ty 400, 1he upper gpm.,er 500 i~ di,posed 
ben:vccn tt11:.' ,,nd -por1.ion uf H,e ,~krirnd,~ ,1,,semhly 400 
provided \,,ith the rnb ponion 4Hl and. the lid plate llO .. Ev,""'1.1 
i:f the upp('t spm.,;;:r 500 is disposed in tbis position, th;;: tah 
portion 4.10 is expos,x! io ,he d1:.'<.,tmlyte ~olution fill.ing 
opening ll 7 by h(:'ing ius(:'rt('d through the opening portion 
520 provided. to ilw l.ll)IJ<:'f spa~,,~r 500. I}wrd,,re, in ilw 
,\ncrgy ~torng:e device l II ac,:...:mllng to !be~ present t'mbodi­
menl, it i,; po.ssibl;;: lo cau~e the ek,;:trolyt.: solution ff!k>:ii 
frnm the dectrnly-ie solution filling opening. 117 to imme­
di.itc!y m,ch the tab poniou 410 while obtaining the above 
cifocts exer11:.'d [;y Hrn upper ~pacff 500 . .'\.s a rc~nll. the 
dcctrolyte ~dution d'l:kkntly pe~netrnt~,s ifa, eled.rnde 
a,;~emhly 400. 
(00791 r,,-foreovcr, hy disposing t!J,, 1J\1p,':r ,j),M'r 500 
between the power g_(.;'n.er11!iug portion 4J{) of !h(' dei:trode 
a~sembly 400 and the fol plak rm, ii is possible I<) bring th,' 
power g,,ncwting pnrtion 430 and th~' Ud plate HO d(),t, to 
each nt\,;;:r with !he upper ;;p;,ccr 500 inkrpos1:.'<.1 therebe­
t1.v1:.c<.:"11. In this w,,y, it fo poss.ihk rn incre;;;;e a proportion of 
!h(' ck,,t~xfo 1is$e.mb!y 400 to a capa"'i!y of tbt, ,,()nWincr 
.100, for example. 
[11080] In lhe pres;.:'nt ernbndii:nent, the, p()$1frvc el('t'lr()de 
,;.:uxrcn, rnllilctor 140 and Ille po,iiivt: dcctrodt: kad plaic 
.145 al;;o have ;;imctures for kiting the ek,'lmlyte soh1tion 
1lll,;.,d from lh(' ck'l,tm1yK ~ohition filhug "P"-'11i11g .117 
tlmmgl1. Ti:i put ii rnncrddy, ;,s i!IBstrakxl in FlCi. 6, iiw 
posiiiv;.:' ekctwde current -i::oH('t'\()X 140 has (o ll(>lth pnrti.on 
141 fonrn.d hy no!clling an end cdgt: of th<l positive dei:­
!rride c11ffent collector 1.40 il"lward and the 1x,,itive dectrn,k' 
h:ad plate 145 ha~ 1i iwtd1 jl(>rtion 146 formed by .notching 
an end edgr of the positive de,..'ixode kad pfa1c 145 imvard. 

(0081] ln other wor,b, !lw dci::ln.•1yt<c' >'.dution ffl.kd from 
the ekc1rolytt: sohnion Htling opening .l 17 mainly p;rn~~~ 
through ihe through hok .12.l in the ki\,'<.:~r insulilting .memher 
120, the nntch ponion 14.l of th;;.· pn,;itiv,, dl"-'lmdc ,,mren! 
coll;;,,,1m 140, an.d ihe notch ponion 146 of the positive 
ck-ctrod(' kad plate 145 in th:i~ order and remJK,s the !,,h 
ponion 410. 
[0082] In this mmmer, ·in the preseni emhndiment, tilt' 
notch pmti<)us 141 and .146 arc frmni:.,d al the ~x,~itiYi:.' 
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ck~:tm,k cmn,nt rnlkclc,r .140 and the ~)$ifrvc d1c';.;tmdc· 
lead pl.ate 145 as $trudnn.>s. for avoiding '.)bstruction 10 lhe 
How ot i:ho: dco;:li:olyte stilutimi. ln this ,,·ay, for cxampk. ii 
is tmncce;;sary UJ Jindy adjust positions of th~, positive 
llk-ctrode cnrrent collectnr 140 ;md the pnsitive dedrnde 
lead plate 145 in order to secure the strnight flow p,ith i<..)f th"• 
ekctmlyt~, solution fom1 the ek:i:1rolyte solution tllling 
opening 117 i:o the tab pm-i:ion 4HI. 
(008]J Here. iht: posii.iv,~ dectmde lead plate 145 ac,:<Jrd­
ing lo lhe prcs,,nl enibodimcm lrns H U~$hHfitxl. ~ic';.;tion, a$ 
~hown in FIG. 7,. for <.:'xampk The Bpt1er ~pacer 500 
sepanrte;; ,i jtJint l,ctw,:en the tab pmtitm 420 ,aid tb<.:· po5iii,·t· 
dectmd(: lead plat(: .t 45, and th" pm"·er gt,nerating portion 
430 of i.ht: eb::trnd.e H:isemhly 400 from e,.di other and ihe 
rnb ix,rtion 4.10 is iim,rwd ,hmug,h mid di$JX1,;;;,-,J in the 
opening portion 52.0 provided 10 the llpper sp,icer 500, The 
abnve-de,cribed structure is manu:fo,:;rnrt'd by the l<..)!lowing 
pmcednre, for ex;m1ple. 
!0084] An t,nd portion ( tirst end portion} of the posi1ive 
<.:,k:ctn,d,, kmi pfatt,' 145 in H Hat plate ~hapc and th'° 1,i.b 
poition 410 of the ckclmdc Hsscmbly 400 ar.,;,, joined 1c, C'Hdl 
other by ultrasonic welding, for ex;m1ple. Furlhemmre, Hll 

end po1tinn (second end p.:ation) of the pnsitiv,, ekctrnd"• 
lead plate 145 ,m m1 oppo~itc side fr(!m !he iirs1 end portion 
is join,xl i.o i.lw po,ii.ive d;.x:il·odc current mlk .. ,ior 140 
iim,grnied into ihe lid ph<te s!mctun:: 180 hy h'>t,r welding, 
for example. 111en, the po~il.iw d.:x:trode lead plate 145 is 
dt'fr,n:ued iuto tho: U-~lmpt., by bo:fa,g bent ,;it a prndetenuiiK,d 
position between 1he first end portion ;ind 1he ~"''<x,rnl ~,nd 
prntion. As H result as sh<l,vn in FIG. 7, a conn<.:x,tion 
sinK:twe of the tab portion 410 of the dectrnck ,issemhly 
400 and the pnsitive ek'i:trnde currenl ,;:nlkclor 140 hy the 
positiv<i., <.~foctrr ... ;fo kad pbk 145 having th<i.i U-~hapNl &<i.'•> 

ti,m 1s fornitxL Then. the nppt:r ,p;icer 500 is inserted 
b<:tw,ct,n tbe p<AVt:r g.,'nerating portion 431} ,Jf th'° ck .. ,1mdc 
;,1,semhly 400 and H1e hd pbte strncture H!O. 
(0085} The negative dtx·trnde lead pl.Jte 155 ,ind th,, wb 
portion 420 a.re joined !o each other when tli~, positive 
ek-ctrock kmi plate 145 and tl1e tab port.ion 410 a1,: joined 
to eadi Nher and the negative eb:1wde le;id pla1e 155 and 
the negmive ek'Ctrode currenl coll<xtor 150 are joined lo 
<.:,a,:h oiher ,;,-h,'n tht~ po,itive electro<!,' lead plate 145 and the 
positive ck;_:lrodc currmt collcct()r 140 ar.,;,, joiu~,d to c·Hdl 
,Jthllr 1\-forc,)Ver, wh0n 1he pt1~i1ive ekttmd0 le.id plate .145 
m the ;;hape ,J!tht, lfat plate is ddcm:n~,d into !he lJ :;lmpe, 
th~, nega1iv;;,: dectmdt, kad phk: .155 in .i shape of a il,it plate 
i~ deformed inti> a U slmp•;:. In other words, tb,, SlnKlure 

<1ronnd lhe nqplive ;:kctrock kid pfa1t, 155 i& &imik1r 10 the 
~tntdurn anmnd the po;;itive ek'Ctro,fo lead plate 145. In 
oiJ1cr words. 1J1c tab port inn 420 tJf th<, ekctrndt· ,1s,:.;mbly 
400 and the negative dc.>clrotfo cllrren1 C<)lk'Ctor 150 ;ire 
dectrically cr>m1et·i:t:d ln t:ach o,hc:r by the neg,itive eke• 
,rode kid pbk, 155 (;;~"' F!G. 2, li:,r ;;:;,;.;mph:) having, the 
u.~hap,xl ~ection. !v:[oreove.r, the Bpi,er ;;1x,;x~r 500 ,eparale~ 
,, joint bt·tv,·<:c11 the tab ponion 420 and the negaliH, t·kc­
trodtl !ea,l plate 155,. and the power generating pmtion ,BO 
of the declmd<i' as~embly 400 from each other and the l;3h 
poition 420 is ins~,rt~sJ tlmmg,li and di~f)(>&ed iu fb;;: (,p;;:ning 
poition 520 provided 10 th,~ upp<.:'f $pacer 500. 
!0086) By coniKx,ting lhe dec1ro,k asf;emhly 400, !IK: 
po~itin: de,,u·ode cuw,,nt co!k'<·,or .140, and tlw negmivt· 
dectrnde current rnlleclnr 150 by the positive d,xtrode lead 
pbte .145 and the neg;itiv0 electrode kad pbl<i' 155 in 1hi~ 
maimer. length, ()fth"-' ti.Sb fKWtiom 410 and 420 (kng,lh$ in 
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!he din::o:1i,)n of th;;.- winding a.,fr; (Z-:ir;i, dirc,,tion)) ()f the 
i.Jk,ctrodi.:' m;s,•mbly 400 ,can be rdBtivdy short. 
I 0087] ln other ,,..-ords, v, idth~ of the deo:trodc plate, nf !ht· 
po~itivc d('C!rnde 450 aud th1c negatiY(' ('kctnx!e 460 
(.k,ngil1s in thi! dimdion of !hi! winding axis (?.,,;,;ls d.irec­
ti.on.)) rt"I.Jt1i1<xl to mmmfodmac, the ck~:trnde as~,,mbly 400 
.;;m be J'('btivdy short. Thi, fa advantagcou~ :from a vk,v• 
poim of mnnufoo:ruring dfo..:-ieucy of the dcctr<:>(.k (>~,crnbly 
400, for cxampk. 
(0088] T11e ehx:trnde assembly 400 ,,ccxirdlng to thi.:' pi-es­
,,nt ,'mbodiment i.~ fonrit·d by ;vinding !h<, pc,,iti.v"-, e!ed.rndc 
450 mid 1.h(' E!i.:'!!,ative dectrndc 46{) {sec FIG. 4). The 
ekctrolyte :.;,JJU!i;;n fi1 ling 01wning .U 7 is fonni.:'d ln 1l1e !id 
pl.it<:: ll O positioned iu the cHr('c!ion or !he ,vinding axis of 
th~, ekctrode as.s~,mi'lly 400 of th~, oinh,iner 100. 
[0089] Thc,rdmu, k,rcxampk. th,, dectrolyk' soluti.on ~:m1 

renetrnw the inside oft!;.: ek'i.:lrode as;;embly 400 from the 
!;Jh port.ion. 4H} and th~, dectrnlyte ,,nhuimi accumubting on 
a bottom of the l:<.mWint'r 1110 (on th~- low~\r ,vall portion 
fodng the lid. plak 110} cm1 pendrnk tht' in$ldc ,Jf ihe 
deo:trotk: a:;,$c~rnb1y 400 fmm an ,,11d portion on mi opposite 
side !iwn 1he tab 1x,rti()n in the ,linxtion of the ,vinding axis. 
This -i,; ;idv;intag~'<)U~ :froni a vie,vpoin! of dlkient 1x~netrn• 
tion of the cb:1rnlyte solution iu!o th~- ('k,:trod(' assei:nhly 
400, 

OTHER Fl\.-1HOD!MENTS 

(00901 Tile energy ~10.mge device a;..:cording to tlli.:' presm1t 
inven1ion bas bt:<.:'n dej;crihed ahoH' ba,t'<l on th,' t'mhodl­
menL I-Iowcvc"r, lh(' present inveu!:i.on is not !imi!cd to the 
;1ll<w~, ~,mi'lo-diment. Varlorn; mod.ific;itfons to ihe emhndi• 
men!, ,.,,hid1 a person ~kilkd in the ari can think oL «nd 
modes limn('d by cornhining, the plnralit){ ol' compc,nents 
described <1buv,~ ,~rt' indud..:-d in " ,n,pc of thi.:' i1Wt'ntion 
witllmll departing from 1he g.isl nl' the invention. 
(0091] For exmnpk, th~- number of dectrod"-, as~~'mbly/ 
asserni'llies 400 pmvi.d<.'il ti! the ene.rgy stnrnge devi.:e 10 is 
nm limited to one, bm two or more. Jf an cn<'rgy storage 
device 10 inclnd('g ,1 phim!i!y of' ('}C(.:tnx!(' :,ssei:nhli('" 400, 
lt is possible l,J red1Jce ckad ,p,,ees in comer portir,ns of;, 
contHincr 100 as ,:ornpar,~d wiH1 tht' ca~e ,vh(.'ff th" ;;ingk 
ek,,;,:1mde <1ssemhly 4iHi is housed in the container .!Oil oflhe 
swne volume {cap,idty). Th~'n;fOR\ th(.' proportion of the 
;;.,kctrnd"-' c1s~l~nbhes 400 to !l1(: (.,!Jmcity (>fth;;.· C()nt,,in,.;r HIO 
can h,~ incrt'ast,d and ~,<11x1dty or th,~ i.:'n,~rg:y $!orng.c ,kvkt' 
lO cwi be incrt:ast:d. 
[0092] Mortx,n:r, tlw t.:kctwdc a;;stilllh!y 400 provid.t:d Ki 
!he rnc:rgy storng<, device 10 docs nm ne~·;;.-;;sari!y havt, to be 
of;i ,vinding type. :\n en~,rgy storage device 10 1.m,y indwk~ 
a l;Jyered-typc d<::<::tmck i<Ssembly formed by l:Jy1cring elcc­
tn:,dr plates in !lat pfarn sh1\pe,, for e1«m1r,k. An energy 
swatge d(,vtcc: 10 nmy indude an dcdn:,d;;, ,is~t,i.nbly having 
,, bt::ll<)ws-slrnpl:d klycn.-d strnctnr(: fmmcd by accordi,)n­
fr,lding long i'l;md-shap~x'l dectrn,k plaw,, for exmn11le. 
(009]] ,\ pushimrnl ri.:'btionship hetwtX'll i.l-,i.! r,ositiv,' i;~h 
portion 410 and Ilic iK·gntivc t,ib pmiinn 420 prnvidcd in the 
electrode assembly 400 is nDt parti1c1:i.fady limited. For 
i!:>;;lmp!e, ·in a winding-type ekctnx!e ass"-~mb!y 400, ,, tnh 
ponion 410 mid a tab por!i()n 4211 may b,, cbposcd nn 
(ipp(lsi!c shks from each other in ;, dir~:<::hl)n <)r a winding 
axis. If ,,n cm,·1g:y ~!nnigt' devi,:c IO include:; a layt·1ed•type 
electrode ;Js,;embl;v, a positive l;,h porl:i.(m and a neiptive tab 
portion may· -protmde in diifo,rent directif,ns when &een :from 
a hy":rc:<l dirctction. 
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!0094"! Although the ck~·,rolyk :ldution filling opening 
ll.7 is dispoS<c'<:l m tlmposi,km facing ,he fHJ,~itive tah portion 
410 oft!:«: o;;k,;.:tr,Jde a%embly 400 in ,he (1blJv.e embodiment. 
the dcctmlyte ~olU!ion filling opening .I.I 7 may be dispo:;""d 
rn a position facing the 11,~g«tive tab pnr1fo11 420 of the 
dt'l'trnde a~sernblv 400. In other won:ls, if the d<.x:tro]yt(;' 
$Olution ftlling, op~ning 1.17 is provided at a fHJ$ition facing 
a pori:ion which i, ptuvi<k-<l w the ekdrode ass,,mbly 400 
h;rving a layen:-,;i strncnir"" ol"the positive ek.'l,tr,x!e 450 aud 
th,~ nc>(ativ0 dec1rod;2 460 and 1.vhkh i,; 10 be elet1J.·ica.llv 
comK~it,d to m1 ornside, eledJ"olyk, solution c;:in etlkientl}' 
pellctrate an in~idc of the dectrodc a~semhly 400. 
!00951 ln the ,;:miwincr 100, the ekdr0Jy1e solution filling 
<>pening U 7 rrniy be formed in the w,1H iwrtk,u other th,~ 
the lid _pbte Hll. For <.:'x,1mpk. as,mmi.ng thal the tab portion 
410 or 420 is ,fopos,,;.{ in sud1 an c1:ttitl1d,, ;:is to fo,•o;, lo,ver 
w;i.11 pNtion (v,·-a!I portion forming a hollom :face ofllie main 
asscmblv Ut) nf the coni.;;1inff 100, the ek,,trolvte ,;olution 
filling op""ning 11 i may fK, formed in a positim; facing tlw 
tab portion 410 or 420. ff lh,· decirulyk solufa,n tilling 
opening 117 is dispr>:,,t-tl in tfa· !oww wall poniou. an 
ek'Ctmde terminal el<xtr.icaDy com11o'Cted !o ll1e tah po.ri.ion 
41 O ,w42il fr1cing 1h0 de.::!mly1;2 ,ohnion filling op;211ing 117 
may fl,, fixed UJ tile lower wall portion or may b"" fix,xi m m1 

uppx~r wall porti,.m (lid p!m;;, 110_!. 
(0096:( A shape of ,he electrolyte solution filling opening 
117 is nnt t'specia!ly limited and m;:iy be ,;ek,,tcd from 
varinu~ sh;ipe;. ,nch a, a cin:nlar shape, mig;ular shape. aml 
~lit ~hap,, Hccording IO a ,;h;ipc of 3 nozzle us,,d fi:,r ..,J<;,ctro­
lyk ;;olrnion :filhllg, for '-"x,irnple. Regarding si:w of the 
eb:irnlyk solnhm1 ilHing opening .I.I 7, suitable size nwy he 
sdccted fa.,m a vic,<,point of ekcirnlyk, solution filling 
d1i,:i,~rn:y or maintcmmn: of strength of the lid phitc 110. 

!00971 Alth(Hl}ih tt1"" lower in,rnfa1ing member .t 20 i:; di~­
post,d diwctly hdow th;:, dccirnlyie so!uiion i!lling opening 
117 in the abuve t,mbodimrnt, the po,ition wher(;' tl:w lower 
in~nlating memh<.:'l" 120 is ,foposed is not p,micubrly Jim-
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ite<l, ln l)tb;;.~r \.Yords, if tlie lo;;v;;.•r insul.,timi: member UO is 
il.ispo,;1..ed. no! diric'Ctly hdow the d<.:'Ctto!yt; su!ulion fill.ing 
opening ll 7, I.he tlmmgh hok, 121 Jwt-cl nClt h· fr,rmt~:l iu !fa· 
lO\.Yet insulatiug n:tc'mbc'r .120 ilnd the k,w~~r insulating 
nK,mh~,r 110 can be mam1foctu1·xxl x,as.ily. 

INDUSTRli\.l .. APP!.!CAn!LlTY 

!00981 The :pre~ent invention c,,n h' applied tc> an e1wr>,1;y 
storng,e device snch as a lithium ion se-.,oudnry tnit!cry. 

.t. /\n -e.nt':"tgy storage dev.itt':" con1_pr.islng: 
an ekctn.xk asst,mbly; and 
a con!ailler for honsing the ekctmde ass('.mh!y, 
wb,,rein an d,"\Ctrolyk solution !HHnp, openlnp, fam1 whidi 

electrolyte so:tmion is to b~- fil!t"'>i into the container is 
fom1.;2d -in a pm;·ition uf ;J \W,ll po1-tfon of the confainer 
and fricing, a ub portion of thac, dac,ctrock assembly. 

2. The energy stomge devi,,e ;iecording !D claim l, forlhcr 
cnmpri~ing ;J c11n-~,n! coll;2cto1· disposed in ihe co.nui.nci- and 
e!l,;.,iric;,!!y coimcctcd ,o the l.ilb portiou and nn insulating 
llk'mbt'r dlspo~ed benvix,n i.h.., cJJ.in,ni collectur and ihe w,ill 
portion of th,, t:(mlain.:r, 

wh.erei11 a !hrough lwk is fc,mied in ;, position of the 
im;11lating member ;md bdw~-x:,n the det!Inlyte sol!ii.ion 
falling opening ;md the rnh portion. 

3. ·nw rnergy $!orngx, device acrnrding to daim l, funher 
n,mprisiag ,1 :;pac(,r di,po,t·d bt·r,,·c.:n an ,,nd portion of the 
electrode a,;semb!y provided ,,..-.itll the t;Jb portlon and the 
wall portion of fae contail'l~,r, 

\.Yherein the spacer has an opening pNtion through ,vhkh 
the 1~1h 11orEion i~ in~et1•ed. 

4. llK, en(,rgy ~lornge devi,,(, ,Kcording 10 d,iim l, 
whc(t~in th;;.· eb.,1rndc ,i;;;;embly i,; formed by winding ,m 

t~lectrod.;.:~. ;3Jld 

the electrolyte solution filling ops::ning :i.s formed in !he 
\Val! p1).rlion Df 1h,' e,)niaimir and positioned in a 
direcri,,n of ,, winding axis of the dcrtrndc «s,~'mbly. 
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--------< 

Commm,ication 

The extended European search rnporl is ePciosed. 

The extended European search report includes, pursuant to Rule 62 EPC, !he supplernematy fa;ropean 
search report {Ari 153(7} F.PCj and the European search opinion. 

C-op,es of dccum~mts cited in !l'H,! European searc!-1 repan are aitw::hed 

0 O additional set(s) of copies of such documents is (are) enclosed as ·weii. 

Refund ol the search tee 
l1 ;;1pp!icab!e under Art!c:e 9 Ruies re!ating tc fees. a separate cornrnunicat:o,, 1rom the Rec£iiving SBcnon 
on the refund ot the search fee will be sent !a.ter. 

Should yow wish to further prosecute this app!icat:on i,1 the e.:<arn1na.tion phase, yoi.ir atteniion is drawn lo 
!he prov:sions of Rule 70a EPC An !rw!tatiO!, to respond to the extended European searct1 report wi!l be 
issued $f:Ottly (FL 70(2} EPCJ, 
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i;o•~~~t~.C:t<'S 
~•,itN-t;i.m(; 

5',1,n:i;p(~,: 
:-'.:)1~-"~ t:rf-':u•, SUPPLEMENTARY 

EUROPEAN SEARCH REPORT 

DOCUMENTS CONSIDERED TO BE RELEVANT 

OS 2019/207212 Al . (LI CA:tCAl [CN]) 

4 July 2019 (2019-07-04) 
* claims 1-20; £1.gures l-7 * 

Tt~f~ s:.1pp!err::ernary sew·-:~~'; rep-c.Ht has been ba:;.ed on n-~t: !ns.t 
i set :..:! dakns -..,•«lid and av~i1abl•:> at the stan t11 thf: ~ft:1:-ch. 

27 June 2023 

1-13 

EP 20 93 3746 

INV, 

SOlMl0/0587 
H01M4/13 
H01M10/052.5 

H:CHN!CAL f!ELOS 
SEARCHEO {!PC) 

HOlM 

Liu, Yonghe 

· t:·,et:ty ci:- f/:r!t~··:::-if:· :.;:~d{:tfyin:3 Hr~~ .:1:v?.FFlJ:~ 

::,ait:c:..:ta-.-ti ();1-!{;!v(°l,:nt ii :',)13'.e,.r. i,~Jn.r.-e 
~a••t:.f::~:ti.1ff'f re::~;h,''l.·Hn 1: ~\,w:t:::i:~tK.i wit?: ;.:Hi~:,k:1;;:1: 
dc.)<:1..'m$nt 1)f F-:c :s.;:H':~-~~ t:;Jtf!G~:-1~.,-
~c ... ·J:n◊io;:f:,:.~~'B !:i,11..~-•Jt"f~1t.-i:d 
r::1...1n.-..-t.'fi.t<.-tr: . .f.!::S.::j():S•.Jt<::. 
:~·,teirn<:t:ik=tt"G! ,joc.;.v7:•eit,t 

:-: . e,,a}::or :r.;&t&:'.t doc-:..::l1ol'ii. b:..1~ p'i-.it,:,::7'}',00 ,:i..,-.. or 
~ ~e:- the f; :: ng date 

;:: i (t;;;~~-:~~::i\/ i;:g :/~~;~~~~\~~ 
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ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. EI> 20 .93 37 46 

Tn,.;:; .~nnex Hs1Si U:~ pr1~ent fHn--1:ity ::-r\_emhers r~laUn~ !1J the patr:-r.t C~oc~urnt.:ttls t.ited i:i tht? above~m~rq:c,n~d E:ur{1t1t;~~n ~r:!~rch r{;(K.srt 

Ttw r.,embern ;i;,;, as oo,w,ir.ed ,n lM l:mnpeHr' Patent Of:iu, EDP ~le on 
lh~ European Pste:1t omc~ :s in :~:o way li::lb:e ~or ttE-3~t?. parncv:arn whldi are me{e!y g:f·tet, tor t:Me pu{-pose c~ micrmahot1. 

P;,!er,\ ctocumen! 
cit<?d m ;;~arch rnrnri· 

tJS 201n0721.2 Al 

Put,ficalior, 
dat<, 

04.-07-.2019 CN 
us 

Paten~ fa.mrly 
mr:·mboris) 

109980230 A 
2019207212 Al 

27-06-2023 

05·~07 -2019 
04-07-2019 

• ................. --···"'"""''"""'"--·---•·-•··· ........................... ~ ..................................... ····· ..................................................................................... --··.... .... ···••.• ... ' 

fu For mere cte!ails atK:-t,! lh,1, annex. see Official Jouma, oi !lse Europea,, Paienl O!lice, No. 12182 
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i Ap,plicat,ion Number 

I E? 20 93 3746 

' ,------------------------------------------------------.. -.. ---------------------------------------- ------ -------- ---- - -------------

T!TL.E: ELECTROCHEMICAL DEVICE AND ELEC'l.'.RONIC DEVICE COMPRISING ELECTROCHEMICAL 

.OEVlCE 

APPLICA.->llT; Ningde .Amperex Technology Li.mited 

!PC CLASSIFICATION: H.OlMl0/0!;>87 1 H01M4/13, HOlMl0/0525 

EXAMINER: Li.u, Yonghe 

CONSULTED DATABASES; WFI, EPOOOC 

CLASSIFICATION SYMBOLS DEFINING E:lCrENT OF THE SEARCH: 

CFC: 

KEYWORDS OR OTHER ELEMENTS FEATU1UNG THE .INVENTION: 
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DmlH";') 

Dme 
D.iie 

8ia11 

Sheet 
Feui!le 

/>qic,t,catlon Nn: 
Dm~1ari:de: f;(': 

1. Amendment, Art 123{2) EPC 

The appHcant is kindly reques!ed to indicate the basis for the newly filed claims 2, 4 and 

5. 

Tl10 oxarninafon is beirg carried out on tho foll.owing application documents 

Description, Pages 

%Jd with entry into the reg1onai phase before trio EPO 

Claims, Numbers 

liied with e:1lry into tho regior,al phase before the EPO 

Drawings, Sheets 

filed win, entry inio the regional phase l-'E:fore the EPO 

2, Clarity Art. 84 EPC 

2, 1 The features of the claims should be provided with reference signs placed in 

parentheses to increase tr1e intelligibility of the claims (Rule 43(7} EPC), 

2.2 The \<\t'Ording "a long axis" of claim 1 is vague and should be defined by a 

reference, 

2.3 As shown by examples 5-1 to 5-4, no technical effect associated with the 

parameters defined in claim 1 alone is detected. Essential featt..ires, such as the coating 

Ulickness and t11e thickness of the current collector, are there lore missing, 

3. Novelty and inventive step Art. 52(1 L Art. 54(1} and (2), Art. 56 EPC 

Reference is made to tl1e following document; the numbering will be adhered to in the 

rest of the procedure. 

D1 US 2019/207212 A 1 (L! CAICA! lCN}) 4 July 2019 {2019~07-04) 

The following documents have been cited in the international search report; the 

numbering wii! be adhered to in the rest of the procedure. 
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Datum ,\;11~wtde-Nr: 

Date cf .F-:::rrn 1507 Applicalior, i\'O: 20 933 746~8 
Date Dema;,de n'· · 

D2 CN 1 949 580 A (NO.18 INST., CHINA ELECTRONIC SCIENCE AND 

TECHNOLOGY GROUP CORP.) 18 April 2007 (2007·04-"18) 

D3 CN 110 459 730 A (ZHANGZHOU HUARUl LITHIUM NEW ENERGY 

TECHNOLOGY CO., LTD.} 15 November 2019 (2019-11 · 15) 

An International Preliminary Report on Patentabi!ity (!PRP) has already been drawn up 

for the present application in accordance with the PCT. 

In reply to the invitation to correct detici encies pLirsuant to Rule 161 ( 1) EPC, the 

applicant has failed to suitably address and/or rectify the following deficiency noted 

under point V of IPRP. 

The outstanding deficiency mentioned in that report gives rise to an objection under the 

corresponding provisions oi the EPC. namely, the subject matter of claims 1-13 do not 

involve an inventive step over 02 alone or in view of 03, see also the clarity objections 

under items 2.2 and 2,3 .. 

4. Remarks 

4.1 !f the applicant decides to continue the procedure he is kindly requested to draft a 

set of claims in wh!cll any alleged novel features are dearly discernible from the prior art 

and indicate their relevance in the letter of reply. 

4.2 In submitting new set of claims, the description should be adapted in which the 

prior art 02 should be discussed. 

4.3 In order to meet the requirement of Art.84 EPC that the claims have to be 

supported by the description, any disclosure in the description and/or drawings 

in_gQnsistent with the amended subjer,;1-matter should norrnal!y be excised. Reference to 

embodiments no longer covered by amended claims must be delet§.Q, unless these 

en1bodiments can reasonably be considered to be useful for highlighting specific 

aspi;;cts of the amended subject-matter, In such a case, the fact that an embodiment is 

not covered by the claims must be grominent!y stated, 

4.4 The content after vvordings such as ''may", "optionally" should be verified to be 

consistent with the amended claims. 

4.5 The irrelevant and/or superfluous information should be deleted (Rule 48(1 }(c) 

EPC, Guidelines F-11, 7.4) .. 
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~=>:•:~;,-:-:::q :f• ~:~)~! 1-t-:i;jh":-:--3 ~r:· ~-o a( i..-:-;;}:-,"::~ -s,,.: __ ;~rn:- ~:>::_;.:=•f•f 

1"\z.~'~•~:-:·~1:.:-:~1 (.z.1 ,·)N'~ asp·►:-c:t •Gf m-e f~•r•:~:•!:~n(. :"i~~·f~•li{.>:~:t:,·)t\ H:e~-:: ls wz.1:./i:Je,..i ~ N-:9a(.::...-t~ ,e:•:c:t:-c>d!:~ 1~:):-iti'\.i,::;~r the ::-:-~)f::t:;.1,:: :.::l-e-:...:u,:.~,::i:.:- :n-::;::i..-d:.::-$ =~ ::,:.:-:~r3t;•,•:.:: -e-:i=:<:t:<x~,:.:-: .~~•2n-,:nt :.:cf:-.:1:t~)f.. 

c-: fa~:. :r:.;:~}c-:th:{: ~::~..-.:j)Gd•: f-t'-~:.::,..~! :~-:i::::t-$:rir}!: i::-::r~!r, H:"")~-1 ~ :5,~:cni~d :-" ► ":t}c-""-tfri'>: -t-:l~·,;j·:,;_:,~Jf! ~'-~:.i-..,1: :n::::.~·)i_;~t i:~~·~:: ·n,f: fa~, ::,:1]:'."t:°i,,_,•;: ~:li:-;-:_~t,od'-! :'.":-t-:.:.1,,'f: n:a:.i:-;-;i:~\ !.«:~·f::· :~ d~~;p-t-:-❖;:fJ :x: ,::-::J; 

si.:..:•: :·)f :.-".: fo~:. :.:,·.:p,:.,.:H :·.If t:·:,e:: ::••:~wt!".,,·~· ~~:,t,:;_:::;;.."".:.:.,:-,;c :;un-~:n'- .:,.:,.:i:~:1..~\.:,.):. :.-:n1..i :.:: .. ; s~.:,.:,.:w~ i:~~}:~t;·,/,t,: ~l:c:,t~:,iz:i..i~ ::*::ti;,:~: :·:·i~'::tt:r:~: }~'::Y'H ~s .:..i::~fl'("s~:J i.'f} l:z:tt1 :;:~:-!-:::$: ~.:f ;~ s~;::<_;!f:! pz:r::tin ;•./ 

"..h•C.:: ::~qs~h··~ ~)=~~t:~-~e CU~l~n\ ~~)l!w~:t~-: ijftfo::teN ttt•tn tf~,;.:: f;:~1 pf.-:'"!!f:-rt: \'.•:1-.:::--.::w, ;;) :"$"..:(.~ f< •::if ~ w-;:qh~ p~) u::it ;;X~~-$ ,:,f m~ fo'S':: n~\}:'::ti::~ ~i;;Xti:.:x~,; «~-:\:-.:·~ m;;":':::.~d~l (;;":i'•~f t:-::., 

:_:;;5~ ,:,,; )~'~!:-~ ;:-;,.:--•:•): :{. ~~•.:='[f. ::;..::: .~\• •.. :_;._::di:.:=:-;,;{{.,,~.: t'rn:,.i:-c=, ';,:::' ·,:i,~;~.:: •):: 1hc >•-~ _.::i.HH.: !-:';,::,.-,))1'"'\..t~~ ,e:; __ ::.:; ;;: .. :_ ,;t,'~~,; __ ,n.-~ ·;-. ;.;.b_;l.J,~ ·:_ ...... :_,_ {' 5"'. ;;;i:-d 8 =6\ ·, __ • r '} ':,. V\,;:,,; __ ,,y;>•,--· . L~1~ .. ! ... ·' '\)~! 
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~ -~Jl'"'ft"'• \· -:::-~._.p, :••.•~-: ·.... :c;;._. ~:, ..,:., .,.),· 1~tP • \u .~ ,~ •.:-. '¢:•.'.t ....... < •-·~ •.: 1~~ :f , z~ :t :s . ·«·--$ ~· .. :::-·.~ 1_,:r c ~...,: ... ,., ~--· ❖ > \. ;. ·s:s ,n.,1, c,: t":\.>,.\b• ~ ... ., ; · •. ,:: ::-:~~ ~~,.;;.. . \~ ¢ .... r~ -~ ..,. "\ ~- · \ \.,:,.S!..~ ,· .. : ..., 

~·:f i;:q~\;:;i:~ :;'.1 t :) $~~ .. :~·:s:;; ~~j}:t': ;_): f\.,tiji:l t.1 ~ ;). ·: ~ .• ::.:r if:):{ th:.:~:-~ ~g t:-t"':U(ii ~,;_; :~ 0 (::j•::::. :':"'(;) f;i,,(",:r-:-ipif:. ,~-',,':·., i~Uffl;t";~ :i.:I:! \~i':i-1~:e:s -~~:'i": .:..x1:~•·::::~·!J::::·.!;'!{~ t(; t,:·: ··:s.1.its:'.;'[':':nt\;:iih,•. ld-=:·:·i:1lt.;;;:~: tf H}:·: 

c..~tlt.:::re1i,:,·.;;, ~-::,er:,.-.;-;;-:;:::: ~h-:: N:c \i:.;ri:-;::-~:."::Si i.:::--::ki,;::.:; :s t~~s;; t~i~~:·} G~ e,-.i:•.;.::rt tc ~ : !}::;. {o;:}J,_, :;:ss ~~--=~Vi :.1:· €q:;.,;.;~! t:.1 i: ~--.~;._. !::-:ss ~~;::~:1 z-::r «-0',,::J~~l tc -::.· -4-~-- l:::s'..; H~::::::: -:...1~ •':th~~: tz-:: .!. 3%. :~~;:::i.­

"..h:.~n •::,f eq~K::f ~-J ± 2':\ ... f•:?~S lf"'.:3:') t•'f ~~q:_:3; !•--' ± ; ·~:- i~:::~S th5:': ~):' :::quB! tf~ ~- 0. s~~ .. t~~ss t~::i:~:•~ C) e~.fj;;): t<.'! =~ n. r% .. .;_X 1~=~~~ H~-3?1 f}}' i::q~:'3l 1t:• t e.C15'~,} of '!.·f'!~ :~1~:;;):~ (:t lh{:: V3i\J•":S, 

\:pp.::=,f:· •'h,:_"l',it:::-ilt:?.:i . .'• ··,•ectic~;:· --~~;i;,,·e.' 'be/,:~'-'·.:."· "t:;-p_," 'l;.1A:•:,r~:.:· ;s;;fl de,ri'l~n,•e:,_; {h~:·e-c..~f {e.g. 'h•Ct~;:):•f:.t~li)\'' ··,:;,-,,,w:~1.~.::?.{dly~· ·\:p;..;,,·~:•diy:· ,;,-!,:-.) $h,:_~-.._1:;1:; b-~ (.,:•f:,tt:·:J:?.:d t,:_~ ;-;_:,f,;,-f ~r.• the 
<.~r:~:):.-~t!C•rt ❖:.{ :::.~n (.i~~-c::lLx::c !f: ~ht) '3!:Sii.~:.::_{~h):~ .;_':) ~~ $i~(:\'.;n in :::.e :."k❖ ',•':/'irtq i:g:,.,it•::~, n~-:2~~~ r-.::-fot'!v~ ~.::-::?t:: ;_~:·:;~ t.;.x .:x,:,\":_~ni•:r·:~~~~ ,:,f ,j~~~,~;ipti,:,:; ~):):y ;;):~d-:.k'i t:N :'f~q~:i,-~ ::-,.£::t 

.~:ddiH-:."l'n;sf~;'. ~.::mctin\~;, :i-~=t:tkv:.:, :=t~~.j t•tt~:::-:· :~um'8~:.-:~l \:.&-k:t:: ~:·:::- s-:~~n•..:nrn:::-s p~-::·'.tB-:~ttd ~:i:-~:·:::-:n :ri B ;-,s:-;g.:.:- t:::-:-m::1t it i:; t::- L)-8 :_;f>d~:·::-:t-:.>:,,:<.i \}F..'~ s~:cn 1;1n\~::~ t,;,,-,n":'~Bt i:; :.is~,::.:~-,::.~:; 

c·~J:·N:.:-':a~!t!-t~~· i~:·:l"~ b::::-"..-·!·!~\ ,:nd :~~)~·.,~:td l:{: tnt~~:p::::-''!.t-'d ~1::-:xl:h• to i:~)d~:d·~- :":t·~: -1.:ni:c!:":-t: :a;:,-n•:i·:c~i -:«k:..-:::-. ~':'>:f.,1,:k~•:t.l·y :i:-:-.~~~{:-~·3 «:.:: t~;f: t~:n:t•j ~-,ftht: :;:.~::~~f:. ~;_.t i}\\V :<, ·:·~.:.L-<:,:- ;::-:'' 1~;..-­

•r·i:-3!':.-•:1_:).:1::l :--;:,_:f.-;f:t:"5:-:ai ,...-:;-~l:..:i::=;:;, -:.:r s:.:t:~r•>fl(,1~"'.:$; f:1:")f:,rnnp-:_:::r5~;.~-.:d ;r{!H:in ~t:_;j) :";;}:':{}t .. : ;5:~;, tl ~:::-r;h n:..::ni::=f•c=!t ;,...:=:kt~ ,;~::d :-:.:~.:~r.;}::s)t=": :~.- t=":~pfa-.:i:_:~, r.~,t:::~_,:=1t 

:nm,::: d::-,t.:.::t(•:iJ :}es,:.:rip-~l~-::,:; .3~;,J d.a:p·:;.;._ ~ !i,st z. .. :d :: .• :n:~; ti~;~;::;{~ ::_--,·{ t:;e tB~!~i •·;H l~;,a:.~: i:,f1t:~ cf ·-~~t !e~~:.t ~}::e ,,,_~f.~ or <.,:H;-e-: :_:f::):t;s: \.-2:.-·~;-v_: m:::y f'•:;~.:-::::; .:s:::{ <.,-:,::.1:::-:.i.;/n:::t:cn ,::_:d :_~~-.: :1-s:_.~,.;: 

it\!:::-n::-;,. ~:o► <:.::..ftfftpi<:. if :~~Tn:·~ .:-1 ::::rvJ B c-:re i:;::-;:!~!d. H"•~= p~~:~'.!-'>:' '.c-:t i'!:>i::-} 1.:n;.:.' -:.:f i~ c-:nd ir· frn::'.':,::~ :;; :·.-:·:t:1: .:.:mi~, B .. -.~.; /'... :::;:•;fJ :>. :n ::::r,,· .. n~~=r .f:x;.::m:-.,1,:1:-\ :f itt:rn:.:: ;\ :> :::nd G :::Ht :t:.::-:-.:.:-.:t fo1:-;< 

!-*~-=)~;{'.! ··:~: i::~~'$t ,.:;:-;:cf.~. (t :~Hr3 c·· :"f):'!B:\',:'-;: 2~ {~n\1• ',.'.:~ ..:,~::})' H: 1•.;~)i)' (:: s: ~I',:.:.: B ((';,.:.~:,.,m:~,q ct:~ 2~:~-ti (: {~:-·'.:.:u,i:~:1~~ B); t: :;:,::-;1.t i~ ("i:X-..':::1-.-:J:t~~:- /'...} ~-;~ /',, B s:n.:..i C ::~~:m s: m:..~~-· .:.-:,-.:mpn\:): 

0!: ~.;~)-;,<C. -:,;_f:,-S.,~\ ,x ~--\A,,J:s, (.,1:·.::i'nt .. , ... -., ,, . .t,: ~:: .. ,❖~ \•◊, .. :,,:r:.;._ <~ !;.,f:;,}~e 2,::':., :,-.::Ht •J .... ).Jt~:,.1:¾ -k)i .. \;,.,.-~. :\:_.H' .::, '}"-~~ .... ,,.1 \,i, ,,c? ❖ _ck;g;, ~~:6,\,;,., t~f n~ . .}:,,:~•1' :..:B.,} ,c:fo, 

m )~):·: pdo: :;;r1.. t:·: '-1:'-i:_";: ~.o pi,ff:":t:e ~.h{:· :·.,f:!lm;:ii ,:1:-:~·:r-t;~.: 1J•·:t:sit:-.,· rmd t<.: i};·Jtif,•'f: :.hf :Y:'t:b\H~)•' a:~•d ··:irnp:;,·.::ty ,A th.::· ::·:,1r:::...:!;:icH;iin:) prt--...:..":{2.-::::~,.- ;,s ,:":f:s:ii:_~:·} t:f .:..ii:sf.: ... ,:'.:ing ;>:·;::1,,·-2 

s:;;51f:1:"5:=}is ..:_:f• :·x:H: ·s_•:~J~:~ ,_:,f :_:;:i::= :")·)!{~di•:= :·.-f:t·) :-.1f E: P,\.:tif:t ptf:Gf:1 :.=i:nd ,r_:5~;pn~•r·i:) ac::_: 1,::=: 1~rn:.H:•>b; \.:i;; i}::t: ·:,;.i:•1~ .:.:;,f i.h~ i:::d p:5q rrf i.il;:: ;x-,:~ ::.:(:=:~"'.:-? \::: -8:d>J:.:~_,:=1.t ~:):· :=: 1;-;;(:·i•:~!n~3 ~-~·T~t: 

(:·)e::r-t:l::;i-f:.w, H:~ :.:Hi:: ··f.•::-;:~;tp:::~:•: lttt'ti:.:;,:·· :·-;:fo:·::: t.:.~ pi~<.::p.tt~ti-:.~•: :·:-~ ::tt:i:.:;:: m::~ts:l) i~s:: .:i :·::~z:i.._".:~:• ::~/.,!>, .:.--:.tt::~ :m~·;d::: :..~--.'.~h·~ ;n:~~~:-:/;::i ,1::~f)'(~s~:.: i-;,n .:.--:.n~ ::;.:.:.~~ :~wl ~ :~~w:,:1 ;{1~: .. -\ i,:d 

··.,c ._..f,:, •+• ;--,_ ,,•,<? •'n•~••·,-.,;-· ½. ·. 0,~~?~h ,)~•::f•:-~~;, '.;- tC•J ·•-·~• )('VJ~.) ·r ~ -· 1'-_-.:: •-·.,)·•:":hi.•-·.,),.•· N'tt, . .;: ,.,:'\."\>'\(' ._..,:~i1.;;·~ :8-~.,:,.: • .., . ,):,--.:: ,_"" -.,.~·:\~ ~~ ;1•v .. ,_1 ~-!..~:-·, -~·°?'\' V, b:)th. ~~~._,.-:"?; 

, .... tt: siJ_-.,, :::;. f:.-,.~e «d~,,:{ . .:,~~; .... _,_;,i ~\.., \:,\;'.,)~•-d. ;,i:;":-:i.),fn~\~1,),.., .;;),1--: t'.•)·\:-::.,::) i ..... ~,:,, .. ~ t,:),,{~:.p,~\❖.,:vr, -~· ~iJ),:,'/,f:.~✓- ~.:{:~: ... 1,}, A':;½l ❖\;...,,., }, __ p.z,,.,-.;., .. ,c ~h:;~ 1'-•,c ... <..,l ;.: .. :._h':;) ;,-.~,c :1, \~}.: 

th.ii:•sH·• !{:n :_;;51:i::=f:.,.., :,,• . .,-bk:J• :";S:::.r:.-f:t~; ~h~ l'";t:pS:::.--:,i'{ kr:.--:;; {.:f H;,t,; :_;;>~~•:'.)~- aiK:: _;i:";f~~if:1:";;}·::=~~ :)-::•:= :-:y.:.:l:=: dF.::=:y, S:\.i' ~.::;~} l°ff~ .:..~·:,··d-? f.;,:~:·f,,.._:rn::.:sn:·;t=': ;J:" :_::;.;:= 1i~hi:_;~•;; ;,:-,n :..r:5~.i.~:-':,•· iS: :;;::,..-3,_i::;$:d in 

.• •\,:>·;r,:·iJi•:~g ~(t ')H::-~ s;;i.:·►:c:t cf U:e f;,r,:~:..:::nt ::~~;,f:,lic~~:,:Ht H~-:?f•:: is W•::t>ii-:J.:::(i ~ ~~.:::gs',:,::.,·~~ ,e-:;:c:t:-::-:.i.::: ·~:) i::d:wf:1g: ,~.,:.: :1·~1}iS:\;·:.,..~: -t?)~:-:.:t:·:xi•~= •':w·:--,::f:.t :;dl-.:tt:.x ~x-::rnp~f'A:-s ;s fii:-g.stii_:,::, 

t·:k:~".::~:,-cd•;:· 1.;:.~::e:~~- c.-.,;t:::x;tc) -i ir: .. :::: fi!·:·:: neiJ;;;:tlve -::·i:·:-t':trc:::.ie a~.!h,•-::· :-)·>r:·?:·:r!.::1! b~w-i ·; n2 and a :;::t::.:.>c1·1:·; n:::~::,t~-.-~: l'.:·lt:-:.--.:~n.xi:::: rs:·;::·:.....,,-.? :·ii•:·:-::t:ri;:~: 51:y-.?~ ·~ n:) .. ,._.-._.·:·:t:a::r: :·.,:·:~: sud a.:.::·: rift~:::: 

f~rst \',:~~F~t~ ..... ~ -;:l't:'\.~:.: ;;.1;j~ &·C1tv-:; ::~~1,t,:il~..;:i ::~y-:::· ~ i.f~: ):~ s::·:·2~:~-t}~:•J :=)l' s: hr:;::~ p;:i-~:. ,_;: :::-:; :~'t\3:~=•v-t: ~·f::~cin. .. :-ti~ .-;~i:·:-;:::·:t r..~,1:1-;::.~:t:..:r ·:: (~: ;:::::..~ :;:. :::1.~:-t-::J:~1",: :1-~:~3:..~\;1,.-::: ~:{~::t:·:),(l•~ :;:.,.'.~h·~ 1;~:sti:;i~:::i 

lay•:?~ "l {)."> on th,:: n:::-gsti:.,·::-! e:.::::::t:·i':-Ch: c::H~•::f',c ::oll,::dN 1U i~: ~~:)e.:.:1 O 47 ~r, :..;:tx:,:,n :). ')~:_. ::~tii'! ::,; 1-s~i-~~ H :.:-f ::::: p;sd(:n,g ,·;~nsf~~,: :.:-f th~: iFs:. )'·;f:-Q~~t:1-..:~ •~=i.:;;,,·. fF.:m~ .sc:.;·;.•~= n1-~\•':P:'.~l i;s~-·~:r 

·: :G·:.: '!.O !hi:• ~~.:::'!Cl'.;:-"):·I n~--..~F>Hv:::: ,::-;~·:.:.;~r.:.:ti:_"; ;~~Sl.V~: /~j}:.!.~~:{i.<)! )E:y~~1 ·i iY} t~ .;}t,~·.•t:~ CJ-,-;: t<; i:~:-t':Ut ) ·: .. 

