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:i-::.;;:xb-c}:ym<~hyk:~.:-fa.:::;,:,ss {Ns-c:-.,tc}_ ::m~yv:-nri 3~-:.::..1-h:d (?Vl,). a!.g~-,ates ;md th•:-::fr 3-~;.'l:a~: ~>:."ta:: ·::x:.-hs. s~s~~-~:uz..-bz..t,_•·9j:~sn•~ rubb<:'.r {38.R;, rn-;;d ::,>::-~i:i:-Y~id-s:~. 'Tii,2 .g:.l<::,::::tf-.: .. de 

e:..;;;~fJ:'.";~i!::'.GH ma":;-· ez:i-~-::-::pr;::;.a ;;_;_. :-::--~:x:.;_;f-e- r~:f b;:r•:~l:=.:·r$ P:;~:f'f::-H!t.1~)"',. t!:'!:'- h~~;d:;;;t- r:-._:,,;f>::--5~B-:s a p·•-~l::n:i:H se~~f.::-:'"f.:d frc:n~. ~h~ g•:..;-._;p f:n:~'.j.}s;:1:;•'J e-f p-::.1::{a.:.::r;.,:tz:: .~-::.;j tS:=·.t...AJ -c,n:1 ::..;;ika~: :-::-~:::::ta: 

s:c!;"ts th,2:r>:."a-t, -G~d ~cGift&G :=,•:-~;;..:·}Jt~.-:: oc!i.1 {rnFM} ar.:d a~k:5;~ m•:-::t~~ s~;ts th•:-:.f~D{. SB:R {!f'!d CMC 

-~he h:n!i3f.:r ~n:s;y ~---~-::-~-h~;>' he fJ.r'f::-s-B:~•t ~:1 ;_;;_n fl:a1:n:_;:at nf fr!-m; n ::, ·::-r} ~-~:0 wtu--:..-, p~~r~ff)!-;.~~..- fr<;H) ~ K1 : ~ wt.s.:. •.. ~r:-c.1 ,,:...-y::;:f prefo:r;_,h!y fr,_~H• ✓- ln ·: n w:5:-,;,.base:3 r;.:"': 1h~ -~rff,~.: ,_:;:$· w-e:.ghl 

,;f ~he ~J~f;l~nd~ :x~rnp·G<:;-:".f.k"N~_ 

Th-:-: e-=e•::tre.•rl8' ,::::i-:::-n-1-µc-s;-;:;vn m:'"!)' c.::,tionof!y ~!~d:..:d-:-:: ~-:<=: •:•r n1-~8' o::.•n-du,:::ti-..«::: -::--rldft:v&s. Pr~f.g:.n");..-....,d c•:-n-d:..K:ti:--:-e :1:dd:U.-.0s :}f>-J- n,c;~-,.2-k:x.~f-:.,~2~:v--...J- ~;-at•:-::r!al:s t?'",ai 3'1<:: ;nd~OO t<:::c 

-enh::.,;;;:-f;.e F;~::i.~k:;5,} {;s..-_:n:~3::-r:-::r\."":iy hei").V'C'e:t-: ~3:-K;t:uw;~;--:.•~ ::-n~11~;...-_;-He:1:1:ls f.>f·fr~~ ~3::=x.:l:nd.:.:- !;n:-::~p<;:::!H-::.x• ?.:nd :_:,~ -t-.:;_:n~H~ !;Ul:l:~~i.u~ ·rhe ;_::~;-:-:.dat::Jv,e ;.,.dti!1~;.-<e :-:;~Q)• t1~ s:a;::_,oh!y 

-:5e~H5f::=x.-S f~c-n1 <.:.r.;i:1~-c.~n b;ac~; . .:..:~rfK1-:1 f;b'!:':-.,. cnf!"'"!-t:n H.~:"':nlut:.:::-. §~~s>f>en~, ::.,,_:,;:.:•ty::i:.:::s~e bt•}:::~ ... :kic=~jffil t~fa-c.-::-::.., rn~:_,o~ fih~f. ;-:;~-:l;,.l: ~x;wd,e;. an.;_: :-;.rn·1:tk•G}}'-l.:: ff:-e1::.,: tfA::d'!:'_ ~;reiB-t•F<J: 

<x1-:1d\..~•-:H)•~ ;~dd~:_:i.:-e'S ;:::c:~JdB: •-:~rt ... !'X:: t;t~t:k nr:d :_:arbnn "f):"':.c~luh.:::-::~--

-f-2 <V-.i.l .:::-r ?"'>•3c •2 z..- ~n•:.~• ·~~· .-~.!' 3<l•:.' tk C!} ~~a~ s<Tat.-·; l.,e n'"-s~_-y~ ·n a ~-.:..t~.3 3. s,-.:,t:~.; .::: · .. err'"'-_ . .:- '?•1:s ~c _._J Y't\ ::s. prr <>--=-b.:._:: ·r-cm ·:: ~-..1..¾ ~o ·2 ':\ .._..,,.,dv_ ~ hrl ~~c•-:;t pu:/ • ah~_, fr,._:m..,: 

w:.~ 1n -~ n w:5:.. ... fJ.;;;:.s~d -:-m :~~-::': tf!<°f~t :_:f,:- v•,;,;:_:.!g:}-;::_ .:;f B'ie B~~:l~{;t~~ :.:.;.;n:i:f_;-._;::-::;.:Ht"N:. 

tn a s~_dh 3~poct, U1s ::-,f~s-e.:--,1 ;rrt-:-:::u1ion ::-f.-::,),'id•~='=' 3!.1 ele..:IT~:-tl&•::::.-::•ff!P,:-~S~~q: s r:-art;~t:fo!>:." :-:-:,3t(:'.fi:~~ 3~ :ief~f9·}d ,vith -r<=:f•c:!i'n-::::e. to ihe ~oc,::::-.?":-rl_. th!:F~ or tom"tb ,G~ps-:.::;:~ 0t-::he. 

h SJT~·•.:<'': ,. x: .'3. ··, j 0
-::~ ?!~J:*.:r·.sl :'>&a1:_ -:-: doc\ ·•a· ... -:.>J-otx:" , .. -.:.~·; ~ ~u,rs-s 7 • uT::; ~u . ~.>J .. ·3. ),::::u '3tc C"•!a '.:;:3' ~~s,.;:' t,, }' hy.:.~l:} ·--;;-:-: 9-'c,:.tr,:>'\·:• ,A ,:s>:." s· d.' · a·.:::.poct -:....:: ~t--s,. 

-i::--~--:.·~H~;~~in ;-;:;,~:::· }:~ ... ,e .~r:y ::-.... f the f:t=-;s~~-sre~ d~s.:..::r•h:=xi ;_;;:1 h;._::;f>--;J ~('Bf~rs.;..::.~:-3 -e~ np:_;G:-:.:=t~ in r~:;;_;_.Hnn l,t; H"•:;.,. si:.::f:-nnd f)f:-d th;r"l'.J: .::::sp~:;:fs ,;f the ~--,··e;-:::_:Gr~ a:;,,,_:/t1• ,.-;9::• :_~'!:' p;~)~r,;:_:.f: b:>,"' a 

fXG:~;-e·s::1 ,x:~;;fJ::--5s~r,-g: any f!<f the f.::at::i:e:s d~s:-_:rfrw.d Of;, t-:i.::-5:-:,g p:r~fi=~-:-::--'!:'rl z.::-. .;_:fJH:-.hv-:a:: ;:-: :B::=s::-:.Cn :~G-~he f~;::;) ?.$~-;,~:,-;t nf lh~ ::m.•'?.':"':t~n:;,-:; 
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Prefer '5bly. ;:he:: :&l-e:.:::::!f-.:,•i& c0:f:t'.p}ise-s- 3n •::-~0e:t~-•'.:!.~:i-2- c•~fT!-;:•vsm-.:~ 3-S cl8-f:~~d -:..-,...;fu rn-i,e'.--::.~t:e: -t:•:-: th8- f~fth asp{~-:t c-t ;.:i~{:: ~~1 ... ·..:,n:t~c-n:. sai~ z.f•~>:::tr: ... '!}e: ..:-~n19C-s;tf:_:r: 0,..;;,~~~g in: -e:~~::::tncB~ 

c,:.,~ta:ct w~~b B :c~:ne:nt ..:-vll-::-::to:- Tt,o:: sk::..::.-t_:otle ~on1pc,siU0:~ !"T,2:)' ;r:-...2"!.'e ;:1:15 :0-t tM fe-:::1.tK&s: ~&S<:t-;h&e '.2.& ~x<::fe.F•~:d ◊r cp:{~>:•n~~ ,,....,:~i: ~-~$pee:! tc.• Ih<::-f~ft?-! as~e-t:"I Gf ·~:t,..;_. 

-~::-!-...'':H~;c:n. tn p:_,;H.:.~:i5h=t~. :t l·s pr~fe:~.e,;..: Jh.;:·~·:thB f:'~a,;_:t.r.:_~d:=: tX~5J1-fY!:S:;:~_,,_;.::-~ u·ss:._..r! i.n f.: .. 1F::~ th::::- B=f:-::tre-:.1:~ ~sf ·:,h ... ~ ~~-Aih a.:=:pH.:~ f!i-f th:e 5::::,-~::-~t::i:.~n ,:.r.>:;:prt-sf:'-s .:_~;,ec e~ ni.:_;;,;;_.: a-t-Ed;t;:;·-.:-.:·~a~ 

~.m:JL,_{,:h-3°-f!- ~-f:'-.::.rx-;.c:,_, .. ;e:rn __ :,::N:a,r~.scs m.s.u:C ... d ;.;._,f:<•ir:. 

Th~ ~~e,;_:}rL,d:=: z1{ t=~i:1- :;;:_;:-:,:"; '-~~sp-:=x::: ,_;f th~ i•;":en:_:<A> :n:;:.;.--l>"' he u.:=:a._: .~s Qf:i. an•.~·• .. :~ ff!ir '-~ :r•t-ff:,"r..t-;;(Jf:i. h.;.~!:i.e•~•- .-{c.:_:-r;.:-:;-.3:ng:y •. ~:;: ::.;, ::;,e:.,.~ni.h ;J.S-pa._:t~ :tt::e fJ.:-~s::-t=F3°. ::i:;:;,.:~r:H{N~ r.-:r.-::.•;fJ:~s:: ;J. 

:rn.:.~=•.~n~.~:...;;t_;Je n1-:l~H{N~ baite::-y :~:.ot1;:~1- F:S-~n::;r. 3::: :_,;;H-;-3::=:: .:.x;::-np;r!s;n:]: an ~~BG}fL,de :...;;? de-s-r;r!:be-_: .~hnv::=.:-,. ? ::a1.h,_;..J:~ c.:..;:r••r;.:-~s~•;g a .:_:;j.~h!X-Ee 3!:th;~ rn:_,::~r<~! .:_:;j.p~h::"= e.f re:~;~S:~;•~t 

a:-;:,_: :-::=.:-atrs,gb,~ng ;;;'ff:,_;;:.~ ;H::-~s: :~rx-E Qf> e~-=~s:Y:-.-lyt-.:- het::·..,-.r:::e:, >h:=: :_,;;,rgJ::=:: 'Qf•::-3 TI"'::B -r;a'Eh'..K!"=. 

,e::.;:,:_:,,;gJe ,_:u::-::~:::t ._.;,:_;t!:ez::::_:_;:r -gf!,nei:;J.Hy has ~ -~·:f;:.:k--:-:e:s:S. ni ::~ tH 5:tm t.•::-r). E~n:-:;:p-t~.; ei al;_;;,:_-=:--J.;;:.~:s H-rnt c=::n b..e ;:;::;.ed 3S .:_:9~hc,de -r;.un-::=::n:: .:_::~ ..... :i~...:J!~.-..:-s ~••ekid-:~:·:,c{;;_;d!:ng ~;~::n-1:~•::s5:-:;:,__ 

~:.;_;;:,n!e-s:S s!.-:~:.,. Hi:ckf:'-t r.t~n-t:..~;.;, ,;_~;:;:_: s~:\::.-:::-~~ {:.:?:--I:;,~~::-

T:he B~f:',t;{ref;:-~~ ~::;: su:::_QJ,-:y a nn;:;,.q::e-.~••_;s e:'f!--::h:r:~·f?Y. c,_:·=•}3!:n~•;g a n";;-=t~} s.-1~:- ~•_;,:.b :_,:s: ~ :•H>!::~m '.5-.?.•~i.. and ;;-:,?:i ;n:~:-t::.K:~. t:-::_;t !,S: ~;,r;~ :~n:::t:ed "Et~ ... ~ nu.:::3:~:::e-_:1;f; e~~tre~)"~~~; 

s!!Eu::;•GH. ;_;;: sei;d :=::k:;-r;.-t:·!·.:-:y:.-:, :_,,~d an Jnn:i:~a:::•;'": s,;_;{}d -t=le-r:1.r'-:~,:ie_ LY.an1p:f:'-s ,t;f :_:-;~ nn;:;,.:~~!!ffiK•:S e:~..:E:i:l:•t~•3"3:: ·sfJ.;t:Hz~; H:i.r.t {::,o,n ha t>f.:a._: ~r:e:•u:;'3:=:: ~:,.HJB!: Z"t:":,;;;J.n!c '."'iD~v~:-:ts:: :l'!}::h ~s 

fXfJJ-')':~:-~ :.:.~:-1-x.:;i:;:::.;:,:_-:, B:_::-;y:Ee.;•f:'- C'Q:r:_;f.>.::)~=rte. h:tt{yle:i:1<2 -r;..~rbnn-53°£--_ .. ,_!:'fff;..:=:::Ehy; c=:::rt;ur)~~"Ee. d:~<2:J;y·l ,_:~r~.-r::n:_.;;{~. y -b~:ty•Gt~::k;-:::-:. ·3. =-~-d::fi:•-ff:,"h.e:-:ye1~1~.:r1.e_.. :..?-:·::-~{h~·~f:=::-.'E:1:-ah5•r!rf!if-:!:t~=tn .. 

..J:~:-:-:et~w!:s;__~~f(:,.;:.:l.:.i-=. 3. ~!---..:.t:f:..;.-:e~Qn:=:,. f.:_;F;;;j.:·::-~:dB .. {°E~•~;:-=Hiy::f,;_;;n~-oH)!<.ie. B:.::.~h·K}~"E:i:1~. n;t;,;__:,;-;•'ff'~hB:n-:', ~n~: .. :::y1 f.:_;~;~~-?3-n-_ .. •~;£~hy~ ;;:,:,.c,e:_=::ti:1-.. pt;Hsph:_::r•c .;.~,t:J:J h1a-s?n-r,. 

tfifl~e;.:bc}:ynx::~;r:~2ms~ st:ffc:;a~~e. n?S·t.hrh.:u;f..:-l::-:::~€ a:X: -~-- J-{f!:rY~e;,:hy;.2_ .. ~~i!d::~z-:~;i:_i:r,..:,f'!& 

E:x.Qrf:pie,:s. {~:f- U1:e ,;-.,f~~n~•-: s::n:Jd e:f:'-r:in::i:iJY. E:~dt::dB f-'D~J-ff!:by=f:'-:-:e ..J:~r!:,.,'Qt}vB:f. .. },~-._;j)•B:J,yi~:r•::=.:- n~k~e ·•-=~r~-...•Q::.}....,.:e,·s. ~K;l::rpn~_,y~,a,;;~ c~}:.~e ,_:-:::-5'.-•::.;:_;,,.-e-s, p~~:_::<:;p:h:_-;;:_.:;..: e~:.a rx·.-!yH•f:'-rs .. 

pu:~:e:s:.~::- :=,.;u:f;de~ (~_;{J~'-:':S'::'::=::r ::.;:::_;ff:dB?). p•u=;,·-...:~::-~y:: a!c• .. <~•!~ .... ::s. p-e.:t~-\_•~•;y~:,_:-.::-:-:.~ f:;:;:~.-.:-:.de:s:, :_-;;;;d p,t~~)":-:::,~rs -r;!;n{.;.~;:r1.~ng ;-r;::-~~c f.i:~S:::S"f.:,-r;~a~:;i:_;n ~r-c:-uf.~?. 

:nth& C~$S .. ~h-E:?"•2 t.ri-e •'.:":•;&etrcf-tie i".'.: 3 n•_:,<:f!oa-3-qu:~~us ..::"f~;:l:-s::i•:=. s,c-f'....-:1h:::.•~1. "!?-i:i-2- ~~,et:2,;-}C{l t•rnier1 ~s p!•'.:":f~r-ably p-:-o~•;.dW .,,._,,:i~~ '.2, se::.,;i.ra:ioc mt•'2<Ff:•.c•sed het'.tl•.:'!'e~ t;:-;.-2 s:nc,~h-2- 3~.j the 

c:'"!th:0-de:-.. Th8- -s>::p-3•rnt<::•!T !~ g•2.~:-:x3fi:,< t-c,~~-c?.~ 0-t s:r. ;nsu:;:~ti:;g: fT'!.2i•t~x~3J fl,;::;:~·;:floa:g hi•~h--i•:=.:!.1 p-sr~€:1h~=Ey 3ff•3 h:•~h fl~&e;:-;.:1:nk:-G; str<::rs~th. Th•'.:":' s<::p:1rat:.x t'f~!~3Hy- h.:'"!s 3 ::,cH» siz<:: ~.f 

ThB> ·::v2-µ3r3t,:-_:,r ff!.U:f ;:,.,.J- rsp;a.;{::,:.t by~ µcf~•n1s, ~;~trci~•t8- m;.4..;;oft8::. ::1:xE !n ;,:h~~ C3~B-_ t0.1:': :-,---c~1n1e~ {:led:~G~'1:B> ;:r.-H!•.:'!'~ia:f ~s p!T·~~wl ;:~beth°!?'!>} c•:.:fT!p:0-SR--::· a:x:d•2 k~t-»-:- 3;:rs~ fue 

:.:::.o:-r-:fx•~}te •:=~fuode l::1y-2-r. Th{: pci-:-n-1e-r -c?.;>:x-:tr-c:f-:-·i~ m'51•2r~a: ~:1:y. t<-2- 3 ·::~:::.-3:<l ::>..1-:::.,35~,~r e:•::·..:tn:::.•~5-t:•2 0-:- 3 go::~-t:1::.;i.2- pc~:~}e! ,2Je-ct~.c:!)ste: .. 

Uc ; .J,:/f: ~"..:~+·.~. {}C f:'f':!SC.:: ~:1":.-·~•f./•1,.Y'f.. m, .... ~ .. ~1:':S lh•'2 US•'.:":· .,t 3· ;~r:-. '-~·~1•'2;1~t :•!~:; 3 :;__--<(";/m::d u~U1-rek+:.-,.__:e:t~, -U'"8>--❖C{d~~ -• ,if<~ :•r '\-,:_~rl'· B~poc';:-;., ,;:/ -•w ~;'¥•::r~{,~c,:~ :'.!Si. 3s, 

3n,.::,.de a~ Hi!<'•'.:": nl-ms,:Bt Prn:fe:~a;:.:~'. the f.•a:"tf:;;:.;;2tt} ~3t•~!~a: i~ :n t;r:.;i.2- forr::;; <::t '.2~ s1•2ct:-ode: ..:0:1;:p-c•::..:Ftio:~ :'"!S def~n::xt .,,..,<:th ~-•2--f':':rffi~<>? io ~b•'.:":· 'fi-fth 3-!".:.;:f:•&et ,3f ~ ... ! ... J- :..-,,..-&ntl..::,~, .r:,f!rl 

1--:<h . .:t ;.,.;B>·s. -::u~.: .s,_ e:1 _ .-VG/:-.: _0,;1,/"·c.,;~lo:~ -:..: ~1:•r:s~ .... ..;s _ or me.:: ft.::t J-_._.,.;;. --a. t~c.u:3tc _:cc __ ,_n .... ~:v _ ~~3t._L :a:s ~ .... d_< 2d :1'.lxY··~ 

-~--=-:.::::Z".r<l~~,)l tc- A:ST:-.-~ Cf5373c !...!:S!ng'Th& T~u:·~:::..;•}8 l{3{:J,} Q:!:,.:::118--'1-t :}:fi3=~•2.{::!T f:o.fl-!f•::.•fff!S ,2; ... 2:-::~Cr{i:'"!.; 3:ff'.2,~'-S~S ,(:.:'".; fu8- p:'"!nl>::~E3t•'2 ~113·"!:C~~'.2Js •:=.:f "t~•} p-re·si-2-:;;t ~?":,\:'8IB?•.:•n rnp•::,fl€~ hS{{::~:f'! t◊ 

:.28-"Ie:,mi!~>J-} th{:: w<::?~M:½ of ::.-:s~b,:::,~~:~ n;:ti-,::,~k}:1 -Gf:d -G>-)'f:-C::0: ~:~ tts-2- yo:~~=c~_J3;,:,2 ft!.~Th.x~o:t ,\n-::1:y--.s!s of s:~;8or:: W3-S p&to."""!1;:e:d ~xc,r•:.~!n:g tc . .!\S:T~1 £: SS{,"t! .,__~~}t~g: ;c.P-.6.E3. 

": ~i~·l) B~d ;.:h-e: )a-.:3•::-:h~ng:~ ~·l•2:f•.:'!' 3d•:.~,.,:.tl t-c th,.,:. Rests-:.h b3~; :;;.:~; ct:p. The !ki ,{;;,.;:ls :3;ac"=:~ v-:~ ~'1..;;, hcv~i -ct t:'1•2 b-3f~ ff1•:•El a::X: ......--e+g;,-i»c _ ~~1:':~-Xh•~:g: t~~'i:": seo::,~d b...:•,,.~i: r~;:;~ .c:'-!:p 3r,:..j 

ad::u:'.'::Nn:f: ::t~- ~l~i-xhl •.3ffli!: ;;t ~s th•2 S3IT5'".2 3S th& "!:.-~.;t t:-0-~~;: n1:::E; ~up~ :it:-rm•;:: ;:::-::a;:r-:-2-t;:}ry tv23l r<1H:l::n~_. the ss<>::.•n:i O-:!:P, s,c,,:i,- .. •es ~s -3 ):::-o:.:nt•:::F-t•a!:3n..:-e tcr th,2- ·first ,::::...:p-_ T .. ~c- .c:'-!p-s ... ._.8f€ 

n1~xmt<::-:.~ v:-:: a :P ... 2-tsc;r:, Ft&2:J.C ::,;::;;~x~'.2P{ h-aa ~~m anc- !h:9- m•.du:--e- -.~3·S ff!m-::•i a;: 5.{?G'rpn'! t◊:- 3'1 ff!kmte ;nt& ...... :1ts, iB>TT t-c ~:tand k:~ -~ 5 rr~:n,_;:1..;;-s, t;,-!» d~:!•2.ct:Z".n •.:•f the mi:;~ 

TABLE": 
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c:·~.s~~:.~.~~ f;; .~ ft:~n::...;,..:_:~ ::.;·s~:-:g :;}:,~ pJ:i:.:_;J:r~•.Jf:: p;,;;,.(i_.:__x;:-}: 'SfJ-~•;:f,~d ~-; ~;~bk= 2. r~~ :-:::-ale:;:;,; ".-':-~f:.: 'SY.'~~tt=·ct ::n ;jf} a~:_;fH~:-:.a •xss~~t-:::~ a~::-.:~r arg:u;; :t1r:w c~ L!f:H~!":j ,a:;;..:-J: p:i:i~ran;;:;;~~ ~;;ts.:. ~he 
.... , .. y\.,-....q ~ .. : ~ ... {-..... , .. ;/'? ••. ,4 

.. r.,-f ~ .:c•,f:i:{·•· y ... tj'"!,.:. ~~ .. P-~:?1.0..-:-n1;- '"'L·l'ffB ~~•as:•;-;:;.~· -.. "'-::"·3a. ·:• (;·-; ~ --~-,,e m·y,>t;",p. y~:;,.-=- '\"';j~ ... +?i;•-p..-': p•, •'--·:-~ , ...... ~;?.: ... ,;-;;-,;-:v=-:·;t··:i: .. ~•)[ -;.-:..,e .. -.,....':-{;" hc-j:·•j•·::: "t:Ct""f" 

,t"-j.p.e;:.~-H~f!-d •n rah:~=-~ {r-~ ;. ~hf!n :_t;Y.' ten1p-i:.:-:-.~·f:.::i::e ;:",:"?.;$ 5:-:c:~,;jf;.e::.~ ;5,~ ~:::.,:.-::-sf~ ~:.tff:l-~!": ln :_:;~ f·F::-03 ternp~:-ffh:n~ ·sr~f!•C:;f:t::.:,d ::ri: ·t?.h~-: :-:. rr2; .. ~:-:.d ::.h~ :-:::a:,z~jf}:e wa·s f:,"~~:t;:::.~):-:-e::.~ ;5,·~ 

,_.:-.; ·b.r:~~r.1-w+-lun:i f,.;, 3"h >'P-~nn,_. ·~ ~:',H s c ::-:: ;".;,"'"u :r ,2,_. ·r: ..,_❖,._.,:--: ..:. f-·1-> a~::,_. ~~)f.H c~ Yi'.J: ~:.\ h>•,§?1 •.":~, _ ._.:., __,._._,:i:ir:. 

Tht= f})'n.:::-::;rs .. .::d r!-:a1a;:,>~ :.-;.,;~-s. :-B:rq•~>'i-"8'.J: tr-rJH> the f;.r:x.o~t}~f!- ::_,;;;;fi :-r-:t-t~,._:n~l . .::fJ t~s:•rr~) a h;~:-::d ~•~k1 ;;-;}:~;:tl~{1::.::·:9:r fer::., f>f::r:n::.~ '~;f Hff:-e Gf 1:;p lr: ·3-G :s:~_::0-:-:--ds f,.-_;r a tel-a: ff)!<.~n::-:B1:a~~•.::;s 

ttrnB :·:4 ::p ,:-_:_; 3r3 :s,~:;;.e~:i::..h tn l fnS::-::tt1e ·r:-:.e ,:,:)::,";rr:-r:~::f:.ti ;~::->3"5!':!-ai ......,-.;.~s ·n~er~ ,rJ:::-:f rn:J~f!-d ;_;~.tniJ ;;:: :f{ets,._;h f=~4:-~'..G·G ph,••~t;::i:1· :l:Jf)!t ;;-;rn ;_;n:;-3eri.ht= r:e~K:•nr.~r!s :~-p,e-t:Sf:ed }n tah:Y.' ~:. ·tt•e 

-~/ ... J:t~= 2 

TAt:U,.3 

~~!-:e::.~~:::- h~:,tta-g the c.:_;;s-,;.;-.:-ns::;::_;Hns:: ·s;-_:.:9:c::t5f:.ti ;ri -rah~~-'~- :.-..•~:·2-~.:•~r}r.:md f;,;;,.1:;:;; the ;::1~t~:-~ab tfi .e:~;j.:l":ptB'"~ ~ K1: : 2 a~~•-: ::-:.e~1t:u: ::-:;an1:_;J9.- 1: {C~r:: ,: ;,3'.j.!r:g :_:;£< ff!.HG-..-../4:,~ :-r~e1h:..K~. ·::e-st. 

e-t1:•n. -e~:;;s tt\'.·ere f;jbf~~a(HJ: -,.v:lh ?.tN.~_:f:t.s -tXJ.ff>p:·:s:p,!J: .s;;Ji<x1:;:-::;.a;r:bn~-:: ;-.:-a:r:,~~~:..~;~-:,f!- ~n~~~rj:::i pr~;-.... ared ~.s d~::-:;c~~t:~d at-x-_:,;,·-e C;,rl:Y .... :-: S:..~p'f:--: t> {r>• .. 1-;-;,--;J:u::-:Hv£< ,c:~rt:,;:-~} arK~ :0alu::a: 

mi;:e-r tor 3t!: n-1~:~m-:-:~~- Th<!2 .S:3R b~?s~&r Y./2!-S th(~fl sd,j--:-rl ~c gi",'E: 2l- ; - -~ Cft..,iC 'ti:.1- ~;:e:R ~ffi!:,::,_. r<:-:~ul~mg i:i ~ '": '. -; •=:!'~~G ~..:, . .SBR h3\•K~g: 11-~& p:~~-u..:-ukite s:i!:.::-0:i-•:::,,.}r.bi:.1-:1 t•G ~r-aµh{t•::: DJ­

Ctv~-c·_.,'SB:R ~~~}C !!-~ s•~~ f>.:-E;--! ~~ Table 4 .. o:.,~d:.}c~J .. .--8' ccHt-0:i !:~ s -..;,,•-c.-':g;--'.-;: r-..:1'tK":· T~& s;uny was t-:J~-th•~f a't~>.:---:-rl by n13-g:ni't;c; •:.~;rr;n,g tc-r ·i hoc:-r. ::-1:xE tr .... }:1 c:...:.v.2U-JC ,::it: ::-1 <:...:.-p;>-s-r 

-~h:=!-S:F h:=tf::' ,_:~!b: w.::H: t:~:-:-J te ~::::~a-s.\.F~ fhf! ~••~t:a~ ..,,ek;:i:n'!:.'tr:-t• .::-Hf:~:-gJ den:.sSJ::-· {VE:) 1 :: .. F!rsl Gy,;;!e t!--:,s:s tl={':t} a:m.i n:-st d~m-h:::.,: .. a-:.:.r~ e~f,>.=!-to~~~~ £}};:=-:-:) ::.:i:f the i..-G!":v~ ~a::...,:::x·_ :l,:2-

Ct}:-:-9.i::.,!:;-Gs-> -...,,;j;!:•ff5 ;?.,re :-;.s~·ed Sn i:ah~Y.' 5. The h~ff-:~e::~::-:;. ~-~".!':-e l~:;~~d b:,:- appJy;:::q a ,_:,;.:-:-:sl::.,:,t. :~;.tm:e~1: .. <JJ Ct~~~. ('\<.:hH':' "r:; .. :-~-:-re:S'f::'!":i-s :J~9.'- sp~::-;.!f~.:_: :-:::ap-;_,.:,·-:.~i.y :~.:i:J the-':~.:.:::;,;;,.~_:-.: :n 

:i::.}~.h ~n:d ":.?s" :"1:-:e;jr-.c.: ·~._~. ~":l:~s:} : .. G ;m:1:~r.>t.~ the i:'-~:~_,.:_:i"J:£< ,;.x~:a3".ai:n~::,:_t ·fhe pHr:-'";-:::s p~r:Jdt=-:-:;; -....v·Hh a ,_:~f~-{)ff ':-''-;:t:;,:.(~e .:__:f ·:n rr:Y 'llhe~-:: ~he z::i: .. ,t-f;,.ff ..._.,a!,_;,;_.. L~ r~~d•9.--d .. ~ r:·-:.-::~:::=.;tani. 

~{~h::.,5:E~ ef lG·••;".f ~s: ~f>p!~B(j and th:.: .:.::,_,;t-Hff :,'";-t:n,·e~~!~ •f;. C/1::3~! .. ·n,9.- c.::!! :i..;1?.s :_:-~~n ~~f~_ tu s:h~~;,·d :n t!-~-i:.:-W:.h•.;.rffX.i :s-3"£i~B- f-rn 1 h:·n~r ·ni::!- e:'f.'.'-:-:::trrx.fa w:_.;'.j. "::"he;-:: df:-t;::_::J2..tfX.1,;jf?. 

:i-::.,..,. < .. ~nt .... u:s .:_ .. vt" ... • _,,__, ... ,<f--: ~ .... :.n:--cF Yf:.k- ~,...:. Df ": ¥. :.~:xf .Lc,J: <r..-as ~..s_ ~ Lft .~ s-:::sv .. fx; \:,: ~ •. Th•-..L., --. .... o:~~-::::-1: ~ -- .'....:tot!.../...:..: :s a.'):'._J ;. ~ _a: _i <::.:. ,..,+ .s.n ... '....:•:· 

t~tht!!.tiDn G~s the H~~~t:m t~~tt.fi-ry, 'the -::u:-oft ¥•':!:~age !s -~-G~!/V~ t~~n 3 ~c,.:--::Si~~t \'G?t:1q:e, ,:::.f ·u;n,1\• :s :a:µpJ:~~d.- ~nd th-~ ~:..:t-<.::ft c~rri::-nH·:: r::rtw 

·:he z:::;.q,-:::~~ n-f the f.:.d} c~::: ;:-,t?.S ;s.-s ic-~iHw:s: a ,_x>:1:s:1::.,,;:_ :,'";.ml::en!. ,,,·a::.:: .::-;~p~•~f: ::.,:_-> :•?.i:e·Gf C/~-~f.: ~n :~th:,-;;:~::!-i.hF a:::nd.:: w::-_:,?. -t::i:.>3":-...f.f ...-·n::: .. ~,g~ n-f ~-"t 2V. ':.">1:•Y.':-: 1h-:: :-;alnif ·:./n:nF ~s 

:i:~atoh~d. ~: :·xorrs~.•5tff ';,'G5t?tJe r.,f -f:-."LV ~-~ app::Sf:.ti • .. ;n~~! ~: :-;.:rt..__-rti" ,;.;._;r•~H~ r~f ct:rn:: ~·'.j. rnad·>fX.i. ·:t.~ .:.~;: ;;..,--r::.:-; :.:,~:-: :~n fH :-::1::.,~~,.: :n :_!:~ H:Jfi;;:"fBz1 :>~.~-re irn ·3 hr}:!~-- -~he,n. 3"hB ::;p.-~ ... de 

"°''a:s fl::aj;:J;~a~ed ~~ ~ tX>f~s:l.;.~•;t_ f;!:~Yf!nl ,.-_:f C/~.:t< an::.j )he .:.::i:.>)-::-.:-H" vn}i.-Q.f_..f:=!- :."-:as :::_ff,./ .. ·:t:..~ {":~3! :."::2..s; :_!;>.:':-: ::.,Hr.>'>V':'d t-c"! ·st~:-}d fr-_..; ·3 hnt:r. Ai"iB• tt•~s: ;r•~t:a~ f.::)-" .. :~B .. ~ et"<••s."!"3:t':i. G5iHY.'!"':°t ni 

-Cl2 ",.\'3"3 aµp:li:i-J-d le mh:at-:-: fue, ~~~::-ds -.i-•:th ~ ::-ut-•:::if:f .... ul:tsg:•2- vt 4.2\•'., &~::i-:~ -::he~~ a -c,::,?"!.S\3{1:t .,..i:.1-lfs~~ at 4. Z\• ~·:,,.-:1s 3:3::·H<:::-J ~..,_·E~ a Ci_.__-:1-»:::.•ff e:.K~-2-!"!t ...:.,f -C/4-G. Ths ~fl:0-:ie -..vs:s the:~ 

:i-2e:rt0;,:1t-&d ~t ~;: c-::,~s-::snt ..:.ur:---2-:;t •:::{t •-::.tz. ~vw~ ~ ~:..:t-cff cf -~_g-.,, ;;--,)-:- c-2-l~ ~-(fas thN1 -a!:;D'l.-"'!2d-:::.} ·::4~nd tc~ S ff!i:~ute~ .. A:x: tr:,,_~::n ~Q:::_,~~a-::sd f-:.,~- t;--!& <l•2~~s-d ~t.R11b<::t -:..f )::-5des. Ths­

:i-::. '13_ g:~ 3::;d:sis .... :..::: :;e ~a ..... s: ... ..:fy {I.·~ iu~. J::.rlc~ .... :ucL:· re~-:>1.i":m r:_:.-t.r l-R·f ~fi .. :.~ .. · . ..-:L .:..;- ... :w; :..< e,3,3~ s~ ... p:..,.-..V,c.'\\..:.,_._ \er~~~-::). s..>.::S-c H,L ::.S ~- ~ 3.' .:::,:::_, <~cLd t0 t, .. ::t.·....: .:.. 

'i;,l;(LF" 

~=E3:. ;: ~-'.j. a: g;;jfJh {;1 ,;;_:~p:=tz::•ty ~e(H~3";rn:: {g·-::,:,::,;:::;;) ·va-'.j.~;:s: -._:,::-:t:.nn !_G sH•f.;;fH:1: ;~:):-'";•_ {i. i.'"{3:S uts:-8.:;,;:,:d l~1~t wh~r~ the f;arhn~r :_::nnd <;r.p::.,,_:~·$)· •~ti:'nt:nn w.;.~:s :".>t-:s:.;s;v.e:d ;s.3" .si:"vx-:-n: :i:;...H:·}s: 

gc'!:.'a1·e; ~i~;jfJ. :£:. ·3 G .• 6.~ a ,;;_:~:-hn::: lt-=: ~-:t;:<;:·m ;::_.;::_;<.., n-f H. ·3 u:- le:s:7:;. __ :_b~ c~p~~i1~· rf!-1·fm:_:<;n rale ·1.s ~B:~~i':-·~~· pn:-:-r .. He-~;r2.h~::.--r ... ~.:,'!:.' ;·a~~._:- :~;.f ~.;_~; tK;H -~n s:•3!.:.xx:, :n th~ pa;H.;_-;j;;;?.ie :.;:.:;_:,:~:;:;.r:ai 

fs ~k•Du-:.::l'::_4 'b::-:) ,t:,S. 

Th-2- ~sc~f•3~•an·d (!?A) ':.~3·'31r-..:1nsk::ffH~ t0- 3 Nc-".ITsch h:gr~ )-::-:1G:t,_;r•t Si~~-!•:?~ b-eB..:; ~11:f~ ~ont❖-;:F'l-~:~g 2V-fr m••::r»n: :;:;n.:;.on~:1 :gr:fl<.fifl~ b~~ds_ T~e b:•2-arl .~,H w~s th.-2-:F'I': s•~ t,::- n¾>:,"ck~ ~M 

-5:"}d ·s·i:::z~:_:r• w;;::-:;. s:~.:-.... ..,...,.::y- .;.~_kJf:-f! {n :J::Y.' s•.:=ve:::. t.n p,red:..~:_:9.- a;; .::-pp~u~!:-:1.a1e:). ·~~?'~. -,.,;,.--rftt-:- s;~:'-x:~: s~•-:::r•j'·. rh~ s~,;_;r•~· ~s: th:=.:-:t1: .-:-;:,;!e,;j fH :J;.•(!' S:}t:;:~ff: ~-•h!~F k~f;i::::g :_b:f:- :-;:,;;;:;-ry 

~-~ff)p,ernt,;_;::i:~ :~k:-w t.:J ~,c. P.::-:-Bd~ .s-tz:f:- ~n-e;;s:!~e;"i"::--::-rf~.s -,.,;,.--rere p'f:--rf<:rm-9.-li ,;;,.-::,: r. n1::;J...--8-:-:: s-:r~?.SlB•35l..~ 3:€3:~!H_ ·n,:;:. re:s:H!~ing rH!!~.::-d s::!:-.•s-:~::..., w;s.-s l~1.;ss-Hi~3eh.;.~;g~d ~~1k1 ~ s:..~:i:,~h!e 

C!"}:1ta::.:.'!:.'r an,_: )h:=.:- sr.:.fais ::-.:<"·:nle:;-::, (~·yp:t-.:~:t~·-]t!~ .,. ... ,,.,:w) wa:j :l"~e::.,·~~irfX.i :._:r, a ::..<..-5:-s ·On: D•f:-:..g: {:-...oo.: ~lK~·;f;.t::t:e ;;rrn.:Ey .. ::-:·e- ·rh!-s: ~-:a;~y ~-s. ;Ff.::.cs--ed te ~S:- a "p;i:1---ff}!~:~f! .. ~•fax-::.:. sk~:;y_ 

-:·h~ ..,f}r~·:rn;~f:.ti" ·~frt.-..:;5, :s:~.:_;1:i:::.' w~s. i.h:Hr ad_.:;;:;f;te::.~ :_,.-_~ ~?t!~ -,......-.,:w S<"!~:df; . .:.::Gff~:;:;.:11. :..~~:.r:g :f~t-._,.'\..:.!J k,-:j;._:~f: ~•:i<.., a f{:et.c--:·'.j.f;{1: b~?.<i ;1;:,;: -tx...r:.t?.!n::r•:~ 50 :r;;~-::::::nn 7-ire-:.;::;5.,q gq:.~~Hng b-::--:=td::s. 

-:·h~ sk:>"i"J ::s: :_::~:-} ;11;J;e.:.1 :.:-_: ~}._;'£·'·- 1{~3.:.::-n -....':-t~~:ekf!-8i>►:-}g lh.:: -s.~.:_;:;;~·-:,-:~·n:1~~s-;s.~~.srf!- t-:i.::~nw 5~! ~=-. :r=.a;tt.:.:::~ ~•;:e :;;,eas;,_;:i:~f'f}~1:l:s ... -..•a,•.:: ;-.:.e~fc-rrr:ed f;:-~ a ~~.;::!-....'i.:-rs->K,t-:.-r~:i:1-rf;t.::-Y."-r ~~a◊:} 
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_A2.C':'\. 'ti/'-""t :----c~~•Y~r'.yf~·1:1»:::d,::.,~& {P-.:f') scl'!..!t;~:-:: ~~i ~PA :.. ..... as ~r-2-p::xs<l by diss:,:::,N:'1-g :P\:p :k1 ff•A ~s:n•;;: ::x-: crv.c."!h«:!>:! sJ~-,e!. "fhe: ~◊=i•:.~ ~ontc~~!! ~~~ ~he:~ n-1::;3,~-..1:r~-~ us~~--:g ~ tna 
m ..... :u·•LKB' f -..,,-:1·_ze,_ -n~s p,;p ~v\..;U-:_,T ..-~ '.1S fx.-- ::;c<:L ··::x.>d .,.,;~t.'h -2-. ,ar~,-~1··kd .. s:· ~·cc.: s·{.> i:· 3~ s '.::•:'~d'.: 'd•d_}·~ .... {!-1:i'.>::, *' ~ :: ,~ ~ sT.c:-0:-: 1U;: _, p.•f"t~ r\ P ::;::xi~ .:·xv:'.:! us:~.:i-:5 3r,; 

{J.'(e:!'~~;~~ st;:-·:r-::-r :~nw: :,'"~-r::n::p:-i::-!~ ~K;.:,;fj.~s:n}zaHn-:; ~t: ~. h!g:h fJ.r~ss1.ff~ tN.1;-;-;;i:_3gf!l:1~ze:1:. ·r;;9.- h.:~•;fJt~'N.=-.:;us ~~;· the P\fP ·:::.!:t:rry ,,·as pas·jf!{'E lhq_-x_;g:h a h~9:h: f.;ff±-f:$:_:r~ ~:nnK;•g~t!-EZ9.-r 

;j!° a ~;-; ~:s-s::.F~ :.--.:.-1 ab-:..;-;_;:_ 15£?~} t_;:.?:- ant~ ,.::cl~;'"~'!"s:.:.1 •n a :1-sit-lh:~ "l~::;s:,;,_.::3. Th,;,_.:: sn~;•d:=: , . .-xJ::J~ent -..~as: :_:;~:-! ;~s,;,_.:::.?sa• FJ: !2:1 ~. LOD :::-:,r~-E:st . .:_;r~ an.oJyz~~- {~~qt·f:x:u·s :!,}:/.-.:ri -.,:. ·: m: ·~~} a:i::ti 

:t;p-r: .. ,,:- rky~::-~~: '.$ri.~'S". f-~~rf<JffH~d ,n;; .;;:. ~1~u-.-;,;epl -•i:-~:;Jrfr~x ,J:r:,:·e: .,,.,.:-:th :;:i:~f'l'):iJf!n c!,":'-s.::::::-3 in•.:=-~- .6, hnn-::.: .. :g:,:.:,ne,: .. :-,3::; ~~:/F\-':'.>/:~'f .... :=J::.~.::y (t:-it:g:;:: ;.;:._-.as =-~:~3 t.n 1h,;,_.:: S:p::'j;,:· '-fr?~:- a::t -., ns~~ nf ·~ e 
t_llff:,~n ·n~f! :js;~d p-;ix:,;_;f;:f '-,ia'):;s.f;; ,t:-i:;;;.ffi_:1~:i f·r:;:tn 1~~ ~yr;k;n,;,_.:: v·:: .2.?:,~ ii?':'"Q :i:-az-;s-_;\(e•y) -~t!{1: ;,••,.:as f;_~u::-s.i 1Zl fH:O'O:: D:~ ":D.~ : .. :H• (3'>.-1ah,;:-:.:-rn MO:'.'i}!:~·:t":S:i:::-e:i:·!A~ffJ-) .~t:d ~ ,,..-..,::=s}!,tB~ Ci'.."N~=:~:."f:'." et 

Th-8- ·~i.:l$. >1ti00 '.~:!'D-X~3~ {2£-~ bm:d--i, s:~~2} "-..:._.:.:1s tr~•Jn <::?"!a:--q:ed ~ni0 s-46◊:T:t. •Jk:i·S'.'.".: :-0~0·=-:<!\ .. ~t!a::::e: ~·c•:--:~cl ?}n::i p!:a.:.:«•:.~ in~c- £ e~ffioi~-2' f-fIR-~ ·: 0-◊ !'Ct3!'Y hKn3c:~. Th•::· n-1::;:-rsn{!.~ 

,\.-6'.'.".: -.:\2np~30:d tai!"K~~~ .:~1 -:. ,,''(·~c-::.-s+': -"k 3t {!. ftc-v• r.c:(& ct .::;:_.0...:.1·;, k~ '.1r-:i •c:i..at-::D: ;;- 3 . .,~if> 7~~ rp x Th~ &':stf•:::::n 3'.s...,.~::1-r:cn ·s. s_2k:x3ir:,•:1.J f~:.,.>._ f-0·:-:: 1Ji,2- v x::•:::.~s T~.& 

f::n:.;.~_:-;::,. ~-s: h~s.,:_,;,_.::fJ tm::..~r :;.rmt:n:J~i :..xJ.nrlH~•_;•:::::; at ;5, rr.:mp ;;,t-i::- el r~~; r::-i:·}re lh;jf> ~ ~:.:rz-~r: tu~ rna~l:-r~mn ;:,;,_.::::-Hf.~f!raw•:t= ::-:-1 2:.-a s.:c QHfJ i.he•• hek: -2-t ::it1s.,:. :.~::-r)r:e;~,:_;_;i-: k--:- A: }~G1.s::-:S­

t~-: :..:H.:--:S-s::~•r>k :)~~ :::,-vp .2nd -::;;.if;:,:_::~:-:"': .... ~fi~r ,;:.:r0~-'S".i•r:i.k~:;-g, 1.t~ :-r~a:fe;~;j} ·•,?J;jf; ~,;,_.::f\ t:U :;n.:,= f,;:- ahn;_;:. 2 hn:§3 and :_:;:,:.:,n t~•::;,:{::;jfg:,:xi frrm--:: :_;;~ .:xx·;t,,j-!,::e- {\) -~his s.t::~e. a~-:.~ S:>.¥~;pl~ -...<.."-2,s: 

Th2- .:.:ros~kn~::,.}C m~:t-:-:i3·= '<,.\•3~ !he:~ :3;::1ce.~ ~:~ :'"!:fl-: 3h_sff!i:1,3 -:.n-.1:.:.:-tt,;-i-} 3?',;~ p-~--~;~.z~J 1~ a stG1if:: C3dx::~;r-...2- tGh•~ tl-.J<tn::;c-2- um:fof ft:ov[!:fl-~ 'lli:t~·,::_,~:-;:;:--: (U ;:,.:l.:r'.-!Jn}. Th•~ fun13c-2 'tH:~:s. 

h:,:.:,ate,:_: 3H ~ -: :?'G >,c ;s~ a ~:..,:_,;,_.:: ~-ff ~ ~~-:·f:f:J.~:"': .. th~1 :-;-i::-l:rE ;j:. th::·:- :te:-::~p,:.:-:·-2-·h::t-e f ,:,- :3 h-c.-:-t:i:;~, ar,..-_: ·B"!s:n ~fa;:c:.;,e.:.i l,t1 f.::::x.-:-i i•;~·h:n~~=)· {typ5:;.;.~::l::,- ·3c .. 15 ~K~1KS} 

Th-8, p~,:olys~s ::•n::-Juct -..--:ss thw s:2-1/ ... }C th!'•:::• .... ~h 3 3E :i1~u·•:,n so---::-B-:~ ::.,fi:c•r to t:•s•::. To,2- n13tc~i'.'"!h-: aGf-::- 3-i,s•.::• ~'t•2-H d~:.:1:-~•:-::f;zed kn t«trr:i:~ ct e~-:-n1B-r::t3; .:.:-cmp..:-s:-:::c:~ ,:3=}s 

tlc?scr!b-e<l :!bo~·-2-) a:1d ~u:fa~-e a-n-2-::;, {BET), p::;::i5d-::- si1:& . .:}an:ci t3;2. 3Bn'.'.".:11)·. :6:ET 'l-':.'.·a-:s me.,.}srn.z..:; us~~-9} 3 ~-';:i~=-0~x::!'E.~.:-s Tf~tc:,r :r.;;G.-z:J 1n~trrn11Sn:t The? :;;~-•3;: ..... 2':iies: -:•f the fo-:a~ 
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0254

S, _\_ e~ ~-... ... u-·) -~ o· h:2.k~:-:~- :.:-n · ·-a~t,,,_;:_. a-c..""...:..al-1:.-. __ d:6: { .. > u t::",&....:. .... }_0 .. .2_:J w th:. •. _.-2....,.'-_::t:sJ fL-.;c · 0~ ·or::-:~;.:L, ::..:.. i.L ... tu ..... ~ { c:-.c...~k _._::.,:~ /.:c.:d: ·-v .... e.L:J.:.·L---:E ... s ..:.s. ":_.3: 

d:•:J;::-;;:n:-e (-:o:11s;curd: '1 }. ·:_,3-•::fo.:-xc~2f.!,f; (c:>.:•F!'l-p.:>l:n1 :2}, 2---~-~>-liJ~r; ~s•:-.:•::•h1hctf~•:::. sc:ht 3-dk}}';.2!'!1!::) {c:~•ft!p.:>:..:n•:..~ 3), 2-~-!:-':!'1hr~ ~s•:-.:{~~thc1~k sci:d., 3-1i.:>}.:-~-~::}:~-E: (~·o:~1;.,'C\...F!>14:r 1/~­

d:~n•~t~)·l- -~ .3-d!:.:::-~-<.a~~ ::t::cm~-:sr_.nc S). "2, ~,-t1~:-:-x-':R,1}:;, 0:~-e >X rn.._<"}re_ ;~ 8---di•.:•:-<.Cfof"l'B (o.:,~-!poc:n<l 6) 
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t~:_:~J~.~r:": ~G:P, bai.le,;~• w~th-ft.>r:-r~d:s.; ~1a:-:..:t;;_;r~ {"::SH !-:,e C. :5¾ -~ 2¾ 

tn !~& <:::!>-2-ct•cltt& ct r!th~:.:m irm bf.1i-'2:f)• <l•~-~c-r!b:-'2:d ao.::Drrl:n~ !•.:• c1 f,~-'::°! ;:1s::::••2~t ct th•~· ;xe,s-2:fl'i :n,•&~tKit!_. ih~..:<:F";n.;;:--::te<l .l;}i~1:s·!.)-1-:1e: -::.·::xhcn::.,<l-..::- (FEC} ~"':3'::S- p~.r..:·&:;tag..::- :n ~"'!J-} 

,e;:i-:::s:::tro~~•t,e. cf ~;fu~:.:m ;~::,.a b"5~•'2-:f}' c~:fl-: i.}E: 2'·":;; ,_. 4~-; 

3!-,3~-i:J&d .;:_,4 !~!e c::1th;D-de ttY.2-:11~.;.,r3r,...::, :::;,c;~..t::'.!fn::n•~ M~~-<ti,'-f-: ~~~:v~::- c•~1t•~:-she.H ~;at•~:t-~~ cm ne-g:~1:i"<e ".'.::!;1:-nN;t •:::t::.•HE:-::'!>::.•r. E.ss-r:e~--f~~;-:~ fs ~f!½:"'-'a;: b-B'ti.❖):}-c."ft f:<J}S:U\•& p!:at~ 3~d: :1E:-;::2tf'>i,••~: 

p:~::'.!t,e.~ E;oct-rclt!e: A~d: b.stt-el~- &>,1•'2-:fF:::.:1:: p:1,:::k~~-!••.}:-~'\!·he.f-2J:-::.. -::h:1-s•:::.rib&G •2Jcx:t~c~1:8' ~~ -:hE: >::-~e-==:t~·-:;;'.'.;tt<::: >0f htbi'-!:fl'~~ ::Cn b::1Tie~f ~;z:,c,~,.f•3~ng tc :11:,.-st ~:~p-e•::::t Df ins :~r~w~1 ;n'.!-a:,tio:; 

tn :~-:.-htu,:, ~cl: :_;,;j.Hf.:-r'.'! ,_:~:=::{:-ft;~!! :..,,_x:<:l::t"!lr:.'S:E·:,!-.> '--l ":.;:=.x.x,••d :=i:~p~::t t;i :_::~ p:-·e-s~r:l F:\'~n:_:,;:s)_. t~:.i:1- :-:":ale;:;;.!: .d~i{~:_;!::5~:~J fr!-R-:":.,. ~:x:-:rs~ l:ti.h;s.ir;~ ttn, !-:: p:_;::;.:-Etr,;~ .e-:--:-::h7C<iB f)f:H',if.' rn:..,:.~rt~~s 
e:s:;• b-e :~-tht\.F~~:-ts;jn:~~t;f;s-J m.e-t~: ::nn-::p..;F.;.~le <;xtd-:. z{';~.c1: n:1:t;•,t= ~n l~~ f:nr~-:;p0tR'::{i t~-:.;;) :Je:s·:_:r5b-et'i rn.i:l;,.~••-)rD:1$.~:_:u:s, :rne::_;jJ .r:,;:,1;~;fj.f.:J.~l1e tJ.x~.:_:..::- c;.;:~; be :~~hian-:: iJ">?r,s~:::;(;n--ff:-e-1~,~ 

et~ ~x rr:n~e jn t:::_t;h::rn: ;j:;i-;3 r~_,:_;~!t n~~::::e-s, ht.t::j::rn :-;s:.,-~.k~$ .e:~Jdf:: .. rn:r~~;_;5;.: ff!.:=t:n5::F1-:S~f::$-:- nx•-de.,. :u.,. Nt Mn ,_;_.fid-t=, i:::.t::5:;:t:1 :-::•:::k~l cn=-~~ff :n::a•~ga~":e::;Y.- n~i:re. !:ii.h;•Kfa nk:ke~ ,x:-t::..,::t 

a:;_;n:J.!:::an-:: H:•::k:-:. 