:~- :)":°h~-.:r ,t,;:1~:_;.:_;,.-_:jm:=:,t:h. ~~ff! ra~i•.:• Gf (J;:;~ w•::l(:M Pf'' Sjf>it :.=i:r~=~ ..._J :t:f:t -f:rn~ n•:=~~M::~;;_::, ;:~t:.~.i.',:'~~ .n>~J.~:.i:t.~! }-::-w~~:: 1 i~:.: h.1 i.:l;_:; :::t=:.:..x:);:·~ ·::t'\J:ji_i•{t": ;~~-:H'.''!!:'.f~:,:~tf:::i:~'!. \,:~)'~'. ·J l]:3 :°.':: the:~ F•;i:~:~-::-:fr.:.:~ 

>.:l:::,-::t~,.>~fo l";~~:·:·~:~"!: ,-::-::i:t:::-ci,-::~ ·; i) f$ .:.~::.~-:_';:;_:~ n.(), ;~f~d "!:h·~ :;;_~:.i•:• ,)t· th:::- c-:.~r;,p{}~':"!:Bd d•..:nsity l";,{ th8- ivs~ ni::-q;.:;ti;,1.:.:- scii~•t:- mGW~i>.:-~ L:.:::r~:-:· t~') ~h<.;: ::-~'}(':-:.,~nz.~ Ft&Q.:.::t~:.:.8- .;,:;<.,~\l\•"::: m-t:i.\-:?fi~l iti~t::'}:' .:!._~ 

c~i:·tf::~t d~:)~~~Y .:Am~ :.::~ci:·~:se :~~❖W)i~J l:.::y~t di:.~t;i~:,.i:.-:.-__..f: ~ ... ::::. ~iltt~~:·::~:~i v.:set9f~i pu :~:ri~ 3)~5 is u::e~·~:,. ~-.:'::e:) '!.·:~~ ~:u:·re:){ ,i~:t::tty ,~f Ht•~ n:.~gGti:.•:;') ~lt~~~{:·~xt:.~ l:~ :.::~.:;:,;i:'):\ ·t:1e 
ff::'~!ntlo:: •-~·-•t:d::.i.;.:•►• :·.1f Hthi:.::r,: :c,t:~ i:·;, ;:.:mi~::~~::i.. ,:nd ~!}~- Hthi:.:f:: lr.,t:~ :5,){! ff:,t·~t .. ~! :.:-':;;,.~:iy :-•:!:'.':,in:::-'d -~.-:·: fr:1:-':' ··j::: .. fo•·:f: :.:c{jf:c"::":~: -.x.:;1d:t:nn i.h:::t t~if: thh:.:.sffJ. irn1 :_::~~:··:-Ci1i::,.❖ ;f.J.:·1 t:.:: fa~·:tkd 

::{:':}:·:fr;..::· r:i~':'C{:r.;.:<Ji:' m~fr.,.·:·: fft::~t::,,i;>i t::',:)'~:t· ~ tD (:- ►: ))i:·: :~:.:·~~•i)h·~~ {:'1~:'-::.:nd:.:· ,;-.~:n·:·:t:t ::.:.;.:•f)r:-1.~t::::i-: ) O t,,,..:c::.r::n:.:' rn:-..:·<:: un:f:J.;:n. H1:·: .:..~•:...:i':::-:~;t ,3:·:n0:~_:,•· dt~~;ibi.:tv.1:·: .:,.-:,~ fo.i:-:, ;:,;;:c:~:th:..::- ,::k(:tf{_:..;j;; 

.:_:;;~:-: b~ r,:_:1:::~:.=i:i:;,i::::~J. th:.::·••:=t;y iH-.:j:_:-r;:.::q :Ji•:= ~;~·:;-:~~-.: ~:if im-,;~:t:: d::=-pt;~_iHnn 

.~,s :.r::i:.~(~ C:tp2:n. th-2 ti:fm: ··(:cr::p'-K'\>}d d-e~v.:H:·( i:_: H1-~~ 'l.•-.:i:.~i~in rd :::;•:H..,,·.:?. i~:;i,ii:gl~:t r..---•.:r imit .:.~c,2:_; (>f (:u:;-r.:.::m i:r_.~:.s-t.-:~u: ,_:/"~;j;2•1 t~y :)~;} ~()~~i: U~F:k:~-e-:;~; of the :..;f:H\.'-:? H:<:~:ti:}:'i:~l :a;•{?:; :f1 

:;; :-3!f .. ~!;:.~ti·o ►: ;-.1~!rp.t-:i~.:}i-~.:d~: t\.:t ~::<!'. t:u:f,:t~;.:.' -~.-f ni~! ;:,.~:.:n:::-'::i ,;~·.,:it-'c~·~.•) iJ~{!:' :· .. c .. k~ pi\!::·:,~i•:~~-
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:n ~~)m~~ ,c_:;:rib~-~-Jk~t:;):~i:.::, th:;) t~Vil :":.f:q ❖"..:\•'~ $·0~,;~~ i~~3t~:F~t l3~;~~:· $:Xf m~ SW>::,f:~i :~~·;r~::-.:-.:: ~.•-..th·~ tT:.;;:~i;Xl$t :«;·,;.: ~-=;:~~~~ lt:di;)p,$n-:3~:nH~· ~---c•rr::p:iSB ,:".: S~l:c~x~--t:G'. f,<11, ,-2-\B:;:-!~ ~\ .,~ 

i:>•5fJ.~l!h-.:, ,,·h~•:.:=•i-l ~-:-:{-"'.: ·jj!t,::;.:_;;;;~b:=:,:-"::Rd r-rs::))~~:-:.~i •:~~ s:.:=•t,;~::k-.:d f:nm :_:;:i:.:= (~:":.1::p t~GJ•~.is(::,;q :.1f :-;lii::::.1:': ux;dt:=":, :::ih•xx': -:.~::s;nJs_;~;, .:9;::;,_: f~-:-,~~:bt:,;5~.:1.:n~ 1:h~::-;,::,:-_;f l:': !-.\.~;::;,.:= ~nfr::t1.:..far;,.:=r~l'::: .. :)::>.:= 
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~t ft P"J ff~. t(, ,:t lI ~~t -~fa ~: ·ttt ~~t~l Bf 2 0) ff} )1~ 1§.: tij NiJ l:J: . f~1l it t~f ~ -Ht ,.-.r -··· ~f t: . . ;:: ·~) U~:l iE ~- {l ~r t. .'\ 

(oo;~o) 

fiil fN J) l1J O) :1: ff ) l/ 3 n1 m Ji J: , 4f J.' L < U: :J m m ·~~· 3 0 m m , ii{ 1::.:: 4f J'. C < U: :., m m ··--

3 0 rn m 'C &:, .-;~ ., Kt H'i. In= ? I)) ,y ff Lt. , Hi >'t Ni !:11 .!hi (i.) f1j 0) 'f: ff ~(~· &i !) , # i:t li) 'r :,j -c J,., -~~ >C• 

0 ii'• fr ti:: C. T" t ' {:, " rt {f, ft\! (( d: ' Iii] 3 i: ;js; -1· J~ ') i: ' fa ¼i l () 0) r h Ii'!] t ft Hi 1) - F I 

I 0) f /:f !h l: ;I:} ift ':~ L • (\ Nti l O (l) :Mj /j' j\:il O .... WJ t\j) t fl.. li!i\ l) - F l 7 (i) K f /j' 1f::j (:i) ...• ;,N,) 

rn; t :,If• in tr o J.; ·) t::. -t:t M 2· tl -r t. ' ;:, ,:, 

(0023) 

t.t t, , * '.ct M~' M iJ~ ·c u: , it Hi 1) •··· F i H u: . ti. @ i.J ---· F 1 7 J-~ 1) t 1};1 {WI (}) m [:iJ mi o) .if. g1 
i 1 ~.-:: +u tt /s .t"t ~c l ~ ~~ c.) t} i c :1·1 ~:-:- r~1 ~;t: ~~- ft. --;f:- ~ t1. ~ti l) ~~~- F 1 7 1~ ini t: ff~ Vi.l rm .\!... rt t-\ fj 1J 

- F 1 7 J; 1:J 4:, >'1- ftl!l O) N~ Pl J;~! o) iE t,l,i I I le: N.!. ;~ H T t, J; t , ,. 

(0024] 
{} :t~ ~J -.~~~ F l 7 f.~t ¾\:i rm .t¾ O) tl;~ f?i .~J.. {J ~:§ ·it ffi i> (:) lt f) .. ;t (f) )?J i!l ~ l rn n:1 J~) l: ~') o) ~:J [ 1}t{ 

)J iJ) :1 t~ -·~-- 5 o .N ... t!. J~:C 1-S ·~ it t5 '., Jti ;n ;~~{ l 01 rn t~J /:.: ~:J t~) iJ I iU /J l~. Lt .. f1 ~!~ i) ~ r~~ l 7 o) k1 
.:k ;j j ~H~ ); >2 ~~R t/1 .. ·1U- i; tl it Jti }.~ ~} I tH~ )J ~ fl ~ft~ :) ---· r~ l ·r 0~) )~} }!1 r~:, ( rt) nl ) ~r L.- tc. ,fr~~- ~r ~ts 
~} {. 1~1 ·f::. ;_~ ! •%~ )J (t -~ ~?~ c.~'J .__t -:) t-~: L- ~c )i<° /J ~:~.i ti. .-:;; :, ):i ;~g iti\ !t~ t.~ c titl 8t~ -ft .. c t.t ) g~ i~·tt I!~ fr f~ff 
i/ill ) k A~ 1) , \'1 t~i 1) --, F i 7 ( JI ;_~· 8 0 rn rn , *~ 3 rn rn ) i' r) i~, t1 t::. * ft. ( ,; I ,_:f \h Yi'. 5 50 
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(00?5) 

- F- 1 7 1'.:i tt o) !iiN N: ii !t\ F L -r , f~ rn tR. rti k J~ -:., -c :.i {,,1 @r -;r -ti :r,., -t- ti: ii ,h Zi ,_ '* t:. , ,J : 
); i2~ 5 0 I\I ........ rn rn :ti: ATI X l£; i£~ tr f.: tJ .. •i:U tJi :ttt Z t~) ftf fHj t.: tt 'j~· ~S .;D. 1.tt tt if~ tf;: ·r \t ~) C :~~ t.c J:: 

}j-:: t_, , {(( :t; (/) ·*· -;u fiif 'ft : f}Z '.U it!! i: :j~) ~- ' T , n. N~ l} - 1' -t: l. T , it;{ /-;. l O O /,! rn lM j_t: 0) 

N. i N)" .. ·:x. tt l\} i ~{\ k: iT~ /~~- Hi }11 L. t:::. :=~ ti~. ?fi /)"~ Jl~ < }n ~- \ (;, ~T ~r ~.) ?r): •:, ;:_ 0) .J~ ~) ~~ ~~ i ;t~ :0 .i2JS 

ffi {:J: -~ 5 s N" rn rn .fM r~ (t) lt. 1i~• (tJ i~;1 t-) '} ! iJt~ )] ~~~ "ff t .. ·c ~- ·, ;I-> .~~ C. :tl {:t ... tr .:~~ 11 ffi Lr tt .. {t ~¾~i 

(0028] 

!J, W, tf C:-, tl o " Wl ft H' , ·!/ 7 l::~- ·:i + iH l?f tt Fi .Jj. 0 , l :? rn rn t-Z F C i,f :;: L < Lt o . 0 2 in 

m -- 0 . 1 2 m rn ) , :::} ,1t,- :J .:~. ') L $)!;] {';- '.ti ;ti Li ;_,9-- 0 . 1 m m t.Z :;· ( h J L < tJ.: 0 , 0 ! 

tn n1 -•~. 0 ~ ] rn rn J ... .~J }~· -~; ~/ ~i1 ·i1 fti !J ft/ :1-}. 0 ~ 0 6 n1 ill rx "F ( ~f J~ l., < ti: 0 ~ 0 l tn 

rn ·•-- 0 . 0 G m rn ) L il:~ ;\~ "ct :ll L-f , /ifr ;t ~11 Ml ,?) i} i )J ~ -fo 'f -~~ m i'f:i f/> N t, -tl -?;., -, 

[0029] 

fflj ;-t tf 

,;t .. · :.:J :j ·lt flf! rt-1 t-.: -c ;~ O o ~c ---e 1 iit, nn -e .t) ;,) ,:, c~ 1.?) J: ~) h: .. /;.. ~ frn i~E :::~ f} \~} l? J@ ti'. }TI iR 
.. ~r 0 z: t t-i..-~ .;.t ~) -. 1=1r A:: ~t~ v.ii a) ~1 i :Ju )J l~ --r.:Y ,.~t ;.;. ~i~· ffi _-h) .r.;. (:, f1. ::G :; 

(0030) 

m: 1t , :-:i~ :% /Ni Jf; ff~ ii) H 1•1i !J ---· F l 7 kl: , n;, 11 *!<1 ( ~?% /i' lf,J .ci) K t ) ?'l; 3 m rn b( T' ,~ ~I, C:. 

(:: -JJ' ~f ~t L.- < .. 2 tn rn .-... 3 rn nl ··r ~f~ ~s c.. -~~ l:f .iii_ h": {if i-1~ L, t- ) ~' c. fl i~: J.: ~) . '"JU ~~i in~ 2 Ci) ir i~ 

(0031) 

4 t; -~ fl .#fe 1J -.... F 1 7 C,:) ft l~ l O ~, 0) f§l .t¥ /i il~ ~~ ;f;~ m=J ~4- ;t> t;:... U) (}) ffN h\~ tKE ·c &> ;~ ,:, ti] 4 ti::~ .:t; 
.. J. :;~i ?"l~ ft .. ( a ) ::c Hr~ r~~ ( b ) 1: .f.\~ {~~ ~I~ /\" /1.~· ·c t , -0 ~-
(0032) 

( a ) r: t'il ·c Lt ' J ·f ' n H~ l O (l) n f /j' (!} L: ft ¼~ 1) .... F 1 7 (I) 1: 'f f-J [{ij ~~ -ff' iM ):: 'ii" -?1 
J: ") (,:. ' ft H~ l O }:: ft t~i 1) -,-- r I 7 ~~ ,:t~: rn: ti fr b {t -t, " {:· L ·c ' t'.!. f~ l O i)) i!# :Ii' ji\i Cl) kl~ in! 
l O a & (J fa f,lf,; l) - J-," 1 7 fi) hi f /-j {ii] i}) ~itl iiii l 7 a i} (irj · /j fiil •t'. ii'~) tli , fl Hi 1) - F 1 7 0) 
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(0034) 

........ ~f· {/) {t ~t(: }fil ti ) .. tt ~J.1- ;iu .. 7 .:i:.' ".~{ ~iJ .. ~-, .& tf :>· ---- 1i- F .i.J A 0) tn {fl t.: -I~ ?.l i~) i)) i:f:t ·f£1 0) 

% fl: it ii%' 'h: ill iR L, T J'. Hi\ ~ tl ;,:t, .,. ti; N "itt ilt fif.f i.t , {-0l ;\ (f , l A --~ I O O A ii) it.t litl /J, i~, }ti {!( 

.::\: :tl ?~ ., ii1 Jt }· ---- I 1/.1 #il ,31 Jilt rfr :J, W! XU:, l rn m _./ ti>~-· l O O rn m _/ H·' o.> i}ii'i !HJ i)• () f~ J.k'. 

(0035) 

* ::½ ti'tli it trt u) ft 1•ti 1 o u , rt 1,N 1.J ---- }: 1 1 oJ 1m 1-:.: , n w i.r trr rt , r, w Jh ·ia n ti: }[ t'i' .i ;tl 
~n~m~nm&0a~m~~taffi0-P11~~-~L, ru~*&00~+~»t~ 

(0036) 

:t"> .. f?f 1~t1 ~f ~~ L- t 1 -,: 4} {li tt tt :~l ~) t-~t fl .i~ L. "'C t.i ·~ _>~'I ~,.. :;./ t.·· ./~ ~~ .. ~!-- -~;<~ ✓ ., ~=~ ~'/ -·~r ft.-· \ t{§ .. 

:ijij t1 \5.f if1 tf () :-J-1 -?) ') C .t°l () (i~) .,f,1 Wt 0) r}:f -...c~ t> ... ij:ij /k tf tM .~ iJ) iJf J~ L. t' ') jijtli ITW {C ~-i " rr 

0 0 V rn, !lfJ: L ( U:. G /i rn··, :, 0 pm, ,\ P:,t,:·_/;fj.: L-< U:. IO --- 3 0 p m--C:J:.,?;,,, 
(0037) 

vi. @ n~ l~ tt H~i u: , n Hi m ;a ft o) ti }1- tI 1N o> f,hJ /J (J) k. mi L: if 1N t .:ll , * *~ Nt ~t1 tt /Ji (, tt 
-s> :~ .t1 ~~ij. ?m :it1 t~I .!fi tJ: ~ ~~c- aJ ~~J tt ?.:f: -tn j~i- t) -tK t• ) ~it, 11~~1 ·c- .. Jt J:~ Jr~ ?' /;: ~t~?i .rr t. t t> h-: .. rn :Ji ;;~ i·:\ lt) 

(OOJ8) 

S b B i , P b , N i , C u , Z n , G e , I n , S n & -U T i J~ t) it :t, /fr h' ,; Ilt i.J :ft 
~;:J j.:, t;;. < :t f..> I lm O) iC tJ~ 1~ ~- f i::) .:f'l -~;J ~. 

·tti ·)J Wt 1?~ f:{, tt .. -Et :W; fk. Zf r!I fL-. -[-t f~j k: ft J: .f'L {) fl; J-:~ O) ··-· ~~) .{~: 5~t -~n :iC ~t B ·c· ttl 1t1 L- ft ·ft: lt 
'H}T:io?S, .'nffii:J~B-~~LY·t:t, B, \-lg, Ni, Ti, iv1o, Co, Ca, Cr, Cu 

< l: f..::, l .f\l] 0) )i ·i~ i;\ -~f t·f (r t't ?$ ,:, ~-:. ~·l (i r)) ft A:~ §:\ }/: *~~ ·tf O) :li --r:-, ·(~ , ft =Jt ·{J:: ··& t}; "/::'~ ~f .J l.- ,( 
.. 1:t ;{{ w1 n~ tf.1 ;)·1 }t.{ fc 4:f J: L. t 1 ,;_1 11 }H .¾~ fj ~~)1 rt tt .. 1 :Hf .:~f~ J\t ti{ ~-t ft 1n ·c· i~ ~x. tt 2 t~ t-t J: . .-:f, *i==r. 50 
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(0040] 

(004]) 

l-.t !.{~.;.._ it L. < l-.i 3 ;.t .en ·~-- 2 0 JJ ln ~-e ~t~ -i) '.~ {~i ii!~ o) *M Lt ~f it L. < Lt 5 ;J xn ··-·· 2 0 ;t- tn "f~ J) ~) .;~ 
/'i m: (i) i12 f11 t: c. T d:. . T n t;;,; r fai f[t , tt r t12 1tit , m ;:t 1i: tA t12 ~i \'¥ fll \:i'; 1.r i::, ;11 ;.:s ,. 
( 0 0 4 2 ) 