~H h:_:<~~i::: ~G5~ !;,..,q1i.e,;~• :::le-s<:.r~b,e-._: .~f:.;.;,;_;5,_:j:·:-g: !:t1 f) sHx::::.d ?::;p~_:t :-.>~ ·f:":e fJf~:=:;a,:-;t ~ff-;.'.:ffYfa:n. the ;;;~~:r!'r:a:: U-i;;::f f!';jr-i. :.:i:r:.,:_::;:;;::t ,_:::,:,:.:,,;~~:r!' :fn::n:: :Hh:tF-::-:: k}t: ::.:: :":eg?t~•B ~f:tt;;~ -:.x~:;-:-f:hF!; 

:;;cfftf:l:ia: ::;~,:n h:,:; :s:-:-;e:;::::'.:_-:~-J: fr:)ff} :s-,,:_;f:_ <..:...~rbnn. h'--t:t'i e2:rbnn. De'.t:s,;•5~::iT: .. ::-~2:lt1.>s:.:,. g~:..,:-~-h~f2-__ s-~i;-c~rn:. :::;~~;f;n::: .:_;~~::de ;;;en::p;_;;;_;n:::l.- :?!:t~_::~.,.:-~·-{";;jf:_;u::, r:;_;H•f.:-f.>::nd. ~K};;•~.:ff::, 1~1~;:;•~~~ ... <5:?t: i."-:ith 

,i'()._fi~ 5'-~Jal~~f:: :s;-;:;~;v~ rx:H~-~he~: :-r~.:::::Ee~~;jJ 9:ra~-;,bf~:=.:-.,. <;nn-:.i:..~•-:)h,•~ .~9:,e;;~_ Df:.f:t~te;-::.:s bk,;;_:X,. b~!":..:.i~;•-:_t :~§H•~ !--x:tad•f.'-::f~-);:~yre:~ f!!t:h~r (S~3J(t ·thtG~-f::n~r -=.;:-xi~;_~H• 

c2dx.:~)·in.e-!J:,yk;~;k:::k:;-:;:9:: {CK•K:} --~•~ f•;!tf :.mm_~rn:y· rnt~.-f::..:.i ;:;~ de:•Hn~·:·.--:-d t"iff}fX:- $;.:_}~•B~::t sy~~~:-r: hf wf:-:ght -"35:.:t .. "e?:1,. :_:~ c-:J-;::::t~::-.i n~l f;a;t~~fsfa,r C:: }:;jf.;.f::r Hn~e: .;_!ry.,. <;.nki fJf"3SS~f>:J. 

":5!;!\.i~r•r>;] p.;:,;i;2,r e::..,,. eh1;:.,•r> 1he H~Ja!:r<f:: pt~·f:9:: tLi :Hh!\.F~::: br: t;•;.,.H~:-y 

P•.:•s:Uv--e, p;:-:}:m. t.amer fi:~ff! .• n•:::q::1":::}v~ pk--t~ 3,re: k:;:..:~ed i:~ 0-:--d-<:::!, bufte! ~f:t.:-c,r; ;s p;:~;··~d m th~:!- CH"'!tr~~ :i':·3~i:1g t~~rr;:,x t:~~ i}e, ~~ µc-si-;t,,:e. p~ste ~nd n..::,~3t:v.1-} p~~!;i..}c ~-nd Vltt1d:?":,•~ 

eht:..,•r>s: :;,-;:;J.X.e--..: b2~tf::lJ f;f1.'t~ ~f!_.;ssv<a~-:.i-s:, an<J: !":-3:~£<:::l h~:.:_~;:Y· r:.:_~r~ !s f>;a-:.;.:f::-3 E~-:: ¥.xt,e-.;-:.;j; p:..~_:k:Eng:, ~:;,-::;•~-ci:"S f:-l~_::r;_;f_::·l~ ;2,:-~-E ~f>f:.ap-~~.sk,:1,e;.; . .:_:h;;:l:g~;-:; ~n:.:-.. :., {;ht~J;~:ng ~:t!::K;:;..:. :en: 

b~!:.18')-:-_ 
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t~,~-,df{;-1.,-~ ::-5 thB rH-a~'.S pffi"<~f>"~.~r;e :i'.r~ ':':El:B f:-:-8-_:~r-;_~Jyi:.e uf M:h::,_;nJ !n<-:: f.i.~tff!r)" l<>J be :_~~f:- fh_:i:;_:~::r•.~·ff!d -.::H>y~~f! .;_:.r}:J;,!'}f:~,:_F (fl:C) !'}f ~t"%. and >he :-;:";;::_.;:-"i-S pffr:-";~~~::~g~ l•~ Jhe :.:J:9.<":l~n~::r:.-e ni 

f;:t;-~k!~ ~.:,n batt~~-i L'E: ·: ·~ -~_.3:·d½~<.c~~n-B> {c~,f!-~p-;_x:,n:,j z;. 

t~,~-{i~~_;-1.,•~ ::-5 t:'m rH-a~'.S pffi"<~Ht~r;e :i'.r~ ':':El:B f:-:-8-_:~r-;_~Jyi:.e uf }~{h:(•H:1- !tm f.i.~tff!{)' l<>J be :_~~f:- fh_:i:;_:~::r•.~·ff!d ,;::-3:hyi.:::=~f! ,_:.r}fb!'}r:~,!..F (fl:C) !'}f ~t"%- a~K! >he :-;:";;:j-"?-S pffr~;~n.!:~g~ ~~ )he ~~9.<":l~n~f:'."e ni 

t~:J~b:-r: ~~-~:r• hali:~~- be·: '3?. <.-H~:=.:-~t:y~ !~"3fJhth-~_:;,J;'f~. a":~d .. ::t-:;he~::r.J.!<=m~ {:~;{!•rr:~{'_:,_,;r>d .--:;; 
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pnla••B~.: .;_:f'~3::rge i-. ... Bt~<.t:·5-:::: .;:.~u:-r'!:."-r:~· k:~,n:tc l~1;...;:;. :£L::::::.c, m;,.,:l•:5:""!.g ;:_be;:, -1-.~:t,¥ f.;_;~!:y -r.:ha~g~sJ :;:la:.~, c.:_:~;;fj.!-e1e:). u:3 the ~J;~ck~•'f!-~~ :~;.f :t~ha:;:·::: ~;:; b3::f."":~ry bBfnn.:e :_~-s-:- s;~.;:.;.:;jg:;=: ;:.-;.,:d 

ba des:gn3::f.~d ::)~ {:~~~. b.P.~:•[{ p4:j,<;e.c-E ;H f!H :::>E~·r C •-~f $_;,~!\.;::•-:.t •f!";~:·:,s; t;-y .;:.xxr)p~e!:.~"5)· f•Htng ~!"th~;;_;rn. !n~-:: t;.n·:tBlJ ~fN::-w:;.-;;:.:_:~ .. ~::.,:-:.--e .;::.-;_;:_ .~"fl~:- .:.:1 ,_:n•r::: .. t:h~ ~h!-exnes~s n,-f t!::e lffh~;_:-;;; 1-t::n 

b~!:.~8'},{ !~lF~~~:,-3!..:.~t~:,· ::.,f~a: ~-~:-:.:.t s:_G5?!3B ;-:1 -..-=:~:s:~;. de:s;"Gn-Q:.~s-J -..-=:~ ;:n. 
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Th~ ::-rn=::-.,_-q;:-;: v·,;.~::;_;s-, n'f lh-: ·th,~.c::.:::.f!':::::::-;. S::...r..-:f.!-t::•r~~ ... ,f~B:~ -:..;~:x:.r:g '-'\·Hh 5 ;"::t~3~;-J,:-.:-::1pe; ;je_.:_;::--'f! :k:-_::-;J:;rr:: ~Gf• t':.;.~~te-:~:=~.,. th~ :E.tt;~_:X.11:~?-.f.: ·s-.«e:fa".:g qf:.~:- f::Ee::~:~i-: ;:.:.:;; :_:;5.f.: f~~i":--len1f-~Y.'-r:~ture t~-::-b~tF-;-";; 

t;::N; b~tre~y 

.~t 1:5 nEG c_ r•C$pe-:=;t;-.,:.e;y g•:t .§ =-t~sf:.:.R~i ~-:~ ba.tl'2!~~s. ;."~~h :G.5.C m\J;t~p-::y;::lf: fJ-:,\.<.:€!- ,::)-nsta~"!t ,.::une:,"lt s-h:,3\g•c· t,.J, -:.---~~age ;,,'.:fgbe~-1;,,'.a:-:: 4.32\~ f'.1Eh~r '/,t~!~ ~ 3S'J .-.:(RVi,1'::!~i­

po-l&~H:~J c!.'"',~f~& tc ".2~::.'clrl..::.. ::.X:l:?"~c~~~! io._,..l'::r U~.3-R :G .65(: ... ::-1 25 S::::EG C ~~tl- ~C Qf ;.3: C. ~,2:-3-.,e, ·::.~.::-aci-:;··rnJ 6\Jt;0~n :re-s::,i::cH-.·~t 8·TT::."{;-"..-'a-r>1s. t~&:i t<::- d~·Y.:-bs~g•:t1 i0 v.-:-~l:.:-::g~: fr,.r 3 _f.;,\i 

;-.;rtr, lt'2.C mu;!~piy;r~f r,1-:,,-.:-el •:::v~1st3~~'.t ~:..:r:-sm. R'!::-~ord ;:nhil:rn ~.:.):--:: tJ~~-::-ry di~~~h,:-,,f•.}e, Cf-f'.•&:-.:=Rt :J. s:~ ,::f\ft-2P:"!-rn: t.ern~~.::~-:::::t:.x,2:s {2:5 t)E:3 C} sn<':_:: £:- (--:: 6 nEB Cj_ 

f'..'.5- ~a•; S'.-.e '.5-'f!en: f,.:_~;; HJ-f!.-'..~i'.;tf!:-aS:l ;._;{ f:,:-}-~!x:tfo:s,f.<t:f 1--: .:3. 2:ad f;.sq-1::p:s:r;...B-..•e ~~:s,;:;;f;~~ -3-3, ,_ ... f :_:::f.< p~e-s~:".:i ~~:,..-en:_:ut) ..,;,_~5"fJ-:5s~•~g ha·s 1 nf tn~n-i:;,.~=~ t ·:;t;p:_:f.::~~:.':t"P._ Urn ::,Jh!t:~n t~"J-n 

i::.::1Uer:,.- •.:•f 2--dt,:.,_<o•n:~ ,.::cmp•~~n-d 3~~ t~uc;~~t!at'e<l ~t~Jf•2-n2- ,::.,.2:fb.:.):-1,3te {FECJ i:h:.:xt ~-!>)i: 8·dd~~~ the k::ia:{..Sff'. ~n t•att'.:X''i {,:.,...xnp,3r3t~s •~:<sm::,,;& ·;:: -~t a-n--y .::-dditt,•:::-_ 1;,-'.»t~~!.;:_.::~; ~•.:•~ 

h::1Uer:,.- (..:..,.::-n'::pa.~~1;-.:,e ~:-<.srn::~~e- 2::: -:,~~s· a-dd:r,-;: fl:_:.cr{~:1t>-2d c-1?":'),•=e~~!ff'::" c~it..,.:-ns:t-e (~EC-):, S-:'\::: §tbiufT~. io~ t-att.1-.;:J· f:::.,:m'}ps:rsH-.•e, «.<3m:;,;!:e, 3:} lh::!:t :.::-a!y ::'!Cd·~ l. t?":,;e, 2:-diJ:::.-Xs!,>::­

:e::.>~~pc"'.ind 1.ti:f'lh tor~~u~~ ~ -s~-u..:..-1.u:--» h:!\.'£: ;'.:~~·-2:r h}gh !>::-rnpe:~~1'..!:r~.:: i:h:d::_:-1e-~s s ..... ,.sl;:;nf: ~~d fi~~h2-r ki~\" ternr:•-~:-::-;t ... .:re .j:f:sc?-:-.,x~e, rn,s~jp:tl:a:g ::v:::.-,,":-·~.f_Th::s :fs t,-::-:::su~» ~!~~~'f:~•~~it 

h:us. ~ ;';".....,,;: .. :..:~,.., l :;.,.:i.s~b~~--- ·~-in :,•ne ...:D' : ,y".;U. )}' o:- ~.d--.~<-:>~.fa<":~ ft .... 0r:r--: · j ::?!_.·.""':y: s..::.~=-"z•~:l. .. .:L_:;-~(;,:' ,3t C3.c ·,.~ § -2 · h.'.:gh--~sm::::•~.U:lh,r8' _JX?t,.e -~ ~:h::.•m"!:a '\.A 3•:~d _;,-. __ 

·fh_~;_;;:;1.r.:f:9::-:.i .:::Ui:y:~ne ;_:~:bsq-1::..,:_~ o=Ec} b-ein:e f:teg::::...;;:_;;{e !.":f:f~•}:s:.~~ :S•!:~-fa<.":~ :;Y.'{iU.:.~=-~un frn111:s MF "g?.•$. ·th-t:s ~v.;:_1:d pn::::=:IJ~·:t= ~~e-_:)fL•·~!f!. Q::_:)~~:t= ffh?.t~r~:slf;. ln t_;f.:' s;_;t,._~~{~i_ ts; -~h.e 

c•:£'.Tt~~on -:,f Hf ~~::~s. B·•id t;,-'.$i ~~-!!p~Yte fu& hiJ.}h--~e:rn::i:~rni:..::rn· ":::D.::-r~:}f'\::: ::,&.-rp..::-rn-r::1~c:~ :...:f :tt~~frnii· ~-:..:rt ba.H.e.fr-~a'.!•2- l cf fc~mz.,;a : ~'tr'..!.-.:i:.xs: 3-d~•:::-..(::1n:e. eo~a:p•::::•'..!nrl 3t~o c:!n f::x:-11 

st:".":!.bis- t:~>::-gs:t-t-.-» p:::-.;>2- ::£; •:1i3p:~1E°~'J:n1 m n~ffi!~s 1:•'2:ff'.-!,.;n3i ~:.x1::1G(:: ~':-·Eh fl::..:.-cf:~~~2-d ethyie~~'..1-,; c~f~v:-n-:.:1t-e {FE-C) j.:.):ntlt: ~nd du'!::- i;z;.. v.-n3--:: c-::.,~t-aa.: !n n:e.~a1~'t•'2- p-ci•:-:· SE: (fi~~x,3gft!-. 

f ,..;:~-... ·s. 0-·· ·..::- :11ui ,,, ~ ~,c ·,vtv.ff, _:i'V;,_:q._;,,. -D'"l;X>•..1:v, .'::,3•~ H~:::~ <':Cf:_•t~·n-c.~ •-::.'-:rl -:..<f-::)Kr :_'(}';'· -"n:.:::}-:::-....0. i <2 ... ;..:.:<h~_t··..,:ny cf.,__,~ \\Jf'.L, {u_. ;:}~ S'~~ !-\, · r-~:.s·n , :1e3::t:f"X 

s•:.'!;;.-<:: .-.:-ore:--s~!cil n~at::."f:3;: :su,tsc:".2 :s a~s-:~ ;:11~xc•:.-'.ll:,:t~ ... !:e,n:1-forn t~".2 :mp•2-rl::1~c:~ 0f =~?-:sfrnia: ,-:..:rt i.;.stte.fr :s s:'fv~if!'.83~-t;y ~e-:;~;;::e,::t fx_:,s i:he, ~,::,;.-.; t•c:ff!pcXst-me tl~sch:::xge high !'.2:t>::-

A~ C3f! 00- ~&Sn ·fr•~~-~ the, o:-rn::--::~st -:,f .1-,;:11L--cdiff~~i~ ·f-S :.:':,:id -:o~iip-G~-~;,•e .1-.}X3tt!.p~e, :s. sk,~q 1.1.-ith the n:-::iss psfC•'2-ntaf-G: -::,f FEC m..:..n-,;3,s~s .. t~!:e, ::.hid<.:;e~s s-...-.:c~;i:;g :!ft'!::-r h:gr,­

-- ''Y£s::,L:f' _ ">;<u:1, k .. ·..,,3°r'"R} '• - ;c_ 1 __ ; ? t-~ ...... ;~,.:J.J t:, {\.:-,:~._.:n.; D.idf :;::s.u:.a:..: __ , ...:i?::d-::'-:c .UH __ ::ll.'E:sG~~~ _ ,_'~:.....:: ,,3,g~l- '\!<a:;:.{~ .. ·..,~ltcr J'}'-"Cl.,_i .,...,.!, .• ;~ 1'.:A ·.:.~tl ~n 

f te_ ..:;}s:n;s r"..,,r -re•·>> <,n. ,h. L'"'<:•~ ,h~ :-:13,,.·~ 0 -d·•:.£..-.:~,3g.r -:~ ,. <~ sl•::::: J:)'j.A.~ o·· Ff·· .... ~ ... ·:-m:'..!:r.:~ :c., t:.::DJ -·_1 :fs ·_ -::f'::cs .1._·_ ~P cr¾ ~-~crr,:;-,r-..:1~·-:,.·..::, -c-> •n-1: .... ·-.:: ··> ... be: a~.<cgr:r-.Js·:& 0 ,.)J'h'::1 

d~~c:;½:~~*- ;_;f Mt:K~~•; k~:i:: t;~n~rr ;._:0s.s:h~:r,; -~a5-.F:;;. tbB if.:,ad 5n F~i'.zf.:-....-q;::::::"~r)g n~QJ ::-~~:w.-:::_:f.:m3-:.:":-:.i wt:e:; ·~~~f:: ~,-::;....:S.s p'f!r:;e:-:::_;j,g:e ni' -::,::,--d:~:_;;:Hn~ :x1n1:_;,._;u:-:.d ;,.r.. ... :tb tn~n1;,.~k-=::. 1 ~1Jg;::::ftffe ~f;. 

•·•-•fJ. \-...n ;_;-..1./r- ,._.~~:e~1: s:, 1 r·l ,_,ts•·'-·•-·~ i:n , -,; .•• .e--<r;rH>•':f:: ,f'-fY .;)~H•Y-:".:1. n'. .:r ~!·u;-;:-:; 5:.>:': t~? ... ·:-),":h:=:...:::. •½L••"g . .:.--· • -_.,..-;-,,._,J? < :-_.>., ~ C>~~.P -..v,.f.:'-:': .£\.r: ~~.~, ::- . ::-e'tV:'-! ~- ?._ e ,),_- ~·~ 

i'.J;0X;jfl-f!. i!.X;f:apn-tm•_: ;s :_:_x; h'tgb (f;.·::)rr:p.:sJ,o,t;-.•B ;:.x::;,;;;f>;~ ~-): ?.h.h.:_:1;:sh z:;;.n nh;.•k".:u·s3:r ·:>;1ppcffss H!= g~-:-;. te t!'::": ~nn-:.;:sh··e-~i:'-ffS uf :f)f}s:t•ve i:'-le:..::_;.:_:-(!:~ a.:.:t:Jve r:n-at!'!~°!;:,....::~.- b~:;a;,.~·~e 1hF 

p~_ ... .f.:~t~;;e }...,;_~ie s::::J ::,3:apbf;s.:]::'f: g~nf.:,,'!:~te-j ~S: :_:{rJd::.~d up -r;-..•6'.slu:·;k~fl f::;f~.e~ lh-± r:{:~n::.:.,: d~~•;:_~::-,r;..;,=t~~:_,:)n ~-:enK:~ss -::-.>-f !E~ha;:::-~ k1•~-~rhc:~~k~5-± :~::...;;;. p:a;...rthe- <.:-?.p;:,.;;_:;t_::· ,.:_~f 3::-:·bh.;:;t. !-t)n: 

t~•~ .:_:f):': t-:i~ ~~H frrn"!"': 1h:t= fx)n!_:";:..;;·:>) :1-f e;,-::b...-:..,ffa::1.e-;t :3 .. ~f:;:1-b-:x--E~•-;-::~n-::- 1 l ~::--~!"5 e••~Sg.>f:trn~f>~ "::~l., ak:•;~i: "''-':::J:-~he :nrnP.::......::s~ ni ·sL,:1-}st~::;,.~:-r!" :i::u;:;~ ... ~=~ h:-!]h--!::t=H•pffi·at\.F~ stnrag':' 

pBdnnn.:s:rv;.~ ;jfl-d ::the ;a,w )nrnpe•~:1,;::-~ d~3'.";.h.a•y'=' !--:-tg:, rr.:fe }}-±::--f-_;-n:;;j!"}t:~ -:;-;.f ltth;u:-r~ N.1;; b?.tiery arf!. :s.:; dc::.~5;.;-_-.rF::'.':·e-d. th~s ~s :_~~r:a:\.~:>e ~"i;hs:iit:;.~~'H~ S:ln:i!.~:..:_;ri:'- ~~K:fi:'-?.,s::c=-:-,;: thB 

::;-t~{;~s:i!y hl~dsr<::•:t :::-f c-:xn;: . .'•.:•n&r.t ;:~ t:k..-s f-::.-:rrt!.tng ::.-~--~-::Wu!-=:·_. ar,:-:; 1hs~'1 t,r.fngs :F1-~at.~s -2-ff-::-t:'l~c t~-2- :-.::crs-=.;:1-_t;;::t:ct:1 :::-f :::ttfr>1-n1 :a:::<-~_P,;:sc -::k;:1:i~i r.e,sc?t ,.:s:r.: t,.e, s•2.1-2<i :frcm 1~,;,.,; 

c0c~tra:st ct H"!-:-b-::xHm~ni: ~ U, z.mb:,:,~frn.sm ·: z 3r,:.,j &:ii{x,,:-J:~n1::.---nl -i4. 

p:0~0:.:1~3n,_,_ ;-;nJ i;;,y-.' t;._..;;,•e...:. . ...:--~f.r.l .... !L .•. : :3.~ ... -·g .. r::.."':> ,J_rr.:.4-J.;:- xx as s..1_ "LL..:1!"::, ~3 .. ·..,3t·e: ~ u~ y·:::th:e d.:._·U~.:J:e · .s..:thr ~ F<'~.L:k: t._r~ {1 ..... . i ·::~ .. • ~o:; t 2tt0ry ;,., . ...;-:ig _.,.... __ . 

as p-.:. ... ~}t:v ... J- ei:>::-;;::trode a:-.::t:,•» m~1•:::r;a:s. Th~s ~t!-.a"f k...e, that-~ .:::-dh:,xsr-:~ c<::rnr.:..c-un<l ~nd :=-EG -:,"-..:~~·~ 10-h~'\.;':ng: fs•rFT!uk:;;; str:...,-et~--2 ~s f?'!~:::.-r.e, s<STa-h~e f•.:-r t ... xns:~-t p:.>s::t!:--."£ -::-!:::x:1?"•:.::i•:.~~ 

iG,ni~u~::1 ~ -c..;t!-•.J..:..tu:-a h,:::t;:~r. 3 .. :J:;:::-x&~!.1-::- c-:.,~-!!{;,:::-:..md ::•a:-t~dp::1t...:2-s !f! t!1e: f•3!~~ti~i ,:::,f f:>J.:•s:t{,·e p·~;& 'SE~ rl~sµhr~~rn; 1?":i~s mBkB> trs-2- 0>:--1ge,:r, =~ck•k•.t~:-:.y ~:~ ::,,•.:•:~:ti-.-& fx-.;).,; ~.:Et 

d;:'.!phrn~~ h~h.-2r~ s:w·J: thw iff!;:Ko'.!•'2 th:s· 't!Bf!Ster <3i•:-:: :::-t Xth:i~n1 :•3f!~ {~::-r•::.•\'<:: ~igh-t•C'-~-!per,3tur•:: s-::or3~•'2 ps?ionii3rs..:..::: -3?'"!,...j tbe ;'.:'N t-::-n'!p-sr3't:U!•'2 d:s-:h3'ige h:•:.:Eh ra-t» 

pe'-~f•:.:v~s~nce -.:...f t:-tb~..Sff! :on t,aTier;. 

ft~~;~;;j~~:~i!.;~~,~; .. J%-: f.:,,1:1".:b-:.x_:1:-r~en:!: -:-1!') :.:.,,a-_: f:n;,-::p;z:-.~-::-..~.:: ~-:-=,~=-r~pt-e 1-.f! :s,s:d the f..,.:;:;-:-f,rx::J)~:".:i!.~ t:=.:-s:. ;.::::S-t:tts 

~;_,~;::'.!.:l"'.:· f::~f.::E:~-:-:.; {:-_; 
Url 

B i[;~3·?.~B:cttSc:t%1 
:ft_ 

~~:~g~:J..,,.e ;s.f.:f~v~ n".:::..,::H•.?t ~:e;:.-:J:rGi_:~ l>~i'._:Jud:n:z;i thB' ~-an:1:-e. a~K: mh;:•3f:ft h.;.~tt~~r:,,, !n.;:.::bdi:-::5:: 
cl,,.~=-.:-"'P>:d? 
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7m~f~fl,_.~-t~~:~:t ~~~-~ 
w'ls'.,-~ctJ 

7m~f~fl,_.~-t~~:~:t~~~-~ 
w'ls'.,-~ctJ 

~~·H~-{:~tn~-;~¥~~ 
>-"-<-:-of 

i>. ~Jrx.i ,;::rf o;-;f!.:;.;:_q.;:::{Ie p:rGra~5~!:ng: , .. :.;•d9.' p~ff,t~•~11Qf:i.f-;.e i"Jf ;:1.t::~:_;;rs, !<.~n :b,.;.r:ie:t)' ;j.f>ti 
'.$~:"}rntiy rx.=t~-f-e{Tf:,;_~;s•c:=: 

El<::•:.~r--=-~h-·t-e. $:: .. at3t.J& tc, ,:_ .. J~:c:..:.~-ca!"b~~ ca{t,..:..:de Br:-rl l:tth;:1-_.rn ~,:::-.r! bat::e~v 
:;;{~·n:1~;:;;i.(.r:g ~!,e;;.-::~_r.:_;::'1.e · 
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A kind of coiled battery and battery pm~k 

Th2- ut~~ty ~x••:3~1 r-.rc,-ide,s a ~~~nd Gf -::v~~e-:.1 ba~e~y. ~r!d ~be -:-n:e- f3-::>J- <lre-==s:n•~ ~l 'the f'.f~'t h3~-t•3f~~~ .:>t 

p:~~s p~a-ti-} c ..... •f!(~:flt-~-cH&-:::t:~ .. ~ b-v"C~• :•s ~~TI -:,.-,.,·~d~8' •G~ ~:1e: ~~de. snd: ~he er~~ s~-:.lJ-} s-:-:~;F'l-9 pn~i~h·-:- pck~ z,at 

g~,c,:3-..•.s, ,:_,f ~f":."Ss!n-9. pe,s:U,•B> ~~'~& e:1:r is '.1E:1n:ge<l ~~1 p.-:.J~ii:r:t~ ;.."Ci..:- e,3, gf..:.:1::,-.,:,e_: To,2- o:--:e f:"!:1::::-:; ,::fr•:-.ss~~~!,g: 

:l:J,;~:;:~·s. t:'\'.;f>r.~~ ... ~1K~f} b~:s h.e~:n f:,;_~:-l,;,_.::~-J ffit11"-1 H'!-~ f·Fst. 5t::s::..~~-~-::-:ng (; .. f!n:1:~••t 2-~:d :;;~ :::.;,;,_.::f;.[!<1ti f-'f>f.:~~~G5' 

-~~,S:u:;s~fX.i tt; fa·nfL r~-;Y.- :uti=-~~ ~~~_;"IJ:f.'~ QJ:-=-...c-:- ~-~5,_:'\'.1tiF'i a :.:~~:ti <;f h.;;:tfruy ;;..;;:.r~x !':.~~•;~ t;:ad.:: t>f {~1:lerE :_~;j.BY.'-ry 

p~¥~-:.1J-}d ht ~h-E: ~--W:tt· rnXeLC>.:-~l,e:,j b<:xr.e{y p,:·-v·~~•j.fK! tr1 -:.:!"":<::: utfat~• .. n1:txk::~ :,s ~-....~1...-.e-:i ~~: &>.:-t•i-::t:.:-~g: 0::-0:k~f~ 

i::.::;:Ur:r:,.-:. the !;,\.'c,,:_ .. Jd::::d 1r.e-s-s!n.g Gf !!>~:':::=)3th.•» p~~t ... .;c :1:f'l'd g:~c:,:.N:ng p~)J-C<:::'.":S,2-!; ;:KB- c-.::,n.1µ.!K:,:1t&G. }0-:.,•1 

:1---::...d~:ct\ .. n. cft_ _:sn-::y, s.<:s 'l._· __ hx.'.:,.n:-... F". :•s_1zs t::,f .;sn .c.&i.Jb.i ,3 :a:g:--""'.' _;_,£.,.AR~t C'f ...'.L~ss: •• g: s, . .: ="> 

":. ,3 ;-;:~:~<l -:..:f >::::-oili:d batt-ery :n,:.J:.xii?":s•;i: ;x-.-s~f'>;,',e p~st<::, :~<:::g.-~thr•::· pl3t,e :.::1:x! W 3J{3?":s~&d t,..:-~~<=:•2-:f'! ~h<::: ;":•:J-s~, ... -e, ::.,;at& r,~~:-t:~ th<::: ~~3i~•..-e- ;:::,!ate- s)t{!.~•h:-,;"}f;m, the ~•2s:h'>•» p:~2t,-J- :,:"",d::_:<l{::~ phs.~ 

pi3te -:.u:""!-&:-~t-<:-:~t~e•::=i!ng b:-:.,~): arid t!1e p:J-s1:Hve, ,:::::;&etrcG•2- 3-Ct~·.,,,-e, rn~to::-:i3·f ;;:15·H· f-t::.-r 00-i~~ 3-rrs:ng•.:.-d Cff th& p~'..!S pt.2t)-J- C•.3ff~:f'!t-c:c!;.,.J-::t1:;:'",~ b-..."'<i'{ su?"-f3•::::~.:.-_. ,j~sc~R,o::-d f.J:&gffi!\:'B· r:,.;,;;:t:::~ 

· ,d- 3.:..; rv--;\3.IT .. •-:-. c·-r-c.n~ c::.1'k: .. c1• t .Ed, . .' ,;.JF~ ·1es,t\,...: e·v:.:tf-...:il•i a~.J-- ,; ❖· P.1::---::~sr:,1:·· \;.n. ·:::x :c.~·:1: .. r,~,:7qr:<l -cv-> {1s 7"£f_3ti-.•· ... <H t~:--{ c•::.•:'~s, .... ~,~ ·;'::..:rtr:::c+:: ..• ~·~v p, ':.: y?3t...: ~ ;_~:-r2nt •::.) ,rc,3< .. 

·f!rs;l :,f):f-turr: ,_:f :J::f.< p~.:_.;s. p{:;,,,)5.:- e:..~•H•~-r:-::'!1:-.::-r;i:!n!J b!X.iJ d{;·~~::;;-,:_~r• b-e;ri.~ i~fl ;.,11~::~ fJ!1 u,;--.::- s;;:-".J:~ fr~r th~ )~r~t h.::;ff-:tsJrn n:flh~ : .. ~.y.::;HvB f;!::n-ffin ..:_::~:-:i~.:~:~;.f_. :_b~ .a~K;--fJ:~ ... x~-:;e.:.-::: .. :u::-, F::~'.jJ f: .. :~ii­

"f-::n~ :_:ff:!::---::.;~ h::.,:f-tJ:_.:rr~ "!')f fiu:·.-:J: fa.: .. fr~·.-.rr: 1h~ : .. :,eg.::;Hv-8- f;!:=t:Tf!nl •x.•~t0"_:):·;.f :s f>:-"fJ. ... •~di!d v•;;;"fh 1h~ firnt ~K:~: .. :-:v~- P.~~:-;"ff:'}de ;;.01':"~).;-e m.;.-l~~:f); ~.::;ye- ,_:r• ◊!1~ :::-:dt=·: t!: •f;. dF-jf'::~ih~d F~•st h.?.if-tt<~~1 'l'.J:f 

:-~("'>~afr: .. ~ cuuer:.;;: ~o::-:2'~~:::x c!e•ses .:>:~ t<-2-i:19 ; ... J-tt -::-·th~& c~ :f::_.~1,2 '.':i:de f<Jf t;,-!.i-}- fa·st h:.::1li--t:.:~n ~..f ~h& p~~s p;:a-t& ◊-if~Y§'l"i-cc~;ochr5g hc-.<l~•- :1:f'!d th•::: ~:::-t the ?":,;;-2-g3t:v& C!..!ff~nt -c•::::.:;;8-C';:,::::,~- r=i:-st h~f .. 

~::..:~n ~,f t::,ne, ~a.it -turn f 3~ fr~xn ~~!& p~'-:!S p~a-t.e:, c...sf~-•~:f'l't-c:c!;-t}~t~rs,g b-..."'<ly }S :}fO\.'~•:lo::-d v..-~th th,e fi:-s~ n-2-~:}at:-~lo::- B:foJ::::.'::::-0-de ~~t:..,.·o::- :i-::3t-er!:~~ foyc~ •::.<~ c-ne =~:<l•::: .: ~r~t 3-rK<~.fr P0s~~\'.-f': ps-l-e e::-x 

-g,c<:<\•e ~".'.:- S--,'t'C•il~dsd >:•:f> s-:.:l.!-.:,e fticttffi"l·3: 1:::-yo::-t~ r:»::-s:ti-.•e p•:~;:;:- <:,:~r is ::_,f~,-.::dH1 :n ~._!>J- p<:'sFfr::--•2 pof•::-:: 9--3:~ gr•3~•'\'C: fl!·:.--:! ~s:thG•i•.:.- :'•i.;-2-g3th& ~'..!=':} x-rccv& i'.": y:-o•,..,;tl:;:.--<l ~-~ oci:!:-;<,2- ft\a-Dx~3i t::1y~.:.-~~ 

:-K"'>~afr: .. ~ ::::.:g :fs :?,!•3Ykte~ ~n -~:;:,s~ :~~8a-fr;;--=:· k:g ,gr-:.•~\.·-e; Th.-:2' :--::eg~U..,·,e p,&l<:: e-:..!'.rr&ct -:.-&lt--=:>::t~:~g ;=J:-s:~ h~.;f-tJ._gn-ct b:•:.~d:-;, y,;h,;~h !:~ c!.-:,ssd ;n the :J-ns-~-k:-e •.:•f the :fF,:.--:t hs:ft-tufr-. ,.:::_.f the- ~;us 

f_:fat-e ,_:~irr~r::1---{::"_};;e,:.::: .. :r:i(_~ b-.;,__; .. ;j~( ~s : .. :r..:_~..,_•·:d~s-J w,:h the f:!::----::-;t :~rs:~.s:a~~;~-g ea:•~-e: .. }t,. f,r::.;~ :n:s:uh~{K:~; J3.b:P. •s- r:::_:5•~-f!{)r:K~~n-;3 ~-~·~:i"": 1i~ ;-:-es::_,:~;-n nf th-: rn.=:·i-]~BvF ;-::g·gruH ... ·B-:- tr:.. ::he p:•-~--'.5!-t:--.;--.::- ;:t:s.:.-: 

,..-_:ne ~:,"]f! -::.,prv:-...-q;~lF w:::_~~ fir!':~- n~!S?.1.~v,s,. e~r:1.T!X.ie- ~r:t~v,s,. :r:1::.-;;!~H•~! ~;;~e- ·n;e ~"'i:1-f:<:nd ~!"":~•-~~;.;:.t!ny f;~n:1:H•) ~s pH.Nl::.~:~.3 wJ"~h .. '.j.:,:;,.CTN~d :n·sul:B:H~-::g !;e;~~:--::'fff ts ::-.:-r:n:-espr>n-di~-::g i-V:t!: ·f,:":,e p<J<.;-!ll{.-s:: 

,..-_; f ~he n~-gr.:~t,;--.::- :u!J !Sf:Jt)V~. 

:-:. t:-;-....~:e:_: b?.tf-ery i}~'l.x;-r-._:~:-}Q l{; r;la;:~;; 1_. lf..:i:1~.:_:i:", t:s :::h::.,;;jc~-:~,r:·f~d tn ~h:~--f '-x::;p:;,p-t~nd ~r; :a:s~53"ss~e n:;-: firnt ~-RY;;t:".-"'.:1-ei~r;f!"~'}f:e .:;,.::-.:t:v-.:: :-r:alB--;;,;.} i;j:{e::- ·:1;:;:: P'-':~;t!{:-n :':_~; ,..;f;,;:.~n.y 

pc-s~t~¥•::: pa:-e .i-:':-3{ g:~c•:<\<2 !:~ p~cvide,j ~...:rtr.; th~rd i?":-s:..}=FtID-q cHi1&:;t_ is '.':&t :,'I- th& er-.".'.: si~~.:.- th3t tho::- t:c~t !°'!a.l:i=-.:-:::.:•m -:_,f 1:!°'!.i-2' n•::-::•~:.::1fr:t-:2" c~:V~-&~!t ~o::o::-c:t-c-r i'.": k:::ft -.vh:t<=: Thz.re !s th•:-:: 41b 

-n·~-:oth; ::cs· ;_ :c_"'--; ~fl'SUO~TI g •J}, -..;::;t =s v.:~-:-s.. p-::-s 5 i •• -..:z~·~ ·d~ ;Y"hfilU.,C( _'.:...;_;: :vAit .. ·~ yo'.._ S?r 3:· .._ ...-: .... --: 

3. ,x:~;&d t-.:1tt~.:.-~;: a-:.~{x-dm~ ta <:;z,}~~ ·~. 't.--h~c~ fs •::::h::-;:r3ct,2-r!z<:::•1 in th~:1 :::o:-r8's:--:-nad tc \nstttIB•~ o:-:: f;;)-'.'°:t p-0.s-1:!-.:-f': •.:.-~S'<:t~-•::.<~.fr 3:<::1!':>'.-f': ~-!at&-r:s~ l3}'"'.t}:- ---·;-l~-:::· p,0s;;t!)::-fi "!::x :::.-t~;ng 

p-:::-"S:•th·B f.K.>!e --.::-2.;i:· .gcr;:..;;.-~ ::~ pn::-:i.-·5rJP.d ",-,{!lh ~_:;~ Slh J"::-:.::;::..~:fi~!-r:g: -._::=.:,n1e-~:., E:s ::c;.e1 :r>- the Gf:ff.: ·s-~d-e !:h.;;3" ~!i}f! f:r:s::-. h.aff-Z:..~•;~ :·5-f -~h.e pb,:_:;;: E-~fate·(:~.s:-r?.r:"E--:.x:;;e;:.-::: .. :H:) b.:.K~Y ~'.s: !eil wh:te "fhf!re 

!s; :_:;,s,. t.-lh -~:,"}:_:;;:;,.~:fi~i-r:g: .:_:f:,n1e-~:. .. 1-i:e- ·Mh :~1:s~sk~l~;;-:_t ca..;;f..':1t i•s: -:.-::n::-re:sfxX':--ti~•;-:_t '>--;<:Jh the fY:-~l'i~_;;;~ nf thB r;r...s:~(;i_.-P. p<J~f! ~f)t f;H1-t)'.l.>f..'. 

~·i rx--:-~i'!:'--d h.::;:_:£:---y a.:_xA1n-5~~-::g t~-_.. r:::;j~m ·~ .. --,...,.·h~~h ·~s .;:.:hn:-~c::~r:;~ed b "Eh.:s.:_ H•?. :fo-.s:. h;.;:.tf-1u~n uf :th:=.:- ~-::~~~t::i.-·'f:- ,:::..~:HtJ cn:::?.-e{n::-· ;.,-.:-:th::_ ;s ,_:--.::-~'-;. fbf.<f.: r}::-: -:.-::n:fo-:g: -._:~:-?.-Cll-_:s; "!')f fo s;Z t;.~!f-

_.,,.;; ___ ,;_./' .... : _,".; .--:b.~ CJ:s...:. .. ~-~::::.o·L .... t-n:_; to-... ':• is .J;,p&sE:. 
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V·hih th-~: ~-cm~t!u0:..:s d&~~~m•~:f1t 0t the 1:::.0:;t~~'..IDUS ~>-2-¥•c;::>p~i-et!t :::-l f~~~ EF~&rgy ~:1d-i.J~tf:-y, >-2-sp--2:1:::::-,3~;}' •~:;&etnc -....·-e?\fd•c .: F-:-r as --2lc.--ct~i-::: \.'~:Nd-::- :::c~e. Ths, ::,..:,;-,;<::t t-aTI».J' ..:,f 

:c:~•c.f p~:ikK! p:1:E., :ti~ :--,e,'(Eili:r•.::d tbat :}a~s,:::: Ngh-2f a:x: ;--:,;ghe?", the -::0:1--::pc·:.--:Ft& -r<:::,,.~, ... 9-2-St •cspe<:~::1lf~• -::o -:--afut_;" ~nd s::.•ocifse. c£r:,a:.:-:tty A.•':<l fc:~ f9)",\'(:.f Fo:- bs:~te~-t. -:.3::p3-::::f"fy, saf•ctt 

a:1d t~-:::- :-aqilif~n10r.t ..:,f J:;-.:.>st 0•x:-cm-:: "th-B- s:<I'.1~:1 ff•3~\• <Hf-:::-~~:-C-:1 u-~;:1-::: pc: ... ,•&r b:f..tk•2:r1 ~-~ w-s•c-~n:::.hr.:::<l ;:1:xf ~•.::¥.:-:bpe,j fn ~!,~usU-5. 

m'.:~-c .-:of:f•c~ ·,,3t.._c "{ .__ 10 ,2}'_t~-:'!-•:::*-:C-..r o::_/kg. :set ,z:---.: :-.--x\.: ~:-:: '"u:,::n.cc wh...:1~ n {,3t_. »-·v~ b-2- ·2s i ~,F>" >•:x•-r:-m ,:»r~•-tr•• Y.d~ :...-- t-i.,~-'.':1/ -~ D.•~ss~~-~:; 2r>-:.Jt-vt_ ::,:ii f,c.s 

kf~'h:-.·•·rx:.~ {·• dOO t, <.'..::d: -~ ,,./rb ""'.•__..:111&: r-t?-G __ ;-,;h:'&b:H~;..;,,. ~.:: f½ •.:::P' sv·.>c ·,,. ...::-U-cn...,fk:g: ?"!£'-?_,,.~,:u··,:;. ~:;:-:;g, :r'.':u'sJ·::-, .. <:i-"> :G v::d dv.::.•(.r :fi •• -r~ ..... -::-ss, n--::.sy ,u....:::..s'l K~ ',.!_'::' ·v:-s 

cf ~ ~:.:-a-ge. an:mt:ffi .._:.f ~:k»s•:.--:fng -::~f ;:s--sd 1-:, fu:s- ~.-::;,s:t: .... » <:::~.x:tra<le B--ove-~"'-d ;::_.-~ :.s~~:a.t~?"!~ c-c:~~~>-2-<i'.t {K :~e~atl~·~ n:1otc?"~'.2J c~t!fi◊i pfo~ ~~ s-ffa-c:!:, c-3.,_,s,:s, t~-:::- -,..:-·'.1s~& ,::Jf ~f~:ss!:fl-9. t~:i:: 

f3·~::--:g .. ,.7,__,:_,•s4 

;n the. pti0r sn. a, :-:~r!rl c'f c:..:,~iB:d b:.:1-Tie:-y ~s ptc-.-..1~d-e~. :~,-s-ulat~~q: c-::::~-~&:;t_ a::1c<l•~- :.:1:-a ~•..:~too i:f~ t!-:.£: •.4}µ-er ~~d k: .. ...-&r -!;,--"rfo:c:::~ -:: . ..f p;,:::_.s:th•& p..:,h:1 e..2!f TOO -=-~.):T.l:}SpGr~~:m~g ~•~srn-...:::-:, 
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t~ :::;ia;;.:::.::-:=x"'E ,_::ri. ·f.!")p .:.-.t ~a~--:h uni:=.:·(. wh:3e H -d~:.,.~f.:ed btc: Q.~:::-3 -dn-t=::-;;; :nnl ~;:..i~n•_: ;~nd ;,r,t~n•_: ~t: th.;.;:: :)pp•u:s~-:,e d;f-i=:-f:i1n~-:: M~5~~:"': .:.-.,~ ~h~ ::.x;.::-rf.:-r.t)'. cn:~r f.:eia j:·} iht= firf'.:t h::j~f-:t,5rr, 

e:i~J·:..r..,:w.~B 5::- n}:·puf'.::tle ,;:_:.x1B>;ffa--:g: ,_:j:·9-::1:.:..:H. ::.,f1a• :_:;:-=.:, s~:.--;.c,r:d e::rr~~~ D:t-U1~• d f:;~rc::i::- ~~ W-'..i:..~;;;f} up j::;-;!:.-:,. fA!~ s: f;;._,qle -._::,:;rr:=::1:1l-;;.~_;J:'eZ:-;_~:,-,~ tK:-,_:y ·3 ·~ ;~n.d ;;.;:_:.~.a1.~:.....-f!- r~~~ ,e:._-;.;fa:g ,J:j::=x~l~-~5• 

ef ~1G~9' .__x:·~;et~:_Gi 21 c~r> b~_:s-;.:-n~ .:.x.>r,sF5}.;:_:.:"':t 

;t :.md-'2:f"S1~--:<l•s fuat th•~· ill:•Ht~• :--:--:cd,2! :-s ~_) ha.,..-e ~t ... 2-....·.z--iescribOO •;~•.:•od c;--:\21<~-act,e:-;~tic. is ~h~s-iG &:--:3tJ;:s,. ~t -:,~ :..:s~~ ~~ s:..:mrrs..:!r:'r, pr~:1"10"!2-~ The -::-ffic~H1c;• the:·"! d,-:::-.-::-s '1•::.-1 h==--::~·-::­

fn c-:-n-....·et:!;0:13~ :.:1:i :::~:-~d w:tt1 ::.•rae~:•:::.2l'b-:h1:r•. hi::c,::v~~ ~!1e f."f•.:,~:k:et -:,f .~ s::rc;.4 pr-..:1cl!:•:.:a: ·1t'a:k:e. 

Thi 3::\-cv& :':'.: ..::· :.f.{ f -~. •U :u. ;e,"{t rw,tx...::.:= .. -~n-c' th-':'. ~-A.tr :"':"':•./d -en'.~~- ·s: ~ .,::_,.t ':~tcrck< ~· ~·:--:~{\ 1. /~ :..: -~ 0 ~'TL•~.t...·:. a,. L,~ tt.,s:s.:(~ m·r .• ••;f;.1 ... 3!;:>,:0-_ -::..4u:~a 'c,_ '.. ~-,:y•·.:1,,:::-':}:"'l:X>hi":f 

knf!fS.•\:iJY.,.•f,~ ~iv:S-.2- .... ~ ·,;:--.-:~ t+,:. 'fv:XJ.•:.:i ... ~ ::ind ,§)""ld::::s,.,,,_f ._,n<J 5"'!"-•i"'-'A z\ .•.• s·x::::J'd hv ~•"}f"':'·-.....,:;_··;1<'-1 -:rt"!'x u-r·::t~ niock' P'.) l:2eH>::F• .. .'-cm~-·r, <:filr-r 
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S: .. ~:s ·(,.;;.,,~, :: -:,,;_,_;_;::)_~ : }--._. - - . - --~.·-.... "-fY=--_z,;::.;-.•:'j 3:-'•::'-'-:: .,;,,,~~· 

•o-.: ••-,~•;,; ·,- ,_'\,.;::._.,_. <f:"'. • • -• W•(';"? ••y'•.:\:"\'':::-•, ~~•:: :•:::;_:•_;:<• 
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l 10459730 

A kind of !itblmn km battery and preparation meHwd thereof 

Th~ p,:-:.::,:ju,:::-;:;~:1 m•::tt~~rl thaGt -h'-!e ps.:3.-~-rn~t ~~..,.<:v:<t!!)-n d~~d•:::i~&s :! kV,:d :_:t ~~!'":,f~:--::--::· ~-_:.;f'l,a bs.rte~-y_ ..::::J.rr::pn{::~~g 

the fs,!k~wi:--:_.g ~t.-.2-p,s~ l _ m'.2.kS· ::,s,s:t:,•» p:;'.1t-'"} 3r,..j ::1,2:g::~;":>'<:: ;-.;}ec:tf-:.,~:s- tat< f':!'Sp<?.-:-1i~•e~·: :2. -::h~'mi-:..«: 

c,:.,~..,.<::?"•~;0:1· ~ ~s fixerj ;:)Jti-1:· !--'"!C-s;u~·-:: pki.t~ a:-X: t:,~:[33th•-» ,2.;.,.xt-rc<l-2 tab a~e ;:1lterrE'it':!'~$· s~p-:-:.fin:,p.:.::,s•:::d_, E 

C!!?""!'"f:1:1:{ .:..;f G.::~c~:::~-e. :!:E.::{.;.:.:;:n:::; h;jt:_~ry S:":ff)ffir;_;::c;t~e-.: f)-f:"}t"Euz:·~-~ ~~ f;,t;:n1:p~a:1-~~.::.N~ :-r~f.:.td;:ri,g ,ar;,-._: 

~:X:'Q.f-~-S-t:f;_;';:ttfJ-n. '!:.~-::-: !;,,..~11.e;y se-:1;:J:-~!-r:~·~::·yf::d f_;;<;d:;.~::l ;jft-:--r :~;he;~;:"ff;a~ f;rn::v~r:::R;:; ;-)-~l-:~-g: !"!e~.=--=:~3 t.t::- f,G-1~~:H 

o:::,c::~ e. : s: fJ~S! ~nt,_< p.:-~-f:.~:b::"ft~·;s~~d n";;.:_;;;:;M,. ,j,r~-::fo•:f.: 1h~ pn-lS::'.J.~.S:e u:: {:_ 2- ~ S~{P::;~ he .~:ka'i."-:""?."d t.:_; f~XfH; !t 

pis:c~s ir:~•-:- sh-2-tt s,ht::::::n'.': ~fthi:':in.1 :c:~ bc:;z:~.:::;y ;:1th.~ -e~..::-;:1;::s..s;==--::te<l ::-;,,!.l:} p:~e~e:-:t ~~"!\'.<::t:-:Fc_..~1 p:~c-.·~d-e::'.': & 

K:~ : .• ~f ·::tfti•~fft -.... n t-;..<,:': j ,.}~ cd .... ~P-8iSU .: ... : u8 ... h'..L.'.1!K •?-/, a~:t._ ..... .._ p-,,_ ... .&3S~ ... S~._.:-: _:~ {..{_1~.- ~ ... 

:c::.}n.:ng. t:i~,-ff~a};:~:?\9:S, :c:c:n -_::.;pi.-.;:-e f.::_,~-~ p-0:« p~sc~ .. ~f•~..:;:i.~~-:::ct:~ n.rc:"!hc:d is -:~:-:;~µ:f•::· a:-:<l ~ffi:::i-'.'§1,.i_ 

.~,HY.'r r:~~~:_:~r B:n.:_! :~;.f~•r:d:_;:fs?}"';.;s ~.ga;,i_ p{~w,J~:- a~~--~ p,r:-s:t_;"'e ;j.f;11'.-'-i:1- rr:.a:lH:~:: z::,. •~:f:-f;at~\.-.:e ei'P.'-~1r.ed:~ .~ctf:.-.:e rn::;t--=:'~5r.:!: p,__.-.-..•d-:r are ~~-::;xed ;;fV~H~'. he;j.Br:g ::_ :s ... !:~:--~~oc: :::::r:~·:- {~. ~::; p-u1 ::n):r;. -~"':e 

pre.tab:Pr;..·~.::teti ff',._.._,.::ki Gf S"J~:~i:.-•r~ rr:e:_::;J :-:el. ~p~1:~e$ tJ•Y.' p::e:sr .. u::e ,;f 3-.:.~[}~-~:=-;~- J:~." the f;•:_,..,..,.d,:r :;t1: nK:kt fJ:Y.' .a::;:-_,.!,v~-d :n1;:J -:f}·p-: :-esp·-::~;11v·2-l:y ,r;.!·.rffft~1:; r::oSSB·..-~ k:rrn:f!.d hGi.:;i-· ::;-n:-'"3 r:::;:~J•,r;.d~ 

3. C•3fT'!.ffff}S~!~n: m,::3;:-d~:-:-g: :1n-d er9::::sp:-:.u~sU•:::•r< ~he t,;:1TI.ery ~e~i-f!nlsh€!-d :P"C::•1'-1:c-'t sf-::e~ zhc:~ii•::a:: ,::::':l:f'!i!"•'.":f'.'.:i0.-; t,~.:'!'~:~g ~~t<=:<J U:• -5-C:- -~ Q:G: :[JEG C_, '!3f~ µt:t ~~'.t-.J< preta.0f~:o-::ed :f'!1U:.!'.:d, ors 

a-pµ:~~rl Th~ ~&~•U:""B- <:Jf V-2. -~::;MP'.2. ~s ~:Hcv .. ~-..d tc f,::.,f~.: H ~!::--::c•:::~ :nt•~ sheH_. •:.::,b1a-~:-:s ~}~h~....Sf!-i :;.c,n: ba'tl&. ..... f :1ft~r m~•:::.~psut~1»ci 

~·i ;:. ~J:s-)d '-·1( pi..-_~ffo,c{~:__;:; :"':·:.ftth-tx.: c;.f !~,:,J:•rn"':·: l:..;:; hat:Ee:y ?.$ ,_:Y.'st::•;lJ9.-t~ ;:~• d::;J:-~ '! •. wh;d-: ;;::-1 f!}fof.r}~:!:e:~::,=.:-d ;fJ. ·fo-al ,:,)1-: ;-:-{:-:s::J5 ... ,e a~{t~/:.: ~n~:_.::rt=:.~ f);,.::-.:k-:-~. ?:"':c}.:_;;;3e .;:,;,;~--i=: ei t::.:_;~Ja~1 ~:G~d 

!Jtb:utf~. U~-!>~~.ZC-4 __ r.-;~k~o::- cct,~3t Hth;u-:-:-:• m~.~~c-:-n~1~ .. liFBF'0-4. !fi:n:um 'lita:-:3te ur :-:::c~8'f •::X-3~ J~th-t._i~-! c:::u~;n-c:te ..::"!'" ss,•»:"3t 

; . & ~~~nd ,::_,f prs•~:k}CU..::,~ :-:-:•eth,::.,~ ot :rr;-.;u:-:-: {..::,~ bo:tt-f:t~• os ~&s•::::f'ibcX: \:~ cfo:1n~ ; , y,;;,-~;~h is cha-r;:1ct-f:t,I:&d -;n t~-:m th':! c<::•!:..;i-1u-:::tt,,» -a•;::~.:'!'nt-;n,.:J:.:-d•:::~ -c;:.~r.Go3i ~t :s b3&ck_. cr~T. 
~:f"~p-l1tte, ~ra.:;i;,,-,.1-Jne >::•r ..,~·~!•'::. 



0273

!~. ;j: kt~Ki :"J·t p:1:l~..:.i;,.::-.:Brn:: :~-::i::B':ff.x.i ui !5"!."h-Eu:~; b::: :_;;,B~::{ :S:'"7 de:s:~;.r!:b8' .. : :.:;: .:..:58::En~ ·:. ;,.,;_.·hE,c-:; ~s; ,:.!·:-..=i:~.;_~.: .. :t~:-; ... :.HJ: :n :_::-~;s~ -~he .;::;~8h: .:::ss:-r~::e- -._~:- tj:'-i.~ n:1:t=t.;:.d n::e:sh ~~:)--: ;.:~::t: :~~~:":;.h ;- -::he 

ff!.eta: rfi~sJ:: ::ni::h5-.~.e::.; -~~u:-::~~fJ.)lm1 r,,;_:."(. ;~5:;k~; s.:..:r~~n. :}:.1p:.;~:- ff!.e:::::h !X s:t:sJn!e::;::;. ~s'i:.t=~!:} '>'{~;~_ 

~ -!:F'h..!-~ ~:"':'--':;_,.'.}D,~· 1hs, ,: n::}~"':~{. '3,_:: . ;;,r c .... ·: ·:: v:,:atf>j -~1:·. <J~,c-_\:. :-:~-c~•:rn.½ -crl:,:_ .. ~ ,.j.. s:..:,·3c.r:. -i'. i: ;·._.. -::...:r::-m·-::. "3yc-r ..... ,._w..,- St. '30;--s: 7- 's,::::: -~xr.--r<>-:! en :)~1S: >~(•::::~ .1-"}f:,.,, ·g:':: 8.. U •"2' ~-w­
;:,»ly~-T!>2dC ;:a:}'-:?.f; TI'H~ r~m-ta~ rrl'..::}sr~ 1h:.:-::-:: the :.:x~cd•:: t~.::-111100 ~-:•rl)· !rtd.;__\rj>,}S :::,-:::,s:th-» e..;,i,}-~tr-c-..<l•-z: rn:::xer~_;~ latcX 3~-i ~s ;:}off.2.:-nf«-:-.. :: in :3-::.,~t-:::v,i,2- e~~t:"!.~:.....~<:: n:-;:lJB-C:e~ ~3~•):..X" _, 

Th•:: n-&g:~t!-.;-e ~::k..::~~-•':!--i>1- "!.3b: ;nch .. •:d&-s -::.~;h-cd•:: -f.1-}m:-OO t,s.,d),·, t"u:ih::x i~-:1:::}t:•:1-::s th•~· ~e.:-3rr,;::;: i~y-e:? kJt t<J:}:••~g C>:.)3t-e•:J ~n e2fho:.1B: r~-:1::-id-ts:,~ &}.:t•-::n"1a~ •"3~t-f:!:::::e. 1h8- •:::J-2'n:}~~-tc ~3~):..X Ou~c.'C" 

·:t:}rf.~::c: 58 :sk::,: ;.<.~~:::ppHJ: rn:: '..;n~ t;_j)'l~~ .:_;f h~gh pf.>~';r;~::- :',,.,:y~r: -~h::-:- ;:,::;j.H>:-xie f.;_;:_;;r;:'!d bx.K~Y ~•;•c.!:ud~,s nt=-g.~"f!~'>c- ~k-:,s:,°:-f,-f:.e ;.;_.::,.:~~=-:~: 5:~)--.::-:· ?.nd ~f: :;;;;.-::;:H:Jf::-d •r:i. ~:.e.j~-~~..._.·-: f!it=-.:;.~rf;d~n;at;:_..r;at 

•:::::::-~:a;: -:n:S :Eh;..-;;:_ :_:;~ ... ~~-:::_;fie lcrn::R-_: b.::-:x.iy r.{1:d c;;,:th-:.xi-: ·t:~;.:·rrr the ·~:-f!"":";,K:t~r.-.:_;:r-5-} n:u~-=~-?5 n::e:jh_. '-""·h~•-:f:i. =::::: ::-f!-spF(,.'·n,,1-:Jy :',_;.-.n;:~-;3 wW;!_. :i:,rf:'-~f;hc:~ .cut :fr "!"he fYiJ8~1~-::-·e :-::~;jt~f~ffE {:n;::d:.~::tt:..•::-:- ta:_; 

-e:::.t":ei3! t;,,'._..: si:~e cf th"2 b-e,:1" >>f n10:~-e:~i'.2J or n•:.g::::1fri~• si"2:::::trud-e ~~aicX:•3~ !a:y'J:x; -n-!>2' pc:~it~"?"2 ~m:-:: :::x:d ~&f:3{~\•::-:, ,:-:Joctrcd"2 t~b ~.f"2 :.:-:Re.v\;:}-1»:y su::3"2r~ .. ~s·e•::t the. :i-2i<::•::~F-.:~•,s;s l~q:u:d 

:~<fi~rat:-c-n ;n p::::-.;:':.'- pi(~1.::& ~-~d :,s b.~~~ -r:,~;"2rl b<--1"-.--.,e<~~! µ....'""}:,:-:• p}e,:::::!:} _ 

B:{H::B -.·,r:..:..y e:E" trad~nrn"':a:: ;::ttt~•-;fH :nn ba·:."}e.t)' Js \..::f.:'-~~:=.x.i i:"-t:th ;_jfi_~f :=;-t:h•~:::l ti•~.sna;~~:;:t;: ,r;,;:;:.,::tr:,'i,:. p-:..rs:~}!~'~/;-;"'f!~'--qlhi~ n-1::s.:_-:(~::-~ ;-:-5 ,--:.:...1;...t.~d ~;-; tn~d ~::~;rn~ t<J 8::n:ti :-:_;5=;-; 

fX-"8l1:;::9::/:--:.eg;_j~J\l'e H•;.;=::,}e.t1.;.~: k-=i::4'~:- :.rx:-s:•r;, .. •c:/at=-5:e;~·:,::--;~ :"':·:a{,e;;;...; ,tJ:8•~rnt::t c.:_;1=nr.;1dsP.~ pe'.S:m· ... •t=/tl-:1]R,-f!-...:~ a-:.;:_;•~-:e .-;;;s~~:-::;:.~l b~r:."J:~r an.:..: :~;-t::~'Ki•_;~s}!:,,~ agt=n(1· f;f} fcK E::-et~ p~e-.. :9.- ~-s 
1=••f)f'!e .:_;;:-:;.~ng f.>:-:~.:--~e:s::=;.e-s simh as <.:.-:.~-:.-:.-:n:-g. -~t;r::-r••.~k~.-;gf;:-f-'"~·,r;d:wt;:'Jfr prc{~~ss J:=; c•-•rnbe~s.:_;1=••~-· ;;...nd i'hB r.~r:1:'!ui::=_;f.;;n ,:.;;,-..-d~ ~s f_;,s,.:rf~8:nH•t '-,;;;;;:J: :s: ~8::::;;;,-• ·m p;tx_~s.5:-.:e t_;5gr_ .:_:~:}S?-; 

Th-8' m'.2:t:n p..sf~•.::•ss -.:,f !h& ;p~e~e=-~t ~~\'<:-:~..-t;:1-n ~:'":'. to p:~<;..,f~d<:-: ;:}- k~::!rl -c-i ~;:t~!i!.t:T: i:-:,n bah•-Z'fi.l:}S ~~;d p:f<::::.~;:}or~t:-cn ~-!&Jhc:<l 1;-: .... 2-~~'C-t. w:th.,:.,ut t:c-ati:~~1 -:..utli:-:g, S:~{'S:ta-:--:-: -r;,,!>1- p,cz,~.:::ss-:::s: 

::..,,,_,..,,d -:-lS •. :t:OC~ :.:...ar~ £:;:"}-... • ..._;: L:m• ;...•ct.~- p-:-.,L.Q_ '....fl-.: ph;,J~._.J.cn L•&fc-c-d : ..... ~:n-1µk .-::...:X: ~ff.1-.... :•c •. L 

ATI&{' hi~~~rler s~~ 8-c-:1,:.::'...:!:::::-:::'"l ►~ 3~•::n1 p--C{"lrl8'f -a~-rl pc,s~~~·e ~c':.-t-.-» m;...;t";:'r;&l -:...,~- ~&f:3~~•.'B- -:,~oct;:-c::,::h::· act~e ~~te•r~s~ p»w•:.!:':!-r ars tr~;x,s,j »~•~n~y_. n ~=~ h:-:-.~1»d tc. 3U,-2.DU D-E{3. G. :,s put 

int-.:, fuB- ::"3f~f~b:-~c.:-i~•~:d :-:-:--ouJd ot bu:H1-:n: tr~~ia:: ,s-2-t_. Bj':!-:Di:<:-:'.'":: "the ::-f-2-ss..,__;:f-;;, 0-t 8:-2~t ... -i:P:.:1 -re {h~ pcvirl& t,-, n-1;;,ld, r::1s~:':!-s ~1.3;tl:~:~g. !'B-S::.;i.::-c-::::ve!y .:)b{sit•, postt~-.."€ f•3ftf~-;;,rl bc.•2-)' a~d 

C-:"!~hu-ds- k:iT...-s~rl L--c<{~• ~ 0~-2- svi.,:J u-f "ths ~-,-!-~1:al ,n";:'sb t,~.:'!- tr~nTlsd w:-th s."tr»t:~h •:•:u-1: :n ;,;, ~s ~>::-Scf?k•l::C ;:,~u-ds- ~~ 0::-n-::k:d:~\."£ t~b S)"'.1-::_.q;t t~•µ,B 0~<J~' -.:,f :i-::::a:-:::bc,:J:~ f8-rrnsd t,od~· -~~e; 

P•:•s:Uv--e tnr~-:e..:; b-0--d~· &:~d •:::&thc,fo i:,.)mted t,s,rly· ~f►~ :mrn~r.,-:;e<l in- C•:::i--:...2n-1K~ &o-k..:t~-.:,f!c th';:' 3.r~,::-..:_t~ t°8-rn1e<l ;:.~::-ds ~ad ,::::.,.21:h:.....X:e flo"'l-U-l:Gi!!-~ at;e,r diii:1fE B.-:...,..:;y s~ff~:c.s 0f~ad C•2\."fV!°.:"" 

.i-::.•n-s ;:~y·•-:-:-:f >} f c,s~ -3?"T! ;t: ~i(-;:<:-:?": 

E::-,e.s;;nvB :..~r:,;~f: h;:.-K~:f :3:;;d e::.,:..:-~<Jde lrnn-1:B.:j br:..:.ly are •r:r~rf~f::rsH..: :a ;;;;_,.:;:n.1n1n:i:'f;.:t:::i:: p,t)~;...-:-:-~e~ ·s,;~!:Hnn a!J~:J;, ::.,ftB; ..-:J:r~-~n~; ~:--: p-.:_Y'l!°lt•.-"f.:- f:;:t-r:-:-ed t.K;.riy ~--:d :;::::.,:j~<_::~.3e k.:-;nu:::,_: b-rn.iy 

s'...!:i--i[:,•::.e :fc,m~ h:g:t~ pi:)lyE:tier :a•{81" • .:)i.)-::3~,-;~ pc:'":'.J~j~~ µ!at-2 :::--:::~d ~-!~3tf,.,.s, -:-:-;ectrcd•~ tab: 

:.?. ,e}-::~ff>!r~.:sJ ,:::n~-::ve; s;a:x,. ;:!_ 58 f:xed ;;..ft.;;:::-- pf'!,s;;t_;.._,,e p;.?.t.e ?nri ~1-:g;;r!":v~ e~:~;•f:"t0.e :.;...h a~e ;.;J:."f!n1::.-;;:_~5:::· ~~ipe;~:•:t__..:;-_ ... 8~.!~ aH:e::- :~i:-r.ted ~J.~k~;•s:_t. ::r, W;j~i:'-:--!:es::-5 e:n·<!n::n:n::ic=rrt ::t 5s 

-irnrr:.er$"'C':~J :En tn e:=e:-;trciy:t~_. :~. ;s ,~;~~!"f::d ;f>:,°~"J 'the: ~:e-:_::t:,;;f_;; ,:.x:F-:f>~ .r:-f ~~ .c·:c-G . .:.~c .. Ght~:n:s ha:i":'e~y ::;-e~-::~:-3"~:--:tsf•~d p~.:..x..:,s~l: 

'.:l. -.;:·.-.:--:-:p~ffj~.~w-:: H~c;.ki~~•g: an.:_: ~::-:.;;jfJ~ui;,nt.-.:--:-_ :_b:f:-:b~-;;:_l-ff)' S:R""':5---f.:n::r--5h-ed ;;F;d::-:.;:: ;.;.n_-.:::- r;hp;,;5~a: :~x:r:r.;-:~,rs~G>"~ :~~~•:g hi895°f.:-ri ln t-G-1 t!t~ o-e,:f c. !:S: : .. ~,s~ =nl-::..1 prf:"f:;:t~-rh.::;,ff.:-ri ~lF .. i;_;;M_. 
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f;f ~>f ::t ~::; ::-.:<2·,te{'f<: 

Pr-:-f>::::-~bh-. t!"~:i:: b:ir!der .:rsd:.:<lQ.~ P<./S.•:F, FTf=E, a::.::r;:-;aro c~ ~~tad:,c~-!,,.:::-•st-,•T':."~1e ~-•,3t•h.:X_;,,..1:1.d8' ht ~t-:-e: t-~:-:<lit;,i:;: :.::,.t bii-!,der :t ~~ bc~~:i::d tcg•:::~8'r v.-i1h ht s}c-sftf':.'Q ;:1::::th•B- ffi{.4-:-r~~: -:£ 

fl~BtNB· ~l:sctt,::J{.~e, 3,c:t~~e i-t!-2:1&:-~s:l wrt:~ eo:~d\s•::l~~-'2- age~"!!. 

pu:~-rr:e: :f)y~:i: S ·fual ~ ~,=rr,:_.r'f~".:~•-:k::e-s::: FS ~=..:::~:::~ {JH) ~ ·thf.:- ::...:.,:;;,x~3e iunn~..:-J: fx.~-:.11• ; -1 •rid;,.~.:_:£<2.: :.;,;~.~tt:_.-,:_. -e::£<-~:El{X1~ ;nntf!:~l~.~ k.~~-er- 11 ·~ and .'.i-f.:-ts S.":t°fh-e n;-•=:J.~! n-:;-::c:;~"',: :J ~n: ~KZi-:1~-...:~ 

e:~:~tf!')de r:i:-:1-;~tf.':r~::...:..:: }ay~:- ;-~ -3 :-

··h:-: nor:~p::-¥ e:>·:•~ ·.n~{q : . .-.;.,,'.;-> ;p,, J:-_~.:_:i::!-. ;....:_::-~,J-f.!f.': 4.;_xn:1:HJ: }. <E: · /1. jjf1.hY-~ ~h-~~:z{e ~):-: ~x: <t~,{ <ri :;;: .:_:;;_;~4;. X.;.t ·p:_:f'- .._;J u•.Ph~0.q --~..r;-;,;~,-:; iK,1•~.1 1,;.__.·d} '? :.=.- ~k.::~v;. :J:- '5,-- s.{': ::,:-r: :,... 

cer:;;.~n-:i:.:-; ~::..,if!~ ..-!;.:':- n;,,.~~:~:i: :s-t!~·fa-c.x tif .:;a•;;..rH!>:: =~ya .r}ff: :;_-;;::c:;{~ :.;,,:·.~ppa.:_: rn: lh~ htg:-; rx:iy;ner· ~~:~re: ::,: Jhr.i a ~;.:::,y,;,;:.r Jh:e%nes:s :s 3<!t: ~::;.;; ~ · · ~~ .J~.~ ... : ' 7J : ..... ~::.: .... ;:. ·ux:.> ..... 1 _ H.i"j ._: 

-~r,ek;f.3:~s ~:~_}al~..._ .. f.': ~~~el~n:i-: r:--~ate:~Q} k,)!:-fff ·~~·~ -: and th~ n::~:;.;.'-$ rr:e-sh ~: :_;1:1-:ng Q-!'f~r:-g.e--.: ~n :~~:8?."i°t:i.:~ e:e-r::E.:re.de rHr..-fe{i:;_,~ :a~·~r ~:~ l ·3; 

tb-e: :c:;.!dB ;"_,,.fff>fff)f:X.1 :_;f;::-Jy -: : ,rn: c;;:t-h::-.>f:e fu,:-::~f3 hnd:r ~-: l ~ :~~i:en::Qi:-:-t-1 :c:;.t:par~_~,;:s.~Ht~: ~s ?f.:-i teri:h:~ p!;s::J~,;,•:e-fJ.~3:ie ·: r.nd 5,~gal~"<f! ~J&:l~{;-d~ ·:·r.-£: '2. n se:.:s, lhF f:!-.tBG)HJ-~·::~ 

pB;;-;,;~abH•ty ~" ;')t"::iF p!fil:~ a;~;_: !-s t;Y.-!ng :t5l:~e.:_: bffivi¥.-f.':n p~;::e p:;:f!,f:'.E 

;n -::.h~~ W:.1.'}, the ~".2ta~ rn•:::sb 3 is ~.::, ... .:s~ed k1 th--2 pos~i'-'-E: f~fft~'::'d: b:::-.•~).< ·; ':f a:x: -:.at}1c<le fr:-r-~?,.)C t{•3~J 2·~ .• b:; ':--;..·~ 8 :,:=,f!as,e ,:::_.f n18'ts:~ ff~a-srs Tn2 --=~ndu•:~i\'.e !?:,.b :3:·; ,:,f x.-r.r9-~r:t:c~ 

fs o:::.-n:10-:.!':."d: ~ .. ith e.~tra:--::e:,:::i".is c,:,~-docH~:q: wir~. ~I,;;:~ sx~h•--:112, ~'.1Je.f S 0:~ ::.,-.:-s:r:"•» p:;2b::: ! {!n,d ,n:Q .. ~ctt··l".2 ::.~•::::cj:r. .... '-de °t:'.2.t• Z ~~ h)1 p0stt;-.,.~e ::•late -~ ~i =~ b:.::-:xf•~•:1 i0f<::tr,~r wif! 

naiifS!}~'~ f.':tH;~:·!x}e :::jl, /.,. ·~s ~1;u;::da.:.: ~..-:::.=, ::e:~:i:•cj:: ::;,;,.:ie:• ~"> :n :_::-~~ prrs:";~~v~ f)k~lB 1 an;_: ;~g~.t•-..·:e- ~~e:::t•G•_:'I:' tat1 :.?, pt~:;··s ~hf.': :u:-.:.:-e-f ~;;.r-;;,~::t::..-;;:_::r~!~~ -e::~:•;i:r.nn: .. p•rf!"'..-~rrff!ti =~v.>rt r::trc•sf~ 

ea:~- zxx..:.!:rs :_;i=!~ ... -..·F•:g~ p·:..n~t:-...·.:: ;-:4~.:_.:;:: ':: ::.,,~d ne:,;:;j.H\.·~ ~~e•.:3"H-•:i3f.:- 1::.;b· ?. QfJ-!i i::J::5!:rr: ;-i:;;~ e~5• be ;j.•~:.:·ns:·s ::e:~:i:••5:~ ::,o:iB" .:,. ;x:-$,t}ve: p.k.-=t:l-e: ·: 3:n::..i r:i-eg::.,::;;.,,·e -:3:f!,__;;:;iK:~ ·f3:h ;?. 

M~~:i:;.i;H:;-n_ r~i": 'f:=:....,:l;,,.~•~ Jh3:i ~::tk~!:rr: ;{;;~ :b::.;:.::Hy eti:h:~ ~nv~.:-ntinn hr..:;; ·:5-'~~-u::U.:r-e: ::7!rnp:~. ~;j.f.:t::;.- n1::.-;:.::5sf~!-:::fu:a.:_: 

Jt...t;,,:;\('a--,;J,:_.:;:z::•:l:;~d anhr0.t:-::~~H~ :-=t:nd :c:;.:;h,r:H>n ::.-;:.-;<J: r::z;-n-:~n·::tH.-;g p,red;,,.~.:.::t- fr;:-rH and :s::y:~ ot U1:~ ~t:-...-.::-r}t:-c.;'n_ :-=t:n1•· °ff!("::-~r:i-!>::::..-;;,; ·f:ek: ::t" ts ::.r:n-:i::lK~n ·:h<2 ~Pl;'~n~1;;_o~n- e~-::.;;;.n~e-s ~-)'!' 

:i:.c-u!imt:;s~~f!-."l:1:s Hrn:-E" i:et:h:·~~c;;..3 s:l~f~ .:_:,;¥.-s :t a!i ::;:.h.rn.~::>J b .. ~ =-:~fr.,rf:ed .r}f.: :,,_;l :3:=!p~•l~.-:,g fr:)-:;:, p:j:_,;:nt e~.:.-::,grxJ· .:_;f :_:,~ ~:~'-·e~-:;::;,;r>. 
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107834014 

A kind of high power cyHndriea! Hthkim km ce!i c;:a-e 

Th:-- -:--:v .1-r.c_1 b,:'c-.. qs t,,,_ ~.,-/:r:"'-::1· -.:~'d ,/ ~:/1,u-..~:- ~o:--:. ::1 :V:r • .! ,,.A .r •~·':." ;<L~~<>b.,.·y ~ohgf: ;-:::ucr 

Ct(•_..-v·~ f~~i -~{1:zx~ ·' ih\. --~ -~ f .:,;s,, ~~ ·r- :f~S-.... ·-:sd:v -.._·-: J•y:,.,; J.:1 ?,i:v p.::·k 3:-1:_ ... , J:q:T: ,•:,< m',.c 'tt.,·--: 1SV "·!~~' 
n ... g;..}r.\• ~ ,sL,i,_::: :?~ ~· /?i. :--:x~t,.:dJ-~ ·i...),Xs ~ ~1th~ t..v ··--: _ Y:-:::~ D1 - c:, JJ:f~e ..... ::.:n-B»-i::.:::::•J:f,>:t,,_,. :-~:.•_;::th~-.... ·y, 

:r:•~~a:j,:·~ ::Hsu~::;:t-J:·.>:'! g:sJ::=: ::...;:r.,,-J: cn-:..<e:t"$ ;;~gai.~-:..•e ~3f...{. W-j;5J e~fJ.f}Sa-_: 1-~ {~!:n:1n-1: .:_;:· n~::..,:~;i.:~ p~8:f~,;_;:fl:~e :.,.~ 

-d:~~Ht<"5:E,.s:!s:•i.:-d al :_:;-ff b,c;-tf~ f:-n-ds: f;f :·}eg.:::;t.·~...-e 5ns:::J:;:f}!,:n -~h~e :_;H ·:-he 'l..,·id1J-:; ::-.... f r::eg;;:t-h•...=: f.>!:.:.:tte~ rh~ hetE:: 

-:1:<i:B~ ef p{s_;;::;; p::;.-J~ {;,;_::r-,t=:r•~-:~e~:f:--r:HniE !-.x.""::<."Sy be •~sf.:r..~::-3 wHh re~fJ.'P.-CH·,,,.~:{!i r:-m~::;:p~e i..~••-;;a;:-l{,e,,:_~ f.:-n~;:t•,·l~ 

a~t:v,-} mzft•~:f"i;:ll: ~:1:;:-e~·-:: ~;::~d w:th t;,,!&cn.-.2--t!:}-O~e p0s~i:--.:-,e ::..,..:,~e •::}.:}-P d~-;:~t -0t :~•:::•}cti~.,._.-.._::- µc·f•~ ~sp •.:Hg:t., 

po-s: ,;.,:,2 ::-•_)~B' g:!p, cf .-'·t ·s WC A~ J y--'f •' f"C:'·"!-<» b'--·~ -::·G.., v-d1;?•~ ;de~=~~-- -J~l"!:rtJ ~ -,8'1"W ,-1 -S ".°:t❖"::X':'!-rl 

h::.:nu _:_..-,;i ,£ ?:"t:,•-- :µ,:/?} ~3,. J:9:2: .,,_· fEc:..'J ,.: .•• .-£:? ~ ~ c,31,.-G .. ~~ ·x_..:.z.' ,.).,~__✓} .. :.1.:.J s ••• a :,~ii c,. ,>:-..... :fo, J p'. 2:t._ 

»:ifE-e ~:s ,::fr~t::rtg'.1:f:she•~ o:~ th•::· h-0"!ii c-:fl'ds -:_<f ::,,,.::-s~~ ... -B' w:•:A& ~r!s:.:fo:tin-g c:-:-n-1wt ,::_,t1 ih:s .,,«.;<:dth J:_:.f ;:>,-')s!:t"!-.;e 

ph_;t-.::-_ ·:he f;f~~e••:t :.r::-,,.."'f:-n"°!1nn ,;;.,.~n -=~~":e~· ~fr.f:un~ 3-he p;_;-1,,•e;· • Fqu:rern-:r:>~ :;·f h~-;;t::~f}..-,:. ~-....u::rJ: !;-..~He:y p-ei-t= 

e~:; fJ(.:-..,~::;:Gf> ·:t:.a:1 ~!J::i:!f:S-~S EtM.:_;g;;, ~.;;;-;5J: (;~-;•; ::~;:.:u;.;:J~e j::_;;d:Je~l:i~r•J rx:$;:tJve p.k4:{e ;_;.:·~1 ~i~;"J~tt;;~ p:;;t~ q:~-;;p 

{i:~g:H. ~t;:~5">:-r~en:: ?i,"":':.:~·ltK;;p. fXX~Sjf~•-

... 3. -::-:d -~r--~n. r•Y~'tkf ·-·) ~ L'{- ..... ~~ h:...Ju:-:i. J?._ .... ,..J {..3L~, rL St3•'...,:"'Lf .;:f.i.:\.d~.:3.:t~ -<~ }' ':.: _ f 1'_. fr!\_~, t._:r. ::_~ ~-··,q :~:: •. : c ·~g:3<-Wl:/:..:<•:.-: .. ·,he~ ,.,:.:X\. _::, :c _: ·-c:. u: ,--..r L Y{.: .. d~:-.g,'" L 

r·f,;;r~:-~i:e;l;·5~i ~•~ -~hai:: ·n~ ;;~-gaH;,<:.=: ~i:fS'.~~ l.-~,;.~:-d~--s n~g.~·}:~-~ f.:u..:- ~e:;l :~}d~f;ter ::.-;;:;5J ·:-h~ :;'l::'~-at~;,<e P"'-~;e ;:_~:_;~~:;:;-d :51. :":egQBv~ ::,-;-t:n--en!: ,x_:.:t~,;~!·.:,r h-:.;th -:5:de'.j. !s J!v":::":3 Fr~::e•tf rr~~i:e;~;jJ k-;;}'ffi: 

"::"he-h.;-_..:~f~ s;des; •Gf the n-~gr.t!v~- e:..~•• ~:n~ ::-:.;i:,:_x-:tnr ~5'=' res;.:sr;.--.fX.1 with :J•~ n8Jff??...-.-=- p,t-:l~ :.:,~ap ,_~5:]:~1 -tii ::;ult!p~~ !:n;:,,x..,2,tfX.i: .-;~uaH:;,;~ e:,:_x-:tr{x1~ a-::::H:;..·~ rn~::.~{~r.~ :;,;.::•R"~ resp~:-:11v~!y, Thi::­

r:e,:-J-5~~v~ p-d~ o/-P .-_:-;:~:i. ~·~ ,._,.,,,;,':'k~-ed wKh f:ff:,ga:_:\'-e :lif_,;,. ;_;.r~f! th~ :-~eg-;jt.h•e :f.V.•:eg:=,.;1 d:g~·f t:s n:s:•-~ :~:{~" ... "'f:-:~--E ""'-":th •;">::-~-=:H~·9.- l;;y-5:.:=t~-;;:_:ur~ g~•-;~ .an.:_: ::{:-;..·f.<rn 1*~ :-}eg~tJve fY.:-!e f ... u:~ ==~'%11{"°:'.$~d 

~ ~ 1H~-rin:; •>f :"}eg~:.ive f__.;ate ~:i-ge •:s. d;sf:.:-'!g::..~;;:;hB:3 :::f eQJ, {h~ ba,fu H:!-::-3s •-~-f :J;f.< n:~:.rfi':-'~ :n:3,i;_;k-=:1~'-1-; :]:~U-t= :-.:,n 1.h-: :,,v:dSh cf n:~J.;:Jf:':-"'2- pf:s:.-:: 

~hv p·s :· .v_ v' ..:·~~ ·.;::<:J~ .... ··c_ .-....\L .-...·;_:,_,_0 i.'l.....:~c.•.:...0·· .::.~-i::~g '.:•::-d;:J:i ... · f~ ... <+KJ_ 3...__._:: c>.'>..:i:s...:.s:~ !: f -~ cc.;::,:...::d :11 rk::s )c"k-t ::...u::.2-:~'-,.:...t:l;C:'...:·\; L.,:, __ .; t~J:> s~,:._ s. th._ pu_ff.;, ~ /d~ 

~:::0H•2)::iXJn TI--:& t::•:..-;:;-! :stG".2S cf f.:':iid 0:•2 :"&s-e:f\ic":<l ... •,.-:t~~ ~•2S~'CC1~':>'.-e:!y m.,smµ:e. U-!1C(Jift~."'!-d p.:::::~}t}?·~ sct\"'.'S ~,;.:}-'tH-~31 ~<:lJ"..:'}-:S 3?":s•:1 "lli:tl-'-! :1eg~th:e. pol-E: .g:ap ,:-JhJ~t p::::1-::ii~?'".2 d•2am:x~~ b-etiv~~ 

p:J-l-e,s t:--cns,s;:•D-nd~~g~y ?~-s~t:c:~. --::be p..-:-sfiNe- ;::,•.:•~B' g~p,-d-:•::}~t ::XB· .,,._,~.j~rl Vl~Ul: p:-G~ii~?'"..:' µci:•2 &3~. 31:~..;c. p.s:c~~d het°;."-:S<:'.?-: ihB :3,.:,:s:ttv& p•:..:;;i.} 93:'! d:-g:tt rn1d th~ 3{";•::::i•:.~~ .s:-::::t!:-.:-c ~-t,.a-1:»r:•.s:~ !&y•:::r 

Z. htgi; f.'.'f!-Wi:'-:" f.:~;J!r:::j;~:_:a! ::,1h:1:n1: ;,;._,.::, .;:.~-3;; '-x;r~ ..:.~x.:.:·i-r!"'!~ng 5":~> e::o~:":·:• i. :-:· i•5 f.:i1:~5;s::,-;-fB~is~d l;•~ 1h:~t: ·:thf! ~:;:,•~> e:f {h-: :·}eg~nve 5:-:,s:..~~.;:J}}en -gh:~ ::x;1-:.Y5~d 1:~~nFn sj.f :::-eg;j:t},te-p-k-=:te 

":fJ:J~ :--.; rE~·5H:-;9tR::;;hed 'l>f~ i:h~ w~:_::,t; rrf :-:e~,5-~~Y~ pk-l!:~ ~:": ~:r•d ~ ·n>e t-:iG:_t; :::.:,rtd·~ nf-:·be-rx-.:,~~!_::ve p..-:..,J~ ;:;;s::~~tJri~ {~f.-:-rr~~nl ½H! :~~ f.J•:.:-..,~!:.riH p:a-~:.=: t):-pr~s:-:-d ~ -~5mn1: :..:f fY.'>Slt;:;.,-~ pt~-::-~ 

~rlgB- !s c:,~.-ti:'::-gu:i:sh<::-:.~ :J-~1 -~vid---::h 

"\ .}J°i p,...:') ... ·\.:-. -JL.d,:~,5: ·:·ui:- ·r <c. u:::r CC' ..... 2:~Cjf_), .. k ,,,.::~·-···le·- :s _h-3{3• .... ~f~:S-c:J l th_,_, T~~ i'N•3 e..:f the- ?":1~:::q:.ah-.•&i::~~:..t~-G'S.~:-n--g:~----:!-} S-i-j"..:' :s J::-0?·~n-2d -e:!di t{? 0 s~--s~·T"!>~-! 

sn•::::i..:.!:l-1 .s:cfr•:-c ftiai::;,r:•3~ lo:y ... J-:- o:; 1h~ lef!J..}ih <li:t-2 .. :::-i~on: ~.f fl-8-9311--.-e f!J::;:te-. 

~- f:J:]h ~K:"s-<,,•ec :.:)•1;::d:-;f.::s.: J::1h;:_;r,} :n~, ::;.e~: rx-:~.e- ;_;.~x:-tx•j•nD: {u :_:!:8:~•'i';: 1. ::. ;s .;_:hr.irB:{:::_.;sf~f;~d 5:": {h~.:.: Th~ J-.-..,,:·.,; <..,f 3-h~ p:_Y-j:":t.;,;::, pn:f:! ~n'.5~.:::.a1.~;;g .f:{-;"i°;;f:1:-}t ~~~•jf:1 ~s ,;;,e . ...,,,;:r9.-l~ p;_;.::,-;h by· 

!!.S~~~·n:-:::; ~n-ed~ ae;H:.;-f!- ~~:i~:t":r5:~ :i}::•R" Hn t.El:e J~ng:_:: d:~l~-t:t;:~.:-n ni }-x_;:<:;.:i.h-~ pLo3"Y.-. 

::. htg!; f.'.'f!-Wf:1:- f.:~;J:r:::j;~:_:a: ::,1h:::n1: ;,;.:,.:;, .;:.~":;: '-x;r~ ..:.~x..:.:·_:.rf!~ng :t:~ ... e::Q~:":·:. 1. :t i•5 f.:h~59::,-;-f~~i'.$'2-d l;•~ nrnt: .,:'\ .. k.:-."':.g th~ s~•j'::- cf -Eh~ :;;,~e,_:3-r~:::- G:_~H: w;r~f!~ng Ufj.wQJ.:_:-:~. !:.h-=- w;,;J:~r~ n:f ~h~ 

~!.,.:g.s:tN'8' p,:,;& -g:'\!1-::, d!gi:t nt 1:hB ~~:::;-1stN& p~t,1,::- b::::rtts s::d,::s .s:~; k(::--:,p,s •2.q:uot 

" .}J°i p,...:') ... \;;:. -JL.d,:~,5: ·:·ui:- ·r <c. -u:::r CC'.-... 2:~CJ. _), .. k s..::~·-··· 5c ~- :s _h-3{3• .... ~f~:S-c:J t th_,_, t;J,::::~f!>..} t!".£' "'.'.:~d-E:nf fu.2»::;&etn.:_:: c:zx-c:: w:,:--,.j;ng t..:p,vs,rds, ~he w:dt~s :J-f ths 

pc-3~t~¥•".: p-0:-e :q::;:p ,j;~~---:: ct th-2 µcs!-;:;~•"=: p~s:t:c wh•'.2.~,._::,~;1 ,s~ds ;~».sp-:: &q\...•~t t;r:,.::: pc-3~¥•~· d-e::1:r-ar:..c•-::: b-0t~l.-12-n f!=-')~e,s •::-f tbs f!.-:,s:t:1.•B< pl.a-1~ cp::.,•::.,s::t:c ~:-d-e TM ... ~:<lth •::.•f p-0s::1\:c-n-
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:,. _ ~";:;~1h ~(.:_;..,,•e: •-:}4;,,;:~3:-~::::..,: ~~lh;•;;_;n} inn ;;;-et :-~.r:~e ;,.:.-::{·~:.J;._:,::-!~: tn· .:_:~a:~n~ 1. ::_ is ,_:h~;::.ra;:.;::_-:{;s.ed ~-: i.h::s.t.: &4:;,.~~Bp~e f;::-.:-s~!:.~(,:l~ P'J.~~ ~;;.:- !l'-.·~hJeii:-::~~· rho: :::.a;-;,;~ $~•-:e- ef pta:.:;:t:".t~ ;:t:s.t-=- !s: 

::n:";:;;,p<:;:·.~-•·( fJ.:}_,.H•5.: . .::·:.,+-- ::.P-j"l-B'•,::..= ~~:_.i:s 0.n~ u+~·;:_'~:1} -..:H :_:;'P' s;-::,:;-rw 5:•~J.~ rJ •~'P'~ :i.i.h::-.:- 2·c·-l-,;. 

f' :-);T. ; nWi.!J r-yF••d'~ .. -: Hh;•·n-- ..,--.,·: r .. ,: ,-,·yr~ r:x:•· ,-.-:•---::.: ~, e::·:{•-·-~ ·l. : .. -... ..-."r:F:J'::-··:-0 1~':'f'-~ i•• rp.-.-- "Eh~ ~...,··e~~; f::td~ n·f ~i:e H~~.;;t:;i..-·e pt~tr:: r~-~!:!' .qu~.:r1.Htr .:_;:· n~~,:_;;(,:~ pG3r:: i:J:>Ofj-.:.i}~;::H. 
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y;&=<l~ .. -3!~!,d the f:·f►:':S<:::r:.;t in•:•1'".2fil::Cn >::x1~t,._; Aft.&:- bc:th posR~e ::.a:ftrl n-:-::~ath~ pci:0'~ g:{!p d:git p<i:St{'.~':i :~-~u:at,~-!g C(::~-9:1•:-:t ,vith d:?",csrs~:--:~~ ::ar&: <::-:..~~J-2'. t!'":~i:: r:xi:tffii•.:.•n. cf {::._t!-•Css 

b:•::t~..,,•ex-:~-! :.:ks{:;~~:-:g ;a:..·-:-§ a:~<l ::-:i-::•k· ~;&ee gc1p .;:;:;~~t C::!fi be a:~-:-:~:-3!-c'E~ .. ~:.:::: .. as t.:::: .. f~d:..:.e•~ 'th& ~{~k c:f ,:Jf~SS~f'!~ ~~'r'e; •C•i~c: t,~--:.,!~m tv-}l:r. f~~:--:.-<l•:-:f~:c_~~':.··".2 :..:n::t pr,J,rl:..:cti"'..:':t:--· rai~o c~n b:-:-:: 

:r:•~~.a:j,:-~ ::Hsu~::;n:-):": g:sJ::=:: :,-. px;-:5-!t!:-"f:- pt::.;J"":s-; 3'::- p=s.s:£ ~-;{~Te i:-c;;r~:rf--.cn:(f.!{;l~;;:g bnd;~.f.: ;· ::·:.:- ;,;m:-x~e ;Jf:t~~~ rn:z-lt~:f)J: ~;j)•e;'.$; r~-::;;. ;x.::~;Hve ~:-:t.e~r-x~:a:·f;. nt :::_:J- ~3:af!, ~KY~-~~1.__-~n~ ~~.·!­

p.-... <,.:;:-~ iv_;~:=: e,,;,<:--.: 35- p-ta:'.j.:~:_-:,._.'-,:- ;~'-~~ :rr:.a;k=i:H~-:.~ :-.:e,:-;-;:~~~-::s. 

T•:::.. rf~ak(::Tu.x:hr:~.::::s:; $Ch.-:-n-te a~-91 sd,•am:s:•;s".2 cE•2a~"'r. b&k:-....- m ,.:or:t.1n.::::-r:c.:r~ ~"'i.·E!s spe-:..i!ic e-rnbcd~~-!-1-x::t 3?':-rl Ftg".ire- o~ d-:-::~c:r:pt~>.:.•n_, l" ... .x:h:--:~;~.::si sd1.•~n1& i~ .:.-::f•2a}i;<' ;},n,ci .::::.,_::,ri,:;opl-e::S:-:-?.~)' 

<l:::.:_..z, 1•••~):t. ¼; ~s c'J.._., th.{!~ .--h,'S~ r:?.RJ-::- ,'\>A> -n--::t ~~ ·H- 3.,,_ -G p:..---rl- o· t-~-:-: i: ,..-~ ->i ·s :~. !f'l : n:-:.7:::t:;...~ E- ::·K:o/~~, _ sf_, . thsr,c.~-~,J, .Jjj,•"":•d-:'=:.::~_ftlJ...::,:>::t o:~ .... :-::· c_ n'.:.".:,J:t·:--::x~ :- ·--:: th:: 

_!':... :E-:ind <~f h;~h :;'l-'.:,'\.'ls:<::!· ._:_ yf!'.~d:-~ca; ~:th!'.~a1 :c.:~ ,.-:,e:;; cc><::: ->:•f 1:hs, :;'l~·{'.s-ent •xnbc-.<l~:'.TY-2':x. ;t ~s t-y :;,._:_,s:,-::w ... 2' p:bte- 3. 0-=:--:::---:-:~e::c ~\~rn ·; 01:rl n•c:~ath~ ~E!;:{'. 2. -S,".i).::ce~s: ... »:}.- ~a~»=- Post•~,.2:d•: 

v..-i:X!-s f•.::•ffr~ :.:-~ SJ-9-.:: S-Gft9·2' rii~•c•::-Uo:~. ::-:::~<l ~B9.3th•s, :;'l;at& 2 ;~-x:f.-1):t&s ~B9.3tf-.•c1 •::::j..,..ffe-:-::-r c,:.,;k,c:t._:_,f 2 l an~ 'the ~>::~s11v» p.,:;;;e- C•'.:'.IZ!tl-xi ir: 'thB- ~-:-!~~ s;..:;i::s c.f ~-!J-2';;:s:th•& •:::.• ... !ff>::nt c•~!~cti•~f 

2J .~~th,•:-:· a1B·tsn-G; :3~•ar 22, tbe t-~'th sidc:s •.::•f n~F~i--:•c -:..un»:--::t •:::::s-!l<:-:-:::1>.:-r 2:; -Gf•2 :-&s-:-:-.f-...•e<l .,.".':rrt tr~•1 :-:e-;:aU¥-'.':'. pc-f•::· ~3~ -:,f ~~f:l-2'8' u~,.::-oate..:; neg~t;-.,.e :,.}l:C:•:::::tr-:,1& a•:::t~~·x-: ffi-at::..--r:-a; 

:r:•7.!-~a:j,:-~ p:.=.f!e 'l ·r hf! ·sf):":-:-~ :s:~f!e. t:eg>?rP .. •B p-r~e -g;~;~ d;-g:,-:.- :.~3 5.f.: ~.::c:;.n. txj,..,..e,; ~J: ~~;;th r::a,;~;j.)5"tF ~:":s;_;k~:::.-:n::-:: ~t!::.:e 25 a:-:;,_~ f;.r~v~rn :~~:J:-1:ttv~ h. .. ~ii i-{ th:=: h•.;•:_i; f!l:1ti~ r:rf n.e.j:rs~~ ..... ·-: 

-if,S:u:;s~:.r:n iib-e :::::, ihc: ~.:-:p.:_;~?-ed ;;.:-3:.J~ ·:r••rf) cf :i-~g:?.::f:v.:.:- ptQ.:.~ 2 ~'.j. -:!=t:st•n~u~'.s:::-~~d-,;_~H ·the ", .. Eth~~ !·.:-f :":e8>?B"-·B f>l:ate 2 ~ :_:.:_:.r:91~-:: ·c,f th~ t-;,:_;:_:; s~•-:-2-s u~ ••'S";J:aH;,•e- ~•;:c:;~~tQ.t_;::-rJ-:-,, g:!:.:_;~ 2t. 5:-,, 

Th~ b!;-:.-f: :s:5:-X=!:::.; :~.:-f pc~:t= :-;,::~:f:-r::E.e~ ~n .~r~ ~<Hf!l:Vt=iJ: ~v•th ·~-=Y~c: rn":c:.:~;,t1::-d ~r:..r::;.~-:.-::--~ ~c:::,i....-e ;-;-;;;.)f.:-:!-a: t~y~;~. ~r.?. ~n-d .:..x;.ff~spn.;-fJsd ;...:.,:th :-::i:::g~Hv~ p-ta::~ .g:::.,p· :~3:g~:_ :.?3 rffSf-~~iI=i~ty 

E·As:lh.·B fJo'e g.,,,p ... \;:{· .;' -~. ::' ,,~AA p;...::; \·~(,;& p,;b :JO,fj. -t \.,·1. .,::.3 ½: S: ??~:::..s=} :---',;_:.;···u~";:' J ,;\, tt;,e. {{-t-6:.._ ;;;· :-.~. ·:·;_; p?:i:1".:,,n,. a"''"'~:-..~x<y ').- ~ v·~h. /0 r::n'b ··- .;.. .. ,e;~·n P'f _r\_;<,;~ )~hh:!- ~-- ~~ 

v..-idth ,::::..-f th>:: 3: -...;,,,hc~e.!n. p<:::-J~j~·{'. y--.----:.f•:-:· ~BP:: ~i~:ts 33 ot -s~rls, ;,i):.~P-~ ece~~t. {!~rl-rhe w~-=-~ ... ! D-t the ::•,J,S~U-..·s, :;,-:,;a g:{!.~• d:~tt 38 c.:f t~".2 opp.G~~~e· ~ids- .:_,f p,D-sR;-...'s- ::,;:.:21::.1 ·3 f~1e,e~:s,s{:; 

S-_:J::Ce~SWJ-}}y ~J1dc S:•3 $~S-_:f~2' ~b3t tr~i:: µc~~¥·C p-;_}:e ?}3:P ,ji~}-;_ ·.3:·3 J::Ot !hs ~i:ie: ~,f postt~-:e ::_.;;;3:~::) ·3 a:1G tri:e :~e'.}~thr-:-~ p-~e ?JS:r -:..~~g}-r 2·3 )::•t !hs •:-f:pOSIT•2 si•=3".2 of- :,e-;::at~¥•: µ:at•~ 2 

3f;~n._ posR;;\,.•e· ~;ate, ·3 is :'!.~,J,ihS''\ y;,-.._..::- p-<:·~Jti't{'. po=•::· ~3~ .:;;q:t ·33 ~t si-:.te- :-s :ci:g~~::>-2-d h-:.• the ~B9.3th•B' ::.,•::•t& •~~p dtg~ 28 'l!>'ft•:-::r wtrs.:;k}9 .. ~::::b ih•_:'!- opp,:-:~~te ~~de ._:_,f :f'l'&fF3~/-:e·f:•;3t8' 

2: Thr<::•2 P,.'J-stt;'-:e poi:e ~aµ d!~its "3'.3. c::rs• !--=::&µe•::::::t°i'-:e!:; V"i&ld--:-:·~ µc,s01i:,.·e p-&l<:: .-.J-3'.r 3:4, 3n•3 fur~~·f: .. :,s:t: ... a p,3;& e:'"!.f~, ,::4 ~:r~.:: ~l►~kk:-d nr:: ':.h--:-: ss:~n-2 s:•3".2 of- p::c.:~i't~~:., µ:❖1•~ 3. f: .... _:.s:th& 

85- a:-:e f>~ "the: w~:_::_:, :-:-f pc:sH~vF plate 3 Th~ ~):' .. pr;:c:;.ed i:':}g-e, ·:ff}:-)""~ nf ~x_y..;:iti;,e. p~.:jte ~! ~~-=t~p~.:.:::_:,•·e::f; -Eh-~ h•_~:.:, s~•ji±s -ta:i p<;sffh,;e ~K:=~ ~;-;.-;1:..1k,l;51.~ eHnN-:::t 3:t arf! ,tx;..._,.-8-~J e:..,,_:h hy 

{)_5rr:n:1's <_:H ·fo-e i'!:'t~gth d~:-::=x~::;:._;-H fff p-:..Ys:~-~::-•;.: ;;fa:.~:: -t'\:nzK:-i::- ~e!jve ,:~.;J.)Y.-ri,a~ 3&yi::-f' 3;.~_ 

A :E-:!nd c.:f h~~b fJ-'.:,'\'-;<::! ~ yf!:~d:-~c-3! ~:tb:-1n1 :c.:~ ,.-:,c~; cc•<:: nf 'the~ fjf-:,:~-=.:nt ~xnbc<l~f(i:,..J-nt. ~:t ~s t•y p..:.-s:t:v-,,.J- pfo!e- .3. 03'.~tc~ f!:;rn ! :'"!:fl-d r.•:-::~:.:1-t:·-:.-·-:- µk<t•2 2 -3,_9_:ce~s: ... »:y ~3~~"'r Post,s;:a,c;k 

Vlf:X!s f•.:•n~-~ }:~ th•:: S-G!!\1•::-rii!--=:•::.'tic-:1:, rn;:d ~B9.3tf,.,,-c~ fj;at& 2 ;}-x:~'...!d&s ~B9.3H\-"8' u ..... ffi::r::-r c0c;k,c:;:-:,f 1:l 3r,~ 1hS' ~i::q31h·» p,3;;e- c.:_,:1:t:i-2-d i~~, 'thB 0-:,;:~ si.j ►_:'!-S -::::..-f !!>J-gs:th•& C"'...!f:f•.:'!'n~ c,:,:;~ect.:_,f 

fY .... :-e, iif)P ,d:;gf~.f.: ~·.:3 ~'i:!dlh ~f!ep-:..; eq.:_:,;j.::: F:>m :-:;~:g~th•Y.- pzl:i:'-gz~_: :,3!g~!::s ~~~i w.:: :-es:p-.:g;t!\.'f:-ly weid::=xi •~i±f_!:~H:.,1s k;g 2~. ;;;.r:d fr~•3f f~f!§:j;t•,:-e hi;]~ :.?4 a~e we:-;:J:sd :..1:, :-~eg.:jn .... e f>k=t:1-e :.? 