:tM n Wi ✓, O) 1J I •'.J L ,D 1}'~ i\ t::i: , fa ¾i l o i: fa i\:'i 1J - F 1 7 ,k fl~ f~ ~,f ii iliJ t,: h -:'> o) if, J: t,, 
::: t1 k: J: 1:J .• ft H~ 1 o (f) ft .f¾i il 'itt fl c: f{ Hi 1J - F 1 7 t cJ) N iN ,J~i .i.t: & U VJ .® ft h" iJ:f h: [r,J L 
~~~ D~if~M@~00~0b0~-~, ~~tl. A~ ~0+~b0M¼~¼~if 

(0043) 

ftHi 1.J-·"F ! 7f:::1t:ftM·J-0!::Lt1::. Ht~itttJH,r:Htl 1J----P'1 7I:1:·.l.siffi:~-tt.~:'.>" ;f,; 

Jr h1~ Jf1 !t~ --c kt ~ :fl ~t } 0 1/) -.-.-.~ ./:i 0) .ill .J:, 0) .-.-.-.'c t\i ifi· {/) }J,. }( i} J~i~i ;~ 0 ;b) rf.5 .q}: ~~ ~'l ~c t,) ;:, -:. 

(0044] 

{=? :0 .~iil 2 O Ct -.. ft-~~ l O O) .... , :lt t}) ft ~~i ?/1 ttr l!J Ifi t. fl¥.~ ~} ~ .. F 1 7 t. ?t -Hl ~~ ~ ~tt t: t~ ~~ ~c­
,. tt Jl1{ ~i; :>1 ~r 7 ~ .:,1 t1 g~ ;~ .::~ }:~ ~c. J.:: i) J[. f& (=3: :ti <0 ~~ 7 _.... •:/ t# t11- 1I~ ·ti ·j 1:: ~ f:t ~~ nn ~1; :tr J~~\: 

(004S] 

iE Hi l l iJ. , iI t<l,i J¾ ·It , iE fol J¾ f.i;: ti) )'/ J; /i f,] 0) !M ls l)j °& lili tc. if:J mz ;~ ;/l /:: iE -@ i\ii ta rt 
@&◊~ffimffl~kfflMl~k~~ij-f18~~Co 

(0046) 

N: f<i{ /f,\ W h'- \', !J i~, ;ft 0 ,,, :W, m: tt f;t tri iJ) fr; nt t L 'C it , $ fL W tU ft U Yi , M fl. Ci) @ tU ti: !;!; 
fk lV j} 'f U' () fl <~ , t fl tt ti;i rn: ft w; #i ,~'.. L '( kt , .Y- '>' ~: :i f-1: , ,.;,. '>' -~- j:t; , .1 ·, > + :;/ if :> - 40 

O O p. m • !if J: L < Lt G 1-1 rn --- 5 O f.i m , f-.t{ K 4.f il.: L < Lt l O p rn ·- 3 O ~1 rn ·c N, .:.::'.> " 
(0047) 

·ff~ l~ i·t; :1'=t; Wl N~i tt , i[ f~i i}~: 4)) lt J.f ft J;. -. (_~ (~ t~·- ;# -~·:J , .t~i ~~J \{F ~:~ d /t,. ·r f~ A~ :~.' (: .r.r. t~~ i'S 
r~'.3 f1 <~~ L. ~-c tt: , :J ~/" S1 i:-. .•{ ~r :, .... ~ff: i~~t ~1~t hZ rJ Ho/.. H1 ·t· ~~ -~~ ~:f:lj t'i :{f: l} t-~: ~WI f~1 t~: < f~ rn -·c ·~· 1~ 'i); , 
1) ~r· ):::, 1~ tr ft fij ~~ •tt lt , ::t ~J t:· :.,,..- :i~u ~.J :./ ~~ iJ ;.r r_:,; L ... . ~~} ·h·~ tif ~~~ c. t-, ~-

(0048) 
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, Co, Ni::J;;if,~f:tL~',, ti'i;Nlir.itI~LTli, Na, Mg, Zn, A!, Pb, Sb&. 
tf- B .J: ~) tr. ~) ~tr ts~ (L jE tf tl ?~ :J.> >~;: < I~:: ti 1 rcn oJ ::i~1 im >t: ·h·~ {f cf i~> .ft ~s ~- c. ?.l 1~) i:?) Ii~l tf.f /C :)t-{ 

(0049) 
1) + 'J L. fi; ff nl tt tW {I:: :ffJ () .H f:t (!i,j ,~'. L T it , L i , C o O ;: , L 1 , N i O :: , L i x M n 

02·, Li xC o,,.N j l··,-,O,., L j xC (),/1,,l·~o", L i,N i i·"A~O,,, I.. i ,;rvtn,,O,; 
. L i x lVI n ;: .. ~ A ,, 0 , ( iJ:! Vi /( >/ 1 , A Lt S c . y· , M n . F ,, , C o . N i , C u . C: 

r , N a , 1vl g , Z n , A J , P b . S b /!.!., U B J.:. 1) it 7;., il!i' i)• >~) :01 ti ft 0 J· /J:. -( 2.: t l ·:::> l 0 
J) ic 4~ >'.? ,i\ ·,,t- ,, o < X ;:::; l . 2 , rn "" o -· CJ • 9 , n '" ? . 0 .-,_ 2 . 3 T' Jr, ?£ ,, ) W i/· >l•~ 
&f :':, :f'l. .i, ., C. tl ::; (i) !) 'f· ,:, L, a :{J W' fi Ml ft t,),J U) rti T' t. , L 1 x C o ,, A i _ ~ 0 n l/ 91 t.: ff i.F.: L 
t-) (, ~) }~ ~) L, {t {f t~l "?~ f:i:1 fl~ :"J:~-; {i -. ffl~i )ft :·.:~: ~?~ {~; -:.~r jl_ lJ fit, "i$~ }t~1 ~§! -rn~ .:~J {f: ts C {~: f/1 :t~, ~S •) 

(0050) 

~.j" l} \:: > i~J l.J ~-_,,. t,i l) -"f· '7 L 0) f:¥ !N !:: L T Lt , L ! Y P O 1 , L 1 :: '{ P O ; F ( fj!j Sc ?r 

iu (c:: ,J:: l) .r,'.) t,& ·J <'.~ ,:, 

-C:' [E· 0 ., 
( 0 0 5 l ) 

(0052) 

i1~ ti ft:J ,~ L .. ~-c t..t , it-: .:.1< irt J~r tR :::: :_\ irt fill .rn o) */i tri1 12 -ft rn .,.r- t .. :,;j~ -:_} ~l ·>· 1 t t-~- -~:=. 1.J :y~· ,::.-·· -~ 
;f 1) '.f t· ":i' 7 ,,1, :.=-!" u .:.t ".1~ 1✓- ::..-- , ;t; 1..l ,·, A-- •1.r ") 11- .,t n ";f u t~ l✓- > , ;J~ 1.1 .:1: + 1_,. ;/ , ;F 1} -f u 
I::'.' [ ... - > , * 1.J 7' :~ r:· , .:f; 1.J ·{ :~ F , ;lt ,.J 7· :~ F ·-r' ::::_ v , ,J-; i) 7' -'.l 1; n ::~. 1, 1.J 1t.,- , ;j·: 1_) 7 :'.l 
1) l!.-- Mt ' ¥ 1) 7 :'? I) .!l.-- Mt :I- 0f· A· , ;j,; 1) T )7 )) ;),. ® .:i: .;f- .n-· ' ,!( ;_J ·y '.l l) A®;" :t: :> /]... ' ;-J{ 1) 

:J. :~< '.i 1) Jl., Ml: , ;]{ 1) /. :)l :'I l) /l-- @ /. 0 f !l, , ;j'; i) /. .~~ ll 1) fl,· fl/_\ X "f· Ji.· , ,le; 1) .X r,{. ) !) A· i\1 ;'­
.::\-' >- A· , ;J~ 1) !W ti~ l:'.' :::_ Jv , ;r,: 1) l:'.' ;::_ .1t.,· !:~ n 1) F > , ;J"; 1) .:i:. .... '.f' Ji, . ;i~ 1) -.:L --- "i'· il-0 ·'.f ,,1,. 7 ;t 

✓..- (}) fit H~ ft ;fl : .:~ ~f· V ;_...- ~;- -:tr --...--;· --~r. >·· ::11~ ... :~ tt 7 ·:~1 t) JL .. :J 1:-.. ?t~ o) :J .L .. *{ ~~l : 11 .JL· ;J~ -t· :.-/ 
:J.. ~f~ 11..· ·t'. .Jl.-- t:r ----- :.z ::~; ti) .:-1< ~}~ tl ;t{f .>I :r, fl: 1l-~1 ; \~l li' Jf i._f i; ft ;.1 ·=· 

(0053] 
~t t: ~ 2 #.fi tr{ J:1 ..1~. o) -t _; ~< -~~- n~ -r-t r~1 ,:t!: tr l-r ~J ?:> Jt xn ·ft fi4 :{f: th t} J!_! {1:: L- ·c· f~ rn --c ·~· 1~ ·~ •{: 

/ ~x - fl ri, ~'. i_, '( ki: , ·Y~ l- '7 7 Jl., :,j· n ::r. + L,- > , •"-. -t- :;}' 7 ./[, ;,!· n '/' n ~ [,. > , l\ - 7 ![, 40 

~.t ~:] 7:r ;L-,· .. :\:. _;L,, t: ~:=-. )t/ :L ---- ~f /t.1 .. :.:, •_i n~: t: ~:=-. 1) .:.;:-' :_. .... ' (l r:~ 1:J }-... 1) ~; /}~-- * 1:1 ..:.L -f~ l/ >•' ... .:L -f~ ~·· 

~/ .. ·-f t::f t~: -~~· ::,..-· ,. /'' .;...- :>? ~7 /t .. ::{ .. rJ ~=t c1 t-::: L---- >" .. ~7 1v ::l rJ :J :.r 1v t~ :: .. .1i..- .:r .. ~--- ~r- _.si... . 7:- ~' ·1..1 /t .. -
~t, ✓, .,t, -t_J- :> :L _:.,· r;; i)\ ,f, j.f (;, h {;, ,, iii tr t;J (J: l -M /,f: Ht J1l1 ·c ft: HJ'{'-~ )( iJ 2 -~n 1:.1_ t: ,:t:: !f!l ?J. {:;-
tJ it ·r {t HJ ·r:~ -tt ;_5 ,~ 
(0054] 
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(0055] 

(0056] 

(~, ft ;,:;; •) {~ l ( L-·· -........ }l' l ~? 0) tt f?j. k: t-.t ;.:r .~{t .fiij RVi lt l~~ ~ ft JH '"'"(' 1t ?.[) 'h) ~ lfuN '.~\ tt '\ i/ ·t' ·Y J, :Y~ 1
~-~) 

~/ 1:~ fJ~ .. Ht~ cz) ~;,% :-~ it \ff~ /~~- ~;r fN £,r .~s {~~ ~ ;t: l) .T., ·J· 1-.-- :✓ • ;g f.J ~~t tJ t~~ l--· ;J \fr o_) ;t~ ~.J :.:t L--· ~7 -{ 

>h',lifJ L-t',. ·t'.,1{[.,.-t,1 l 2 a)li)':.,'-Ji-J, li'fl\i l Op. m·- 3 0 0 i; rn, ttit L < H l. 0 p 
:en .•~-· 4 0 /J :en .. -0 t~) i; ,:· vt~ .t{ l_.. ........ :Y 1 ? f/J ?2± fL ;~fi tt .. .fif ~l L- < t.i 3 0 ~\; .-... _. 7 0 \1;~ ~r, &'.) ;1 , . 
.fL :,1,1 t LJ: , {: >:; L,. - :'.< l :?. i)j ft .fi;'{ t-: :H ·f ,}.; , {: /\ L--- - :':Z l. ;:,. j-/, ·;r ;y, ,H1l {L (i) ti~ fj. Wt t:i) n' 

(00::,7) 

M.~nn.Nl:i 1 o, ifH~ 1 i &?.:J-1::l~ L----- }-< 1 z ,trnt•-~;, c: ,I:' L: J: i), '<'B:N!iiff? -1£:fl>JitJJ· 
~, ~ t i/~ ·c ~- z~ ·=· :f1.;~ :tr;1 2 tJ: .. wiI >t kf , [m 5 k-~ :.-=i; -~r '~tt ¥.~i Rf m~ Jti ~1t flt k: J~ ~) -r~~ .w ·c ~ -~ :, t~l 

5 U: , tti Mi~ Iff @I ili· % titi'. ~') :VA i\ 1:iil ·c J.:, ·°if:i ,; iY-1 fl kl:. , i& Mt n --" -:c; 3 8 a , 3 8 b it !!ii l:::: ;ts U· ;,';,, 
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i.:<.::;;,ifr.:{; ,:?:k.:.'.H<.:,.:,;; t~:~<.: :·:t:n-::-:r::t ;;.~•(:•fle::\.;K".t~ ~;: :=):·i~~ H:~ is:;;;}~1t'i~: ~:l~<.:l'f<.:1·;::: ti:':~1·; ~':ttn-~:m \.:,·.:Ht:;:,,~:.\.~:~. fir::: .;,_":,'J::-;H~:z;"t~:.i :I".: n1~: rt:~:.:~:-~·:t:'.1>: :::!~:.:~ . ..-:.,~\".:,~ pk~::.~•\; ~z: :;:.•_; t:"> t;~ ,.:iF~:r,~:i:: frl';,m 

i:";-a:..-:h •"..,:~:,~--:; l:-:• tt:I'.: win,:3it:n s>:!~"';, ,c_ifrl'.:•"..tk-:-r:: ci the ':':k~,c_-:t:--Gd-:: q:-:f:,up -:i_ ~:~!f;- ~i-::f:tr.:..-:•~i::~ ffCU~J 4 ts t:,~•us{::d in::: ~.l:"ft-~•::f-~• c;:,.1·1 7 .. Th<::' t..z::tttxy -c::t.:~·: ? i-::~ rr::ade ,:.lf if•·,~\~~;:,:.; ;:: i>.:.-n-c)rn 

f:("':r:'!~·:-n s::~::iJ r:t': ,.-..~-x:·:---1 .~::~d. t:m.i i-::: t:id··-:·:~ -pi;>~,:1:·I i:-r;;/:·I~·:. Ai~ :.:p~it:t' ti~sult:ttn;1 plr::':': 1():3 !}:·:-ti -::~: f.-.-~-..•ff t:·::~.u::,~ii}:) pl(:::.~.e ·1 :":!: .;:::;;:""; a::·i ;>ii(:,::,i :;:~::;;;,,.•.f~ ;>i}:·l h.::::k::.•·,.. th::;::.::·:~:,-:,: ,·K1':"::"' ::s:-.-.,:1:) -·~ 

<.:-:.,::i-t:X":\GJ ~; !::; l:j:'..:•~-=r-~,';,''2:!~tf::~i ~n!3 .i:-=l.:_x.:~rK('.1ll:~· -t"';; .. -..:--:.1:\;'.:~.:~-=ti :...:.-.. \h{:: :·:-:-~-=t<1i im:::t· s_; ;.-..t thf· :::.~-=;;~ii:,-:;~ ~':ls:--:.:...:;;~ ~ f:'~.,:-:·i th1;;1 Gp.::·:·:,in;J x:::·t'.·3 .:.-;,{ tf:~';- ~;;s~i,:·:-y- "~;,;:n :1. ~- ii<i•:--:.- ;>q:~::.:.-;,u:s ~:!i:1:..--:~f:.."'lift:·: i:~ 

•nj~:;:,,~\i:'<.: f;-.:i:: Hi::~ ":~w•: ::~:~r: '"~i :.~-::•: :·~~:tt::-:ry ,.::=):·) :.-- /:.. ~F.:.:•.:.:-1..--~: :·~ f:·;.:·m:::(~ ..:n ~/~~ :·.•p~:n:•::t~ ::~:x: .:.:•:' :.~:-.:: :~;s:lt~ry ;;~::: ?, ~l1-::: p:J-:;:Hi~·~ .,:~:~:."-:-:,::.::..~:: lt:s.~,1 .... :~i:H::·:t :...~:.::ii::<·:t-r...:r t: :::;. !;{:'!::.: .. ;::,::zi :;:. 

t•'.:~-:::-: •;}':~ket ·rn :..; ,m,:J: a. s-:::':tl:-:g ~!.:"'l.t1:~ ~ :.:,t-:: s::1-tta:..-:C:e,:J: tt· th:::: ·:::•--:at :..-..t ~h~ ~3:':~t-::f~• c~3,::-:: 7, ::.. t·'..: s~~,,:~d t?,' .:..:st;Hd:;~; 1,i·•:_,~3~·:d th::: ..:::·:·t·:r-:: :):p{::;-1 t::x~ 

i~:q. :.: (:;; r: sd•~:·:·:-)~':fr .. ; p)r:t: ;il:·:v-..: :~:·:("':'.,';,'l:)-:.:; H:e pi_;:·:tfr.N:· ~·:lf.:.:~:--<;,.k,, p);:;~.f -~ ~1:..'::Gi_;:,-d):-:(: t:..: G::{:· ~·:mh:..xllrn1·:::t .:.-:,f th::;:: f.:i.::·:'.:~;n:.. in, ... i::::~,:.:..:n. ·:t:.:::: p..:.::'.~.:th:.::· ,::i;;:x:H(:,_i,.: pk::::!_:;:'-~ i: .:._-:,f f:G, ~·- i:~; 

pJG'..:·· .. '.;x~ ,,~-; t :,::: '. ,•):..:'i.\-.•!-~ c·,.:!; ·: :.-•)1-"'.: \~· ~•) c,J .. ,;.; .. :_ L:.-'lb~:f.;;:r ') ... ~ a ~_;.,_,; ·;•.::.:n .. i.,: f"~.P..:-.i .:_;~; )))!-! ';;s:f::! _ )i,:,: 'p~,,-:,.i-,. ;:,..w,.. :-..{ fr-~ -~1;'\'-~~rr .. d·2 ?,,.._,H_ " .... -·-~:\- ~- :- ;-. 1 ,. .. :_:;; -.'"1 ,, :;.,-..,fr~,_:1'1: 1:,b ) ~ )'-C 
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s ~:.~:..-nfo:: t:-xten~~tnq c·~•f,•r th.::~ '-:;r~--.~~:·rdt~:·::~:x:•·:. ~\:r::h~,. H:~ ~x:•::./fr.,·'= d~•ct~c<l-::· pk::{~ ·~ is p~G:..;1dB-c.~ ,,,:..._h. t) ~':::-x:..:m~ t~:-:~••:.,:.:ed <>-3:~..::•i·;·: t'::..:-:i..:~~tt:•f p:..x:::.:..;on ·~·2 if: ::v~i:th t.hf ~l:..:n-:~r-i-3':'(~ 

f,:."".t:; :-:ttir~:n~ -..:,.:i:{'.:1,.~:.-..~: ::;;, {'.!":-:f.:'.:.::c;.~:.-:.1 :r-tiH::..:tn :..~.:~i:•:q 1,.":.:-.::~r<~:·~ \.--;,n, ~~i:?: p;;."l·~W-,•~ ~;l{'.:,:.~:.:<,..",t;j~ :·r)::-:~ti:~. ~:r::1..i :~ ~f::.;,.-Aff~ G;.1::R~:.,:. "".:1;,lie:.::_:H:} t~t.-: ·1 '2- i~ i"-1rn~{:':1,.i ·t~f::: fa'::-\ "'.'1s:-1"-:;rit f:r.:1:~;-:-:tin9 :.:$~.: 

:~1·J~y~ m::~t::~:·:~~ i:=~;-~• :~p(~fa:~•.: n•~::·::~(-:.t:. \,V::(1:·i an ff)~::::·:7i~:t '.~~f:"):·t :7.ircti::. <.:1·;~-:-ttr~ :~i :=~ k~;;.~:~w.,:7i \.--;;:~::·::: H1~ ;~::t:;.•-:: m;::t:::ri~l !;::y-:H f:.:nn;:~ ;~f.-~):t~"".: i:~$:1".:~; t~:~:- ;:•1~:<·:tr.~::..~f: t.EFJi.:p "·~ i•;~ 

.:::pp-iil'.:~'j hy ;~r: ~>:tl'.::n:-:i t~:r-,t:-i,gn :t~.:::tt•'.":f ~-::..:-c~) ,Ei:S •~ t:~::. <1 sh•:J:t Git•-.ui•--:.: ,.>:_;n·e:~: t}'::X::~~._ltW3 /:~si•:3•'.": t:1-::: -t:·:-1::x~t:·:.x~~ '.:~:-:.,(Jf:' :.::--::::~:-•·, th)'/'t:'.~ tt":ri:.:•uqh th..:::- :s:hort :..~i~-c>3lt k.>:..:;j~;,•,~·: t.:,.;o s.1~n•::f;:'.:!t: 

t':e(~: .. PrG~;::~·:rr::s :..·~"tth b;>tt.::·):~· ~((:';;:'•{r t·:-:~-:y f}:'!,:~.e i:,-j !~:.f: p..:;:;;i!!').·.::· t:tecu-.;-d.::· :-:-ts::(i.f: ·t :·/::":~·: p:f•:>•·:t"':t \:~'-'.Y:nti:.~;~, tht: !i~:3t t-~:f:':":nt ;,_x:\J:·:r:.ti:--::~.; i:r:l~ ~ ~ :,s $..:;"';p;sfr:i:1,·:f! fr:·::~·: tf:.f~ f'.{(:l' H1:-:':"::he 

<.:~:-: bf.: -r;;h.:~n:t:t:;d t<.: ~~:;::: fo:s;';. .:::.:,;'::~-:."':S;f..:j ~-.urr~~nt ;..--:<.:l:~~:,_;i_.:._;,: p..:.:nlc•;~ ~:'·: '.:i_;::i ::·:t':: S\;:-.-:.xld <.:'.-..,:')\;:'::' ~-.:'---..::\;~-.ttn;1 t;s~.- : :.!. Th<:·:--c:k•:·-c:·, f: 1..-"::'!n '.:''l:·:t~ii ~J~<:· !;h:..--..:t-i::;c,;,_fr~:'.:1:.i p-:.:1tk'i-:--:: }>:·-c;s':.-::'!<;':-d:~ fi-c.:in 

:.~:•: :-.1~:~~:r p~i::.:~i:::rnt '.-;:h·~~ rd ~iw :::i,t,"!:;;.~:::;;.",t;J~ :):·:·)~;p .. ~ : . .:.:• n•::: ti~'.~h·~~ .-:.i:.:•: t:-~ ~n ~:,t:c:t::ai :-.)•~·ir~g) :..;'t;'::•~'.:t $;.is.'.~f ~-$. :s :·:~t:, t:·:t: ·;~t1:>r~~,.._-:.:·:-:tm.~,.: f.•:xti'.·.,ri i~z1:.,i1i:•:q :;: n1~: pznHh•e-:~:.~·::,iz-:1.i~ 

c_ii){;.•:.~ifm o: ~h~ -::l~x~H<>G~ (ffC•H~) -~ li"': th;:) P.:J~,!th·•:2 ek::(:\);:_':(f,:: p,k::w ·: ~ [:~ F!•'.?;. ·rt:,f: f::i:i<.i -::·.<po:.::,:;~ ~~~:rr::~nt -~:•::.,)l::X~Vir ::,~-:.-ftv.,:: ~~~: i~_;s k-f:rl~~t rvt~l) ~•'.:":':e:~ G :~n,xi ~-::r-.~u;t f:Of:;.~\,.li"$ !n 

~:}~- ~:):t~-: ~:x~g.-:=-:~:d c:~r:-.;-::·:-:~ -:.~()H•:ctrff p;.):':k;~~ .'.!'.>. th:.:-' w.-!!~:~· r::)::-::~:=!r~~i i:=-: (~.:x :.;:p~JH~:d, -:.,) ~ · · >i ;~ < ~v~ ~ ,; :<· ... \< \•./"~~1 d s:n-·•r• ·; ~ .;>.:,··~ bn....:! ·;::, ss: ~cm~,;< ,.,.::. \\ 1f. ~: ,;- · •! .::: ·>~~~: ~:- V<-' ~~. 

-~:=:c.;:md -r::.1:-:-:.::-::· ,:_x:ii(:=:c1ti~9 t,;jb ~ ~t ::-~ pt·:--..•..-:-r_:f:::3 ,:_;n :)-_.;~ :::nf'•rn.:xsi fJ:=:t·!phf'•::-( :-;ld•~ :-.~~ ~~i:=: ~if:::-::t:.1:J:~ ~{~G'.:f;; iS; :_:,,~ p(:S;!:_;•;.,•.~ ~:i,:::-:lr.:-,{1.::-: p(;}l'::! ~ ~ irl FK;_ ft, ;~:~d ~h¢' :·:-:=:~¢' ....... h¢':,-~ ;y is 

~~•F .. :i.::tie,:i ln ·me •:l~x~~~G(i,::· p-l~:t(::: :.::. -n~~: ::3,-.::~.;t::-,.•,:: ::!lec,:tc,,:i:•: pi::1:te: f"f:·~ HG. StKw,::: i~;. 'l.,,\,'f1~~n th,:: ~:.~x:..,~~1··;i:~ :.:tt~r~~n, -~'t,lle(:~;1·i{n;:::t: -~ 2 ~~:s,1 :.:,f:-:·~€'$ :::'l:s Hw p:,.:sttt,,~;, €l•~~i::1r1::-~1~: V~:'.~:J 

r.'.ij:'f(':"ft ::.x:-:::~;:·:~o:· p:..:(ticn "2'.3 is i1,.1n-t:~-.~ t: ;:::::<.:-..,•n :i,:.:: ~x·f-;:H'l .. ·~ ~::-~::..:\:/...11..i~· f>1~1-t: -~ i: :·)~ f::G .. in :,.i~~ :·:~;:;~; :-~~ ~:$:::-•~~ ~ri,~! p;:i-•j·~:-...•;,.~ i:::~1.;::1,.1:.i,: lt:.;,.~:j ,.;~::H:::t -r._:;J-:1~:z-:tr..-:r / s~:.'.r_;nfl :..:;.:ne:~:. 

f .. \':-:::.:;.,.~,rtq ,❖ l: i :_ th~\ ❖ r~.f __ ~,-:,)·L~• .;.:;: t.c ... ---->-~':,~~d ,-~·. ~- ..... o:f-:·•Jt::~:-:: ·,.;.~ ·: :._ ❖,,.._: ,i)_ ~j◊.:,)1).~;, -.:,,::\ .. ·• (.<;G .c.;~-..~ , .. _, . .::. .. t ..,,;.):; .... _J,:.;-. ~3~ \'} _ .),, .. 'l0<S. ,_,: ,-•-~L-~ .;'l:'l.:-.i tf,-:: n,i:'l'l~"X;:i" {,f 

fr~:·m:::~~ \:: H•:;: ~~.:;.,::r: :~::m1,.::.:-i.:H :~ ·;*1:-.1-..~':: ... ti:-t: p1~1;,::-:t:i i,:i.t~:n~k):: :·:~:r:: :..)•: :.::ci~:;;-..•",t,X~ t:>• ;;."':<)·t•ri:::-<:::ti::•i~ Hf::: 1::;~:i :..--:u::{:':n\ '°.:~·;,lif:;_;:_-_:~ ~. ;::i!-ti ,ri:: ~);::tt:::i) :_'.;~:} :,.. ;J-:~ n:;i:: t-:z1'lt-r..-:m ~/:~:::. r:::~: 

p,~s::-,"t •.:l:2X.':trcde i~~d ;;.:,_;H-:.=-nt C(:-ti•.:t't~">:' ~:, .:..~n•J n-~~se ,--~~:·f~::,t ,~z.~:i~cHn9 :-:~bs .:.l~« f.:~:m.;.:·,·J t:: .:..~ 1.:k::·-,,:.,:ii.::,,; ditfi:.:-:·e:-::t fr:,."">:"::":: -:.°h{2! ;.-..•:t"::zfo-.fj sx:s .. in ~:i;s ,.>.:.;::_;f}, ;.,;.f,1:,the-:· pc!..~:~.:.,,...-s :.;:.:"">te ~ 

;>c:' . .:."':r.l~i:(~ tG :·.,:·:.i;: f)i:~;.,..-'t~!n-:e:-:::. ci ~_:;.::· :-:-t·~·:s.f1i~ :.:·:'::·.::·:,-))/;·.,:·: i:;; :~)-:t--.:-· . .-.r::) rts. ;> f.1l·:s:~_:•,1~·: pi;>~'= ·: ~ :n r:iG. ~ (} ;:;i}:·l ;;:-~ pc .. }:t: .... ·-: :·,:,1t<;: ; t :r:: ::'l(; .. T~1~·= ft:-s, ci.;:·t"-:·:·i:: ,:":..:..;"l1-::·:·.-::n;1 \'.{b 'i ·1 ;;:1:x~ t~;,-: 

l:: the .,;,e-c.>:..'l"t::,.; :::~:r:·e-t"::l C•--:,lle-t.~tln~~ tab ~ 2. the- ~~·P~Jth fff:-rn ti1~ :t;n~:·:11◊:S:l p~•f":f;he-:·:?.t ~ri:xt:}:·e- e~;.-;: p-:)tH:..').:: l.:..~ ,~i~ :,.x:t~n~'l-:)St ~1~riph~r~t fT~lx.\:..:re ~i~-t~ p,-1tii•O{: .::,t m~ ~-i.e...:.u-.::,,:.;~ 

fJr•-:.1t~r .. ~, ~ ... h~.:J: ::.:: :.-:.-.•\) -.::n•:3~ ~X~3t~~\ 'il;.'ith t:"":,o:: p-.x::)~!"-'~'; ,:;:~~~:~:·oc:-.:: m::<~~::·~ ;:.m ~::e c0:,~m •:~J)l:W~:t-::,f., i'.~ LP.:-:, -:.,::i•-;, t!iY~::\ :i tr~.;1:-,- t-:.•f~ pr;.)'.:'lti8-d Gt~'::)' p,,ir:t -:~;m;r: .;":: r❖n•J·~ ;.)t ~: / .. ~~ 

fr•:}fH -:-:-~~= :~;n:=::-r::):.1::::1 p-H:fiff:n--:f ;n;_%°!'::rn ~rn_:_ ~>\:'iH:h"s :t;j~; l$"sSF~. 1h~ f::H•~:·::· ~:{ S}-::;_:~•)5:)(!· th~; c;hot·)-:-:i;-t"'.:\.;:) f;{:ff::-:nl h.~ ~h¢' ::-:i'":l~rt-d;.:.~·:_;~} k-,{~~:.:G~) :)-:-:n~:;-;5~.-~f.: in i.:'F~ fi:·~t ~Xf.;:)~$:d 

-c~.lr:--e:)~ ~~~)~iw.~~•t ~•tX!if;•n ~· ! :.~ hisf::. ;,..:::nd .:': :""::;,..:::t; .i_:.r H:~:- t;k::~ i>··c'->'.":.i::;ods kt r:.~'.": in:fa~..':::-ci ,he ':':l~-c.-:t:,-c<l-:~ t1:-.:..;,up- 4. •~.,u:) ·· ·j·.-.:T ,;,, >,h:./t•,. ·::-:J~-~ '-c>>:-:-::-·.:..':•r,, c<-:. .. ~ ·r,.::\ -::~{--::fr:~/ ..:::~f·: b~ ~ff:f:'f~:,..._.·~<l 

l: 1{ ;;-1·._,..~_.::~-H(~~! u:,: -~,:_-~~.-.. ··.>f ::-: :si:..:.::rt-:-.:i:,-,:-;:.,tt \_~;,_:r:;.:-' ► •t {G ~)i::-:·! b(::>~-;-:-.-r: .. 

H: th.:~ n•:;~:.:fr.,•~ ~:~x~~)<.Xf•:; pl:.::-...-.:: 2 c~):"":::~w~~~~i ~~) ~h~ ~-~t~~t:.-' <.~~.::,. ~=~~ •-:.~i:-tei~t c;:.:;:~~c~o:- i-::, ~~xp,:J~:~d ,:n ~:w~-::~r H~<S :!n:'lGH~'l.:-.::.i1 :~k~,::~ {,: HJ•~ ,x:'(::~n'!'l.:._:st '. ki::~ ,~t tf"-O:: <;1lG<t:,~•:l·~ q:,,x:p, 

;>:ri1J t!-:.f: l<;Gt:!k"':n ·1·-.:·:·:.i;:re ~.h<:· ~·.wff:n~ .:._:<;)!,t:'--:::.o: i:;. .i;:xtx•:·:-t':'..i :>ir<'.'j ::·:,t: b;>t~_fl"'f ,l':s::(:; _;,:·-::· :t:e <.:1~:-r{:·:-)·t f:'..--.::;.-:,:":.tln;--; t:3~; : 6 fft'.{'{ h<;: iX.•:·::·:f·.<-:!.::"'<J. ft: '.{(kH:'l-:':i\. th.::· f::u:n::n, c.-.,;:f~G~Cf i:~: 
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c~3:;-en~ ~t~li{:'.:,:~~t is {:":~;>:..)Se•:~ l:::-:id ti-:{:" t•.t:1H-t:f-..- G:~.f: :.:-:::n:: ,;.:--;_,f:nf~cte,:.l ... ,.;3 m* :..-::..:rn::-:ni .:.:fit~..::'-:~;::-tj ~;:1-b. ;;, :"(i.?.:J r,-:~. The ,:.wT~nt :.x-:~;~"':::.-:~:n~~ ~~t:- H} -;.>:.-:1:·:1:"':•:.-:-....~--:-,j ~•:., -1~'.t"':: b,)ttery t::-::-:--: :"..::1:1 

:.:-.; :·:::{}({~~i~~.: :=~:::; ~ ,·.::·~:·:f~g~::~.;::.:<.:H it: ........ ,N.:..::: n::;: t:~~F~t.c,•~; .:;:):::c~n.:-.:..i~ fo~:.:..i -.:-;;H•:'.'f}~ :';{~~:,;:c:7;t:'.1:· h ~:-;: 8-:"$-.:• 1$~~;_~ 

i.:-.;, :n t:-::~ :::t~:t~: ~-f:;:ctt·:.:..::~ilt •.:1·_:f):·:-~:.:.:~~(: \'\;"i~~-- :::-.;, ~j.:.,:·.:-;:: :-:el:.:-;:=:7.t:·,:· :;-:::trt. 1·iw1~f-.:-i~:. t::~: :~ri:·,:·r~,·::t·cu::. r;~:-:·:·l'::"!t-t)~;~,~:f::i~l':f~ t::. ~~:.,:~ i~~~r~~h-~ -::}:::.:..:ir:..:-t~~ uk::t:i! -:,·. ::n t:·:t: ::,-:n:::r p~:ip:::,:;-rn: 

r:,1 .. r:.:,:..r~ :)t ti~s {=';~;,.;tn,1l~t ~~-:<;:•.:r.• -~ Hn:.Ns :..~-:.:-r .. ~:·B:t8-ff h:::,t~-~-•-:.:.:-::1 H:-e ,-_,.,.~1p,e~ k:{:: t:..~:·:•~::t ... >:-.:f:::,ci,~~ t~nf·J th-::: $:.i::,r~-,-·J:·::::..:it p•J:nt ,'):; th<2: ,:.Hti::-:· p-st~p~F.:ral µ,~~t:-(:n ::;J.d-s • .::-::Ci:-_; 

t~:b ·! t, ~~:·:': i<}ffriix..i ip Hw ~e;;~;i:(:ti'l•: posi:.:,;:n~: wtf:'::·i~ th~ 1:c:.ppei k~l: ::-~:..a·:·~~m c•·-~1lix..:tG1 :::.: i~}-: .. ~•..-,;:::-:J , ... 11; t~1~~ z~ttt€1m.:...1:'..:.:! ::~:1d F;::-1~::Tf1:)~:t p€m,;J1i~:·:::::: ,J~~~s ,:,r :);•: ~=t-t.-~·Uf,:••h: qr.:.1:..:p ~! 

~.o tc-::';"'; !h{:· :·:e;}:-:!i~•·f: f-fr:~·Jr~-.~l'':e p-f.::-":'t: ·:.:;,;( -:;;h~·:':--...::: ::·: r:G. Th{:· ~:s:'tth-::y i.:r:t': "'/ :•::. e:":·.,.-:::·i:-.-1:1lis•· :-..;o:~r•~=-~·.1-:::d ~::,:-' r.::::s~:'.;-::·::n ... ~'E' "'\.'~~::i:Jl:·:t3 (:::!. !_h:-::· ::-~:-t::·~:~·:. 

V·ih~:n t:·)ec: -.:•.•H~11l :·;{_;.H.::;:=:7.n::{: ~~~:- ·t 1':- :::th:,·.: :::~~i;,•.:-::=:s:, a;; n,:;: t:~~F~t(,,.~: •::=l::-:.:..:~r.:..-:d~ ~:;~::std -.:u~r•::=t)~ :..-:.:..:li-.:-::·:·t-:..·:{ t~ :;::_;:(: ~l1•:i! n::~~;}~i'.-·;,;:, .,:~:~.._-;:_:,1:,fo l-~~d .... -~i:·tl'::·:t :..:,::-:)1':•~:t-r..-:r f: i::;. pro':.1:.-)l':~~ ~~ :Ji:: 
,~~;-::-.-.:r t•f th:::, n~~;-.1-U.,,,·-e •.:lt<:~~,~-:.fo pl~t$ 2. ~t..,mh{='~ r:~q~!;H\:i:-~ ek·.-JF:,,·.:~ p~;s:_.;,: 2 ~.::c,:·f_.r1.tl:1s) tc {i~:i:-~ smt-.:•.F .. :m-1~::~ -:.,:t ti~« f:,r.::-::-:sm :f',\'{2!~1;,:,:•f', :~~ :2:=:c:::d :_;~; ~h::: ~1;.:~j.::-frl•2 i::-:s-:..~:.~-:..K1•.: pfate 
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::~ B{.l~/tk'::\, ~~th~x:-~1h ~ ... •:-::st n~Si b-c.::•:;t: :..i~:.::,:::-:t·-~d 3!::t•:N·~: d•::·~:..~:,:t:~~- th:::~ -c.x1::fi~j~::'<~~:.:.~-1~ ~t:~i C;:.':nf:\)H:';;1:~k~n :~,-:,,,:e:.i,:r:_: ,~f ~ r::1·i:n:.i6:.~~l r·::.1:~sqt.-";~:-~~~": ~1~::.-:~:-:,1l~-'~s'.;: :s::x{,:"i!".:~ry bt5:n~:y 
tn;:Ji.:1:fa:~J ;5 ·1,•n;.1rnJ f"!tf:.:_::s.:_:-,_:f.: :)ff.1t:p, H•~~ nn:--:::5q).ffxOu'$ f.:l~:::.;:_:ni:..-:~~ s•!-f.X.1:·:~~;:.R~/ b:;}-:h°~:").· ni t/j;! i·Jr~~.:-::.:-~;;~_ ~:-i','¢';-·:~b:·i t':.- n:">·l' :t,n,:_;!.-3 ·i-h~r.::-:l{~. \.'':5,:-;,_:H::: ty:.:•!::-: -t":!i s•!L•:-,rni.:,::~: fi:~t:':::-:-:$!':.- i}ff:-
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~h-e .... ,,,..:.x:::d ~~!t:cHc-c."'iE> (~r•::n~;): (~.f:f~ :.:-: bt:·!/nB't~ ii!ff: in :...-.•hie~) ·n-:~ ls:--ni:!-:':lt~:d e::~~:~-::t:·~xi::: g~\.::~.1:~ is ~)•:f~s:::·d if': :.:-: fot:-ih1:.::...,::: fi-tf':-: p:.:-:c;•:. r:-:~:;:f·fj.~j:i::s ~t~-=~::'.~:f..f ~:x:1!.3:".!t;;.:: t•:~·t·~..:::::~• :.::.;~,:j ::: 

i.:;:5;,:·:·~~:fa.: i.:.::,in-.:-:::~· ~:-~•.:b~:ti1~} .:) ~,:t~z~~-::~~: ~i~;:-::t:·::1::{'-: ~;~-..~:.:p, E',;~n :n ,~._~'.';,~ ·,i.:):-b~:$. f'--:-~rn~ ,·.:f fj:)::~qu,:j,-Ji~:::: .:.::i•ii::f:t:·:-,.[f':.,: :-:~..::.,,·.:1;1'3::i:·-:,· r:-:;::,,..)~:,~:-:., ::~.:~ .~~t::z:1.$ t,;f :.~;,:,:: prt:::i•:r~t :.::':.1,:::r1-•:i,~:.:: ;,.;:m 

t,.;;, :.:tik~~x: :p H1~: s=~tr:,;:;, n::.~nn,::r ~lS -:.i,:;:::<::·:l:ed .r.tt>:.)Y•::, 

it: ;J:d-!::r tG ~=\•:::fi3:'.':·!~! th:.:-' "~:'.':f~!'t}' Gf th•: t:n(~ .. ::;qu~:t·~u:$ {!!~=:.~-:.:nli·~,;= .$~<.:r.,r:,t"'if-t(}' t:.~in.,::-:· ,.::d th:.:-' p::.;:~:t:::~ .. t:-i·-..·-:~~:t::s:-;;fi. :::: fY.-~}ti~,-~-= i-.'::F:::·,_,'.·J:~: p:;.::t,:. :,.-x H"::}:1fr;:,:· f!h:'•(:lf,_;{~~= pi:.::~.;:. a {:{.:H· 

Stqu..::·GU~; -t,;!,::·:·!:-:·}!)'~.;,::,, ~:n;.~ ;5, :"::yi~:·:,::t·!.::~::::: :·):)::-·ctq:_:,:c}:.,~ ,3J~~c1n:ty:,;: ~-t,~_:<_:f•:·J:c::·)· t_);5,n;:cry --..-...,,:cf,: pt·:c.:p~:~...._: :::::t~ ,::•\··~:ki:::~.-H~ ~{~;_;(:F.:ffR) tr:: ~i1~ k:lkY• .. -.;•:f1:] pr(x~~,:_:;3f,!. 

:::~.::t~•{;:;::, -~ :.~;-sn:.: hy -~'\'::!'ig!;:\ .-:,f {K':~t)•;i:-~:·K!.: :,__-,;{}(;~ ;~s. ~.:: ;:Y_.n::bcfr,•~ ~.::~J-8~:;. ~.::nd 4 p~:1$ t~~• ~.-.•,2;~5ht s,.;,i• P"-~h•·1,•i•;~,·:iz~•.:1•f} i·]ti..:.~~k1•.: ~P-',/;)$',: zr:-.; ;;-: bF:.,::i:::· :~~ ;:; s:.">1;.1.:-.:.-n~ :.">t ~-..;. 

:'::•eth~;lprr:--ch~t•fl:~ ~Nt'..,~P) ~:~:~: P'-l•'.;·t•'.": :.x':nt._llf!lf:iq tb:. f;,:i.-:,sitk~; d-::,~tf1~•:i.i~: mt?:t~ff~ 'ltt~f, :,.':{':•t;,.;:fo::•'."::i.i, rhi::. p,3:>1-=: >v•::~~ .::1ppH•:~fi t:,.;i beth :·:/d::~:~ '.':.,f ~1 1 ~~ i>ff• ~:i:r:k :~:!u:·n:m;ff, f.:.,;; S,<:'.Tiln~J 

;5::;; :.=i: ;_:is::r•::r·f) ::":li••::·:t:.1:~. ,_:~;,:-::-3 S:nd r.:_Jl:=:d ::u ;5 )~)!{:ks--;!:-;s 1-:f r;:.: pn:. 

f:•t•n:~•r: ~·.~· cf th-:::· P,:)Stt{;,;~: d~'."::i.-::trtxi::: p!:.:Yt~ ~. ,:h:t A. !•c-c.:(~::i,~•n ·..-:.tt:.~'.":f-1::; tf~e :~lu:·rtirn..trn k(:t Gt.:;Tent •'...1)lk::,::!'.':.,f is ;;::·:t:p:,.;is~d ::s pi<.rvid::~d ;:·: th::: fr,:·:tXff::.;os....: p;;::·~J:·~:·:f:•:·a: p,:.lni..:.,1·, c,{ fr:.::: 
f:lf<.:~;-<;(t•~=· qr.z.--:up ~,i ,,,j~ !~•r: p;...,smv::" {:'!f::..-::"t:-:..:df :,;.Me : , a:~d <;nr: ::::~•d .;-'~ r:f: s::~il;mi::rnYt ;>c:--;::::v-2" -~:t:::et;-(·::<i<:· ~;u:·re:~~ c,:;l!f~G~.c~ ::; :$. c<:n:·if~.:..-:--=.:::C ~(; :rit: :cc!:!l~)f:: ~-.: 1-::•·.,:::·:f·.<-:-::. ~.'..:',:'-:-:., .:..-:-~:n~:r:~. 

p,:_~\-'.:i-.i~:· ~t:d 4G ~J~t1$ b~• ·N>2iti~t ~quf·•::•HS dl~_;f.-8':·st-:.v':: r.-f $t;·~tri":·-h~itB•l~t~;-:,:!' :\~bl~ei' f.Nt~/.·::J:::-s {~~a;:.;;:; :~~m<r t~~/1·.4:':J:Ci~~, m~f':1JS~1l':h:rt'!<.~ ~'{ ~:J}p,p(:n l-:r:.,f'I G:).,. ~'.,,:;.; ;;1:~d ·~ r.~-~rt ~?i 

~'l~!i~~::~ Gf G:'.':t·:.,n:,:.y .t~ s:.l:.:•s:y-l:k:.:-' nr:t}f-tfr-.1.;: ,ei:'!•,;-_~::-:-.:•Jr: :nixtu::{: }vw::: pr~:p::::•'!'(: :.,y :::i.~·.tn~~ :::::-i:·.: $;·:j::i::•~! :-n~:"l"!":yk:~:\i:_:fr.,~.-t': :::;-,;,J i:n :::pp:·"_;f.1:"i":'.':°t~: :,.~;nGi3H1 :·.4 \\':._~-:..-.:r :·i·:i❖ n~:(:<1:fr,i'•: 

•:'=l~r::tm-:.i;;:-: r,:t-:.hff~: ·5,l::r:-:·· :,,'.:.:'i'::. ~pp·b:-:.i (•:: i_:1·;Hi ~i:j•f:'7 {.;f ai~ 3 :..-:::·) t:~t.::k cnpp•:'=~ :°G·il r:::..int-:~:::. t::'J!t;;:-:.:_::r..f. ,..i:1:.::(:. a::.-:.: f~ff!:"! :;:.;1:,::J t.:~ ;,.-1 :.:~;f;kn:.:: .. '.::::: zi'i ·~ t.:i fSff}. 

-~, .. :': ,> .... W(, ... -._:.;,_ ,.-:':, :;:<.\;C. ~- :f:.xµJ .d:d "-·~< .~ .... , .... 1:f~•J . ..f :)~), t:(.-,:~ ., .. C., :f:. ,: .. .:;. f •• ,':-~1:-',·-:t) t,.).: ~-S, •t .• ,, -...• .. d~:<~-..•~ i.c ~:>:,., ... ,.,;;; . ._i •~. ,~ :.:;:1 '~··' :;.):~g-21 \~'~: .. U,-_,t. ,:'-l<i<. .. ,v.,,ct p,.;;:1·:~k..s :~: ~:>:,: .. c-,,~;,._i 

,;u;~,.: n~. ,;_x,,1,':'.f.~:.:_;, pi.>) :_;{_;n .,,.,.:;,,;;){:( .. :.~: :..::')j! 1<r"'w~-.: -.. J;~ ru,,l~:m. ,_:ci'.c-:,,.:;_;,;; •:·· ,C- \'f,•:.w.P-:d •:·· ;:)•: lj~!{. • ,Jn L/~~ $\. ;~;p-1..•::-· {'' ~-":>.:f (,L'J'!-:"!'1'.'n"'~ r.._.:.;::,.:t,,-!: .... ~ ,~oi1.1,~ 1) • n~~= -t<••:;-:.:: I' .. / ~:v.,_1.,_ ,, 

Th::.:. w;,.;:s ,~:..~t intc :'-: sit~ :,.;if rs·:! :")l:")l in ~·'-li:i.tth ::;:':d :~,(~S :1~::~ in t~:':gt.h ~-::( f:•f,~•-tiu:::e :'-: n:::,.g{:1t)11::: e:~:.-::;.:·:.xk"'. ~.ti~t.::: ·~· On.::· t::-1:d <d ;j ~·:t:.-:~:-:+:;1:.::d<::: :·:1;::;1:.::-:..:· ... ~; :::ls:::".ff:':.•~ie i;;::·t~ti :.-:,:,,:tr:::nt 

~;ni:i,:::h:r ',•";•5~. r:~:;i:;s:,::;h-:d :;J •> ;-.1~:r)i:.,:: :;1,,·~)rn·~: ~h:: ::ff!{.~a~i:.•·~: {":i-,::·.t:-:·,.1,df! ;:,;,_;r;;;.::•~•1 :·:ot\::1:):·,.1,r fonrn::-3 ":n :):.,: :-~.::t.!-":r::;f~!-.~ :.:,:rlpht:F.~i r~•:):·~_:1.:r} ~:1: th~ ;:,;:::rnti;,,·,: ~!~"-:~~,_:,.:,;: pl-8.i.;::, .~? '?.,•;::,,:~ 

::~) P~i;,~k~c1tn:, 1:-f Nnn:~1~~:1f:-ct:s El::x:t~,:l~1ti=: ~;:ec,:.~~:i~a:)' eane::y /',, :f;::;p.s;-8t-:"·,~ ~;,,:~')~:=:- •c~· a :-:·,~•fyet~iy!e;-v~ m:c~-c,-:pG~G1...E: f:im ~:.:.i,•"in~ :::~ tlii-t,::-:r:-f!-SS. t,f ~ 1) pm ~1,,1as ~:fK':{:Xi t:•.:!\'i:e-2:i; tf}::: 

p-c.::~ifr ... e •'.":~~cue-de p!:::·t.::: ·t ~nd -:,h,e ::~q:::"ti'h'.": :::tl'.:-~ff•'..,~-1::; pfa~•:::· ? :::nd .,,..,,,:,.x:nd !•'.., P,ff:•ti~K':<:. ~ :::~,.-;i:~d:·i,ct~: :::l.:::-:.t:>-:.,~i1::':· ~F"-x:p •t ~t:lH t:i~; :.:pp.:::· :f·.:s~_:h~i:'"::.; pkrls:: ·: ts :3 :·,:·:!:':: 1h::: l··~-.,-..·et 

pre$:~~g~~ me~~~r,,".J:. ~::n.s;~y. ~~~e t-::~t~e~~• .:.\ '1,-.:.s~ (:c-mpi-:.:,:•~~~ ~':-Y i:::': .. ~.:t:.:J~~~· H;e: '~•r:-~~:: e~:·,~ C>~ t~l::: n~.:.t~-~~· GB~• 7' t~':- the :.::i:~:::ll::~ ;->1st~ :~ ,.,,t.:s ~.~;i::- .;:s:;k:::t : {k:. ·r;,.~-. .... ~-- "~1·"'•"',:.,.; -,y:•~r····, -.:o.: 

b:::n~::::{ h~d r5 t-H~:n'!:t~·) -~.-fl ii~•'. :-::~:n, i: ~~~·iJ::·: nf t~b ::-::,::., c-:nd ::: !'.l,:t!~!~"':,· c.~~:-.,,:-:.~!~i· t·/ ·:.:H60 r~:.:\i: 

t:}:,--.:i::pt t!:si tfw 5:-::-x:,:...,r:~.; ~~x:::,,.._:i:~.:'!'..: c;_;~~.:?~:: t:.)ii,:;:·,;!N ~>:.Xtf::-n 22 in Ex::~i~:.t~•h: ·1 ?,'.::'::S f,:.1n-:n-:?•~; ti:, :x~v;:: ::-~ ;-:.;.nqth cf .:..':n,: f1::.1.ff~.:_~ i>; U-;~~ ':.-~11nd:n9 ,•JiH:<::ti.:..':n !.,~~ 1::,t~hi-:n n1,: p:.l-Sf~l::..1::-: 

-:"l:·:-:.':-tr.z.":::.ie p):-::~·: 1 b ;j:·: sb:;,,·n i;, FiG. Ti-::e ~;.;:1::~,:1:')•' p:-.1:..i~:·c~:·~·J \:~• tt~l:·: 111;.;(rn•~::' -,.~,,;3:;: d,1;:s:-~~::)t:·:Y:ti ;:::;: ~:;.;'t~t.::::y B. ·r :":t; b;st~.er{ t'.::.:~p;s,.::ty Gf ~h.::· :l:;;:1at;:y· B ,-.·;.;'ts 275n rnAf:, 

:·h~ ::-1 .. s!~i'l•.: sk,::H•:-•::~ ~.::'..:; .,:i:x:-;,:-..:~: t:~ f:';(;. '? b \.;,:'f~ich ~-!'::•: st.:>:-Ni CtF~tm ,::r;.ll~r::.;r~q ':'Bl~ ·r~ «:s-:.-t '~::"!r .. ·~~; ;;-:~~ i.~F.: ;>:.">sw,,·::"! -:2::i:.:-:.-:t:\">~~'8- :.:-_:;;;">d f:_;~~~•:;~ r::.):t~,:}1:,r :') -..-..·:~for:,1J~ p:\">'.··•-::inQ ·d~<2: 

~-.:.-;p.:.:$;-!XJ ;-.1ot·j)~·-,:: :.-:d frl::.:-' .;:dt:n:l::s.:m f-:-.:i! .. ~-.:r•'!' ► •t •x.,tl~<.:j•g ::: th:.:-' ir:,:·:e:n:n:$~ p.;::-i:·.'t':t::::::i ::.-:·.1:?V.(:":• ;:.:f 1hs$ -f:[~"!:..~:.:;,.-:-d-.: '.:$:·1.1:~:·, .. ~ •i:n :::-.;.::::.:::p~~= ~ /'.., t_;;stt.;:f'{ pn1d:,.:;_:,...:·'.·3 t,i ~):,: ::.~:n:.:- m;~:·:n1:-~; 

\\:~s •.:.<p,~s•:~;t SC;_;,\/ t;..;, h;;.~\,·8' \.~ 1~::~)t!: .:.~~ ,:-,;-:,:!' t~~:·:1 t1~ ~~:-;:!' ~-~·•;ti,ii::~~ diF.:,-:':'i•C·t1. /, ~:,;-;-t~•.:ry p::,~dti,:·;:!':j :~; ~.:.i:: ~~,:.;~~;._; ff1-;;-~::t~~·~ ;_;;_3th-$ ~,;.~t~.:-_;f~•· G. •.:.<C:~:J~ :.~~~t th::1 t~~i•-d .:-_;;.:.p(:!.~•.:r] :_~m-r'8-m 

,::o:::.:;,:-5•::•r poi··~:i::•n ZJ 1.-.•:;~s fc;-m.:;,:3 ~-:, obt~:n * ~ositi~•e -?!t::·ctrod:;: ::.11.gt>:: )~1 ⇒~ sh-:::t1.-.•:~ tn nG. Tf~:;: ~•.~t~•::f}' c~:~,.~c:..._;, .. ..:,r n·:t:- bsnery :lJ ,,-..·;;:$17--~0 n~Ah. 

p.t:~t-::: 1 h '.l•'.; six:1,?.ff: it': f: ;1:;.. /", t,N:"~'.":f"'i-' p),c_xf~K:i:x~ :n :t:.~ S{Hn•:: n1&:::':er :~~ the 0:":"E!•'.:f}' F l'.::-::.~ept m:~'. m.::: .•~-=:-s:-:.:.fr::.::: ~b:l::-x~tt\.':,\::- pk::"...:::~~ ft~f:i::Q ~f,,:~ p:.:-::·t ?~·. 1.•;,..::1s ,:n~;j!f':.::::.~ wtth:.i-:.:....: ~ho$ 

,:,:(~~:fr,:'>:'. :=:if'.:.:tr.:_;1_:,: :.=i:r:~A•:=: :n~~_;,::,,:;5) t~~,r~:· b{"::.:;~~ E:pp);,:-::-3 and ~::,: .~:npp•:r k:·i!: G:J•:~;;:. e:-.,H~.:.:rcr b~:ing i:xp;_,-:,;.,;:!":·J. t1: ~•,1::~~. T::,;: b:s:H-!-"!;y· i:-.::~f:-~.:.~·:)·f ":{ lh.f: ~.:;}H,::·'i· f ;:~•:=:~ ?6~i3: m~~h. 
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t:~=tc~; hB~t:2:-:;· ~-r....-;::-s ,::J-~2:::·q-::d :_::~;f_:~:· r:1-s: k~!:,·_,,"t\\~ t:):~ditl•:';:~;:::;._ rhf·~:, in{} bl: ~ c·. ,e~;,.,:in ... -:-t:m'8~;~. ~.::n :r,:,n Sl~•:Ft n~,,•·::~~:: :.;, ::-i::-.~m~;...,~·f ,:,~· :~ ::1:":~ ~-v~s pi•.:F:.-B-d .:.=t~i;:,: p::~{~en;:.=ti~;:,: ~,:,;;-":<.for.:-:~, 

-c.-:::"i" ~·Q rn:n .E:tt B· :~::,.,':"::-::·~,J Gi ·to tY!fr: .: ~e-c>::tn~'j fr,~,:t:. H::-::~ :.:.:~-1::; su:fac-:: :...-:.-f th::::- c~:~rt}•::-:.i b:inE-:y t:.-:.- qen-::fZ:t::::- :3t~ :f::t:::::·n;::i ··:f::.;,rt }.:::n .. :uH. Th::: ~>:~ff'.t: ~::'!S~ ,-..•;::s :·,t,:rf,:.li·n-,\'.~~':: 6 -:..>.:::-its -.:::-t.:t-:h, t.:f"::.i 

,: ,,·.;s:·j :·:ot:fon:-t--:-:j \\•hf:!)".:•~:r iJ.) :~):.-:· ~bi~•J•n:::,:;1 :-.-•;:.::•n;.,~:;s~inq :...:i,_:e::-ff~~--:.. r:;:•~ t:-'.'~:--;ui:::j :=}t:=~ :s::1_;,,•n :~, "N:..;n:1:,;~:· :·i :=:bn'.1:ma:h· '-1;.,·::!:·:·:-:=:.:.~tt-"d t;::::'li~:·;.:=:~'· ::;-; ("'t:=:bt-? ·:; 

F~-:.::r,, ·r~1lj,;:, ':. th,;:· f•)lk':---..~.':H(l is 'i:i•.:::s~ i~~ [):~Vi;f:-l.:::s :Z, ~i l(t ~\ l:-sue~~.;::::., VliUi hi.gt~ ~;,.::i:Hi;,::y (:~~:,a:.--::w ~-.·«~.;;:, 1)t~i::ii~W•';.; ~-..:ith.:;,_(;,_;!_ .'.~t~:ion:)::":l ,'j·;,•·~:rh€~:.;;;(~ :j:.:rin,g ~·;::~:: :J·,::f)~'!t:·~t:cn. :f: 

F>:~ff:Pl~x:: ·: ::::~'(i '3. ❖:~ ~-~t:~"-'::ff:;;1:: ,:~•Y::'fi~:.~iin,;i ;;'1:t ~h~'; t~m•:: ~)t :-1:.::ii p~::~c.::H ❖?i.:J:) .•::,~~<x.mc.::d :r: t (~H ,:,3;- ~-:.-f s ,~~i:::::, k• :~.<::'!mp\,;:::: ; 3:"'it-J ~~: m,; ,~~:nt,:.~; p:.Xtft)n ,)f ·:)":~ r:.•t-:.-s:~:-,.·~: 

.::: h:gn snH:pu~ s:--:d !~)•': h~-,n :~:~':n:::x;_.:::tiGn /nst,:k :!:h::~ e:':"::.-::t:-:.xi~: 9:,:_:::;.3::,_, h~-::ppE-r:~ t:) kKt':":;;:.se. in F..>::~f:-:pl::::> ~:_. 4. a::d <~ in ':.'.'-l:·'.k-:h *\'.~ s::::<x,:·i~':: :::-:-;~.t•·,.::-:::--x~ •GiJfi·i::·:·:t :.-::...1it,:~t-:hx ;xxtk::: 22 :s: 
f:ff.,-.,.,:,C<:-;.·! ~:-::si:-.i~·: faf· p ... _.;:~Jfr.,.,.{: ei-t:"<!r{Y;:·: p-i:->h:·. i< i::. (;;,,1:~:->t~·:-1;:r:::::..i t:~;,t :·:-ate~y :::~. in;pr<;Vf::...i i)y <1 :<;;,.;,,,: :-e·sl:~Jaac<:· :;h:...1:1<:-:~c,_;;t ,1t t'-::;::, i(;(-:1tirm ir} ::x;3n;pl:~:$. ~~.~~:-:ti:;\ :rif: -..;1.:rn::..,m 

F:{-:-:~-:: the -.E::h:)'-'·~:. th-e r:.~~•f:;;1q:..:-e.:J; ... i:";: ::::k:,~tt\~'lf:.e :'::1::xx-:n,:t~.1·v bst":.~-:-ie-':: ;.:._ h-:- r -:...-:i f.)<""::i~tple-'..: 1 t:.1 {: •:.,t: -:·~if.: p-:'::::>-::f·:t i::'.t.-::n~k.:-:: ~:;:~,::- shcrt-:.-:iH~~3':t'!":-ti b':l ;:1:n ,:::;:::~~rt"·:a: k;te~~~:·: :_;,bj<2<:t f.:u::: 

·:·:-".I n:'.5::~ p{-:1~:f:s:5:;Gr~ e-t· fr:-t-: i5k-t-:, ;;{.:n:p:'.5:;;;?.:_: l'iJ. ·::-)~"': 1~i:_;.:;;>q:}~"':n:..rj ::-~t-t-x::,,_;i)•t~"': ·s-.:'.:·;.(:nd:,:;:.:y :"'.1~:~t:=:r:ff5 >: l':"'.> -,,-- -t:{ i:::.:.-::~:pa:~i.i:.•·~ [x;:-:·n:·!-:t=':':.- 1 :=:nd 1. E !~~':.- f.1::-:-t-"':n :"':...1:_,~;f.t :'~i-:=:t 'th~ -:~;::fo~1· 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 17699555 

Filing Date 2022-03-21 

INFORMATION DISCLOSURE First Named Inventor I Xiaojing Liu 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number U 020968-8 
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Issue Date 
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If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS IRemovel 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20190207212 A1 2019-07-04 Caicai LI claims 1-20, figs 1-7 

2 20190044124 A1 2019-02-07 K. Kawate 

3 20180026298 A1 2018-01-25 K. Hasegawa et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 