-n~e S-6ff)f! :s-;d~. ~f!-::J~.:.-,•·e fJ:-".:-!~ ,gf)p d;:gH-;.:~1 ~5-;. a::..;..') c..:_~1.,•e•at•K~ ..... ~:_:-~ :-~g::;:J....,.,a b$;..~igf.!-m:i: ~h.::e :?~ aad ::-.:-~"}¥-e:·s. n:~g.~-:-: .... ~ :u:J ~?-.!::- :_:,,e. hu-!:~-:: Y.-:":ds :,;.f :":.eg.:.;Bw;.:: ~!":~•-;J;;;.t!nn g;~:e :.?:5 l~~ 

.c.-..p,_,5,&{: . .dJS· 2-~•n'! o· ·7.cg,a/-:.,·_ .--f-.,_~ ~ L :-..:~r-;/:L:"'M .::.~ { < -.-.::@, D-~ ;--::._.$~~=\.-.:. p:stc -, '....a:,,-:,gth "...f 'th& l·(: ... _::,-. sk ~S ,.f ::0 .• 3fr··-e {. y~·-Gs.'.:i:n g:_ j_ •:\:i :~, n:~.g:m:w~ ;y't'.i!!.~ 2 J. s,>.'": 

E:e.s;;l~VB f>l:ate ;3: :n:..:::~P.ie:s pk~'.j p:::.,: ... ~ r;un·e:-:;:_----:x.>:fH;~!:r:g ~-~f;dy :n an,j H:i-:=: ~••.;-_,.de ::;r5'f.!v;.: ff:.~te;;:Q; t::;.fe\ :::::?. :x::.;..-;!:~d !n: :_b,e hnth 5-;.:d:e.;1 fff p~us p:;;.,.~.,::. .__:-_;r•~H~·:x-:-~:9.'-f:H~~g hrx.iy ~!": -~::s!: 

Th-2 both ~i:ie•s ::)i p-ci:{'. cci:!J-J-C1c~ 3"} ars !·•c:~e-r....-•~:d ._.~-;fu fr:::..:, ~-,:i-.:os:1e•3 pos::t!v·e: ~~t:\•'':: :~~3t~ .. rta-~ foyets 32. -3r:,;,j: cc~r<=:~prn~<l•:-::id ~!·t~~ :-:_.eg::1:th,••:-:: pole :g:::1µ ,:_fo:}~-r 2:3 ri::spx-:~'tiv~~· 

P'c:--s0..,·~ pole .9c::p d!9~t -s:"3. toc:-r p.-=--~~tiv►~ pc~".2 gs:;. di~n-s 32 3!·--:-: se:,3~rat&:~• µcs!!i::):1e:G on tb--:-:· h~3z~. :;:--;{,j~Jes ~HR ,-}nd 'l!>'ft•:-::rt<>.::•rly ~.f p::)sfti~-.•-=.: ::,;atB' 3, w~i:xBi~. p<:~~i~-:.---:- µ:a-t-:, T"h-f: 

1.-'i;J -~:A:...,_ 3: ,., . .:1cs-.:.~fi .•'\. 3L! ~ ,'Ok .• 3P:: -~:f~s :"? ◊- ~3~ 1;.::::.q:,_ &qU...:._, ~f'.d -• ..J. ,.),::r,,__ G,;. f1._ ..... :.::sm,.;s, f3-:◊ g:..,__,!r d-~.;:.:. 2 2 '-. _s ~ cn•u ... >-~ _t« . -~ f'N3L':- G" ,.:::..Uc.' ~:s 1:v:-s-.:..: ..... ._,.0 

S'...!)::-ce~s:v·J-}!~<' ,.s_.}1~.·t 1"•3 ~~S'..if►~ tb3t tr~-::- pc-s;t!'.1-(: po=e ?:}3:p ,jig:,t -.3:·3 e,f fue ~i:ie -:,-f p::)Sitr-:e ::,;:;;:ts, ·3 :a:x: tf"s~.:: !~{::'.~~ti'{(-(: p~e ?:}3:p •~t;g:•t 2·3 nf fie Gf.:,P::)SE{'. s{,j~ :.;,f :~e~at~~-~ µ-:at{'. 2 

;.,.Hgn. pn:sn~ ...... ~ pk-~!:.F 3 ~·s ;;.r::nH~~f -r;·;,e p-;-J-s.m\..-:=: ~{'_:=~ ;:J~:f .... rl!g;:_ 3::. ni :s5:.1e :5:. a::•:g:":ed h,::· tb~:' r:e5:;;5~~-,.-~ ;-.x.~.:e :~ap ,_n~::E. ·~-_::: n-~~r 'l>;;~;~rl:E:~g '.io"'':::J, ~he GpfJ:-:-s~:-~ .f.:-k~i::- f!-°f nB-J~°f!:--,.•~ pk.,!:.:t= 
:.? ; :=,)~.ff P•ffSJ~~)•~ potB g~p ,_n-:s:~·~ ~3:3 ~re f~spc:._:Bv~lr ;.";:"~•j"':'~"3 pn·~rr:;-.;-~ ;x:~F :=:,,_,1:r :::~1. a:~d r ...... ~!{" }Xrs:;-~:::-.. ~ ;x.::i~ :=:,,_q:s 3·::':- z"i:•~ w,e!:,"]f.!{-E :_;51 -~:-x.=e ~?.,:-r:e :-.;:i:d-e ,r;f p,r:s;;:_;::..._,.e fJ;ate :::, p,:..ni:-f!".-~ 

85- a:-:e f>~ "the: w~:_::_:, :-:-f pc:sH~vF plate 3 Th~ ~xp<;:c:;.ed i:':}g-e, ::,ff}:-)""~ nf ~xx..;:~·~v,e. p~.:jt_,e ~! ~B~p~.:.:::_:,•·e::~·; -Eho t:c~•. :-:•"'i!'"" t··i .... yff';~.::. r-··•,;. :fw;, ::·y·51.g .•---nf:-~•-,:1: ?:c. ;;,,•·c. tx-=~••g .. _,.,."i.W"d 

J-::-c:c!'":1 b-y Snx~1 f;;J~t o:~ th•:: !<:::!!•(:}1h cHr•:-:·-:t~on -:.f posittvs- ::.,;::1tes 3: Pe•ls ~:ci~-:..-..,:, n131er~~I :f;ys.r 3:2. 
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F!-•~itr, th::1- te~t :-::1-s:z.,;t ;;:>t tsb~".2 ~- >.:::-.:.>:-:~p:;:;~-.'2:d ~◊ '3.(~:st~~-!'-:J: [:'.:.>::..:b:~':!'-µcfo ~::..:g s.-an} •~~-~~~1'.xB>, ~t-::h~~~~?-~on ~~B-ci:?}•.:.- c<:~(?.: :-}of i:hB ;:fy',.-·(?.:~-?t;o:1 r,~:.s L,:.,,-..:-e:? ;:~-'.p&Ga~-!-G& ~,f'.!d hi~hcx v,:,~ic}g<::: 

kn;_q-s...., .c ·; y..:., ·or::-:;,;_.w __ .~. 2t 1:..ae ..>~h:,:1.:t, u·, :1-A . .:/,:k ... _ ... ~rxt:~.::: c~:·- ~-':.q::, :f.-<..(~-.-=·" f· . . d ~\c .:. .. N.i 1-. .. .:.; .. ~ -s ..:-.. _._~ .... ·:--~....,7. ,:::--.v•-.J.. _:c~}:::.z.t!•pti:.:x, 

F:xnx:l~ is -:.-h-3n•$".2d ,3~~ ,::J~3:?°?J:}:B-d T~':;'W-tD-:-~ ~~e ~ti.ver"::-; .• .:,n- :,s n:o~ l!~~~'.ii:00 ~ 3h,:;~e-n--1<2:f'l-1ior:eJ-i ~h•:.,~:t:n1..:.,"rt, :::1v-::-r::.,:- th..:__'"~e ,s;:;}E~~~rl m t~e 3~t -~x:st Made :1n-y s-o,:;s::,;[:::._:G~~~}~{ 

frn;;-rc:-...•»d. f--:-p::ac~rn2'-ti ~-:f' Ff~.:)d:fo:.ai:K".-n t,:s--lcn~ 1:-}o prcte-:. tfo-:-: •:-:e:.:>p(?.: e,f 1hz. p~·.'2sBnt ~ff~(::f'.!ti:-.);; ,:.,f'.! th..:. t._z..s~·~ .:>t tl-::e: f:•f'~ser<t i~":'.~-..::-n-t--cn_ 11'.!is t"x..:t,s;l}~ akh<:;,s•~fi ha-...,:~;'$ :u-s-c;.-.::;: son;e 

L..:_,__.J--0::-·,; 

L..:_,__.J--0::-·,; 

:.F~i~~~~j~::;ttm~:::~-:-­
m 

~x~'§\.'$?" .... 13 ~r~:>l1P~'~:<·' 
re 
~x~'§\.'$?" .... 13 ~r~:>l1P~'~:<·' 
re 

V·i&~!: pl:ay ::..:tr::-:c•~ p,xm: ".2;:X f,x:-n::..:fo. $e-:..tr~l: <;i..:,r~:'!- cf o.:,~~:n-~ a:-:C r...,.;.,..,.,.,z~- t1µe: 
b;:i-f~rs 

Trtla 

"\:,1:ct'f';:: µ-·3.._.:.: , ... n.!~ ~ p:::..-3l--?::-.p.{_7 str::..;:.,;_1_.__4~ 3ft:.~ r-.-·;~~-:! -VY1 t-at'0'ffiJ so:;\<":,s- ✓ .. 
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c,:.,~·H:1l:GU~ {X:i~;~s. 0~-e s:d•::· oi e<:!d~ ,c.f t.h•c ::-:::--:c,::_k~ 3-:--:d >:<i:~!xK~".2 in th~ c,:::-.t~~:--:g ~b:")Ct~-=--~ b3'.: :::1 c:1: .. ff:f-,?n:l 

c:1Ek::f.:t::n:11-..~;g•H '>".-t•:::::-:-~ a.v.,..f,:.~ ,ond ,c;;jt}yxie~.~rf.: :s:r": ?.:i:r2:n:g,;_;:.•;t .r~.:nti H !:.:;; {;.h.,_qr~K:t1=-:·~·.~~J: :n: :_b;;.L a~-::.:_xJ::=: 

f:'-~=::r· :.:;;~f;:~:en ,j,f~?. 8·~, a:-:;.:_;i'.J,:.:, e=::s ::-.E:.:;;tQ,•;s-;,e ,j·: and ;j:-~--:dB f;.r:a1.~;;g w•fJ-n~ v•;: :-r:fx:t.~ '::~::3-

C:)~tt:-::~ w;<Hh '>v:?. :-~~~c::_· 1-;,-~{}-5 .H~·=<>LtfrJ:2·'·"{..:--~~} ... '-";:..:::3.v1:}-S. ;~.nd •t :=:f~f!-r-~1~·-tf!l~-. Cl~;:_;.;_;•~f; h~=.:-~;y 

te-a1~_}e~{!.1°'.1:f':'.'- o:t ~hJ:h: p.-:_, .. ":e.; d!sch:1r~i:--:g:, r~X-:uc~s ,:-:-;octrcd~ :-:~n".2r ~»s:i~ta:"}C•::·_. st~~ R~--:p:~c:,•::1s t-:.:1TI::1:y 

ss:<7'..1f~ ~td p:-rcki:~~s -::in::t:i~~~~ •s~r>::~•::::e- =$f-::·. AOC. ~ ..:-&:~ ~~.:: ._,.,...~tlcl~• sp:.!,!i~--<l 1-:., P,-◊";tl':'.-r S-i.J::,~1:-es of 

fl:<ix~:d p-c-..❖&:-- -..·..;;-fi:c~}s. &l<:::-.:.tr;~ dsh•w-t-•:.,s,!s '.2.~tl -..·~r~.x:s t-~st,c~-'.": .. 3r::,;d ~~3-~. y.,;~~8- a:;,:hc-Gt!r:-n p~G'."':p2-cl 
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r~::-3!:,~F~hf! ;5i)5:-:·::-..~i r~:::;ts:_;...rK.:e ,;f ~!B.:.:3'su·rl:::-.. 5:·r~pn:• ... ~ h::..;;!:li;,-;-...)< S:F<.:.:::r:iy ~!"!-d •?,•c!~ tif.t=., r:n::.,:•ufa:.-::iu:-B' H~~·f!1nti ~:-;n~1._:5:.:,~ f!.....'9:'.S)'· g~_;_;.,.::-n:"!i~t=-::;, tb.;.~l :_~;~ ~-=m:_:,•·e ;.;ij~~r:a:: ssf,}~~:tat!en 

h;::-:g:;~_ ,;.f b-.·,=riie:~.:. b~g: mn:::.:r;!y:r:;.c~ p•i..1-;."-::e~ d;s.d1Qr~5r:g ~.:r,_;p~:-~y w.:::- ~end =r~ t:s.:gff.-sz~;j;~ p:,_:-<J:~.s::.-::ik~;, he ~B:$} tc •F~~:~--~ .. t~ w~th a ;,;;,,,:{-:B r~nge u5 appi~,.:;..~H,u;;:'.:;. a·s:fJ.~~t lh-=-

F0-~· fi3~~..;_..r ~.md-:-:r~ta:1ctit!-9 S>J!t'!off!a::.-· •:.<f -:.:;-!J-} 1r,-..,·:::~-rt,~0c 0f t~~"=-: p.-es-:-:.i,~t it~;,,•B{-:t:c:~. c1":~a,r-acl-c!~~Uc-s .a:1G -~ffo:..:t_ -~nu~<:-:!~:-:.:~ t::)!kl\\":ng &X{,~-~pl-:;-s n-:>v-.-:, ,G~.-{ c.::::.:~,Ju:-:-(.1\:on- ~ifth f.;g~. :,s 

<l-:-::·-~,.x:b,2rl :r.: ~f}t::1:i as fr,~;!J,.W:'":. 

~Jith: r-cf•a-".2n-c-c t•.:- a--co:::,rnµsn:y:,:;g dra-...~~inq ·~ -~- S>"fC-{"I !st~& o:,;~:n~~ d:•rB-(.1\:c-n ct •:::•;l:1Ctrcd•2 .P:,J,s{t~,..g, •~•;&etrcd'5.:' aci:~YB> :~~t.-.xj3::: cc~1 ; :>f- fr:,e p:-&s(~-,t ~nv.-.2,1:t:(:~ adcpt-s the 

:i-: hs.~-r-• L:0 ,~ DY\"'& .;;,::~\•0 >'l,Y"\'fc:-.. ·-3,: ,._ k</ ,A ~.>"-ry.r .:.o~e.i~t ~·-:,j.t :-/;o.t.h•c 3-€'..th,:: ~G"C ::hsf:: 'l-)&-~{~"2,~ c .... -\3t .- GC.s,f:•f-V: :.~ i.3 .. ,::::?. f :X:.. ;.~.z' T•..;:;<~s ....... :: tH. d s:):-1.~<"~:°!,~ .. r3p'.J1:&C: 

fl::1kr f!"3p;,..~ st !&a!:-1, ~~~~:.i-X&in t~ec:-:,f!tB{-:t (:f ,::a:-00~ i~~ :s 9.-estef-:.:h.an ·; .. ...--t-:-;., :e~s th.;:;~ 5wt~--;; Th& d,:,':ib-l:e ~Pf.2'3•3 ~~•eig:h; cf d-'2:s{xR,'5.:'d pc,::J-~j~•-2 cl--:-:·s.tr-.J-d.s ~~:::.fr..-..;_. :--not<:-•:-~:13s 

e:..1;...t. i .. ~~~•-: :·~.y;jt.J.,,·e f)f;:E:h;,s,,. .__-:.:-_:•~f'.:h~-;; ~n;:,.;:_~;;al .;:,x;.~t ~ ;-:--5- :re:~_;.,;=:c1h,.~y ~ t!n19-:3{;rng/:;;.:1"! 2. ,•! 8::--rrg-"': .-: SH)f_,;.!er:·:, ::': 
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t=u; :_;::k~up typB ~~a-.. ::ts~:~;~1~; :~;ere. !-:.eu?~.S$B th:=: ~•;:l:~.ren.:..:f:."- r~f ~••rn:~{- rfniJ ~;.u<-i.;;J.}u:·~.-f.V_,..:::.i~~;::::: p•.:_:~e B;;r :!. a~-;;,_: =~~;jt}...,B bg 3 :c:-::m P:~_..::, be t<.:.u w•de .. ~::::-:.x;;.:J~:-}Q ln t,.;_r~~ffi)' G?.I::a.:..:f~:,- =::s•d 

tug -~he: ;:,f;ff~::-~t:e~ :>f ~e:-:;-;;,!:t)' ~::,:;- s,;:t ,.a,;;<J: the Vf~-:.1:th uf p:-.:-s:t.:,.,.-a f-•·~.>!:e .::a:-~~ :s:i:•:~3 ne'i{:ff:.:v~ lug ::t :s 5--ff):T:-:.-:;);7-;;;;;, a.:;<J: f!';:tt:-::-::.:..:rn ":t";,;'!JJh ts~~ ~~:~-;;,;7;; Btrn;_:~:t.~:":e:..K•S·~~; fr>f p,rB:).'-;!-r::;t:n~ 
t~: :..~·'.J.e ;.--..·:-t~& (JH:..:::jd~ ':tv~i~ k;g ':t"-"=•f:--r:: t~~n .. ··:m~J ~~ ;~-;:.l:ed. -~:e ;:.~?~i~B :d?.:rna8'~ e:t:~:': ·sh:·.-.:-:t :-.:.t:-;:.~.:_;ff ·:-:-:-. e:=~etret~,t=, p,: .. rs~-~!::.~ p,ek:: fK.;i;~·::: ;~:":.d ;;~~a:tf:..-e k;g i! :s:•.:: !:aii. z:,c;n.>?5:": '.St•;~;:e f.k~,:.sfi~;:e 

p:{::..!:i-} eBf -~he{!.f~tl e<l-;:~} ~ '.2.~d n:-::·t;3l~':.-·~ :u:g s:i'e:"!,f~tl e<l-;:~} ; ::.1 w-ttfi pk:s p~st<::: ~-L....-:--ffi~t-•:::.~.:-~::e-:::~;n,g h:,3~:-; 2 a~~d t:~~~ga-:::,0 O.-!ff~~1t c<•~~&etc1~-; ~spt.= :-&s:~~B-r:~,.€!-~J .. 3!c•i -:.-·~.:-ki .._,,._,,i-fr:: 

c,:.,f'.·-:-:s;..'C:n•:;:!01:g <::•:AX:;:-::::1·.::•r ~ae t..._:,: C?s€!-.F.:.>s:~!~£ ::•:c•~S-~'.:1:- 8 B~tl ~e-;:aU¥•2 k:g 3 z.r.<l~ sre f~sp<:::-::t~>:-•e;y e~u~~•~:d ':-".:;th r,c-:.-iti¥•2 p...'i'=•::· &Sr rlv"&-rs<l ~,.::-!£:•S 4 sr,-i :1.:::'$2t;~•e k}~ ~f,.,B>ted" 

h:::-.!-1-}s :)_~._.rh,sn p~srtk.s, ~~•Je -:-::~f 3 st:~~ y~u:'.: µ~a!;:-'2: t:usre:~<l°-f:0-He.i::::ik:9 t-~J-dj 1, ~s~~:j:::1-r:1/& =u~ S 3.~t'5 :1.:::~:y;:;~•\:. e:_:f:-~'lli -:..,_::.]:=e•::-t»t 7 -.-..•cXS· i:11:t~,r,3~ s~:·uct,v•::_ .. :t:; trzi.ns~i:.:::,naJ ~·-'2::.:}K"..-n ws-s 

the da:"=s a~c ,_::.~- ~!1e ~-~::::-01:gt:for s-r:-:.:etu:!•"2 ~f :b<:::;:~~ 'liidsr th~ !l.:-;::. 

,,.:,,:-::,_;u /. ;/Al\.~ :t·s(, ~~~.;3""!~.-:enn;:i:s.;. ·;_'3: ~'Uf<) :rp,s-..,.r--.-,~i: 'J\.:.~Jr .:::~_~,?•~;.P, r..~ ... 4 <i? w~:··. ·s;;,. s-f ;. CL,t= f..,-:rc:.-.{rJ --;n-;;-;;.:_,;~2. ~~;i:.::.::."nc;.t \:J~.::: :,.}·no: :-9:-,.: ... ~::r"H .:.,n: ~·;~-:- / ·,,ti-u:.. ?A_;m;" 

b:z.-t-. be-:.aus:-:-: :::::u~h1:-:._:m -f,:.,;J ~·~ th:n~,~~, t~-.:-r&t»rB- th-2 µ:--B>ie~red ratt.'J- k,w<:::! ;~rn:t ~!•::::•~-'.-••f'.•t~§ :1tl;)pts: t;,-9·} ~,;__.::-;: ~t brca~:: i~~ r:,,t..,.::-~·e-ff!&:i!::,c:~~.::d s~>-pe. 

:i:-a:s~:--..··t;:~ bk~:*.- s;~;,;,:~:.e. ;;:,:::d ~t::-:;. ~v5:t~": -s,5·~~sf~~~- lha f,;.3!.c-~·~ng f,t;;:w_,:5;~, ;:e,;~u~rffi1::B;;~ w;:_:,; .:=:a:~-::~ :·~1u~~ff)e:t1l i)~.:: at ~••t"'±-r-..··a::_ an.:_: b!.:E,,. 5.,.~r;~-;;:_•~-e :;:;;,.ipfJ~r :=n;:I: ~s th~nn~. tha~fr_.::-~ 

tbe f>f~f~1:~-:.1 ;;::tJ,;-,:. k;;.r.fer ~•fH:,"f p;:nn-::p•:J:;,· :s-.:_:up,ts lh~ luij -r;f br:-:-.at~ •n at-..:_;\'.:e-n-::-:-::-f}!en~:d St:S:JfJF:-. 

~=:~::-;a\.n~ a:u:-r~:n;:,_;f:Vi v~f-f a;:::-:;.:l~• f:)r:-r~s ,_<x:-:.1~~f5l:rr: .. 5ffftt~H-r::e •:t;::;. a:~-:-::£.:i:·:c f;D,::d;,.~•.:~~v;::.;.·,,. :~!) ihB !0mnh~f ,~.,.f rx~s•H"-·B f1-r~e -=:-?.:r ~~ G:r th:,:;- g•-t"aa~s ~.;.;F~ are g:::-~ater~h>?f> ·f:"::a H~imha• ,;.; 

~•-,p,: .:r:zr:.~· :>'B;J. r:r:: r.i:~x'-;•v·· l>•t~ 8. 

-:K:.):....gh : .. x,~•:r,.7t.,:-=:; n.:t..-lt-":th:~•f'"rc/d» {!.~ :-- JFv .. dv..-tr,.,.J» ~-,:t;VCd3 ✓:>1ds <,··~ .• -.. ~-:>ub~-:X'....,.:"=~j' -...· -0 p: ..;..::T!~ -:.1<-:."!'::"!!C\J ~s ns•~ ~:rrSnJ: ~n "<•f:. :1..~-~~~·1:u:,.s >-:..:'~·-< /~ 

en;;;fy,:..,,.;;;~::~.:_;;5 f:)r:-m~i::;; :thnt G;J.f:1- be s5s,e..:_: frA f .... f!'s~t•-..·e ~~e;o,:;::_:,_;•.:_!'f.'- a-t::.~-..·e H•:ff}ffi·:~~:;:"7 r~i {h,t= f.-.res~f:f~ :n-:..,,,:_.::H-t1:; ::s =-~ x;-. .. 1~) 1,. 3-t /.,,4: ;/) 4 r~~.:.:- r~n•~;p,,r;:=~-t{e H:-:.lti~:::; ni' {~·~ :J:.f.: ~~-;;.:_;~-:-:.ha:n 0;i~ 

ffi';("-'"?" 

i'• . .'.'i- !fth:u:-r~ lt-..:~ hfl:tte;y :·;.f ·:.be ps-~se:;:_ 5:-:.v-:-;f:.!:.en_ fX"!S•Hva fK}le f-":7¥.f:=.:,rf&:t:J· t:-i:_~:i:•;f}:"~$ffi ·fo:e -r.:.ffi·h,rn~ :r•.~rn.1--f;tJ~- ::f f.a~:s:-:-g !.t-. ~J::-:,'">W i;f} ~n 2n n:~_:rf>f~$. ;;,:.nd •fs. ad..-_!f~X:-:n ;s. n:.:•· r:rv.-r:=: 

t~rn~ ·r:J~-...:-::%, w?t;--! ms:::.,~.::::-r tc ffi::X:s~ )::::ost1~~9 g:-os~- 't~~jght Ttsis: i'.'.:- be•::: ... 1-us•:::: a c-:-:E~.tn 3?!",~~~nt cf h-1 sd,:fo1g~ !~& c:1r-;:•~~1 n~n0-t!h--:::f 1::-f ~<==!t3~fi-~sn-~;,-,., c~n h.:f~,; g;:3::1ran~e<:: t:1 th--::· 

eh:::-:. .. _j._ h,::.:,•,;~..__.f! oc:>:.., .. s 2t.r..::::3i 2 ~--· z:d.'.leci: ... _-su:.: .:.-::.:: c_:f<...:,,,__;:;,"/ s~-r..u!.:::..:.+-x._:_--. .. c_n :~,,::{:.. ::·,c:: J-Ra·~ the ... ~:rr~L:n{!._~J:-~ :E]: ;:p_ft:l c·.:·~s.z:';-;d_ :s: ;u3rnnn _··Th, .. 

!er.gth :J-t t:tx.:~r ~:.trps:ess.-.2:s 2:Si mi~rnas. th&-'1 ~Y'.~qht ~~~:ks ~h>:: p3s-:: fi;:.>:::- µs,s~ b-Gg{>'."~:f fikn :'"!nd 3."r:v» e!J-}Ctrc<l•~. C:'"!,':iSe·s fus, !~!cro-sh.-:.•E. elrc~{!~ b-st:tlJ-}8-n f:•J2S1thB>/~g~1:!"><:: 

p~ate.;n 3,d,::Hli~~. ~t o<ld~;>-n -s~rpas-s~~s ·HJ-..'\'.t':-"'!::.. th❖:i-~ :~~t:::=..;t add th~ o<lR-•~:-:,:~'.l:1- t;::.r~-e t~::::t a !3:--g,2 '.2ff~~:.m':. ,:::if bi:i.'Gi~~ 3g•::,~t-.J c-::.,-ild ~J-2&.p ..:-3:.Ktx•:::••j~.:: :--:;,ste~t~~ i:'"!~fe' 

s::i:a~5!tfl:n~-n~.s$~;.-.:::=~:-;.ffs:7:..._.~~ h.t::·~-,.:s:-:.g :s:g~r::t th~ri ~:s :the re=::s.f!-1:-: ::h~f. r:~~;,_;::-:;:.es tb~ e:~r::E.:i::rxi~ 5:":1·e;:n::;: res:::7J;;:,:1z~ tf} ra:::;:.e_ rh~H.'f~.:-fe,. :_:,~ at·k~Hi-t"N:-:.,,.._:f :-r;a?i:fm r>ffi:n-f:~J:-:_..:- t:s J:~_,.be: ri~-} 

:i:-::n~B' H•nr: ·3 :)'-N't~ f:.x !-V~~=-

Th;::.~:g;:-;. &rn..:rn-.:-ra::Ied '.'":pbs-r~•::a~ ~V{!.f:'fil,-rs :1:f'!d s~:..1:e shsp-.:- grnp:0.;t ... }. ~-rn~ t,-.:- :_}s-:-~rl I;::,r that r~.frgs:H-.•e ;;~-ti¥(:' x-re- '.":he,:; rn3-rs-r~B; ot tbe :~ros•:::~t ~:;;:,.-,.,.}n-r:cr- is !!->2'.t ~:m::t..:-d -c.n!y ~c 

t~is. oIOO~ •::ant.:•~ ~:-:;1-;:d b<::;o~":>' ~:-:, ~fl' he tts<::•:.~ f•:-r n-e,gz.;fr-."<=: ETiaier:a~ ~t Ih:s f.:.;f~ser-1 ta~.-...2n-I~G-n. ~3>'.'", fs•r:!-~ tbs ?!",~~t-am,.:: d..:-n-1e:~t '.'.:-U~h ~s: tli:(:' ::1lu!~!rn:.:m ,_:;,-f :..1:k~t Vl~fu U. S-t, Pb. 

Sn-_ z!~! etc , t:-:::::;:-s?tt~; ,~..:-ta:~ c:dde ~L.-.c;:-;. as N:.C.~. -C•2D. Cc -;_0 :;::. C'.-!0 ,e.Ic .. :..1: s-.::, h-s~..->2 Uf& 2 .:::-: ::). Nb: "l.G 3:. bl..;'G 2, N'k:U z._ th~:: :~}E:-t,3; ;::,x!J1& ,c::f ·-s.-0 >::i:B .• t~e e::1sH°:'• GB~t,.:,noc•::.-:.,us 

As -.:-~s<:::t:!.-::::.:;yts· ~-f ~~& p?-e~-ffi;:t ~fY':,·e~,.,;:;~n. •:::::::~ -::.u,rnpr:-s..:- c-:~e >X :11ore ~-t!;x-:::.:-r<:: J)f f>::-ilc-.•,,.~ng .-:.•:r•;.::..1n:c sch•wtEtr~y: ,:.a:-b-G~m:-~ {EC). p~c~..:-n-s, -:::arh;):--:st•::· (P:=:), :i:rn:•::'!Jiyf -:..::::rtx:.nz-:1..:­

{n~~:~G; .. :,:;-thy:-:-~ffih~-~ {':;j::;t;Hn~G ~s'fe:;, {E}.t.{.:.). d~Bi)-~y~ .;_:f)rf:-f!-1:1:.;:;!.~ u>::c). ga:;,~-;;-~;.~-bt:ty:r,,_;fa,t:ln::--;; (GEH.). S\.~=k~~n:1B. ff:elh;,'.":--:s.:_;~f:~.:-x::.:_~~-- :s~t""!{:t•~--rJ: !"'::-x.X;-n '1]'.!"9.-en f:cff)S'.S fj.f y,t;;_;fl{_~ c.:,_:·p:::. 

{A*~} d;m.ethy~ ·fo,r:":-!-a;:n;:._:,;:,:. __ .:_:~e1·hytfrgH-m:-r:ld.:.:-. 3: .'2-,dh~B"it.>"~~,--frth:;_..;_;:;~_. -:;.:.~,i;~~hD,X)'e:ihs.;:'P.'-_ . .,,.._~;:::d::;:r•~ ~1:HF), '?.-SHff~l-~ya:.~~rah~;,J:rufsJ::-?r:: .. :i"3!{"!-;,.'.fJ-~?.nF7_. n~~fr::-:: .~eci:_:c ru.::1:i"3 e:s::.-e-::­

-i::,..c~~:t-t1-=f)r~· ·~rJ!v~:-ft:=-t.-, ~-~f;Jf)l?-::~:g-g-:.1-u.:_: :·;.e~: rfr~.,_"'i"_:f¼=erge: fJe:tf~x=-r~.:H'N.:~ a~1.:_: ;m_~'.jfJ<.n .. ;xefe;~,t;•~• nwS.e ~r):i ::.:. ~:hu;,<-:=:--n1B~•t5:1-rn.~-.:j s-~~:;,.·..::-:11_. f;.nnta:n eth:~·;e;-::.:s -::::i~~tK:·••f)te {E~:}_ 

E~fl:ff!i;_-;....., f;;ff: .nf !~~::.:: p-t~s~:-}t fr;:,:en~;:._;:a e~, .. ;;,:..:.i{;p:_ l:J:;f)!d .. rn:-:n--:..--s.•D,",,-..::f) f~h~'k:. :~1;:.:.:ff;-p-nre ~:,-~1::.~-::~:t;:::: ~B:7::1:: f;kr: et.:.:. ~n "thB .~b-rn,.:~rr:e::::_;H:-:-ed d~aph; ;j.f:tff) n:i~l~,;;f):,. H-•~ ix;::.fe~~:t1:-: 

:i:-::k:f(J-P,t:ll"'!tt:s ffan •Gf s-pe•t:52-t p,;~for:-:,:;,.d ~-:::::-r;.r~;,p,rncu·s syr>"~het~t: f:-:.'$~;:; ~!~rn. esp~:;~:sJ~· prf.'ff!-r:=ehfy- ~x;=:.:,•e:)::_::-!e.~~ a:n,j ff)i{::;,{:rp<;ru,.5s: :-;•;_~$.yp:,t;p)•i:..:;:i:•~ rnH••b-:-.~ne ,x-~hfil- .:_x .... :-r~p{°!:SHY.­

:i:-::k:r,; ~"!H."!\.~'.~ ·f:kn ~~:~;._ rh:~ ?-tin:p:_~:-rJ rna·s,1-n nf th~:::-e ::1=.,:::-~ r:;-;;:(:r:-}-;x:-;n;__~;s. ·fH_;7;:~ !s tfr..q:f tl ;s. hci:_:_~f U:m:: :)::;:~;.k::"::::;s; fJf~~:;:;-mblj~. fi::rn--s:;~n:J!t: .. f5::tn :;,B"'~!,$l~,~•s-;e d1?tfi:z:::.~;:J:::;t!-:.-:: 
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3:,•-•\.:.: :.::-n~ ·'-;>:--,,a?)} f~•c ~crtc -~ .J,t - ,~.:- -~-~ ~ .J.'l,,./lY, - S. ,..; \. ,.;".._,(. c .- ~-~ s~~ 1 -~• ~G • -:c ,. ·c.._:-:r; m~~"2r·3: ·. iliB- :>~'.:& -.~ 111::·>•::d ~·x: ·.:•L. ;vUrn-;: •-d '\- . .J.z· ff>i". :r s.!~'<C.,..c ...:, sd3 f'R':? ;. K 

p: . ..:. ~vH» ~J-c,~~&- ,..,.-t-~ ~ ·•-·<•J, ~·.,,c :fu~s f::•..}St.c·• ·s •·0aRd---·'f':~◊ ...._:··",!:::-::·-...f. c;.....,,;J: ,...~::c-r,lyi:!.~.:: ·•u-:., s·J~•s dt.:'.!;-1- ... ~j:.-:;h: 7 • ..> .... ·:: ·s ..:cG .: s s 2-'•xr:d::.m~ f x's, ~ .. & uxJf1 .;,f .-h---a J ·s 2~c~:-:1,_ 

~:-:.s :s:h!;).W"!- :n :=5gt~~:e- :::: ~~3~c~:;:rk~ ·ff>t· u-sf:'. thk~:· ts: ~ t!"!J ••;~r~:i:1:1:rrs, \>'i~de t~~ tba fk~:;~9.-; '.St•z.:;r; -ef ·1::::~~•;:r;, as: :r•~g.;_~~J'<~ :u~ H. ~-.>~n~n~ th:.= 3-fa'?:rn ..-;,;~s::-h~ :r•,~"-e n~-g:~:_;-.,,l~ =::.s~ 8 <AJ~ ·s·~r.te'.S 

he d!:--..•:d~i ;5;)-;; -::.~ ~;-;,r:.:s 'l<v:lh r::~..:::;,.Hv:..=· ~-~-m:i:~~-:::: <.:r.>~~:..=-f;}rn· :: i:",{~~d•r,g -:.::-:,~ :;;;,;_;Y.-_. GfJ.f.>t.>S~~-.:: ~j:j~ !s fJff;, .. •i•-~f:-d w~·fh ,-::.::g~::-:-...:~ ~l.~i! r~ve:.~-d hn~i::f;. 9. ~s: H~~-: fGr ::-~ .. -B:_~f} an•.! ~~xHJ: ~i: th:..=-

Th-2- ocH-.•e ~n:'!.t'::rl3~ •:.-~a:tmg: is fo-:Bri ,..._,:.fr: t;:,-s..;;, 3H•~f~~2l"ID p::::-<~•i~}-_.·~ of h3?"?'i:~r t~lm, posit!·•,:<::: 2nd ~~qa:t:V>}
0 
;uq :~ }:-;: ~~ -cpp-:~~:~e- ~id-e 31"~>.:::k 'th2t µcs-;-;:;..,.,e p.:)l<:::, b3~-n•:-::f -f~k:~•. 

r.:-:-:>•;:atw~ p·d·~ 3re- -~:n-iw~~&d .:::,;s,ctr:.:::: x-re, :•:-;:-s'::t--;: ~5•;1~1G<:::?", t~x:: .g:~d :'.!q -cf ~:,,ut!flg, ~":.i-·~~~d -::;octrc,j,2 c:a::3, fa_;~~ m~-2-~t:cn is ,;,:.;;-.}3·:•~°:1 3-gain she~ (~D ··12 .i-:::,f ",-'3-:u:..!Giize- ~:c !)& 
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Ningde Amperex [SJ 
Technology Ltd 

3 205828573 CN u 2016-12-21 
Ningde Amperex ['.Z] Technology Ltd 
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INFORMATION DISCLOSURE First Named Inventor I Xiaojing Uu 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number U 020968-8 

4 2:07459051 CN u 2018-06-05 
Dongguan Poly New 

para 2-14, fig ·1 [SJ 
Energy Co Ltd 

. 

5 110753674 CN A 2020-02-04 Nexeon ltd para 16-166 [SJ . 

6 207303263 CN u 2018-05-01 ShenzhenGreende para 4-19 [Z] Energy Group Co., Ltd. . 

7 105336984 CN A 2016-02-H 
Ningde Amperex [SJ 
Technology Ltd 

. 

8 207602716 CN u 2018-07-10 Shanghai BYD Co Ltd [g] 

Zhangzhou Huarui 
9 110459730 CN .A. 2019-11-15 Lithium New Energy [Z] 

Technology Co 

10 107834014 CN A 2018-03-23 
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claims 1-6, p. 3. Hne 1 to 

11 1949580 CN A 2007-04-18 Energy Research lnsutute [g] p. 7, line 12. fig 1 
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NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article {'.vhen appropriate), title of the item 

Initials" No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number{s), T5 
publisher, city and/or country where published. 

1 !SR for lntemaUonal Application PCT/CN2020!087515 issued 03 FEBRUARY 2021 [Z] 
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( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number U 020968-8 

2 Chinese First OA for counterpart application 202010349336.4 dated January 8, 2021 □ 

3 Chinese SECOND OA for counterpart application 202010349336.4 dated November 17, 2021 □ 

If you v,ish to add additional non-patent literature document citation information please click the Add button 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Xiaojing Uu 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number U 020968-8 

CERTIFICATION STATEMENT 

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

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 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 
after making reasonable inquiry, no item of infonnation 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. 

D The fee set forth in 37 CFR 1 .17 (p) has been submitted here'wlth. 

ISi 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 /Shirnlng Wu/ Date (YYYY-MM-DD) 2022-03-21 

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 'Nhich 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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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 yom 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 followlng routine uses: 

1. The information on this form \Viii be treated confidentially to the extent allov.'ed 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 v1lth 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 pertorm a contract. Recipients of information shall be required to comply vvith 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 !ntemational 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 vvith 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 la·...v 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS Wen2,Ll8 



0304

Electronic Patent Application Fee Transmittal 

Application Number: 
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280376 

1 Transmittal of New Application 
020968-S_Application_ T ransmi 
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f2aa27f5de4e87f2b82e0b7d50959ecc0296 
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136567 

29 
Other reference-Patent/ Application/ ISR_for_lnternational_Applicati 

no 3 
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0afd97346edfc7979c5ee374fcc01 Sba3d 1 c 
c12b 
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dcfO 
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Search Documents 
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Information: 
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Information Disclosure Statement (IDS) 020968-S_PTO _SB80a_l DS_21 
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Form (SB08) MARCH2022.pdf 

2094 99b83 37 4a 76ffaa2884a9c048d 5 02 7 e 
24d9 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 
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34 Fee Worksheet (SB06) fee-info.pdf no 2 
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Warnings: 
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Total Files Size (in bytes) 78163542 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17699555 Document Date: 0312112022 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

17/699,555 

140 

FILING or 
37l(c)DATE 

03/21/2022 

Ladas & Parry LLP 
1040 Avenue of the Americas 
New York, NY 10018 

GRPART 

UNIT 

1726 
FIL FEE REC'D 

1820 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

U 020968-8 14 2 
CONFIRMATION NO. 3466 

FILING RECEIPT 

1111111111111111111111 m~m11!~H~~im11111111111111111111111111 

Date Mailed: 03/28/2022 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Xiaojing Liu, Ningde, CHINA; 

Applicant( s) 
Ningde Amperex Technology Limited, Ningde City, CHINA; 

Assignment For Published Patent Application 
Ningde Amperex Technology Limited, Ningde City, CHINA 

Power of Attorney: The patent practitioners associated with Customer Number 00140 

Domestic Priority data as claimed by applicant 
This application is a CON of PCT/CN2020/087515 04/28/2020 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 
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If Required, Foreign Filing License Granted: 03/25/2022 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 17/699,555 
Projected Publication Date: 07/07/2022 

Non-Publication Request: No 

Early Publication Request: No 
Title 

ELECTROCHEMICAL APPARATUS AND ELECTRONIC APPARATUS CONTAINING THE 
ELECTROCHEMICAL APPARATUS 

Preliminary Class 

429 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 17/699,555 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 320 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 700 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 800 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 14 
(37 CFR 1.16(i)) 

minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = X 480 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

17/699,555 

140 
Ladas & Parry LLP 
1040 Avenue of the Americas 
New York, NY 10018 

FILING OR 3 71 (C) DATE 

03/21/2022 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Xiaojing Liu U 020968-8 
CONFIRMATION NO. 3466 

PUBLICATION NOTICE 

1111111111111111111111 ll]~!l]!~l!~IUIJI~ !IHHll lllll 111111111111111111 

Title:ELECTROCHEMICAL APPARATUS AND ELECTRONIC APPARATUS CONTAINING THE 
ELECTROCHEMICAL APPARATUS 

Publication No.US-2022-0223849-A 1 
Publication Date:07 /14/2022 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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i f".::~l .:::>i.i~~~ :5 S.:}. p:>i 1.: :>~ f:.f::::ifr:<: ::.:: (1: ::"";>~:t:t;e <;i t t-:,: t).:t:~W~ \~·{:. ~~t{:~_if:{f_:::;_ (~:{:{~ l 7 t: o:~~· t 1-:1': t).!:?;W~ \~·:{~. ~:l{:~~;;{1~1~? 'i iJ ~'!ki ::;..:.:i :·.,:·;f:::.i-: 

snd ~~:~ sE-::.:-2.:rnhx 1? s;-e (~•ve)i~,::.:-::.,~d in :~:is C:l'l"i<:.: 0'-l \h<:: :•::,Jttk:::,in,;i f•~,t~:::xs ")9 a sn.:3 ~~9 b. T·~,,Jf:i.het. a k,.1-Hif•:at::: 1.,,11{::s <::M;,.;~·:1:::d. ln•·: lim\f·,~;t?.: '/:/:~:. ".:'/O:.liJf·::.i ;_::to~_:r,d ·t::·:t: G<)l{'.' 

sol1r!:· 4-t':- -:-...,:):!:.:-' -~~:-.1:-.,ty:;::)~) ~ :.~:r•:-~:i~' fo:rc'>: nf 1 Cf:-.: tz: th~ l-:-:ns:i:1:::~'!·. ~:;•d Hv: i::;;mini.::!::-: '1,.\:r5~: ::.~-.:t. ~;~• :::· r;.::t:'::-!t" -·~? wh~"!n -:-}:'-f ::-:t~x:tH.:d.,;-: (:rr~t:p :::;.v1 ::-: p•;::--,_i,:-:'lf::·m:n.i:-:d <i~.i!n·:~"!h-:: ·n-b!,.. t~i,;-: 

d:;,,::.:r,-:i<:·r{:·:-1~·.e ;>t .:} tY::::.ik::;;. ~-/ ·:: :~---_:~---_ i:;,,1:~---_ ~h<:· ~-.e:~~_ft l~ :.-.1;,,):.:n,;J ~-:~::".:Hc<Ji:1 ·l)ff:up :.o \-.,·itk~~i th~·: !·':'I:t: ~ i: ~•~'f,:S ,x.,:·::~e:.."";~_-21:J ·~":-·(::.:5 ::•ft.,~'!ti:.~-:,t ·n:.:::: i="':..::::):'!th:--::· ,:;l::::x:H<::,J,: t.::::;;:,j ·17 -=~:~d H1:·: 

c· z"'.;.::;\·~: •~h:,C{H~{ ',t- ·~!,;"!{, ••: \",,- ;,t;j,)f,jf·~·~>!{ • ·5f; ~!$: \,J pH_;~.;:_::.:_:}· ~.,i_;,n }' )}! •·1.•· •• 1::{ • -:",::;~ ... 1~.·.c- -.JGtSf.> ·,1 '-'PP~ 1::: '\,2 ,_:' ~,.::;~ 'z-,n:::- ·:: '\'v n>:: '1:u'-iw,}· .:..''; .:,;_,r :>: .. ,J. \'1~ -.,·(•1:.m•;_: '1"!·~,.-:_;v~>~ 

~.::t~z.w~. ll;.;.: Nh~:· i';~\•'J t,f tfi~ pc:~w ... ·e •2'1:::,-::t~z>~.fo ~:2:~.::d ·,:..,,;::::; :: ... --::M-:.:-i-.: t,'> '!':'::-~ ~:.i:-~;:::lr::~~ ~)fate, ~:~-d t~H.:- t 1th-::-,.:- i:~F_: f:,f th:::1 n~~}~th·~ -:-l-:::(~:;-,~d~ }::-,..;,~d ~·-..-s~~ 'i.'\'•::!kl•.:r.:: ~:) th-8 ~_i,-:,;,::_;J:.; l:::~e;­

$;;_;:fa-:.:-:-: ot ~he ~t,:,.:(~t-:.mv.: 1:'.:: cyH:-:id:·:·c'3! ::·o:-:: t'3n{;tf c;,,::::s-:-:. N:-:-::<'i., ~~)•:: ;;-·-:,1:,.,i:!,::: ~i{;•:.tt-.:.,•:::i:: ~:nx:p ~.._..-;;::s ~1~c<::rnrn-::,,:l~-t~d :n ~ b~~$:)· •:.:::se. ~:Ki~ :·:i::•n:.:q\,:;,;·,:,~s: -21-~i:::tn::-~~·t\;' ,,..,·;;:~ in;-2,J•~t:: 

Sf·/)•:J·:·h~-.: }J:s::.fl·~· (~a·5,.-:_ ,''),'$; th;;::, rn-.-:·:-...'1::.vJ•~f;),:1'$; ~i,.-:::~:-:.1:y:_;~, a ;;-,:_;:r,~:=a-:t:~;,_;,;_:r; ~"'.:lH;))t;lytt--: •n '.N!;t:::h L:f:1 := :·~ :..•:.,.-:=:~ ,_:1:::,-~z-;,):.,,•~d ~i. ;s :-:(!'nz~,;:=H}f;:-·H:->:: .::_-;,i ·~ I) fi:Y.>l / l. j;~ _;} mb:,;::-~ ~ul•,,:',:.=:n1: 

-~l.•~L:,· ... ~ ·-. .J, v:~:-HI .· -•~l -~! ;:,;,:c n,:::n•l-~. l'f":(._ :.(\:, kt'8·_,$ C ~ ~ :f'> n,, :;-r'-~"•.•.'•::-l";i:'~;; ;- ...... ·>· ' .... kh ·..,t .~ /:.•.:- (J: ... i ~ ,..., •·s .. , ,v:-.., ·,.:.:. ..... -,,.) .:: .. _·-/ } ::--- _ .. ~i: ·t~ •~i "' ~:,:,, ... ,' -~-~. j·,.,::,:,~-)'\,2~...;:, .~, 

::e;:;::::i\•l: •d~:fjff:-t":e 11::-:-1..: h:;::..•in;3 ;:5, !-t:(~;]::_i; 1.:f H.!3 ff:n: :.:-.:rnJ :-:, ~:),r•:Jt°)) c..f a ::~::1 ~-·,.-.m:. c:.,: r:ut tn-:.ff: th;.:~ u.:,s:)!-: p:~_"-:f; (:t'1PPl'.::'f k:il a~t-:-:r .::1:::;:,:·,·:f\:i~: I:-:(: :n$.>.":n·:t~n1 ~:::i:··,.:~.i::- f:.)f:..x:· (l thi~ 

t:{--:~3::,:,\.-~! •~lf:,(~~rf.:d{--: f,;:.:=:'-~ :.~,.-;:}:::; ,;'(:•:~. ~;:~•i:f.: th;;::, ... -..·kt::.i~ 1.J :J:,.-:: t:{--~3:s~•-..·~: •~lN~tr(:d{--: 1,;:~~d :_:_.-;:}:::; ::: p::r,,, H1~ )•~fi~ti,: fr~•f'.-~ P,¢'~ ·: fff:~~ ~;i';J:;~ :-id~: 1~;,:~:-J'!'f: z:{ lht-: ~;,:::}~lh.',;~ .:,::t¢',;_:}r,;_:,.--H: i~;s,3 ~)-'~'.s 
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:-:':;_.::)h.ifo~:.tt~f~d: l':y i·m:~\~hi C;_.::t":h~ L--::::..t}. T!Y: :-ri:~x~:n~~ff: tt;:".:s);f:: t:..x:..-:~ ((ft~)!~ :w·•;F:'Ei'.-'.e ~'.":h:~ct:r~.>t..iE' ti:~s<..~ ,,•-::s ~~frN .:')-:n:."":e ~~1~~ ~~E3'.~: 1..;,f th:::~ n.::,e:z.:fri;;::· .~",:i,:.:x:~rc:..:fo ~:::~s,~ ~',)-::s 3 rr::n\ *.::: 
:.~:W:,ii~· f,.:-.f..::;: pt:~ -~ H•m ~i:1,.1:t $:-i.:,;: ~:-,,.':f~Hi ::,f tl·:~: ~:••~~J8-'ti"."~ ,;~is.:.>::.:.~•..:·~:· l,t,.:~.:.: ws::; z: N / t•::ri:, 

([{'.~:~:pie ':,) 

,l\ ~--Jk:r~ri;:.~:::t :-:c::r:~q;_:{:'.•J:::~~ ~-f•:ctrr~tyt.\!'. ::-:tx:<.:n:-3:'.":t·~· b:.::t:.:.:-·,-:c~.-.;:.::.,.~ pn.1.:.':~K'.<$'.-3 tn ti}:.:-· ::-:fti~-:i::.:-' :,-n;~:-:,t:t:: ::;:~ in ::,:,_·:'.":n·:pl-:" ·i t:;<Cf::·,t tt:«i ~h-:" ,-.·id:.h -c)f t~if: nl:-~~;;.::t;-.,-1:-: '.:1lt:r;~n.-~dl:-~ i~:::-:d ~:\•':'.":$. 