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Document 
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STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

I Examiner Name 

Attorney Docket Number U 020968-8 

2 2016018654 JP A 2016-02-01 Hitachi Ltd [g] 

3 2006032052 JP A 2006-02-02 Sony Corp [g] 

4 2012084412 JP A 2012-04-26 Panasonic Corp [g] 

5 2014225326 JP A 2014-12-04 Panasonic Corp [g] 

6 2000106167 JP A 2000-04-11 Mitsubishi Electric Corp [g] 

7 2019046592 JP A 2019-03-22 GS Yuasa Corp [g] 

8 111029527 CN A 2020-04-17 
Ningde Amperex [g] Technology Ltd 

9 2017059402 JP A 2017-03-23 Toppan Inc [g] 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
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publisher, city and/or country where published. 

1 Extended European Search Report for EP Application No. 20933746.8, dated July 4, 2023 
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Application Number 17699555 

Filing Date 2022-03-21 

INFORMATION DISCLOSURE First Named Inventor I Xiaojing Liu 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

I Examiner Name 

Attorney Docket Number U 020968-8 

2 First Office Action of CA application No. 3,164,572, dated July 25, 2023 □ 

3 First Office Action of JP application No. 2022543155, dated Sept. 5, 2023 [g] 

4 First Office Action of IN application No. 202227044389, dated December 12, 2022 [g] 

5 Supplementary Search Report for CN Application No. 202010349336.4, dated March 30, 2023 □ 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature I /MONIQUE M WILLS/ I Date Considered I 09/20/2024 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 17699555 

Filing Date 2022-03-21 

INFORMATION DISCLOSURE First Named Inventor I Xiaojing Liu 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

I Examiner Name 

Attorney Docket Number U 020968-8 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

17/699,555 - GAU: 1722 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

[8] A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Shiming Wu/ Date (YYYY-MM-DD) 2023-09-18 

Name/Print ShimingWu Registration Number 56885 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Receipt date: 09/18/2023 17/699,555 - GAU: 1722 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b )(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e}(1 ). 
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That no item of information contained in the information disclosure statement vvas cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: ( 1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing ofthe information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process andlor examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, v,1hich may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the followlng routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine v.;hether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed. as a routine use, to a Member of Congress submitting a 
request involving an individual, to ·whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply 'Nith the 
requirements of the Privacy Act of 1974,. as amended, pursuant to 5 U.S.C. 552a(m}. 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization. pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed. as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181} and for review pursuant to the Atomic Energy Act (42 U.S.C. 21 B(c)}. 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee,. during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance 'Nith the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. i 22(b} or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local la·.v 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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PE2E SEARCH - Search History (Prior Art) 

Ref# Hi1s 

L1 297 

L2 461486 

L3 46954 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

Search Query 

"20190207212" OR 
"20190044124" OR 
"20180026298" OR 
"2000077055" OR 
"2016018654" OR 
"2012084412" OR 
"2014225326" OR 
"2000106167" OR 
"201904692" OR 
"111029527" OR 
"204809314" OR 
"205828514" OR 
"205828873" OR 
"207 459081" OR 
"110753674" OR 
"207303263" OR 
"105336984" OR 
"207602716" OR 
"110459730" OR 
"107834014" OR 
"1949580" 

((anode OR "negative 
electrode") SAME 
("current collector")) 

2 AND ((anode OR 
"negative electrode") 
SAME (length AND 
width)) 

DBs 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 

Default Plurals 
Operator 
OR ON 

OR ON 

OR ON 

British mmeStamp 
EQuivalen1s 
ON 

ON 

ON 

2024/09/20 
10:04 PM 

2024/09/20 
11:14 PM 

2024/09/20 
11:15 PM 
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L4 22994 

L5 5146 

L6 1154 

L7 1154 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

3 AND (("current 
collector'') SAME 
(length AND width)) 

4 AND ((distance OR 
space OR positon OR 
positining OR 
positioned) SAME 
(length AND width)) 

5 AND ((tab) SAME 
(length AND width)) 

6 AND ((tab) SAME 
(length)) 

IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/20 
11:16 PM 

2024/09/20 
11:17 PM 

2024/09/20 
11 :23 PM 

2024/09/20 
11 :23 PM 
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LS 76868 

L9 39240 

L 10 11699 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

2 AND ((anode OR 
"negative electrode") 
SAME (length)) 

8 AND (("current 
collector'') SAME 
(length)) 

9 AND ((distance OR 
space OR positon OR 
positining OR 
positioned) SAME 
(length)) 

IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/20 
11 :36 PM 

2024/09/20 
11 :36 PM 

2024/09/20 
11 :40 PM 
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L11 2978 

L12 2857 

L13 1000 

L14 891 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

10 AND ((tab) SAME 
(length)) 

11 AND ((anode OR 
"negative electrode") 
SAME (tab)) 

12 AND ((anode OR 
"negative electrode") 
SAME (silicon OR 
silica)) 

13 AND ((anode OR 
"negative electrode") 
SAME (thick OR 
thickness)) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/20 
11 :40 PM 

2024/09/20 
11 :40 PM 

2024/09/20 
11:41 PM 

2024/09/21 
12:02 AM 
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L15 3290247 

L16 345542 

L17 65874 

L18 146481 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

H01 M$.cpc,ipc,ipcr. 

15 AND ((anode OR 
"negative electrode") 
SAME ("current 
collector'')) 

"19" AND ((anode OR 
"negative electrode") 
SAME (length AND 
width)) 

16AND ((anode OR 

NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/21 
12:07 AM 

2024/09/21 
12:07 AM 

2024/09/21 
12:07 AM 

2024/09/21 

Pages of 12 
MW 
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L19 32904 

L20 55864 

L21 12014 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

"negative electrode") 
SAME (length AND 
width)) 

16 AND ((anode OR 
"negative electrode") 
SAME (length AND 
width)) 

16 AND ((anode OR 
"negative electrode") 
SAME (length)) 

17 AND (("current 
collector'') SAME 
(length)) 

USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 

OR ON ON 

OR ON ON 

OR ON ON 

12:07 AM 

2024/09/21 
12:07 AM 

2024/09/21 
12:08 AM 

2024/09/21 
12:08 AM 
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L22 22201 

L23 14565 

L24 44894 

L25 11916 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

18 AND ((anode OR 
"negative electrode") 
SAME (tab)) 

19 AND ((anode OR 
"negative electrode") 
SAME (silicon OR 
silica)) 

20 AND ((anode OR 
"negative electrode") 
SAME (thick OR 
thickness)) 

24 AND ((distance OR 
space OR positon OR 

PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/21 
12:09 AM 

2024/09/21 
12:09 AM 

2024/09/21 
12:09 AM 

2024/09/21 
12:10 AM 
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L26 2546 

L27 994 

L28 262 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

positining OR 
positioned) SAME 
(length)) 

25 AND ((tab) SAME 
(length)) 

26 AND ((anode OR 
"negative electrode") 
SAME (silicon OR 
silica)) 

27 NOT 13 

AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/21 
12:10 AM 

2024/09/21 
12:11 AM 

2024/09/21 
12:11 AM 
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L29 7379632 

L30 399496 

L31 43485 

L32 69912 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

Y02E$.cpc,ipc,ipcr. 

29 AND ((anode OR 
"negative electrode") 
SAME ("current 
collector'')) 

30 AND ((anode OR 
"negative electrode") 
SAME (length AND 
width)) 

30 AND ((anode OR 
"negative electrode") 
SAME (length)) 

SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/21 
12:14 AM 

2024/09/21 
12:14 AM 

2024/09/21 
12:15 AM 

2024/09/21 
12:15 AM 
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L33 35735 

L34 10979 

L35 4373 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

32 AND (("current 
collector'') SAME 
(length)) 

33 AND ((anode OR 
"negative electrode") 
SAME (tab)) 

34 AND ((anode OR 
"negative electrode") 
SAME (silicon OR 
silica)) 

CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/21 
12:15 AM 

2024/09/21 
12:15 AM 

2024/09/21 
12:16 AM 

Page 10 of 12 
MW 



0616

L36 3971 

L37 1415 

L38 816 

L39 816 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

35 AND ((anode OR 
"negative electrode") 
SAME (thick OR 
thickness)) 

36 AND ((distance OR 
space OR positon OR 
positining OR 
positioned) SAME 
(length)) 

37 AND ((tab) SAME 
(length)) 

38 AND ((anode OR 
"negative electrode") 
SAME (silicon OR 
silica)) 

TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/09/21 
12:16 AM 

2024/09/21 
12:17 AM 

2024/09/21 
12:17 AM 

2024/09/21 
12:17 AM 
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CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L40 816 39 AND ((anode OR (US-PGPUB; USPAT; 
"negative electrode") USOCR; FIT (AP, AT, 
SAME ("current AU, BE, BG, BR, BY, 
collector'')) CA, CH, CN, CS, CU, 

CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, MC, MD, MY, NL, 
NO, NZ, OA, PH, PL, 
PT, RO, RS, RU, SE, 
SG, SI, SK, SU, TH, 
TN, TR, TW, UA, VN, 
WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

PE2E SEARCH - Search History (Interference) 

There are no Interference searches to show. 

09/21/2024 04:02:53 PM 
Workspace: 17699555 

OR ON ON 2024/09/21 
04:02 PM 
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[l~~j5J!rl 
[0001] 

21s ~ BJ:l l;;t , ~F 7.l< ~ M ■ = ,X ~ ;jg ffl ;g @J ~ r & rJ ~F 7.l< ~ M ■ = ,X ~ ;jg I.: ~ ""t Q o 

[~~l~Ujl 
[0002] 

)IT~' tj\ ~ ·~ f& ~ ff 0) ~ ~ fm ft Ii: ff~\= tX ~ ;i!!, 0) ~ •ti fm ft' /J\ ~ft' ~.I* )l, =¥ - ~ M 
ft 1.Jt * t1:> 6 h ---C ~ I -Q a 1~ Ii.: , 1J "f- ') b.. 1' ;t -Y ( 1 i t h i u m i o n ) = 1X ~ ;th t.,: c 0) 

~F 7J< ~ M ;~ ~ ffl ~ \ t.:. ~F 7J< ~ M ■ = ,!J:. ~ ;jg l;;t ~ ;jg ~ EE ~ ~ < 9 -Q ;:: c 1.Jt c' ~ , ~ I ;:;,:. J t, =¥ -
C e n e r g y ) ~ M ft 1.Jf PT fm tJ ;:: c 7':l\ 6 liJf ~ 00 ~ 1.Jf lm Iv IC fi :b h ---C ~ I -Q a q:i c' t 9~ ~ lt 
Ii: 5 2 ;:;,:. - I- ( L a m i n a t e ) ~ ffl ~ I , t 0) q:i Ii: ;g @J ~ r & rJ ~ M ;~ ~ ~~ ~It.I L, t.:. ~F 7J< 

30 

~ M ■ = 1X ~ ;th I;;!:, ~ fi I;:;,:. Jt, =¥ - ~ M 1.Jt ~ ~ \ ;:: c 7':l\ 6 ;i §l ~ h ---C ~ I -Q o ;:: ;:: c', ;g @J ~ 40 

r l;;t , ~ ~~ I)), ""F 0) I f¥ c' f'l= fix ~ h -Q o 

[0003] 

* 9 , iE lj , tu, v - ~ , & rJ ~ lj ~ llli:!tX fi ~ 9 -Q ;:: c c' , ~ lj ffi ~ fi ~ f'l= ®! 9 ~ o t 
l.,---C, ~ljfi~fi~g@]9-Qo tl.,---C, g@J~htc~~jfi~fi~::tvA9Q;::cc', g@J 
~r~f'l=®!9~o 
[ %fil~Ur~ffiX l 
[1~~1F~iXl 
[0004] 

[1~~1F~iX1 l t~002 o o 3- s 7 8 8 8-s0f& 
[1~~1F~iX2 l t~002 o o 6- 6 4 9 s 6-s0f& 50 
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ci~~1F><:mx3 l t~oo2 o 1 2- 1 1 4 3 s 7-s0f& 
[~Bl=JO):lffi~] 

[ ~Bl=l tfMiR u ~ -3 c: 9-i5 it~] 
[0005] 

JP 2016-122628 A 2016.7.7 

c: C: 3 1: , g @l ~ r ~ ti PX 9 -i5 ~ tj I.: l;i , ~ ~ ~ 7 tf ii It 5 ti, -i5 o ~ ~ ~ 7 l;i, ~ tj 0) 

~ c! 1i r□J I.: ~ t±l u t.:. ti l§ 1* c: t,J. -:, --C L 1 -i5 o .::: 0) t.:. l1J , g @l ~ r 0) -3 15 , ~ ~ ~ 7 ti ll~ PX <'! 
ti, t.:. g~ 51 l;i ' 11h 0) g~ :n' ~ IJ t, ~ ~ ~ -;;I 0) ~ <'! 71 tc. It ~ < t.J. Q O u t.:. ti ? --c ' g @] ~ T 0) ~ 

c! l;i 1' t~ - 1.:: t.J. -i5 o - 15 , ~F 7J< ~ M ~ = X;z ~ i'lh l;i , ft 1i"li ~ 9 -i5 c: .g. ~ tj 0) U!n~ 4Ula 1.:: ~ -i5 
f,5 jJ tfi g @] ~ T 1.:: !JD b Q O t u --c ' ft "/jy_ ~ ~ ~, IJ ls 9 C: ' L 0) ~ -3 t,J. r,5 jJ tfi g @] ~ T 1.:: ti 
IJ ls u !JD b Q O t u --c ' ...t ~ u t.:. ~ -3 1.:: ' g @] ~ T 0) ~ <'! l;i 1' t~ - t,J. t.:. 11) ' g @] ~ T ~ 1.:: 10 

f,5 jJ tfi 1' t~ - 1.:: m fJ\ Q O ~ 1* B~ 1.:: l;i ' ~ ~ ~ -;;ID.. TJ t 0) }j!iJ lffi 1.:: * ~ t,J. r,5 jJ tJt m fJ\ Q O L 0) 

t.:. l1J , ~ ~ ~ -;;I 0) }j!iJ lffi Ii: ff tt 9 -i5 ~ tj tJt ~ fttl u ~ 9 L \ c: L \ -3 F□~ ~ tJt iJ5 -:, t.:. o ~ tj tJt ~ fttl u 
t.:. t~ '§L g @l ~ r 0) ~ Q} tJqi * 9 -i5 o 9 t,J. b 15 , ~ ii!!. tJq!n~ 9 -i5 o * tc , ~ ii!!. tJq!n~ u t.:. 
t~ a- , ~ tj Fs~ 1.:: If,~ Fs~ tJt ~ t,:; , IJ =f- ') .b. 1' ;;J- 'Y 0) A b. - A' t.J. ~ lh tJt ~g ~ c! ti, -i5 0) 1: , if 1' IJ 
JH~ 'ti tJtftt T 9 Q o 

[0006] 

.::: 0) ~ -3 I.: , f.iE * 0) ~F 7J< ~ M ~ = ,X ~ ifu I.: ii:> L \ --C l;i , ~ ~ ~ 7 I.: ~ -i5 ~ c! 0) 1' t~ - I.: ~ 
~ u --c ~F 7J< ~ M ~ = ,X ~ ifu tJt' U!1 ~~ u , if 1' 17 J t, 1~ '~'± tJt' 1tt T 9 -i5 c: L 1 -3 F□~ ~ tJt' iJ5 -:, t.:. o .::: 0) 

F□~ ~ l;i, 9~ ~ 1.t tJt 5 :::: ;:r,. - 1-- 7 -r Jt, b. c: t,J. -i5 t~ a- I.: c: < I.:~~ 1: iJ5 -::i tc. o 9 t.J. b 15, 9~ ~ 
1~ tJt' ~ ~ ~ 0) ffi c: t.J. Q t~ a- , 9~ ~ 1~ l;i g @l ~ r 0) ~ ll~ ~ iJ5 Q f¥ M J:[n x -i5 .::: c: tJt 1: ~ Q o - 20 

15 , 5 :::: ;:r,. - 1-- 7 1' J t, .b. l;i , ~ ~ ~ 0) ffi I.: tt r-: --c ~s M tJt 1J\ c! L 1 0) 1: , g @l ~ r 0) ~ ll~ ~ J:[n 
X I.: < L \ 0 - 15 ' tiJ ~1F ){ mx 1 - 3 l;i ' g @] ~ T I.: ~ 9 Q :it Vfj ~ 00 ~ 9 Q tJt' L ti, 5 0) Jl Vfj 
1: l;i ' ...t ~a r□~ ~ ~ fiiJ 5 M iR 9 Q L C: tJt' 1: ~ t.J. fJ\ ? t.:. 0 

[0007] 

t .::: 1: , * ~ B/=l l;i, ...t ~a r□~ ~ 1.:: g Q} --C t,J. <'! ti, t.:. =t:, 0) 1: iJ5 IJ , * ~ Bl=l 0) § e~ c: 9 Q c: .::: 3 
l;i , g @l ~ r 0) ~ <'! ~ ~ IJ ±~ - I.: u , ZH 1 --C l;i, ~F 7J< ~ M ~ = ,X ~ ifu 0) U!l ~~ ~ J:rn !M 9 Q .::: 

c: fjt Pl ~~ t.J. , ¥-fi m fJ\ -:) 2~ ~ c! ti, t.:. ~F 7J< ~ M ~ = ,x ~ ;fu ffl g @l ~ r D.. 7J ~F 7J< ~ M ~ = ,x ~ ;fu 
~ m 1~ 9 -i5 C: C: Ii: iJ5 Q o 

[ ~l ~ ~ M iR 9 Q t.:. l1J 0) -=1=- .rn l 
[ 0 0 0 8 ] 30 

...t ~a ~l ~ ~ M ;R 9 Q t.:. l1J I.: , * ~ B/=l 0) i15 -i5 U ,¢.i. I.: ~ ti, Ii , * ~t ~ ~ 1* c: , * ~:;I: ~ ~ 1* I.: 
~9: It 5 ti, t.:. ~ ~ ~ 7 c: , * ~:;I: ~ ~ 1* I.: ~9: It 5 ti, t.:. ;§ tt ~ ~ c: , ;§ ~ ~ ~ ~ I.: ~9: It 5 ti, t.:. tJJ 
1J x ~ g~ c: , ~ 11 x , tn 1J x ~ g~ 1;1 , ~ ~ ~ -;;1 1.:: x1 r□J 9 -i5 11I .m 1.:: ll~ PX <'! n -i5 .::: c: ~ t~ 1~ c: 
9 Q ' ~F 7J< ~ M ~ = ,x ~ ;fu m g @] ~ T tJt m 1~ c! ti, Q 0 

[0009] 

.::: 0) rm #.i. 1.:: ~ n 1i, tn 1J x ~ g~ nt ~ ~ ~ -;;1 0) ~ <'! ~ o,& 4~ c ti::i ~lt ) 9 -i5 .::: c: tJt' 1: ~ Q 0) 1: 

' g @] ~ T 0) ~ <'! ~ ~ IJ ±~ - I.: 9 Q L C: tJt 1: ~ Q O u t.:. tJt ? --c ' L 0) g @] ~ T ~ ~F 7J< ~ M 
~ = ,x ~ ifu 1.:: m L \ Q L C: 1: ' ~F 7J< ~ M ~ = ,X ~ ii!!. 0) U!n~ ~ J:[n ffi~ 9 Q L C: tJt' 1: ~ Q 0 

[0010] 

C: C: 1: , tJ] IJ X ~ g~ 0) ~Ill l;i, ~ ~ ~ -;;I 0) ~Ill I))_ ...t 1: iJ5 -:, --C =t:, ~ LI o 

[0011] 

.::: 0) U #.i. I.: ~ n Ii, tJ] IJ x ~ g~ l;i , ~ ~ ~ 7 0) ~ c! ~ ~ IJ ~ ~ I.: D,& 4~ 9 -i5 .::: c: tJt' 1: ~ Q 

0 L 0) tc. 11) ' @] ~ T 0) ~ <'! ~ ~ IJ t~ - 1.:: 9 Q L C: fjt' 1: ~ Q O u t.:. tJt' ? --c ' L 0) g @] ~ T ~ 
~F 7J< ~ M ~ = ,x ~ ;jg 1.:: m LI -i5 .::: c: 1: , ~F 7J< ~ M ~ = ,x ~ ;jg 0) U!n~ ~ J:[n ffi~ 9 -i5 .::: c: tJt' 1: ~ Q 

[0012] 

* tc. , tJ] IJ X ~ g~ 0) ~!li l;i , ~ ~ ~ -;;I 0) ~Ill ~ IJ * ~ < --c t, ~ LI o 

[0013] 

.::: 0) im #.i. 1.:: ~ n 1i, tn 1J x ~ g~ 1;1 , ~ ~ ~ -;;1 0) ~ <'! ~ ~ 1J ~ ~ 1.:: o-& 4~ 9 -i5 .::: c: tJt' 1: ~ Q 

40 

o C: 0) tc. 11) , @] ~ r 0) ~ <'! ~ ~ IJ t~ - Ii: 9 -i5 C: c: tJt' 1: ~ Q o u t.:. tJt' ? --C , C:: 0) g @] ~ r ~ 50 
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[0014] 

a=: tc. , ~ ~ ly J (J) ~ ~ C: tJ] IJ l_x 'E '§~ (J) )~ ~ (J) ~ ff, ~ ~ ly J (J) ~ ~ J: IJ tj\ ~ < "'[ =I:, J: L \ 

[0015] 

;:: (J) H fa Ii:: J: h Ii, tJ] IJ 'R 'E :g~ l;i , ffi ~ 1y -:I (J) ~ ~ ~ J: IJ ~ ~ Ii:: O,& W:ll. ""t Q ;:: c: ff c' 'e" Q 
0 ;:: (J) tc. 11) ' @] • T (J) ~ ~ ~ J: IJ :t~ - Ii:: 9 Q ;:: C: tf c' 'e" -Q O l,; tc. ti ? "'[ ' ;:: (J) § @] • T ~ 
~F 7Jdl ffiiHI = ,x ~ ;fu, Ii:: m L \ -Q ;:: C: c' ' ~F 7.l< ~ MI[ = ,x ~ ;fu, (J) Dan~ ~ J:[n ffi~ 9 Q ;:: C: tf c' 'e" -Q 

[0016] 

a=: tc. , ~ ~ ly -:I Ii, IE tj ~ ~ ly -:I c: , 8 tj ~ ~ ly -:I c: c' ti fix ~ h, tJJ IJ 'R 'e" '§~ l;i , IE tj 
~ ~ ly J Ii:: x1 la] 9 -Q ffI .m C: ' a tj ~ ~ ly J Ii:: x1 la] 9 -Q 1.iL .m C: (J) ~ ~ Ii:: Jr~ fix ~ ;/1, -c t, J: L \ 0 

[0017] 

;:: (J) H fa Ii:: J: h Ii, tJ] IJ 'R 'E '§~ Ii , IE tj ~ ~ ly -:I (J) ~ ~ "& Z} 8 tj ~ ~ ly -:I (J) ~ ~ ~ O,& W:ll. 
9 Q ;:: C: tf c' 'e" Q O ;:: (J) tc. 11)' @] • T (J) ~ ~ ~ J: IJ ±~ - Ii:: 9 -Q ;:: C: tic' 'E Q O l,; tc. tf ? "'[ 

' ;:: (J) § @] • T ~ ~F 7.l< ~ M I[ = XX. ~ ;fu, Ii:: m ~ \ Q ;:: C: c' ' ~F 7.l< ~ M I[ = ,x ~ ;fu, (J) m ~~ ~ j:[p ffi~ 
9 -Q ;:: C: tf c' 'e" -Q 0 

[0018] 

10 

* ~ B/:l (J) ffu. (J) H 1~. I.: J: h Ii, ...t ia § @l • r ~ fl x Q ;:: c: ~ ~iJ 1~~ c: 9 Q , ~F 7J< ~ M I[ = ,.X 20 

~ Jfu. tf m f Pi ~ n Q o 

[0019] 

;:: (J) fij fa Ii:: J: ;/1, Ii' ~F 7.l< ~ M I[ = ;_x ~ ;fu, (J) Dan~ ~ j:[p ffi~ 9 -Q ;:: C: ti c' 'E Q 0 

[0020] 

;:: ;:: c' ' 9~ ~ ;t,t tf 5 2 * - I- c' s ? -c t, J: ~ \ 0 

[0021] 

;:: (J) H fa I.: J: Q ~F 7J< ~ M I[ = XX. ~ ;fu. c' Ii , $1~ ~ ;t,t tf 5 2 * - I- c: t,1. -:, -c ~ \ Q o l,; 1J' l,; , 

;:: (J) fij ,¢.i. 1.:: J: -Q ~F 7J< ~ MI[ = ,X ~ ;fu. Ii , ...t ia § @l • r ~ fl x -Q o l,; tc. tJ'i. -:, -c , $'~ ~ ;t,t tJt' 5 
2 * - 1- c' S -:, -c t ~F 7J< ~ MI[ = ,x ~ Jfu. (J) U~ ~~ tJt'tCP ffi~ ~ h Q o 

[ ~ B/:l (J) ~J] ~ ] 30 

[0022] 

DJ ...t gR B/:l l,; tc. J: -3 Ii:: * ~ B/:l Ii:: J: h Ii, tJJ IJ 'R 'e" '§~ tJ'i. ~ ~ ly -:I (J) ~ ~ ~ O,& W:ll. ( ;/=§ Jlt ) 9 Q 
;:: C: tJ'i. c' 'e" Q (J) c' ' § @] • T (J) ~ ~ ~ J: IJ :t~ - Ii:: 9 -Q ;:: C: tJ'i. c' 'e" -Q O l,; tc. tJ'i. ? "'[ ' ;:: (J) § 
@l • r ~ ~F 7.l< ~ MI[ = ,x ~ ;fu, Ii:: m L \ Q ;:: c: c' , ~F 7.l< ~ MI[ = ;_x ~ ;fu, (J) m ~~ ~ j:[p ffi~ 9 -Q ;:: c: 
tJ'i. c' 'E Q 0 

[ lg] lm (J) F,lj.!ji IJ: iit B/:l ] 

[0023] 

[1gJ1]*~~(J)~~MD~~-Q§@l.r(J)a~mfix~~9~ffilmigjc'SQo 
[ lg] 2 ] ( a ) lqJ ~ ~ Jr~ g Ii:: f5l -Q IE tj (J) • m~ ti fix ~ ~ 9 iit B/:l lg] c' s -Q O ( b ) lqJ ~ ~ Jr~ g 
~~Q8M(J)a~mfix~~gm~igjc'SQo 
[igj3]IEM(J)RAf~~~gm~igjc'SQo 
[ ~ B/:l ~ ~ ~ 9 Q tc. 11) (J) Jr~ D ] 
[0024] 

DJ """F Ii:: ;~ f1 lg] lm ~ ~ ~-~ l,; f,J. tJ'i. 5 , * ~ B/:l (J) ~ ii IJ: ~ ~ (J) Jr~ D Ii:: -:J L \ -C ~~ ~ffi Ii:: gR,BJ:j 9 -Q o 

t,J. a3 , * B/:l ~ffi ~ "& cJ lg] lm Ii:: cl3 ~ \ -c , ~ I[ SJ;_] Ii:: lqJ - (J) m rm ti fix ~ ~ 9 -Q ti fix ~ • Ii:: -::i L \ -c l;i 
, lqj-(J)ffi~~09-Q;::c:~J:~~-m~~~~9Qo 
[0025] 

< 1 . §@l•r(J)tifix > 

,X I.: , lg] 1 "& cJ lg] 2 I.: ¥ -j' L l -C , * ~ ~ Jr~ D I.: f5l Q IJ :f ") .b.. 1' 7.1' './ = ,X ~ ;fu, 1 (J) ti fix I.: 

40 

-:J ~ \ -C iit B/:l g Q O 
1) :f ") .b.. 1' 7.1' './ = ,X ~ ;fu, 1 Ii, fRil ~ ~* (J) § @l • r 1 a c: , ~F 7J< ~ MI[ ;~ 50 
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;~ c , 9~ ~ t.t c ~ fi x -Q o t.J. c!3 , 2f ~ B/:l Ii IJ 'f- r) b. 1' ;t ',,/ = ,X ~ ;!!"!, t;). 9~ (J) ~I= 7J< ~ M ~ = ,X 
~ ;!!"!, I.: t, i@ m Pl rm c' ® -Q .:::: C Ii t, 5 3 fu c' ® Q 0 

[0026] 

~ @J ~ r 1 a Ii, * ~:fdUj 2 o , * ~* iz IX'. v - 1y 3 o , * ~* iE ~j 1 o , "& 'lJ * ~* iz I\ v 
- 1y 3 o tf .:::: © I1I:ri: c' fl ~ ~ n tc ~ ~j fl ~ f,t ~ ~ =J=- 15 r□J I.: ~ @J L, , igj 1 q=l ...t i:- 15 r□J I.: -:J v ;z 
l.., tc =t:, (J) c' il5 -Q o 

[0027] 

C *~*iElj©lffi!JQ) 
lgJ 1 "& rJ lgJ 2 ( a ) Ii: ~ 9 J: -5 Ii: , * ~:;Ii; iE lj 1 0 ( [;)_ ""]:- , ~ Ii: r iE ~j 1 0 J C t, f,j; 9 Q 

) Ii, iE lj ~ ~ f,t 1 1 c, iE 11'] ~ ~ f,t 1 1 © f.lIT mi I.: ll; JJQ ~ ti, tc iE ~j ;§ 1o/.J ~ ~ 1 2 c, iE ~j 1 0 

;§ 1o/.J ~ ~ 1 2 179 I.: Jr; JJQ ~ ti, tc tJ] IJ !R_ ~ §~ 1 2 a , 1 2 b c , iE tj ~ ~ ly -;/ 1 3 c ~ fi x -Q 

[0028] 

iE tj ~ ~ f,t 1 1 Ii, ~ ~ f,t c' il5 ti, 11 c © J: -5 t.J. =t:, © c' =t:, ~ < , f9j x 11, 7 J t, :'::: = r) b. , 
;z 'T ',,/ v ;z ilml, El. 'lJ = ,y 1T Jt, .i- ,y =t- ilml ~ c' lffi JJQ ~ ti, Q o iE ~j ~ ~ f,t 1 1 I.: Ii, iE l~ ~ ~ ly 
-;/1 31.n~~~tl,-Qo 

[0029] 

iE lj ;§ 1o/.J ~ ~ 1 2 Ii , ~' t,J. < c =t:, iE lj ;§ 1o/.J ~ ~ -g oj- , ~ ~ trn c , fr.-.a ~ trn c ~ ~ 5 1.:: -g fu 

c' ~ ' --c t, J: ~ ' 0 iE tj ;§ 1m ~ Ii ' I) 7 r) b. 1' ;t / ~ Pl ~ a~ 1.:: D,& j@ El. 'lJ 1ilU:l::l ""t Q .:::: C 1.J'i Pl rm t.J. 
1o/.J ~ c' il5 ti, It 1ij' I.: ~IR ~ ~ ti, 9, f9j x It, :::J /\ J t, I- ff~ 1J 'f- r) b. ( L C O ) , = ,y 1T J H~ 1J 'f- 20 

r) b. , = 'Y 1T ) l, :::J / \ J l, I- ff~ IJ 'T ') b. , = 'Y 1T ) l, :::J / \ J l, I- 7 J l, :'::: = r) b. ~ I) 'T ') b. ( [;)_ ""]:- , 
r N C A J c f,j; 9 Q :I~ g t. il5 Q o ) , = ,y 1T J l, :::J / ( J l, I- x ',,/ t5 ',,/ ff~ 1) 'T ') b. ( I;). ""]:- , r N 

C M J c f,j; 9 -Q :I~ g t. il5 -Q a ) , x ',,/ t5 ',,/ ff~ 1J 'T ') b. , 1) ',,/ ff~ ~ 1J 'T ') b. , liJ,t ft = ,y 17" J t, 
, lilit ft il6J , lilit JiL ff~ ft ~, D~ ft /, :t- 1/ r) b. ~ 1.J'i * 11 5 ti, Q o .:::: n 5 © iE tj ;§ 1m ~ Ii , ~ J!I! 
c< m ~ , s n --c =t:, J: < , 2 fl 1;;_ ...t t.J'i f:lt- m ~ n --c =t:, J: ~ , 0 

[0030] 

iE tj ;§ 1m ~ Ii , ...t ~2 I.: * 11 tc iE ~j ;§ 1o/.J ~ © j9j © -5 5 , 1iJ I.: , ~ ~:;Ii; fi :1g ii'Hffi @ ~ ~ ""t Q m 
~ ~ ~ ff~ ft 1o/.J © 1J 'f- r) b. ±g c' il5 -Q .:::: c 1.J'i ~ * L, ~ \ o .:::: © J: -5 t.J. ~ ~:;';; fi :1g all lffi @ ~ ~ ""t -Q m 
~ ~ ~ ff~ ft 1m (J) u =r r;;, b. :1g c L, --c Ii , 19i :z 1t , L i 1 _ x _ y _ z N i x c o y A 1 z o 
2 C N C A ) * tc Ii L i 1 _ x _ y _ 2 N i x C o y M n 2 0 2 C N C M ) C 0 < x < 1 

, 0 < y < 1 , 0 < Z < 1 , f.J\ -:J X + y + Z < 1 ) c' ~ ~ ti, -Q 3 7G * (J) m ~ ~ ~ ff~ ft 1o/.J (J) 

1J 'f- r) b. :1g 1.J'i ¥ 11 5 ti, Q o 

[0031] 

~ ~ trn Ii , f9j x It 1T 'Y 'T I ',,/ -;/ 5 ':J IJ ( K e t j e n b 1 a c k ) , 7 iz 'T I,., ',,/ -;/ 5 ,y 

IJ ( a c e t y 1 e n e b 1 a c k ) ~ (J) 7J - ~ ',,/ -:J 5 'Y IJ , ~ ?.t m iB , A @ m ifl ~ c' 

il5 -Q 1.J'i, iE lj © ~ ~ 'ti ~ F=i th -Q tc th © =t:, © c' il5 ti, It 1ij' I.: $~ ~IR ~ n t.J. ~ I o 

[0032] 

fr.-.a ~ tW Ii , iE lj ;§ 1o/.J ~ ~ ± ~ fr.-.a g ""t Q c ~ 1.:: , iE lj ;§ 1o/.J ~ c iE lj ~ ~ f,t c ~ fr.-.a g ""t -Q o 

fr.-.a ~ tiU © fl Jij Ii fij I.: ~IR ~ ~ n 9 , 1JOR © IJ 'f- r) b. 1' ;t ',,/ = ,X iL!!"!. © iE ~j ;§ 1o/.J ~ ~ I.: 1.le m ~ 

30 

n tc M ~ tiU c' il5 ti, It c (J) J: -5 t.J. =t:, (J) c' il5 -::> --c =t:, if m c' ~ -Q o f9~ x It in 1J 7 ,y ft t: = 1J =r ',,/ 40 

( p o 1 y v i n y 1 i d e n e f 1 u o r i d e ) , 7 ,y ft t: = I) T ',,/ ( V D F ) -

"'- =t- -If 7 J l, ;t □ -:J □ t: 1,., ',,/ ( H F P ) ~ m g f,t , 7 ,y ft t:' = IJ =r ',,/ - I, - 7 J l, ;t □ t:' = J l, 
I - 'f- Jl, ( p a r f 1 u o r o v i n y 1 e t h e r ) ~mg f,t, 7 ,y ft t:' = 1J =r ',,/ 
- 'T I- 5 7 Jl, ;t □ I 'f- I,.,',,/ ( t e t r a f 1 u o r o e t h y 1 e n e ) ~mg f,t, 7 ,y 
ft t: = 1J =r ',,/ - I- 1J 7 J t, ;t □ I 'f- I,., ',,/ ( t r i f 1 u o r o e t h y 1 e n e ) ~ m g fit; 
, I'f-(,.,',,/-:JDt:l,.,',,/1/.I';/(ethylene- propylene- diene)= 
J'G~mgf,t, ;z'f-l,.,',,/-;fly)i.I',,/:1b. CS tyre n e- but ad i en e rub b 
e r ) , 7 IJ 1) □ = I- 1) J l, -;/ ly ~j I ',,/ :::J' b. ( a c r y 1 o n i t r i 1 e - b u t a d i 
e n e r u b b e r ) , 7 ':J ~ :1 b. ( f 1 u o r o r u b b e r ) , in I) n ff~ t:' = Jl, ( 

p o 1 y v i n y 1 a c e t a t e ) , in I) .i, =r ) t, .i, ly IJ I) I,., - I- ( p o 1 y m e t h 50 
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ylmethacrylate), 7.1\IJI'Tv':/(polyethylene), =I-- □ 

iz JI,, □ - A ( c e 1 1 u 1 o s e n i t r a t e ) ~ c' i15 Q ff, iE ;j-j ;~ 1~ ■ Bz.. rJ ~ ~ irn 
€ iE ;j-j E ~ fi ...t 1;: t.a ~ ~ tt Q c: c tl c' 'E Q t 0) c' i15 tL Ii , 1iJ 1;: 1M ~~ ~ tL tJ ~ I o 

[0033] 

iE~~--~120)~00~~(iE··~~110)a-~oo~ID~~tLkSiE•~--~ 
1 2 0) -3 t; , - 15 0) ~ 0) ~ ~ ) Ii, E ~ ;y "J' 1 3 0) ~ ~ [))_ ...t c' i15 Q .: c tf !ff- * t.., < , E ~ 
ly -;/ 1 3 0) ~ ~ c m~ fqJ - c' i15 Q c: c tf ~ 5 I;: !ff- * L, L \ o 

[0034] 

t)J IJ X 'E g~ 1 2 a , 1 2 b Ii , iE ;j-j ;~ 1~ K ~ 1 2 P'iJ 1;: ~9: It 5 ti, Q O t)J IJ X 'E g~ 1 2 a Ii 
, ag @J ~ r 1 a g:i c' iE tj E ~ ;y "J' 1 3 1;: X'.I faJ 9 Q frz a 1;: ~9: It 5 tL Q o 9 tJ b t; , iE tj E ~ 1 0 

ly -;J 1 3 0) ~iii 15 [a] 0) g:i ,t,1 € 5m IJ , tJ1 -::i iE ;j-j E ~ /y -;J 1 3 0) ~ ~ 15 [a] 1;: f$ V: Q ][ ~j € ~ I L I tc 
:t~ g , .: 0) ][ ~j Ii, tJJ IJ X 'E g~ 1 2 a P'iJ € 5m Q O !ff- * L, < Ii, .: 0) ][ ~ Ii , tJJ IJ X 'E g~ 1 

2 a 0) ~iii 15 faJ 0) g:i ,t.1 € 5m Q o 

[0035] 

tJJ IJ X 'E g~ 1 2 a 0) 5~ ~ Ii, iE tj E ~ /y -;/ 1 3 0) ~ ~ 1;: - ~ 9 Q C: c fJ" !ff- * L, L \ o ~ 5 
I;: , tJJ IJ X 'E g~ 1 2 a 0) ~iii Ii, iE ;j-j E ~ /y -;/ 1 3 0) ~iii [))_ ...t c' i15 Q C: c fJ" !ff- * l.., LI o C: ti, 5 

0) * fi:j: fJ" ;i!i5 t.:. ~ ti, Q :t~ g 1;: , iE :l'i E ~ /y -;J 1 3 0) ~ ~ € :i: -r tJJ IJ X 'E g~ 1 2 a 1;: J:. -:, -r P,& 

4:ll. ( f~ ~ ) c' 'E Q o .: ti, 1;: J:. 1J , ag @J ~ r 7 a 0) -3 t; , iE tj E ~ /y -;J 1 3 fJ" ~9: It 5 ti, Q g~ 
71 c , t 0) ~ ill 0) g~ 7J' c 0) ~ ~ € J:. IJ ~ - I;: 9 Q C: c fJ" c' 'E Q o 

[0036] 

~ 5 1;: , tJJ IJ X 'E g~ 1 2 a 0) ~iii Ii , iE ;j-j E ~ /y -;J 1 3 0) ~iii J:. IJ * 'E LI .: c fJ" 1iJ 1;: !ff- * L, 

LI o .: 0) :t~ g, ag @J ~ r 1 a P'i1 c' iE ;j-j E ~ /y "J' 1 3 c tJJ IJ X 'E g~ 1 2 a c 0) Fs~ c' {ll a 9 ti, 

fJ" ~ G t.:. :t~ g c' =t:, , t)J IJ X 'E g~ 1 2 a Ii , .: 0) J:. -3 fJ. {ll a 9 tL € =t:, P,& 4:ll. 9 Q .: c fjt' c' 'E Q 

0 9 tJ D t; , t)J IJ X 'E g~ 1 2 a Ii, ag @J ~ r 1 a P'iJ c' iE tj E ~ /y -;J 1 3 c tJJ IJ X 'E g~ 1 2 

a c 0) Fs~ c' fll a 9 ti, fJ" ~ G t.:. ~ g c' t , iE tj E ~ /y "J' 1 3 0) ~ ~ € P,& 4:ll. 9 Q C: c fJ" c' 'E Q 

[0037] 

fJ. a3 , tJJ IJ X 'E g~ 7 2 a 0) 5~ ~ Ii, iE ;j-j E ~ /y -;J 7 3 0) ~ ~ J:. IJ 1J\ ~ < -r =t:, J:. LI o .: 0) 

:t~ g , iE ;j-j E ~ /y -;J 1 3 0) ~ ~ c t)J IJ X 'E g~ 1 2 a 0) 5~ ~ 0) ~ fJ", iE ;j-j E ~ /y -;J 1 3 0) ~ 

20 

~ J:. IJ ,j, ~ L \ C: c fJ" !ff- * L, LI o C: 0) :t~ g, iE ;j-j E ~ /y -;J 1 3 0) ~ ~ 0) -3 t; , t)J IJ X 'E g~ 1 30 

2 a 0) 5~ ~ 71 tc. It fJ" tJJ IJ X 'E g~ 1 2 a 1;: J:. -:, -r P,& 4:ll. ( f~ ilt ) ~ ti, Q o * tc , tJJ IJ X 'E g~ 7 

2 a 0) ~iii Ii, iE ;j-j E ~ /y -;J 1 3 0) ~iii J:. IJ ,j, ~ < -r =t:, J:. L \ 0 .: 0) :t~ g, iE ;j-j E ~ /y -;J 1 3 0) 

-3 t; , tJJ IJ X 'E g~ 7 2 a 1;: x-.t [a] 9 Q g~ 71 0) ~ ~ tc. It fjt' tJJ IJ X 'E g~ 1 2 a 1;: J:. -:, -r P,& 4:ll. ( f~ 
ilt)~tl,Qo 

[0038] 

tJJ IJ X 'E g~ 1 2 b Ii , ag @J ~ r 1 a g:i c' ~ ;j-j E ~ /y "J' 2 3 1;: x-.t faJ 9 Q fll a 1;: ~9: It 5 ti, Q 

0 9 tJ, D b' ~ ;j-j E ~ /y -;J 2 3 0) ~iii 15 [a] 0) g:i /LI€ 5m IJ ' fJ\ -::i ~ ;j-j E ~ /y -;J 2 3 0) ~ ~ 15 [a] 

1;: f$ rJ Q ][ ~j € ~ I LI tc :t~ g , C: 0) ][ ~ Ii , tJJ 1J X 'E g~ 1 2 b P'il € 5m Q o !ff- * l.., < Ii , C: 0) 

][ ~ Ii ' t)J IJ X E" g~ 1 2 b 0) ~iii 15 [a] 0) g:i /LI € 5m Q 0 

[0039] 

tJJ IJ X 'E g~ 1 2 b 0) 5~ ~ Ii, ~ ;j-j E ~ /y -;/ 2 3 0) ~ ~ I;: - ~ 9 Q C: c fJ" !ff- * l.., LI o ~ 5 
I;: , tJJ IJ X 'E g~ 1 2 a 0) ~iii Ii, ~ ;j-j E ~ /y -;J 2 3 0) ~iii [))_ ...t c' i15 Q .: c fJ" !ff- * L, L \ 0 .: ti, 5 

0) * fi:j: fj'I ;i!i5 t.:. ~ ti, Q :t~ g 1;: , ~ ;j-j E ~ /y -;/ 2 3 0) ~ ~ € :i: -C t)J IJ X 'E g~ 1 2 b 1;: J:. -:, -C P,& 

4:ll. C f~ ~ ) c' 'E Q o ~ 5 1;: , ag @J ~ r 1 a 0) -3 t; , ~ ;j-j E ~ ;y "J' 2 3 fJ" ~9: It 5 tL Q g~ 7J' c 
' t 0) ~ ill 0) g~ 7J' C 0) ~ ~ € J:. IJ :t~ - 1;: 9 Q L C fj'I c' E" Q 0 

[0040] 

~ 5 1;: , tJJ IJ X 'E g~ 1 2 b 0) ~iii Ii , ~ ;j-j E ~ /y "J' 2 3 0) ~iii J:. IJ ;t:. 'E L \ c: c fJ" 1ij 1;: !ff- * L, 

LI o c: 0) :t~ g, g @J ~ r 1 a P'il c' ~ ;j-j E ~ /y -;/ 2 3 c tJJ 1J X 'E g~ 1 2 b c 0) Fs~ c' {ll a 9 ti, 

fJ" ~ G t.:. :t~ g c' t , tJJ IJ X 'E g~ 1 2 b Ii , C: 0) J:. -3 fJ. {ll a 9 ti, € t P,& 4:ll. 9 Q C: c fJ" c' 'E Q 

40 

0 9 tJ b t; , tJJ IJ X 'E g~ 1 2 b Ii, ag @J ~ r 7 a P'i! c' ~ tj E ~ /y -;J 2 3 c tJJ IJ X 'E g~ 1 2 50 
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[0041] 

tJ. c13 , m 1J :x.. E" g~ 1 2 b (J) 5~ ~ 1;;t, a tj • 'i: 1y -:1 2 3 (J) ~ ~ .1:: 1J ,J\ ~ < --c =1:, .1:: L, 0 z: (J) 

:t~ -g , a tj • ~ 1y -:1 2 3 (J) ~ ~ c tJJ 1J :x.. E" g~ 1 2 b (J) 5~ ~ (J) ~ tf, a tj • ~ 1y -:1 2 3 (J) ~ 

~ .1:: 1J ,J\ ~ L, z: c tf ff * u L, 0 z: (J) :t~ -g, a ~j • ~ 1y -:1 2 3 (J) ~ ~ (J) -s t> , tJJ 1J :x.. E" g~ 1 

2 b (J) 5~ ~ 5t tc. It ff tJJ IJ :R., 'E g~ 1 2 b Ii: J: -:, --C P,& ~J ( 1'§ Jit ) ~ ti, -Q o * tc. , tJJ IJ :R., 'E g~ 1 

2 b (J) ~iii 11, a ~j • ~ 1y -:1 2 3 (J) ~iii .1:: 1J ,J\ ~ < --c =1:, .1:: L, 0 z: (J) :t~ -g, a tj • ~ 1y -:1 2 3 (J) 

-3 t; , tJJ IJ !R., 'E g~ 1 2 b Ii: X'J [oJ 9 -Q g~ :Sf (J) ~ ~ tc. It tf tJJ IJ !R., 'E g~ 1 2 b Ii: J: -:, --C P,& ~J ( fl==l 

ff-it)~tl,-Qo 

[0042] 

* tc. , [gJ 2 ( a ) c' l;;t , tJJ IJ I_R_ 'E g~ 1 2 a , 1 2 b & 1J iE tj E ~ ly -:I 1 3 ~ iE ~j E ~ ft 
1 1 (J) fqJ t,; oo Ii: Kit It tc. tf , z: tL 5 ~ E.. L \ Ii: ~ t;J. -Q oo Ii: Kit It --c t R L \ z: c l;;t t t; 3 Iv c' ob Q 

o * tc. , tJJ IJ !R.. 'E g~ 1 2 a , 1 2 b l;;t , 8 ~j 2 0 I.: ~.lt It --C =I:, R L \ Z: c l;;t =I:, t; 3 Iv c' ob Q o 

* tc. , [gJ 1 c' l;;t , tJJ IJ !R.. 'E g~ 1 2 a , 1 2 b l;;t, ~ @l ~ r 1 a (J) ~ ~ m g~ :St Ii: ff~ ~ ~ ti, --C 

L\ Q o ~ 1;J. b t; , tJJ IJ !R.. 'E g~ 1 2 a , 1 2 b l;;t, iE ~j E ~ ly -:I 1 3 , 8 ~j E ~ ly -:I 2 3 I.: 

ill: ffi ~ -Q {v_ ii. Ii: ~.lt It 5 ti, -Q o l,; 1J' l,; fJ. 1Jt' 5 , tJJ IJ :R.. 'E g~ 1 2 a , 1 2 b (J) ~.lt ii. {v. ii. l;;t Z: (J) 

1.i'.Z ii. Ii: ~~ 5 ti, 1;J. L \ o 9 1;J. b t; , tJJ 1J !R.. 'E g~ 1 2 a , 1 2 b l;;t, iE tj E ~ ly -:I 1 3 , 8 ~j E 
~ 1y -:I 2 3 Ii: X'J [oJ 9 Q f.i'.Z ii. ( 9 f.J_ b t; , z: tL 5 (J) E 'i: ly -:I (J) ~iii 15 [oJ (J) q=l ,t,, ~ im IJ , 1)\ -:) ~ 

10 

@l ~ r 1 a (J) ~ ~ 15 [oJ Ii: 3¥ fi tJ g ~i 1Jt' ~ ~ 9 -Q f.i'.Z ii. ) Ii: i.it It 5 ti, ti, It R L \ o * tc. , tJJ IJ !R.. 20 

'E g~ 1 2 a , 1 2 b l;;t , [gJ 1 I.: ~ 9 J: -3 I.: , 00 □ oo 1Jt' iE tj E ~ ly -:I 1 3 , a ~j E ~ ly -:I 2 

3 I.: x1 [oJ 9 -Q Z: c 1Jt' ff * l,; L I o 

[0043] 

iE tj E ~ ly -:I 1 3 l;;t, f9U x It iE tj E ~ 1t 1 1 c fqJ f,Jl: (J) 1'-l *>I- c' ti ~ ~ tL Q o iE ~j E ~ ly 

-:/ 1 3 l;;t , iE ~j 1 0 (J) ~ ~ 15 [oJ (J) % itlm Ii: ;.@ ffi ~ tL Q o ~ ft 9';_] Ii: l;;t, iE tj 1 0 (J) ~ ~ 15 [oJ (J) 

% itlm I.: l;;t , iE ~j ;§ 1t ~ II 1 2 1Jt' ff~ ~ ~ n --C L \ 1;J. L \ * ~ ~ g~ 1Jt' ff~ ~ ~ n Q o z: (J) * ~ ~ g~ I.: 

iE tj ~ ~ 1y -:I 1 3 1Jt' ~.lt It 5 tL -Q o * tc. , iE ~j E ~ 1y -:I 1 3 l;;t , ~ @l ~ r 1 a (J) ~ ~ m g~ 7J' 
1.:: ~a ii. ~ n Q o 

[0044] 

iE tj 1 0 l;;t, 19U x It, I)). ""F (J) 15 ;=ti I.: J: IJ 1'F ~ ~ tL Q o 9 t,J. b t; , iE tj ;§ 1t ~ II 1 2 (J) 1'-l 30 

l't ~ ~ rJ ;,@ ~u * tc. l;;t 7J< 1.:: 7J' ffll ~ 1t Q Z: c c' iE ~j -g ~u 7.. 5 IJ - ~ ff~~ l,;, Z: (J) iE ~j -g ~u 7.. 5 
IJ - ~ iE ~j E ~ ft 1 1 ...t Ii: ~ I 9 -Q O L. ti, Ii: J: IJ ' ~ I II tJt' ff~ ~ ~ ti, -Q O L. L. c' ' iE tj -g 
~u 7.. 5 1J - 11 , iE ~j E ~ ft 1 1 (J) ~ ~ n [oJ (J) % ullll 1.:: 11 ~ ffi u tJ L , 0 ""t tJ v t> , iE ~j E ~ ft 
1 1 (J) ~ ~ 15 [oJ (J) % !iim Ii: * ~ fjj" g~ ~ ff~ ~ ~ Q o * tc. , iE tj 'a' ~U 7.. 5 IJ - l;;t , tJJ IJ :R.. 'E g~ 1 

2 a , 1 2 b Ii: l;;t ~ I l,; fJ. LI o fJ a3 , tJJ IJ !R., 'E g~ 1 2 a , 1 2 b I.: =I:, iE tj -g ~U 7.. 5 1J - ~ 

~ I l,; --C =I:, R L \ 1Jt', ft!). (J) g~ 7J' J: IJ =I:, ~ I 1i 1Jt' ii < 1;J. Q o -:) L \ c' , ~ I II ~ ~z: ~ 9 Q o -:) L \ 

c' , ~Z: ~ t,; tc. ~ I 11 ~ iE tj E ~ ft 1 1 c c t I.: EE N 9 Q o -r (J) qi , iE tj ~ ~ 1t 1 1 (J) * ~ 
tp g~ 1.:: iE ~j • ~ 1y -:1 1 3 ~ ;.@ m ""t Q O z: n 1.:: .1:: 1J , iE ~j 1 o tJt' 1'1= ~ ~ n Q 0 

[0045] 

ca~&v:a••~ly-:J(J)m~) ~ 

[gJ 1 & 1J [gl 2 ( b ) I.: ~ 9 J: -3 I.: , * ~:;Ii; 8 ~j 2 0 ( I)). ""F , ~ I.: r 8 tj 2 0 J c =I:, f,,il 9 Q 

) l;;t , 8 ~j E ~ ft 2 1 c , 8 11'] E ~ ft 2 1 (J) fffi.i" 00 Ii: ff~ ~ ~ ti, tc. ft tj ;§ tt ~ Ii 2 2 c , 8 tj 
E~ly -:I 2 3 c ~-gt,o 
[0046] 

a tj ~ ~ 1t 2 1 l;;t, ~ ~ ft c' ob n It c (J) J: -3 t;J. =I:, (J) c' =I:, R < , f9U x It, fil~ , 7.. 'T './ v 7.. 
iil, & v: = '') 1:r Jv ;:,( '') 4'- il1'l ~ c< ti~~ n Q o 

[0047] 

a tj ;§ 1t ~ ~ 2 2 l;;t , 1J =r ? b. 1' ~ Y = tx ~ ;-th 1 (J) a tj ;§ 1t ~ ~ c t,; --c ff m ~ n Q =1:, (J) 

c' ob ti, It' C (J) J: -3 1;J. t, (J) c' ob -:) --c t, J: L \ 0 i9U X It' a tj ;§ 1t ~ II 2 2 l;;t ' a ~j ;§ ft ~ ~ 
-g q-} ' M ~ ~u ~ ~ 5 Ii: -g Iv c' L \ --c t, J: L \ 0 a ~j ;§ ft ~ l;;t ' 0U X It ' m, filfl: ;§ 1t ~ ( A @ m, filfl: 50 
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, ~ P.<'L~HfL A @ ,~HB: c ~ 1.tL~HB: c 0) 5~ g 1P.J , A @ ~ iB: € 1.Bl ~ l,; tc ~ 1.t{ ~ iB: 5 ) , 'T 1' ~ 
C S i ) t l,; < l;;t A A, C S n ) t l,; < l;;t t tL G 0) ff3i {t ~t 0) 11\'.7 *i'I f- c ~ iB: ;~ ~t ~ c 0) 5~ -g- ~t 

, 'T 1' ~ t l,; < l;;t A ;( 0) ~~7 *i'I f- , 'T 1' ~ t l,; < l;;t A ;( € ¥ 21s: lt *>I- c l,; tc a' ~ , cl:> ~ If L i 

4 T i s o 1 2 5 0) D3i 1t =r 5 './ c T i o x ) * 1t -g- ~m 5 € ne m ""t -i5 z: c tf c' "E -i5 0 t.t. c1:> , 

'T 1' ~ 0) ff~ {t ~P.1 l;;t, S i O x C O ;;; x ;;; 2 ) c' ~ ~ tL Q " * tc , ~ tj ;~ ~P.l ~ c l,; -C l;;t, Z: 

tL G 0) 1th Ii.: , 19U x Ii~ ~ IJ :f ') b. 5 € ff ffl 9 Q z: c tf c' 'E Q " z: z: c' , ~ tj ;~ 1P.J ~ f.i1/ 2 2 

0) ~ ~ 1;1 ~ij' 1.: iM ~~ ~ n 9, 1J =r ,, b. 1' ;;_1- './ = ,x ~ ;fu 0) ~ tj ;~ ~m ~ ~ ti~ -t Q ~ ~ c' 115 n 1i 
~ L ' 0 * tc ' ~ ~j ;~ ~m ~ /I 2 2 C l,; "'[ ~ ~ lj :f ') b. € m L ' Q ±~ -g- ' ~ ~j ~ ~ {,1-js; 2 1 Ii.: ~ ~ 
1J =r ,, b. rs € m n n Ii ~ L 1 " 
[0048] 

~ ~j ~ ~ 5 7' 2 3 l;;t , 19U x Ii ~ ~j ~ ~ {,1-js; 2 1 c ~ f,Jl: 0) 1'.t *4 c' ~j!ij ~ ~ tL Q " ~ ~j ~ ~ 5 7' 
2 3 l;;t , ~ ~j 2 0 0) ft: ~ 15 r□J 0) 5t Uffii IC ;.§ ffl ~ tL Q o ~ {t 8/;J IC l;;t , ~ ~j 2 0 0) ft: ~ 15 r□J 0) 5t 

Uffii IC l;;t , ~ ~j ;~ 1P.J ~ f.i1i 2 2 tf Jl~ ~ ~ tL -C L 1 t.t. L 1 * ~ ffi :g~ tf Jl~ ~ ~ tL Q " Z: 0) * ~ ffi :g~ IC ~ 

~j ~ ~ 5 ""J' 2 3 tf ~~ It G tL -i5 " * tc , ~ ~j ~ ~ 5 ""J' 2 3 l;;t , ~ @l ~ f- 1 a 0) ~ ~ ~ g~ 'JJ' IC 

~c,_m~tl,Qo 

[0049] 

~ ~i 2 o 1;1, 19U x Ii, l)J. ""F 0) 15 ;t 1c ~ 1J 1'1= ®! ~ n Q " * 9, ~ ~i ;~ ~m ~ c1:> ~ v ~.a ~ irn € 
fifi ~ 0) ~u a' c' 5~ -g- l,; tc t 0) € , ~ rJ ;.§ ~¥ C {9U x Ii N - ;J.. =r J v - 2 - I:: D lj t.: './ ) IC 'JJ' ~ ~ 
it -Q L. C c' ~ ~~ -g- irn A 5 I) - € Jl~ ~ 9 Q O ,1.K. IC ' ~ ~j -g- irn A 5 I) - € ~ ~j ~ ~ {,1-js; 2 1 ...t IC 

10 

Jl~ ~ C 19U x Ii ~ I ) 9 Q Z: c c' , ~ I ~ € Jl~ ~ 9 Q " Z: Z: c' , iE tj -g- tiU A 5 1J - l;;t , ~ ~j 20 

~ ~ {,1-js; 2 1 0) ft: ~ 15 r□J 0) 5t lJffii IC l;;t ~ ffi l,; t.J, L 1 " 9 t.t. b °b , ~ ~j ~ ~ {,1-js; 2 1 0) ft: ~ 15 r□J 0) 5t 
Uffii IC * ~ ffi :g~ € Jl~ ~ 9 Q " ::> L 1 c' , ~ I ~ € lz m, 9 Q " ::> L I c' , lz m, l,; tc ~ I ~ € ~ ~j ~ 

~ {,1-js; 2 1 c c t IC EE N 9 Q " t 0) q~ , ~ ~j ~ ~ {,1-js; 2 1 0) * ~ tlJ" :g~ IC ~ ~j ~ ~ 5 ""J' 2 3 € ;.g 
ffl 9 Q o Z: tL IC ~ IJ , ~ ~j 2 0 ti 1'1= ®! ~ tL Q o 

[0050] 

( 1z ;q., - 5 0) ~" ~ ) 

1z 1, 1.,, - 5 3 o 1;1, ~ij 1c ffiH~ ~ n 9\ 1J =r ,, b. 1' ;;_1- './ = ,x ~ ;fu 0) 1z 1, 1.,, - 5 c u -c 11 m 
~ tL Q t 0) c' 115 tL Ii , c. 0) ~ -5 t.J, t 0) c' 115 ? -C t ~ L 1 " 1z JC L,, - 5 3 0 c l,; -C l;;t , 11 tL tc 
F=i $ fj~ IHi flli € ~ 9 $ :rL ~ ~J t-> 1' i~ ffi 5 € , !l! ~!I! 115 Q L 1 l;;t {# ffl 9 -i5 z: c tf fff- * l,; L 1 o 1z JC 
L,, - 5 3 0 € ~I ~ 9 Q 1!1 m~ c l,; -C l;;t , 19U x Ii 7.1-e 1J I :f L,, './ C p o 1 y e t h y 1 e n e ) 30 

,7.telJ""J'Di::L,,'./(polypropylene)5~~~~tLQ7.t{l);;J-L,,7~'./(po 

1 y o 1 e f i n ) * ~j m~ , 7.1-e lj I :f [.., './ 'T [.., 7 5 [.., - I- ( P o 1 y e t h y 1 e n e 

t ere p ht ha 1 ate) , 7.1-e IJ ""J'=r L,,y'J- 1.,,7 5 [..,- I- (po 1 y but y 1 en 

e t e r e p h t h a 1 a t e ) 5 IC{-\'.;~ ~ tL Q 7.1-e IJ I A 'T Jv ( P o 1 y e s t e r ) * ~l ij~ , P V D F , 7 ,y {t I:: = 1J T './ ( V D F ) - ~ =t=- 'if 7 ) v ;;J- □ j' □ I:: [.., './ ( H F P ) 

~ma' {,1-js;, 7 ,y {t t:'.' = IJ TY - JC - 7 )v ;;j'" □ t: = JI,, I - 'T Jv ( p a r f 1 u o r o v i 

n y 1 e t h e r ) ~ m -g- {,1-js;, 7 ") {t I::= lj =r './ - 'T I- 5 7 )v ;;J- □ I :f L,, './ ( t e t r 

a f 1 u o r o e t h y 1 e n e ) ~ m g f,1-js; , 7 ,y {t t:::'.' = 1J =r y - I- 1J 7 J v ;;J- □ I :f L,, y 
C t r i f 1 u o r o e t h y 1 e n e ) ~ m -g- {,1-js; , 7 -y {t t:'.' = IJ =r './ - 7 J v ;;J- D I :f L,, 

'./ ( f 1 u o r o e t h y 1 e n e ) ~ m a' {,1-js; , 7 ,y {t I:: = lj T './ - ~ =t=- 'if 7 ) v ;;j'" □ 7 1z 40 

I- './ ( h e x a f 1 u o r o a c e t o n e ) ~ m -g- ft , 7 ,y {t t: = IJ =r './ - .I =r L,, y C 

e t h y 1 e n e ) ~ m -g- f,1-js; , 7 ,y {t I:: = 1J =r './ - ""J' □ I:: L,, './ C p r o p y 1 e n e ) ~ 

m -g- {,1-js; , 7 ,y {t t:::'.' = lj T '_/ - I- lj 7 ) v ;;j'" □ ""J' □ I:: [.., '_/ ( t r i f 1 u o r o p r o p y 

1 e n e ) ~ m -g- f;.js; , 7 -y {t t:'.' = IJ =r './ - 'T 1- 5 7 J v ;;J- D I :f t.., './ C t e t r a f 1 u o 

r o e t h y 1 e n e ) - ~ =t=- 'if 7 Jv ;;J- □ ""J' □ I:: L,, './ ( h e x a f 1 u o r o p r o p y 

1 e n e ) ~ m -g- f,1-js; , 7 'Y {t t:'.' = IJ =r './ - .I =r L,, Y C e t h y 1 e n e ) - 'T I- 5 7 J v ;;J-

□ I :f [.., './ (tetra flu or o ethylene)~ m -g- • 5 € • ~ Q Z: C ff c' 'E 
Qo 

[0051] 

* tc , 1z / C L,, - 5 3 0 0) iilTI Tia IC l;;t , ffl ~ f.i1i tf Jl~ ~ ~ tL Q Z: c tf fff- * l,; L 1 " ffl ~ f.i1i l;;t, § 50 



0626

( 9) JP 2016-122628 A 2016.7.7 

~ tj C: 1z /i. V - 5 3 0 C: (J) ffi ~ jJ ~ [al ...t ~ tt Q 't, (J) c' 01) IJ ' $ :rL ~ 1* C t.J, ? -c L \ Q O ffi ~ 
~ l:i ' ~~ 7../< ~ M ~ -= ,'R. ~ ;!!?, Ii: ff: m ~ h Q 't, (J) c' 01) n l;f 1iJ Ii: ffiH~ ~ h t.J, L \ 0 rn ~ ~ ~ ~I ~ 9 

Q ff * L, L \ :\M H~ c!::: L, -C l:i , if'{ 1J 7 ~ 1t t: = 1J =:f Y ( P V D F ) * (J) 7 ~ ~ :\!1 ij~ tl ~ 11 S h 
-Q o Z: (J) J: -3 l:t. 7 ,y ~ :\!1 H~ c!::: l., -C l:i , f9j ;l l;f , P V D F (J) 1th, 7 ,y ft t: = IJ =:f Y ( V D F 

) c!::: 1th (J) * :ii 1* ( "'- =t- 'if 7 JI, ;t □ "':J □ t: I,, ',,/ ( H F P ) ~ ) c!::: (J) :!=t ~ 'a' f* ~ tf ~ 11 S h Q 

[0052] 

7 'Y ~ * :\!1 H~ ~ '§; V ffi ~ /11:i , f9j ;l Ii I))_ T (J) ~ 1 (J) 15 ;i * tc l:i ~ 2 (J) 15 ;i Ii: J: 1J 1z / i. v 
- 5 3 o (J) ~ lm I.: Jli ~ ~ h -Q o 

[0053] 

~ 1 (J) 15 ;i c' l:i, N M P ( N - ~ 'f- JI, t: □ IJ ~ ',,/ ) , ':J ~ 'r JI, Y 1z I-- Y 2 ~, Y 1z I-- ',,/ 
( a C e t O n e ) ~ (J) ~ rJ ;ij irn g=l Ii: 7 ,y ~ :\!1 H~ ~ ;ij M ~ tt -Q L. C: c' A 5 1) - ( s 1 LI r 

r y ) ~ 1'F ®! 9 Q o t L, -C , Z: (J) A 5 1J - ~ 1z / i. v - 5 3 D Ii: ~ I fti , 7../< , ~ 5 J - JI, , 

1-- u -:; □ t: 1,., Y If u ::::i - Jv ~ (J) ~ ;ij 9¥ ~ m L, -c 7 •:1 ~ t!H~ ~ ti::i ·1Hm ~ tt Q z: c: c' 7 •:1 ~ :1!1 
H~ ~ $ rL ~ ft ~ tt tc:. ffi ~ ~ ~ lli ~ 9 -Q o ~ 2 (J) 15 ;i c' l:i , 7 •y ~ ~M H~ ~ ':J ~ =f- J v 1J - ~ + 
- 1-- , "':J □ t: v Y 1J - ~ + - 1-- , I 'f- v Y 1J - ~ + - 1-- ~ ~ ;ij 9¥ c 9 Q /JD AA ~ M ;~ q=l I.: ;ij 
M ~ tt Q z: c!::: c' /JD ilm A 5 1J - ~ 1'1= ®! 9 Q o t L, -C , z: (J) /J□ !~ A 5 1J - ~ 1z / i. v - 5 3 0 I.: 
~ I 9 Q z: c!::: c' ~ I /I ~ Jli ~ 9 Q o t L, -c , ~ I /I ~ ;t !D 9 Q z: c!::: c' , 7 ,y ~ :\!1 H~ ~ If J v 
C ~ M ;~ c' m ;II! L, tc:. $ :rL ~ HJ ) I.: fi ~ ~ tt Q o 9 t.t. b 5 , ffi ~ ~ ~ f'F ®! 9 Q o 

[0054] 

Z: (J) J: -3 t.t. ffi ~ ~ ~ 1z Ji. v - 5 3 O (J) ~ lm Ii: Jli ~ 9 Q ~ §' l:i I))_ T (J) c $ IJ c' S Q o 9 t.t. 
b 5 , 9~ ~ -tJ ff 5 2 + - 1-- c!::: t.J. -Q t~ -g , ft "fj~ ~ I.: 1f -:> -c iE ~j 1 D , ~ ~j 2 0 (J) ff!~ ~~ Wx. #.ffi tf 
s z: 1J ~ 9 L, 0 -t- L, -c , z: (J) c1: -3 t.J, m ~~ 4~ ~rn (J) ~.a~, 1J =r " b. 1 ;r Y -= ,.x ~ ;!!?. 1 179 g~ (J) T,Ei 

jJ 1.Jt ~ q=l 9 Q g~ 'JJ' ( ~ ~ 5 -:J '& V: t (J) ~ ill g~ 5f ) 1.Jt ~ G , t z: ~ ~ ,,a c!::: L, -c IJ 'f- ') b. -1' ;t 

Y .= ,'R. ~ ;fu 1 (J) ~ Jttl , 11> 1.Jt a-;. 1.Jt ~ G -Q t~ -g 1.Jt S Q o ~ S Ii: , ~ Jttl , 11> 1.Jt a-;. 1.Jt ~ G Q z: c!::: Ii: 

J: 1J , iE tj 1 o , ~ tj 2 o r,,, (J) tj r,,, ~e = t.Jt ;;i;: :t'g - c: t.t. 1J , u =r " b. 1 ;r Y (J) A b. - ;( t.t. ;f$ 

1/J 1.Jqfj 11 S h Q o z: (J) ~.a ~ , ft "fj~ ~ 'if -1' IJ J v I.: 1f -3 i1Lm ~ ft ~ ~ ;!!?, ~ a-;. (J) t~ /JD t.Jql,l[ ~ I.: t.t. 
-:>-Cl.,*-3o 
[0055] 

10 

20 

2's ~ OOi lli ~ c' l:i, Z: (J) J: -3 tJ ~ }ttl , ~ a-;. ~ tD IJ :R. 'E' g~ 1 2 a , 1 2 b Ii: J: -:> -C fft ;J5x g Q 30 

1.Jt ' ...t ~c ffi ~ ~ ~ 1z / i. I,, - 5 3 0 Ii: ~~ It Q L. C: c' ' ~ Jttl ' ~ a-;. 1.Jt ~ s Ii: 1(£ ;}5x ~ n Q O 9 t.t. 
b 5 , ffl ~ ~ ~ 1z Ji. v - 5 3 D (J) ~ lm I.: Jli ~ 9 Q z: c!::: c' , 1z / i. v - 5 3 D c!::: § ~ ~j c!::: (J) ffi 
~ jJ 1.Jt fal ...t 9 Q (J) c' , ~ ;fu (J) P9 g~ f,Ei jJ Ii: J: Q 11> 1.Jt' a-;. , iE ~ t~Hsi (J) tj Fsi ~e = 1.Jt ;;i;: tJg - Ii: t.t. Q 

z: c!::: ~ tr~ ffi~ 9 Q z: c!::: 1.Jt :11:JI ~ c' 'E' -Q o z: (J) J: -3 t.t. ffi ~ ~ ~ 1z Ji. v - 5 3 O I.: ~~ It tc t~ -g , ~ 
tj fl II f* (J) "':J v A l:i, f9j x Ii t: - 1-- "':J v A Ii: J: -:> -C fi b h Q z: c!::: 1.Jt ff * L, L \ o z: h Ii: J: -:> 

-C , ffi ~ ~ I.: J: Q ffi ~ jJ 1.Jt ~ :IJl. L, ~ 9 < t.J, Q o t: - 1-- "':J v A (J) * 11:1= l;;t 1~ I.: ffij ~~ ~ h t.t. L \ 1.Jt 
, f9j ;l Ii, ;_ffil ~ l:i 2 5 - 1 5 0 °c , EE jJ l:i 1 0 - 1 0 0 k g f / c m 2 c' S Q Z: c!::: 1.Jt ff * 
L, L \ o /JD !~ ~ ff b l:t. L \ t~ -g c' S -:> -C t , j' v A (J) EE jJ l:i 1 0 - 1 0 0 k g f / c m 2 c' S 
-Q Z: c!::: 1.Jtff * l., L\o 
[ 0 0 5 6 ] 40 

t.J, $ , ffi ~ ~ I.: l:i, IJ 'f- ') b. -1' ;t Y .= ,'R. ~ ;!!?, 1 (J) ffii1 !~ 'ti ~ ~ fal ...t 9 Q tc:. t1J I.: , ffii1 !~ 'ti 7 

,( 5 - ~ ;~ /JD L, -c 't, J: L \ 0 ffii1 !~ ·ti 7 ,( 5 - l:i ' f9j ;l l;f 1z 5 2 ,y IJ *i'I f c' 01) IJ ' J: IJ ~ 1* 8/;J 

Ii: l:i , ~ ~ ff~ ft 1t fi'I f c' S Q o ~ ~ ~ ft 1t fi'I f c!::: L, -C l:i , 19j x Ii Y J v 2 1'" , ~ - ~ -1' 1-- , 

'r 5 = Y , ':J J v ::::i = Y , ~ 17· + ~ Y , ff~ ft !IE iS , 7../< ff~ ft Y J v ::: = ') b. , 7../< ff~ ft ~ If + ~ ') 
b. ~ (J) 1~~ fi'I f 1.Jt ~ 11 S n Q o 

[0057] 

C ~~ 7../< ~ M ~ ;ij ;~ (J) ti ~ ) 
~~ 7../< ~ M ~ ;.g ;~ l:i , ~ M ~ ~ ~ fJ ;.g 9¥ I.: ;.g M ~ tt tc:.;.g ;~ c' S Q o ~ M ~ l:i 1~ I.: ~~ ~ ~ tL 

9 , f9j x Ii , 2's ~ OOi Jli ~ c' l:i, IJ 'f- ') b. tg ~ ff ffl 9 Q z: c!::: 1.Jt c' 'E' -Q o IJ 'f- ') b. tg c!::: L, -C l:i 

, f9j ;l Ii, L i C 1 0 4 , L i B F 4 , L i A s F 6 , L i P F 6 , L i P F 6 _ x ( C 50 
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n F 2 n + 1) X (@lh 1 < X < 6' n = 1 0 r 2) 'Lis CN' Li Br' Li I 
,Li 2 SO 4 ,Li 2 B 10 Cl 70 ,NaC1O 4 ,NaI,NaSCN,NaBr 
, K C 1 0 4 , K S C N ~ (I) 1) =f- .., .b, ( L i ) , T I-- 1) .., .b, ( N a ) * tc. l;i 7J 1) .., .b, ( K 

)(!)1f.i1<t~Vmtm1';1"'./ig, LiCF 3 SO 3 , LiN(CF 3 SO 2 ) 2 , LiN( 

C 2 F 5 SO 2 ) 2 , LiN(CF 3 SO 2 ) (C 4 F 9 SO 2 ), LiC(CF 3 SO 

2 ) 3 , LiC(C 2 F 5 SO 2 ) 3 , (CH 3 ) 4 NBF 4 , (CH 3 ) 4 NBr, ( 

C 2 H 5 ) 4 NC1O 4 , (C 2 H 5 ) 4 NI, (C 3 H 7 ) 4 NB r, (n- C 4 H 9 

) 4 NC 104 ' ( n - C 4 H 9 ) 4 NI' ( C 2 H 5 ) 4 N- ma 1 eat e' ( C 2 

H 5 ) 4 N - b e n z o a t e , ( C 2 H 5 ) 4 N - p h t a 1 a t e, AT 7 IJ )v A Jv 
m './ ff~ 1) =r .., .b, ( s t e a r y 1 s u 1 f o n i c a c i d 1 i t h i u m ) , ;1" 1 O 

IJ=f-)vA)vjf\'./ff~l)=f-..,.b. ( o ct y 1 s u 1 f on i c acid), t.:T)l)vrs.'./ 
tt / A ) V * / ff~ 1) T .., .b, ( d O d e C y 1 b e n z e n e s u 1 p h O n i C a C 

i d ) ~ (I) ~ m 1' ;1" './ tg ~ tf * 11 5 h , ;: h 5 (I) 1' ;1" './ tt 1t g 1m 1ct * ~gi , c5 -Q ~ I l;i 2 fi ii!i: 
I;). ...t )~ a' L, -c m ~ I Q ;: C: tf PJ rm c' c5 Q o f.J_ a3 , ~ M ~ tg (I) ;i ~ l;i , ~JE * (I) I) T .., .b, = ,!A. ~ 
;'ih c' ft m ~ n Q ~~ 7J< ~ M ;W. c: ~ m: c' J: < , 1ij' 1.:: mu ~~ 1;1 t.J. ~, 0 21s ~ nm JU !& c' 1;1 , i@ ~ t.J. 1J =r 
" .b. 1t a- 1m ( ~ M ~ ±g ) 1ct o . 8 - 1 . 5 m o 1 / L f¥ ~ (I) ;i ~ c' a- ~ ~ tt tc. ~~ 7J< ~ M ;W. 
1ct 11 m -t -Q .:: c: tf c' 75 Q 0 

[0058] 

* tc. , ~ fl ;~ 9¥ c: l., -C l;i , f9j ;t l;l:, ":J □ t: I,, './ 7J - 7.K ;:r,. - 1-- ( p r o p y 1 e n e c 

a r b o n a t e ) , I =f- v './ 7J - 7.K ;:r,. - 1-- ( e t h y 1 e n e c a r b o n a t e ) 20 

, ":J=f,j,,'_/jJ-J.K;r,.-1--( et h y 1 en e carbonate), IJ □□ .I=f-v'./7J 

-7.K;:r,.-1--(chloroethylene carbonate), t:=vYn-7.K;:r,. 

- 1-- ( v i n y 1 e n e c a r b o n a t e ) ~ (I) li ~* ~ D~ I A 'T Jv ( e s t e r ) ii!i: 
; y - :I =r □ 5 IJ 1-- './ ( b u t y r o 1 a c t o n e ) , y - J'i. v □ 5 IJ 1-- './ ( v a 1 e 
r o 1 a c t o n e ) ~ (I) ilUf I A 'T Jv i; ; ;J ;:,(. =f- Jv 7J - 7.K ;:r,. - 1-- ( d i m e t h y 1 

c a r b o n a t e ) , ;JI =f- Jv 7J - 7.K ;:r,. - 1-- ( d i e t h y 1 c a r b o n a t e ) 

, I=f-Jv;:,(.=f-Jvn-7.K;r,.-1--(ethyl methyl carbonate)~(!)*~ 

~* 7J - 7.K ;:r,. - 1-- ii!i: ; =¥ff~;:,(. =r Jv ( m e t h y 1 f o r m a t e ) , ff ff~;:,(. =r Jv ( m e t 
h y 1 a c e t a t e ) , D~ D~ ;:,(. =r Jv ( b u t y r i c a c i d m e t h y 1 ) , 

ff'F ~ I =f- Jv ( e t h y 1 a c e t a t e ) , ":J □ t: ;1" './ ff~ I =f- Jv ( e t h y 1 p r o 30 

p i o n a t e ) ~(I)*~~* I A 'T Jv ii!i: ; 'T 1-- 5 t:: t.: □ 7 5 './ ( T e t r a h y d r o f u 
r a n ) * tc. l;i -t (I) ~ • 1* ; 1 , 3 - ;l ;1" =\=- if './ ( d i o x a n e ) , 1 , 4 - ;J ;1" =\=- if 
'./(dioxane), 1, 2-;l;:,(.l--=\=,)1.I-$7'./(dimethoxyethane) 

, 1 , 4 - ;)' :f I-- =\=- )I I -$7 './ ( d i b u t o x y e t h a n e ) , ;:,(. =f- )v;) lj 5 1' .b, ( m 

e t h y 1 d i g 1 y m e ) ~ (I) I - 'T J v ( e t h e r ) i; ; 7 12 1-- = 1-- 1) J v ( a c e 

t o n i t r i 1 e ) , rs.'./']= 1-- IJ Jv ( b e n z o n i t r i 1 e ) ~(I)= 1-- IJ Jv ( n 

itrile) ■ ;;l;:1"=\=-Y5'./(Dioxolane)*~~-t(f)~•~;I=f-vYA 

Jv 7 ,r t.: ( e t h y 1 e n e s u 1 f i d e ) , A Jv m 5 './ ( s u 1 f o 1 a n e ) , 

A Jv 1-- './ C s u 1 t o n e ) * tc. l;i -t (I)~. 1* ~(I)* ~gi * tc. l;i -th 5 2 fi I;). ...t (I))~ g 1m ~ 
1ct * 11 -Q ;: c: tf c' 75 Q tf, ;: h 5 I.: ~ '.iE: ~ h -Q =t:, (I) c' l;i t,J. ~ I o ~~ 7J< ~ M ~ ;~ ;W. l;i, 12 J, v 40 

- -$7 3 0 1.:: a' si ~ n Q O f.J_ a3 ' ...t ~c (I) ~ ~ tj 1.:: l;i ' 0 ~D (I) ~ ~ AA tiU ' ;~ /JD tiU ~ 1ct j@ ][ /JD X 
"'[t,J:~\o 

[0059] 

C 9~ ~ -t-t (I) ti ~ ) 
9~ ~ ~ (I) ti ~ 1;11ij' 1.:: mu ~~ ~ n 9 , ~~ 7J< ~ M ~ = ,!A. ~ i'lh 1.:: i@ m PJ rm t.J.. =t:, (I) c' s n Ii 21s ~ nm 

JU ~ c' t, ~ j@ 1.:: ff m PJ rm c' c5 Q O f9j X Ii ' 9~ ~ -t-t l;i, 7 JV 2 5 2 * - 1-- ~ (I) 5 2 * - 1-- c' 

c5 -:> -c =t:, cl:: ~ \ o 9~ ~ -t-t tf 5 2 ;:r,. - 1-- c: t.J.. Q t~ g , 9~ ~ -t-t l;i ~ @l ~ f 1 a (I) ll~ ~* ~ ft 1<t J:CP ffiU 
L, I.: < ~ I o L, tc. tf -:> -C , 21s ~ nffi ll~ !& I.: cl:: -Q ~/J ~ tf. 1ij' I.: Jl,,ij ~ I.: Hl. h Q o 

[0060] 

< 3 . ~~ 7J< ~ M ~ 1) =f- .., .b. 1' ;1" './ = ,!A. ~ ;'ih (I) ~ @ 15 ;t; > 50 



0628

( 11) JP 2016-122628 A 2016.7.7 

,.X Ii: , ~~ 7J< ~ M ~ IJ 'f- r) b. 1' ::1"" '.,/ = ,.X ~ ;jg rJ> ®! @ 15 ;t; Ii: -::> L I -C ~.II, B,El 9 Q o 

Cffl~ITMrJ>~®!&US~~7rJ>U~M~) 
IT *j 1 o 11, f9U ?... 1t, l)J. ~ rJ> 15 ;t. Ii: ~ 1J f'F" • ~ n Q O 9 t.J. t> 1=, , IT *j ;1:§ 1~ ~ ~ 1 2 rJ> lt 

*4 1<i: ~ fJ ;~ trn * tc. 11 7J< Ii:')]' ffl1. ~ it -Q z: c: c' IT *jg trn A 5 IJ - 1<i: Jli PX L.,, z: rJ> IT *jg trn A 5 
1) - 7<i: IT *j • ~ 1$ 1 1 ...t Ii: ~ I 9 -Q O L. n Ii: ~ IJ ' ~ I ~ tf JH PX ~ n -Q O L. L. c' ' IT ~j g 
tW A 5 IJ - 11, IT ~j S ~ 1t 1 1 rJ> ~ ~ 15 r□J rJ> $t !tffi Ii: 11 ~ ~ L, t,J. LI o 9 t,J. t> !5 , IT ~~ S ~ 1t 
1 1 rJ> ~ ~ 15 r□J rJ> $t ilffi Ii: .5K ~ ;(jj" lW 1<i: Jli PX 9 Q o * tc. , IT tj g trn A 5 1J - 11 , tD IJ !J!.. 'e" §~ 1 

2 a , 1 2 b Ii: 11 ~ I l., f,J. L I o f,J. cl5 , t}] IJ !J!.. 'e" §~ 1 2 a , 1 2 b Ii: =!:, IT *j g ~U A 5 1) - 7<i: 

~ I L, -c t, ~ LI tf' ft!), /J) g~ ')]' ~ IJ t, ~ I ~ tf ii < t,J. -Q O -::> LI c' ' ~ I ~ 7<i: ~z m 9 -Q O -::> LI 

c' ' ~z m L, tc. ~ I ~ 7<i: IT tj • ~ 1t 1 1 C: C: t, Ii: EE N 9 Q O t" /J) 1~ ' IT tj • ~ 1$ 1 1 /J) * ~ 1 0 

~ g~ Ii: IT tj • ~ ~ 7 1 3 7<i: ;~ m 9 Q O L. n Ii: ~ IJ ' IT tj 1 0 1l 1'1= • ~ n Q 0 

[0061] 

'*~••rJ>~®!&V•~~7rJ>U~M~) 
[0062] 

• *j 2 o 11, f9U ?... 1t, l)J. ~ rJ> 15 ;t. Ii: ~ 1J 1i • ~ n Q O * 9 , • tj ;1:s 1~ ~ cl5 ~ u ~.a ~ ~u 1<i: 
PIT~ rJ> ~U g c' 5~ g L, tc. =t:, rJ> 1<i: , ~ fJ ;~ ~¥ C f9U .7... It N - ;J.. =f- J v - 2 - I:: D IJ t.: '.,/ ) Ii: ')]' ffl1. ~ 
it -Q L. C: c' • ~~ g ~u A 5 1) - 7<i: Jli PX 9 Q O ,.x Ii: ' • tj g ~u A 5 1) - 7<i: • *j • ~ fit 2 1 ...t Ii: 
Jli PX C f9U .7... It ~ I ) 9 Q z: c: c' , ~ I ~ 1<i: Jli PX 9 Q o z: z: c' , IT *j g ~U A 5 1J - 11 , a *j 
S ~ ft 2 1 rJ> ~ ~ 15 r□J rJ> $t Uffi Ii: 11 ~ ;(jj" L, t,J. LI o 9 t,J. :b !5 , a tj S ~ 1t 2 1 rJ> ~ ~ 15 r□J rJ> $t 

!lffi Ii: * ~ 1jj" g~ 7<i: Jl; PX 9 Q O -::> LI c' ' ~ I ~ 7<i: ~z ~ 9 Q O -::> LI c' ' ~z m L, tc. ~ I ~ 7<i: • ~j • 20 

~ 1t 2 1 c: c: =t:, Ii: EE N 9 Q o t rJ> 1~ , a tj S ~ ft 2 1 rJ> .5K ~ ;(jj" §~ Ii: a tj ffi ~ ~ 7 2 3 1<i: ;~ 
m 9 Q O z: n Ii: ~ 1J , • tj 2 o tf 1'1= • ~ n Q 0 

[0063] 

c ~@J~r&U~;jgrJ>®!l§15;t.) 
-::> L I c' , a *~ 2 0 , 1z J \ v - ~ 3 0 , IT *j 1 0 , & U 1z J \ v - ~ 3 0 1<i: Z: rJ> II[~ c' fl ~ 9 

Q z: c: c' ~ tj fl ~ 1t 1<i: ~ ®! 9 Q o -::> L I c' , ~ tj fl ~ 1t 1<i: ~ 'e" i8' Ii: ~ 'e" -::> It Q z: c: c' , P3 ~ 
~*IJ)~@J~r1<i:1'!=®!9-Qo -::>Lie', P3~~*1J)~@J~r1<i:7vA9-Q Cffl~~tft¥tt9Qi~ 
g Ii: 11 t: - t-- "";J V A 7<i: fi -5 L. C: tf ff * L, L ' ) 0 t: - t-- "";J V A /J) * fi:!= 111~ Ii: mu ~JR ~ n t,J. L ' tl 
, f9U ?... It, ;_g I!! 11 2 5 - 1 5 0 °C , EE ;tJ 11 1 0 - 1 0 0 k g f / c m 2 c' a5 Q Z: c: tf ff * 
L, L I o 1.JD ~ti 7<i: 1¥- :b t,J. L I :I~ g c' a5 -:, -C =!:, , "";J v A rJ> EE ;tJ 11 1 0 - 1 0 0 k g f I c m 2 c' a5 30 

Q Z: c:1fff* l.,Llo 
[0064] 

L. n Ii: ~ IJ ' Jffil IJI ~* /J) ~ @] ~ T 1 a 7<i: f'I= • 9 Q O t,J. d) ' IT *j • ~ ~ 7 1 3 ' • *~ • ~ ~ 
7 2 3 Ii: x1 faJ 9 Q 1ll .m. Ii: 11 t}] IJ !J!.. 'e" §~ 1 2 a , 1 2 b tf We .m. ~ ti -C L I -Q o L, tc. tf -:, -C , Z: 

tl, G IJ) t}] IJ !J!.. 'e" §~ 1 2 a , 1 2 b Ii: ~ -:, -C IT *j S ~ ~ 7 1 3 , a *j S ~ ~ 7 2 3 rJ) ~ ~ tf 
D,& 4:ll. C m ~~ ) ~ ti Q o L, tc. tl -:, -C , ~ @J ~ r 1 a rJ> -5 !5 , IT tj S ~ ~ 7 1 3 , a ~~ S ~ ~ 
7 2 3 tf Jli PX ~ n tc. §~ ')]' c: , fili rJ> §~ 71 c: rJ> ~ ~ rJ> ~ 1<i: 1[£ ;Jax 9 Q z: c: tf c' 'e" Q o 9 t.J. t> !5 , 
~ @J ~ r 1 a rJ> ~ ~ 7<i= ~ 1J :I~ - Ii: 9 Q z: c: tf c' 'e" Q o z: rJ> ~.a ~ , 1) =f- ') b. 1' ::1"" '.,/ = ,.X ~ ;jg 
, 179 rJ> 'l} 9 o1-, ~ lttl 1<i: icp mu 9 -Q z: c: tf c' 'e" , 'l} L, -c 11 , 1J =r r:;, b. 1' ::1"" '.,/ = ,x ~ ;jg 1 /J) m ~~ 

7<i: j:[p ?... Q L. C: tf c' 'e" Q O L. /J) ~.a ~ ' 1) =f- ') b. 1' ::1"" '.,/ = ,.x ~ ;jg 1 /J) -tj 1' IJ ) 1,,1~ 'ti /J) ~~ §- ff Jl:JI 40 

f~c''e" Qo 

[0065] 

-::> LI c' , ~ @J ~ r 1 a 1<i: ~~ 7J< ~ M ;~ c: c: =t:, Ii: 9~ ~ 1t ( WU .7... It 5 ~ .::r-. - t-- 7 1' J v b. ) Ii: i, 
A L, , 9~ ~ ft 1<i: 11 1t 9 Q z: c: c' , IJ 'f- r:;, b. 1' ::1"" '.,/ = ,!A. ~ ;jg 1 1<i: 1'1= ®! 9 -Q o t.J. cl5 , 9~ ~ 1t 1<i: 
11 1t 9 Q ~f Ii: 11 , IT tj S ~ ~ 7 1 3 , a *j S ~ ~ 7 2 3 1<i: 9~ ~ 1t rJ> 9~ §~ Ii: ~ t±l ~ it Q o 

[0066] 

< 4 . ~Jlif9U > 

Jg] 3 Ii: 21s: ~ at§ Jl; !& /J) ~ Jl; f9U 7<i: ~ 9 0 L. /J) ~ Jli f9U c' 11 ' IT *j • ~ ~ 7 1 3 tf t}] IJ !J!.. 'e" g~ 1 

2 a 179 Ii: ~i It G ti Q o z: rJ> ~ Jli f9U c' =t:, ...t l& L, tc. ~ at§ Jl; !& c: f§l m: rJ> ~JJ ~ 1f 1~ G ti Q o t,J. cl5 , 
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Notice of Pre-A/A or AJA Status 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Information Disclosure Statement 

The information disclosure statements filed March 21, 2022 and September 18, 

2023 has/have been received and complies with the provisions of 37 CFR 1.97, 1.98 

and MPEP § 609. Accordingly, the information disclosure statement(s) is/are being 

considered by the examiner, and an initialed copied is attached herewith. 

Claim Rejections - 35 USC§ 112 

The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject m atterwhich the inventor or a joint inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject m atterwhich the applicant regards as his invention. 

Claims 2, 4 & 11-13 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre­

AIA), second paragraph, as being indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor (or for 

applications subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention. 
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In claim 2, the terms "thickness of the negative current collector is 4 µm to 30 

µm" and "the thickness of the negative current collector is S1" both refer to the thickness 

of the negative current collector. It is unclear whether there are different thicknesses in 

the negative current collector, or if S1= 4 µm to 30 µm. For the purposes of this Office 

Action, the claim will be interpreted as S1 = 4 µm to 30 µm. An appropriate correction is 

required. 

In claim 11, the terms "thickness of the negative current collector is 4 µm to 30 

µm" and "the thickness of the negative current collector is S1" both refer to the thickness 

of the negative current collector. It is unclear whether there are different thicknesses in 

the negative current collector, or if S1= 4 µm to 30 µm. For the purposes of this Office 

Action, the claim will be interpreted as S1 = 4 µm to 30 µm. An appropriate correction is 

required. 

In claim 4, it is unclear whether "the length of the long axis of the negative active 

material layer'' is a different length from the "second length" of claim 1. For the purposes 

of this Office Action, the claim will be interpreted as both are the second length. An 

appropriate correction is required. 

In claim 13, it is unclear whether "the length of the long axis of the negative 

active material layer'' is a different length from the "second length" of claim 1. For the 

purposes of this Office Action, the claim will be interpreted as both are the second 

length. An appropriate correction is required. 

With respect to claim 12, a broad range or limitation together with a narrow 

range or limitation that falls within the broad range or limitation (in the same claim) may 

be considered indefinite if the resulting claim does not clearly set forth the metes and 
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Page 4 

instance, claim 12 recites the broad recitation "a compound of silicon", and the claim 

also recites "a silica material" which is the narrower statement of the range/limitation. 

The claim(s) are considered indefinite because there is a question or doubt as to 

whether the feature introduced by such narrower language is (a) merely exemplary of 

the remainder of the claim, and therefore not required, or (b) a required feature of the 

claims. 

It is noted that silica is a specific well known compound employed in negative 

electrodes, however silica is also a com pound of silicon. Therefore, an appropriate 

correction is required. 

Allowable Subject Matter 

Claims 1 & 10 are allowed. The instant claims are allowable over the prior art of 

record, because the prior art is silent to: an electrochemical apparatus, comprising: a 

positive electrode: a separator: and a negative electrode: wherein the negative 

electrode comprises a negative current collector: a negative active material layer, 

wherein the negative active material layer contains a silicon-based material: and a 

negative tab, wherein the negative tab is arranged on a side edge of a long axis of 

the negative current collector, a distance between a central position of the negative 

tab and either end of the negative active material layer in a long axis direction is a first 

length. a length of a long axis of the negative active material layer is a second length, 

and the negative electrode satisfies the following relationship formula (I): 

0.5 > D > 0.6 X G formula (I) 
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wherein D is a ratio of the first length to the second length. G is a weight 

Page 5 

percentage of the silicon-based material, and the weight percentage of the silicon-based 

material is less than or equal to 70%. 

For the purposes of this Office Action, the long axis direction is on the X axis as 

illustrated in the drawings of the specification at Figures 1 & 2, reproduced below: 

It is noted that orientation is relative, but the negative tab being arranged on a 

side edge of a long axis appears to be perpendicular to the long axis direction. See 

Figures 1 and 2 above. 

The prior art, such as Takano JP 2016122628A, teaches a negative electrode 

current collecting tab 23 that has two parts positioned in the x and y directions, along 
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the long axis direction. Therefore, it appears that a portion of the negative tab 23 is 

arranged on a side edge of a long axis of the negative current collector. See Figure 3: 

However, the reference does not teach or suggest: a distance between a central 

position of the negative tab and either end of the negative active material layer in a long 

axis direction is a first length. a length of a long axis of the negative active material layer 

is a second length, and the negative electrode satisfies the following relationship 

formula (I): 

0.5 > D > 0.6 X G formula (I) 

wherein D is a ratio of the first length to the second length. G is a weight 

percentage of the silicon-based material, and the weight percentage of the silicon-based 

material is less than or equal to 70%. 

Therefore, the instant claims are patentably distinct from the prior art of record. 

Claims 3, 5-9 & 14 are allowable based on dependency to claims 1 and 10, 

respectively. 

Claims 2, 4 & 11-13 would be allowable if rewritten to overcome the rejection(s) 

under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 2nd paragraph, set forth in this 
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Office action and to include all of the limitations of the base claim and any intervening 

claims. 

Claims 2, 4 & 11-13 would be allowable based on dependency to claims 1 and 

10, respectively. 

Conclusion 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MONIQUE M WILLS whose telephone number is 

(571)272-1309. The Examiner can normally be reached on Monday-Friday from 

8:30am to 5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the Examiner's 

supervisor, Mathew Martin, may be reached at 571-270-7871. The fax phone number 

for the organization where this application or proceeding is assigned is 571 -273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://portal.uspto.gov/external/portal. 
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Should you have questions on access to the Private PAIR system, contact the 

Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

/Monique M Wills/ 
Examiner, Art Unit 1722 

/ANCA EOFF/ 
Primary Examiner, Art Unit 1722 
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SUAtu;n ELECTROHE SEGMENTS 
BET\VEEN A STEP CELL AND A MAIN 

Cf::LL oi;· A STEPPED BATTERY 

CROSS-REFERENCE TO RH.ii.TED 
APPLICATION 

jOOOtj Tht, application claims p1fori1y to Chin.,,<! Paten! 
Applinrtitm NtJ. 2013103X72<i2.2. entitbJ "SHA.RED 
ELECTRODE SEGMENTS 1-WT\.\TEN A STFI' CELL 
AND A i\-fA!N CF.! L OF A STEPPED BATTERY" !lltxl on 
A:ug. f\ 2018 .;t thi.' Slilk lntdki.',mi! l'r<:>pt,rty Of!in:: or 1he 
Pcuple's R,,public of Cblrni (SIPO.l, tht' disdo,tirt' of which 
i;; inn,rpomt.:J by n.,k·retK"-' !«,rein in it;; entir(:ly. 

TFCHNICA.I. FIE! . .l) 

[0002} The pr~,;;t.·nt .;pplieati,,n is rchltd gcrn::ri!lly to 1he 
!ldd of energy ,to.rage device,, and h1 partkubr, 10 lithium 
ion batwrit,s with stepped strnetures. 

BACKGROUND 

[00031 \\li,h 1he developrn"nt of ~ciencc ,md k>;..,)mology, 
variou~ dt.'l'trnnk prndut,ts en1<,rgt.' cind m.: ahno,t indis, 
pen.s,ib!o:: ill daily lif;.;,. With adv;mWges of high energy 
density, hmg cycle life. environmt'nl;il tikndlines, and 
reproductively. lithium ion bam,ri\C's hav"-' hc\C'n '-Vidcly n~,,d 
in \'arions cl"ctmnic product~. 
j00041 As mode.rn. f)<)ri:ahk ekctronic devkes ,ire minh1-
Wrized ,md ck,ign;.;,J to have vm:h:,u;; slmp~~s. cons,.;ntional 
are limited by their sizes and rngular shap.,, (e.g., n"X'.tan­
gu];Jr, cyhndrica!, etc.) to ,,vdl fa in the;,c (;'kctronk devices. 
Mnreover, convcct.ion;il hatt"rie~ o:fkn fail to s,ilis!Y ,he 
need ,if these dectronk tk'vic<:,., io h;ive high <:,nergy ,knsily, 
high power dcllsit-y, ,md fa~! dwrging/d.ischarging rn!e with 
good cytlability. :\,,cording!y. it \,:011kl be desirable lo }i;_,,h' 

venatik batteries with gnod performm.K(;' and um b(;' made 
in irregular ,hapcs in acrnmmodale Hie nc>:ed fwrn ,he 
pori:ahk ,iketronic d<.Nke~. 

SUMMARY 

[00051 Com·ernio11al ;;tqii:wd hmkries have 1,vo ekclrode 
assemblies th.n arc %1cked m1 each o1hcr. The ck-c1mdcs 
used -in the convcnti01ml batk,rks l1f(;' oHen coatt.,d with 
,ii.'tivt= mHtcrii!ls on bolh ~,irfoces from head 1(> t;;il. Abo tbc 
~kp cdl can he dir~~tly ,ti!cked on th., maiu ,,dl wii11,rnt 
~Jmring .:my ek-:ctm<k-;; bd•W('"-'ll t!«, two ek·ctrode ,1ssern­
hlie,,. /\.s a rnslll!, the active mal:criab on so.me pans or ,he 
cpnvent'iPna! banerie~ dn ni)t participate in any ekctrn­
d1~~mit:,1J rc;ietion, w,isting space within the lxiHeries ,md 
reducing tht' energ.y (l.:nsity of the dt',·foes. l'vlon.eover, ilw 
~k,p cdl ,md tht, niain (:di could shill rdativdy to t·.idx 
other, jeop:mli:r.in.g. ihc rn"clrnnical i.n.egxity of 1lw devices. 
An ohject of the present app lk,1tion i~ tn prnvicfo ;) lithium 
ion bi!lti.'f)' !i,iving a ;;tqipi.'d strm.,ture im.,:tuding (Hlt' ,,r rnorc 
~q,mit~nts of an ekctrode illat m\! shart'd bt'tw;;:en a main 
dectiudt, ,i~sembly and (t si:ep dectr<)(k ,1s,ernbly. Sudx 
lithium ion ba1tery ,,an provide rnstom sh,ipes \\·i!h 
impnived energy density and 1.ubus1 mech;mk,ll integrity 
alkr 1mrny i.'ydes. 
100061 Accordillg. io a fl.rs, Hf;ft\,..'l oftlw present <1ppli,,a­
tion, ,i battery comprise;; a fasi; de(.trude as,<,mbly inc hiding 
a !l~t efo,;:trode, and a semnd dectrndc assembly ,iispos~'"i 
adjacent the firnt deetrode asst,mhly alnng a ti.rs! direction 
'll!<;- lir,, ek~:,mde ~-ompri~i.'S i! lir,t $Cgmen1 Ihm is di~p(>scd 
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on ,m otiter ponion of ·th;.., ,econd cl,.:(.c\mdc B$~l,mbly. The 
fir,;! i.Jkctrode may fot1:tmr comprise II second segmen! 
dt'lclri,,n!Jy tx)rnlc,,ted \l) tlw fir~t ,egmem. Tlw second 
scgmcm is disposed on an outer portion or the first ckcti:-nclc 
assembly. 

mm+ DESCRIPTION OF DRA WJNGS 

(0007( TrK' i!CClmlpnnying drnwing,, ,,hid, ar,;,· included 
to provide ;i li.uih<:r llndt)rsland.ing of th<: embodi111t)nts and 
an,, ·irK,Ol'porate.d. herein ;md con~ti hli:e ;1 pt,n of the ,p~x,ifl­
rntion, illus1rnt;.., th,.: de$,,ribcd l'mbodimeu!$ ;;ind !Ogl,!lwr 
1vitb the {kscription St'fl't' to explain the underlying prin­
ciple~. Like rdcrcnce numeral, refrr lo c:orre~pomfoig parts. 
100081 FIG, L\ includes ~ehcmati1., ~trncturn! diag.rarns of 