O:! th~ :~~~ff;)•~-1:; oi· s fG;-gE'•:l: :::-..r:::~ei t·~,ik~:- {U;:~i•dG !';?:"-:i~f~:n~::~; Ct•,: tt•j __ , ,c_i~~.:,ffi,N-1:;:· ~)~} n:rn. r:i.:-H <.«_;i:..•W; 'f ~;;~ rr-:rr::}, ;3 ::}it~ral,ity .f:,f ri:X"":W:--::c.::::s -.-...•:::x:.:: k:t:::ed t:,y tr~:::.:::x p~oc.::::csin~;. Th::: 

f:t::.::·;:';,if;-/ :..1-t :-t:e{:':{-S-:.:'·:"> ·•N-::r~': :t: ;:'; <:!t:S-:.:'·f.-.=-}:·.k-:<t t:ff:':t:::.;e:';(-:-n;- !-t':: -..:~1r:,:t:~ ti~{:' rHsrsr::<:~·: L1ft·,.• .. h·:e:';• ?J~<:- .fl:x<:·:~; ;.--;.t (:::: r.:r~:f ef ;;:1:.i;:,.· •. ::nl :·::;:~<:·:~;s:;:"'•1 "J'i';3•1 :,:1'.:I p:"':"; -rri,:': ;.--;.p-2n:i~t) snr::~-~; :·.>! ,:~1'2 
cGn•·.::'.l...,~ f:•t•~:.:1:,H './'.r:-~'=· ~:h'n-::-1~:t f~f);,::r}lx:s ;_.-,,:-:.:: ~ t::-nq (ii;~t~::-n~:t ,-.d: (~5 ~:rn :.~~:1~ ~: s?-;-;;,n -~;f~~0:o::s: il ~.t: }FH. ·a~~= -d.:;;,i.~u; :._")f n-:-~: (;,:~fit~:'•.-'•:~ p•:)-:·-n:..x~ i.:•.m:::: l~ :.;p;, sn,'J ·r.{;~: :Lx:tton: 

p;;;n_i•G·t• ::~l:·:t·~·::.-:-t ·,,,_..;~:{ s:_;~;··:-:'i:t'::tt;:~H~· fo3~_ ;:1,~ )~l:": ;,_--::f:n~,:1:'. :3n,;J thf: pcnk"'I:: ,,·h;;:-..:f• Hi~: p;;::: ip-t•~:·:·r:t f;;Jf.f~:· .:._-:,t" th::;:: t:<.,,t,.:in :'~•:Xl'l:·~-:·: .;:i:-::d H1:·: si,J<: $:..i:fri:;.:\'2 :·/ :'~1-:': ;.:,;__:n<.-:':'.,'\'2 :-~~:'fl'h·~:·: \•~<::':·: 

.:.:::J:):":{-:::.;:_;.:=1_: ,,,·:s:·~ :-:·>:.,nd,t---:--;j ):·) fr:t·5 ,-..·a~•·.:.:: :~;ot:\:,.:::.:.:: \,:_:li.::::,- w.::n ::.-:·:·):3!:,:_;f'..:_: ... :-~• : .. ,,,::- ,;rn,~•·::-·x ,..._·d~:~ 5: ,,...,..;,,r, )~v };) · •"'.) r,;"-~5 .. -::~ :- .... ,_~,,).•:-~;-:: ;./ d ;._ -.;.,_; ,,k.--~rn~ G · · 1 .: ,;-..-i ;;.v :_:~::,, }1:-~-:-•·~ 

;1r~~~s~:•:: f:lp p(•n.k-:n. ::::~GI~)~ ::::H.:J/ (x.-:pr:,~r f,:,!l ·.:,:.,•:.:~~ p;~~-Si~::·::)--n~,:k,:~~i ~;,) pH.x.:~.:):: ❖ n~:1J;:;'l:frt•::· ~~:-e,: ::•~-~~: :..~~:i:t~~nt •:f,•lk~-:.~;-,:{ 8: s~~-:.:;.~:n :r, ::;iG. Thl:') G\'l:X;:;:g.:;: ::eight ,~f nv~ 

CJ.~/:: .. (:--~ . .J ··: ;,--:-,·w :,:;:_;qJ) ·;; p,Y'. ·•l,'i~ ,;;~:,:;p.;.: -t."''' C· .--:: .. A.'.\/.::<. -~·-~y: ... ~. ··s: ::,:~_;p;(:.-·~ ........ P'&,, .. , hrnn '-:-;_:, .• _ r-1~ t/::: ,..,··: ... ,' // · .. :--: ..... \., -~-. < .. L :. !' :'. .;,. :- "( ,j,);2;;w·,' ';j ,•) (:·v 5;,cp ... t:~-i-y·~ 

:~~~.::nn•::r rn1 the ~;iJ::f;~t8' cf th-8 n:::-~)~=t:t{:..•~ tl•:ttff;-a:::, ,:,'::JftfH t<:-ik·•.ti>f H ~. ·10 _c,.:1,>·.:-..,~_: :)d~• :):~e ~;iJ::f~t.-::"! ,:_~f m•.: n:::~J.:.=t:ti;.1e- ~:•.:.{:t:·::,:.i::: z.'::;f'~•2r•~ :::<,~k,:t:::,:· iJ :: .. :,:~.::- ::-8iJ;J.t;\.-'8- -2-:~c:tr,cxj{2! 

C'.:l!":-'{:::-t- cnli{::·.tot· H~ ::::,::·~ ::--:i:. piig;~:tly -~.-f :-x~n\i{:.::. po:ti-.:m'.5 ;"!,:.( -.:m t:•~JH; ~~~1:f~:;:.~~·'.'>. 

<X:!:iN~":.Cf ~n ,:,:-: 'N~:.:.1;:f~ -:.h~ ~~':~t~·•:: m;:;1~.:):'k~i t;:;1::.~·::f i~~ :-.x:)1:~x~. ;:;) p3)! ".:/ ~:li-c.::i~tnq pi~:~::':; '?I ~t:~i ?e f-:.:1 l'8·J(~\;:;~~::~9 m~ s~:pi:.t:y n~g;~:-r: ~1t ~h:;~ ~_;sm.:.~-::,:;-t,;;:;:s.:;:<l ,~:.-:~:; .. ,; rr~;:;~~l:~r:~i vsp-:.:1. 

;>:nil .f:n c·x~·;]f:n :·:f:-.:-::ti~·: t:..:r s.:..:puh•in~.f ~-.,.,:,.•(::-:t: ::i:o::- An•:J t:n f·ft:~·Jff:t: bf;:':-)·j tn-t:.:.i\;3!_iG:-") ~·J,1;:v~t.,1;: {:•:-.."/~_ '}~:,:;--...-...·::\:, :'!~:~~~~wt~{:{~: ~ !;.1: (=:.:x.f!'t':~t-:::r1:..i;.::::..:::;1:_~ :~1,::.s.:;:', ;;:-~nd r> >·~~~1.t:.m. P~!'.~~P 7:.J 

i.:,.:'~:s ;~tcGn1n1Gd~:•:)! :n :..-·~~;>er ,c_~e:..,;;,,;i:O.:icn :.:Ng(:i:::s )i)~~· .._~::--,,:;: }:·)!). ,::-J~:'!:· i:::v;-1::::..:3:tln~ w,;~ c}s:~mb:'!:· t; i.,:..r ':- :"' ·) i) ·) ;-:.,.~ b;· ~n-~ ,•s(:<;Jt~:n pt..::rnp ·,:,~3, ,1;:,::{Q<".::~; ~--:S$ t:..:ppl;~:d in,'-1 :.~;•: 

(;_h~~;~~\~~:::: T:• b:,,· ~n s{:•:.:~!°) fr:·.,r:-) rt(": <;x•r-~1:-:·:--j ::.:.::.:-z:.~: ::no:.. :;;~j;·.,,,.,..,::J in:·:tt:Hf•;-J !n f;:11.t': :..rt fo;;:-• fi:-:·:: 1:·., fou:::h 1~;:;;.1:·~:· t!t:p-:..rstl'l:·::~ :·::;::gk::·}:".;, r..;.:;x:... :'h:·: :f~~:>:)/ {!{:;?~?:~W::}l). ~~-'.Wi:.::::.~ ?{;.;~ ,1n;.1 

Gt: th:::- ;:.-:th•::f t'":;:;):•);.\ :::e :~-e9~:t:v._:: •::t~~c":.:'◊d-e •:~Kr~nt c,:;;e;,~:.◊:' ~: !Si t:::,c_i ftc•n~ th•:: fo~~d fCfl':!f 7~~ ❖t ~ t:~~l:)d ,:-3t.:;: t:,f :-! ~~,~~/min, ;:;:,::~i :".! rr~h:t~11.:;: ~:-f :::;iii•:t1n -_.·~r:-t:•r ;;:;::~-d -:.::::yg.:;::; ts 

';'::;p-c.:)-d'>::·.,t-.\.-:;it:.:-xJ :·.1:-: th.:-: -'.')::::-f.:ir.-~: of· :.:-·,:i:-.h ~:-,c_:n,·~:x ;".1~·.,:·n:·.-:-: !i~•- c_:f ~i:.;: :·:e;~:::~i\•l: ~-i:=:t:tn-~.:.':t: Cl3:"){!:")! c~::-:lf::·.tr.:r ~f ~ ;:_:cr,;:·:t3 :c Hi~: fo ❖\ \,•':'.":ptff ds$p(::,:t~:.1n )-!'~~]:·,:·:. n:i.::,., ;:: n;;~::.❖ ~3.:;;~ 

$~\,:_';::.,,;·:~ !:;, ~~ic. ~ ~ \•'.:{}$ k~l:~1~d Ne~:t. ~=t !~-ifn~ ~:4b . ._,.,,;::s f.;):me•J :;-11 ti~e ~-;~;1:t;~tB- -:.."tf th-2 i~:):~".s::.:.. p,:,"tn.iz.~~i ;3~~ Jt~d :)~..:_:. :~:mp ~4.::- <l \°h{2! ~;.::-q:sfr:.:•_:.; :::l..::--:.·u,:~,::i:: ,:tm,¢~l~ ,:·::;,li~..:'.,:~r .:3;: 

.:::..(::r,i:-:{: is: Ht5': $.>;:'{.::-..:·:.:.': '/;j;-.,;·.,:· ~:epo:.::f:::c,t: :::::;Ji•~.':). Ri•fr:-;;:~•. tn :_i}c:· t°!:-)!r::·: ;:~:}d foun:: v<-:t~·K): d{:'f.v.,~:.h(;_)f/ :·f:(:km:::;. fol:~~::::>:::$.::::;; ~.•~a ~-:~:.-3 ~·~b ~-:~-.:· :::t::-:r:.kt:cl nn ,::;I'.:' ::,u:·f:-:t":::: ;;_:f <::":t"'::i 

.:.:::J.:)'!~·,:- p.::.:r::~;.t; 8? iJ.:~) ~:·:-t-: ·5igf:.::i;:=: np:_;-.:_;-c>!·:·:=: ln :)-::i:.:= 5:urf::a;& ..,..,.,-b,t--;:f: :J,,;~ ff:8::s·~,;~:-,; ~:-·~;j f:t:d ~:.•H.: :::rn kml·:~d ifl tht=": :·;i .. :.:~ _;}:X! :-•~:-;(:nd ~•·:::p(:-r ri~"P'-~~~-:t:t~n ;¢'gb::s: 

Th<:· t·.::.;-ka•~i,;,t t,t·~.:.i)' B<:} w•>=·~ ~-.,:.:,p:r.:,.,nf<J :·.,y th<:· :·:u:ft:.:.'~f ,·Jf ni:-: ::.;.;_)::,_.-t·:x p,·gtk•n fr~-: -:::nd ~::t·~·:':-> ~,_; :·:.,!.:::":n1·J .~~~:h-...•:3}.:.i ii:-Grc H1'.·: r::::;:~;,:i:ik::: .::·l::r::;,r:.-:,:..i~": <.=::t':''.·::~t :.;;Jifr:t':t.:.1r ii 3 'i~1:·: tn:·.'::::::­
(:tmN·:~:{.;n~~: ;;.;:;:1(>~ ;:.1f ~iw :7.0it{:nn:~:r ~g_,:·~;' B4 w::n ~d.1:.:::~HH8,li~-· ~;yil:·:~ir!.:.~:~i, :·t:,t,.~ .:.'.:7.,::~:t::n~: :.:•r_;,-_:;• ~:.:;~ ~f:::,;.i :..,:~ ;*'-'~;:;:.~;,:;- i~~:~:~:;t :.-f :.:-t: }tm :m:l ~n :N~n~9:: .,....,,1:_i:,:~ 1;;f .:m ~:m. ::.,_,F_~:,~t 

when 'Eh-1:; :..;:n:,:,.x1:'-:::' ,~.f :f:,xy~~n c•:J:):':~!n~d if! th~~ G•:.,;urri:::~s:· bGd~• .:::~i ;,,;,•as •:~• .. 1~n:Hti•f<l ::,,y :..=t: -~:i.:-ffth:..~st.k1.:·: rr:::::Y..:hod. fr::::: ,c_x,1·H:=.1::.,si....::cn •A '.~1:-: :x~ti3:·:-,:·:~; b:..x~y .:3.,~ -..:· • .--:-:~& ~;i{) G.-~:s., 

H~st. tr1::; i~;.::.i~i-e ,:,} :.n•: :_;.f:.sn-:iz-,,:r i;,f Hw v;~fK>:" :..iep(Y:.:Jil(>:: .s~~::.:;}f£;i·h:'S ;,1;,as ~,ep:<K:e:xi w:ii: 8t; a:-q:..1:~ .:st~:;-vJ:.:ph•~~rt\ a::-:.,i H~-: i:h:-Q:r•~:,e ,-:.:f 1,•·~X":i..FH1; ::~ H~-e-1:::3rnt1-:::-· ,;,,;,,•·~~-s ,:.~:ttc ·) x H~ ·i 

::1::; tJ~•::: ,:.,•·f-t;:,.~;_a;:,-n :·.1t:mp {i:o:.. :~::-)~-s\.v::} N.:-'x~. ;;--:i: CU:':-'{::~,t- ~-/ !~.U .•~ i'.5 ::-:uppil::-!-:.: ln :..!":::.:-· ::-!V❖f.:•~J::.~j~i~·.,:: ~,c_:u:·1;t: v.::- SF!fJt:t-;;.:h-"': :;Jf;i~:ff: '/i}:-~Di~. :.::fR·3 t~·:-1:-: c{::):;:fr· .. ·,: ::-:is$CtH.:(i{:· ~~ti:·~ ·fr~t'i h"r~n·: ihs$ 
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l':Y Hi~::~.•:.:t~: Csl":i,: Lt:..i}. ~:·tn•:.:~: ti':e ~;-s~:<:irrn . ..tn1 :,.;:t;~:.:k:· f•)t•:.:~: ci· U':t;.~ f1~:-gsti>i~! ,e::.-g:tr:-,c~::: i,:ti<~ ~~'-:;t?, ~ S.◊ N -~;;,::: ih-::: ;,-:..,i~:1:: ,':i th-t?" f:o~:-;:;stt·~:i:- ~=1-::i::ift•f~~: ~,;-;;,:'.~f~ ~.•.::;i~:. :: mrn. l':h~: ter,:,:fa: 

i\x~x:: r:,~t i :~-:::~-:: s!:c•n ~we :.-.•kf':.i~ (,f t~w: :~eg~1!-.:e •::t~~Cl:'◊li~ !f:;:'::d :_:_;;:;1_s 0D N ./ mm 

tY:.:.:n~~t~ctmed t,~ HltBC~3i C.:.:bk~ ~-!•jJ ~~i:X':E'. ~hf;- nx;:>::rr:u:::i: ~}::-n-:;/!::~ kxcE- ,~{ this n-::,Jafr__,·-:::· f:ie,:::!r•:.t'.·;~~ :ei:,'.·3 })'>~~ ·: "?~i r: N ,3nd fr:e ':.·'l:dth ~1f ~he i"i?.:.:..J:::fr,.·•:; ::::-k:•,:.t:,:.l'.~~~ :e;:,.'.~ '!'";•>~= 
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(.'.:=~:)~":{~::~~ f:{'t:tf-t":l)' ~;;:~yi•:t~ s: t~;.;;;u~:y :":-~p~.:;:.:.'.H)' ;;.".ti ~;: .:\:: '.7,,:: m:·):·~~, :r~·::t;:.~:: ::..-;:'~!:tr~"!::,: :=~ t~~9~· ~)~;:":~l':~"!:: .:_)f ~:;:.t:!'~ .. :;:):f.t tr:,~! :_-:,:;: ::_;h•~-· .~:t t:·:~ p:;;:-:;,::::~t 1:~,--~!nH,1:~ k=: :,J'.;:,:;(l t(~r [:\.1 -r..:r HE\.•'. 
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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 
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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 
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VA 22313-1450. 
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process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
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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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~m-,~O~A>'Hl(.At IM)it:.ll.Ti ONS: 

~~ 

GOVERNMHff Of !tJDIA 

Ji,iL.le.,'1f/Ref.No lmrri:/m ii'iarr/Application No/ 202227044389 

ilm lr./To 
PRIYANK GUPTA. 

~ ~/TH~ fl-ft.11:ts!T Of!'!:Cl: 

~ ~ ;,~ i LI-' <UJtlltn!Ntl 

il<:"r,r ~.>1;,m,!' Mill, 

r;:~ v.i: t'tl!t s. M R<>~a, 

~~ M1;111<b~l· ~ .. ~, 

~~.rr~t ~-~ t::;:.u·~~~1~'Jl94:_.Z..::•1&'HU.~ 

Mtfo.s'. ~U.t4sl>®e1 

~- ~i E~1~i~~ :~~)..~~1-0~{·~~~~~~~~"{~;t;,{t{ 

~ /Wcl,stte:iltt1til!!ti1>ctl~,~1i<,ltl 

ff~1ti<.1,/Date of Dispatch/Ernail: 01/12/2022 

Stratjuris Law Partners, Office 301, Westport, Pan card dub road, Baner, Pune-411045, Maharashtra, I 11dia 
Ema!!: ip@stratjuris.com 

fmt<r: l;<:J'i~•u. JJfi.'rftti!H!, 1970 d:.t HP, 12 <.'.t 13 tWfl <"F:r>HJ f<'.RJJT, 2003 ,:r, 1TtiT<il u:H~1n1 f)q);} 

Subject: Examination report under sections 12 & 13 of the Patents Act, 1970 and the Patents Rules, 2003, 

i. Jlljrt) Jll<k,-,:>j (}; Jiw3!' il 11Jle1u1 l)q)<' ( 3l<'fkf, ~!<l;:.><:1 f6F'liff, 2003 (i!WH .Ji:?ltli!m) ()5 l61i'lifl 24--<i:1(3) ii i'ii!;?if!Q-C:: 31ri:d'tFU ,:i:jr 
i1erJJ m~i;,i } !PTct} ~•1w1 -X<'F•iir ft1 ?fr, n-.:itl u:.ih:rw ta 3.1,,r,inr frro1i<.n 03/08/2022 ct:> :rrri ;1:) 0:i,dl ,t1 <1Rfi ~t1 rn't&1w t)-.:i'rl uJT 
:.nu ,,,nnu <1,-i,Jr <fit .:lffffff ftif,i:J (J:f~lf<'I, IJJ n-.:rr,:5 JI NJTit,: <>T?it Jrnl't JlF!~•?lU>i1Lll!' ID 3l<JtlT<'.'m! ,t,'J: 3f<1fti) mih,n., <l>T .:irrqftRfi <f>i 

q_~JJI <l'.'><!foi JtrJt ic'?l,~ ,-h:l li'rli~ J) l'..Y: ,nu; i1J 

Please find enclosed herewith an Examination Report ( Le. a first staternent of objections as specrfied in RL»e 
24~8(3) of The Patents Rules,. 2003 {as amended)) in respect of above-mentioned appllcation. This report is 
issued with reference to a request for examination dated 03/08/2022. The last date for filing a respo11Se to the 
Examination Report (Le. a period to comply with all the requirements raised in this examination report} is six 
months from the date on which the first statement of objections is issued to the Applicant 

2, ,'rll l'~xii,:. (}-; .,kPlil n~n{ ~1;,,it JU<Wi!i<r.;.-mu' .-i:;i ,,,;_;ii.,rn,il. rr,tr""-i fz,1;,1,£1, 2003 (;,,i~u -iwilli?1n) <)-; ltPm 24 -<i:i(5) iff !',)Ml!b:~::: 
JFrfi'r ,'J:5 ~ i<1i Jl\>(1JRF,r ;'>l:tll fo·;,'n ~rm ftl ff<trJ<t .3rfolir<u1 1970 <:hl mir 21 ( ·J ) ;:):; Jidl,,r .-1,-\,m,'>l- J1riic;,:;r <t)1 qfh;'JW ifsViH 
Sll<Pffl 

The instant appllcatio11 shall be deemed to have been abandoned under Section 21 ( 1) of The Patents Act, 1970, 
unless al! the requirements raised in this report are complied with in the period as specified in Rule 24-B (5) of 
The Patents Rules, 2003 (as amended), 

3. :lB<ll:I>l ts'lT<il ~W~i:I f<'lrcr,11,. 2003 ~ !iJ1;,m 24 .m:(6) W '-J.HmT<iCT ®1 ill~ aft ]lT,iif<),:<'T !;:r,~11 01li'1l t1 
Your attention is also invited to the provlsions of Rule 24-B (6) of the Patents Rules 2003. 

4. 3f[1J?t)t <Km, ;:{! 0!1<11 t !m t-<tlIJ, l6!1Jt".fol ,':;n >!<foll :mi ~1ftq_ \V~<'T <D':'I 
You are advised to file the reply at the earliest for early disposal. 

f~mift: CTll ~r),:r,')fi,rl'.n ~q it 3,-,fo'i.if l~-.:ill J 1 

NOTE: This is an electronically generated report. 

irsfl (l({HJP. \;1~C?iiJi:rs r::lN<l <ti'r Jm)kNl'..ltrn riil irJ 11.bu ,:.w)1 

Sandeep Kumar 
h)l.<'J<l<ti u.ld Controller of Patents 

All communications should be sent to the Controller of Patents at the above mentioned address. 
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! iuil.,:;m ~l;R"'xU / Application Number i202227044389 I 
, ............................................................................................................................................................................................................................................................ ,\ 
ii.1Tf~f1 ,.,p;_!J: ml tt11~ /Date of Filing i03/08/2022 I 

l~Jllci Jg>-i~1<l -,1Iik~t>1 d'>'1 2t~:xu ·(l foc>1i<'F I PCT International Application iicNzo20087515 ~- 28/04/2020 I 
,?.: <:!fl ;, I 

i h 'IAp !' .. t iN!NGDE. AMPEREX TECHNOLOGY I r3w,<.,,J). p 1can i:UM!TED I 

·~1ii111r.~r1·:;;fJ)tJ.,ti1;tK.<'TT<Ji'Ji.ifirt>./Request.forExarnir1atior1.No.·&···········iiR····~·o···2··2;0···~·8···')4····0 f);if)8····;,o···2·•·2 I 
"D t " ,;.. L. ,;.. .J \ <..,-../<.., ,/£.. :I 

:l ... a e .............................................................................................................................................. \ .............................................................................................. J 
lt.1.1nr,,Fit ml fAf6- !Date of Publication H 16/09/2022 I 
·-.._::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::··:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::'\ 

~JI q1hJ1u1 tJtili.' <1, un sn-...'>T t, Jl~lTi"I t1i:r)/ n,1 nnil,r, fi1'.!ijn nm,,U-,tlt 11tfk\ 3frc1m\}zn .JIRH.•?Jttrrni! i'1;?U DzrtM lr ;-1·Hn<1',I I 
This exarnination report consists of four parts, namely sumrnary of the report, detailed 
technical report, formal requirements and documents on record. 

m.r-ft ~ 1 : fN'tt <fjr w~~i 

PART~I: SUMMARY OF THE REPORT 

M.l"..ff -11 l'<-R'1"<l ff(p(@,:f,) f~1.1lt 
PART•II: DETAILED TECHNICAL REPORT 

(m) rxb~ ~mftrxi I (a), Patent Literature: 
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/Details of 
documents 

D1; CN1949580A 

THE PATENT OFFICE 

l\<flWfi5l 

fft!e.t(fow/;n:10/m:l) I 
Publication date 

18/04i2007 

'.~'.c~1}n ;:_'~Wl'.f;;;! <c'M 

t{lJ.if3i<t} tl:'FlJ.'l>T ( Wl\ (l 

JF>f0<I .Jh?:<'f1) / 
Relevant description 
(page and paragraph 

no.) of cited 
docurrent 

the whole document 

('.m') i>h~ute JJ1U;nr /(b}.Non-patent literature 

a!! claims 

:m. _31tr.1fil1-!1J1 m- cWIT JfRI'.'/'™fi,JITm: fmW1 fem~1m /B. Detailed observations on the requirements under the 
Act: 

(1}.01{ni.,tm I NOVELTY: 

(I) 1,1:n: rJ,11I-r ,:r,ti'!T&:?r <1-1 :-t.:;a1 ( 1 -1. 0} .~ ft;:) :JTQ tJ/l>.:~,,r m qtrl'qm<il m1 Nlfol .tr ~nm"'r :~i-r, fo1:rn1fr'.1ft.:1,1 mmm :;:i) ,~mr{ m) { 1 ~ 10) .tr 
i>l<fti5li"fl ;:f-ij' i'l):llt {i: / 

C!aim(s) (1~10) !ack(s) novelty, being anticipated in view ofdlsc!osure in the docurrent cited above under 
reference for the following reasons: 

Di: CN1949580A 

Docurnent Di published on 18/04/2007 discloses a higll povver Li ion battery, corrprising anode, cathode, 
diaphragm anti nonaqueous electrolyte, where anode and cathode G'Oatings containing active materials are 
continuous coatings, one side of each of the anode and cathode in the coiling direction !1as a current collector 
margin where anode and cathod(1 ears are arranged. And it is characterized in that anode ear section area $1, 
anode ear distance d1 and anode coating width w1 meet v-10-5 

Hence, in view of cited docurrients D1, the subject rnatter clairned in clairns 1-10 of the alleged invention is not 
new, lacks novelty Therefore claims 1-10 do not meet the requirerrent of section 2 ( 1) (j) of The Indian Patents 
Act 

(2).:~'TilZf:>t~ / INVENTIVE STEP: 

(I) .;;1;1:ri :J,f,fan z-Rrn,'10( ;jtl) <'):; Jic:;aJ ii ii:1_1-_;;: m-;;uq,51(,:>l'i) ,-r>'l f,'not ,l'l u,1i} §~!, f-:'lrJ;:i!:ftll:kr,-r ,-i:,wii'l J) iw:n(di) { 1-10) ;~ :,nli'\lXl)l:.lt 
w,};rr cf>) ~1>;1!t )s,: 

C!airn(s) (1-10) lack(s) inventive step, being obvious in view of teaching {s) of cited documEJnt(s) above under 
reference for the following reasons: 

D2: CN1·10459730A 

Document 02 published on 15/11/2019 discloses a kind of lithium ion battery, corrprislng the foUowing steps: 1. 
make positive plate and negative electrode tab respectively: 2, chernica! conversion: it is fixed after positive plate 
and negative electrotie tab are alternately superimposed, it after heated baking, in waterAess environment, is 
lmn"Brsed in electrolyte, is rne!ted into the electric current of 0.01 C-02C. obtains battery seml-finislled product: 3. 
compression rno!ding and encapsulation; the battery semi-finished product after chemical conversion being 
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heated to 60¥100 DEG C, is put into prefabricated nnu!d, applies the pressure of 0.2-15MPa, be allowed to form 
: !t places into shell, obtains Hthium ion battery after eneapsu!ated.The present invention provides a kind of 
Htf1iwrn ion battery and preparation method thereot without processes such as coating, cutting, fihn-rnakings, can 
once form pole piece, production rneU1od is simple and effic'Jent (See the whole document). 

The subject nratter of clairns can be achieved by combining the prior art documents 01-02. Hence, c!airns. !ack 
inventive steps in view of documents D 1-02 UlS 2( 1) (ja) of The Patents Act, 1970. 

(3).urr aRWRim /NON PATENTABILITY: 

(I) Mp;71ftit:k1n <m~mu ~) flR! 3 ;:)-; ..ri0 (3(k) )i):; w,·1i:n;11 i):; nm-r ,w:n(h) (1-2) ·.:!c1i\?tltr(t> ~i:i ~ il"fr ;•fl;;;•i ,c;iJ:! if i 
C!aim(s) (1-2) are statutorily non-patentable under the provision of clause ( 3(k)) of Section:, for the following 
reasons: 

1. Without prejudice to any other objections,. Claims 1-2 is nothing but a mathematical m,ethotl Hence subject 
matter of said claims falls within scope of clause {k) of section (3) of the Patents Act 1970 (as arnended). 
Therefore invent.ion claimed in said dairns ls not patentable .. 

(4).~ ¢l ~erm /SUFFfCIENCY OF DISCLOSURE: 

(5),UrJ /SCOPE: 

(I) i.~l<H(i'r) 1-10 JU!i'.rNNJ ,};. ,!Jl W.ll f--Jm ~)' k'H! 'JfJ~Wl <Fl <.WH l~)WU<>HI i :3":ii !;~1;1,M&l:klH<NJUU il qU;ml'i:1.<'I ,-;utf m:.rrn{(1} i. 
Claim(s) 1-10 does/do not define the scope of invention for which the protection is dainied for the following 
reasons: 

1. The term" any one of claims"' in claims tends to widen the scope of the subject n1atter claimed from the 
preceding clairns, 

(6},?:m:mr i:!ti Rf$Wll /CLARITY AND CONCISENESS: 

(I) i.~l<H( i'r) 1-1 0 .i):; ii"<lr1 ,l'l ~,.-1:-.:: ~i:i i\ irtlanl~o ,5Rlr K 
Claim( s) 1-10 are not clearly worded in respect of: 

1. Technical features of thc1 clairns should be referenced with nurnerals in pan-;intheses as per uis 10{5). 

(7).aim:r a~~ci:mm /OTHERS REQUIREMENTS: 

(I) 

1. In case the applicant decides to arnend the clairns subsequent to this report, t11e same shall be drafted 
afresh to include the technical advancement over the prior art cited in FER as rt:.<qUired u/s 2(1}0) of the 
Patents Act. Please indicate in the response Cornrnunicaticm the support for such amendments claims in 
the original specification, as required u/s ·J0(4) of the Act Care shall be taken that requirement section 59 
(1) of the Act is also met Please provide an additional copy of marked up amendrrnnts {highlighting the 
amendments) wherever applicable. 

2. In case the applicant tiecides to contest thls report, the reasons therefore along with the technk .. -a! 
significance thereof may please be indicated in the response comrn.mication. 
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3fFJr- Ill: .m~uf.!m .JIDJ~ /PART-Ill: FORMAL REQUIREMENTS 

-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.. -..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.. 

in,1ti'mi' /Objections fti:mitt /Remarks 

1, The period within which the applicant shall flle the staterrent and undertaking 
Stateroont & Under Taking under sub-section (1) of section 8 is six nunths from the date of fiHng the 
(Form 3 Details) application, Annexure to fom13 has not been filed in accordance to rule 12 

(1A} of The Patent Act. 

Power of Attorney (Whether 1- Attested copy of GPA should also be submitted in original alter filing them 
GPA, SPA, Stamped, electronically as per the provisions of rule 6(1-A) of the Patents Rules, 20·16 
requisite fee etc.) (as atmnded). 
............................................................................................................................................................................................. ........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... 

1, Blank page and irrelevant portion should be scored out from the complete 
spedfication. 

Forrrat of Specification 
(rule 13) 2. The complete specification should be prepared following the rnargin 

requirerrent prescribed in rule 9, Further, any fee needs to be paid for extra 
pages resulting therein silould be paid. 

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 

1, Date and sign of tt1e app!icantlauthorized agent is not rrentioned in ver!ous 

Other Deficiencies forms and other documents (it appears that applicant has pasted the sign). 

2. Application no. should be mention in fom.-5, 

3ffiiI--IV: fo:v't~Lil ~<'nltf~ /PARTYIV: DOCUMENTS ON RECORD 

ft.td'<.itlhtm<'f ,~Hll:?l;;,11 il:r lf.!UU ti:;> <'f,1 q:;fhum f~i:i)i {i<:tl:;> ,:ht ";)Js'!r i 
The examination report has been prepared based on the following documents: 

l im~tm.1t Ih!i!.t ! l ,t>rd:.>r!il Ji,;-:;;rr /Docket l Docket Date l "' Number tlfd!t'Z~ :g~;m lir<1J.lll /Entry Number Description 

p3,Aug 2022@L@@@aaa@aa46146@@@@@@ 12YRequest For Early Publication,-,Form9@@@@@@@@@@@aaal 
b3 Au 2022 46146 1-Ne~~ Ap~!ication For Patent With Provisional /Cornplete l 
l 9 Specification l 
b

3 
A . 

2022 46146 28( i )-Request For Examination After 18 months Pub I icat!on - l 
l ug Form18 l 

P4 Aug 2022 m• ] """""""""" 46320"""""""""""'" 18(i)-Amendment OfApp1ication Before_ Grant -_Form_ 13 _______________ __.l 

mt~i,1<1, <1>1 iilfff /Nan-e of the Controller: Sandeep Kumar 

fi3r,i,J<tJ :;,~1for /Controller Location: Delt,l 

l'r't:qn!l; 1:rJiawi l:hiV 1Fr ~n, rnfa'm:1 <tl:!&) ,H1 3ftff;H U@1 I Note: Last date for filing response to the E.xarnination Report: 
0·1/06/2023 

Page4 of 4 



0391

111111111111111 IIIIII Ill lllll llll llll 11111111111111 1111 11111111111111111 Ill Ill 
us 20 ! 902072 l 2/i. 1 

n;i:i United States 
(12) Patent Application PubHcation 

LI 
(lOt Pub. No.: US 2019/0207212 Al 
(43) Pub. Date: Jul. 4, 2019 

(54) \.VOl/M)•TYPE (TU., AND 
El,E(TROCHE\-IICAL DEVICE 

(?l l App1k,mt ~{NGO!<: AMt>KREX 
TECU:\OLOGY Lf\llTED. Nw1Ek, 
(CN) 

{22) Filed. lk~. 27, 2018 

l),·~, 2S. 20!7 (CN} ...................... 2017J 14:59269.6 

( 5 l) Int. 0, 
Hll!M ,J;% 

HflHl IO/fl4 
mn.M 4/f,f, 

D 

(2{){)(i OJ) 
(20(){i,Ol} 

r200MH:, 

C1 C2 C3 (4 

C 

w 

(52) U.S. Cl. 
CPC .......... IJIHM4/J66 (20D.01): lltnM 4/66'7 

ponm )'. WJl..M UMJ.t3I (20L,.01) 

ABSTRACf 

A \r..'(H,mdnrypt~ tcU .:end ;Jn de-t:'l:tochen:iical device ij~n .. -: pro~ 
vkkd. Tht': ...,,,.0:1,;.w.l-typt~ ci::"1] irn:.:]wJ.c~ a ncgnt~vc ckx~trodt': 
Th;,;._~ .n..:.~g~~fr, .. ~ clc-c:trodc inclutli.:..~, ~i rwgativ.::.': t-:k-:etnH_k! \.~i,,:.rrcut 

,~1...'tll~\:tor and ::1 .Ui!g,ij:_l).•c clcctruJ.e ;::K~tiv(: u.:at1;:~wl lay1;:~r. ·nk~ 
nt'!gatf'1:'t' !:k·etrodt'! 1s. i..':OHlfK•~t:d of a d.ouhtc,~,;.;ick•-d '-Y~a)t'd 

;.H'C·ft of the n;,;,_;g.t:nlv{: ~·k~·trcxlc ~u ... :fr,..-c:: n1;.itcri~l foyer, ,v!H;~n.~ 

:st.u-·fot:cs c1f both ~id-t~~; ,Jf d3t~ n(~6tlti\•\;' ~~ks .. ~u-odc i..'!..:n"Cut 
-t~t'r1Je.c.JoJ art:::. Ct"11:ted 1--\'~i.h tbe JJe~-p:j;_i\•,e e1.fx~i'rth·J:~ ;:ii..·~_i\·e rn::ite-. 

~i:;iJ k1y.cr:- and ~w uncntrk.:d ar~a v,,...J1cre -surJ;;,:.~t'f. of the 
nt:g_ffti• .. :·e t':li:."C.:in.aJ\;' ,r,.:urrt~J.i t:.:-o1kx:tor art~ no~. t;ouk:d \•:.ith tlu.' 
negati Vi.'.' ,;:~kch·f.1{.k~ acil v.t;· 1uah:rj;:d byt5r. 

70 
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WOli:'.\D-TVl'E ct:u, AXD 
KLECTROCHE:\UCAL DEVrCE 

CROSS-Rr;i,FRPNCI'. ·ro RFI .. A.l'FU 
A..Pf-'.L.lC,11.rlONS 

!llOOlJ Th,, applk;;t.ion daim~ priority t,, and bm,,fas of 
Chin~~~ Pitt~nt .,:\ppU ►.:~~t3on S(:ri~il No. 2017 J 'J 45:)269,6~ 
filed with th,.: St;ire lni'dl,x:ruat Pr<:iper,y O!lice nf J'. H. d,iJ,;l 
ou D~c. 2};~ 1017~ th~ t.~tufre ,-:iJ.nWtH of\vtikl! i~ iul"nrpon~t~d 
h{:':s\:~in by ~·~.fr~rt:1·1t:.f~. 

TECUNiCAl.. f!FLD 

!00021 Th,· pr<:,;,·m tlisdosnr,~ rd,,;.,,, tu,, t,·,:lmkal field ,,f 
bmt<c,rks, mHre pm1icuhrly to a w, ... 1i1id-typ<.' cell and an 
,dc.','il,>d!(;'Ulk~l de\'k" m;ing ,11,, s,unc. 

{00031 lVi,h ihe conmicrcializatimi nf Wl>@,d-iypeeel.ls of 
hattcdt~,. th_1.: rn.~:rkt~i. f:-i:. tnot;;.'; r~ud mnrc lk";1nand~Bg OB lht' 
cells' c.ncrg,y d~n~iiy. /l tnetb.(>d l~Jr in1:pr .. }'ling iht~ e-ne-rgy 
den~,fty c1-f the \\,.nurul•-type ceH of iht~ b.;j:.letj· ~:,:,; to n~drict~ 
th.ic.kn~SSt,:!:~ of ;;i current c.r,)lk~ !or: ml ~l~,;,.~sn:~di:: tnh Hnd ti 

~i.:'p;u:j\.nr" ;u;d. int~re::~~e fhe c~~ip~~,-c: !y ;:1._ud t~nn-1paction -1.-lt-:n:-;.ity 
of JK~s.1.t·iv10 ekx':-:.:ro,:k: ncHh ... 't.i.a.l and 11t:gnt-ivi.:. e.lectnJd~ tnah.:L 
rial. 
{lltl04J A ,,onve:nt·iomiJ woumi•,yps> cdJ is a t1at cell 
fnrmcd by stHcJ .. ·in~ and 1;11.-inding ~1- fH.:'¥,~~tJv-.:' -.:-lcx~tr~")dt\ ;5 

scparnt,,r. and :i J);.)Sit·;vG <:kx.,trnd,". :\ S<.-'<:l.ion nfth'" 11<:g;,;ivc 
d::c:,r,J,k i$ ,in uiK\Ja,tx! ar:o;i ,ind ,,unpkd wiih ,in dcctr,.)d<:: 
wb~ Hfi-d a :1~.ctii:tn. (~f tbc pib·it..i"'l/e ~31:t:.~ircxh~ _is an t1n.eo~~tt~d 
;,m.::i ;;md ,,-Juph:d wi1Ji ihc d,,cinJ<lt• wb. In thi: C'-'lak'i.l :ut, !lw 
n¢g::ltlv~ <:;~kx~lrc~-je h;~;-; H :-ii•ng.le-$id~d ,:,~o;ste.d ::~.re::1 nf a nr~gt:­
tjv;,;__-:, ~'k'i,:trode :.::cti Vt' u1~1:t;,;.-:,da! lay~'r rcH..!}.?J3ly· in tHk~ s:frdc 
inJ;ide th,, ifo, ~,i.'11. Tkit i,. ,,n1y an out,iJ., surfoo, of th" 
ncgntj \··.,.- electrode "-~Urtl1Lt "-~i.~Uc,ctc•.r of ~ht· n1..:·tpHivc -...~kx~trutk 
is t:r~~kd \~.:-1!h th1! ne~ativ~ t:k.'Ctrude ~tctl"-c .m.a(edaJ by~r~ 

·,;.4;, .. bilc an irmer ~udat'.t; ~1f the Bt'~.tH3vc dcctrodt"~ ,~l1rrt:n1 
cuLlt-"-ClOr "!!-. nr,,~ ~nal\?d v.,_;,jth tht:'.' n~g,iitiv~ ~h:.:~1r-.. 1d~ ac-::lv~ 
n1ak~!~!;:1l ki;yer. r>ur·ing 'the ~•h;:ntjng pn)t:t'~~~ du!'.:'. to lht.· 

sn·u~~nre r.1f th~ n~g;ni~/~ ~1:~,;H.r...)..it:- .. 1ttiv~ .ncat~rj;~J by~r 
jbdf_ k~r t~x.m:11pj:i::.:- __ ~on i::1h.:-.rca.bi~f,n nf til.hlrirr:1, ~f>n:--i ctr fl1t~ 

frkt: can c;;-:.us,;:, th~ negHtive de,~trnd\!; 10 expand l:tn one s.idc_. 
.;u th<:J the u~gi.~frvc efo·ii::U'o-cfo i:i b~nt fnn.n <.iH~ $id(.': Cl)f~h.:d 

\Yl~h th.t~ .n.eg.at1 v~ ~\ .. ~ ~rode activ~ n:rnl~r1a1 jayer to\,;ard.s 1he 
od1.t~t- sid:: ,~,--ithom. being '-.·n~n;,;.·:·•J -..,,.-id1 the .El~">.,!:~Hh·l~ ek:C'tr;___-:dc 
m:tivc m,IIG.r,al l;1vcr, 
!OOIJSl lli:~ @i~lin;:,,:fom,! lx:rn!in:; <l,·formminn d' il;,, 
ne-gat·Jv,::~ t~kctr~:tdc \i..:j:jl -;..1cu~c the d~r)r:1"3l~Lion and dt~tt~rio~ 
rntk,n of the cell, and a,; !h,' ,·Hmp::ictic-n d@,hy ol' ih<:: 
n(:':g;;1_i·.,..~~ ~~li::i.~lrodt" inr.n:!'..:C~e">., t.h..:: defoHl)t:tio,_n of th~~ c,c.:~n 
htx-:on1c:;, lll(>r..;.~ ob'viiilG~ and the eyeU'-.· ~~?-ipi.tn::::-ion of the ccU 
dud.ag th.t~ ,.-~hargjng i~ ;~j~,:_: ~igni:fi.r...~.;H1Uy <.k:tc.:"_ri:f;Jati:"Xi. 

!flflOC.j _.•\_i.minl,!- a! th<> kchmi::,1'! pmh'!e,-,-J exi,trng in !h<c' 
n:'lin,,;J :J_:'i. :m nhi<.-'<:l of th'" r.rcs,mi di,do~urc is h, pnwidc 
~m -ir.npro~:cd. \\.-ou.,nd .. typ~ l-X~ti and an. t~h.:x.·tr1K:bi'..:'nl.ic:.:tl d;,:~\·lt:c: 
h1 ,;.--tilch a ncgnfrvc t~foc1roi:k>: ~:-t frtx:- of a ~frigk~Lisidtxi. co~1tt~d 
:;i.n.:~i \._~-fa nc.:'-9.,;.:rth·l: ,:lc.:-1._;fr<):.k~ ;.K·tiv(: rrw1e1i;.1~ b3,·er. :;1ud Hus~ ~J 

is r:\t,:;sihh: to \)':.•'<:~rcom~ the ;,,xhni-c;:e] nrohk-m nf det;~n11z:-­
tio;1 of thi:' neg(:ti,,,,, dt>-:irnd,· of th,;; c~·ll iH th,;; n.:fatc:d ,ti-t. 

{0007] Th,, pr•~csent di;;ch,,m,, pn·,vi,ks ;, W<)(1nd-iype cdl. 
Th;; wotmd•-rype "'"-'ll iad,.1d,..,; i, negmh-e ck,,,J,,d'-'. in -.,-hid; 

JuL4,20l9 

th-~ n~g;.nivt: ~kl:( ~rc•d~ inducfos ~, ni:..:g~itiv~ ~kchy;·d~ <:t':xr.;.;.·11t 
,:;oJl~:;,;tor .~nd ;,,-t nt!g,ativi:.:· •d~·<.:tJ\)di: ;i:!,;fivt" rtK!h:ri~d hl'y:::r. -Thi:: 
ncg._itivtc d<cX'!rodc- is e<)mj,f,,,,:,d <)f il negative, <:kcn:r,1k, 
.dnuhk, .. side,d .:..~oate.d ~-n:~.m~ ,,.-fwn.:~ ~u:rfi:.ices. ufbn~h~.Jdi:.:·:-. nf the 
n~~<rti"..··e elt.x:i:rnde curren.t ~·.i:-dJector ;we t~:<~t~d ,vi{h l he 
nJ.:i:.nivt: .d~,Jtode :0P.::tiv1.'..:~ fftat.:::riai hsycr, and :J .nei:'!:ati\•·~ 
"-=-:kx;Jrr~t!t~ 11ncoat.f'l.i a:t"c.:":;:1 \Vht~R': s:nd;K":\:~.S: of the :J:egativ~ 
~k~rtri:.~d~ rurren1 i:OlltX':lt)r are uot cn~itc<l with :..ht~ :Jcg~itivi;:~ 
~foctr.::~de att]v~ 1n.a£t'r.la~ !;iy~r. 
[0008] Th<., pr,·,cn:t J.i,ci,;,un., fo;thcr prm1idc,; ,.m ek,~tr<;­
th.<:'H.lict,1 devk,,' thm bis ,h,' w,,wld-typ,, (:ell ;i,xnrdbg tr• 
the- prcs.\.:nt d.i~eln::-,un.~. 
[0009] Sin<.''-' snrfa:~cs ,if l),.,i.h ;;i,;.k,; <)(' the neg;_itiv\.'. <.'k,,­
tn),k c:urrcnt (.:·nlk:t':l(>f o-f ;Jlt': '?1•..:mnd ... typc cdJ of tht': pt'{:~t':n-l· 
i.i..is~~l.:Ji,nre ar~ ~rnn{.:~d \d!h tht.: ncgati\·e el~c(r<x.ie activ,i 
rn-H:°{;'tinl Jay.;;.~r~ ;rnd th1.:·rchy. ;_ht~ f~i:g:ith..·t~ di:;_:tr;.)dc l'..k)t1 hfo~ 
sicfod cn:n~i Hfi?rl is fonn~,J. it is po~~sjbfo l<) fJ),.•~rcon1t; lh0 
).i.:':f..Ju1ic::1.l rmJhfo.:rr1 .;_yf d.;:~fCJHr~~::tio.n (>i. tfu-!' J.i.i::'.~?lfr,:e i:J>.:·i..-t.iJ.idt:. 
cn11:1ed by fht;2: n~g~rtiv~ i~~>.ctrod~ :{jn_g.fo-~fri~-d ,r~nt~.d ;fn"<?:n 
c;,;.isiing insid<:: r.h,' ,:,ell zif ihc rdakd ;,ri. 

llHlFl· lJl-SCRH"l!ON Cl!· TfH' l>RAWiN(,S 

fM.10] FIG. l .is H s,:l,,.>m3ti,:: view ,,f;; '-'i,imd-typ,, ,::,dl 
atxxn·diug to a first crn.hod1m\:':lH of ihx· pre::,;(.:nt disl~.h.1:::;urc. 
IOOll l F!CL 1 is ;i schcma!k vfow or ,i woimd•typc cell 
H{;cor-dlng tn ;;i ::..tx-:ond cruhn.:..hn'.ii:Ut. :Jf'tfH~' pn.':~t'lH ,Jrsek:~:Jrc. 
f\lil.12] FKi. 3 is ,1 sd,s:.>m3,k view ,;fa ,1·omKl•-tYP'=' (:i,ll 
a,.:~cordfrt~~ ro a ~hire! ,;:~tnhf>ilitnt-:-nt o·f 1h<:; pn~:jt!'H~. dJ:;-t~ k>:;nr>.:' 
flHIBJ FKi. 4 is ;, sd_i,.,;_naric vie,,· s>f a womirHype ml: 
~wconlin~ 10 a fr•t-lrth ~ni h-t:Klitu~n1 of i:he pn!.~enl .Ji$~~1-:~s~n-e. 
[0014] l· IU. 5 is a sch,~mati,: vi.,w o, a wmmd•1Yr•' cd.l 
according to H fifth ~mho:..hrntnJ. cd_· lhe prcs~-:nt db:do~u.n:. 
[0015J F.!G. ,:; i, a ,,d,-t:.~rn,ii" ,,j,,w of;, ,;,.•mmd-typc u,n 
J,'<-'ording t(, a s.ixth cm.l:i(>dimcn! ,rf il)c prc.~;:n, disck•S\!f<.'. 
fiHH6] FIG. 7 is a ~dE.'m;i!k vb-Y i!:t' ;1 womid-typc cell 
<1<,en>rdju;,i to a $<:'<'<:'nlh ,;inhndinwnt of t!J;: pr,-;.cn: di,d,,­
SUfi,J. 

~EFFRFNCE NtJ:S,fFRALS 

[0017] 10 .... fit'~, ,,:1;,ir;i1or, :W .... ,,,,x,nd 5cpm:J\or, 

30 fl'.!~i1ivc d,,ctnxk, 31 rusitivc ckc!rodc cf.im:nt <'0:· 
1ctfr}r J 2 •···PG~itiv~ etect:rodt~ active nmh:"lifi1 fayer, 
40 •··negatiw .:k,,u,,de, 41-•··JJCg,:ttiv.: ,·k,:tnxfo current,·;_,]-· 
k~lOt\ 42 •··11"e·p.afr1.,c elt.:cEri:xk a-ctive nutkriaJ layer, 
Stl----iirst clc-ctrnd.:.~ kth~ 60 ---:-.:ccond ,;.'"kx~trocfr: wb~ 70-----:;,:!nt'-. 
B ---upp~r rnrtinn: Bl ----upp,er portjo.n: of frsl \l/(1ll1).d 1ay~i\ 
B2 ---upper p.:._)r~ii.)n oi' s.,:,'i..~i":tl::t.d "t\'(:-t~nd fo)··er, BJ----:i.1pp1:·r pc)t~ 
1.ion of third ,,,wund lay,;r, H4 nppe.,: po.,:tion r,f fourth 
,v,wnJ lav~,r. D----kft b'-'Hi i,c:,r!is)n, Dl---·leii h:::nt ,1<)rtiun of 
tlrsl 1.i.:ot1{1.d Jaye:?.\ fJ2----h::tl hen1 po.rtion of :;i.:ci:::,fl:d 'l.vonnd 
laF'L D3 ... k,H b<,ui p;,,tiou d'ihird w,,w1d layer, L)4 .... Jd\ 
~K-:5J.t fH.:1t1on. f>f frn.trHJ. i,;~·:.1UJJ.d J;::ye.r. C---- k)\-\·er potfo.111, 
C.t-••·•101.,~:~r porHuu 1Jf first ·,,:ormd fay'1t~ Cl····k•vi:i.:~r pi-'rl'iOtl 
r~f ~.;;x::ond i.i;,-·1,1und J;i:_}~T~ CJ .... knvt~r portion or ~.hin1 ,.-vnnnd. 
lay,-r, C4----lowur portion of ib,mh wonrid fayer, L---right 
b'-:~G.t JXH"i.ic~n. E.t-----~LigJn l.h'.:\IXt 1:rorti~1n ot tit:::;? \VOU.rtd layer, 
F2 .. ,righ1 IJ<::nt p<),iion <)f S<-'i.'()nd w,wnd ktyi:,. f;J .... righ, 
ht~1t portic.rn f.d~ thioj \V(HJnd fayer. 'A1 ····Vfjdth djrer:tlon, 
H 1h\cklws1 dir<;'<.,,ion. 

DFTAJ.LFD DESCRJl~noN 

[00.18] :\ wnnnd-,yp,' c<:'l.l o,\h,~ pr,cst,.,,1 di,;cfo,1:t,' ,vrn h<.' 
de,crikd in cli!taii bdo1,, with refor~ll•"" to th•' drawing,;. It 
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sh,wld be 1mli.:'d th,11 3.HhN11:h !hi.:' W<)tmd--t:,'ni;! ,,dJ h~8 ;w;) 
s.t:pn:ratoi:-:- in th"' j{)lk,-\~ing ~;~.fihodin.1txrts. ·ki;_, ~-:on~··1:r;k•n<.:t .. i.if 
illu8t1,,1ion ,Jf i<xihn.i,;3J ~olmions <',f !h,, pr,'iim\! dis,,k>stt1t,, 
lhe JU\:~'-:.'Hl dhaJu1;u_;:e is n-nt ]JH.tik,d l.hcrdo, ~md rrnJy ~-..u11.:~ 

separat1,.1t (w 1x:i-,re :hml t,,y;1 sep;3n1ti,)t:,. ntay be en:tr~Ioyed, 

Fir,;, EmbocHmmt 

!0019! R<:kniur t,, r:JG. L. a wr,imd4yp,c cell of llK 
vM;~•ul d.isd,,sun, i;; ,l tbt cdl form,;_,d in such ~ v,2v th~t ~i 

hrs.1. ~-c.:~p;:eJ.<1.1tw 10. a pt)sltive {::k-:'.:B·f:,d(~ 30 ... ::i: f-1.f~-i::orid i,~;par;ih.1.r 
ZO, mid t1 lli.:'g.ili q, t·h:-ctcodi.:' 40 ilre ,;;:q~i.:'IJ\ially $t,ick(.s;l from 
the iui.;.idx~ h·: th1.:' Oll~~ide r.:tnd \'-·f)UHtL Tlk· p-,:,::.ltj•~1t·· eh:x~1..r~·.1dx~ 
JO ims ~ f"J,h; v·c ,c;,;.s::trndc ,umm ,dkclo.r J l mid~ po,;i;.lv-c 
t;-J:;;ocb•('N.k: n~:ti , .. e .u1~Ht~1id hiv,;.~r 32 :..~·o:;1ttxt t)fl a :;:HrfrK:t~ rd' tht~ 
posilivc clc-ctto,k ,·;in'<.'m ·;:olk,,ior JL \h-c n-cg,ifo--c dcc­
~rode 40 h.:1:-. ;,J ne1;1;1th·e :f:1'•.:{~trc,d;_~ curren1 ,~nHr:·cinr 41 trnd ;3 

acs:at1~..-;:..: dcciroJc a..::tivc nrntt~ri<d )Jv,~r 4Z co:.:ctcd rin s 
$,T:;frtc~~ of th-c.:~ ni.:"fC3livc etectro-de ..... ~u./n.:m.l con~ctot -11.. .A 
s::~-ctinn or the p-n:-r1frvt~ ek-c:tn:Jdt~ 10 i~ r~n tn1:t:f!/1:1~~ a.re:.~ and 
,'llnpkxJ ,vith n lir,t t,ktctnxk !fib 50, and ,1 sc,cfam of th"' 
_nt~gafrvt:.:: ckx,.;trc,d1.'..:: 40 i:-i <~B ltncoated J:rca ;~JJ..·d ~:~,11.1plcd i-.•it-h 
ft '.,c.:nnd dcdnKk tnb 60. 
f00:201 Tn. rhx" p.;x:~x"iJt d?$i...'.kr~ure~ ·~the. uncf}i"~t~d i"~r~--;j~· r~~rcr~. 
h') <1!~1 ar-.:..:1 of {h~ e.lectrod~ -1.,:•hh<}ut being coak'i'.{ \vith any 
;;l:'..:lh·(: n-Wit•riu1 bv\:';L ~.:c..: .. ~Ui ;3,n.~:;1 of tht~ d(:i~trodt-:, eniv 
.havlng th~ cc.t-e-cnt i;;:c,]k~cior. ulht' i1at c..x .. ~n-- f(.::fr~.rs. h) a \..~l.'.iJ 
i:.vith a:J oh!on~. ~c:-e,>tit1-n. {,,;,.f"J-1c. ~t:.ctjou" of the p-n~itlve i.:~1c~:~ 
irt~J.1-1 r.;:.ie~'"$ tc.,) ::i part ~)f Ute posith·-~ dl-1':.::tt.;}de ¼·heri;: tht: 
_pn~ih 1,,,.•e ;,;.;lr:·;,..':trod.e $lHlt:i to he )\·r~und rm.d ,~·hich i~ kit::~ti!.d 
insid~ ;he cdl and imco"i<-'<.1 with tlw positive ekctr,xk 
acti· .. .-\;.' innk:rfoJ layer-; ~~rht· tH.:-cti1ni!> ofih;,;,~ ncgnfl,.·.c cl(:'C~!'.1dc 
refer:; io :.~ p~iri l)i' tb.c n~gwiv(: ek.'<:tr:od(: ,vh0re ih~ neg..:::dvt.:: 
ii.:':k~c:.rnd.t· st::,r1.~ tt~ hi.:' ·~\:-u-und: ::md ·v-;h~-1.~h j'.;, h.1-c;:1:l.t··d 1-n~!ik: tht· 
cdl ,md ,m,,;mt,xl with the neg;;\iYe eks::tTDili.:' ,K\JYC ni,rtcrhil 
fo~/~f The ~~f:tioH of tbx~ ncgt1-tiv~~ ckctr·odt~ j,"> tnk.f:ri: ir, nn 
<l{ampk, mid i1 pMl ,;un·owlzk.'<.! by d<)ited iirw, in Fl(,·. l 
lndj,:~:h:~ d1~" ~t·,:ii.:~n of :llr~ fl,:gatjvt~ (:le.::-t;triJde. 
!llll2 lj ·n1,, fi;,t edl i.ndndcs an npp-,,r prntin.n n afli.1. ;; 

lowl.'r p,x,ion C i.:'Xkn,fo1g «hmg a width diR,cdon \V, a,; w;:]) 
.:-1:-. .:-1 left ht~nt pnd.inn r:, .:-n-1.d a r-i~~ht b:~nt J'lO?"t!nn F lnc::~tc~d 

t:ii.:'lwwn ihe upper portion B a.nd tlw lower por1ion C, A 
C'.:'1.tV.:~r ti.th:~ of the flat. c,.:-H in the ;;\,Jdlh ;,.hrecti"trn \'f•,l 1~ ;:­
v,,r,i-cal ,.x,mer !-in,, ,;fth,, cdL and n-ccmn fo1e ofth~ !lm (,,...l) 

ill n ,JJ.i,:knc,~ ,lir<:di<.m Ff i> n !J,.,ri,:nm:;J ccnkr lir;e d lhc 
.:dL 
!002:?l A winding nwthod t1nd pr,:,ce,;; of IIN w,wnd-typ~ 
cell of d.1e pn.:·· .. s.f:'::.t er:nbod.i:tnt~flt ,:-,,::l·H he d1~:;'--~r:Fbi.:"'1 bt-:k•i.\:. :'r 
should lw un,krc:tood !hal Ille idtowitig d,:-,,ct~l)lion is 
rd:,\tt".l to « f>Rfr:m.,d winding mdbod nnd pmces,, hr:t lhc 
t>lirLdlf::g: n.ccthod nn{j pn:n: .. ".t:.SS of the V/oundLl)'JtC ,~H of lht.: 
prc~;,:~ni di~do~L:.re i~ .w.1t lim;h.:·d ffn.:'r~,a~. 

!llll23j ·rh,, -finl. ',;ep;ir:Hnr :HJ, the pnsiilv<: electmd,, ~fl, !h,· 
s~:ilnd f;epat<~~;;;r 20 aud th~ negativ~ ..:.kx~trndt: 40 are 
S.(:i.p.:t~r:.tiaJly nr:ranged fn.1n1 the in$td:c to the (..Yts-b1di::~ amJ ar(: 
Wi!ttnd i1, i, t,mmic,rclockwi,,t, direction from thi.:' inside to tlli.' 
tn1t~id: v .. ~ .• fr:n.n d.1:e -._,\ou.nd ... ryp1.:'!' t::{'.:H, ~·,f · the· pn.:·~~:1t di~cln .. 
sere. Stnri.mg -ends n! r-c,p,x!iv-c ;;c-cnNi~ ot i.hc Jll\~, ,~pt:­
r:_u_nr 10 anr1 lhx' Y.::t:HHd '-i'.i:jJHtalnr 20 are ~:d.i~ned :H~d i.:~x;_;,:~n.d 
heyond a sl.:.::rtin.g (,;~;.-•,_.d oft.he stx~tJon nfth.c fK.1Sl.tjvt~ 1-';:~kx_;iro(k 
30; H ,t>·:rtin~ -~nd of the '.;(:<cti,m "fill,, 1ww1tive ele,,,n,de 40 
cx1cn{b hi=~y,:~nd frK: ~tart~ng end$ nf the :~~"'Ct~iHl:'i ~)f 1he tirn1 
sqmrator 10 and tli;;- s,·,·,,nd ,cparator 20. M,·,.mwhik, !he 
Hr;;t ,,_k<.,tm,k liih 511 mid th•:: s,x,md d,,dn•dc- tah 6{} ar~ 
l<Jc.itod r:i iw<:> sides or the :,hov.: shirting "ud~ <Jf the fa;;i 
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separHlf!r 10 a .. nd th~ s~~ .. r~nd ~epat,:"ltf!r 20 in ~h~ \v·!dih. 
din;(..:t1i.1n. \V <.·oiy,;,;•-:-.rx)ad.in_gJy. Thu~. {h(: fir~l t:k~;,.-:{rod.'.; ... :..~~b 50 
;md ttJ-.) ,;1:cr,rnl dc<.>tiud-c tnh fill dr, n;)t overlap in th,, 
{hiiJ~Hl.:~}',s dln::ctiuH H of the l~~n~ therihv a\.·0J1-~inµ,_ ;:11.;. 

in~·rem;c in. th.: lhickn.:ss of the cd !. .ll ,;hon!~! ,~e .:::,)tel ih;it 
;:Ff 1i1e heghH1lng of ~h:12 \.vinding. :~.ince th.;,:': st~-:lit)fh, crf th~ 
po~_ihv~ d ... :.ctrodi::: 30 and !hx: negat1;,,~~ ckx:hnd,.~ 40 ar~ 
n,,co:,tts:l ~r<.':a,. lhe lin<l ,t.'pamtor 10, ihe po>,iliH' de-cto·,;J,, 
current ,,c!lk•cti~r 31- the ,cc,>nd ,cpm·m,,.r 20 ,md ih::, n,;;g~~ 
t.;vt~ d~(:.tn..xic <.~1JJ1'~·ut eolk~'.l.or 41 <.U-l..~ initi~t:llv invl~lvc:d in. 
w.indil1g. .. 
[U024j Al th°'~ hc=.git;_ain~: of lt~· 1,,vindis.;.t .. ~ pruci.:~~. tt~i u.n.p1:~r 

portion Bl ofa fo;i WOB~d lay~r ;md a!~!\ hen, jX>t:i<)l~ Dl 
rif tht: fin.t 1.:\-'i..nmd lnyt~r a.re friLU:lt~l Hrs.t~ in "vhi,:h th(;· fis~t 
\V(inm.i. 1ay~r ~ls the inn~:n110:,1 k~yc.r of th~: c~:n is t~:tnKxi t!f 

iht~ fir~i ~t':p~lrafor 10J t.h;;.~ pc~iti'•.:'i;' ~!c~tro(k: f:ti:-n.~nt coHt·{ . .'tl.'tr 
J 1 c~ f the po~it-ivc dcdrod~ JO~ the St.'<-~n.nd separak~t 20~ and 
the rn.:.~,l~tt,1c dt~'-~U't:itl~~ cnrJ't~nt 1,,.:~Jlk.:ctor 41. of ~hl~ :..1:t:~~itivi:..~ 
dectr,;,ie 40. ·· 

[0025] "I lien, at ;i tail end of the Id\ hcnt porborJ I) l o! tilt, 
fln::t 1.:.:oi1n.d }ay~'r\ :.i.~h~rc an i.)tHsid,::: $Brfocc t):f th~ po;.;i1-h:'t 
t:"k··ct.1\.":-dt-: t~nrn~nt {~nHi:.:·!.::tfH· ~ 1 i:;.; enah:"!.d \.).·Jth the JKH•ifrvc:.:. 
d<;."'-<:Jrt~dt: ;K~JJ'i/0 n1,n~r1a1 fa",,:er :~2~ \·vhile in~id~ [~ml oEt::,;id~ 
sttrfaf..:f~~ ..._,.f tlH-: :nel:~afi·•rr:'(~. d:~ctro,-1~- c1ff.a"!1rt .;,.-:olh·~·ctor 4 J ;:5r1:~ 

ht}!h coated. \Y!th thx: .ac-antiv~ .di...:i:..:.:tr-odc aG1ivt: romeria1 ·1av~r 
42, th,: t.,,inding i$ i..>ont1~1u~--d in tltt~ <..:011nk·r-c..~1.,.x:k,·vi~(~ djJ~':i..'-~ 
tion nJr \:ine drck·~ :xi that a h.)\Ycr pothon Cl of tht:: fir:,t 
\).·t):J:ui:11:.:~yi.:~X. a righl hen1 fHJ:rtioHE.1 oJthc f1ri:.I wound fo:y~r. 
an uripcr po-f•Hon n:z fifa :;~\:i;:-,mi '.:V<)'w.1d lf~y~ri ;H::..<.i. ~: kn f,cnt 
rortiD.n I)2. of 1J1i.:~ s,;,,.--~ .. :ond ''-'{H.iH<l fov~r are ~.cl1u::at.iL1lh· 
t,,rmed 1,y wrndi «f'.. · · · 
[0026.1 Sw ,tiHg from a tail er,d of !lit, ld1 hcnt portion D2 
<Jf thc ,~s::ow:i. ~'<-{>tmd by,;_,r, wh,;_,re an in,;kk ;;,1tfac,,; ,.f tlli.:' 
pt)'.'\ltJ:v..-.:: iJi:.:·t:tn:d-t-: {~nrn~nt C<)!J.i:.:T~PY 3:l i:; a] s.•;) c-n::W:~d ...,., ... ·:·th th1:~ 
fff:t:;:hjve d~i::1rodc ;3(.~t.ive n1~ne:r~;~J 'i~y~r J2~ th~ 1,i/Jn.ding h: 
.z;ontirn.K.:d lli fh-t:.: !XHJHtc.r,clo::J,.:•\;~i~!: dil't!{:tfrJ1i 15,1) tht1t ~1 kn:-..:t:r 
porti.:).rt Cl. of the ~econd ,vound JiJ)"t::t; i~ .d~ht l:ot::1t pr~nior: 
F.2 of t'he :~c:.:.1:X>rnJ \).·OHnd t~:y.c:.:.r~ aad ;i:i:..; upp.e:· pnrtl.nn BJ. f}f 

a th .. ird \Voun,i h1yt:r ar~ S(:qn~niiaHy :ff):-rn~d by ~.,,,jn<..ling. 
[0027] A, a l:tH i,ml of tlic t!f'fJ-;;'r :J'.".>rti,m B3 o:f lhc tl1irJ. 
-;,.1-/(~und li1y~r~ th(': n~gath~(': e.lt.'Ch\--H..ie 40 ~tops \\:imli.~1.g.~ ;..(n.d 
~lK~ !::-t'i::(Hid '.)k:.'JltiF..lk":-r 20 ftho sli.)ps ,vindin,..~~ tht~ outside 
;,nrbcc ~}f ~he posi£ive ::.:-k~t.:trode curr:;:_nt 1..:01.k.x:ttH· 31 i~ .nut 

coaled \\:ith the po~lti'l',.'c cJ.c:.::..1·rt1dt~ ~ictivt· rn~:kriat byt·r 32, 
and 1.he pc,sit1ve deci.n,il.:. :~O and 1he fiw ,;..:rn1,;it,x .10 
cosnln1i.f:. hi \\.·1:nd up Lt)usne:rcl:·n;.::kr;,.,,·.j~f~.~ :StJ !.hai ;:i .leH hen'l' 
portjon DJ, ofth.~ ihiff3 1-,·ound laye.r_. fi .lower p-ortion C.J of 
tht:.:· ~htrd v,.'ou11d lay~~--. ;;; ri~H ht:n~ J--Ktrlji __ tu EJ u-f tht-: tlrln} 
w,,;md. layer, nm.l. ,m upp.:.r p<)t1ion B4 ,,f ,l 1:,;rn:th w,,im~t 
J~y~'1 ~,n: ·fr.wrn-t::d. Tltt: p<J$.it"[;,,,.·,t:: t:let:tf'.'K.k~ ~K'.tivt: 1r: . .:1t(;r];;1j ht)'t:r 
.n ,11 dw inni.:'r .sid<:> of 111.: 11,:,,;il.ivc dectm,k c11,.,-cn, ~-.,lk'-ctor 
31 ,l.lK.l 1.l1<, firs! ,cN,rJK>r IO 1<.,rmin;,i<,c al t{ ,ail c·ud ,,f ,fa., 
HJi·p0r rinrtiin IJ4 ,;:f the k~rtrth \Vo-tmd iayct. 
[0028] '!111:: po,ifrvc ck.-:lrnd~ current ,x>llc,,tot 31 ,·c,mi,)­
u~s ~u ,,,Jnd. up a1on~ Hw couutt;?rdl}Ck\vi·~~ dfr~--....;iiot1 h) ft,rn;, 
H k~n h~~nt pnttfr~B t14 <Hid a h:~\!\,'i.;.'f p1:~;-ti~m C.:t or the fourth 
\VO,md layer. and a !:Ji! i.:'mi (;f th~ .lower pm-tic;n C4 r,f ih~ 
·fr.,u.ttb V•:'ound fai:.~··er ls htindi~d 10 the:. Jn\.ve,· ·p,cJ.:-ticin C3 of th1:~ 
t)·'.inl w,.mnd l_a~w l:Y _g,!ue. H,mi:,..., lh<o ,rn1m,;J-typ,! cdi 
JHn$tr~itt•fJ H1 l~lt.t 1 l~ ton:n.f:d. 
!0029J lt :i::an ·t:..:. s·ee.n that ~urfiK>Ci .a£ tv,.:1) ;)ide.;, nf H1-e 
n~~ativ,"! t1k·ctr--:ode t.:u1r~~ni !i:.Olk~1,,.:~er 41 of the Bi:..~g~nivt: 
,,kdn•d<' 40 <.)f ,h,;, wotmd-iype cell ill'<-' lx>th rn"t~~.-l w.ith lhi.:' 
ncgati'v"'1 dt...~"=lri: .. ~de a.._~tl\ .. i: n1.~1tcdai layer 42. and n :Jcg~itivi.:~ 
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el~c-::rrid~ douhl~·•!;id(;."<i coat:.:!d i:l:r~t-t. ~-;f th-.:. n\.~2t.ive, eh.."Ctn~d:c-
40 i~ if . .1tnl~";..l: th~it i;.;~ nc..l nt:g~:ti v,;;- d'-:•1;.·utxJi.; s~ngk"~t-idt:d 
,~t,m(~d it:i,.\;3 c-f 1h(.~ nt:gm.ivt~ ckx"=h'r.1d1t 40 fa pn2:~co.t in thi.2 
i.:~U{Jn.:~ \vfH1.:i1d !ayt":r. 'l'lu.:~rcifJ.rc. the 1.\'iJUrn_l .. type ct:H nf ~his 
ernhu.Jirncnl ovci>::om,,,, the fr.,ll,w;ing ,kfoct~ in ihe r,:;,l;;ied 
an: ~lr:.cc the w.:1::,:.:ulv.c dt:cttodc 40 1~~1a;; a nc~::Hlve eh:'ctn.:dt:: 
.--rlng}c~s.idl:xi <..':O:c1ted .:-:n~a.~ that is;, one ~jd~~ i:tf the nx':g3tlv.e: 
,.')e,,;r,:,J;_, ci,cren:t col!>-'i:!<.>r 41 is ,t1ak'd wlih th::, JJ:C:i::,tiv;_, 
ckcti>.:<dc ,,ctiv<' rn«t-,dal byscr 42 whik the dhei' ~)de 
thf.:'n .. xrt· is ~n,rc~ ;JK~ ~;tr;.;.':':1s -cm tV·..'l~ :--;id.i.:..~, i~ JjftC~·nty vd;k~h 
~"':::-dy -t~~tis~s ihe -..~/tinkling. .i~Bd dei:1;:)ldiog oJ thJ-.: n:eg.::1tivt.: 
,,k<.,m,(k c-urn.::nt colkt,!<Jr 41 nnd the dcfomia!i~,n d !lK 
a1;.~~atlv~ el.;."Ctt>;Jd~~ 40 di.te ~o tli~ o.n~•~:-;iJt.: ~>.:p:.{;ltion \~J' the 
negfjtiVi;.~ ck:ctrn·dG 40 during the ch~·1rg.ing. 

!0030j A,Mhion<11ly. it can be ''"''.n foim F!G. 1 tlm1 thic 
inncm,<J,t p(>rtion of ttw w;.,;_1,n,Hypc cdl of llJ:C pt,,,c,,i 
e(nbo.Jirn~·ul indl:des hv<.i bye,, oi' ,<>parni<)r~, ,irnl C(lm­

pari.:.~l \viih ji.._~ur k:)'t:r:1 of ~t'par~nor ... ~ t1tkrptcd in llK~ r;,;.:k~k~d 
~1.i:t~ ih~ \V,:,.)~a1.d•iypt.~ c:eU ~.rf th\;' pre$\:nt di~clo~w.r~ ha~ ~ 
h?gbet energy dcn~.?"ty. 
!0031 ! Furthemion,, the q;;;.i:;nity nf fayer -:i:f the :l(::y,;ivc 
c.k:1.CTrodc doub lt~~~ltlcd C(mti:d a.n.:~a in th;.:~ upper portior:: J1 ·is 
id<::nti~al to i.lw qu,1nii1y of hiy;cr ,)f ihe JJ<;:~~,i,',;.• sck':<:twcl;: 
drruhii!~~.idt~d '--~oat~i ar(.".a ?n. the io,:i:i.:\r p.oti.1011 (\ ·u::-:. rh-c.:.': 

mmlb'-"r i, i",·O, Mon .. '<.wer, an as,;1.1:m<..'d pl:in<.' exien(fa along 
ti!<:" wi<.hh d1rx'<.'!i,,n W ;md i~ 01thol.'rnml in the thid:n,,,, 
dirt:ctimi U, the pmjcctio!i, of .ill the nt:gmiw dccir,~(l.,;: 
,;_lo~ihli.:'-.i;;_ide,d cnat-t:d s.-lre;,.:::, nn H.h:· a:-;:,nnn~-:-d pfau-.:~ ;_r ... ,~rfap 
e,,ch c,tlwr, P(t'forably, ,he negm.i~'e electr<!des 40 d' lhe 
llj.'p<:•;· po1ti:.,ll B mid !Ii,· lower }"-'<'!jnn C oftlii: wonnd-typ,t:: 
i.~~n are :tymn::.etd .... ~;-Jl: i,;/Jtb. r~spect k) tb.c- h~)riz11nt:.:~.1 c~nti;f 
lin,: of t!i<:" t·dl. lu ihi, ·way, th,· ddect in !h:: 1dn1cd a,, tlmi 
the ,di is b<..'Jlt and ;kfornl<..'<.t from <l!lC side w.h::n: ihc 
Hm.nh-!r of lhe rH·.!'gHt]\.-c-: dcdr:Jdt~"> is brg-:.:· to Lht~ nihet sldt.: 
whcrt' the nmifr,,,r of ,he n<::g;itiVt, ck.:tr,xks .is sm,;J.1 d11ring 
tht.: 1.~harg.i.n9., pn.::J.::~=~~ i~ <)v~~i~r~rne. fv1t:nn'.-·vhjJe~ dtu:· to fh(:.~ 
symnw;nc,il ,trncirn't! of ,he ,vo\md-Typ,, (dl rd;,iivc tn ihc 
hoJ.1 ✓.r,ntaJ i:.:c.nte:r llr:.c of ttie -t::.dJ~ ::1 p~1rt of the ;.:~~_p:J.n.Kiol: 
for,::::~ .:)r1. !V/O s.ides of tht: ,:.:►~H l$ ri~1ntuaUy <,:,;.>unt~·o,(:ti..-'X1 and 
,,._,,;,;_~;..i}~.;.;.:n;,;x.L so ttwt _p-~.::t1ia! ;.;.::,q.lmr~ion cnn ab<> bt" ~;upprc-s~;ed:­
th;,reby {;,~ilitating fac impn,,,,,,mcw d' ,,iK,rgy J,.,Iisi1y a(kr 
th;;· ,,dl ,.,,,,:k,. !n ,,ddition, in ihi$ embodim,·m. iH or<J,'.r w 
~.mi'ft~r(: dt; aht3v..:.:: t~iYe::t 1-h~ q:tw.nti:~y of J:.~ycr i:t.f iht~ poshivt:: 
;.:,k,'1.m(k (kwbk,-sidcd ,xmkd are,1 in th;.:• Tippt·r portirn1 l3 
and th<> qu:imi,y of by•.n .,f !he p,;,i;ive ,;if.~.•~lrod:;, duuhk· 
:::.ldcd Cf>i:ted ;:n:'Jj. hl th-t: k,\\··e-r pnrti:i.'H1 C ;:ut~ further ~nade fl1-t~ 
~~u.n~. m1d :h~ pr,;j0e.~?:km~ of th~ pt1~Hiv~ ek~tr,;)de donhl~­
'>itk~.i cuak::rl Hr~--;:; on tht" ::1:bo\·t: ~l's;;w1to1:.·:·d pbnt' O\··-t:rhjp '=.~H:b 
0th.Jr; ,he qlmnl'ity of layer of llw ptl:,itive dcctmde singk· 
s.tdc:d ,:oaH:'d. ;.u:c:il ~fi ihc r1pr11;r pi)rtion B- and the qu~$Htit_y 1.1f 

l[5ycr of the pc..):~jtiv~· t:h~ctr<xlc '.;ing.fo·-!"tidcd ~Ot}\(:d ;}r~; in th~ 
knvcr po:n.i;__~n C arc fo.ri'bcr rrmdc th~~ $~,inc: and the ptl.~ir:•t> 
tinn:; nf aH the pn~lfrvc ~k~tr,;;dc :~ingl~-sid~d ct~nk".d :iteas 
(>U the ~twJ'.1e as~t1n1t~d phH.1;.;.-: (,:•vetlap each ofr1.er. 

{llll32j Ahhougl, i:hc neg3tivc de,,1.,,.,(k,;; on two ,;idsc, of 
the ·~:x~rt!c:d c;.:-:.nter l?ne uf iht:: c({l ~:i:rt· ~isy1nrr1t::trlc~il jJJ. lit.is 
crnhu.Jimcnl. :,!IJ(;.~ th.c l.ithinm km ~,dl g.cnc.mlly Jws" ~mitil 
~h.icknes~. :rnd i.c~t'H.h tr, bt-' u:hnj ... {h-i,H~. i.:'.1irniD;jt~ng ot ri'.:"dUi..ing 
,he <iefr,rmatinn dftht~ cdl in inc h,mznnw) plane ha, g:rc;itcr 
dt,,cl on the dcvdnpm<:·nt of ulm1-!hin ,,elh. Sia,·e the cell 
is thin .. during the d@)!:li1g,, tlw nmnbe,r of liiburn inns 
im.,,rc;ilatcd in ,he cdl Ht both ends in 1h,, ,, idtli din,c,!on \V 
i, ~m,,il, ;ind the rt,,,nliing ,n,pml,ion is ,mmll, ,vhidJ m.ay h~ 
disi-cgardk-tl. 
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[OOBJ The pm;ii.iv;_; iMctrnd<:! ;i,·,iYe mat;_;1·i1JJ fayer J2 may 
~re.:,fo:aHy lx, r,t ka,:t <.>m' d lithium (:nha!t;,H<:\ lit!iium irnr: 
p.b.os_p.bJ~tc~ iUH.l !3thit~m rnHng;3n.;;1ll~, The n~g,atlv~ ,cJ\x-:n:r~d,:.;~ 
atTi·vt: 1naterSai Lr,y.:::r 42. s.nay ::-.-;:x:ci!k·;:i:Hy h1-:· :il 1c;i~t ·um.:~ nl' 

gr:sph.it~~ Jwrd ,:;arhon. a.nd ~1!kon. 

[IJO.J4] !ktt,rringtn FlG. 2 .. b:i'><xl rnJ th,· !ir~t ecmb<.>dimc;1Jl, 
th;c ,;i.'ct.1on. ortlw 1K1:,alive di.'ctmdc current ,:,oJlect,)r 4·1 of 
rho' negc1\iv,, d,xtrod,, 40 has;; fokl-b"ck _par! 401 formed hy 
bdng fo.kkd l,,,d: iuw~rds {e.g. n portioll ;.>JK'ki,;,.,J by ,1<)tt">d 
h"k,i::k in F1G·. 2): ;nsd th.c:. ::uT~.:tngt::-HK'Hl t)fthc I(::ild-.had:;:.1x:rt 
40.I c,,t) fodht;lli.' damping (>fa wh::dh,,g cpp,,11.tllo. :ti-kw" 
whik. frw fold-b,Kk p;;ii 40:l ,:mi i:'ii!i!lf,' !lmt ~trl1idc·m ,;p,K<: 

<:XJ$H dur-itig the cnnBng nfth1..~ n~gHfr~/t- dc¢tr1~d~ 40~ ::-:.nd nc­
glu,:; for elc:ctrc>tl<' mb~ win he: cut. Spt-c,ilieally,. ,he fold-h,,d: 
rmt40t t·,m b;: form,,d .in ~,ich a ·way th,.it thc {n!d,t>ack part 
401 is. hem ::n. t}J.e s~~tion of n-.:¥;3~j•vc de.e:Hode Cl:rn.":nt 
<.xtlk'l:toi· 411hr 1-SO dt~gn:-e th1·,:k1.~tiS-\-:. Pr~fr~rab1y. t.he ·frJ.ld.­
hm.,k pmi 401 doc·, not oVi:'rlup ihi, !in,1. dcdr<Xk bh SO iE 
fhi.:t-thjcko.cs~1 din.:x;tion l·l~ ~h~reby ;:1v-:)idSng :u1.inc.rc·as<.:: in the 
;hickne$:-:; r~f the tx-:H. LJk\::\cvls-.:\ th.:.:': s-.:~tion of the JK>sitl-.,•~ 
ek~,~to:.•dt: curren~ colt1;:c U.◄r :ll 1.~f the po-~itivi: ele<:triid.;:;~ :10 
also hn.~ a frik1~bm::k parr .fr,n.rtl":d hy beir~g .fr:1di:?d b;~!.c.k 
·inwards (11ot illustrat,Jd in Jn,\viflg,), O!lwr !\c<Hiir~~ of this 
i_:Jnhod~r.w.:·nt ar~· ldct1tk~1J to ~h::: fir~t ,:'Fthrx:htnt'Jtt. 

[00"35j HctCrnng 10 Flfi. _l 1 h.:~:=.cd i;n tht- second i:..~inb-od.i~ 
int~.nc :h.:.;~ frr~t ~-"-'P{tW~('tI .l O c.:-t.1ntinui;;~:::. t(} ,,_.,,ind ~::J. th,: taH i~nd 
d. ihe 1.1r,p,,r l"'"rthm B4 d' ,h,\ fourth ,,ouml by::,r, mld tlw 
~.;.:·:-c1J11Cl s-.:~pa.r1:1t.or 2-0 -l'.1'._!nHrnJ;:3s to '.-Vind at th.e.1a;1 c.nd ofthx~ 
1..1pp-t~r pcittic:-u BJ of th~,. third \.Vono.d 1ay;;_'t~ ··.}o.til thc.·y exceed 
;hf·: ta.~1 t~nd of ii.K~ lo\.),r:r p.ot11f>n C4 of the fi:wnh -..,,,-,.-mn:d. .iay;;.~r 
by ~ '.'.)t::gHlt~nt. By dniui. ~u. ~i i.:on1.;:K~i. of Rt) out~idc surfo•.::;.:~ 
r~fH b::1n.: i.:t~H nnd it packag]ng hug ·i:-. l..+mnged fi-nHJ a <;1.:rr·cu1. 
collC'1..'tor ~urf~ce being iB Ct)11~at E ,i;,:ith ih~ p:l,~kaging bag to 
both of the curr.;.:~.n.t -."":oHf~\';tor :")~J.da:cx:. ('trtd p.:n1 o-f ihe ~:'.p.r:mt1.w 
being in f .. ::ontu,~l ,.,.vitti th~~~\.:'knging b;:~g. n{;~i..'-.UU;i~ tht.1 conw(:'t. 
ht"'!t~i;,-·~~"'!.n tht~ s.~~p.:11\-i=or :ind thf!- p;::<.:k;:5gj_ng, b;;;g_ 1(K:r.:.:~;jf.,f:$ 
frii::tion b<::iwecn t!w cdl and ,1wpa,:b,ging. bag, it i~ pos,iblc 
~o prev~nt thi::: ;;~~u frrin1 7:Jipping ou~ ,:f-:J.r b.~ing dl$phK:1-xi in 
the pm.:k1-3gJ.ng b;ig during a drop -:.)f itnp~i,~t: and ilVo-3.J ~hi..~ 
oct:nrrt~.rn ... "t~ nf n1;.1lpo:;iiion of tht~ po'$1{i\.•i; t~k"'-'Lrt.xk Hnd 
w:gmive dcctr,::,Jc inside th,, cd! dmfog the sec,x,d d!q> or 
j;_nrK~ct. 'Thu~. lhe -.:~xK-:nded sepa111ior hdp~~ i;.upr<Y,.:e the 
JH\\-dn,pping p.:rli.mrn1J1cc ,>f !he edl. O,h<', k-«mrc, ,)f thh 
t~irtb-od.iuk:nt ;Jn.: jdt~ntlcn1 1,0 th;.;" ~.:.;x:ond i;.rnbodin'1cIH. 

[OOJ6] R.:forrillg. k, FIG. 4. ba~~J mi tfo,, JJ1irJ. ::,m>,odi, 
rrl,t::Ht._ th~ ilrst :-t{:par;r~,:J.r 10 and ih.~~ ~c(:rn1<.i $<.:~p;3rah)r 20 ;ne 
'\vi:Jund ~t::·,;Jund lhi;:~ '-.YtJt~id11 of th~ bnr:::- cell for oni:1 1.:in:1ci sr~ 
;.J:-; fr_i is:u .. T~~t:s•~ lhx~ Irit:tiun hd\-;.•·t::>.c:n ~hx~ b.tfft~ cdl and {h~ 
pad,."gfog l:,;Jg t,) a mmdJntH,1 cxh:flt. ,,nd turtho::r imptY•I'" 
~h~ ;lnti~dtopping 1~rfonna.uce orth0 ~dl. ()the-r l~aau:~:.. td 
thi., crn.btidirn.cnt arc i\..k~nhc;::1l ~n rhc.~ th~rd ~tnboti~i-~K~~lt. 

Fihh Fmhodinwnt 

10037] Hdcffing t.J HG, 5, in order I<) in,prove ahu;.c 
p,,rfr:,mK,rrcc (!fihc eel!, ha,;d on !he third emf,odirw,'nt, \ht 
<.}utenn.os1 l{-1y~rs: of the pos.i1h-Y: {;~j~):J.rf;d~ (:1J.rt{;~nt ~nl.kx--:tor 
H (a)(lu;im,w :foff) and ,h<' ncgafr,,,' d,;:e:r(1tk cun.:nl e,,,. 
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i.,c1,1r 41 (c,~rr,,;;,r f.~H) M 1he -~.::il emitimN t<', wind am1md 1he 
hw·,;." ~·d.l. fr:w -.:nt.:: (::rt·l..:.·-. ,;o ;;s ti.: fortn a pr(i\t".·tlvf~ f.:.:ry;::r (~·d~:...: 
•~,,lkd outt:r J,id:'-'l) at hnh side;; in th,' thkl,:,m;s dir,,cti,-1n H 
of tht: cen. ln the l~ast-: of abHs.?ng tf:1-(-" t>:.~n nr Hl an .:1hu:sx~ 
pcrformmJ.ce test nf ,he ceH, when an e:i,ierr:111 shm1 cif,.:11il 
occur~ to ~1r1 Ol1H.:~t" fayer r~r the ceH hi.:'C;JU.St:, rh;.:'c i,.':i,:\n -1~. 
dmn;:'g_txt by :c-:.n ~xk~rna! {orci:.:~ or a f()r:t~~gn ohj~n, lht: 
pn:>l'-'~'l.iv,:, J.,y,y i, pt'-'it,rcmhlly ,il:!Jrt-drc'til!'-''.i. Wlwn !lw 
pf(tie(:tiY~ ·ii~y(:r is short~circuited~ ~t ;~·ill not i::albC con1bu~~ 
ti.;.:m b~t""..:tu~,t~ th;,;.~rc j:; no .actlvt~ mw.~~n.:.:il i.tt thi.:.~ ~horl.~.cirt:u~t 
roillt M<:,,mvll.ik·. ,in~'·-' the ~h,rt ,in::l>il occtu\s ,.; llw 
~rutern10$l side ;,,yf ·HK:' \.X.'ll: tht~ ht·Ht gcnctat~~d h.Y the ;jh-.__;rt 
circ:Llii s:ati b~ rnJim,,.J (>ulw,;rds ,{l\m}I. th<> s:,in'i>n\ ,,o\l;,,;:tor 
wi!.h go,xl thcrm,:11 crn1dnctivi1.y, tl;.,,r,:hy ,:rniiding lire m1d 
ex-p1osion. ll:~r~fr1-re. thb; en1.hri{Un1t~nt (,,~an frn_prc.ve s;3ft~1y 
pcdbrru;$u~~ of the ,r._;f:H. (}tl~t:r fr:~tiu·f:~ of th~~ t:rnhtHJlrncnJ 
att: identkii1 ,o ihe thin! emh,,dimenL 

!OIH~! A<klilion:illy, it $hould h,~ nN<!d H1:ii tho:: prnl~~;ive 
bycr m;iy no, lx~ pm,,id;;d t'1 i!J,, o\itc.mm,t foyer. ,,nd may 
n(lt n~x .. >.tl. to he.:: \vound: k1-.r 0.1:.1.e i:.:·ircle~ bnt in~h.:"'.:·id, 1he: 
prottX:l.h·~~ lny,:r c-:.rn hi;:. providc-d to otht~r pn·.'}iiirm.~ ,xf th'=~ i:.~dJ 
au.d ha'.'l;."- ::~ stiitabk-- ...:,·iuJi,1g le.:.t.,QJh <1~c,)rding k:i t,;..·xp.Urr..:­
m;;·ur;, 

Si"th Fmbodim<:m 

!00391 Rcforrlag to FIG- 6. h-1,,.,d on lhe iiilli embodiment, 
the pt~•si1i.:).C.S .:)f t1:~ po:,;·it;"<.-'t~ t~ltx~lfLide. .:1nJ nt~g;~ti·vt el~ctr,)d-(~ 
nfth~ ecU ,··,m1 be chm1gcd b_y t~htH\~ing ~he ri:..~J~ifrvc pnsiljon 
.-Jf !IM lit-,;! <:-k,nodc t,,h 50 ,1-nd 1h,, '""''nd dedn,ck iab 60, 
wd; tl:wt the wo,_m,Hyp;., cdl of 1hc ,1r,•,;cn, disd,,sur,:: ~fl!i 

ht~ fm}tUltt:d 10 vadous f){)ft.;3hk:: ~_ppar.1:BJ~ .. For \:~X::unpfo. 1he 

po,i,im1s (>r ,bt· fa·,t (:lectrn,k t;,li 50 and 1J1e ,t:cnnd d,x·­
irnd" mb i'IO in ihe wid1h dircc,inri \V m,:; e:i,ch;;nged, s(i ;i;, 

tn ~;:n.l~('{ .:: p1·.nt;1}.,Je .:~pp.:u~ih·::,; ..... ,.~th re'.-·t~r:,:;,t.~d rx"J.:-:.ltii.Wt':-. uf iht· 
_po~it·jr,,,..e ek~trod~ nnd n~g;3fr~.,.-t: clcctfode co.n.111-iit~d ,;i.,-ith 1he 
C,)tWi:miom,l ,1ppan,tu;;. Other fo<ftun.i, ,A· this ,,m!Kx1irnenl 
nrn id1:mica.: :<J th1: fi!lh cn;h,Jdiml'tll. 

!0040} R<1fon·iJl'.i', In FIO. 7, h,i:;cd on 1he Jh-,;! cmhodhraml.. 
the fast s::1,m,Hnr 10 ,md !he• ,ecrn1d: ,<!j-'ilf;i!or 20 iw;i;_~: !he 
w,)tulli•lyp,' c,d! nf ,lri, cmhodimcn! cmi bx' rcdmidmitly 
W,)\\nd imo ,i fo,ir-k;y,,, $cn,1cinre, ,is in tb,, rdakd ,ir1 Olhc:r 
t~;:.~1tun.:~;" of1.t·d:; e1nhod.iincr1t [J.fi.:~ id1.:".t1t1..:::a·1 to lh..:" fir:1t ernb·o-.:h~ 
rm,•m_ T!i !he pr,,scat di,d(>'mre, "kiul,! rcdw,d;,;mly ""!mid" 
nK~an~-,. ;Jw:J the f:.rsr ;y.-!"pHrator .HJ. a.nd the~ s.;;.'c.XJn.d S.'l])::1rri:t(H' 20 
tm., wow,d wi:.h no s,'p,::i~iti;m dkci on th,: posllivc d,x,m.,de 
JO ;md the ll<'fHlivc ekcci.rrnk 40_ 

f004Jj In pmc1k,1l ;;pplkatioilli. 111~ fa,1 de,,1rndil td, 5() 
c-::n hi.:.':" s_pt~,~iftc:nHy pr-nvldtxl: w. any f.K:-sition n-f tht~ r,:~i:.1,··c 
<1kc,rodt: c,m~-,1 colkc!N 31, :ind ,he :»:rnnd ck.-.::tmde lab 
M i:Ml ht, sp,x:ifo::;,!iy pr-wided ,i, MY positi;,n c)f tlw 
m,gMivi3 d<X',r,Jd<.". c\!rrcnt Ci!lkc,nr 41, whkh can h,.>. flex­
ibly <d b;;;,,_x1 on d,,· sp<-'cifo.- u"-' ,ilmti,,;i 21mt kic"liori ,,flh,: 
cdL 
f0042j AHhoall,1-, ,he windi!!j.! of lh,, ~dl i~ e:,;,ibined by 
c:x~irnple of counti'.::rclockt\·i:s:c \\·inding in ih~~ ahovc crnhi:,dju 
nwnts. the windii,!:', imimwr of lh,, wc:>mtd-iyp,, ,·;:I] i, nl>! 
par:ic1.,lady ddinc{l in 1h,, l"'"s,,nt ,h,clnsm~\ ;is brig ;i;, bNh 
sid<::$ c,f th;: ncga!'ive ,:h.,:1wd;; 40 HR'. coated v,ith !he 
negm.i 1/e e1ectrod¢ .:1ctlv~ n1.ah:~ri~~.1 !.::y~r 41 lo fr)rm tht; 
nt~~atjv.1; ~1.,;.~1.Jnd.e dor1bk1 --sid~"<l 1.x><~ted n.rt~l. 
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[004JJ The above ,foscrlrtfon ..-mJy invdws '~ll"'~'ilk 
i::u1hc.::idirni;;•.ur~ .c,f tlti:.~ pn:~~i.;•11:. d.i~t·Jo'.~t;H~. but th:: prot..;'-'.:tior: 
,;,:cop,, of th.; prc'Scnt Siscfosur:,;, .is i:N limited thci'!c:1). Any 
.i..+iang,c-s. or alh.:·Tnaii;,,•·cs thn~ .(:;;_:,in ·h~ e.a~.Hy t.~r,ni.::-ci 'i.··~.d by :.hn~e 
ski!lic=d in th" ,ir, with.i.n the 1.,d-,l'lic;;J scope of the p!'.:sent 
d.i~do:~tlt'.f~ ~honld bx~ irtc]BdJ.:"XJ in th.;.:~ prnh.:'1.'..:ti..:nr ~eope f;fth~ 
pn~sc.nt tf_i s,;.~h)s,11rc. 

Wlm! i, dlimcd i~c 
.L A wot,nd--typ~ cell, cc:otnpising ;1 negatiw iolwtr,xfo, 

V1,.h.<:.~.'t~in th.f~ n.::~ga11",,..~:-: eleclt<.x.i.:.:~ f:(!nJJwl:-;.es a .n..::~gahv,:?, eh.~ ... ':~ 
t:):Jd~ t,.,:urr~-!lt co.U~~tor :.n.1,i. a n~gativ'-~ d<;-"'.~tf{~di1 ~it'.'~iv1$1nate­
riaj h-l)"·cr~ ::UJ.d t~"J!t Hi.:)!.;ffrvc ::A~-c:trodc i:; c:.ou.;.po~i.:x.1 of a 
w:g:;itlvc clcctl.'X~d;,,,~ <l<Jtihk•~s]Lkd ,xxltcd m~a, \\-"hi.:~rc $Urfoci.:~ 
;;f bo:11 ,kfo, nf the; ll<.'j,\iJ\h·<> d;;;c:trs,-fo ,Hrrcn: '-"-'lfodnr are 
c,xik'd witl1 ihc: ncg,itivc eknrodc active iMtcfr1! l:,yc:x, ancl 
a net~•ai,•1; c:lt:.r.:::tri:}tk~ 1.a1c·oa:E-t"'X~ a.re~1 ',.\.·her-c;' ::-..trr_:_~:i.<:~~ nf du.~ 
11.:gmivc dcc!N,k c,1rrcnJ ,nllcct,,r cu..-: ;i()t cont;;:d with the 
nJ.:~:.nivt: dct:~n:dt: ;1ctiv-e trwt1.:'=tia1 iayex. 

l, 'Jhc,> woilud-iyJw cell acc,m1ing m cfaim .l, Vfhel1c111 \lw 
i?1.-ouw..t~typr: <.~,;jl ,r,,~onrrfrs~::-. an upp~r rnrtinn and ;j k:n.-}·t'r 
ponku.1 exwnding ;~kxlg ;:~ 'i-Vidth dirt:c£ion~ ;:1..nd ::~ he.nt pc-nio-t! 
k,.cat,~d bt~t\vt~r:n th-t:~ tfPfH.:':f po11:ion. tmd t.he j,:)V:,'fJ: por:jon.; 

thc- qum·;tlty of lay.:.~r of lht~ Bc.':g;~frvc ckx:t:t ◄ik~ dut1hk:~ 
r-,id.cd. '-'~)~t.:,.~J. ;JR:a in ~he uppt~rportk-n j:.; j,;J..:,.:_nli,:~:il to Lh~~ 
quariJjty <.)f ;,ay1;:~ ofih:e.~ n:t.~g.~~h'l.:e c!ectrfx.:k~ dt)Ubh:~-~id(!d 
4...;onted ~n~~~ in th~ knvt~r porti.;,:!n;. ~:11:d 

,ill ;.1,,rntrwd pbns:'. ,.,x,..;Ji,ds ,;!,mg tlw width dir""'lion ofthe 
;;1o .. ~)UIHJ~typ(:! <.~<:~H aad i:-i r,n.hngon;:d to n ihick_ne:5~ dfrt~;.> 
tk>n (•f th<: ,,·ow1d-typ<' ,'d], projcction;; ,,1f ,;!] ths:'. 
uei~iti\.·c dt::-ctnxk drnihk~ ... ~ided t·J.:mtci:J :irx~;1~ rw the 
;J~~um.:J plan~ OV<-'rbp c;Jdl other. 

3. 'The 1N(H.t11d-typ,~ .,:dJ ae,:,rnling tc:• claim 2, wh,~,dn th,: 
\.VuBnd~typB ceU f:..fflh~r t':nn1pri~:s a !){}Shh:~ d<.>i;.:!rod~. th0 
f\''t!;11h,,·e ek:ctNKk~ ~~~wn:pt!S(':~ a p,c~;i~hlc clc{:1~,-K~c ct~rrcnt 
t~rn lector ~1nd ;l pr~::nB\·'~ t~l.C-Gtrode act1vt: inatcrwl 1ayt::; 

!b~ _pos.iti1.:~ d-.::'-·-irc:de 1~ crin1_poS,ed of ;,i pos1ti\·e clt.!t::trode 
~in!>lh:!'-~fr..k·-t~ •(:<..~1tt::d <Jr(~~~- v/h~~re a :;urfoc:;a 1..rf 1.)_n_h•· oni,; 
~id; (i-fth.0 pC"!tit-E,,•~ ~fo~~=r\~tfo ~utren:t ,f.1Jl<;.~tox J:; c·~){'rt~.d 
·1,,\:3th. ~ht'= ·p<)siti\:e i.;~k'=~·UJ)tk· i-~~·!ive ~nat~'t)<11 ]:Jy1;~·: ~w:d ~, 
_p·o8jfrv,l: ckx::tfi..l'dl! un.;.·~·oaltxi an::ti v1.:J:tt:'.!\:: ~tff.fii:~x~:; of the 
p<)S°tlivi,;.~ x..~k~,;ti-oJi:' i~·:1..;..rr~'llt ,-:oHc,:::~or ~1re not co~it~d \l,,-"hh 
the p-,sitwc ,,itx:1.mdc ,:1,:1.ivc m;i,.t,md lay,~,; and 

ti.ix~ qu::u.thi"y of fayer of the p-o~i:Eiv~ eJ~Ltrotie ~ingfo ... '.;:jded 

(.,':1.xitcd ~:r~-(i h1 the uppi;:"-! .... por1:5ou i1:; idt"!r:_tical io tli:t:: 
q1i,1:1ti.ty of fay<.:!r fifth~ p;.1sj1iv.:;. dt"'t.~frr,r!r.::: ~in.gJe~~i1.~k:1.~! 
t:oiH.~~d an.~i1 in lhe k~\\.'i,;.'f portion~ ;.n1d ptl~jr;,:cti{•Bs iJf all 

the po~-itJv~ ch:.•::.;:tr<Jde- ::;;_ingfo~$jd.~d i.:.:ri~-:r~~,j a.t:i·.:a~ on the 
n,;;um,·d plaw: ,Yverlap end, utlK:r. 