a tlr,1 side ;md ;1 ;;~x,ond sidi! of a Jlrs, dec,rode of a fJ;Jt!ery. 
in accordmi...,c with some cmb,xlim,.:nts. 
[00091 FIG .. I B ind1Jdcs ~dicrnmic ~!rucluml diagrnrns or 
H first side and a st-,cond ~idc of a ~ccond ckctn.xk of a 
ha1tcry, in a,:eordancr with some mnhodiment~. 
(0011)] FIG. 1C is a schmm,k structural diagrnm of ;Jn 
dectro,;k Hsscmb!y comprising ;;n electrode roll fomKu 
lhrough v,.-irniing of th" first and st--corni dt--ctrod"s ;Js illu~­
trnted in FIGS. 1A and lB, in ::1cc(,rd,m,x, with some 
embodiments. 
(0011] FJGS. 1D-IG :Jre sd1ern,,1tic strudurnl ,fo1grmns of 
b,,t1;..,1fr~ ind uding two d<.-ctr,xk ,i~s,.:mhlies ·t!wt arc $1::wh,:1 
lo form slepp"d ~!ruclures, in accordance with some 
cuihodinients, 
(0012( FIGS. 2A-2B ar-e sehcmatk strncturn! diagrams of 
,~ fir~! ekctrode and ,~ sec,md dee1ri:,;k 1lpp1Jsite to the first 
dectrotk of ,a batkry. in accon:!ance ,l'ith some cmbodi­
mcnls, 
(OOB( F!G. 2C h a sd,ematk strncttirn! diagrnm of a 
scp,irntor disposed hc!\-Y<:.sc11 two opposing dcc1rodes as 
ilhistr,Jted in FIGS. 2:\-2B uf 11 ba1tcry, in 11cconk1.nce wiih 
somt' embodiments. 
[00.141 FIG. 2D is a scl1"ma1ic strucmxal diagrm:n of ;J 
battery inchiding two s1Z1cking cells ,bat an: ft1rtht'r siack<.'<:l 
to Jhn11 a meppc'l:1 s!nKture, i:11 m:~,onfa.ncc with somc 
crnhodh1k'Ht&. 
(0015] FlO. 2E is a ~chenrntk dh1gwm illnstrnting a pro­
ce~s or fonning a h;itwry lrmn a plurali1y nf cells vi;i 
Z-shapi! stacking or w·incHng, 111 accord;mce wiih some 
embodiments. 
100161 FIG. J/., indmks sd1em,Jtic strudurnl dfogrmns of 
l,vo ~idt-s and a cro~s-,ectitmal vit'v,· of i! fo:;t ek,,tm(k t)f n 
batwry. in 1Ki.'ordancc ,:vi1h somi:l embodiment;;. 
[00171 F !G. J B indudes &d,~,mtttic &truc!m;il diagram;; of 
tw,., si(k~ ,md H noss•~(.c\ion:iI view of H ,ecm1d d<.-...,tr,xk of 
a bat1ery, in accnr;hmce wi!h sn.mr em:bodmK\n!s. 
[OOH!) FIGS. 3C-3D arc ;;dmna1ic ;;1ruc1uni.l diagrams or 
bauerie, induding two de,:cirodc a~~crn bli(,g that are statckcd. 
to form stt.,ppcJ strnctm-cs, in ,K:,,or,foJK'l' wi !h sonw 
ernbodim~,n,&. 
[0019) FIG. 4A indnde, ;;chema1ic ;;1ruc1uni.l diagrams or 
tw,, ~idc~ ,,f n fir~t dectn:,Jt, ,,f n bmtery. in nccordmi,,e with 
some ..;mbodimcnlS, 
[0020] FIG. 4B includes sdicrnmic sm1(.c\urnI di,igrmn:; or 
!\VO sidi!~ oft, second d,xttodi! of a b;1i:tet)i, in ;iccotdance 
with ",me t·mbodimem,. 
[11021] F!O. 4c· i, n $Ch;.:•m<1ti,, $tnxturnl diagram t)f n 
batwry indudlng two ekctrode a~scrnb!ies that ,n-c slack"d 
!o form a stepped stmcmre, in acctmfonce \Vith some 
embodimcnb. 
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[0022} FJGS. 5A•5K ,ire odiem,1ti1: ;;tructurnl ,fogrnms of 
,;tcpped lxi:ttcrie~ having ele.:1mde ~egments trom tile step 
cdh i:o be sl:wnxl ,vith tht, nwin LOdb, in an,ordanct· witb 
some ~~mlmdime1its. 
{001:lj FIGS. oA-1\K are sd,ematic stn1cmrnl diagram;; of 
,teppx'.d lx,Hx'.rks having ekx,trode ~egments from ti1e nwin 
cd!~ "to he $hared with ,he skp cells, in ;K,n>n.burn with 
~ome t,ml)(xliments. 
{0024j FIGS. 7A-7C are :;i.:hcrnati1: di;igrnrns illwaraiing 
vnrions emhodiment~ for ;;t;,ckfog the step hatteri,.;,s. in 
;Jccordm1,,e with wmc x'.mbodimcnts. 

I)ETAII..E!) !)ESCRIP"!.ION 

!00251 Rcforence will now be made in demil r.o ~pecifk 
emh,xliments, ,,xmnpk;; of whi,,h art, iHclotrm,,d in 1he 
accompanying drnwi.ng~. In lhe fol.lnwfog ddaikxl descrip­
tion, m1mu<:H.l~ mm-hmiiing spedfo:: ,kt.iils m.: ,d forth in 
order 10 assist in 1mderslaudiug the subject mat!er presented 
h<:(t:in. But it will ht· appar.:nt to OH"-' of ordin,1ry skill in 1l1e 
ar! tlmt v:i.riou~ ,il!l:rnat:i.vl,:i may be mkxl. v1ithout depat1illg 
from the ;;c,)pe of claim, and th0 suhj<.:'d maH<.:.,r may he 
practiced without !hese specific details. For ex.impk, it will 
h,: apparent to ,me of m.,iinary skill in ,he art that th<c· Sllbj<c-cl 
nwn<:r pn.,st,nK'll h<:.:r.:in (:an be irnpkme.mcd on nwny typ,:5 
,Jf energy storagt., ckv:i.ce;;, sud, "s initt,.;rie;;, The lcnns 
··front'', "'heh.ind", "foW', "right", ·'upper" ,rnd "lower" 
(kscribed in thx'. pre~t'.llt app!ics<tion arc given with rcfo-renc<.:~ 
"to the state ·where a li1h.imn ion ek,ctric ml! is dispo,Ked in the 
accumpanying dr;r\.vings. 
!00261 FIG. 1A includes sdi<:matic s,ru~,rnwl diagrnms of ,i fo-;;1 ~,irfo,,e lOOa und a second &urfac,, UHlb of a fo'$t 
eleclmde .1 Oii (also rekmx! in as "an elecnode sheer'.) of ,1 
lMtki:\', in ai:cordancc ,,,iih some embndirnenb. Tile fo,t 
,mrface lOOa alld ,he ~(;'l.'.,md snrfm:,.; toOb are two oppo~ilc 
~urfoc,,8 (al,;o rdt'rr,xl to as "sides") of th<: firsl dectrod<.:' 
100. In some embodiments. !he firs! dcdrndc 1011 im.,Jud"'.~ 
a .:mTe.nt colk-ctor .101 and active material 105 ..:oati.'Xl on at 
IN1$t one wrfai:e of the cun"<.'nt collector lO I. 
!00271 For tcastc of description ln th<: ~,urrt'nl disdo,ur<:, 
two t~nd;; or the firs, .:kx,trode .too .ire resp1.xtiwly defined 
as a ilead (e.g. .. the Id! cud portion in FIG. IA) and a tail 
(e.g., a right end pr>rlion in FIG. I A) along a length din~otion 
X. !n some oiher embodiments as ~bo-wn in FIG. IA, ,he 
active maleri.al .105 is cnatt~d on both ;;urfaces (e.g., the fir;;l 
surfan~ lOOa ;md !he second surface HiOb) or the n1ncni 
colk:tto.r .t OL In ~omti emhodimtmis along lhe kngJh dir,x.,­
tinn X. the first sudiK<:., !Olk indudt,s ,i firsl head uncoatd 
portion 102a (e.g., a head b!unk JX>ttion, ma head ,,:,;.po;;1;_.-d 
porti,m) that i~ nol coated with ;my adive rnak'.rial 105. ;j 
!lrst mated p,irtioll l04a,. ,i.mi a fas! ,;ii! uncoa1ed poriiou 
106a th;lt ar1c: ~eq1N.n1ia!ly dispost.,d adjat,,'.nt to t,.ieh otlK'.r 
<1k,ng t!ix, X direc1io11. Simil:irly. the· st<eond ,urfa,,t, l OOb 
irn:ludt.~ a ~t.,i:nnd head Lm1:o,1t<:d portion 102b, a se,,oud 
coated portion .104/.i ;md a .~tc,cond tail tmcoakd portion .106h 
tlmt c1ri.:· scqut,ntially dispo~ed adj(,c<:nt ,(, cadi olh<::r ,dong 
tile X din.>ctfrm. I! is lo lx: noted lfo11 in ,he p.r;;:,scnt disdo­
,;;ure, the term "p011ion" is wsed interchangeably with r.he 
lcrm "!iegm,,nt." 
!0028! In some ernbodirnmts as ~hown in FlG. 1A, tbc 
!lrst ,;..-:oated portion 104,; and thti second coated portion 104b 
~nm. ,11 tht· S<llJW lo,:ation n<:."u· the h,;,,J, hut end a, ditkrt·nt 
locations near 1he wit ln some embodime,Hs, Lhe Jl.rs! coak'<i 
porti,m 104a on th0 first surface toOo \;; longer th;m the 
second ~,mite<l portion .104b ,m ihe :,l'>.'l•nd ~url:~ict· lOOb, A~ 
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,i result, thc !lrst ck:,,trndc 100 iudu(k.,~ H siugk·~idc sqi;• 
menl 108 that bas !he aciive materi,il .I 05 ,,oah.'<l on only one 
rnd~c,, (e.g., tht, Hrs, sn&ic-;.:• l Olla) of the first ek<:,1rode l 00. 
!n some emlx,diments as illustrated iu Fl(L IA, ihe fo,-t 
dec!mde 100 inclu,k;; a head nm:o;ited p,:-,r1ion 102 (e.g., a 
hc,1d exposed portion ,,ornpri~1:."1 of ,1 portion of a l~ire 
nmenl m!lt~lw). a douhlc-side 1x,rtion 104, ;J singk'-8ide 
poniou 108 near the biL natl a tail un-:omed portion lOu 
(e.g._ ;, tail exposed portion ,,ompriscd o:t allnther portion of 
th~., hare c11n·en1 colkcton tl1;1t ate disposed ~equentblJ:y 
,1long the X direction. 

!00291 In so1m~ emhodimenis. !he first d,'Ctn.xk 100 for­
ther include$ ,1a de,,trnJ;.:• 1ab UO (al~t) rdcrrt-<l to as "a 
terrnirml" or "a eon1;ict") aiiached to the head 1mrna1ed 
portion UU. ln ~ome embodiments. the ekx,tro,k tt1b no is 
,lHHdlic'<.1 to tJK, !irs·t ~ltrfa<::c l OOa of the !lrsl ek(.c\rnde .IOO. 

[Oo.,01 FIG .. I B includes &clK.,mfltic &trnc!m;il diagram;; of 
a Hrs! surfo..:e Ulla and a second surface l20b of ;, sccuml 
dcc!.ro,fo 120 in a lii:hinm ion ha!tery, in accordance with 
sonw embod:omenls. The fa$t sn&u:t· 120a ,,ud 1he ~e,,oud 
~llrfocc l .20/, are t'<.lio oppo~ite ~llrfo<::es of ·th;.., swm1d eke· 
!rride 120. ln some embodiments. ilw ;;~~ond electrode 120 
,,nd the first ckct:r<)de 100 of FIG. lA m\: t\.VO opposing 
dcc1.rod0$ of a lithium ion halter)'. In ,ome embodiment,, 
th,: ,cc:oud dt<:Olrode 120 indmk~ a currcm n,!b.,tor 121 
,md ,K:tiv;.., nw!crial 125 ,,-x,tt.,:1 on ,,t k,,st one surl;K,e or the 
currem collector 121. fo some emh,xHrnents, the active 
matcri,,! l 05 conte<l trn ihc fir$t ek,,tm(k l 011 i, cfotinct fn,m 
the aciive maierial 125 ,,oated on ihe ,econd d<:.sctmde 120. 
In sum" embmhmcnts, tht, ,ccond nirrcm. collector 121 
\'-.1.mpri~e~ ,, dilk.r;..,nt type of nrntt.,rial fonn tJK, tirst nirrcu! 
cnllecto1· .IOl, ;md fo dfoposNI opj)(i&he in th~., fo"'! currem 
c:ollecll)r 1 Ol in a lithium i,,n bmtcry. 

{0031 I For rasr nf description in 1h0 currnnt disdo,ure, 
t,1'0 t'nds of the s1:.x,ond dectrndt' 120 ,ar1:.' respectively 
defined w; ;J head (e.g., the left end portion in FIG .. I Bl and 
ii tail (,~.g., a right md p011io11 in F!G. l BJ along the fongth 
din.'Hion X. In some ernbodirnellts, the active material 125 
i, coated on hoi:h ,urlii.,es (e.g., thdir~t surface .120a and !he 
s1:.x,ond surfiK''-'' 120/J) of tlK\ current collector 121. ln some 
embodiments along the kngih di.redion X, the firs! surface 
120a ind11d.es a fo"'! he.ad tmcoflted portion 122a that i~ no! 
<::oa!Cd wiih ,my ;1,,tive im,·tcri:d 125, ;1nd ,, liN co,l!cd 
ponion 124a di8pos1cxl adia,,ent 10 tht, firsl head m1coakd 
portion 122a akrng 1he X dirt:,,tion. Similarly, the ~e,,oud 
surface 120b includes a Sl'!:nnd head n.ncmited portion 122b, 
;md ;J second coMed portion 124b di&11nsed ;idjr1c~.,nt to the 
second hc~id uncoHk'<.l por1·ion 112b along the X din.'Ction. 

(0032] In sonx' t'mbodlments ;Js sbown in F!G. ! B, !he 
fo,1 coated ponion l24a ,,ud tlw ,t'lxrnd ,,,,,,tnl porti,,n 124b 
swrt ;it di(forent location~ (e.g., the flrst m;rted portion 124a 
being closer to the her1d), while end tit ilw same locMion 
(;..,.g .. at 1he mi! ofthc dwtwde). fo $,)me embodiments, !hc 
first cmMd portion 124.1 is longt'r than the secund cmMd 
port·ion l 24h along ihc X dirtx,tion. A, " re~ult, tbt· ~e,,oud 
electrode .120 indnde~ a single-side ~egmenl 128 thal h<ts the 
;1ctiv~., mMeri;il 125 coated on only one rnrface fo.g.,. the fo"'! 
sudiKl' 120a} of-th;.., s;..,,,ond c h:nmde 120. lu ~<.mK, em bodi -
ments as illnstrat0d in FIG . .lH, tlrn second ekctmdc 120 
indudes a ht,;.id w,co,ned poition 122, a ,ingk-side p,,rl:ton 
128 closer to tbe head, and a dm1ble-sid.e portion .l 24 
extemling to th~., ta-il that m·e disposed ~equenifally ;1long th~., 
X dirc~·tiou. 



0670

US 2020/0044234 A 1 

[0033} In snrn~, ;;;i11hodim('!ll$, th,, ,K-:c,,nd d,;;(:lr(!,k 120 
fortllcr i1idude,~ an eke1rodc l;1b l]O ;1ttadwd to lhc !wad 
umx,Hlt~l po1tion 122. In ,,JU!"-' .:mbodim<::nts. the de.:trodt· 
tab BO is an;ich('d ,,J l'b,: fo-,;t sudiK'"-' 1.20a of the ,;crnnd 
,~lcd.nitfo .120. In ,rnnc 0rnhodirnmit~. lhe dee1md1.:, !,lb BO 
is oppo;.ii.e to and madt' of a different matcrbl from i.hc 
dedrode ,ab UO iH the lithium ion ba!kry. 

!00341 Rdi:n-ing now to FIGS. lA-lB. in som,: embodi­
ments. tbe Jlrst dectrodc 100 is a cathode, and the sccorn! 
dcd.nide .l 20 is an m1od0 nf a lithium io.n ba!lery .. Al!em,l­
livdy, tile fir,t ek:ett'<:i,k .100 is an ,mode, ,md ihe $C,x,ud 
dectrode shetit 120 1$ a cathode of foe lithium ion h<11tery.. In 
~omc "-1.nlxJdimenN. 1J1.: ,,athod.: indude:;, a cmlwde cm-r<::nl 
colk~0tm (,,.g., the ~,urrcut colk-:ctor .101 or th;;:, n1rrent 
collecio.r 121) ,rnd c;ithode active m,11erial (e.g .. the aciive 
matcri,il 105 or the ,1ctiH, mat;;rial 125) t'o;;t,;;d on lhc 
cathode cnrren1 ,;:olk'i:tor. In ~ome embodiments, 1he ,mode 
includes w1 m10,fo e::urrt~U collector (e.g., the ,urrent collec­
tor 10.1 or th;.;: ninent collcctm 12.t} and anode at·!iYe 
matt,rial (<:.g .. the ad:ive imitcria! HIS or the adiv<? material 
125) ,:oak,d on tbt· anode current ~,,1 Ut~:tnr. 

[00351 In some emhodimems .. 1he ca1hode rnnen! collec­
tor (:.:,mpri~,$ an aluminium (A.l) srieet. ,;ind the anode 
curr;.;:nt rnl!(;'\.,tor comprise$ a ~:oprer (Cu) slw,;;1. In ,mn:1e 
,,mbcs:li1,1ents, ,'a,:,h of the cathode cunent colk<.:tor ,md ilw 
,mo(k .:mrent (:,)l!~'\.:tor i~ b,,rnfaibk (e.g., t'illl h;; ,vmmd inlo 
a ml!), and has ;J !h.ickness .iH ;J range from ahmH 100 nm ,o 
,i!x,tU 5000 ~un. In some t:mbodim\:'!l!S. !hi:' cathode adin: 
tmitetia! inch.ides ,1 rnateri,il or ,1 mixture of two or more 
makriab sckckd from LiCo01 , LiNi02 . Lil\·ln,p". 
I.iFd~04 , I.ir-.•1nP04 , LiCoPO4 , Li~M.Mn,,..,J\ (M··h,. Co), 
Mn(\, V./\, TiS_,,, and !VloS.". In ~ome embo,iimen!s. the 
,mndl:' active material include, one mak1fol or ,i rnixtur,;: ,,f 
two or t1ior;.;: mmeri.ils sdcned frmn rnrbon-b,ised anode 
(e.g., grnpbik, grnpbenc. carbon mmotubes. '-'arhon 
nanowires, e!c.J, tin (Sn)-b.1sed ano(k (e.g., SnO,, Sn,has,xi 
cornpc,$ites._ Sn-bas<o'<! compc:HBKl~. Sn-hil:il'il alloys), silicon 
(Si)-ha~<?tl arnKfo (,~.g., Si02, Si-ha~t~J tnmpo'iik':., Si-based 
compmmds), titanium oxi(k (Ti(.l_,,, Ti-based ,i.lloys\ 1ilhh.1n:1 
metal (Li), and iron (Ft~) oxi(k (Fe./\. Fe_/)_,,. etc.). The 
compatihilitk, of working \.·olw,ges and d1emistry l:icn<.ct,en 
1he .:mhodc and ihe miode may ab) he rnnsfrkrt?d wlwn 
~ekcting th,2 c:,i.hod.e ;1ctiv0 m,11erial ;md !he ;mode active 
nmtciia! for a lithi'um ion b,ittery. In som.: cmbodimcxll~. tb;; 
cathode active mHk'rl;il and tbe miode active materiul k,,·e 
panick 'iii.cs in a n1ng" from a few lKin,Jrn,·tcrs (nm) 10 ,1 f,;.,,,.. 
h1m,ir;:;:ds of micmmdrcs (!rn1). ln sorn;:;: embrniimen,s, ,he 
c;ithode and anode active m,1terials h,we varkm'i particle 
slmp,,s, s,ich ti$ m1.nopa('tide;;, 1mnotub~,,;. mmo1wwdcr~, 
n,lll<)hillk i«tnof!ake$, 11anm,,.-ire$, etc. !n f;Ome emb<)di­
ment$. the m::tiv.: n1;m,ria! is mixed 1;vii:h additive, ,md 
himk1·,; to frmn a pastt: ,Yhich is awn rnat.;_xl on 1he con'C­
~ponding cnrr0.n, cnlle.::.o.r 10 form the correspmiding <.:,lec­
twdc. fo snrn~, nth~,r emlx1dim,,nls. the m:livc mate-rial c,m h;; 
dep<)s{,t,d Ollto ,he corm;;:porniing c,m-ent colfocH)r using any 
'initabk ,m,th,Jd, ~w.:h as d1.:mic,d vapour deposition (CVD), 
phy,ical varmir dcpo,ition (P'V'D), pulsed la$,;;r dqx1~ition 
(PLD\ m.agnetm.n .~pulkring depos\iion, ekctrochemkal 
dqK,, (:pilaKi,ll gl'()'ilflh, ;;pi.n .:outing mctll\id, ct"·, 
100361 FIG. lC' is a sdi,m1mk stmcrnral diagram of an 
d.:cti.ud,, as>t,nlhly l41l l:omprisi.ng an dcctwd"' roll fonlR~i 
1Jm:,ugh \\·mdmg. the fa:;1 electrode mo and the second 
electrode 120 of FIGS .. IA and lR i.n ilccii.nhnce with ~ome 
cmbodim,,nl~. ln ~,mK ('Hibodimem;;, the electrode .,,;,cm, 
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bly .140 i$ formed by scqllenti:illy $\<<(:king !he Jir,;1 dcetrrnk 
.100, ;J s,~p,m,tor 144. and !he &econd electmdi.l 120, and 
winding the,<: s1ackc<l layer, w fr>rm th;.:• ck,:tm(k rd! as 
shown in FIG. 1C. 1H some emhodime.n!s, the winding is 
along ;1 counierdockwfoe di1·ection. ;md &tm,& lhlm ilw head 
portions ofth~' first dectrode 10(! ,and the ~econd dectrode 
.120. In sonm embodhncnts, tht: bc,1d m1coakd portion 122 
of tht· ~;.:•cond ;.:•kctr,,dt· 1211 is d,,scr w tlw c<.::nk·r of 1h;.:• 
dl--.,!rodc assemhly 140 lfom the hl'ad unco,Hed portion 102 
of !he first -i!k,ctm,k 100. 
100:n] fn ~ome embodiment,. th~: Hr,1 di!ctnxle 100 i;; a 
cathod.:, and th<: ,<;.:,:ond dcdrodc !20 is amJdc. Ahcma­
!ivdy, the flrs1 ekctrode .too is an ,m,,de, and 1he S..".'.Ond 
ckctrodc 120 .is a cathode. For exam-pk. ;is shown in FIG, 
lC. 1hc winding ~t:1r1~ from the \:mt,.:r induding tk sq1;1, 
ralor 144, the he;id n.m:o;ited portion 122 and tl1i.J eli.Jclmde 
tib 130, and the he~,d unco,1ted p,nii.on t 02 ,1nd the anode tab 
.1.10. Tl1i.J s;:p;in!lor .144 is plm:i.)ii beiv,.-een the cathodi.l t.Tt.rrenl 
collector and tbt.' anodt' curren! colkctor to ,w,lid a din.'<:! 
<:(1ntac1 between these rndals, l.n s.:,mc emhodime.n!s, !he 
dec.'.lrode iah .1 HI and the dectmdt) !ah BO are ;Jrrnnged io 
,1void directly sH,cking on each other. ~o a~ to r<.:.'duce the 
!owl thi(:kne~~ ;1m! voltlme or the eb.,imdc m,scmbly 140 to 
improv,~ ilw ba,kry en<.:~rgy d0nsi1y. 
f OOJ8( As shov,,n in F!G. 1C. wh,'.!l ,h,~ electmde assembly 
140 is fon:iK'<.i through \.vinding, the coated surface fo.g., 
U4a) of the sing.le-side s;:g1n;:nt 128 d.irt.--ctly foces ;J rnaled 
,urface- (,,.g . 104/J) rJf tlw <.h:,uble-,i(k: pN1ion 104. Th,, 
opposite <:(takd sudm:;;:, (e.g .. 104,~i) or !he double-side 
portion ! 04 direuly fac,~s ,~ c0111<;.x-\ sc1rfoct' (e.g .. 124b) oftht' 
donbk-side portion 124. Continue ,, .. indlng out,vard, the 
oppo~ile 1.:oatl'il surfo<::e (e.g., 124,:o of the double-side 
pm1io11 124 dimcily foe.,-;; tlrn ,x~1t .. ·d &tirfon~ (,~.g., 104b) of 
!he double-side p(lrtio.n 104. The sing!e-sid,: segment 108 
contim1e~ to ,vind to fomi a11 outer p1lrlio11 of 1he d,~ctmdt' 
a~sernbly 140. ln one ,,xampk, th~' single-side segmt'llt 108 
cove1,; a top, <1 ldi side\ and a bottom of the eli.Jclmde 
,ts.sm1bly I 40. The t,til t11KO<lli!d 1~or!ion l 06 of ihe t,athode 
.142 covers a righl side of !he out,:r portion o:t !he dcctmde 
assembly .140 and x,nds !he \Vinding al 1h0 top nf !he 
ek-:ctrode as~embly 140. A tail adhesiH' 148 is u~ed to att,ach 
!he tail unL·n;ited portion 106 on. the nuwr pnrli(ln of !he 
dec!mde ;i;;~embly .140. 
100:,9] fn &ome i!mhnd·iments, the di!ci:rode a~;;emhly 140 
further includes ,m c!l--.,1roly1e { not shm-vn) disposed bd,ve@ 
!he 1.'.a!hode and !he anode. !n. some 0mlxidiments. !IK'. 
.:k--.,1rod.: a,st.,rnbly 140 can u~<;.: a liquid ckx,1rolyw, ,1 gd 
dl'\.:!:roly1e, or ;1 solid ;dectrolytc. The liqt1id dce1mlyk c,rn 
he one or more lithium-ha~i!d salt, selected :from UPI\-,. 
LiBI?_., LiASF,., LiC104 , L,B(CJf5 )4 , LiCH,SO,. 
LiCF,SO,, LiN(SO_:,n::,i_,. LiC(SU[F;J_,, LiSil-',.,, l..iBU 
and L!ODFB di~s.:1lv.:d in a rnJ1mqut.,uu~ soln:nt. 
[00401 Thx' nonaqm.~-lUS rnlvent mr,y indude a carhnnat~: 
cs·t,.:r (.".)rupow1d, << ,,:ixlK,Kylil· <<(:id (.".)rnpolmd, ,rn ether 
compound, uiher suifabk organk solven!, ur 11 ,,ombin;Jtion 
!lwn::of. In som.: ;.:•mbodimem,, tlw c<>rhnuale csk'!' .:orn­
poun.d nmy be a chain carborwte compound, ;J cydk car­
bon;1i:e cnmporn1d. a Ht101,lcarbon;1i:e cnmporn1d, or ;1 com­
birn,tion tht,n:o:L EK,nnpks of (:hain c,,rbon,itc compmmd~ 
indude die1h;yl carbonate (DEC;, dimethyl ea1-l)Ollltte 
(Dtl,·lC), dipn>pyl carbonat.: (Dl'CJ. mcthylpropyl ,:arb,,n..nc 
(!\-1PCJ. ethykn;: rnrl11)m1ie (EPC), rnrboni1.: a<::id dhyl 
;1c~:tate (il.r1FC), and combin;itions ilwrx'-Of E:,;;m,ple& of 
cydic c,trbon,itc compound~ include ~,thykn,.: c,alwm,k 
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(EC), prnpyknc catbon.;te (PC), hmykrn:: e,1rborm1~, (BC), 
vinyl ethylene carlxmak (VE:C), and combinatinns 1hcreoL 
EKilHJpks of l1norcic;:u-b<:>Jwl"-' comJJOunds indlld"-' Uuoroe1l1-
ykn(' ",,irfmnak, i,Tl~C}, l . .2-Jifluoroe,hykne .:.arb,mak, J J. 
difluorodlw fone rnrhmmt<.:c and 1. I _2-lricarboxylk acid. 
Fh1oroethy!ic,nc, 1. l .2,.2-t~tmtluoro~thvknc ~«rhonate. 
1-Jluoro-2-metl;yk:1hyl. carhom1k', l -Jlu,;rn. J-mcthyl-ethyl­
en"' ccirbtJnaw, carbonic (Kid l ,2-DithK,rn-l-mcth::,·k,hykne, 
J. ! .2-trilluoro-2-rnmhl'lcthvl rnrbonatc, trifluoromethd e1h­
vle;1e carbona!e .. and,. c,m{hin,1tiom; thereof. Examp.ie~ of 
~arhoxylk ;Jcid · c~tcr componnds indude meihyl acetate, 
l,thyl m:tltatc, n-p.rnpyl m.:emtti, terl-hutyl acd.atu, rndhyl 
pnlpionak, d.hyl proplonHl,'. ',1-hutyrnlact<mc. 1.,q,.,ne bc­
tone, v,1kmla.:1one, DL-mcYalonk ;icid l;ictonc, capwhic­
!onc. md.hyl fr,rm;;te. ;md combinations thercnf. Examples 
of ether c:)mpounds indud,:; dibrnyl ctl1<,r, teiraeihyknc 
glyco.! dimethyl ether. diell1ylene glycol dimethyl elhcr, 
l ,2-dime,hnxyeth;mc. I,2-ilieihoxyethm1e, and 
e!hoxvrnt~lh()XY. f:C.!li,me. 2-mcilwltetr;ihvJrnfEm!ll, tc1rn!1v­
drofo;,m Hnd (;omhinHtion;; tl1erci,r. Exm;pks ofciher co1~­
pound;; indudt· dibuiyl t~tht-r, ,ctrncthykm"' glycol dimethyl 
elher. dieihvkne ulvcol dime1lwl eil1er, l .2-di.methoxv­
dhm;e, "I .2:dietho;;,eih,rn<.:\ an;l F1hc,;ymethoxyelhane, 
2-n1dlivlte1rnlivdmfornn. !dralwdf(,fum.n. and nmthina1io11s 
tllere1lJ'. Lxan1pks of 01he.r m~.anic solvents indtKk dim­
t,thvl :·mlfoxidc, !.2-diuxobrK·. ;;ulfolmie, mctbvl ~ulfb!anc. 
.1, 1::.C!ime1hvl-2~in~idazolidinone, N-methyl-2-J)yrrolidone, 
Forn1;irnid,:. dimethylfomi.amidc, ;icetc,n.itrile, irirnethyl 
phosphate, trklhyl phosp!wtc, trioctyl phosph,itc, pho:;phatu 
('Stern, and combin;ltions lher1:,'<)f. 

f 0041. J In ,Gmc cmbodimenis, the ,q,;irator 144 i ~ mad"' of 
one or more materials sdecmd from polyethylene,. polypm­
pylciw, polyethyk~1rn t,,rnphtlrnlilti.,, polyimid,~. and aramkl 
For ,:;xmnpk, polyethylene for the scpara!or rnn be l!ig.t1-
,knsity polydllylcn,:, lmv-,knsity polyetl1ykne, or polydl1-
ylcne ''>"iil1 ultrn-h:igh mokcular we·ight. Poly"·Uxylcne ,q1a­
.rnlor and polypropylene separator can dfo, .. ,i.i1,eJy prevent 
-,hort-cirnrit hd,veen ilw t<llhode cm,,-:n, tnlledor and ilw 
anode 01rrem ,,olkctor ,md ,Jrn;. improvu swbility alld 
cvduhi!itv o:ftht: batter;.'. In S(llllti embod.imenis, one or h<)lh 
,{irfol,e, ~,f the scparntnr is porous, and the pours byer 
i11elwks inoriri1iic particles and binders. In some embodi­
ment~. the inorganic particks indmk one or mo.re inorg;mic 
l:,1rnpi:,,md;; ,dcctcd from .;lumi1mm oxid~, (Al~<\), ,;ihcon 
oxide (SH\), rm1g:ne~imn (!:>.ide (tvlgO), 1itm1ium oxide 
(TiO~,L hafoium ,lio;,:;idt, (l!fOj. tin oxid"' (SnOJ, l""-'riurn 
oxidD (Cd\), nickd ox.idt) (NiOJ, zim: oxfrk (lnO\ cal­
cium ox.ide (CaO). zirconium oxide (/!'(}_,), yttrium oxide 
(Y ,;;C.1.-,), ,ilirnn l'at"bidc (SiCJ, hod1mit;;-. aluminum hydrox~ 
ide. m,l!l,nesim.11 lw,imxide, c,ikitm1 lwdmxi(k,. and barium 
~ulb1<;.,. -In somo: :mbodimcnls, !lie binder, indude one lJr 

mor;_, !)"p('S ,)f materiab selected fr()m polyvi.uyfokne t1m)­
ride, viny!i(fone t1noridc-hcxafi11omprnj1ylene copnlymer, 
polyamidc. poly~1cry!oni1rik,. pt)ly,ici:flate. polyanyfa~ acid, 
polyacrylatt', carhoxymtithyk-:dlulose sodium, poly11inyl 
pyrrolidmic, polycthykm~, pdyrn,·,hylrn,·,h,1cryblc, poly­
tetrnll.\mrnethykne, aud po!yheK21t1uornpr,,pykuu, Tbu 
p,ln-,1-1s s!lrface cHn improve 1he.rmal rt)s\;;tance and oxidation 
resiswncc of the separntnr. 1he porous ~urfocc can cilso h,ivc 
an improved eitX\tro!yk i11filtration dl't,<:l k, prnvfrk a bdter 
cont:1n l:>t,t';ve,·;i iJJc separa,or and the c,1thod,· and anodt·, 

[00421 As illustrnted here.HI.. the cathode and the anode are 
design<.:x1 nnd prepared as discms<.:'<1 with refot<.:'.nte io FIGS 
1:\-IB, sudi tlmt in the ckctrod1;.· "~,1;.·mbly 140 ofFlG . .lC. 
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,ill cHtho(k., ,.1,r._•!iv;.., nrnk,rial ;1nd mKxk !Kli,·e m:rteri:d pm·· 
Licip;ite in ek..:lrnd1emical re;ictinns lo genernte dectdc 
ciK·rgy. A~ a rc~nh, 1hc dci::lrode a~~cmbly 140 c"a havt, a 
much improv"""i enexgy density. 
[0043( FIG. lD is a ~d1enmtii;.· ~nw.,tur,,l ,:fogrnm of ,: 
hMtery 170 ind11dil'lg a ,mp electrode ;1,&emhly 171 s,r,cked 
on ~, main ckct:r<)dc assembly UH n!ong ~, vertical Y 
d.in,x:'tinn !o form a stepped ,tn1ctnn\ in aci..:onkrnce wi!h 
some embtJdimen1s. fo some <.:'mhodime11ts, b,Jth 1he step 
ckt•!rodc m;semblv l 71 :md !he m,,in dccirrnk ,,s~emblv 
UH ~vind alonu a ~imnt~,rclnckwise direc1io11 starting from ;1 
cenk·r in an t){;kr by;.:•r of" rcsp;.:•div;.:• ckd1~xlc a~-~;.:•mbly. 
In S(Hne "'mhodimmi:t,, the s!ep dec1rnde as~mnbly 17.t is 
shorkcr (or rn1rrn1v,cr} 1han the nwln ekx:tro(k ass<.:'J11hly l 81 
,,long ,, horir.mrt:d X dirt.'\.·tion. 
[0044( ln ,omc embodimcm~. ·th;.., ~t<::p dectroJe ,,s~embly 
17.l hw; ;J similar ,;trm:mre as the dl't.'l:mdc as,;cmbly 140 as 
di~cus~,:;d with rd1:'r,:;mx.' to FIO. 1C. ln some 1;,'mbodim,:;nts. 
!he ~tep dectrode assembly 171 uses !he fo:»t electrode 100 
(FIG. 1AJ and th" secund dt.'<:!rod,~ 120 (FIG. 1B) as two 
opposing dl'l-'!rndcs. {n ~<.)rn;.., l'mbo,foncUI~. !he !irst ek'\.•­
trode 100 is a cmhode, and the sernnd elccirnde 120 i,; ,m 
,inode of the ~wp efo,,tm,k assembly 171. Alwrnativdy. the 
fir.;! de.:trndc 100 i~ ,m anode, ,md !he second dectrode 120 
ls a ,,;~thode. !n s,m1" embud.i1m~nb, tbt• sk'P d,~ctm(k 
a~sernbly 171 is fon:iK'<.i hy sequentially sHicking th,: fir,-t 
dl't.'imde .IOO, !he ,;cparniors .172, and lhe s~com! dedmde 
.120. ,md ,,,ind.ing these ,tarked !,n1,~rs to fi.:,rra the ,,kctrod,~ 
roll 17.l as show1; iu F!(L 1D. {ns,;_~neernb,xliments, the fir.;! 
d,'X'.trod., mo lnelude& ihe head u1x:m1kd &egme11i 102, tl'w 
donbk,side segment 104, the ~ingfo-sidt' segment 108, ,ind 
the l;iil mJco<1kd segment 106. In :mme cmbodimcnls, lhe 
s,x,ond dt,ctrnd,~ 120 lm:ludt:S the lk,ad uncoa,ed 5egment 
122. i!Je single-side seunwnl 12.8. mid the double-side seg-- . -~ -· - - ~ 

men! 124. Sqxtrntors 172 (da&h.,J lin,~s i11 F!G. lDJ ,~r<.:' 
d.i~pi:,~,:;d b1;,'t,1·et'n th,: cathod,' and ,1tw,Je to pi:cvent direct 
contac! beivvcen !he 1.,;1ihode and th~ anode . 

(00451 In ~nrne t!mbodimcrns. the main. ekctrode Hsscm­
bly 181 U'i<.:'S a l1rst ekdrode m,xlifi.,d from ihe ekcimde 
100 or FIG. lA ("the modified hm de.:!mdc"J aud the 
Sl>cond dectrode .120 of FIG. lB as lvvo opposing electrodes, 
ln ,omc cmbodimt,nts, lhc ,crnud ek,,tnxk 120 is a cnthock 
mid th<: modifa,,J !lrst dec1rod<:: is ;1n ,HW(k or th<: ekt.,tmde 
assembly 181 Altema,ivdy,. th~, s,x,tmd dedtode 120 i~ an 
anode ami the modifi"""i iit,a de.:irndc is a c:alhode, Separn­
!ors 182 (d;i~hed line~ in FIG. 1Di arr dispn%'<.i betwurn tlK, 
rnllmdt: mid mmdc uf lh(' main cknnxfo m;~t~nbly 181 to 
prevent dire(.:\ con!,,ct bs:tw;..,;..,n the c,,·th,xle ,md 1he anode. ln 
some emhodimx~1i~. the main dt,:c,m,k assemhl',' 181 is 
formed by scqu<'nlial!y stm::king 1he mo<lifa,d first ,:lccln:,<l"'. 
!he S"'})Hl,ltors .182, and the Si:.'l::nnd ek'\.:tmde 120, and 
winding lhcs,, rnicketi hiyers 10 frmn th,, ekctnxk ml! ag 
shown in VIG. ID. 
(0046( ln ,omc emhodimem~. th;.., ~"''")nd dern.,Kk UO of 
tht' maln ekd.rode 11,&emblv 181 i11clmks ille b,~<ld tmco111<cxi 
st-gnK·nt 122. lhc singk-sicle si:gnwn[ 128. ,,ud lhc double­
s id.e Sl'm:ncnt .124, A,; shown in FIG . . 1 D .. the modi fax1. fir,;1 
ekx,tro~fe ·indrnks !he head 1mcor,1ed ;;~,g,.nK,n! 10:2 and the 
ckr..•!rodc t,,b UO disposl,,J 1i<:::i.r the i;.'l,nter of th;.., ekdmde 
a,%.,.mbly 18.t. The modifa\l llrs! de.:!mde forther indudus 
tlw doubk-~id<' ~cmncut 104 that c,.1ane,,ts to tht· h;.:•ad 
1J11coaied s~irment 102, winds \Vi!hin the .main electrode 
;1~&emhly 1S:1, and. end~ m the in11 of !he main dec,m,k 
,,ss<::mblv 18L fo snmt' embodim;;,·nts. di:!kreut fo.,m the first ·-~ . . -- . 
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dectn:,J,, 100 ~,s sh\)'iVU in F!G. lA. the lll(!difa,d fo;;t 
dedrode doc.~ not iHdude a ;;ingle-side seg,mellt or a tail 
umx,Ht,,;_l wgmem, bt'l."3.us,, (1 part \)fthe singk,-5ide segment 
108 and ,i part oftlK, tail ,w,:,:mited ~egrnent Hl6 from !he step 
,,led.nitfo a~,;emhly .171 ex,end to cover an outer portion of 
the nmin ekctrnde a&sernhly 181 a:, slwwn in FIG. l D as 
discussed below. 

[00471 In somt: emlxidiments, the Sl"'P ek\ctrndt· cisstwhly 
.171 ,md Hie main ekx,tmde a,;sembly 18.t share one or more 
part:'>. l.n ~ome cmhodim,,nt.~, !he ~h;1rrni part~ are fmm the 
step dedwde a&sembly 171. For exampk. in sorne enibodi, 
ments, 1he sin.gfo-shk segment .l 08 ol'tli;;, firs1 ekt,trode 100 
(e.g., the t,ithode or the cuwde) in the step dectrod"' ,1ssern­
b ly .171 rnmprist,~ .i fir~t sing_lc-,ide segme.m .l 08-1 d:isp(mxi 
on ml onter port-ion (e.g., induiling rip,h1. lop, ,me! !di side,; j 
of the step dt•~U>:.1-de a,semb!y 171. and a second ,ingk-si(k 
segme.m 108-2 dispost.'<! ou au oiJter poMion (qi., Jell: and 
bottom &ides) ofth;., main ekch'ode as;.cmhlv 181. [n some 
~,mbodimellt;, st,parntors are abo shared betw"x-:n th"' ,kp 
and main dcctrod,' H,scmblk'5. 
!00481 In sorm, emhr>diments in the ~k~p dectrrnk asst,rn­
bly 17.L the coakx! surface of ,he firsl single-side ,;eg,menl 
108-1 is facing the coated ;,urfot,e oft□t' single-side segmen! 
128 of the OflJl(>;;ing ek.'<.,twde to participate in deeirot·herni­
ca! r,'a,:,tions to genx~rni.c dcctric energy. h1 some embodi­
ments in the main dcctmd.,_~ assembly 181. the cc,at<.xi 
~nrface of the secomi sing:!e-s.ide segment 108-2 is fadng ,i 
coated ~nrfiice of 1he douhk-~ide ;;egment 124 of !he nppo,;­
illg denrnde lo partkipwe in denrndwmieal re,iction~ to 
gen,'IHl,' ekctric ,'iwrgy. 
f0049J Tb,_, tail uncm,ted st'grnt'nt 106 ofihe first (;'kctro(k 
100 in 1he step elce,rrnk as~cmb!y 171 forther comprises ,1 
llrs! ;;.?gm,mt 106-1 dii-pos!?-d nn irn out,~r portion (,?.g .. right 
;;ideJ or tht, main ekctrock ,is,;",mhly 181. ,md ,l secolld 
~egment lll(i-2 dhposcd on mi oui.er portion (,'.g., rig.hi slde) 
of the step d,x:trode assembly 171 ,md "'nds ai. th,, top ofth,, 
step electrode a$sembly 171. In some emhodime!ll.s, a 1,1.il 
adh,'si>'t.? 17 4 is u·,,x-1 !o at!ach the t<1il unt-xiated scg111,'!1t 
.l 06-2 on the outer portion of the eknroJe assembly .l 7L In 
,;mne embodime1its as shown in F!G. lD, the pm!l,t'tiw 
atU,esiH'S 17J and 183, and a ,l:mn.xl protective adhcsiv,, 185 
are di,;pos,xl 011 re,spectiv,: sides ol'the sk,p ekx,tmde <1ssem­
hly 171 and the m,rin dcdrotk a;;sx~mbly HH to j')J\!Vcnt 
pr1xipil11fom midior cxpo~urc of lithium from the bmtery 
.170. Exampks of 1lm p.cott:c,ivc adhesive mawriab indrnk 
PET film attad1ed to (Ktyli\c ,idhesiv,, tape l\J provid"' imu­
!mion prnkx:tion, binding, and llxa1io1L 

!0050! In ~mm:.' ,,rnbtxlirncnts m tht, interfo .. ~ ktv,cen tb~ 
step dednKle ;;~semhly 171 and the m,1.in dec!rnde r,,;~t,m­
hly 181, one cw1ted snrfoct· oft!«, douhk-5ide segmem 124 
from tht, step dectmde a$sernhly .171 directly faces one 
cnated liurface of the tk,ubfo.~ide ~t,gmt:nl 104 of th"' main 
d1x1rode 1'1:i:it.'mbly .181 such tlrnt dcctr<:>dit,rnical r,:,K!iou~ 
wh, pbce b,,tW<.:'en !hese t,vo opposil0 efoctrrnies to g<.:,nerak 
dectrical t·m,rgy. 

[00511 In som,, embodiment~. tht' ,x,mponenHharing 
~1nic1ure of ,he ba,te.ry .17H ,1~ dis<..,iJssed herein rnn avoid 
relative m,)vem0n! betW<.:'<.:'.n tht, ;;tep dedn-,de ;g~embly 17.l 
and ,he main dcctrodc a~scmbly .181 in the bant,ry 170 to 
provide a hdter m1:x:l1ank:il integrity. Fur1hcm1m't?. tlK, ha1-
tery l 70 hci, 11n inlproved en<,rgy dcn~iiy \comp,ircd to 1l1e 
conventiomd stepped bmkries, bcc,mse the design and strnc­
mr<.:, of!h<.:, ek,ctrodes ·in th0 hil1te1·y 170 can nptimiw and/or 
m.iximiz~, the ~,o,ttcd are~lS h,tving ,Ktive mmeriah ,kt! 
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p,tr!i .. ip:rte in d<..'<:tmc:h;..,mit,;il rc:1e·tions V.) g;..,ller,itc more 
i.Jkx:trieal m1ergy. !n. ;iddition, !h1;;, strncture of tl1i.J ~ieppL'>:I 
b,ntcry 170 can miligatt, tlw rnaterinl corrosion i%ut,, in th;.:­
eonveulim1;,! bat!erks thanks 10 !he reduced ,Ktive nmtcria! 
0xposme in ihe battery 170. 
!00521 1-'!G. lF is ,, sd1m1a!ie s!nll'!urnI di,,grnm of ,: 
haitcry 1')0 ind11ding H siep dm.,tmde assembly 191 ,tal:ked 