4. "!he wosmd-typ,, cdl ac-,,crJJng tu claim 2, wiKYcin tJK, 
\.voimdA3,-·pB ceU f:..H·lh~r ts:nn1prJ~~ & p{}si\i\:~ d<,..>i;.~irod~. lh0 

f'''t~ifrve ek-:ctf'"t~h:~ ,x-r~npri~·t"::~ <i JW.l?::i~-~:-..-c ck:.ctff.K~t: ,~nfR~nt 
cnJle-ctor and ;3 pr~~itiv~ ek,ctrnd~ acttv~ r::J.at~rJ;l1 ln:1/t;::; 

!bx-: _pos.iti1.:~ d-.::'-·-irc:de 1~ crin1_poS,ed of ;,i pos1ti\·e clt.!t::trode 
d,.)ubk'~$idt:d !X,akd ;_;;,;x\:l. ~-/h:::rx" ~t:rfoc(:~ of both ~Jtk:'~ 
or 1he poshivc el~trode ~~Bn'i:n! ~ulk."Ctor nri.! cr~awd 
\~:ith !h-e p-t):'.\l.ti'Vl.'.' t~h.:'!-t:tn·.1.,:J.i:.:· acli\'c n__;;jf.i:.':f_-j~~l .:ayer. ;:rn.d a 
posjt1v.i:; d<..--.;.~tnxi~ Bn.coatcd tt~·ct~ vi,:J.1c.l~ ~Htfocc:, of thc­
po~itiv~1 ;,dtx.·trotf'11.:un~'1UL \,X)Hc,c·~ot an: not t::oat:::d \l.:ith. 
the _positl\-'~ '-::k:<:tr~Jdc ;3chvc n1ate~1a} layer; and 

!ht:! qB;~n:uty trf la·ycr (if the pos~t1,,.,~ e1t\:f(odc doHhk--:,,kted 
,x.-rated ~:~~ in the: Uf'"fJt~r pc)rhon i:".> Bdcntfo~d to fh-t:: 
qti~·1ntity cif foyet· <)f 1h{;~ J'l-)Siti 1..~ ~k-:~~:n-:,d~ d•mbk~·~frk··d 
-c:outed ar-.;..a it~ the k~\\."'.:'"r po.rtio.:1, and ptr'.it::ction?l of all 
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1he i1,1sitive ek,,1rnd,~ <limhk-,,i-:k,:J ,'<J3l<.'<-t m,1,is on 1he 
:;l~Sl:ffi~d pt;wi: ~:r~:i;.xlap 1;.::;1-..t1 f>th1.:\r. 

5 Th~ -..~:~Jurn.-1~1.yp<-: ceH Hht"':f>rd\ng liJ: '-:lnlrn 2, whe:1tin the 
w,)tUKl-lype t:<.'ll flirthc:r c,.1rnpris,.,,;; ~ positiw dectt-,:;,k tll(.' 
pn~ifr\··e eh.:-ctrnde· C.t">f.H_p:ri~t::s a pn:,;lfrv·,~ ,~k··cll:-1.">fh::- (.'.iJn·i-:nr 

corl~ttur :tmd a r,1o~~hi"ve t!'·i~trode l:cth,-·(: n1ft:~rial J;3yer; 
tht~ pQsihvc 1~1-i;.~tn.xk i~ ton1:posii;_).d ,:).fa r31hitivc ekctr;.xic 

-.;jnglc,..s1dc-d Ctliltcd ~~rc~1~ vd1:t'rc :1 i,;urfo.,:;.c nf only ;;me 
$ide c.>:"ih~ 1'x>$itiv~ i;:l~i..·u,1dE:- CHrreni colk~l.:.)t ~s c,)~~ted 
•i:~,.-jth Hu.:· pt~~l.ti 'l.:'i: elt.x~trod.e actl:vt: n.vj1_et1:.d layer~ ;-:­
poslHv,: c:kctrode <k><,1hk--si<kd coi1wd <Sr'-",l, v,hen, sw­
f..:a~-t~~ of hn:th ~idt·~ti, c,r tht~ pn~iti'V1'".:'. f:tt::-!:'tn.rdt~ cnrren.t 
coll•i-~tor n:~ c1,.~iii~d \VHh th~ posjth•'~ dectrnd~ ac-:::lv.~ 
fJ..;;;;t;,;.·•.ri.::il hiycr~ ;Jru.ii ;; pos.1rjv;,;.• ,~k•l"'.::tnxh..: wJ.c.:'(J;Jt;,;.•d f~R ... .r> 

vd1cre surfi1(-:,;,:~:t i.:~fttw p~3:i-ifrv·-.:~ t~ltx:trodc cutYcnt co]h.'>:> 
k:t an':: not -.:rRik~d \"-··irh Ult: pr~~itf,.·~ ,:k:drod{._: :.:K~frvt.~ 

n-:al•irial };3yer; 
th~ quantity of foy,.-.1' ~)f th,~ pr.1~Hive \!-J,;_.>(.:Srod,~ dnubie-~id~d 

1:.0,;:fted ;.:i:re::1 ir1 thx· upp-t~r fli)rtion ~~ ~fk•ntic;.:i:_l tn tht~ 

qmntily <Jf lay,,r nftht' pr,,\tivc d~1J,,,:k .Jouhk•,;i;kd 
,:o:.:1k~d ~lt<:a in t}ii.:' kn\·cr portk~n. ~·rnd pn)jt'i,;flon~ of ;;in 

th~ rosiLi,c dcctnxk dcmhlc-s.id~-d co,H;.:d ,irc,is on the 
$!$Sl;.tned pb.ne o\:"edap e:H: . .-h otht!r; and 

fhe q:wj.u_:_?~-y 1.:.fk:yer of tht· j.lfJ")];_lvl~ dt:i.~trndc~ -~illfk: .. ~idi~d 
,:;rn,l'-"d ;in~,, ill lh'-" upp<=r p,.>rtion b idemlcal to ihe 
qri:antity oJ· by(:1" o-f tht~ fJfJ;,;.£1.ive (_d1xtr~.1de s.ingk~~$ided 
C(n-:.tcd nrc;3 in ~h\,;~ lO\\:cr porij0:n~ ~imi _pr1;1jc\.-:tions. of all 
thx· pnsl'6 n~ ele;,.~trod.x' -~in~k: .. sidt·d enated ~ueas on rhx~ 
;,:;stm,c:d r lan-, ov,.,,rh,p cr,.,:;h <)th,"r. 

6. Th0 \VOUtH1~typi:; ceH m .. -.cnn.ih!g to chti'm 1. \Vh~re-111 t.~ 

S.(:i..~t?on ._::·f the ae:.~_g;~.;ti-..-·t: dt'l.'.tn .. xk: 1:.uJ.c;,.::nted ~H:::;1 "h:1$ a ti.)id~ 
bad: parL 

i. 'l11s: wound-lyp,e ;:i:11 according k> d~im J, wlwrdn <S 
~ec:tj-i::ni i.'f :_he pn~Jtivt~ ~h.:"i.:trndc tnxxiah:d an~:.:i fo:i::--; ;j J.()ld .. 
hack p:in. 

8. Th, wmmd-1ype cdl according !tJ daim 1. vvhcrdE !he 
·w(H-1nd-typ,, t\:U fortlK,r ,><Jmpti~,,:; " sqmmt,x, ~' ,vwdhlg 
;.:n.J oftlw ,epi:r«h)f i:x..:,.'>:ds a winding, end of 1h1: neg:_iti,,~ 
t-:k~,~:.rod.t\ the ~eJHU'a~:or i:'i- 'i.~·,,;.md an•u11:d me outer l-j:i,:_k ~~r liit· 
'H(Hm.J.-typ" cdl, ;ind lht: ,vindin;s "'nd <Jf 1lle sepmutor 
e.••.(c.f:-t~d;ng :·he ,.~'.r·?n.dinf: eJ1d. c,f the nt~gah i;.11:: ;,:~lc~ctrr.H.k~ ·;1)•' :::~t 

k~:1:;t nn~ drc.k-, 
9, I'h<.:: ,~.:omcdL•typ,~ 1;.;dl: a,;,,,~'Hrdi:i~, lo c1a11n 3:, ,vh~:dn tht:: 

\",',:n:rn_d-typc ccU ·further (;L:n1pr~~cs ,a scp~w~~wr. ::i ·~~•·it"Htmg 
end ,:,f 1J;.c sep3rnU,r .,,;,;;ccds a winding e.nd of !he j'R,,i;ive 
dec::·ri."H.h~. the ~-t~pm:.:-1~0.r ?~ ,.~·vo~}nd afi~ln-,.d .t}fl. \.1ui;,:~r ~~<"h:' <",ffl1t: 
w;mnd-lype ~dL :md the wi11iling ;:n.;l of the st:paraior 
~'::Xl~·l.:."t'):ji_ng the \~:inding t··nd tA tfH: pns.:tfv'=.~ t::"lc{:thwJe iJy f!l 

lt,asl nn,.; c.i.rck. 
10, 'lbs, wowid-!ypil ,:;di ,Kror&a_u: 10 d:;im J, whctvin !he 

po~ifrvc dt'i.'.trodc lH1G(>~tted .:Ht"~t ~s :i;,;,'ound .:wnund the 
V/tH.tnd~l)'t1¢ i:-ell hy ;3 p:r~d,;!'l\?.nllfrh:.d 1-eng.th at the fHil~r:tlK~~t 
hry-t~r •J-f th-t~ '-~·oan;J .. ~_ype .fA.:l! 

ll. The W(HJ.n,Hyp;.., edl i,c<::<>rding i<) cfoim 3, w!K,rein;; 
iirst c.l~-ctt-Kk tab i~ ;.,,:cupk-d to any p-oshiou of lhe p-1.~~~iive 
electrode iHJ-l·1~;j:_;,;,-:d art·~t, and a ~ .. :.)::,11Kl :..:l(:';c.:"trodc w~1 ·ts 

rnnpled ,n any pos.itinn of th,i neg;itiw ek>.:.,irn,fo m1co:,1 ... d 
ati~a. in vi.:hil~l~ tht~ Hr:,;J elt~;,.~tr~·.1f.h:~ t;jh fkie::,; no1 ,rr,.··t~rfap tht· 
Si..:..,::~n1d e.i~--cln:".1•:k~ wb in the thickn~~s difectjo_n of the ... ,~-t'oundL 
,yp<.> cell. 

12, ··1 he \Yot:nd-·typi.? (C-fJ ;iccording tf, "::L-rtn] f. t,·hcntin 1he 
WtHJlld~tY~"'' edl further compri$,~. ~ sqJcmlt(,r, :ind !he 
qu:m.tily ;-_,f l:iyt,r <>f Ii:<': s~,pan,tnr b,,ing o.nly '>w,imd with 
i1,;,.'}f in.,;ick !J,1: ,vouud-typ<i' <...'dl i,; k,~ rhan four. 
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.t~ ... ·'\.ft :,d~ctt<)Ch.~n1:kat d~vic-e~ C<)rnpri.sin~ ti "':-m.1~1-d-typ~ 
i::dL 

th,;;' VYt1rff1d ... typ~ i:..~i:;'31 cnmp.ri~ing ~1. n.:::g·::d1v-,;• t:k::..~trodt", 
whe1.,'l11 ,h,.,, n<':g;l!ive dectn-.<d'-" rnmpri,ts ;; :1<':g;,1.ive 
t:h~.:..::tn.Kk: t:ln"ti.::nt Ct)Jk-x:tor ::md. a nr:gativ~ .:.:'k,~U'l.'id~ 
,,cth·'-" rni:kri,ll foyct·. ,ind ,ht, ne::w!i<."' ,,k<.>!rnd.:, h 
couipr~::.xxt of ~1 ui:;'gativt: t:·k:(:tri:Jdt: dot; bk'"~lded <;Q;;H;~} 

are:::, ":l1t=~rc surfil-:) .. :-.. , of ho?h sides of i.hf: fl~~!.dl.i\.·(~ 

t"::1c.:..;trodt': etffr-.:~11t enHc~ku: an:. ctmk~d. v~:i{h the _;_u.~gafrv~ 
t-ki::ttode a<;-Hvi: n-!(th."'t.i~1.l foyi:t. ~1t~d ~1 rn:.1y:frVt"! e.l~°"--:tri;-.J~ 
u.rn .. :-;J~Ht's.l m.\:a ,:..:hi.:.:tt~ ~m-·fo.i..~es of(h(.: nii:·gHfr1..-c ,:k:,~tCT.•tk~ 
nirr@t .:,l!kdor <'"" nol c,xit,xl with fae B'-"!!,m.ive 
t"::]e...,~tn~;-Jt~ ~,~t:vc n,~teri.1:ii fo"j:-t·r. 

14 'The dcdn:d:,·,:iical dc\'lcc ac,·rn,fo1g lo dmm ·u, 
w1F~tej_n the ~\··ound-·£YPC ~dl 1...·:on1pds~s ~1n upp~r pon3on ;~nd 
a k~\\'f':t' portion t:X:"!:ndin.g ;.:1lnng a ..,;-.•i:f.bh ;_hn.:·~::tk·m_. and a bent 
ponlo.o. kKatt'd t>f.'l,1-''-""" lh'-" upper portion ,mJ !he .l<)WCf 

pt)flitin; 

tht, qrnmti1y ,,{ layer v{ :(!Jc m:g,;!iw d,"<.-l;x,dc dovbk-­
;;idcd mat~~! .,m::;i in the upper p,,tfa,n i, id.,'ll!ic,,l !o th,\ 
q:.i;;t;.1t"ity or lay~r o{ ~bt' JJ1;~-g;Jtivt~ t:lt~t'rt"f.H.ii;~ ,.h.Rihk~~jd.t~.f. 
(:Ostcd an..~a in the j,;.)V<'l~r porth)n; and 

an as~uni<.--x.l p!~nc cxh::wJ~ :1lc•J\~ the '.-·v~dth cfrrt:.1ct1nn of rh.::.~ 
wotn1d~typ~~ t-:t~n and i:~ orthogon;;:11 10 a tlrittncss \."hrc,:~ 
fom ,)f the wonnd-,yp,~ cell. pr,1i,x·,i<)n$ or :)!! \be 
nt:g~ttiv.:.;~ .:.;~1-:.;-c~nxJ"i; J,;J-ubk=•~idcd \.:o;,H\;~,i an.:u:~ on the 
ass.t.nned pl~ne =:-1•i.:~,.rbp i;'.w::h Gtli:;r, 

15. T!J,, ,:kct,,,d,emi<:al d,·,--i~·,· m:coK!it,g h• ,:!aim 14, 
V1-·hc1.t:in th~- '!-Vf}fn1d~typc .t:d1 furth..;;,':r C(a11ptis.i:.:':~ a J~Js.it1v~ 
~k~rt_r1.(tl1.:1 • dw poshi'I_,.'= elt...,~tr1_~do,;:~ co~nprisi;.~~ a po~iiiv~ ch1c. 
tt·ri<.k t:urn~nt i;:olkx::tor and. :J pn::-.itj·,1t{;' ~:ltx:1.rndc ;K~~:..,,T n-i.-itc ... 

rfol foy~r: 
the po~ifrv.c ,ek:-c~n.x.k: is ,~<.."HllfKl~;cd r~f ~= r~~hifr1 

.. ·z: ,:k:,~tt.1.•di:.~ 
~lns!,.h:>s.irk!"r; .;.~,:xiti::.x1 ;s:r-.;.':;:;:, ,,•h(:.n.:~ a St!:ttiu.-:.::.:: of 0;1h,· o.ne 
:sld~ offh1,,~ pc$ili·vc clcc·tt:odc ~tu·t~nt coUcctor i$ ~:);ncd 
,,.. jth th~ po'SJti'-·C dt:::b.'°lrodc iR:.tiv,~ .:.nnt~r.iaJ ti;yt:':f0 and f.i 

1'~o~·iiivc ckctrtx1c utv.:o-a.t1..-:d .:u~~ '"dK':f¢ :,:t".Xl~t,~::4 of ~h,~ 
_posj·dv.:.: ~li..-l\.. !rot1~ ~Un:\,;n'l Ct)HccicH· arc n(_1l coat~'<l ;.•.tJih 
thi:: Jl')_~i!ivc ~kctrodc a..:tivc m,H<,riI,l foyer: snd 

tht< q:1i;~ntity f1f layer qf thi:.~ ftl)-..!ti\'C ck:ctti)de -.;ing.k:~~frl.t':tl. 
cn:ned m~~1 h1 the up,r,~t J~o~1 ion J~ ·id<?i)1ical -ro the 
quantity or bye, ofth:: p;_,,ifrvc ek,:tmdc ~iugk-~idcd 
cct,M~d nrx~;.~ 1n lht~ 1r~\1,.'~l" potticn:. and projectlon~ of an 
tl1t~ p(:_1$Hi v,:.:~ {,"!10,.,~trode $.i.ngle.;.;kk:•i,J cr~~:itt::d an.~a~ 1.~n. ~hi.:~ 
H::-i~tu11cd Jtkm.c fJV<i.:~rtip e;.sch c:t1wr. 

16. The <::k<.,in-,chcmic;;J dcv.icc ;i<.,,ordirig ;o d;iim 14. 
...,--,.·hcn:in thi:.': ,n_n.ind-~ypc ;,,.'.;,;.,Jl n1rthcr coruprisc~ a JK}sHi v-:.~ 
cfoctri:}dC: ih~: pti~i~h:'e clcctnxk~ ,r~mp,~i:,~s a poshl·vc dx--x-:~ 
,rod,:, cun1:nt colle,.,tor and :, po,;ifr,·e ek<::tr<.>d<' :w!iv,:, mm,'­
rial fay,'r: 

tlic _po~itiv.c •Ck:•c~n.x.k· i~ ,~orn:fKl:~;cd i;Jf ~= fiPSiljv(:- t":kx~tn_jtk 
donbl~--•jjdcd coakd :H·ca. \~::hc-r~ %Htfocc-:j of hoth ~{d~~ 
of th'-" p,-1,hh-e ,,knrod" c::utrent ,::c,lli:,tHr m'C coated 
'"1:vlLh ~h,~ _rx)s.itivt-; d~c!rodt-; i~t-:tive i.-r::ati::t~;:d !.:~y~~r: and d 

P'J~iti,..-c clecln .. xle lHK1~at.t:d a.rt>~, ·:.dK:R: snrfa:1,,X':~; of ~J1;;.~ 
j)<)s.itiv<' <':i<.e.:,rodc rnn'i:nt wU~,,to,· a.1-e noi ,,,x1kd wiih 
the 111..1::.-3ll,-·e ~':k~'.l.rodc a'"'.~th·(! rn.:Et~.rbl ltiy,::::~ ~1nd 

the qmmt_ii:y o I' by,.;r <)f th•i posi1ivt' ck,ci:,,de iltmbk-,ifa'l, 
co~t.:.;~d ;~_ren ·in tht': upp-1;:r _pln·t.ion I~ ·id~£nh.-:;;tl to th-:.;~ 
q1Jantl1y of J,3y\;:.r of the p . .tiil.i\·e cl~c~n)(.k~ do-uhk--:.,kted 
,~oated HR'·a in th~': k~._,.-,t::r ponion~ and pn~j;,;,x~t.lons of ~ln 
1h~ _p·O$hi'--'~ e;~tU'<)-de tkinblt~-~id,ed 6-'n:ii~d :..H-e::is o.n th~ 
<Ss,umed plnne overlap ea,:;!1 ctb:::r. 
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17. 11h:- ek.'C-::n:K~h~n1ical d~vh:7" :1ccox-ding t-.,) clain1 .14~ 
{(,•·fH:-r,::·in th,: '.-\·-.!:rmd.~typ'.:' l":t~H Ji.u.tf1'-:"f <.:,Jntpriw:s ;;, piJ~f:.h•t; 
ek~c:rod~:, the }\t),-,:il.i.'/0 d.,;.:~:rod~ ,~ontprJ;-;t..1:$. it posit1V1t c.lt~u 
trudx~ curn.:"Hl colk:c~o.r ~::nd ;.:Ii pn~it-i,·Y dt:cfrndc .:.:H:.:tiv,;,;.~ tnah:: .. 
rial l,1y~r.; 

lhe rH:}:;it~ 1.:t· d,;,;."'_:u.nde is coH.r.pn~i.:"d :..~fa fll't'~itive eJl'.:'ctn.~dt~ 
:3:insd~-si;:_k:~d cw1v.::d :.:\rt-ft .. "ih·her~ ;-J: surhK~~ ()!' i)nh~ (HW 
~id~ ()j"tht: pt:,.~it~v-:.." i:.:·l~"c.·1.{r~d'-:' cturcn~ '.'.o]l,;.x~ir~r ifi i:..;of~H.:'d 
\Vjth 1he po~ifrve electrode actlv,2· niaterii~J hr2-•cr~ ;3 

pn,i!h·e de.:!mdc, dnubk,,ided .:;1;,!i.'d ;;re,1. whc,re sur­

foct.::3: of bi-:tlh. sidt~~ ni~ .th~ pf~$itf:v~ e~ci::trodt! cntr~nt 
t"f,H.;,;.~~tor ar.c <.:c:at,;,;.'ll 1..vn.n. n1"-::~ nf,-~]tn:.;,;.' dectro'-il,;.: ~:ic:Jv-c.:.':' 
n~.~~t~~.dt1l 1ay~r, and ~~ r~o~·itive 

0

dt:x:!to<{¢ nnf<X~ted nn~~~ 
\'Vht:re st:rt~1ct:~ of ?he posji~vt i;:f~);.~"tf'('~dc ~urn.,:nt t~)]J:..~~ 

tc"!r ;.,:re .not ~:oak-.d v.;i:th. tht~ positi:V\'..:~ ~k:~·~rt-x1~::- acrivt: 
u;.,1,,.-,ifol lay,,r; 

;he qmmtity oflaycrc,fthc positw;: eb:tmdc d~w~k·~i.:.kd 
crK1ted areH in the upper pf;rlinn j,') jdt~ntit..'.:11 ro tht:: 
qmntity ,c,f by,,r <lf llli:' posir\v., d,~!tod,, d,·,nbk,sid,,d 
\:fK:lcd :JT<',l in 1:lw lower portion, ::m,! pmjc,,tions of r,ll 
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the- p-ci~dth··e ~l~clrt;d~ d:<)nh1~--~;ldx."<l :;,:.x~·ie-d i~t~l-3~ 1:)U th~ 
~1'$SUu1-..;•d pfo:Bi.;' 01-·t:d~p ~=nr:h otlt.:.':.r; ~utd 

the qu;mtity tif.laycr 1.d~ th1.:~ fJ.o.,:!ti.\t~ l~lc-ctn:.de singJe-·:;:ii:k•d 
-i:..:o;:i:t.:.:;.J :.:~rea ln the npp,:T _portion J:; idc.F.!l.ieal tn thx~ 
qua<1t-itv of fovei- of tl:w po,;·i1.ive d.:;,:;ti-,xk sins:!"'-sided 
l;i.)at~d :u-,;,,:',;j 11; rlK~ h.':-\i;{(.'l- portion~ ;:i:nd. proj~x:1jl~~rl~ of an 
th,-~ pos.it1 '-·'t=~ <.:~.kx;l.o;·,tl~~ s:ingl<>~iditd coated. ~ri-e.:b •,Hl rh~ 
l!s,umed plane m:s'rbp "'",:;h cth:::r . 

.18. ·nw dloctr,xchemic:1! d"vic:"' ,iccod.:ns:i. k• ~bim .15. 
,,_1-,.h;,;.1',~ju a :,.~x~ti1..1rt. ofth,~ po~iti•,,.--e ch;,e:·trlx1e u:1:~o~itcd.a:n .. ~ ha;; 
~l fr.t}d-bin::k pan. 

19. The ,_,k,,1i;:,d;,,mi<.,al devic,, ,1<.,,cordill1' lo duim 15. 
,;,.dl,~:.rd.n lhe ~.,:,,ith:e ~lt:ctrode mH>-.1;lted i1r.;:;~~l is '\.Vt.mnd 
Iu-,rnnd ~hi,;_' wnund--~ypc Ct':ll by ;i pn.':dctcnnlncd lt:ngth al the; 
ont:~rm.os1 1ay~r fl'f th~ \:vou:nd-.t}1~ l~clJ 

20 'lhc <..~kx.;h·1~{.;'h~•::qlt_;al de\·l-Gt: ac:..·cHtJj1~g to ch1i:-n ·tJ, 
\.Vh~tdn thB \V{YUnd--typ~ cdl h.1.xth~r t~.)~np.d~0s ~t $0_par2rtoi\ 
✓:H.H.i. th-t-: .qu;:H.H.ity ·uf h~)/1:·r of the.": ~;:~pa:r~"itcir 1K:·ing (H~1y \t./lJ-Un.d 

\Vith i1Sdf inside th<! wc,imd--lyp"' ceH i,; k;, Jh<la foul'. 



0402

I lllll 111111111111111111111 111111111111111 11111 lllll lllll lllll llll llll llllll II IIII IIII 
US 20l80026298AI 

o•:i) United States 
(12) Patent Application Publication 

lfasega,va et al. 
(HJ) Pub. No.: US 2018/0026298 .Al 
(43) Pub. Date: .Jan. 25, 2018 

(54) NONAQl.iJi'.01./S El,ECTROL\TE 
SECONDARY IU.TTERY 

(7"1 .l },ppl.icant: SAN\'O El1?ctrie Co., l.td., Daito-sh( 
Osaku (JP) 

(72) hiveutor$: Ka:wbiro Jhscgawa, Hyogo (JP); 
Koichi Kmagawit Osaiw (JP); ,:\l.irn 
N;igasaki. Osab (.iP1 

(73! i\ssignee: S.ANYO Electric Co., Ltd., Daito-shi, 
0:>11b (JP) 

(21 l .:\ppL No.: 

(22) PCT Fikd: 

P71 (c)(J). 

15/547,600 

Feb. 22, 2016 

PCT!,JP20l 6/0009 21 

(2) Date: .Jul. 31, 2017 

('.I()) Fnl'dgn Applkntion Pr!odty Dal.a 

Publication Chlss!ficat.ion 

(:fl .l Int. Cl. 
llfl!M. !0/0525 
llfilM 4/133 

(2006.0J) 
(20%.0l} 

llf}!M !Ol(J587 
1/()J,tf 4/525 

(52) U.S. Cl. 

(20060]) 
(20%.0 lJ 

CPC ..... . HIJIM l(l/(}525 (20Ll01); lUJIM 4/515 
(20!3Jl1 ); 1-WJM 4l!33 (20!3.0l ); HfilM 

lfl.l{J58 7 (20 LHH) 

(57) ABSTR\CT 

A non;iq u~ms ek-c trolyte st.--condar;i h;,tt.:ry including a 
po~ilivt:' .:kctrodt' pl.ate including ,1 positive dwtrod,~ cur­
reul colkctor and a posi!:i.v(.;' d('ctrodc mixture fayer, l'omK,d 
ihcrt'on, conwininr, a positive ekctm<:k attlve material; a 
(K,g:1tivc ekctrock, plate indtiding a nl,g«tivc ;;.·lcctwck cw·, 
rent mlk'i.,lor ;md a nega!:i.ve ek-ctrode mixtm:e !;iyer, formed 
the1<xm, c.1 .. ,11t«i11i11g ,i nt·gative dectrod"~ acth,,~ mat,~riaL a 
~;;.-p:n:,l\or: a ll<)Ernq1.K·ous ek,,tm1yic; mi outer c:1.n: ,1.nd :1 

'""tling h,Jdy. Th,, positiv,:, dettrod,, and n,-gatlve dettrod-"' 
plate~ arc wound with th<:., ,<..--p,u-ntor tlwre ber,,,t·t·n. llK' 
po~itivc dcctmde acfrvt: nmtcriat cClntains a li1hillrn-.nickd 
composite oxide containing cobalt and a!mninimn ,1~ con­
~1itt1;;.,nt demcnb. The ncg:itive dcctrnd,, ac:tive rnats,ri;;l 
rnnwins t!,raphllt' and a silicon makrial. Th0 n~-gatlve de{:, 
trod«., plate indude~ ncgativ.: dectn:,,:k c:un(,nt ,,dk,,tor-
0:<pos,xl portiom, kK:.i!cd ;it hotll t:nds 1h0:n~of in a longim• 
dinal dJnicHon.. not tov.;.:.~r.e.d hy the. tH:~gati,..,e e!~ctrnde 
mixture fay;;.,r. The neg<lli'-'l' ekctnxk rnrr,,nt c:ollec:tm:­
()Xpo~ed. portions are <Jach ru1m ... ;::1,-x{ io a n0r,,11iv,~ dettro(k 
tab. 
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NONAQVEOllS ELE(:TROI .. YTE 
SJi'.CONDARY U.;\TTERY 

TE-CHNICAI HELD 

f0(H11 I 11it' pn.?,eni. irn't'ntion wbte~ to a aom1qt1coin 
d('<:tmly,e S<.'Co1idary b,1ttery inchiding i1 negative ek,i.,1:rode 
plait~ which ~,onwins g,rnph-ii.e mid a s·ilicon ma1,.,rial as 
negatiY(' ckc!rodc m.:tive rnateri.ils and whkh h,is two ends 
each cornK'<.'ted to a nl>g.alive electrode tab. 

BACKGROUND ART 

!0002] Ia R=-:Ct:n! yt-;ii·,, nonaqUt'tJU, ,de-clrolyte se-:combry 
b;ltleries have been \:1,iddy u,le,l a, pmver supplies for 
driving p(!Jt,;hk dectn:,nic (],_,,,.·ices such as ,mar1phon(;';;, 
tahkt ;.,,)rnp·uiers, !ll)ktltJok per.;,,.nal compcller,;. ,md jX>f~ 

table mn~ic phiyers. Fur1hen1101.-e, ;1pplkations of the non­
aqtmnus ek;;irolytc $ccomfary b,ith::ries exh.:nd io tkctric 
tools, pln,;;·er-assisk':li bicycles, mid ;;,k'Ctrk vchides: hciw~\ 
th,, nonaqm:nus d<c'd:mlyk ,et:,mdary ha1t,'ri<c'$ ar<c' r<c'qulred 
to liavc high ;.,1p~1<:ity ,md high ,,utput. 

!iHi03} . .:\ ,,arbou mHwri,il such ,1~ graphite i& m;c•J .'t$ ;; 

n,,g,ative dectrnd,, aciiv.~ makrial for ilk m,n;,qu<c'otl, d,,c, 
tn:,l_yt<: $t"'omfoQ, bant,ri<:.,s. Tht' (.'Hrhon material k1~ cl dis­
charge potcn!iil.l ,,ompamb!e to !tlilt ofmictallic lithium and 
can Sllppress the dendritic gmwth of lithium durinp, charge. 
Tb~,rt.-forc, ,1,ing the ,,;;rhtJn mm;;;rial ii& H ncgaiiv~ dcctroJc 
acHH, rnm,,rial enables nonagueoBs eh..>cimlytt, $t,,,omlary 
haH<:rics cxcdkw i.n ~afcty to b"-' prnvidcd. Graphi,<: .:,1n 
store lithium ions to form the rnmposi!ion Li(\ and ~-xhih.its 
a theoretical c.apHcity of., 72 mA .. hig. 

!OH04J However, rnrhnn nuiterhll$ cnrr,'.n!ly u~ed already 
exilibit a rnrmci!y dose to thl, !heoretk<il c,,ipadty tbercof; 
he11c,:, it is di!licult !o increaw !he ~'.apacity of nonaq!l,'<Jlls 
dectn:,lyte $t:condary baiterie, by improving negai.iv(;' ck<{;­
\rodc m.:tiYt.' mHwri,11$. Therefore. i.n recent y~,,m, silicon 
n:i.a!erbls, ;;11d1 ;;;; silicon and oxid<:,~ thereof_ h;iving. a 
capadty hig.h('r than that of the ~~irb,m nwterhils h,.ivc been 
attrn.:ti.ng atklntion as 1mg.ative dt':l.,trode m:fo't' mmm'i;ils for 
nonaquenus dt'<.'\rolyi.c secondary batteries. For exampk 
sihrnncan s!ort.' litbi"um ions t(! fom1 ,he compD$itiDn Li .. 1 .,Si 
m1d exhihib a tlmm-etical cap,icity of 4a200 mAhig. '111.m,:­
fort:. u&ing: Hie silicon m.1kria!s .cl:S ncgativt' ded.rodc aci.iv(;' 
rnateria!1, allow~ nonaq1ieous ekdro!yte secondary batteries 
i:o h'°''"' inut'ilSt'd capm:iry. 
!00051 TrK' si!kon ni.;;1tcrinls, -i;; wdl ,is th<: C"a.rbon mme­
riah, cm1 s,ipprcss the dmdriti,, !JJ,<),vth of lith:imn d,iring 
chargea [-Iowever, the .~i.!icon materfaL~ ~how a brger change 
in vulunw due to dwrge and disdmxg<: as ccmrparcd to th<: 
carhon .materials and thtirdin-e have a p.n!blmn of infr~rior 
cycle chm.,,cteri~t.ics h,cc;mse ofi.he pulwri;,,athm oLnegatlv,, 
d;;.,;.,,mtk c1,,tivc mHwri,ib, the ped~off from tx,udu.:tivc· 
net'Norh. or the like. 

! Oi106J Pa1,.,nt l.:ik~rnim,' I disdoscs ii n(maqu<c'<)tls dt'ctro­
lytc ~""''tJndciry hattt'ry inducting a !l"-1.?}rtivc dcctwd<: mi1-­
ture hiyer containing. a nm.crial ,;:onwining Si ,md O HS 

c,~11Si.irn1:,n! element;{ and g,mphite as nep,,11ive electrode 
at,tiv;;; nwk,rials and a ixisiti\'~ ekctm-dc mixrnr,, l;;yer 
contii.ning a !i1hiurn--!rnn~ition m1:,tal C<)mpositc oxfrk in 
,,-hich Ni, Mu, and the like arc c,s<:ntial (.'Onstimcm dem<:nl~ 
as H positive electrode a,;:tive material. lt is reported lhat a 
nonaqneou~ e.b:tmlytc secondary battery having hig,h 
1;.,ap~1ci,y and w,od h'1tt~,ry dian.Kt1;.-ri~tic~ i~ obtai.ut·J by 
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rcgLtfating !he proportion of tb,, nmkri.;J rnnt:iiniug Si and 0 
,i:; <::<ms!itllc.nt clements in. ii pnxlelffmin<.'<.i range. 
(00071 As a !<X'.hniquc for enhancing l)Utput di.ar;ictei-lstics 
of ii nonm,1u0,ms d(,rtr::,lyt,., s(,nmdary huikry., P,1k'nt Lii­
;;.~rnlllR' 2 ,fo,doscs thm ntg<i!iH, dcctrnd,, tab;; arc co1mcc:tt~d 
!o region~, set ;it hoth ends of ;J 111:,gative dectn:-,de plate of 
th<: nonnqrn.'ous t:']e,..,trn!yt<: :;.:.-c(mdary batti:'ry, tmc(mkd with 
a n0galive 0le~Lrode ;:1cti V'-:~ n1Ht~ria}, 
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SUJ\.llviARY OF JNVENT!ON 

[00 l O] The im-·entm\, have performed investigations and 
h;xve fo:rnnd ;J prohlem th;;! il1 th~, case of using silicon oxide 
as a mcgative electrode ad:i.H' umter:i.al. ,;:onm .. 't'liug a n1.1p­
tiv,, d;;_,:Jrodc tab to eadl. ol'hoih emls 1>ia negative electmde 
plat<:., reduce:; cyck d1.arnct1:Ti,tic:,. -rhc inventors have 
investig<ll<.'<.i the .:anse thereof and have found that an. 
d\'.X'.ttod.~ H$S.;.:~11hly i~ dt~frJr6'ned chH:~ to ch,u-ge/di~harge 
cydes. his coi;~,dvah:te tll;,t the dcfom:wlion of!hc ckctrnde 
asse.mbly inhibits a tm.iform ek<.'.lmde re<;;.~iion !o .rndrn.:e i.he 
,,yck, dmn1cteri,tk::,. lhi;, is ,1 pn:,blcm common to not only 
~ifa'\m b-u1 ,,bo silicon 1m1t..-riab containing silicon. 
[OOH] Negative ek,:.,1rodc t,lli$ ,,,)imc<:tt:d to n<:g:itivt d<..'C­
trode plaks ar,~ d,'drically cmmtx=kd tr, 1wg:,itivt' ded.rode 
"-'Xt('nml krminah. ln ttK' t·ast' of(, cylinJriC"al hancr_y, an 
outer ,;:an fonctions as a nega!1ve dei::trnde e1<lenml terminal 
;md therd,:-,re n~,gative ekx:tnxle ;abs (:om1eckxl to hoih ends 
of a 11<:g,,tive d<:ctrnck pla1<: ar,, !ix<:d m 11 bottom portion of 
tht' ouwr l,;in. That is, hoth ends of th-"' n,~r,,iiiv,~ ded.rode 
pbw arc fr,;,,d by th,, out;.:•r rnn an,J thct:d(.lrc an det·tr()dc 
-t1;;~etnbiy Es likely to be defi)r~ncd bt.~1Hlse of ihe change 1n 
volun1-L~ of a nt~gattv~~ <:.":lt~c ~n:)dt~ acti,..,t':' n1ah1ri~tJ d1.1e: to charge 
or disdrn(g.e. l.n p11r1ic:uku:, .; .neg;itiv<: d;;.'l.,Jrndt ,K,tivt~ nml<:­
ri,~! having a large c!;,m.ge .in volume due lo i.lharge or 
,fadimw,, like silicon matcri,,ls sud1 as sil.icon and silicon 
oxide is likely io c,;ms,' !he ;,l:,m-·,' probt<lm. 
(0012] The pre,,ent inveU!ion has ht'enrnade in view ol°lhe 
above circrn11;;;;mct,s ;;nd is inh.,nd,-x! to pnJvide r1 mm;1q1;e­

ou~ d,:;;tmlyte secondary battery having cxn~Hent output 
and ,,yde characteristics hy nc'<.l.udng_ the ddomwtic,n of ,m 
ek,ctrode ass,~mbly du,~ lo ;;harg,e or dlsd:w.rg"'· 

(0013] ln onkr 10 ~oh--·<: th<: ,ilJ,wl, pn)hkrn, ;i .nom,qu<:(>tl~ 
decirolyk' :.;e;;ondilry b,1ttt'ry ill.'l=Ording t,, ,m em brv:lim<:.'nt tJf 
the pn,~ent inH,nti1m inducks a p{>$itivc t'kctrnck' plate 
indllding ;J posifrve dt.>c!rode nwren! coll,xtor and "' posi­
tive electrode mi:<:!111·1:: Jayer, form,'d !1-K,reon. cnn!,rining a 
pmitivc dt'l.,tmde a;.,!ivt, rna1cri;it.; ncg.;tiv<: ck.:lrodc plak 
i11dudi11g a negafrve dectrode cmYent collector and a .nt.11.a-
1:tw dcctwde mixhl!-c layer, formed l.hCK'-)U, t·ontaining a 
n~G>;mh--e el<.'Ctrod.; ,K!ive ma.criaL a separator; a rnxmqtwons 
i!k-x,trof).,te; an onler c;m: and ;; sealing body. T.lm pnsltive 
d~'l.,t:mdc pb,e ,md th,, 11<.,g:itivc de,:,ro-de plat'=.' arc wound 
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with tile s,:p,irnl\)r tb,,reb,,tw<-:cn. The positive ck.-,.;tmdc· 
adive rnateria.l contain$ a lithium-nickel ,x)mposi1e oxide. 
Th,, foJ1ium-nid,d comp\)siK· oxide i5 r<•pn:·s,·nt,:d hy lhe 
formula Li_,Ni1,Co,,Al,l)_, (O<a:ol.2, O.ibb<l, fr<o:<Oi2, 
O<d<0.05, and b+c+d-----I). Th0 n0p,a!ive dectrrnie active 
m;Jteriat contaim graphitt' and a s-i!icon m;:iterial. Th-1:, con, 
tellt of ~ilicon oxide i$ 4':,,, hy mas;; to 2()'}-i, by mas~ 'Wilh 
r(.,,;pcc,i: to i:ho: ~um of lh,, rn~1:ssc~ of gr::iphiK· cmd sili,;;on 
oxide- Tile llegaiive denwde pfak• includes negative dee­
trnde cll.rrent colle.::to.r--1:'xposed portion;;. local<.:'t1 m· both 
enth thert'nf in a longitudinal direction, not (;Pver"x-l by th"' 
negative ekctmde mixtnrn layer The negative ekt,tmde 
current coll<xtor-exp,Jsed portions ii!\! t'ach comwcitx-l tu a 
negatiY(' eb:trode icib. 

!OH.t4J ;\ no.naqtK'OtlS dedro.lyte ;;ecnncfory banery 
~,ccording to a!l()tb,,r emlxidiment (>f present inv;;::ntion ,,an 
U$e a lithimn-.ni.:::ke! .:::ornpc:,~ite ox.id.::: rt.>prt.>;.('Hkxl by lh(' 
for:rnuta Li"Ni;,<:.:o,)\1/\, ((J<as ! .2. 0.88;,;;b<l, O<c<{).12, 
0<1J<0.05, and b+c+d•••1) as a tJilSitivc denrode ,.ictive 
m;;,teriHl 

!0015! A nornK{tl"-''-)-us electrolyte st,,,(>ncbry fnittc·ry 
a,:,:ording to anotber ernbodi.men:t of pre;.('Hl inv.:::nti1m can 
us,, ,, lithitmi-t1i,;;kd ,;;omj.><:>site QXide n:vn~seJHsx{ by the 
fomn1fa Li_,Ni1,Co.,Al.},f.,.(),_, (M is at k"st ori,.; d,.;meul 
~<:kctt,d from i.lw gmup consisting of Ft-. Cu,. r.-Ig, Ti, Zi: C"', 
and 'N; O<«s;.1.2: O.S:sb<l; U<c<0.2; O<d<0.05: O<e<O.OL 
and h+C'.+d+e•cc.l) a~ a po~itive dectrod.::: actiV(' rnmeri,il. 

!OHHi] A nonaqucom; ,:kctrnlyte s;:coml;,ry lx,itery 
according to ,mother emhodim,mi of prn.%1nt i11vemion ('.<Ill 

us•~ a lithium-nickel comp,Jsitc ox-ide r,'pr,-senkd hy th,, 
formul« Li)',ii,\.Co,.Al)'Vl/\ (i'vl i~ ,,t kiisl one demt,nt 
seleC'.ted from 1he group con~isting. of Fe .. Cu, Mg, Ti. lr .. Ce, 
and \V: O<::is;l.2: 0.8Rdvl: O<c<0.12; O<d<0.05: O<c<O.OJ: 
and b+c+d+e" l ) as a positive e!ec,rrnk ;it,ti vt1 1na:ttlriaL 
f 01117J Sil.icon and sllimn oxide can he used a$ n $llicon 
rn,Jtefi~iL Sifa:()n 01'ide -u~ed i~ prckrnbly ~itirnn (>Xidc· 
_rep.re~cnted by the fonmil.a Sir\ (().5,s:x<U.>). Silicon crin be 
n~~,d Hlmw .:md is pr<do:nib!y u~d in ,he fr,,m ofa LOomp(JsiTe 
of ,;ilirnn and grnphi!t, or !ithim11 sifa~ik repre$@k,d hy !lK, 
fornmfa L-l:,.)-,iO,:::+,,; (0<:r.<2). 

!iHil 8} .According lo ,m enibmiimem (>f the pre$en1 inven­
tion, H mm.aqueou~ dectmlyte s,-condary battery having 
excdkut tmlpnl and cyde dxin1cte1:i5tiLOs c,m b,- pn:,vidt~J. 

BR!EF DESCRIPTION OF DRA \.VINOS 

!00191 Fl Ci. 1 is a ems$-~ection;il perspective -vit,,v or a 
nom,qn,,ous ckctrnly1c secornfai:y bancxy ,icconling 10 ,1n 
c.mbodi.nKnt of the p_rt,,;"'nt i1wcntion. 
(0020] FICi-_ 2 is ;i phn view nf a j10$ltive ek-ctrnde i,l;3te 
at:t:,xding \() an emh()dim;:nt of tli,, pre;;eut in1:ention. 

JOil21J FIG.Ji~ ;1 plan viev<' ofa negative ckdrnde pfok' 

,K.;;ording to 11u o:mhodimem of the present iuvemiou. 

DESCRWTION OF E!I.-JBOJ)El,--!ENTS 

!00221 Fmhodim,mts of lhe prnsmxt .inventio11 m-,, 
d1.:-;;cri.b-1:,d in d,,t,,il u;;ing ,:xp,·rimem c>,ampks. fh,· prc,cnt 
fove.mion is not limited to 1he ernb,x!irnents helmv. Modi­
fic;ition,, can he ;ippropri;;k-ly m;Kk w.ithom departing frnm 
,he ~~'OP'" of ,he p.tt,,~•nt inv<-'ntion, 
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Experimern Exmnpk ] 

(0023] {Pn,par<1tion of Positive Ekx,trode :\ci.iv(;.' !\·fakrfol) 
[0024) Lithium hydroxide wa~ mixed wi!h n nickel rni:n­
posi1e oxide repre.sent~;l hy Ni:,.&·:<'c,n_, ~Al,,_c,'.,O,, ,;llch thai 
the ratio of ,he m1mlwr of mole~ of !ithi1.1rn 0kment to th~' 
total .nmnbt,r <)f nwk~ of met,!! ;;.'krnents in th' nid,.d 
composlte mdd,, 1v<1, J .025. This mixtrn·e ,vii, fiRx{ ;it 750'· 
C. h.>r 18 h,)WS in an o:>,ygt'n atrno,ptK':r<:, wh,,ri:·by a 
lithimn-nickd (;OJXrposite oxide n.r•re$t'nl(;.'<1 by LiN\, ~/\\, 
i ,Al,,.,,i\ was pn.~par,:d. 
(0025] (Pn::p,u-ation of Posiliv;;.' Ek~·1rn-Je Pklk) 
(0026] The following nrnterials ,,,t,r(;.' mix<Jd t<)geiher: 100 
p«rts by mu,~ ofLiN-i" ~_,O.\, ,,,Ale'·"°-" !K'rvin.g ,is a f0:>,itive 
electrode actJV(' material, .l part by ma;;s of ,icetyle.ne hlad:_ 
s;c:r,v--ing tis; ti cnndn.ctiVt.! agt~n.t~ ;u1d 0. 0 parls by rna$S of 
polyvinylidcn.:: fluoride (PVDF) s,,rving ,1, ii biudiug :igt,nt, 
Th-is milame w;is pnt into N-mdhy.l-2-pyrn,Jidom:, {NMP) 
,,'rving as a dlsp,1rslon m.::-d.ium, followed by kne;,1;.hng, 
when-by p,:,,iiive ekx:tmde m-ixtm,' s]urry ,mg r,rei,m-ed_ TiK' 
positive ei<Jdmde mixmrt' slurry was uppfa·d to both sm·­
fo,,cs of a p,)sitivc dcctro,;k ~·m-.cnt collect.or, m;,de ()f 

alm:ninium, !mving a thkkne;;;; or J.5 pm by a dm.,1or bl-sde 
process. i<s,lk,w,x{ hy drying, v..-hcn,1hy positivt• electrode 
mixture byers 23 ,,,.-er-.' fomw,l. ln ihi, operation, ,l i,ositiv-.' 
d,xtrod<J ctln"(;.'nt colkrtor-expos,x1 portion 24 not cov(;.'rt~d 
by tht, pm,itivt, ck('.!n!de mixrnr,, fay;;::rs 2J ,v,i;; se1 at ,1 
po,;ition .;;rnTes1xmd.ing to ,m end portion of' ,l compkled 
po~ilivl' dlx:trodc plate 21. The positive declmd,, mixt1in:: 
l;Jyers 23 were cmnpre~sed with ;J roller and we.re cut In ;i 

pred<.'krmlm,d S!Z(;.' FinalJy. a po,itlve dedmde wb 22 mmk 
of ,iluminiwn v,·,,s l"(mu,'l,tcd to 1hc positiv;;:: ek,,tnx!e cw-, 
rent collector-expos(;.'<.{ portii!.n 24, whereby the positlve 
dcctro<l<:.' pfott:· 21 was pn::parcd [i& sh;.Y,,'n in FIG. 2. 
[0027] (Prepam!:i.on or Ncga!:i.H' Ekctmd,;,;\ Axtive 1·fate­
rial) 
JO(r28] A ~ilicun inakrial med \Vas ~ilicun oxide hm·ing 
the composifam SiO kon-es_ponding to tbe :tcmnn!a SiC\, 
wh;;-rc x-,-,-1 ). SiO w,is heated in an inen gas atmosphere 
,,o.nwining a hydrncm:bou gas and partid,:s of SiO ,v,:rc 
snr!hce--coakd with carbon hy a chemlu,! vapor depo,ii.ir,n 
(CVD) pmc,:ss in mch a manner th«t tht' hydrocarbon g,1~ 
wa~ pyro!:rzcd. 'IJw coating amount of carbon 'Nas 1 ()"!.-;, by 
mass with 1<.,sped to the m.«os ofSi.O. Next, th,~ SiO particle~ 
,,,,at,:d \.Yilh c:Hhon w:,s su~ject(:d ,o a dispf()porti(,mi!ion 
rtcaction <1t l .(H)(l'' C. in an i1wrt gas ilimosplwn.' ,uch that ;i 
fin,: Si ph,m, nud SiO, pha~<.:• were formed in the SiO 
particles, folk1,vicld by d;,ssifa'ii!ion to a p_1\ldctem1irn."'l par­
t·ick ~-iz~\ whereby S-i<) a;;e.d. for a !lx\gati"\ic dectrnde acfrve 
mmt,11al Mis obtain;;.u. SiO ,v:,s mixed with grnphitt, sud, 
that th<J ,·on1en, of SiO ,ya~ 5')·-i, hy nw,s wiih respeci t<J tht' 
mm ofth;.:• ma&scs ,.,fgrnphiw and SiO, ,,·lK,rehy the ncgmivi:' 
d""-'fmde ;ictive material w;is prepared. 
[0029} (Pn,,psr;,!:i.on of N(:g«tivc Ek,,tmdi: l'hiti:) 
[OOJO] lnto \.Ytit.t,r serving as ,1 di;;pcrsion medimn. 97 parh 
by ma.% of the tK'gative d,:,ctn,cfo ild.ive m;ikri;~L ! .5 parb 
by nws& of carh,)xynwihykdlulo~t· {CJV!C) ,i:·1ving a,; a 
lhid_ening <1gent. ancl .l .5 pm:1;; hy mass of slywne-hut,idien.e 
rubber (SBR} serving as a binding agent \,--,~rn pm_ followe.d 
by kEK'ading., whc.rd}y nq:rntivi: dl.-,.;trn<k mixtur<: s!u!"fy w,fa 
prs1pan,'CI. The neg;itiv-.' de ... ,i.rode m.ixturx' slmTy was appli,'(f 
to both surfarc,; of a ncgmivt· dt,,,tnxk (currcm tdk,,tor, 
made of .:opp er. having.;, thickn.;s;; of S i1m by;, dm.,ior blade 
pmcess,. follmVt\d by drying., whereby negr,!.ive dectrn,k~ 
mixmr~, lciycn 3J IH'l'l' fonni:d. 1n thi); opernlion, negatiYi:.' 
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ck~,tm,k current 1:olki:tN~Xf)(>&ed fK>rtion..~ 34a ,md 34b m~t 
c,)v.:red by the negative ded.rndc mix layer~ :n we-re set ,ii 
po~ition~ cwrcspomling w both ends of a ccmrpkt.:d nt·ga­
i:i vt, ckdnJdc plat.: JL The nq,\ativc dcctrodt, mi~;lurc 
lilyern :H v,0.m compn:~SS<.:'<.1 with a mlk,r and W<.:,re cul 10 a 
_pr<.:xfotermirnid size. Finally negative dedmcle J;3bs 32a and 
32b w<;,n:.: comwct<c'd to the negaiiw d<.:'<:'trode cunen! col­
le.:tor-(:Kposed portions 34a and 34h. re$pe.:;ivdy, whe1'<:,by 
the negative electrode plate .H wa~ prepared as shown in 
FIG. J. Tk nq~~tfr,.: ekctn:itk ;ab 32a wa~ lD<::atc·J on the· 
winding start sick ()fthe ncgmivc ~,k-ctwd~, pl@:: 31 .ind was 
made or a daddillg .material having a nkkcl-copper two­
hiycr ;;trutt<lrt,. Thi.:· ni.:-gativc dectwck tab 32b w,1s h~,1lt•d 
on the ·winding end ~ide of the negative dc-ctrodc plate 3.1 
and wa& m;Jdc of a dadding ms1kria! hs1ving a nickd-,:opp(;'f­
nit,kd t!iree+iyer slrnct11re, 

!00311 (Pre-parntion of Ek-x,trode .'\ss,~mhly) 

!OH.ti) The posi!iv(: ek:c!rode plate 21 and 1K,gativ0 dec­
!n,ck pbtt, :H pwpart-xi as d<c';;,,rih,xi ah,we \V<.:'l'<c' wound with 
~• scpm,,tor 11, compH$ed of a rdycthylcn~, micrnporom; 
.rnembrnne,_ thernb1:~!,V<.:'<.:,n u;;ing ,l cm~ bar,_ followed by 
removing the core har, vdic-rcby Ml d,-x,trnd(;" n~sembly 14 
h;lving a ilo!low poniofl 1.5 w;i~ prep<1red. 