na " main eknrmk n,st,rnbly 192 nkmg " vertical Y 
direction to form. a stepped structn!x\ iu ,Kcordam:e with 
,ome ernhodirnems. 111 ;;nm~, embodiments, hoth !he step 
ckx:trodc assembly l!H :'lnd the main elcdwde assembly 
!.92 wind coD.n!m'dnckwist, ,md st;irting from a cent0r. In 
sonw cmbocliments, tht, stq, de-:tmd(' Hs,emb!y 191 i, 
shorter (or narrower) thau the .main electrode assembly 192 
;ilong a hofrzontal X diflx,tion. ln ;;mni! ernhodimem;;, 
dltlt,rent from !he tn1ttery 17(! ,is disrnssed with reforem.,<.:.' to 
FIG. lD, the shared pans between !he step dl>clrode a~sern­
b!y 191 ,ind tlK, nmin ckx:trodc as~<.:.'mbly 1!12 m:,,,, fo.m1 the 
main electrode assembly 192. 
!0053] In so111,, embudim,,nts, the skp el<.:x:tro{k ,,l'iSt'mhly 
l ~H indud(,s ,, fir,t dt,ctmck induding ,, he,id lllll'OHt,xl 
Sl>gn1en1 crnml>cled !<) a doubk-,;ide segmenl di,;posed al the 
interfarn b<.:.'t,l'een Uw step eledrnde MSt'nibly ml and tlw 
nmin dectrndc ,i~sembly .192. The step electrode assernhly 
H.11 further lndudcs a 'it'<.,ond. ekctrode opposite tu the !ir,t 
electrode and indud.ing ,1 head 1mcN1k'<i scgmcm co1mcck'd 
lo a single-side ~egmenL Bolh the fir,t and second decnudes 
of th~, &ti!p d,x,tm,k ,1&s0rnbly 191 wind ctmnterdockwise 
starting from ,i ccmer towar-d outside. 
(_0054( In so111c t'mhodime11ts, ihe main declnldc as~em, 
bly 192 indud,,s :'l simibr ~tructure as tht' e!ed.rode asscm, 
bly 140 ;Js di,;1.,1Jssi.Jd with t'i.lforence to F!Ci. lC, ,vhkh 
includes th(: fin,t d.:.>-cirndt) 100 (FfG. l :\) and tl1.i SJ\(:ond 
ekctrod~ 120 (FIG. 1 BJ ,is 1,vo opposing electrode~, The 
fi.r~l dcctmd.,~ HH) i11dm!es an lltK,oat<od he,1d. 'i,'gl1X'nl, a 
donbk,side segment, a singlc-~ide s<.:.'.£3:IK'nt (induding a 
s~e;men! .!08-1 dispo,;i.)iJ on lhe main ekcirrnle ,~ssi.Jmhly 192 
and a Sl'J!J.1Knt 108-2 disposed on ,111 out,'!' rigbt and top sides 
of !he mep dl'l.'lrode ,isscmb!y 19.IJ, ,md ,l tail uncoakd 
Sic>gmmit (inclllding ,i ~egJ1wn:t 106-.1 dispo~;;,d on an o!l'ter 
ldt sidt' of the step dcctmde assembly 191 :'lnd a ~cgmcn! 
106·2 nn an ouier ki1: sid0 of the main d;;,,'.tnx!e assembly 
192) 
(0055] fn wme emhodimi!nts. ihe first d,xtrodi! fo1rn !he 
step electnxle ;,s~embly or the 1rniin dectnxle ,i~sembly can 
he a cath,x!e or an anode, 1>,,hik 1h0 second dectrode bdng 
au naode or ,1 cmlmtk tkit i:; opposiw to ilie fi.r8l ckx,1rode. 
Ill ><llX!e embodiments, ·th;.,, b,ittery 190 furth;..,r indud;;,'~ 
separntors (dash.:.'<! lines) dispo;;~'<l hd\Vei!n. the oppo,·ing 
de-ctro,fo, (;.:-.g., 1hc !:irs1 eknrmk and ihc second dectn:,dt,. 
nr !bx, ,'.;Jthode and !he anod0}, In ,onw emb(ldiment,, t!K, 
baucry 190 fi.irth(,r indudcli a t,iil mliR:li'tV(' lo seal dK, t,nd of 
the rnil lmeo<Hl'<.1 segment on !he nwin d;;,'l.,!rnde ,,$sembly 
192. and pmti!ctiv~, ;idhi!,iv0s to pmvt'nt pri!dpitatinn ,111d/or 
t,xpo,ur;.:' of lithium fr,)m the bntk'ry 190. 
[11056] In snnw embodimt,nts, 1hc sk'p d('l.ctrode assembly 
.191 and lhe main dl':l.'lmde a~sernb!y 192 slwre one or more 
par!;; ofthi! fo-st eli!ci:rode from the ma-in d,ximde ,,,sernbly 
192, induding: !he above <fon1ss;..,d singk-$ilk segment~ 
108· l and .108·2, and tlrn tail unc<ialtX'I Sic>gmmits 106- land 
l 06-2. ln some embodirnt,nh at the ink'rfa-:e bcr,,een the 
siep dectrodi.l assernbly .19.l mid. !he main electrode ;Js,;i.lm­
hly 192, the dnubk-~ide ,egme11t o:f ihe fo-;;t ek~trnde fmrn 
the ~lcp d~'l.,tmde <tsscmbly .191 i~ fo.ciug th~, .J<)uble•side 



0673

US 2020/0044234 A 1 

:i1c'grn1c,nt of the s1c·t.xmd dectn:id,, fr(>m the nwin s:k(:lrode 
assemhly 192 to particip;ik in !he ek,,ctmchemiGII fi".i,,tions 
bt,isveen iJw t·wo opposing ek<..Ch1)d<:$ t(> generate deetri,;;,d 
eat:rgy. 

f0057l FIG. lF is a schematic strnG'ttlrnl di«grmri of a 
h~ittcry .150 induding a umiu dectw(k ,i~senibly 15.1 stack1c'<l 
on a step t~kctrnde asst'mhly 152 akmg. a >'ertkal Y dln.,c1iun 
to form cm iuvened $tepped ~lnsei:un.,. in ,icc-ordarn.\! witb 
some embodiments. ln some embodiments. 1he llrst de-::­
!mde,_ the ~-ipamtor.~,. and the St'Co11d ekdrnde nf the main 
dectrod,, a~~,;:mb!y .151 wind uk>ng u cmu1krd1x:kwise 
dirt,ction starting from a cenkr to an outer layer of !he main 
dt'.<..,t('<.>de ,i$st,rnbly 151. On th,· other lwml, tlw first t·ke­
trode, 1htc separators, and ihe St'Cond dec1rode or 1he $tep 
,~led.nitfo ass0.mbly .152 \Vind a.long a doc.kwi%~ direction 
fr,)m « ccnkr ln a.n out(;r layer of tli,, skp ekctR,de ,l~sc·mhly 
.152. !n so.me e.mbodiment~. the ~icp eke-;;imde H~sembly 152 
is shPrtt'r (or narro,<,u) than il1e rm1:in ek,'.trode assembly 
151 aloll!J, ;i ho.riJ..<)!lial X dir,x:tio.n. 

!00581 In ~om,;: ernbodirn<,nh, th, main ekctrndt· ,1ssern­
bly .151 has ~' simikn- structm·"' ,lo th,;: dt,,,tf\>de ,1,;s,;:mbly 140 
(FIG. lC) or the ;{lep ekx:trode $Semhly 171 (FIG. 1 D). For 
example, iJ1e main electmde ilSsemb'ly 151 uses ilie firs! 
d;x1mde .IOO (FIG. L·:\) and thti second dectrn(k 120 (flG. 
lB) u~ l'NO opposing decrnx!es. Th,: first and se,x,nd ek-,> 
lrnd,;:s i.n th,, main ekclrrnk ,lo~(;llihly .151 indrnk similar 
~egm<Jnts ;;~ di~ctt{.%d wi!h rd<.:'r,mce 10 FJOS. L\-lB and 
FIG. lD. In som,, ,;:mhodimenis. the fir~! dedrode 100 i$ a 
cathock, and ,he .%X'.<)!1d ek:ctmde .t2ll i$ an anode <)f ilw 
main efocm>t.lc m;~t,mbly 151. Ahemativdy, !he first de,;;,. 
lrnd,;: 100 i~ an unc><k ,md ,he s,,cc,ud ekc1rnde 120 is a 
c;ithode. 

! 00591 In some ern bodicm.-,nw, ,he !irst ek.'drode of 1he step 
d;x1mde as.-;mnhly 152 includes a h,iad Emcoakx'l sq;m,\ll! 
,,;-'ind-ing dodrn·i,e oww,wd and a donbk-s-id,\ segment 154 
;iispos~'\l on tbe top s.ide of the step dec1rnde assembly 152. 
In some ,~mhod.im,mts, the ,,,,cond dectmd,;,e opposi!,~ ID the 
!lrst o::ledrodo:: includes a :twad twt:,Kited so::g:rno::nt winding 
clockwise ont·ward. and a sing!e.-$.id;;, St\!J,!1K\nt J 5J disposed 
on th<.:'. tnp side and oppo~ite 10 il1e doubk'-si(k segment of 
lh(; first d(;-..:trode. The sing_k-side ;;qiment 15J of 1he 
~econd 1:~lectrnde farther ,vi.nds ck,ck,,;,i;;e to bt: d.is_pn;;ed on 
tb,, rigbl side and tile bottom side of th,;: skp c·k,,tmde 
ass1m1hly .152. In ~onm emhodimtmb, the first dectrnck is ,1 
rnthmk, ,ind tht· ~,;:(:ond ek<..Ctrnde i~ an ,m\Jdl" of tl1<, s1<,p 
dec:-trode a;;semb!y 152. Altermitivdy, the iirm ek,.;trnde is 
an anode, and the ;;eco.nd dectmde ls a cathode or the step 
ekctrode as~<.:~mbly 1.52. 

f 0060! In ~om;:, t:tnbodimt~nh, the 1rnrin ;:,kx:trode a~sem­
b!y 151 ,ind i:h,;: step d,'.<..:trnde ,i$sembly 152 sh,ire m1t· (Jr 

more pa.r1s. For exampk, in sume embodiment$ .. the sing.le­
~kk segment lllS of 1he firnt dedrodt~ .IOO in ihe nrnin 
ekt:lro,k assembly 151 c()rnprises u fa~; ~ingk~side s'-,gment 
108-l dl8post,d on a portion (e.g., tht' !di sid;:,) ot' th;;: main 
de,;:ti.udt, asst:mbly 151. a seeom! single-side ~cgmcut 108-2 
;ifapos~'\l on a portion (e.g.,, ldl, holiom, and right sides} of 
the Mep d1:,ctrode ;J;{;;ernbly .152, and a third ,lnglc-side 
segment Hill<~ dispos,;:d on a portion ((;.g., 1he rig.ht and !Op 
sid~\:;) of the main d,x:tro(k a$;;mnhly .151. In so.nw emhodi­
ments, the $eC(ind ~ingk-sid"' sqiment 108-2 of tht· fo,t 
electrode 100 ex.ending from ihe main dec!rode assembly 
151 J$ focing the ;;lngk--sid.0 se)),men! 15:, of th1,:~ second 
ek,:1md(; from the st,;:p dectrode as,,:mbly 152 tt) JMfti(:ip~lt;;,· 

6 
Feb.6.2020 

m ;.,:lcctrodicrni,::iI reH(:tious betw<::en th,.:,;,;: !Y>'o oppo,iK 
d,x:trodc,; to gm1ernte electric ,~tmrgy. 
[11061] In smne cmbod:omenls, ihe bi! uncoated ~cgmcut 
.I 06 or the hrst decirode l 00 in the main e lccti:-ncle as~embly 
151 com11ri,e;; a fo-st si!gmi!nt 106-.! disposi!d on an tlllkl' 

poniou k-lh kll ,id<::) of the m:1i.u <::krnxJde m,,cmbly 151, 
arnl a ,eccmd $CgmcII! 106-2 disposed on mi outer portion 
(c"g., k:tt ,ide} of !he $kp decu,xk as~emb!y 152, and ;.:•mh 
at lhe holtmn of 1he step decirode assembly 152, l.n some 
i!mhnd·irnents, ;1 1;1il ;idhi!sive 151} is u,.:.'<l to attt.di !he tail 
uncoatt-xi segment 106-2 on (ht:' outer hottom por1·ion oftht:' 
s'tej1 ek.'Ctrode assembly 152. In som~ emhndimen!s as 
sh,)wn in FIG. 1L the main dc(:lrode H~sernbly 151 ,,ud !he 
step electrode assembly 15.2 s!mrc the prnteeti.ve ,idbt:\,h-·es 
155 on left ;md right side, to pmvent precipiution ,md.-'<)1· 
e~;po~U!<~ of lithium from (ht:' battery 150. 
[00621 In some ernbrniirnents at 1he interfilce hci,vcen the 
mai.n ded.rode assembly 151 ,ind th~' step ded.rode as~em• 
bly 152, oue eo,11ed surface of 1he dm1ble-side segment 124 
from th,~ step ck'<:U\J<:k assembly !51 dln:c1ly fat:es ,nie 
l'Oak,d surfan, of th,, douhk-~id;;_, ~egmeul 154 of Ille main 
dectrodc assembly 152 ~ud1 !hat dcc1rochernical 1'Ci1ciions 
take pl.,ice ben,,een these two opposite det:trodes to genen1tl:' 
dt:--.,lric,,! energy, 

(00631 F!G. 10 ls ;J sd1ematk strncturnl diagram of a 
battery 160 including ,1 main ekt:trnde assernb ly 161 stacked 
on ;J sicp electrode a,;~cmbly 162 along a vertical Y direction 
t(, form ,,n il.1verted ,t,~PIK"J ,tn1ct1.Jre, in ::1cr(,rdm,,x'. \.,·hh 
some emhodime.n1s. l.n some emb,xforn.:'nts, bolh the main 
~k,ctrod~ a,~~mhly 16! ,md ,h,~ step deuri:,d,~ asst~mbly 162 
,,,ind along a cNmterclo,,k,1,ist:' direction starting from a 
cenier to an ouier layer of a x·csp1o,ctive ek.,ctrode assernbly. 
In 5onw t,mbodim(mts, tlw slep d .. ,ctmd.i as.s,~mbly 162 i;; 
shorler (or narrower) thau thl:' .main electrode assembly 161 
i,Jong " hurimnwl X dirtx,ti,m. 
f0064] In ~ome ernbodinK'nts, th~' mai.n ek,ctrode ,as~<.'.tn• 

hly 161 has a similar strnctm:c as 1he dximde <1~sernbly .l 40 
(FIG-. lC), tht' skp ehxtrode assembly 171 ff!O. 1D), or tht' 
nmin electrode assembly 151 (FIG. lF.L For example, lhe 
n-wil.1 ekdrod~ assembly 16.l indwks th~ firsi dedrode 100 
(FIG. IA) ,md th,'. second d,xtxode 120 (FIG. IB} as two 
nppnsing dec1ro,ks ,:vhich have similar segments ;is dis• 
c11ssi!d with rd{•nmce !o FlGS. l:\-lB and FIGS .. ID-lF. 111 
som<:: <::ruhodirn;.,:nts, ,, first d;;_.'.\.:tr,xk of th<:: sKp ,;:k,:trnd,.: 
,~sst'mbly 162 indmks a head tm,,oak'<l segment lt,3 and a 
singk-side segment 164 that v,.-ind Ct)t1uterdockv,·i,i: out­
wa.rd. _.:\ %'Comiefoc1rode 0111x,si1e to 1h0 !lrst dt'Ctr<xkl in the 
,t~,p i!k-dro,k assembly Hi:2 include;; a lK,ad uncoated seg­
ment 165 ,md a dmibk•side sqirncnt 166 tha! wind ,:,_;un~ 
terdo,:kwis;;, (lllhvard. !n. some ~mbodiments, 1he Hr~! ek.--.:­
trodi: in tht' main decirode assembly 161 nnd !he ;;1q, 
dectmd;;: ass0mb!y 162 is a c;ithnde, and ihe second dec­
!rride ·is an anode ... \.lti!m;1i:ivdy·, the tlrst dectrnde fo tin 
miod,;: :md the ,,;:~'\md eh,'\.·1mdc is ,: c,,th,xk,. 
[0065) In some emb(ldimmts, tlK\ hatwry 160 for!hei­
imJude~ ~epan,iors (dashed line,) di;;po~"'d lx:tw"'en th;.:• 
oppo~ing dectmde,; (q;., tlil:' flrs't dectmde and the ~crnnd 
dec!mde. OI' the cathode ;ind th~, t1node). In some ~,ml-lodi­
m,;:n!s, ·th;.,: b,,ncry 160 fonher indud,.:s ,: rni! ,idlw,ivc to Sl'<ll 
!he end of tlrn wil unmah:.\l segment <)n th~ swp dectrnd~ 
H~sernbly 162, and prow,,tive adhc~in"' 10 prcn:nt prec:opi­
Mion mid/or <::xposur;.,: of li!!1ium from lhe b,,Ucry 160. 
[00661 In some ~,ml-lodiments, the main dec!mde ;iss.i!m­
bly 161 shares ,vith ,he stqJ dt::'~·m.,,Je <<Sscmbly 162 !h,.: 
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,;.m1c pmJs as ,focussed wi,h rdt1·ence t() FIG. lF. For 
example, 1hc ~ing!e-side :il>g.rnent 10S of the first de,Amdc in 
th~, nmin ele,,u·(xk a%<:mbly Hil inch.1d.:s ,i fa,, 5iugk-sidt· 
segment 108-l disposed on the ldt side of th,, urniu elec­
trode assembly .161, ;J second si11g.fo-s.ide ;;eg,m,mt .108-2 
d-is·pns,,d on the leJ.t, bottom, and right si(k, of the sk,p 
dectrode assemhly .162, and a H1ird sing.le-side seg.nwnl 
108-:1 di$pOst'I.! on the right (Hld ltJp side~ ()f th,, main 
eiedmde :iss;.;,mflly .t 61. l.n so.me enibodimcxas. 1he t;Jil 
tmc,x110:l segment Hl6 of !ht: ti.rs! dectrnde in 1111.:, main 
decunde a,semhly l 61 ino:.fode~ -1 fin;t ,,,,gni@t 106- l 
disposed Oil an miter ldl side of !he main elect rod~, a;;sembly 
l(il, and. H s<cCcond. segmeni. 106-2 dispo,<cCd on an mH;;:r !di 
sick of lhe ;;tql d(;,nmde assembly .162, "nd endt; al the 
h.ltlom ,if the ste-p de.::!mde ass<.:,rnh.ly .162. fo some <.:'rnhodi­
ments Ht tht: imer:fo..::e bctw,:t,n i.b.e main ek,,trnde cl'i.5(;'mbly 
.161 and 1he step decl:mde assem b!y 162,. one coaled s nrliice 
of ihe double-,ide segment 124 of the ,econd ek-x,1rnd1.:, from 
tile slep ekctrode a5semb!y 161 dire..::tly face~ lhe nmtcd 
rnrfoce of th,- sing.le-sick ,<cC9.,m,-n1 164 of the first ekdi-ode 
from tbt, main dt".,trm'k assembly I tiZ such ,hat dcctrn­
chemical reactions take p!a,;:e tiehheen these two opposite 
electrode~ t.t; gent":ratt": e.k":ctric.a.l .en-c.:."'1.'gy. 

!00671 In sorn,, l:mbodiments. the ccmer of ttw nwiu 
,,!ecu:ode assembly 161 ;md th;;: centt'f of th,- step ekdi-ode 
a~sembly 162 h,we nppm;ite polarii:ic,. For ex1lmple, the 
center of !he nw.iu ek-c1rode assernhly .161 has the head 
imc,-,;ited seg.m<cC!ll .l 22 of 1h0 St'X'.ond ekcirode 120 (dthe.r ;j 
caihock or an anode), wfo:rcas the ..::enter of the step elec­
trode a,s<.:,mbly Hi2 has the head m1co,1kd s;;:g.m;;:nt 16J ,)f 
the fir,;i ek-l,trnde (eiil1er an anock or a cailw,k) lhai. has i.he 
opposi"te polari1y to ,he sernnd ek-ctrode ,i-t the ,;:enter of the 
ma-in ekctrode a~sembly Hi1. 

!00681 FIGS. 2A-2H indu(k sch,,n:ta!ic structural dhl­
gm.ms uf a firsi. dectro{k 20il and a s,x,ond ,.,foctrod;;: 210 
oppositt' to the fir,t dectrodt' 200 01\1 hatkry ((;'.g., a lithium 
ion h;rtl<cCry)- in accordanw with some emhodirne11ts. In some 
embr>dinwnh, tilt: firs! dc,.::trndc 200 Jndmk,s a !lr:;;t nirnm! 
collccmr ,md !irst active m,iterial coated on lhe fosl et1rrent 
colkctor, and the second ckdxode 210 indmks a second 
current co!lector and ~,:;ond active nwlc-ri-1[ coated on i.he 
,;;.;.>co.nd t:1ll,en1 colle.:,or. In so.nw embodi1ncni,;, a !h-sl 1ah 
201 is an e:<t0rnfo:l po.rt.ion of !he ti.rs! oirrent rn.lleclor,. and ,i second tab 212 is a.n e1-tcm.kd pm,ion oflhc ~ccond n1rrcnt 
colkctor. In som"' <cCmhodiments. th;;: first tab JEt2 and llw 
~t'l.'.tJnd wb 212 may b"' pr;.;,t:rvnl from respecfr,·t' me1~i1 
,;beets when ~·lltting ,he fast ,;ll_mmi cdkctor and tile second 
ClJ.rreni colk-ctnr Ollt li,;,m !he .re;;p<.:'-Ctive metal ;;hi:.>c-N 1n 
some .. ·nibodimcms, tb,, fo1,t de,:,rmk 2011 is H ,,athodc· .ind 
tile ;;".:,md dcictrode 210 is mi an,xl;;, of the haitery.. :\lt"r­
nativdy, th,, first dt'l,tr<.Jde 200 is an anode and tht· secund 
dectrode 2.10 is ;i cmhode of ,he battery. F!G. 2C i;; ;J 

~ch<.::.rn;;iic ;;tructuml dbgmm nf a i-t:i,,in1!0.r 220 d.i;;pnsed 
bcnveen tM) oppo;;ing dct:trodes ,,s illu;;trnk'I.! in l-'IGS. 
2.-\-ZB '-'I.the battery. In S<)ltl<.:"' ~,mhodi.nwnts:, 1he cathod~\ the 
<lllodc, M!d tfo,, sq)arator ar,· m,dt: using r,'.Sp<-'ctiv;.; rna,eriah 
,1:-; di:,,:_'.nSs<-'il herdn, 

j0069j FIG. 2D 1;{ a ;;chmna!ic s1rucm.ml diagrnrn of ;j 
battery 240 induding two s:t,Kk.i!lg cdb, e.g., .; step cd! 250 
and a main cdl 270, that are for,her swcked along lh" \' 
directitm !lJ form ,, 5teppcd SlnK·tur;.;, :in ,Kcon.fomot, v,·ith 
~mne <cCrnbodimellts. In some embodimenb. lhe s:tep cell .250 
i;; shorter (or n;i_m,W<cCfl !han the m;1]n cdl 270 along !he X 
dir,,~:,ion. ln s.:,mc enibodime.m,, th'-' ~lcp ,xH 250 is formed 
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hy ,:lterm,tingly stm:king .; singk•~ide !lrst ;..~ketrodc .252 
(e.g., the first dectn:,dc 200 of FIG. 2Aj. a dnubk-sid"· 
stumd dcc:trodc 254 (e.g., tht· st·ctmd dcc:trodc 210 or FIG. 
2BJ opposite 10th(;' fir.;t decirode 252, and., doub!l'-sid(;' fir.;t 
i!k-x,trodi! 258 (e.g., the Hr~t eli!ci:rode 200 of F1G. 2AJ 
opposiic 1,_; 1he ~l'(.".rnd dl'(.'!rnde 254 ,,long ·th;..~·,{ di.R'-Ction, 
!n. some t!mbodimeII!~. separator, 256 arc dispo,ed bet,vcen 
a,tjact·nt fir,1 ,,ud ~econd dcctn:,d,,,_ ln ~omc t·mbodimcul~. 
the main cell 270 is formed hy ah(;'rnatiugly stacking ., 
plurality o:f second d<.::Gtrode, 274 (e.g., thi! ~ecnnd dec,rode 
210, HG. 2B) mid ,a plmali.ty of first ekctrode~ 272 (e.g., the 
fo,;t ek·ctmde 100, FIG. 2A) alnng. the'{ direc!i(ln. In some 
nab<.)(linwnt,, $epan:rtor~ 276 m<:: di,pn~ed b.:twccn adjm:.,cul 
fin;! and ~""'-'O!!d ekctn.xle:,. 

(00701 In ~onK' tc1r,bodiments. tht, first dt',,tmde 252 of the 
~lcp o::dl 250 inc!mks si(k sq,i:mmts 252· l 1lrnt ,ire dispo~l'D 
on two ,ides of,he ste11 cdl 250. ln order 10 prevent lithium 
prcdpitaiion andior expo~ur,,, proiective adhe~ives 242 aN 

used to sral ihe ,i,ks or the proiruding steps of the s!ep cell 
250. In sorn, .. ,,mbodiments. tli,, first ekcimde 252 oftht' sk:p 
\,cl! 250 further indll1.ks sfom::d s,;;.-g_m,:nts .252·2 ·t!mt ,,re 
d.isp,:-,~i!d ovei- i!nd portion;; of the ;;~~om! ekdtodi! 274 of 
the nwin ,:;dl 270. ·111e ,lmn:l ,.egments 252-2 of the fir»t 
dec!.rod0 252 and !he Hr~t 0k,::!rod0 258 nfi:he step cdl 250 
can lrnve d,'Ctr<.x:h,-mi,,al inter,,;;ilatio11 \vi!h th,, s,'Co11d ekc­
!rnde 274 or the irwin 1-cd! 270 m the intediKt~ hl'IWCCIJ the 
step cell 250 and the main cdl 270 to generate more 
ek-ctricn! t'11Crgy. In sonK' embodiawnts, th,;.:• first dectrnd1c's 
252 and 258 ,'.;lJl bt, d!hei- a .:.l!hode or mi. annde nfthe s!ep 
cdl 250, corre~-pondingly, the s,'Co11d d,'Ctr<.xk 274 '-'<l.ll be 
;..~ith;..~r .;n ,mode or .; o::mhodc of !h,: main ,,d! .270. In some 
embodimenl:s, ,;ep,:1.ralorn are al~o shared between the step 
,,nd im,in dectrode ~,ssemhlks. 

[0071) In some emhndimen!~, 1h0 Hrs! ek:ctrodes and t!K, 
se..::ond dt:etmdes m:,,_~ Hlienrnting, i.e., a first ekdrode, a 
scp,m,,tor, ,i seeond ;..~ketrodt\ ,: scparntor, ,: tirst deetrodc , 

in d-irectl:y ;;fack to foi-rn the 1-J;Jt!ery 240. In ~orne 
(;'litbndiments as ilhistrnted in FIG. 2E ,i plnrnliiy of cells 
(0.g., ,'.ells 280, 282) can be disposed on a ,x,ni:imiou~ and 
long sep.,1rntor. E,1d1 cell of the pluraHty of cdl~ may indudt' 
one or more fo,a elcetnxles ,md one or more sl-.:o.nd ekc­
ti-odi!~ ali:ernat-ingly ~!;icked, q;i,.,. to form r.;s11i!ctiv~, cdk 
The battery 240 can then be formed from th~' plurn!ity of 
cell& d.isposL'>:I (HJ the continuoDs and long ,;epam!or vi;i 
Z·shapc ~lncking. In ,tmK' embodimcms, a plurahty of 
bi-cells, such ,l~ bi-cdts 280 induding !irst ck-.:trndcisep,1-
r;1im·.ise•cond eledmde✓s~,parator/tlr,;t dectmd.e, or hi-cell, 
282 including ~econd ekctn.xld~"-'Jmwtorifirst d,'Ctmck/ 
sep;ii~1!or/se1.x,nd dt,ctrode, are disi,osed onto a continuous 
,md hmg separa!or 256 via hot pressing, ;Js illustrnkd ln FIG. 
2F. The h,Htcry 240 can then I:,(;' formed frorn thl' bi-cdl~ on 
t1K, sep;1rn10r tlmmgh a \Vinding 284 pmci!,;;. 

!00721 In some ;..~mbodimcn!s, the b,mcry 240 indud;;.•~ 
first i:Jbs 202 on the fast d,'Ctro(ks ,,1.nd s,x,011d tabs 212 on 
tlw """-'-)Ud dt'l.ctrodes. In wme t·mbodimem,, the mnin cdl 
270 forlher i11.::lnd;..>:;. a protective adhesive 244 attached to 
!he hoHorn of the main cell 270 ;1i: a position corri!~ponding 
to thl, J)l.)Si1ion~ ofihe ckd"rnd,: rnbs, s,Kh tha! th;..~ protco::!iv,: 
ad!1x,~ive 244 can prev011! ;my shaq1 mewl dekx'.t:, (lf-thr iah,, 
qr, ,,dding burrs and/or cutting burrs, from pt-iietrnting the 
packaging film of the bmkry 240 and forming a C(ltlfact with 
;1 mdal layi!r o:f the pad:aging Him. i!.ft., an aluminum (_}\]) 
layer. 
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[0073} FJG. 3A irn:ludc;; sdK~rn;itic s;ructurn:t d:i,ig,rnms of 
hvo $ides (e.g .. surfaces) and a cross-section view of a firs! 
,;:kctn,de JOO t,fa lx,twi:i', in anx,rdance wilh some ernbodi­
men!s. For (;':a,e ,Jf de;rcrip!iou in t:tw 01.rrent dbldo;rllre, 1wo 
,~nd:!> of the firnt d<.:'Ctnxk 300 M,~ 1~;;ped.ivdy d,dlned a~ H 
head (<.:'..g:., th<.:'. kft end pnrtion in HG. JA) and a tail (e.g., 
a rigllt end portion in FJG. JA) along ;i length dirt-x;tion X. 
ln $Omt: t:rnbod.irn<:.~ih, lht~ fo:;t ckLOtr<)s:k 300 indud,;, a he,,d 
dnubk-;;ide ;rcgment 302 whkh have m:!ive maieri,.ll nmtcd 
,~n both ;;ide.~ ,;rthe rn.rrent colkdnr. ;1 l;3b npening an::a 304 
tl:mi. is uncoat<.:'l1 (e.g., a pixtion of" bi1r(;' d<.:'Ctrode cu1r;;·nt 
co!kctor), a tab 309 attm:hed to lhti tah opiming area 304 
(whll ;,n t~mlxxk!,'<.1 i.ab (ETS) 5i:ructm-.:.!J. a ,iugle-,i,k seg­
men! 306 wllich has ac!ive mak,rial coated on on!y one side 
,~f the cnrrent colkctnr. and. a hril tmcoated segm1.:"'lll 308 
,,;•hkh is « pi)ri.ion of the b;;ir,:; n1m:,nt collector without 
cnating ;mv active material. The height of the wh 309 rnav 
bt~·,n~;:11~/1.han the ·th.icknes.~ of the ~;ci\ve m;iterial~ coate;i 
on the (,nrreul -.,olkx:lor a~ 1!lustrnted in the cro!>,;-~ectional 
view. 

100741 FIG. 3B indudes schem::rti~~ stmcmrnl di;igrmm of 
t,vo ~ide& and a cros~-;,c,:;tion ,,.·iew 01\1 s,~oad ded.rode 310 
,)fa batt"'.f</, in ~,ccord«nce wilh &c:imc embodiment,;. h,rease 
of ,k8crl1;tion in the curr,'nt disdo,tu·e, tv<"o ends of th,' 
second dt·,urnde :no arc rl~pectively defined a~ a h,~;d k.g., 
tile left eml portion in FIG. 3B) and a t:ii! (e.g .. :i right end 
po1tion in FJG. 3B) along a kngth dired.ion X. ln some 
emh,x!iments, ,he sei:ond ,~ki."trnde '.HO indudc,; ,1 hcmi 
~ingk,sid.,' scgmctll :H6 ·which haw active mme1·lal coati;d 
on only on<:., side of th--, .;;un:,:nt ,O\J:lkx:tnr, a ,kmhk·•$idt· 
seume.m 312 which have ;ictive m;fWria! coated on h,ltl1 
,id~;, of the current ,,oU,~tor «nd extends to i.he taiL <l bb 
op;;.•13ing <1rca J.14 thal is UllC()llkm (e.g., a portio!I of a bare 
ekctrode curn,ni. collector). and a tab 319 attached i.o the tab 
opening ciri.:·a 314 (with an embedded tab ~lnKni,c (ETS)). 
·n1e hditht of ttie 1 ab .H 9 rn,1v be ~mailer than the tlikkne,;s 
;i, the ·i~~·~ivt; mat<.:'.rials coat:x{ on the n1rreai. co!ketor as 
illu~tralcd in th<.~ l"r<:!;;s.~1;.,r.:1iomil vi1;,·w. 
[0075} In wmc embodiments,. tbe first denrodc JOO i~ ,1 
cathod(: and the $CCornl dectrod;;:, 310 i~ an m.1ode. :\lterna• 
tivdy. the first de..::tn:,d,'. 300 is ,111 anode and th,'. s;;·s:nnd 
dedmde 310 i.~ a ca.hodt,. ln some t,mhodimtlllN, the 
cathode includes c;ithode cunent col.lecto.r and cathode 
m;tiv,~ nmkri~,!. and th1;.'. .;node indude m1\Jdc crnTc·ut rnlkc-
1or aml anode active mawrial as discBsst~d elsevvhere herein. 
ln ~ome ,;:mbodirm:rM, the rahs 309 (1ml 319 cnn be (fopo;,,;:d 
a! the middle or closer !o eitlkir end oi' tlk\ respt),:tivdy 
dednitfos JOH and :~ 1 ll 
100761 In some embodiments, th,~ !h,;;t ekctrnde :100 or tlic 
~t"-'tJnd d,,,_,1J1xk J 10 dot:s not include a h(lad unc,xHt"-l 
,;egment, ,;H tilat no uncoak'<:! segni;;:,nt of lhe t:urre11l colfoc• 
tor l~1kcs up additiomil volume at the ccnwr (q:,;: .. ,1~ dis­
cu~~ed in FIGS. lA-lG), ftfflher, ;he tab& 309 a!ld 3.19 m-c 
!hi.nner than the thkkne% of the adivt~ rna1<.:,rial coaied on 
the fiN and ,t,cond ek-<·tros:k$ 300 and 310 resp~>cti,·dy 
(e.g,, as shown in the crof;s-sedional vit,\cvs i11 FlOS. 
3A-3B I, thus the tabs are n,it takinµ, <.:,xlrn volume nr sp;1ce 
ill "b~1ttery prepared by th;;- firnt ;in<i ~"~\J.nd ekctmde& JOU 
and 310. Therefore, h;itteries prerim~d B~ing the iina ,md 
~t"-'tJnd dt-ctnxks 300 and 310 C(tfl have irnprnv(ld t·ncrgy 
,:k.n~itv kcause morn active 1nattlri1ds can co11tribuk\ to the 
lith.iu1;1 ion intercafation process. 
j0077j FIG. JC i~ ;i sdiematic strudural diagram of ;j 
b;.ntery 320 indllding a ,1,~p dectrodt· ,m;1;,·uibly 330 ~lacked 
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on ,, nmin dl-ctr,,d;;., m;sembly 340 ,ilou1-; a Y direction lo 
fr,mi a sti.lpped structm:e, in a~cordanc,; ,;itri some embodi­
ments. ln ,trnw t·mbodimcm,, 1he step d,,,_,1rode <1,sernbly 
3:\0 is shorter or nan:m-ver than the nmin dectrode assembly 
:'.UO along ;1 X direction. 

100781 fn some embodiments,. thi! step d,x,tro,k a.ss~,mhJ:y 
330 ha5 a ~imibr stmctll!'i! as th;;- ekctrodc ,1$SCmhly l'H ~,$ 
discussed with rnforenc;;:, to FIO . . l E. !n some embndinwn!s, 
1he step electrode assmnbly :BO includes a fo-~1 dectmd,' 
induilin\.l ,: lw,:d lHlCO,Hl'<.1 ~"'i-!J:!K~nt com1ect,.:d 10 a double~ 
sidi! s~,g~;1ent di&1~nsed ti! th; inierfam betw,~,n the s!ep 
dcctrod,, as,t·rnbly :BU and the main ek,,tm(k assembly 
]40. The step de.:!rode assembly .no for!hei- indudcs ;i 
,.,'<:,md ekx,tmde opposite 10 thx; first ele.:trnde and indud.ing 
,, IK',K1 un,,,x,1,c,:1 segment ,x)ruK~,,ted w a singk-si,k ~g~ 
nicnt. Bolh the ilx,a mid ,;l':\.~md ek-.:trode~ or the slcp 
dectrotk MSt'mbly 3JO wind cmrntt'.rclockwise starting 
fi:nm a cct11Cr tow;ix.! outside. 

[0079} In some emhodiml'nts, thl' nmin e!lx,tmde ;,s~ern­
hly 340 us,;s th,~ firsi d,'Ctn.xk .,oo and th,~ ~i;cond 310 ;Js 
,fonis~;..~d with .n.,fcrenc,;: !o FIOS. JA.JB. ln ~om,.: ernbodi~ 
nicnt~. lhe fo-s! ckc1rrnk and tl1i.J ,;d'<Jnd dec!rnde start from 
the same position insidt'. tlK' ekctrode assembly 340 to \>,ind 
~,ountcrdochvise :trom insi<k oul. For l'xarnp!e, the siugfo­
si,k st·9.,1nmt 342 (e.g., tb,; slngk,sid,; seg.i.nmt 316. FIG. 
3H) of tht'. s,xond dectrodt'. ,ind ilw don bk-side St'.g:tnent J44 
(i.l.\J:., !he doubk-,;ide segmenl 302, FI(i. 3A) of !he first 
de::tro<.k st,,1rt from the ;;am,' positk)n ,;s,ithin ·tlw <:.'.kctrod,~ 
a~scmh!y 340 ami wind cornnerdockw1se, 

[0080} In ;;rnne embodiment;;, dHforeul from the propor­
!ions b,itw~=,m di:!k,reni: segment, m11,trnk1i in FIGS. 3A-3B, 
the ~ingk-sidt' St'.g:ments 3(l(i and the tail unco,ited ~t'.g:t1Jt'.tlt 
308 or 1h,! first ek'{:!rode 300 and thi::'. singk-si,k sq;mmrt 
3 Hi uf ihe sewnd dectrnd<.' 310 me long,'r ifa111 tht' doubk­
side segment 302 ;md the doub!c-sidl' segmern :l 12 in 
respecfo·l' ckctmdcs. Ins somi.l ernbodin1l'nts, !he singk­
sidt'. segment 346 (,:;.g., tlK' singk-sfrk segment 306. FIO. 
3.\) aml the tail m1comn! scgmcn1 348 (e.g., the tail 
u11cm1kd segmem 308, F!G. 3A) extend fmm the nmin 
electrode ,issemb!y 340 to disposed on an outer portion or 
lhe step dt.-ctr,xll' <1~se.mbly .UO. For examp!i.l, !he singk­
$i(k ~egmenl J4fj of tht· fir~t dt·(!rode indt1<l,,-5 a ~,,g:m,,nt 
346·.l ,foposl'<.1 on 1he klt butt.om, ,md righ! ~id,;:s of !h,.: 
main ekdtodi! a~semhly 340. t,nd a segrnem 346-2 dfaposed 
on ihe right ami top sides oflhe step ek-clrnde w,semb!y :no 
(thx; scimcnt ]46-2 par1icip;iting in dec1rnd1emical reac• 
tiuns v,;ith th,, ~im<:k-~id<:.) :;<:,)gfll<:.)nt oflh,;:. so;;t'{mcl dc.;;tr\)dt: in 
the ~!Cp ,.:k,,tr,,<l,.: asseml~iy 330 to gnwrnk ,;:kt.,tric,,1 
energy). TIK' uil nm:o;ited segment 348 ·indrnks a ~qnni!nt 
J48-1 disp<.),ed nn 1he left ~ide of 1he swp de-:tr's,dt· n"t:rn­
hly 330 and ;i %;gnK\nl 348-2 dispn%'<.i on thx; lel't si,k (lfthc 
rmrtn cknrfKfo a~~,,mbly 340. In 8(1nK• embodim<:.)nt~ ,it 1h,, 
interfa~.: b;;.•1w,;:,;:n 1hc ~1ep ekc1rode ,i~s,.:mbly ,no mid !h,.: 
main ek:etrnde a&sembly :140,. ilw doul·,k"'-s·ide segment o:f 
!he fa$t ckn11xfo h"m !he ,tcp d,,,_,,mde <1$~ernbly 330 i$ 
facin!X 1he doubk-si,k sx;!l.mem ofi:he second ;;:,kx,tn:,d;;:, fmm 
1he n;;,in dectrrnk a~sen;i)ly 340 to participal~= in. 1he dec­
trodtemi,,:iI ro;;,Ktion~ bii:l\.Yeo;;u the two ,,pposiug ,.:k-ctr<.xk~ 
to gi!nerai:e d,x,trkt,I energy: 

10081 I !n some x\mhodimrn:ts, i:he fa~t ;;:,kx,tn:,d;;:, li\im !he 
s1ep de-:twck- n~,t·rnbly or tht· main de,,tnxk a,st·mbly can 
he <1 cathode or an ,mode, v,..hile the second electrode heing 
;m anode oi- a cathode !hat is opposite to the first d,'<.'.ttodi!. 
ln ,s.nri,.: embodiment,;, th~, batt,.:ty 320 furth~,r im.,!ud;;,·~ 
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_,;;;par.llc,i:; (d.;shcd line;;) disp%(:d h(:!Wccu the c,pfK>$iug 
eledrode~ (e.g .. the lir;;t de.clmdt: and !he ;;econd electrode, 
or tfo,· cathodt, ;ind lht, ;uwdc). ln sqm,; "'mbodimt~11s, tht· 
bmtcry .UO llutho::r im:ludt:-;; ,1 t;iil adhesiYo:: 324 to se;il tho:: 
,,nd of ,he ,ail B.ncn;ited s12g,m12n1 o.n lhe main ekcimde 
;J~st·mbly 340. and pn:,tt'l.'t·i,.,", adhes·iv"'' 322 to prev(;'!Jt 
p.redpi1;;tion and.!or exposure of lithium from th<;; haikry 
320. 
!00821 FIG. JD l, a sch,~ma.k stmcm.rnl dlai:wam of ;J 

b<ittcry 350 induding u ;;wp dc,,tmde ,isscnibly 350 ~lm;kcd 
,~n ;i main de.::.rnde ;iss12mbly ]fiO along ,1 '{ dire.cl.ion fo 

form ,i skppc-d $lrt.ldtn"<'. in (i(.·cordancc with $<:>me t·mbodi­
mellts. In somt: emh,)dinwn:ts. tlw sl;;,p dcctro(k a;;semhly 
]511, the main d,xtrnde as;;,.;,mhly 360. ;md ,he sh;,n.,d 
segments or ,he fir;;t dic's::tctKk fmm ;he nwin d,~,~tmde 
ass<c'J11hly 360 to ,he slep declmde assembly 350 are ,;ub­
'itantial!y ilw ,ame as il1e step eki::trude cissembly :no. i.hc 
main electrode ;issernbly .'J4H. 1he ;.hared segmen,s 346 mid 
:,48 of ,ht~ fast elee1md,, from th<: nwin dectrnde a,,embly 
330 to the step d(;(;tro<:k as;;embly 340 <ls ,liscu~scd with 
reforenr.:e to FIG. 3C. "Die main difference between the 
hati.eJ)' 310 in FIG. 3C and the battery 350 in F!G. :,Dis that 
lhi= first dic'i..:trn<k auJ the &econd dcctrmk st,irt from 
diff,,r<:nt (e.g., rrppo,-ilt~) locations. F,ir ;::,,;ample, ilw double­
sick :,egrnt~nt 374 of !he tirst ek:ctr<Jde ;;wrts Ji.urn !he !-mtton:1 
!efl within the cle,~tmdtc ;is~emhly _;40. and the double-side 
,t,gn1t,nt 372 (aherrn,tivdy i::otild b"' ;;ingk-si(k) of i.hc 
.,~,_'.,md ck,:1rndc slilr!s fo.)m tli,~ t()p right of ,vithin lhc 
ekctrock assembly 340 and ,>"ind com1t<:rdockwise. !n ,omt' 
cmbo-di,m,n!s, ;;cpara!\Jl'S ,ir<:: also sh,ir<::d he,wc-eu ,lw stc-p 
and main cl,xtrode assemhlies. 

1008.'JI FIG. 4A indmks schematit, structnrnl di,igr,m1,; Df 
two sick~ (<i.,.g .. i::urfac,;;,s) nl\1 first d,xtmdt~ 400 nfa battery. 
in m:r.:nn:fance with ~ome mibodimcms. In some o::mbodi­
mcnis, ,ht~ li.rst de~,im,k 40il indl!d<:s a h;:ad (c.g . ld't end 
pod.ion) double-side segment 402 with active m;:iterial 
c-c~11ed on botb $ides of the ,;:nrre.n! rnlkcior, H sing.le-side 
segmt~n, 404 'Nith active materfol to11kxl on one surfiKe of 
lhe current lco!kctor, and ,1 !,ii! k.g .. the right end portion) 
u.m:oatcd $egmenl 406 (e.g., a portion of till, barn currenl 
cPllector), and a plurality or ekctr(!de tab, 4118 whkh ;:irt, 
connec,t,d to ,he cummt collector. The ekx:lmde t<1hs 408 
m;iy b<.:, pre~erved from a .mdal sh<.:'<.:'I when cuiting tlie 
l:urrc111 ckl:lor or the first ckctrod,~ 4110 frnrn the· mcl<ll 
,;hcct. 
[0084} FlG. 4B include~ sd1cn1aik s!rntclwal d.bgrnm~ of 
two ;;ick~ (e.g., $U1·fiK<.:,s) of a ,,x:ond ekx.:trock 410 of a 
"b<ittcry, in ~,ci:ord<mce with so,nt~ cmlK,dirn~,nt;,. 1.n ,;ornc 
,,mbod.imenls, the ;{12coml ekdrode 4Hi include~ a head 
(e.g., left t'.!Jd porti,m) ;;ingk--$id"' $Cgmcnt 414 ,vi,h active 
ma.mial coated 011 one ~11rlilce ol" lhe current rolkt,tor, a 
doubk-sidc st,gmcn! 412 w-ilh active nmtcria ! cmitcd on both 
s·ur:foi.'.;;;; ,)fth~, curri=nt 1:olk ... ·I(,, . .;nd a plurnlily of c·k,'.tmde 
tahs 4.18 which are cnnnecl<.:'-d to the cm-ren! cnlfo<.::1or. The 
dccti.udt, tsibs 418 may l"lC' pre~rvcd from a rnd,11 sl1<,d 
whell cu.ting the cun·mrt elector of ihti ~econd dt'Ctrn(k 410 
from th<.:, metal shed. 

j 00851 In some 12mbodimenis, the first <.:,lecirnde 400 i~ ;j 

cat hock a11d the s(: ... ·ond d(: ... ·,roJe 4.10 i;, an <illC>de, Allcrn;_i, 
tivdy, 1he ih~I dt-'<::tmd;;, 400 is ;in anode and the? se ... 1md 
dccti.udt, 410 i;; a nith,J,k. In sorn,· embodiment~. 1l1c 
cathode mdudes .::mhode currenl coll<c--ctor ;md cmhode 
active maleri.al, and the ;mc,d0 inclmk anode currnnl collec­
t;Jr and ,mod'-' .ictivc nmtcri~d a, discu:,scd cfacwhen: hcR,in. 
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In ~onK, ;..~mb,,diment$, th.;, nmnbcr of rnbs on each dec!rrnk 
rnn be dett,rmin.,,d by ttm number nf !ayer& in !he dedmdc 
<1$,crnbly. For example, iher,, ar,· ,)nt· lab ,·very !ayer or 
evl'ry O!her !ayer. 1Jw positions mid the dist;mces between 
th~, tab~ on the de•C!m,k can be t,dju$ted 10 di;mge !he 
location ,and numb<.:.'r of tab$ in the battery. In $O!l1e embodi­
m,!n!s, using nm.!!iple tabs on an ck!clrnik can. incrc;ist, the 
po,vcr (km:oty of tlw lx,ncry. Thai is, tht· bancry is (.·,,pabk 
of fi,st dischm:g,ing, al a high 0:1.rrern rate, 
[00861 F!G. 4C i~ ,l schema,ic strncmml d-iag.r;1m of ,l 

battery 42(! induding a step ekctn.xk .,1sst'n1bly 4:\0 stacked 
(HJ a main. dectrnde ;issmnhly 440 along a Y direc!i(ln l{, 

form" ~wppt·d stn1cturt\ in <t(.0i;ordance with wmc embodi­
men!s. Iu some c.mb<.x!iml'!lts, the stl'p elwtrodsc assembly 
4.10 is shorter or na.rmwer than ilw ma-in decimde t,,sernbly 
440 along ,1 X ilirt',,ti.on. 
[00871 In some embodhnent~. !he firs! dedrode and the 
second clt',,trnde of tht' skp clt',,trnde assembly 430 us<.:.'S 
embedded tab structures (ETS) as discusst'l:1 with .reforcnce 
tu FlGS. 3A-3B. For exmnpk, th<.:~ fo,-t d,~ctm(k 432 is 
doubk-sick,d with auiv,, m,11eri:1!~ ,,oat,xl on boih surfrKc, 
of the rnrrcnt rnlle,;:tor .. A l;Jb 434 is embedded in !he lir,;I 
ckctrodc 432 as disCU$Sed in FIG. :,A .. The second ekctn.xk 
4:\6 is sing!l'-sid"""i, and a tab 438 is emhedded on !he coaled 
surface of the st,cornl ek'<.,trode 4.,6. 
(0088( In ~onK, embodimenis, 111e main dectrode aS$Clll• 
bly 440 w;,;;s lhe first de,;:trnde 400 mid !he second el;;dmde 
410 as discnss,xl in FJGS. 4A-4B. In p,,r1icufor, e,,d, (>f th,~ 
firs! ;md Sl'i..-xmd eks::trodes includes one or .mo.re !ibs tlmt arc 
p;Jrls of ,h,~ currcn, cullector ;Js disn1ss,'d witb r<.:~foremx ltJ 
FIGS. 4A-4B. 
[00891 In som,;; emhodin1l'nts. 1he ilrs! electrode of the 
main dectrodc ns,cmbly 440 indude~ a :.;ingk-,idc ,cgmcnt 
446-.I disposs,d on the !elt, bottom, and righ! sides or !he 
main ekcmxk ;JS'it'mhly 340, and ;J single-side ~egment 
44(i-2 disposed on the right and top sides of tlK, stq.1 
dc-ctrode <1sse.mbly :HO. The sh1gle-side ,;,;;gn1,;;nt 446-2 
partidp;itt.$ in dt,ctrnch,,mk,11 rt,action, wi,h tl1e ,ingk-sid,' 
scgm.cm ol"thl' sl-.:o.nd eks::trode iu the step cll'i..,tmde ,issem­
bly ,HO ltJ 1w1x'rnk' decirical e11t'1'gy. In som,' ,~mb,xlimt'nts, 
the firnt dectnxk of the main dectrode ass<.:.'mbly 440 further 
indndes an. unc,,ak'i.l segment (<c'.g.,_ a portion. of a barn 
currem colkc!Or_i 448-l disposed on the le!l $!,k of the step 
cll'l.'.!rode ,N,embly 4]0 ,md ,m tmco,ll'--''<-1 ~grnrnt 44.~-2 
di~pns,'Cl on tht' kil side ,Jf!he main ekctro{k as~embly 440. 
The Hr~! eknrodc ,'<Ul bt· a caiho(k or au .. umd(•, and the 
st~·Dnd di.-'dnJcfo is op1m~ih:l to the firni: dcctn)dicl. ln ~omc 
emhnd·iments at !he in,erfoce he!\\·een the step dec,rode 
,,s$.;,rnbly 430 :md the nrnin ek,-•!rnde m;sembly 440, th.;, first 
dec:trode frnm ihe sl~p ek.'Ctmde assembly 4JO is facing !he 
stumd ekctmde from tlw main decirode a,~;,:•mbly 440 to 
p,w1icip;rte in the dilrtnx:h.;mi<-,il rnactions h.;1ween tlrn two 
opposing d~~tnxle$ to gen~,mt~, ek,ctrical energy. 

[0090] In some embodiments, th.;, h,,t1;..~1y 420 further 
indndes separmors (dashed lines) disposed he1wee11 th"' 
oppo~ing dei::trode, (q_h tht· first dei::trode ,,ud the second 
dt.'ol.'lrode. or 1he ;:athode ;md the anode). 1n some ei:nbodi­
nK,nt$. the h:1i:te1·:y 420 ful"ther ·ind ad.es a tt,il adhx'sive 424 in 
~l'<ll ihe l,nd ,,f the wil unm:rted $egmem on ihe nrnin 
;;,kctrod;;, assmnbly 440, and protective adh .. ~ives 422 to 
prevt·nt precipitmion andh,r t'XJJosurt· ot lithium frwn !ht· 
battery 420. 
[00911 F!GS. 5A .. -5K ;1re ,chemmic ,trncim;il diagram;; of 
vai-i<.!l1$ :;t.;,pfH .. '<-1 batteries having dectwd.;, :;egmenb liwn 
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lhi= step wlls (,llS() "stq) ck,1:trmk asscmblit,s") 10 b;;:: shat,c'<l 
wi,h the main cell$ (also "main ekctrode assemblies''), in 
,iccordcim::o: with sww,, ,,n1f:xJdiments. Jn 5<:>mc o:mbodimcnls, 
o:adi b:lHo::ry as ilhistratc<I iu FIGS. 5A-5K irn.:Judes a step 
,,led.nitfo n~~cmhlv ;{tacked on a ma\!1 dec!rnde a~s<.:cmbly fo 

form a stepped sinit,ture. 1he stq1 ekdrode as,emb!}' is 
;;horter or n;;.rrvwer ,han tht: m;liu dcctrock .l.'i:mmhly. In 
$Omc t,rnbodirn"-'llh, c(1di d,;;ctrn(k as5cmbly ('\:ell") 
illdudes a firs! denrnd.e and. a ;;e,,ornl denrnde as iwo 
,Yp1x,~ing dectrode~ of a hattcry. In 1mme embodiment~, the 
fo:;t electrode is a cathod.t,. and HK, ;.et:,,nd e!"·drnde is <lll 

anode. Ahemativdv. ,he Ornt e!cctrrnk is anmk. and ,he 
~econd ekdrod,;, is· a cwho.J,, of the battery. The n1<1krials 
and process used fi:,r preparing thi;~ ,,atbode and thi;~ anode ;m.c 
disclm!l('d in various 0rnhodirnmiN el.~ewhere in the pr,.:':sent 
disdosur;;,. Each bauery from FIGS. 5A-5K i:m1y ft.1t1ht'r 
include separator;; (;fashed li.m.,;. l disposl'"l. be.,veen ,he 
opposing electrodes (e.g., !IK' fir,t dectrode ,md the s,,cond 
cl,;.::dmde, or !he t:mhode and the ;mode). Each ba1tery may 
alsu indutJ,, H tail mihesiw to se,il the end of the t,1il 
uncrmto:d st~gmen! onto an t,lcctrofk a5sernbly (,,.g., th<' top 
of ,he skp t:dlJ, and pro1<xtive ,idbesives to preven, pre­
ciphatio.n andinr exp,1sure of lilhinm from the balter::r ln 
some ,;.::mbodimcuN, sep,irn!<Jrs ,ire also shared between the 
step and main ek--ctrode assembli;;,s. 
!00921 For each hmkry as sbo,vu in FlCiS. SA-SK. in 
some embodiments, 1he /h:;, de('.trode from ,he step ~•ell 
irn:::lwks a fo-;;t seg,ment (,,.g., th<.' sfogle-side ;;eg.ment 506-1 
,Jf tile st,;.::p t:dl 502, F!G. 5,\) dispo;;ed on the top and lei\ 
,;ides of tht~ step tell, and a se;.'.ond segmcm (,\.g .• the 
,ingle,side ,egmenr. 506-2 of the m,,in ekctmde assembly 
504, FIG. 5AJ disposed on au outer portion, ~ud1 as Id) and 
h.lttom sides of th<.' main cdl. In ,.orne emhodiments,. the 
,t'l.'-Jnd segmen! ol' the first dectrode from !he taql tell 
par1itipate;; in ekctrochmnic;il reactions with tlw S.,\C011d 

ckctrode oftbt, nwin cd! to g.em,,rnk, dci.:tric«l <.:\nergy. fh<.:~ 
first de,troJe from the step cd! forther indud;;::,; a fo"$t 
uncoat0:l segment (e.g.,. a p,1rtion of ;1 hare enrrnn1 C(;lk:do.r. 
such as th~~ u1H.x,ai.,;.;,d ;;eg,ment 508-ll dispo,;ed on the outer 
right s.ide of ,he main cell. and a SL>l:Dnd ,mt•oated segnwnl 
(e.g .. the unc,:,atcd ;,egmeni. 508,2) dis.pnsed on the outer 
riglll sick or th,;.;~ step t•dl. ln ;;nrne ernb<xliments, a, the 
ink,rface b<.:'twe0n the ;;tep cdl and the main ed.!. the ~ecnnd 
decuntk !hm1 the &tep cdl ·i, frKing the fir,t dectrode from 
1he main cell 10 participate .in the dectmd,em.ical fi'W .. '.tions 
b",isveen tfo,-se t\vo tJpptJsing ek'(.·twdes tu generate d,;;ctri,,d 
ea,;.::rgy. 
f009]j no. 5A. s.hnws ;; stepp,,d b,i1tery 500 including ;j 
step cdl 502 having a similar s.tnicturc as the step (;'kctto(k 
a&$Cmbly .t 7.1 as disrn$St~d with reR,rt,JK'C! to FIG. lD, mid H 

nwin cell 504 having a simila.r ,tmctl.m: as ,ho: SlcK•king 
dectrode assembly 270 ,is discussed with rdCfi;~nee to 21), 
{00941 FIG. SB illustrntes ;1 ;,10PfK>.il b,i1tery 510 including 
,l step cdl 512 witb a similtu- st,11cturc ,1~ th'-' step ckclrode 
as~emhlv 171 as discus;;,:d Viith refom11t•t' to FlG . .t D. m.1d a 
nmin fell 514 with a similar stnil'.turc as the main d,;;ctrodt· 
assembly 440 ,is disrnssed wi!h rek~i-cn,~c !(, FIG, 4C 
!0095! VIG. 5C i!Justmt~s a steppd ti.itt~ry 520 induding 
a ~,ep cell 522 with ;; simih1r ;;trncture as !he ;;tep ekcimde 
ci~s,-mblv 171 as dis(.·us~d with rdt,rctK'-' to FIG. tD, @d ,1 
main tell 524 ,viih a similar stmcrnrn a.~ tlK, m;iin electrode 
as;;crn.h1y 440 as discu;;;;ed wlih .mfr:n.mcc to FIG. 4C. 

f0096j no. 5D illt1.~1raks a ;;tepped ball<.:'l'Y 530 including 
a ;;k•p cell 532 with .i simi!ur stn.K!l.lX'-' llS th'-' main dectrod;;.-

10 
Feb.6.2020 

,issemb]y 440 ,md ·th;.,, lir~1 and st--coml dectwd,;;s 400 mid 
410 w; discussed witl1.t'eferc.nce 10 FJGS. 4A-4C. an.d ,i main 
cdl 534 ,vi1h a similar slructuro: as th,;; m«in o:k,,tmd;,:­
assemhly 18.1 as disoisscd with rdi:,i-cnfe 10 FIG, 1 D. 
[0097] FlO. SE illustntk'~ a skppcd h,,u;.,,ry 540 indudi.ug 
;i step cdl 542 with a &-irnil;ir ,trnci:m·e as thx' rn;iin dectrode 
H~scrnhly 440 mid tho: first and ~i."l"<_,nd o:k-ctmdes 400 and 
4.IO 11$ discms;;,d with rdiren,,x\ to FIGS. 4A-4C and ;i .main 
cdl 544 \:,,·ith a similar stmcturt~ as tht' 1m,in ckcimde 
,issemb]y 270 <<S discussed with .n.,fornwo: to VIG. 2D .. 
(00981 'F!G. 5F i'llmtxates H stq_Ypt'l.i batkry 550 indndlng 
a ,tep cdl 552 with a similar strnctnru as the main ek,,tmde 
a,~;,:wb]y 440 and tlw first and s,;;coud dcdrod,;;s 400 ,,ud 
410 ,is discm;~d witlueforente to FIGS. 4A-4C. m1d a main 
cdl 554 with a similar ;;trnctnri! as !he mr,in dectrode 
H~sernbly 440 and the first and s,xond ekctmdes 400 ,ind 
410 w; di,;1.•1Jsscd with. reference h) FIGS, 4A,-4C. 
[00991 FIG. 5Ci illnsln!les a stepped battery 560 including 
" sk~p cdl 562 ,vith a slmllar structure ,b ihe d,~ctm(k 
assemhh 440 and the first and second e!l,...,trw!e~ 400 and 
410 a$ dist.'.USS;;)d with rderence to FIGS. 4A-4C and ;i .main 
cdl 564 with ,1 ~im.-ih1r strncttffe ,as the dectmde assembly 
]40 ,md Jir,;1 ,md so:rnnd ek--ctr,xks JOO mid :no <<S di,.,·ll,~l,J 
witb r,~foren<:t' ,o FIGS . . ,A,3C. 
!0100] FIG. 5H ilhistr:Jte& a ~k'pped b1,itery 570 including 
« step cdl 572 with a similar strnctwe «B the dcctwde 
a,;~emblv .HO and the first and seeonil electrodes JOO and 
:HO ;i, discussed with ref<.:~renceto FlGS .. ,A-.::m ;md 3U, and 
a uwiu ~'CH 554 with ,l similar strncture as the main ekdrnde 
,~ss,-mhly na ,b di~cus~ed witb rd'eren<:t' to F 10. ID. 
(0101 I FTG. 5I illnstrntes a stepped bHttery 575 indndlng 
a st;:p ('.ell 577 with a similar strut.•lure as the elcdmde 
,ts.sm1bly 370 and th(: first and &ixond decirndt.$ .,oo ,ind 
JlO as disnisscd with refornncc to FIGS, 3A-3B and 30, aud 
" maln ,;;di 554 1vitb a &imilar ~,rnd1.1r,~ as tb,~ staddng 
ekctrode ,'lS~'-:.'mbly 270 as discusst'l.i with reforetK'-:.' to 2D. 
[01021 FIG. 5J illwm:mes a skpp;:d halter;/ 580 induiling 
,l skp cdl 582 with ,, similar strudun: ,is ihe t'kctrodt' 
assemhh 370 and the first and second dl"-•trw!e~ 300 and 
:HO ,~s disrnss<.s:l \:,,·i.hrt'fr'.r<:~nce ,o FIGS. 3A,3B and 3D, ,md 
,1 main cdl 584 ,l'ith a simibr stnKtt,r1;., a~ the main electrode 
assemblv 440 and tlrn flrs1 and s..--coml ;;,kctmdcs 400 and 
4U) as ,l.iscu&sed with reference to FIGS. 4A-4C. 
[O.IOJ] FlO. SK illlls!rn!C$ ,, stepped b<,ncry 590 indudi.ug 
" skp cdl 592 ,vith a slmllar structure ,b ihe d,~ctmd,, 
"~scrnbly 370 «nd 1lw fir$t «nd ~<:{"<)nd d,,...,tmdo:s 300 and 
310 as discllSSt\l w·ithrden;:.nc.; to FIGS. 3A-.lB and .1D. and 
a rn;iin cdl 594 with ;J similar stmcm.re r,, the eli!drode 
,issemb]y 340 mid first mid %--CO!H.1 ek(.c\rndes 300 mid 310 ,,$ 
cliscu&s,:d wiih reJt~rmcc to FIGS . .JA,3C. 
[11104] F!G-S. 6A-6L ,,r,;; ~dK·nwlic slrunnrnl cliHgn,m, of 
various st.:pped batlerit),; lwving eft)dmde segmenl~ from 
!he nmin cdh (also "m;iin d,,ctro,k assemhlie,''.i to be 
slmrcd with t!K, slCp ~-dls (,iho "sk,p ek(.c\rnde ,:ssembli,;;s"), 
in acl,ordance witb sonk' t'mhodime11ts. !n sonk' t'mhodi­
nwnls. ,;;nch b;.nt,:ry us jjju,1ra1cd in FJGS. 6A nm! 6D-6L 
ind1Jdes a skp dec.,tmde assembly stacked on a main 
i!k•drodi! as~ernbly to form a ste11p0-d &trucime. The ;;tep 
dl,...,!rode asso:mblv is shon,;;r or narmwer tfom th,;; main 
dec!.rode assembl):. In some mnbodiments, a batiffy 6.10 as 
jjju,1ra1cd in FJG. 6B includes a nmin dcctn:ick asso:mbly 
612 ~tat.•ked on a ,;tep dl>clrod.0 assernhly 614 to Jhrm an 
invi!rted. ;;tepped stmd11re. In. some i!mhnd·irnents. a baHery 
620 a~ ilhistr,,ted in FIG. 6C indude,; ,i lir,;\ sh.·p o:k,,tr<.)de 
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,is~;;.·niblv 622. H nrnin dc1:troJc ~1$st-:rnhlv 624 st,Kked on the 
fa:;1 st,,1~ dec1rodc as,~cmbly 622, and ·a o-l'¼.-:nml step dcc­
trodt, ,c1$st-:J1:1hly 62{, st(1(:k<:xl Oil the main declrCJdc <1$Scrnbly 
624 to form ,1 sto::pped strncture. In some embodiment~, 
separa!on: are also ;{hared bet,vc<.:,n the ster and main ekx> 
trode m;st-:mblie&. 
{01051 In some cnibodiments. em:h ekctmde assembly 
("cell"J inclwk~ :, fir,;t ek'<:;'trodt-: and .i ,%cond cfoctrod~, ,{s 
twt, opposing de,::tnJdes o!'a h;it!,~ry. l_n some embodiments,. 
tbt-: nr~, ck'i..,tmdc is ,i 1.·mlw,k, ,md th~, scc(!nd dectrodt-: i~ 
an ;mode. )1.lter.na,ivdy,_ th<.' first 0foc1mde i~ annde. ,me! the 
~t"-'tJnd ckdmd1.:· i~ c1 t,i.thrn.k tJf the batk,ry. The rnatcriah 
and prnces,; ust-:.i for preparing ,he cat hod;;, ;ind the anode are 
discussed in v11riom ;.mi.hndlm.ent~ d;;cwh,~re in the prc;;em 
disdosurc. E,1d1 b,ittcry fo)m FIGS. 6A·6L may forthcr 
indude separalorn (dashed lines) disposed bet'i-veen the 
opposing ekctrodes (e.g.,. the first ekctrode and. th,, second 
electrode, or the catb<x!e and the a,Hx!et Ifach h.itwry rnav 
also im:l;x-1,, a wi! adhesive to 5,'al tl1e end of il~e tail 
tmcoakd S(;'-g_mo::nt omo an clcctr<Jde ;issembly (e.g., tho:: 
bottom of tbe main cdl of the bwk.rie~ in [·'IGS. 6A and 
6D-6Lj. and protective adhe~ive~ to pn:vt-:nt precipitation 
m1d/1.)r CXfK>&-urc tJf lithium from the battery. 

[0106} For (;'<ldl battery as shown in F!GS. 6A and 6D-6L, 
the slt~p cd! ,;1nd tlw main cell share one or more ~egmeni:s 
of iJw Jir,i. ckdrode from the nmin ded.rode assernbly, 
·which are similar to the balterv t9H as discus,;ed with 
refr,re1ic<, tc, FJG. lE. hi som,: e;lb(ldirm,nh, the fo·q dec­
lrnde :from the main cell induJes a first segmeni (e.g .. the 
singhN,i(k segment @fi-1 of th,' main cdi'°604. 1.i1d. fjJI._) 
di~po&ed on il1c !dt, lx,i.tnm,. and right sidt,~ ofi.he m;:iin ,,dL 
and ;J second segment (e.g., the ~ing.lt.'--~id.e segment 606-2 Df 
th,:;, m;;1in ,:dl 604, F!G. 6A) dispos,.~d on Hn ont,?r portion. 
such as right aaJ lop ;;iJes of the siep cc.ti. hi some 
embodimeni.,, tbe s;:,cond segment of tht' fo:;t ;:,kctrock from 
the main cell pm1.idp.1te;, in dccrn:a:hernical f(;'a,,i-ions with 
-tbe ~ .. >cond electrode of the step cd! 10 g.enernte electrical 
,~nergy. The first d.;,ctn:,:k from the mi1in cdl furtht'r 
irn:lnd(;-;; ii fir,, m1coated seg.ment k,g .. a portion or a bare 
currnn1 collector, sud1 a$ the D.ncoat,:d scgmen1 608-1) 
di~po&ed on tht' outer k!l ,·itk of the step cdL and a 5(;'Cnnd. 
tmcoak-:.i .~t-:g.ment (e.g., th,: ,uicoakd. ~;;,g.mmrt 608-2) dis­
p,lsed ,m 1he Olll.:?-f .!ell sid.e of the m,ll.n cdl. In ~nme 
cmh,x!imcnts, at th,, intcduc~, he,weeu th,, $tep cell mid the 
main cd[, 1hc !irnt electrode of the step cell is facing the 
$CCond dectwde tJf tht~ nwin c-dl to partil:ipmc in tht· 
decl.mchemkal .reaction .. ~ betvitic11 tlwse 1.'Wo opposing ek<.> 
trodes 10 gene.rate dectric,11 0ne1m·. In ,orne embodimi.:'llt~, 
.,epa.r.ilc,r:; ,ir,, abtJ ~hiircd bd,1,cen ,he ~,ep ,md rmiin ck(."~ 
1m,k assemhlfos. 

[O.I07J FlG. 6.--:\ shmvs il stepp,:d haltery 600 including a 
Mep cdl ,;02 having ,i simihll" slmcture a, tbt, stac:king 
ckt-:lrodc ,is~;;.·mblv 250 as di;;cus:$d with t,;.,krcncc· to FIG. 
2D, and a m;i.in ;dl 604 having a s.im.ihir strncturi.:, as tlie 
nwin ekctnxk a,st·mbly 192 a, di~cu,s,~J ·with rdcrt·.ncc lo 
.lE. 
[01081 FJG. 6B s.hows au i.nverted stepped batkry 610 
incllld-ing a main cd.l 612 having. ;1 sim\l,1r sh.'llcture a.s the 
nmin dectnx!t.· assemblies 151 and Hi.1 as Ji$CU~scd with 
refore.nctl to r!GS .. ff and lG, mid. H skp cd[ 614 i1;ivi11g. a 
~,nidure tJf a ;;l,l;.ckin~ c-dl by ,tacking tht· fir$t and. secund 
electrodes and the separatnr ,IS dis.::ll~:il'il with rd~reuce to 
FIGS. 2A-2D. Similar to th,~ m,1.in ekctmde ,l~sembly 15.1 or 
161, tht' firnt ck,,trndc from th<;.· nmin cdl indude~ ~ingk, 
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~ide segmems ,md ltnc:mited ~1m1rnts t!mt are shar<..'<.'l bv mid 
il.ispn:;il on bDth the HJ;Jin ceff aml th.,~ ,;t;:cp cell to inc're;ise 
th~ an::,% pa:ni<::ipating in tht· dt<c!rodwmical r~m::tinas and 
to improve the rncdwnkal into::g.dty or the bauery 610. 
[0.109] FIG. 6C shows mi inv~n;..-:d stcpped b,,u~ry 620 
including ;J &tep cell 626 dispo&ed on. ;1 rn;iin cdl 624, and 
the main cd! 624 fonher dispost:·d on a sk'p cc!J 622. lu sonw 
emlxidim~nt;;, th~ ;;wp ,,~u 626 and tlK: ;;wp ,,di 622 x:;id1 
inclmks ;J simihir strm:mrt' ,~s tl-w stacking ,dectn,;k assem­
bly 250 .'!S dis,,usst'<.'l wiih refo.rmce to 1-'IG. 20. The nrnin 
,xll 624 includes a ;;imilm: ,;lrncture as lhe nmin cd! 192 as 
di~cu,~ed with r;;--forencc to F!G. lE In some embodiments, 
th~ fii-st dectrode fr(ltn llM main ,x~l! inc!nde~ sin!.!Je-side 
segmenb and 1mc,,ated ~tcf).l1ents that are shared 'iiy m1d 
,:fopo~;..~:1 on tbl, nrnin <:ell 624, the step ,,,..-:11 622, .'lnd the skp 
,xll 626 to increase the areas participating in the dcctro-
0!J,,mk,1l rc;wtions ,ind to impr<..YH' tht' rn,x,Jrnnical ink'gxity 
of lhe banery 620. 
[OHO] FIG. 61) shmvs a stepped ballet)' 630 including ,l 
Sk'P cell 632 b,xving 11 similar strncum: as the skp t'kctm(k 
assembly l!H a, discu,s,x! wtth rden.,ac,, to FIG-. 1 E, and a 
.main cell 634 havinir a ;;imil;Jr strudm:c as the nwin el;:cc­
trode assembly 440 :is di;;cnss~'<l with ref<.::rence !o 4C. 
(0111 l FIG. 6E shows ,~ sk,ppt'<:l batk'ry 640 induding. a 
step cdl 642 lwviug a similm: ~tructure w, the step elcctr<.)(]c 
assei:nbly .191 as discussed with reforeru:e io FIG . .tE, and. a 
main ceH 644 havina a similar ~tructurc as Uw main elec­
lrnde ,,ss~rnbly 440 :,s 1.fo~·t1~~d wi1h i.,d'cr;..-:n0e ·to 4C. [n 
some t'mbodiments. ihe first ekdrode and tbt' secund t'kc, 
tn:,;k of tht· mn:,u <::dl 634 in FIG. 6D ,t,,n ,vim.ling at !he 
s,m1;:c locmion, vvhereas the firsi electrode ,:1ml ihe second 
dcctrotk ofth,' main cdl 644 in FlO. 6E ~t-cni from dltl<.:.'rent 
(opposite) !o,,:itions. 
(0112] FIG. 6F shows a ;;to::pped b,ittcry 650 im:luding a 
slej1 1.:dl 652 havin.g a sim.ilar struci:ui-x: as i:he ~!;i,,king 
dcctrotk a~sernbly 250 as discus~cd. whh rcforence to FIG. 
2D, and ;J 1rn1in cell 654 having a ;;imil;Jr stn.i,;:tn.1-c as the 
;;tacking t,li.lctrodt, ,,;;sJ,mbly 440 ,is d-i5Cll.S5i.ld wiih mfon:nc~= 
to 4C. 
[11113] FJG. 6G sho,v$ a sk·pped ba1tery 655 induding a 
step cell 657 having ;J similar structm:c as the main electrode 
as,ernbly 440 «n<l 1he fir$t «ad ~e;:·t,nd ek-ctmdes 400 and 
410 as ,foniss;..-:d with rekr,.:n,,e ·to FIGS. 4/\~4C, and :1 nwin 
cell 659 having ;1 similar strnctnre as the stt,cking electrode 
a,st:wbly 440 as discussed with wfcrence to 4C. 
(0114.1 FIG. 6H ,hows " ,leppt,d b«ti~ry 660 iudu<liag a 
slej1 cd! 662 having a simil;ir ~tm,,ture as the skp d;;,,,tmde 
assembly .191 as di;;cnss~'<l with rd~,1-ence in FlG . .! E, and a 
nrnin ,,~ll 664 having a simibr ~mK,ture .'ls 1he irwin dee:• 
!rode assembly 340 as discussed with rn:tei-e.nce to JC 
[11115] FJG. 6! show, a stq,ped bntll.:·ry 670 indudiug a 
st~p ~·dl 672 having a ~imilar stmctllre ;J$ the stading 
ek,ctrode assembly 250 as discussNl with rd.i!renc~, to FICi. 
2D, elm! ,: m:1i.u ~.:ll 604 11,wing a simibr slrneture ,,s lhe 
main dectmd~ as%:.mhly .140 as dis,,us%'<.i \Vith rn:foi-x:.nce i{, 

3C. 
(0116] FIG. 6.1 ~ho,vs a siep-ped batterv 680 indudin(( a 
ste11 cdl 682 hav-ing a ,·im-ilar ,trncime as the mr,in decta\de 
,i~scmbly 440 ,md ·th;..-: lir~! and st-coud de<::twd~s 400 mid 
410 a~ discussed wi1hrdl!l"x:.nce to !·'IG·S. 4A-4C ,md a main 
<::dl 684 having a ,irnifor ~lructure as th~ main ek,,tmd;.:• 
<,ssernbly 340 ,i~ ,fonis~;..-:d with rd(-:ren,,~ 1,., .lC. 
[01171 FlG. 6K shows,, stepped bMtery 690 ind11di11g. a 
slep cell 692 having <t simihir ~\ru,,ture <ts the ek,,tr<.,dc 
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,is~;;.·niblv 340 ,md tbe fiN ,md $,x:oud d,;:,;:trodc$ JOU mid 
.'HH as ,li1,c11s1,cd with reforem:e to FIGS. .lA-3C and <1 main 
,;:di 684 having c1 $irnifor $lnictur,;: as lb<: main dectmd1:· 
assembly 340 as clis~~US$ed wi!h 1derence 10 JC 
j0.1.18! FIGS. 7A-7C ,ire sd1em;1tk diagrnms i1111str,1ting 
v<1rious ~,mb,)dimet1l$ for swcking th,;: $kp b,1tt,;:,1,;:s, in 
rn:c:ord;mce with $Ome embrnlimems. In some embodimerns 
<l~ ill%tn,K·d in FlG. 7A. ,i ,kp cdl is dispo~<::d on n main 
cdt and the st,;:p ~· .. d.l is pla,;:,;:d i.n !he middle of th<~ main c,;:IJ. 
In som<.:~ c.mh.)diment~ as ilh1.~tr;1led in FIG. 71\ a Stefl cell 
is dispP,<.:'1.1 on a rrn,in cdl, and the step cdl is plm:,xt on on<.:~ 
$i(k) of the main cdL In sonie other ;;,mhi)diments HS illu$­
tratcd i.n FIG. 7C. ,i fo,t sl"-'P '""-'H i$ $tad,<::d on a nwin cdl 
m1d pl.Kea ,m on<.:~ si,k of th,: nwin ~~u. and <1 secouJ sk~p 
cdl i~ ~tachid hdow the main rel.l ,md placed in the middle 
of the rnain celL rhus two or mor,~ ,:;ells can he ,;t,Kked in 
various ways ID provide di!foren. shapes or the stepped 
hati.eJ)', to accomrnodak dt'vice~ having di!for<.:\llt slrnp,:s 
and/or !imikd space for th<.:~ battery. 

f 0119] !l is nolt"Xi Hwl tilt, !igun:_!s as dh,u,scd ln ilw 
description nf the crnbodirnt,nts ht1.:in me' for i!lustrntion 
purpose only and arc no1 intemk'<! to !irnit the scope of 
claims. Fore~;ampk, the ditkreni. S<c~gnK~nh in tb<.:\ dectrnd,~~ 
as i!lnstrnkd in FIGS. lA-H3. 3A-3B, and 4A-4B are not 
ini.,,nd,xi 10 ht' limited to the lengths, proportions, numb,'11'. 
and/or locations ,,s shown in r.hc figures. In some enibodi­
menls, the ,inglc-~ide ~egments ,;:an he !1mg_er 1lmn the 
double-side ~egm0nb. In srnne <.:'.mhodimenh. ihe uncoated 
segments (loc;it,;:d al h,:ad <lf t;iil) can he long:,;:r tfom the 
d,mhlc,sid,' segment$. In some t'mbod.irnents, numbers ,)f 
variov, iypt'S nfseg,ments may vary according to ti1,: !Kxxi of 
battery design ;md mam.i:focturiHg .. !\·fodiik:itio.ns, 1-',lJ1,i1.ions, 
and allernat-ive embodiment;; ,vil! he ,ipp,1re111 10 those of 
ordinary skill in tlK, ,l.Ct havi.ng the he.ndit oftlw iHt.1s1rn1ions 
pres,~ntt\d in the foregoing. tksc.riplions and Ow assoc:iated 
,fo_p,;-'ings. 
f 0120! The terminology ust.o:l in the description of the 
,~mbcs:limints hendn is for th,~ purpose or ,k-,cribing pHr­
linih1x emhodim,:nts only and is B<Jt intended to limit the 
,;,;.•,ope 01· tbims .. As U$1;,'d in tlw (ksi.:ription i)TtlK\ embodi­
ments and the appt'ndedda-ims, HK~ singular :forrn~ ''a." "an," 
and "tlK:" a.m intt:rnk'<! to indude iht: plural forms a;; wdl, 
tm.les~ the coni<.'Xt dearly indicate;; nthern'i,e. lt will r,l;;o he 
tmdcrstmxl tlmt th~, term ",m(l!(,f'' as used herein reforn 10 

and cnc:ompasses :my and all possibk) crnnhinatious or one 
or moft\ of th<:., N$StJci,*"l listed items, h ,viii b"-' forlh<::r 
un,fors1ood tllat the tem1s "compriK,f' and/or "comprising," 
·wh1:~n 1med in this ,p<.:--ciikation, .~ped!Y the pr<.:-,;;enct: of 
. ,rntcd fommes, d,;:mem;;, and/(>r eompon,:nt~, b,11 do not 
pnxhi(k tile presence or add.ition ol" 01m or more ofher 
featun:~, dcrm\nls, comp<:>nenb. audior gn:,up, lh<::n:'lJf. 

!01211 It will abo bt, imderstood i:hal, akhcmgh th"-' t1:,rm~ 
first. ~;;.'\.:nn<L cte. m.;y b~, used herein t(> d,,,;nibt) vari(>,J;; 
dcmeni~,- th.:>..~,:>. element~ .~hm1ld nOI be limited hy ihe,;e 
term~- TtK~t· tcnn~ are onJy lhed to distingui,h one ,:knwnt 
from another. For tix,m,ple,. a fir$t electrode as,k\mbly i.:ould 
he termed a senmd ekctrode assembly, and. sirn.iforly, a 
second dix:tro(k assembly rn-·uld bt) tcrmd. a fir$! c·k,:tmdc 
as~<.:~mhly. without d0parting from the sc,·,p0 nf Hie <.:'rnhodi­
ment$. The first dectrodt) a$s<,mbly and the '"-"'ond d,:c1rode 
as~emhly are hoth dectrode assemhlies, hu1 tht\y am not the 
~m11e dectrrnk m;;;emhly. 

f0.122j The de;;ccriplinn ofth<.' pre~<.:'.nl applkation has heen 
prcsem,,d ii.)r purr<-•St\S ofi!lu$trntion and (k;;(.,ription, and i~ 
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not in!enJ,,-l !o he l,?llrnt1~1ivc or lirnit,;:d ·to ·th;.., inv,;:mion in 
!he fonn disclosed. !\fany nmdi!ications, v,iriaiions. and 
Hh<::mativ<:: t'mbodimeul~ will b"-' app<>f"-'lH to llK>~e ,,f ordi­
nary ~kill in the art !mving !he hen,;:lit of the tca,;:hings 
presenti!d in ,he fi:·,regoing descrip,ion:;; and !he assodmed 
drm-vings. The t'mbodimcn! ,1.-a~ chosen and tl,'s,,ribed in 
o.rdcr !o h;;;s! t,xplain tl1t, principles of !ht, inn!n!.ion, the 
pr«,;:ti,,nl appli<::,,tion, ,,ud w t'n«bk olher~ $kilktl in lhe art 
to underst,md the invention Jhr various emhodim.em~ ,md to 
he:;;1 11tilize the 1mderlying prind11les and v;1rious ~,mhodi­
ments \.vith various nmdltkations as art~ suiwd to tlK\ par­
!.ic:ular use c:ontt!mplatcd. Tl:wrdi).rn, it .is !o be under.;!ood 
that tl-w &cup,~ ,Jf dalms is not to hi! llmikd tu tb,~ spt'<-'iik 
examples of the ernlx,dirnents dis,;:losed and thal modiliGl­
t-inm. and o,her embodiment;; ;ire iniended to be included 
within the swpc of the appended cfoim~. 

\\-'hat is d,~imed is: 
.I . .-\. haltery, i.:on1prish1g: 
a first dectrode assemhly iududing a hr~t electrode; aud 
,l ~l'<.,o.nd electrode assemhly disposed adj,ice.n! the lirst 

dectmde assembly along a fo·;;t di11.:x~tion: 
wh.e.1\;h, the first dec::trode compris;.>:;. ;J ilx,a s~e;meni, 

di,prJ,ed <.)Q ,,u onter portk)n of th,' second ekctr<.)de 
as~embly. 

2. The lrntkry ol" dalm I. wherein tht' !ir,t d,~ctm(k 
farther ,,omprises ;i ~l'<.xrnJ ~l,gnK,nt ,;:k'<.~!ric:illy com1eetcd to 
the !lrst segment_ the second segment disposed on ;rn outer 
pmtion of the first ekctnxle assembly. 

3. The ha1t0ry of daim 2, wb;1;\_rni.n !he Hrs! d;;,,\i:mde 
,~sst'mbly further comprises ;J .'it',,ond dectn,;k foi.:ing the 
~l'(.".md ~q!.JIK'flt, ,md wher;..,in 1h,;: seeond s,;:gm,;:u! comprises 
a !lrst active rrn!le1•i;il eoawd on ;J ~urfoee of a firnl t.Tt.rrenl 
coUecwr facing a s"--cond active materbl co~rk'<l on a surfoc;;-­
of a S,\C(Hld ,\Urreni: .:nlk>,;i{,r of the S,\C(Hlli d0ctmde. 

4. The h,;itery ofdiirn J, wherd11 thi! first segme111 ofth<c, 
first dectro(k comprises ·th;.., fin,t :Klivc mm;..,1-i;il eoa!ed on ,: 
single surfili.:e or the firsl cun\;nt mlk>clor thal fa1.,c,; lhe 
mll<,r portina of the st·cond dt'<.c!rode ns,t'mbly. 

5. Tim bauery of claim], whcrnin 1h0 il.rsl sq;mcnt nf!he 
fir,t ekctrode cornprist,s an 1mrn:,1,'<l poiti,,n of tht, fir,t 
0:1.rren! t.·nlll'<.'!or 1hat faces ihe mucr portion of !he s,--cond 
dectmdc a~semhly, 

(i. Th,' batkry of claim 3, wherdn ,1 ~tarting sqrment of 
lhe firsl electrode comprises 1he fir,;! ac1ive nialeri;i ! mated 
,m both ~urfac,~s ,Jf tht' lkst currt'nt '-""11<:x,tur. 

7. Thl' bwtcry of ckiim 3, ,,.·herein a st,irting segment or 
!he first d,'-C!m,k com11ri,e;; ;J 1mco;l!ed port-inn of tb,, fo"'! 
0rn·r1c\tlt collector . 

8. The baHery of da.im 1, wherdn the first dectro,k is ;J 

caifa,;k. 
9. The b,ittl'r)' of claim 1, wherein !he !irst dec::irode is an 

;mo,k. 

10. -:rltc b.:itk'ry of d:1i.m l, wherein !he lir~! ck,;:tmde 
assembly is shorter !han the ,econd ,Jec1rrnk as,embly 
,dong a $ecoml dirt'<.ction P"-'rpt'ndicubr 10 th<: fir~t dir<::ction. 

11, Thl\ h,i!tcry ():[ cfaim .I, wherein the scwnd dcc::troJe 
;1~:;;emhly i:;; :;;horier ihan thi! first ek~tnxle ;1~:;;emhly along ;J 
second Jir<..--c·tion pi::rpi::udi.,;:ul:1r to the flrn Jir;..,,,tion. 

12. 11,e hatter)· of daim l, \Vherdn !he il.rsl d0ctm,k 
"~:;;ernbly <:.C(Jmprisi::~ a plwafoy t)f ,;:di~ that nrt' $WCk<::d ,,n 
,;:Heh o!her. 

·n. The battery o:f d;iirn l . wherein !he tlr,1 dec,rode 
<1ssembly eompri,es a jdly-r<.)ll edl. 
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14. Tb,, b<iltcrY l)fduirn L wherein the ;;c.-ond ck.-1rodc 
assemhly c,m1prL.,,$ a p!nrnlity of eel!;; thm 11re slacked on 
o;:11ch other. 

15. The bauerv of -.,hiim L whc.rdn tb,.; sccoud elcctlt)de 
as~,,mbly compr{;;es ;; jdly-mll cell. 

Hl. Uit' hant,ry of daim 1, v,·hcrdn th"' fir~t eledro,fo 
fortller comprises a thinl ~,:gmenl dectrically n,1mected to 
th~, fo,t ;;o;;gineut ,wd cxt,,ndiirn frnm the ouK·.r plJnJl!H of th,· 
second el;ctmd,.; w;~embly u: ,1,rnp a portion of the llna 
,~led.nitfo ;J!>~mhly. 

17. A battery, ~,om.prising: 
u :tirnt dcctmck, asscmhlv iodudin!<. a firs1 ekctmd;;; alld 
a s,-x:ond dedn:J<.k as5,'J~1hly di5p,\~ed m.\jacent th,, firs! 

dectmck assembly along, a firnt direction: 
wherein the firnt ek'Ctrod12 cmnririse;;: 

,; fir&t segrri,,nt, disposed on clll outer portion of i.he 
~emnd ekx::tnx!e ;Js~ernblv; and 

a second ,egrnent d<.:'Ctrk1J!v coniwcted to the fir;;t 
segment, 1:tw second scgcn~nt disposed on ,m oukr 
pnrtion of ihc first ekctrork a,.semhly. 

18. Tbt, ba!kry of claim 17. ,dit,rein !he firs! dcc!rode of 
1he :first dec1rode as~embly i~ a cathode. 

rn. The ha110rv ofdairn .t7, wh12rcin th0 fo,;:1 dedrnde of 
tile fo:,l decrnxle as~,.;mblv ,;.ml a second ekx:irnde of the 
second ck:t!rodc asse111bl:, are disposed a:t an i11terfoc;; 
bdwt,t,n tht, fin;t do:c!.rotk a~:,t·mbly and ,he second ck-;;,. 
1mde assembly, and wherein 1he firsl ek-ctrode of the firsl 

1
,, 
-' 
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;..,kctro,J; .. , m;semblv mid !lw ~<-"-'Oud d<.-'Ctro-d;;., of !lw ~<-"-'Oud 
ilkx:trodi.l a~semhl)'· participati.l in an dec!mchemical reac­
ti,)a. 

20. A lrntkry. ,,omprising: 
a first dectmde t,ssernbly ·ind11ding ;1 rntho,k; ;ind 

a ~e.cnnd dedrode ;1,semhly dis1~ns~:<1 adjan~11 the lirnt 
d;.:'ct1w'k: a~s;;-mb!y along a first direction: 

,vh('rcin tlw cHth,,dic' compri~t-,; " fo:;t ""'gmt:nt dispo$cd 
on an ow;;,r portion or 1h0 silcond d;;'Ctrodi:l as.~cmbly. 
t,nd a ,econd ~e.gment dectrically crnm.:.oeied to the lirnt 
$egment mid dispo~;..,d ,)n an miter p,.,r1im1 of the Hr~! 
dec1rodc a~semhly, and 

wherein each of the ilrnt dec1ro,k assembly and !he 
~econd dec1n,de 11,;sembly cnmprls~:s: 
a c;ithode including a cathode c11n·ent collector and a 

cat hock ,K,tive n;;neri,11 co,l!cd on ,,t k,1~! ,, portion of 
at least one sn.rface of the ca1hode current collector: 

an anock opposi.tt' to th~' eathod~' ,and induding an 
anode cD.rr0111 ,xilkctor and an annde ,K:tive mat0rial 
c0111,xi ,m al {<:;'.1st ;J p1Jr1io11 ofat least one ~urfac,~ of 
!ho;; :mode nlrreu! (.colk(.c\or, 

a si.lp,:1.ralor interpo~ed benveen the c;ithode and lhe 
anode, and 

an ekx:trolyt0 in1eq10%xi l:,et\vx,cn tlrn nuhode and !he 
,;in,Jde. 
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