!0033_} (Prq,:mnion of Nom1qu,,uus Elc<:trolytc_) 

!0034] Ftbylcne ,,arbonme (EC) ,md dimethyl carbonate 
(DMC) ,ve1\"' mixed at a volume rntio of 30:70 ( l atni. 25'' 
C.). ·wh,c.reby a n.011,i.iueous soh.'e11t was prnpar;;:"1. Lithium 
h,'xailuorophosphate (LlPF.,) serving,. 35 an dcctro!:yt<o salt 
wa~ ;_fo;soh·ed ixi the nmmq,1e,,us ,mh'~'llt ,it a <::(>Uc,,ntratirni 
or l mol/L, wbereby a mmague(m~ electrolyte ·w,Vi prepar<.'<.t. 

!0035] (Prcpamtiwi o:f Nonaquemis Elcc!rolyt,.; Sernnd,1ry 
Banery) 

!0036"! An ·upper insulating plate 12 iiud ,1 lmver in,;,1Jating. 
plale B were provided on the tnp and bottom, respe<.=tively, 
of the de<:trodt, a%<:mbly 14. Next trK· n<,g,1tivc dcclwck 
t.,ih 32a, whidi was com1ec!1;..'d to the wi.mli.ng_ stm:1 side of !he 
nqi,a,ivc d<.:'<:'trode plate .31 ,_ was hen! i.t, the cenirnl dlrect.ion 
of the ;;.·k,,trod~, ~1%,,mbly 14, Thers,a!kr, th~, m:gative c·kc­
trode tab .'Jib. wh.ich ',Vas com1ect<.'<! to the winding end side 
of the negativt' ck-ctrodc pbk JL ,,·as ht'nt so s1s to ov,~rbp 
the ncgmiv;;.· dei:,roJc !,ib 32a at the c,,nter of ilw dcctroJe 
H~semb!y 14 and tht,de.::trudc as5,'mbly 14 wa,; hoti~ed in an 
(H.llcr <.:an 18. The 11qpliv.: dcctroJi.:· wbs J2a ,ind 32/:, wert· 
welded to the orner l'<lll l8 by resistaiKe welding using a pair 
of dectrodt-s, ln particular, O!k~ of !he ded.rodes was 
ins.:rlcd int,) the hollow ponioll 15,. which C()rr<:spondc·J to 
H con: portion of th,, dectrude ass<.:'mbly 14, ~o as 10 h,, 
lorntcd on the ncgati n, dcciwdc tab J2a, th, lJtll"-,r ckx:tmdt· 
was app.lii.'d to the ci.'nter of a bott:ompor1io11 nfilw outer can 
lR_ and n vnlt;ige wa~ applied hd,Neen 1h0 ek-ctrode,. Thi~ 
allowed a l·,mt.id be,,,-wn ,l nickd lHycr of the nc·gative 
ek'<:'trock tab 32,i Hnd a nickel layer ofth<c' ncgm.iv"' ek:ctrod,' 
wb 32b ,u1d ,i ctml,l;.,t bd,vecn a 11:ickd fay<,r oftlw m::gmi,·t· 
eb:trndc .ab 32b and the bottom poMion of the outer can 18 
to he ·welded. The _pn~itive cledmde H1h 22 w;3~ cnnneckd 
to a scaling. body l 7. After !he no!1aqumus ('k<.:trolyic v,-as 
poured into th(: outer can lll,. th(i seding body .t 7 \:vas fixed 
to ,ui opi.:·;iing ofi.hc tmlt,r c-an 18 by ~waging with ,1 ga,k.:t 
Hi therdie1wcen, wberehy a nonaquernJs eb:!mlyte se;..,o.nd­
ary battery 1il having a dfomder nf rn mm ;me! ;i hdp,hl nf 
65 mm W~lS prep.in,-J a;; ~lK>wn in rlG, 1. 
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Experimcrn Exmnpk 2 

[0037] A no.naqncmis cle-.,tro!y!e ,('condary batlc.ry 
m:cording 1o Expt'rinwm Exampk 2 ·w1o~ pn.'parcd In suh­
stmitially tlK= ~mm., manm.,r a, lhat u,t'll in Experim-.,nt 
Exmnple l cxl,ept for using. a lithin.m-nicke! compnsite 
O);ide repN~se.nti!-d. by LiN(, ~0 Co,.1_,,.9 .-'\.l,.1_,./\ ;is a posifrvc 
electrode anive .m,itcda!. 

Experiment Exmnplc 3 

[0038] A. nom1gucrnis ek'>.,tmlyle ,ernnclary bane.ry 
Hcc,xding w Experiment Example 3 ;.vas prepared in suh­
sta11tially the same m1imier as ihat used in Experim¢n! 
Exarnpll) J excl)pt for ming " li1hirnr,-nkkd er,mp,Jsite 
()Xide R,pn,•;;c•nted by LiNi,,.,>ic·o,,",.-,Al.,.,,;J>, a;; 11 pn:;itive 
dc-ctrode <1c1ive material. 

Expe:1·ir.-i<:,nt Ex,,mpk 4 

! 00391 A nomiqut,ntis decl.rc•!yK· ,ec(,mfary battt·ry 
according 10 Experiment 1-:,:«imp!c 4 ,Ya~ prepared in ;;ub­
stanfoilly thi!- sam~, 11rnnn~,r as !hat u,ed in Exped.men! 
i:-:.x:irnpk 2 l'-"'>Cep1 that il1e ,x,nknt of SiO ,v,i;; 4'},, by mass 
with. respect to ,he ;;um of the tmis:,es o!' graphiie and SF). 

Experimt'llt Exmnpk' 5 

!00401 A nonaqtitx,us ekdmlyM secondary b«tt~'J;,' 
according I\) Experiment EK<nnpk 5 ,v:,s prqxw,::d in ;;ub­
stamially i.he S<l.mt' nw.11tK'r as 1h,~t ,1st,d in E);perinKrn 
E;;nrnpk 2 e,'>cqn that tlw ,x,inent of SiO wa, 7%, by mas~ 
with respec1 to the sum of thi.' mass;.;>;; of gmphit;;: and SiO. 

Expe:1·im<:,nt Ex,,mpk 6 

!_0041] A n<)m1qn,x,us fl0dmlytt' ,t,fondary batkry 
according_ 10 Experiment 1-:,:«imrk 6 ,Ya~ prepared in ;;ub­
stanfoilly thi!- sam~, 11rnnn~,r as !hat u,ed in Exped.men! 
E;;,arnplc 2 tx,,,,pt tl-wt thi,;' coment ofSiO was IO'}·;_. by mas~ 
with. n,'specl to tht, sum or the m;,s,;¢,; of graphit¢ and Si(.1. 

Experimt'nt Example 7 

[0042] . .:\. nnnaqneoBs ,d.:?-ctrnlyk ,ecnndary hatkry 
according I\) Expe6mcnt EK<Hnpk 7 ,v:,s prcp:ired in ;;ub­
stanlially tlli.' same manner as iha. u,ed in Experiment 
E;;arnpfo 2 excq)t for using pnlycry~t,,!Jini,;, silkon (Si) ,vith 
.an av~rag~ p;;-=.rtick~ diarn.(~t~r {1:nedl~ff1 di~inK~ter {)50) o:f5 1-u-n 
lmtead of SiO co,~ted witb farhon. 

Experimi,;'llt Exampk 8 

!0043] (I'reparntion or Silicou-Grnpll.itt' Composite) 
[11044] In ,i ni1n,gen ,,tmosphcre. mom)<::ry;;t~,HirK· Si par-
1idi.'~ ''-'ere pnt inm nwthylnaphlkdi.'ne serving a~ a solvcni 
tog.efht~t \Vith a het,d rrliH and 1.\/t~t<.:"': \VC:i~n1Hkxl s:.o as to ht1ve 
au ,H'i:'.Higl, pm'ti,,k diameter (m,,dimi ,;fo"m1<.,kr D50_l of 0.2 
fHn. wh,,rd>y ~ilicon-c,Jntaining s!un-y was pr,:pamd Grnph­
itc panick·s and carbon pitch 1-,-ere ackk,d to th,, si!i,,,,n-
1.,oniaining slurry._ followed by mixing and carbonizing the 
carhon pitch. The prodnd ,v;is classified so ,,, to have ;J 

partid.: ilii,mctn in 11 pn.·;ktcm1ineJ range, followed by 
adding carbon piwh. Th,' c'.i!!'hl).n p·iieh ,va~ cm:honi:i:ed, 
wh;.:•reby a ,ilicou-grnphiK· wmp,),-iti.:· in whidl tho: Si par­
lid;;~ an.d 1hc grnpM,i.' pari-kle;; ,,,..-ere boBnd with atlJJ)rp!mns 
carhon was pi-epm·e-d. TI-K\ rnn:iiini ofsilkon in this compo,­
it~ \\.";.:t;, 20.9<'.,..,) by fUi,l;;.~, 
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!0045! A nornK111~-xrns dcctrolyw st,,.x,n,.ko:y fnittc·ry 
according lo Experi.ment Example 8 \,;as prepared in $l!h­

stmxtic1Hy the samo: niamwr as that used in Expt,rime!ll 
Exmnrk 2 t,xccpl lhr using !he ;;Hit:on-gxapJiite ..:omposite 
prcpm.·cd as de,cribed ,1hove insle,id nf SiO co,111.:xi \Vilh 
carlx,n. 

Experiment Example i.> 

!0046) (['reparation of Sifo.,on-L.i!hium Sil.it:<1ie Compos­
iv.:,.i 
!0047! In m1 i.m,·tt g.as tttm(>&pli,,rc, Si pHrtidc:s and fohimri 
sihcatt, (Li1 Si0.,,) p11rtides ·were mixed m a mass rmio of 
42:58 and the mixtun: ,v,is milled in a pbn,·,ary ball mill. 
Tbe partides m.ilk·d i.n ihe i.nert g;;is a.1nosphere were iaken 
,ml and ,\'de then he,il-ireak'-d at liOO'' C. for 4 hom,; in rin 
inert ,ps atmosphere. The heuHrcmt't'I rrnnicks (bcrciimfa,r 
referred tow; ,he core partides) were milled ,md v,-e.re mixed 
with ,::p;JJ pitch, foUo,<,t'tl hy ht~a! !l.::a!ment ai. 8()0'' C for 5 
hours ill an inert gas atmosplwre. wherehy a eondu,,tiv,, 
layer of ,~irbon \Vas formed on ihe surfoc,' of each con,' 
partidc. Tk 1:011tent of em:b(>n cont,,inc:d in Hw ,,(,mhKlivc· 
fayer w;is 5'}1, by mas, with resp<o'<.::t 10 !he sum of the .mw;ses 
,,fHw (:(Jr(, p,wtick and th,' eondt,etj,,.e by,~r. Finally, the coie 
p,inick~ wo::re dassi!kd, whereby a ;;iJicon-lithimn :;ilirnte 
composite with mi avewge p,1rt-ide dimne,er of 5 µm was 
(>tlt,iin,xt 
!0048! 
!0049] 

(Analysis or Silic.)n-Litbi-um Silicate CompDsite) 
A cross section ,,f th,, $ilkon-fohim:n ;,iJic.ite .:01:n-

posik was ob;;('tY('d v,,i1h ,l ,;,,;mning eketron mieroscope 
(SEt\,f}. As a resull. lh,, av,,rng.e diam,'ter of ihe Si particle, 
contained in tlK> cnmposite was k,s than JOO nm. Furtl:ier, 
rnDre .. it ,vw; ,,ouJinm.'>:l that !he Si partides were llniformly 
dispersed in H Li~S:iO) pl:w~. In an XRD paUcm (Jf !he 
~ihrnn-lithium siliea!e ~-s.Jmpc,;;he, a dilli:a..:lion p1::1k 
11,signcd to ,,,1ch of Si and Li,Sii), was oh,.,:r1..-~"1 ·nie full 
width at half imrnimum of il1c plane indke~ (11 l) of Li1Si(\ 
thal was !hurnl al 20 <ff' in the XRD pattern \.Yas 0.23}. l.n 
th-i XRD paB,'m, !l\1 peak as,igiwd 10 Si<\ was ohs,'rv1.,-d. 
Tile "'onK'llt of' SiO,, measured by Si-NMR was below the 
lower limit of ddec,ion. 
!00501 A ll(m.1qw,xiu~ dccm:ilytc secondary lmttt'I'}' 
according 10 Experi.ment Example 9 \Vas prepared in Sl!h­

~tant.ially the same m;mncr as that u;;cd in Experiment 
Fxmnpk 2 cxn,pt for ·u;;ing tk &ilicon~lithium ,;i)i(."a\c 
composite pn;,pared a,; ck,cribed above in~iead of SiO 
coai:cd ,vii:h nirbon. 

Experiment Example 10 

!iHl5lj /\ mrnm.Jucous ckctmlytc: ;;c(."ondat'}' b,lllcry 
Hccord.ing ,o Experiment Example 1 () wa~ prepared in sub-

E:i-:;x:.riJJJ1.'.:'H1. 

Ex::m:~pk ~ 

t:.xp,::-rinl..:~1~:-­
Ex&.~~~ph:-- ~'. 
}~Xpt'(illl-::J~!· 

.Ex.J:mpk:3. 
E:i-:;x:.riJJJ1.'.:'H1. 
E_.,.;::e.m.pi.::.4 

4 
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~1,mfoiHy 1hc s<mw rn<mncr <'~ tlmt used in Exp,,rimcn! 
Exampk l cxt,cpt that the content of SiO ,va~ 2%, by mass 
wit.h rc,peci to lJi.:: ~um of the mn,s,', of grnphiw ,md SiO. 

Experiment Exampk 1 ! 

f.0052] A nonaq1xx,us ,:,kc1mlyk' ,,,fondary batkry 
,xccordlng to Expt'rinwnt Eirnmpk, I 1 ,va, pn;,pan;,d in wh­
s1m1tiBHy 1he ,;.;mw m,m.ncr as that nst-'<.1 in Experimenl 
Exmnple l ex~>ept for using. a lithin.m-nkkel compnsite 
nxidj;;~ represe.nlt.'d lry I..5NB'.-}.:':C~l\}.~•/V{n'.}.;/)_~ as a positive 
dl'<.>lrodc ,,c:tivc ma!ic'rial. 

[005:ll A nonaqueous d,,,.;trolyte ,t't>ondary battery 
Hccord.ing to Exp,,rim1.:·nt Ex.«mplc 12 ,1.·,i~ prq;ar~'iJ in sub­
slantially the ~am1.:· rnan.n1.:T as that u,;ed in Exp,,rimcn! 
Exampk l ,:,xci!pt ihat <1 IKJ:','lllve d,'<.,trode tab 32a w,is nni 
connt~ct.e.d tn ti 1tt~g:itiv.e, e1eri.rode rn.rn!ni ci:Jl lt':'cto.r~t~Kpost-xl 
portion :l4a. 

f.0054] (Cyck T,:,st) 

f.0055] Tb,, h!i!kry ac:rnnling to e-ud1 of Experimeni 
Exampli!~ l to "!2 w;is ch;iTg,x-! wfrh a cmisiant c1Jr1·ent of 
1,500 m/,, in a 25"' C. ~,i.win,nm~,n! until the voltage of the 
ba1tery rem:h,'d 4.2 V. Tbere:dkr, ihe batkry was ,>harg,xl 
with a cnnstan! vollagc of4.2 ~..' ,mtil th,~ current reached 60 
mA. Nt)Xt, 1he h,ntery i,;vas disdrnrged with a ,>o.nstant currcn! 
()f JO A tmtil t!K, batlcry vo1Wg<:: R:c,di;;.-J 2.:5 V. Tbt, dmre:c­
disd1argc w:1s r<::p;;.'<ncd for 100 cycks. 

(0056! {M<c'asurx'-111@:t or Cross.Sectional Area or Ho!l1iw 
Portion iu E!enrnde A;;;,t'mbly) 

[0057] A cross seetion of the bmtery· ac .. ,m,ling lo each of 
Experimcn! Exmnpks l w 12 ,vas plmtugraphcd by X-rny 
,,ornpweriz.ed lm:nogr,1phy (CT) before ,,nd ,r!u,,r a cyd(' lt'~t, 

the eros:; seetion heiug perpendkn!ar lo !he winding .ixi~ of 
the cfo,,trodc asst>mbly 14. The cross-s(,ctlmwl mt'-< of the 
hollow portion 15 of th<:> ba!.tery w,J, mt·mmred. from mi 
ob1.:1int,;,i pho!ogwph. Ihe dec!md<:> ,i~sernb!y stwir1 ,w1~ 
,,;1kul,1tc<l from !lw following ;;.-q,mti(>n using llw cros,;­
S<.'<:tiorwl ,m,a ,\ ·! of the hullow pmtion 15 bd,,re i.h,~ ,,yck 
k'Sl and th1.:· CH.1ss-~ectiom,! area A2 of the hoHow portk,u 15 
ailcr the q-de test: 

(0058] Ohtain,xl results an;! ,1.unm,.riz.:d in Tabk' l. 

P-!;,~;t.,n; 1:::-k,::1r1)de 
~u;t_ivc m . .::tt{.'::)iJ:! 

Y\,hy 
.fH:1:.;:,:::; 

Hl:a .• ..;;:~ 

-;.•~·i1 hy 
H.t:l~•;. 
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Fxp~ri:-:-:.e-"t;.t 
E,,,t..:.:ph, .' 

I>rpr:rir:'!•Ci:.i! 
"xv•··i+· '' 

1::;1,,,p:.::;-i_;_;_;~.r:t 
Lx ... 1:~~rk ? 

Fx~:.::-tJ !'t!i.::t~J 

E .. t..~1.:.:.:{.tk 8 

I>rpr:rir:'!•Ci:.i! 
t:x,~·,,plc ,, 

f:.:..t...pr.ri,.:.:<:.r:l 
.E-:s.;,rnpk !{: 

1:xµ~r1!T!i~I:J 
tx,m,;;k Ll 
.Ext>t~rir:-:,:::.,; 
E~._:irn:pk ~ 2 

r-~).~jija:.·i~ d,.:X.:fi~~-t.'t-t' 

:~6,:1.,'t:" :::::,:H,::F•>ll 

Si -~~~}.phjl(:: 
(.c•nlp{:~lft: 

~,.L,.:SiO, 
.;(:inp,.x~it~· 

:-:-:i{) 

S,O 

:5%, ~~y 
n-1.;~~ 

y:,~ ~) 

5~•:i by 
m.x:.:;s 

!0059] .As .is clear from ·nible l, Experiment Examples l 
to 10 cxhihil red Beed dec1rod12 $;,mnhly ;;1rain as compared 
to Exr~,rim('lll Exampk, ! I . Tl!i, result shows thai cobalt aud 
alumiflinm fleed 10 he constitmmt ekmK,nts ill" each liihimn­
ni\.,kd cnmpl,sitt· nxick. Tht, reason ,vby the· ek.,,,_,tmdt· 
assernhly strain .is redm.,,x! is not dear hut i;. p.mhahly 
bccatJ:'>e a posh.ive electrode pli!l<.' containing ,l lithium­
~,;Jhall ,;:mnp,Jsite oxide t'>mWining ,'<Jbalt and alumiHinm ,1s 
a posi1ive dectrrnk ac,ive ma,t,1-ial e:d1ibits the physirnl 
dfoct of buffering il1c deformm:ion of a ncga,ivt, el,.,,,_,trn(k­
d,i~, w dmrgc nr disdmrge. 

!0060] Comp;;ring resuhs of F.XfK'.rinwnt Examples J to 1 
sihJWS that thl, i11cr,~ise in ni,,kd content of t:,w.;h li!himn­
nickd eomposik oxide n.iduws tlw dt~tr<)dt, assembly 
strnin. In prn-iicular, Experiment Exampk' 3. in which th(;' 
nickel cnment o!'ll10 H1h.imn-nkkel ,;:ornpos.itc oxide is 9l'l•i, 
by moh.,, <ixhibits an ekx:1rode ass,m1hly sit,lin substantially 
equal to 1h,rt or Exrerim('nt E~ .• irnrlc ! 2, in whidi a single 
ll,"J!.a!i've electrode i;lb only is 1;1s,,d. The mason for this i~ no1 
ckar btlt is probably a~ fr,Hows. \Vith the incre;:ise in ,,onknt 
of 11i,,kel, a NiO phii;;~, is hkdy !() fK' formcd (,n the smfa(:c· 
of;i po~H:ive dec1rode ;ictiv0 nrnk,rial. The NiOpha~e a!Kxt~ 
thc ck.-;;trnnil· cond1ic1ivity mid ionic condunivity or i.l 

frtilium-nkkd composik o:dck. 'I11erdi,re, the incrn,1~t in 
,unouut of ni-:ckd al:!h,ts th<:., behavior of ,i H<,g,rtivc ekx:tmdt· 
iH the fimil stagp of charg(' or di~,;:harge .:omrolled by th(' 
b>l!tery voltage and acts tn n::dtK,~ 1h0 deforrnai.i(rn of an 
dcctn:,de ,w,<:.,mbly. However, l\4n in « positiv,, electrode 
ac1.ivt, makria.l Sllpprc$st,s the formation ofNiO. Ttmrcfo.m, 
t!w ek'.1.ctmde ci,;s<:.:mbly strain <.Jf ExiK·rimcm Example 11 is 
probably incrl,;1,l,J. 

!006.1] Frnm the above result~. the conteni of nickel in a 
litlfrum·iri,kd t:()mp(i~it,, oxi,k is prckrnbly 80':Vi, by mole 
or mo.re arnl more p.refr,mbly 88'\{, hy rnok or morn .. 
!00(i21 c·omp<1ring rewlts of bxpe,irn<,nt Exarnpk$ 3 to 6 
shows tbal the incre;ise in contenl of SiO incre,1s0s lhe 
elcctmde as.~embly stmin. \Vith ihe im,;-e.w;e in come.nt nf 
SiO, whidi vari~~.; g:rellt!y in volume during di.arge a11d 
,fochurge, ,he iflcmas,, of the ekctmde assembly strnin J$ 
iut.,vitc1bk.. Hov,·ev<:.,r, <:.,ven wIK'll the cont,·nt of SiO i ~ high, 
the folbwing dk-ct is exhibited: the effen of redlJcing. lhe 
elcctmde a~sembly ;{lmi.n hy ,rning ;i pr<.:'<leit~rmini:."ii lithium­
nickd ~,omi.x,siK, oxi(k for a silicon nmtcrial in a Hc·g-itive 
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dectrod.: m.,i:iv.: material a;; a positive dcctrnde ;Jctive 
ma1eri;1l. Then.,for~\ the upper li.mit of the conknl of SJO ls 
not pm:1icularly limited m:id th~- con!em of SiO is pr('fornhly 
20':.,,, hy m;iss or liclss wiih respc.'Cl to th;;, sum l)f!hi.l ma.s~i.l~ 
ofgrnphiw and. the ,ilieon nwtt.,rial and more prdi.,rably Jl}".{, 

hy mass or ks.s. The lo,ver limit of the conlcnt of'SiO is abo 
n.01 pm,icufarly limited .. In ,,rder to obtain ;; hJgh-u,p;icity 
nonaqueot1s dectro!ytc secondary ha!tcry th~, t,omen! of SiO 
i~ pr~:fut;1b~y 4{}{., by n1::tss t,r .rniJre. 

(0063] bxperinwnt Exampk~, 7 to 9, in ,,:hfoh silicon or 
the composilc conlaining silicon is u,t.'<L exhibil ;:1.n ekctmde 
asscrnl-lly ,tmin .suh~unti;;lly ~·,qm,! to ihat of Exped.menl 
Fx,mirlc 2, in whkh SiO is used. 1.n the ca;,(' of using ;;ihrnn 
:ilo1m or in. th,' form ;)fa rnmtJ<)Siti.l as di.l~crihed ab,we, th,, 
ck,ctrodc ;cis~,JJribly stwin i.;. :rnpprc~sed as i~ the Gl~~' with 
SiO. 
[0064] Tb,~ embodinwnh of th,, p1.l,~nt invention at,~ 
!iJ.rlher describc'd vvilh rdi:-re!K'i.:' lo the above c'Xp('rimenl 
rnmi.lt,;. 
(0065] A lithi1Jm-nickd composi.t~' oxi.d,, serving a,; a 
po,;itive dcc1rnde active awtcrial tlt'<:.'<.is to -.,,mwi.n cobalt and 
alllrniniwn a~ rnn.stitl.K'nt dem,'111:,. The nickel ('O!ltem ofHm 
lithitmH1i~'kd ,,ompm;i,e oxide is prefornbJy 8m-·;, by mok 
m more. Thcrn:lbrc, a li(ttinm-Eiickd composite oxide 
,K,ortling to an embodiment nfthe pR,,;en! invt·ntion t·an ht' 
rnprn~en:tcd by the fornm[,; Li,,N\,Co"Al,,.(\ (!3':~i:s:.1.2, 
0Jh:h<l, (i<{.,•<-·0.2. 0<d<0.05, ,md h+c+d,,,1). 
[0066] 'HK, n_,~til!s or the ;;.·xperimrn! exampk:; show 1ha! 
the 11i,,kd content of ltK, !ithiullHlkkd c1).mJ)<)$ili.l oxide i~ 
more prd<::rably 88~.,:, by rnok or Ul(>n::.11,c·n::fort·, a l.iihiurn­
n.ickd composite oxide ,~ccording lo another tlmbodinwni of 
!he pr.:.,;;e11t in:vt,11iio11 can b .. , repres,~nted hy !he formula 
Li,,Ni,,O\A!,,Oi (O<H:sl.2, O.lH-,:sb<L O<c,,n.n., (hd<0.05, 
and b+c+d" I}. 
!00671 ln the· above forrnula5, a, whid1 n..11n::,;t.,nts ih(, 
contcnf of Li. is 8ct \Viihi!l the ,,bove rnugc in considi;lrntinn 
of th~, foe! that a vm:i.e;; duiing cfo,rge mid dlscha1·ge. l.n 
110u,iqueous d~-..,1mlyK, ~l,,xmdary b<,u,,ri,,s immediately 
:i:tier being prnparnd, a p1~forahly sati~Hes 0.95:s:a:-s!.2. 
[11068] In the pre~em invenli(m, a l.ithiurn-nid;.d C(>Ulp()S­
he oxide may contain m least l).lle .:Jcment s.:k~ted from the 
gmup consi~ting of Fe, Cu. !\.'lg. Ti. Zr, Ce. ,,nd \V ins1t:,-,d of 
,my of Ni, Co. am1 A.I. Th,, t,Jt,d co1Jteul of ,fa·~~· demenb 
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is prt.·fornb!y k.-~s thau l "-{, by mok with .1,,;,,~p,x:t lo the· 
nmnber of moles or mdal eleme11ts. {'Xcluding lithium. iu 
i:ho: lithii.1m-nickd .:omp(i~itc o;-;.id,;;. This .:mbl;s dw sctieiy 
of 11,Jrn1glwous dectrolyte seo:ondal)' batteries to be 
im-prnvcd. l11cid0n1ally. the ;1bove formula~ do no! e,:cludc 
any impu1-ity dement ine<iitably contained in th"' lithium, 
nid::d composite oxides. 

!00(i91 A si!i-:con mateiid us,-d rnay be silicon o~;ido:. 
Sili(,;in oxi(k used is prder,ibly silkon oxide f"-'Pf"-'"'"'nted by 
the formula Si(\ (fl.5,,x<l .6). \\-'hen x i,; le;;s than 0.5. lhe 
proportion of Si in SiO, is largt'. T!K,refore, th"' dilat<il-ion 
and ~hrinkagt, of a 11tc!!.ative ekx,tr,x!e ;ictivt, material durin1'? 
chaJs.'"l.:' ,ind dis-:chani:o: .. ar,, .:>;t,,;;ssivdv Jar;!,"-' to reduce c11c1:: 
ctmr;o:teri~tics. Vl"l~~u -~ i~ l .6 or "me~, the inevcJ;ihle 
capacity <)fa negative electrode dm-ing ini1i;3l ch:irge and 
disdwrge i& brgc and therefore the mii.tcry c<ipacity is 
n:.xlnct.'<!. Therefore, x is p.refomb!y <J.5 to less lhan 1.6. 
!0070] SiO, ha& Jow;.,r dcctmnic conductivity as {."Off!• 

p,m;.;"J to graphite. Therefore, the ~urfi.ice of SiO,. is prefor­
Hhly coakd \Vilh carbon as 5hov,m in the experiment 
.:xampk~i;. Tho: ,~Htin.g ammmt of cmbou is pn:Ji..,rably 0. J t\{, 

by mas~ to H)~i,, by m;iss ·will1 1<.,;.pe,..,t 10 Si 0,. l·!1J,1-•c1-'er, it 
i,;. not rwn,,sm·i!y csst~nti-11 that !he srn·fi,cc of Si 0, i ~ c1.x1t,,d 
with rnrbon, in thl, Gl~e where the sud,K"-' of SiO, is not 
co,ited wiih c,irbon, ,~llt-x,h of the pres,'1H invention an,' 
sufficiently exhibited. 
!Oli7lj The s.ili,X)!l material used may be silic1m ,llone or ,l 
(:(mrpo,;.it,::, of 5il:icon mld Wl<:>tll,~r m,1terial. Silicc)O n,;.ed may 
be any or rnicrncryslalline silicon, polycl)··stalliue silkon, 
,,ml arnorphnus silicon. Polycrysta!Hti;;, silicon with a g.rnln 
size of <iO nm or leas and amorplwus silkon «r(;' pr,,frrnbk. 
Using su,;:b silicon reduces the cr,icking of p,irtides during 
chm:g<i and discharge- lo c-nhirnc,' ~,ycfo charnct,;,eds!k, .. ·nw 
awrnge partide diameter (median diamekr D50) of si!kon 
is prefornb!y 0.1 pm to l O pm ,md more prd<on1bly 0.1 pm 
to 5 pm. Tedrniqu;.,s for nbw:ining s·i!icon h.Jving sudi an 
m,e.mge par1kle diameter include dry milling processes 
using il j,N mill or a ball mill and ,wt milling prnccss,'s u,ing 
a lwwJ mil! or a hall mi!!. Silio:.:nnmavbe alloved with at least 
011c rnd;1l element sdecJ,x! from thti grnn1) o:.:onshting of 
nickel, copper, cnhah.. d1romium, iron, silver, titanium, 
molybdenmn, ;md mngsten. 
!iHi72} ),s ~' orntc.·riid th,11 fonm a c,)rnJX>&iit, togcth~,r with 
;;·ii.icon. a matc-rfal having 1h0 e!Kx1 oi";3b;;c,rhing lhe ~ignifi­
cam d1m1ge in vohmK, or si!i~~on due to dmrge or d1sdwrge 
fa prefo.mbly used. Examples of st1ch ;i milk.rial include 
graphik and lithium ~ifa,ak. 
!HOB] In « ,:i!iwn-graphitt' composite, siliwn partklcs 
and gniplJik, pa.nio:k;; mcc prcckrnhly bound to ~,;;di olh.:r 
·with ,imorphous c,irbon as ,bown in Exp,'rim;;,nt Example K 
The grnphit.: panid",s us.:<l may be panicks of ,my of 
symhe1ic g.raphite and natnrnl graphite. As ,i pr<c'Cur.mr of 
amorphoim carbon used to hind Hle ,ilknn pariide;; and lhe 
grnphit,, partio:k.; tog<:tl!,,r, ~• pi;,,h material, a tar material, 
mid a rtcsin mHlt'rial can be us .. ~J. Exampks of the resin 
rrn1t.:ri,1l include vinyl r.:s:ins. c-dluk,,c r<,sins, ,1wJ pht·nol 
.r,.;,,ins. These amorphous carbou prle,:;1J1:iors can he couverlcd 
inio mnorphow; carhon by heal tr0atmt~n! al ?Orr C. lo 
1 }00'' C in an in;;,•rt gas au:nosphcrc. l.n the case who:r,, the 
~ifo::(m partides and ,hti graphite panidc.>i; am bound togdher 
,,·ith ,imo1rhtm, -:carbon. amorplwus (.-arbon is indudt'd in 
components of 1he silicon-grnphite composi1e. The ..:nnte11t 
of silicon .in the ,ilicm1-g_raphik cnmpo~.itc h ptcfornhly 
HJS-{, by rna,~ to 6\H"i., by m,,ss. 
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[0074} .A silicon~htbium sdin,k ,'-.. ~mpo;;iK prcfornbly has 
a strnct11re in ,vhich :;ilkon pm:iides are di~fk!l"SN! in a 
lithium ~ilic,,te plm~e a, ,;huv,n i.n Expt,rirnt·nt Exarnpl.e 9. 
Ttie surface o!" the si!kon-ti!him:n .;;ilirnte compo~itc, a;; weH 
as Si(\. may h~, co.ate-d viiiih c;irhon. ln this c.~-,,.e, carbmi ·i,. 
,in arbiirnry i::rnnpont'nt and i, not any cornpon:t~nt of the 
silio:m•hth.imn silicaic composite. 'IJ1e corncnt o!' ~i!icc,n in 
the sihi::on-Jithimn ,ihi::,iw (con1pn,;i.ie is prek'r(1bly 40''.{, hy 
nmss to 60'~--~ by ma~s. 

[0075] lndde11tal!y, SiC\ r.-i.inoscopkal!y has ,l ,trncime 
in ,l'hich Si pm-ticks are disperst'd in a irwtrix m«d0 ofSiO,. 
!! is co11rn.ivabl0 !hat the SiO, acts t1) ahsl)rh th,' expan~io~1 
and contn,i::tinn of Si <luring cb(,rge (,nd disdlarge. Hc>\VC.'\•t·r, 
in the ~·use of nsiug Si(\ in ,1 ncgaliY(.'. deetrock artive 
materi;i], SiO" 11.:,;Jds with llthium (Li) as shmvn hy Eqrn,i.ion 
(I}-

10_076] . !..i_.,SiO.,, ,;vhidi !,g ,fo~mx! by the reaction or SlO, 
wnl1 Li, cmmol rt'V(,rsrnly mten.,abk' nr dt'mk'rcal,~k 
hlhtum. 1herekirt\ 1.he ·im:'\•T1-;;ibk capatity tlut: to the 
fr,rmalion of U.._:-,i(t, during ihe !irsl cliarge .is accimmbted 
in ;3 m.::p.ativt~ -c.:it~ttn,dx": c\Jntain·ing Sif\ t1:s ;3 tH::gativt~ t:.let ~ 
trodc ;,ctivc m:JteriaL !·fowcH'r, unlike SiO,, lithium silicate 
does 1101 c;iu,0 any c hmnkal niact-ion accnmnfating irrnvern­
ibk '"rpa,,ity and ih.,,n.,fon:' tan ah,orb th,, dmng<: Ya volume 
of Si d11rin.g drnrge and ,lischarge \Vilhcmt reducing the 
initial d1m·ge.!disd1argt, dlickncy of the negafrvc c-k'<,ltodc-. 
[0077] Lithium ~ilicale W(.'.d ig not !imi!cd to Li ,SiO, 
shown in [xperimc-nt Fxampk 9 and may !x~ lii.hinrn ~ilirnlc 
rcprcBente-d by the :fr,mmb Li:c,.SiC\z+•'• (09<2). ln an XRD 
patte.m, the foll ,;vidth a! half maxini11m of the dit1ractio.n 
pet,k crlrtespondil"lg to the (l ·1 ! .l plane of !J1hJum silicate- ·i,. 
p.refomb!y 0.05'' or more. 'This further enhances the lithium 
ion mndlldivity in particle$ or the $ili,,011-lithium ~ilirnk~ 
<::f~J~~posite m1d the dl;_x,t of absorbing !!1,~ change in voh.11nt, 
ol :-;1, 
[0078] b:ampk:s of graphik us,"<:! as a nq;,.afrv._, d<i.ictrndx~ 
active material iudude symhctk grnphitc and ualunil grnph­
i1c, which may b0 us;;_~l alon,' or ·in ,,omhin1\lil)n. The surface 
of graphit~' m«y bt~ ,,c,at~xi with cw{,on. 
(00791 A sepm:mor ust.xl may he a micro1x,rous nwmbr.s.ne 
made of a poJ:-c,.-o.ldln ,rnd.1 ;is polyethykne {PE) or a poly­
propylcno: O'PJ. Th(.'. m.icr<)p;)rous m<::rnhrnm:, m;;y bt.· l1$<::d in 
!h,! form of a siE,!!,k ]aver or a ,:Wck of hvo or morl' !avers. 
ln a lnyt·rcd sq,n;.'l!()f z,(JmpO~t,d of l\.V(.l \)f more layer< it is 
prdrrnbk that an intemrndimc- foyer is made of r,l)lycllhykne 
(_PE) having a lmv mdting po·ini to11d n Sllrfa(,e l,iyer is made 
ofpolypropykul, (PP) having ,,x,:;dlcnt ,,xi,klti,)n ,C$ist:w,,-:. 
TIK, st.11ara1or may con!ain -inMganic p;,rlides such a~ a]u, 
minum oxidi:.l (Al.,O, (, titanium o;-;.i,:k Cl"iOa). and si!i,,nn 
oxide (SiOJ. Ttte' in~~.rg;,ini,, p,mic!eg m~iy ~- ~uppori,,d in 
th<;., sep,mitor o.r may he appfax-! to a rnrfoce of the sep,,rntor 
!og;;,,iho:r with a binding ag;;.-nt. A.n ,1rnmid rt:$ill may be 
appfaxl to a snrface of the ~eparnmr. 
[0080) .A ni)E1aqueons icll<cx,trolyte u1,ed may he one 
1Jht:1lntcd by dissokii1g a li1hium s;i)t st,rvi.ng as an ekctm­
!ytc s,1lt in ,1 nonaqu,,011~ ~o]v;;.·nt. :\ nom,qu,,()u;; dci::lrolyt,: 
cmitail"ling a gdkx-! polymer instead. o:f or lflgethx'\J.' \V·iih Hm 
nouaqrK·on~ ~olvt·nt can be u,;ed. 
[11081] The norniqucous solvent ustd may bt, any d'rydir 
1.,arboml!<;.'!;._ linem:carhmrnt.:s, ,,vcfo., rm:boxvbtes, and linear 
carhoxybtcs. ,vhid.1 ;in., pre:f.,;mhly u,ed. 'in cnmhi.nMk,n. 
Exampk~ of th-: cydii:: ,,,irbomm.,s i11duJ,, cthy k-ne o:arhcm-
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~,tt.' (EC), propykne cHrbonatc (PC) . .;mi butykrn:: c,irhonate 
(BC). A cydic carbon;1te. $Ud1 as fluomethylene carbonate 
(FEC), ill whid1 hydro~.:n is partially imhstimtt~J wilh 
Jl:unrine ,:;;m tK= used. I·lxampk~ <Jf th~= tim::,w c,i.rbouatcs 
include -:l.im<.'thyl c;wborn1te (D!v{C ). elhyl mdhvl c;1rho11ri1e 
(El'v1C), diethyi carbmu,K~ (DEC),' and ·rnetbyl .. pn:,pyl car, 
hona:te (lV!PCi. Examples of the cyclic c;irhoxylatt:,, include 
y-lnityrola.:toat, (·,··-BL) and y-vakro!ac-,ont, (y-VL). 
Exmnplcs ofthl= li!R~ir ,:;m'boxyl.ites indude nu:thyl ph.-;ifak:, 
ethyl pivalate. methyl isohutymte. and methyl pmpionme. 
!00821 Ex;;mple~ oftht~ falrium salt include LiPF .. , LiBF." 
LiCF-,SO,, LiN(CF,SO.,l" l:.iN(C..F,SO.,),_ 1.iNt<':T.SO~• 
(C4 F},o~). Lin(F,si\~h, Lif'.(<'2F;i;bzh, · Li\s(;'. 
LiC104 , Li;)\J"l w· and Li;):{;:,Clu. Among tlwsc, l..iPF6 is 
particularly prdcrnhk. Th,, cmicenirntion ilf UPF .. , in ihe 
nornq,1eous dectw!yte is prd'crnbly 0.5 rnoliL to 2.0 mol/L 
Lil·'F(, may be mix<.'<i will1 another lithium ,alt sudi ,is LiHL. 
!001n] In e;ich exp0.rirnent ex;irnpk. the non;1queous ek,;;­
trolvk~ secolldarv h,lHerv, whid1 is cylindrit:aL h;is been 
ex,,;11plifi,,d. In the cm-«,· of m,ing a p;ismatk r;onaque(,u, 
.:k,,:,rnlytt, st~:ondary lx,lR:1:)', ,,fii;'{:ls tif,hc pn:,cm inn,ntion 
are equally exhibited. Tbal is, a boltomed cyhmkic,il oukr 
can according to !h<.:' p.r,:;:;;ent .invention inc.lt;des cylindric;3l 
nuicr c,ms and prismatic: outer cans. 

INDUS'rR!AL APPLICABlL!TY 

!0084] .A,xo.niiug to 1he present .invernion .. H nmrnqn<.'<)US 
1:~k<::tn:,lyt;: secondary hatt,~iy having excell,,nt output char­
,Kkristi,:;;; alld eXl'-'dlmt ev,,le d,arm:tcristics can be pro­
vided.. Tben:.,for1:,. ilk indu;·lrbl ffpplkabili,y ,Jf the present 
-invention is significant. 

!U!FERENCE SIGNS UST 

100851 10 Nonaqueims ek,ctmlyt,: ~t\COml,iry h;itttiry 
[00861 11 Separator 
[0087] 12 Upper iimduti!lg plate 
[0088] B !.ower insulating pli!l<." 
l.ll089] 14 EketroJi.:· (hsembly 
100901 15 Hollow portion 
[OO~H I Hi Gasket 
[0092] 17 Sc.;li!ig b(!dy 
[0093] 18 Onter can 
[0094] 21 Positive electrode pbte 
[0095J 22 Positive ekx:trnde tah 
[009fjl 23 Positive d .. x,fa·odc mixture byers 
[0097] 24 Positive ekx,tmdc em-rent c0Hec1or-cxposed 

pnr1ion 
[0098] 31 Negativt' dt'l.'!rode p!ai.e 
10099J 32a,. 32/, Ncgmiv~= ek.:tmde tab 
[0.100] .33 Nl:g,itive doctrodc mixture hiycrs 
[0101 J :'\4a, J4l> Negative dectrodc currc!lt c:ollccmr-

e:;..cposed portion 
l.. A nonaque,:,us dectwlyte ~e,:;ondary lmttery coIYiprising 

a posi,ive det:!rrnk pla!e indudi.!lg a 1x,si1.i,-T ekt,1.mde 
current colkctor Hnd a p<lsltiv,' de<:trode mixrnre foyer. 
i'orrn~=-i thert:'1m, '-"inwining a po~i!iYe dectrodc ,ictive m;ite­
rl;:1t a n~gath-·0 0h::ctrf}flc.:.~ _ph~lt~ including a nt~g;3liv~ ~k~ctrodt~ 
cmxt~nt ~,o!kct,:,r and a negai.ivt' ekun,de mixture !ayer, 

7 
Jan, 25, 2018 

frinm.,,t lhert.'on, t:ont,iining a nl,g_crtivc ck,;;Jrodc acfrvc ms1t\:'­
ritil, a S"'parnk,r: f! uomiqu<:(ms dcdrolyk,: an outl,r can; aud 
a ~c;;,ling body, 

wher;il'I lb~; pnsitiv<, dN·m,cfo pl,~te m1d th,' n1:'2;ative 
electrode pJ;itt, ar~, ,vomK'l \.Vilh the sep,,rntor !her;;he­
t\vcen; 

lhe _po,;itive electrode active mmerial contains ;J litliimn­
nJckel ~onrposi£~ oxi:J:; 

t!Je_hlhium.-n.ickel -~".,rnpo~ite ox.ide i, r;,;,pre,entecl by the 
torrn.u!B Li.,Ns_,,Co,J\Jj)_~ (O<a~l .2, 0.8,,;h<.l, (}<c<{l.2, 
O<d<0.05, and lHc+d·····l ); 

the negiit.ive ek~:trt.x!e ,Kli~: ... , m.,ikrial ,,onrnim; grnphi!i:.' 
mid a silicon nrnterial; 

tile JWfpltive electrode plate indudc~ .n1cgntive efot:trode 
current collec1or-exposcd portions, lrn.,;itecl al both ends 
thereof in a longitudinal dir(;x,tion. not cc,ve.rdl by th~' 
neg:Hiw eb.,m!:k mixture Jay;;,·r; ;ind , 

the negativ~, d.:.>c1rocfo current c.Yi.lkcior-ex p<.,&ed portion,, 
me ead1 t"Jll!ll'<'ted to a ne1wtivc .::kctmde tab. 

2. 'Ihe .non1KjU1:.'l)Us deo::,mlyl; s1:.--condary h.ittery a(:(:ord­
ing to ,,foim L ,vh1.:'1-.::iu the lithium-nickd t·ou1pn5ite oxidt· 
is rept-.::senk:d by tb~~ formuh, Li,,Ni,.{.·o,J\l/\, (O<a;;,] .2, 
O.RS,,;b<1. O<c<O. J 2, O<i:l<0.05, t,nd b+ud-----1 j. 

:, . Ttw nom,qmx,us el.::drC1lyl~' 5ecomfory k~tk'J)' accord­
ing to daim L ;d-icrein !he lithium-nickd eomposik' oxidt~ 
ls n,pr1:'St'nted hy ihe formuh Li,,NV~<\,:-\laJ\··1JJ1 (!\·I is ,1i 
ka~! one eki:n;:nt ,;ek,,t<:d from lh<: gnmp coo~i:;!iug of Ft:, 
Cu,. i\,Jg. TL Zr, Ce. and i\"; 0<1::,;;1.2: 0 8slYJ: O<c<0.2: 
O<d<0.05: O<e<0.01: and b+c+d+c--0•01). . 

4. 'Ihe .non1KjU1:.'l)Us deo::,mlyk s1:.--condary h.ittc.>ry a(:(:ord­
lng tn dnlm I, wherein !he lithium,nickd comprn,ik tJxid.e 
is n.,presentcd by the fornrnb Li,,Ni,,(\,j\!)\.:lJ)1 (l\·1 i,; al 
letiStt on~: t~!.e.n1ent ~t~!.e.cted frorn ihe grou.p cons:.i1iing cif Ft~~ 
Cn, Mg, li, Zr, Ce. aml W: O<a,;:L2; (Ul8sb<!, O<,,<D.12: 
O<d<0.05; O<&<(H)J :. and h+c+df-e" ·1 .L 

5. 'Il1e non;~qu~:-ou~ dec:tmlyte s~,cornbry h;it1ery accord­
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the formula Si(\ (0.5~x<1.6). 

6. Tti;.:- nonaqm.,,w~ d1xtrC1lyK' ,;ecomfory battt·ry m::c()rd­
ing i~, claim l, wher-.-~in the silicon m.itedal is ,l composite ·in 
which ,;lli.:on partides mid graphite particks <0re brnmd tiJ 

cm:h o!hn with Hmotpbous ,,;.-irh,).n. 
7. The nomiquem,s electmlyle ;;econdary bane.rv m.'c.'<).rd­

ing to d,ii.m 1, i.,,lit'n.,in tik' sili~·on matct'i,d 'is a eoi;,po:;ite in 
whid1 silic,)n J.Wrtit:ks arc di$per:,,,d in « fohirnn :;ilic;,le 
phase rq1n:.,s(,nk'd by th<! i,mm1b ! .. i2 ,Sl0_.2 .,. •. (O<z<2.). 

8, The nowKJucons clectro!y!e ,cconcfary l~;Hlery ,K'c.,o.rd­
ing to daim 5, wherein the conle.nt of the silicon rnuterial is 
4%, by nms~ to 20'->",.• by nm,s ,vi.ill n.,s1-wct to th(;' sum of the 
masses of thl, grapllilt.' and 1hc ~ifa,on ma1<.=rial. 

9. 'Ilic non;Jqut'<)l!~ dettrolvte 5"'<x,ndary h,ii.tery a,,n,rd­
ing to auy one of daim 6, \.">"ht-rein the couicm (>f til,= ,i!i,,nn 
mate.rial is 4~ .. ;:, by mas;; !o 20'\, hv mass with .resp,xt lo !he 
sum of lhc mass~, of tlK' grn-phit~' and the silicon 1m1l~'rial. 

10.1lt;: nonaquenus denmlyt<.\ s,,,,ondm:y b:,tlery «ccord­
lng to any ,me ,Jf cbim 7, ·w!wrdn th<.c nmteni. of ihe silicnn 
matcrfr,I is 4~_,,, by mas~ W 20'Vi, by m,1~5 with r,,;,peel !o !lK• 
sum of the aws;;e,, of the grnphiie and !lie sifo.,o.n male.rh,1. 
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25 July 2023 (25-07-2023) 

LAVERY, OE BILLY, LLP 
cipo@LAVERY.CA 

Application No. 
PCT No. 
Owner 
Title 

Classification 
Your File No. 
Examiner 

3,164,572 
CN2020087515 
N!NGDE AMPEREX TECHNOLOGY LIMITED 
ELECTROCHEMICAL APPARATUS AND ELECTRONIC 
APPARATUS CONTAINING THE ELECTROCHEMICAL 
APPARATUS 
H01M 10/0587 (2010.01) 
G18013-00002-EKS 
Chris Bowen 

YOU ARE HEREBY NOTIFIED OF A REQUISITION BY THE EXAMINER IN ACCORDANCE 
WITH SUBSECTION 86(2) OF THE PATENT RULES.. IN ORDER TO AVOID ABANDONMENT 
UNDER PARAGRAPH 73(1)(a) OF THE PATENT ACT, A WRITTEN REPLY MUST BE 
RECEIVED WITHIN FOUR (4) MONTHS AFTER THE ABOVE DA TE. 

This application has been examined taking into account the: 

Description, 
Claims, 
Drawings, 

pages 1 - 28, as originally filed; 
1 - 10, as originally filed; and 
pages 1/5 - 5/5, as originally filed. 

This application has been examined taking into account applicant's correspondence received in 
this office on 12 July 2022 (12-07-2022). 

The examiner has identified the following defects in the application: 

Claims 1-1 0 do not comply with section 28.3 of the Patent Act In the present case claims 1-1 0 
are identical to the claim set that was examined in the International Preliminary Report on 
Patentability (!PRP), which concluded that claims 1-10 lack an inventive step as required under 
PCT Article 33(3). The prior art cited in the IPRP and the detailed reasons supporting a lack of 
inventive step have been considered and are found to be relevant and persuasive with respect 
to obviousness and section 28,3 of the Patent Act. Claims 1-10 encompass subject-matter that, 
in light of the teachings of the cited prior art, does not require any degree of invention and would 
have been obvious. Claims 1-10 therefore do not comply with section 28.3 of the Patent Act. 

Claim 1 is indefinite and does not comply with subsection 27(4) of the Patent Act.. 
• Claim 1 defines "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". Since there 
is only one first length this statement implies that the tab is arranged in the middle of the 

50. l'Uf' Vktoda 
SO Vktcirl,~ Sh~•d 

Pia(e du P-::~rta9e ·i 
Pfacr:· du Port.aqe 1 

Gatineau (Quebec) Kt<\ 0(9 • w,-vw.opk-1<:.gcca 
Gatin0au, Qw,,bN: K1A CK9 , W'-N¥,u:ipo.icqu:a 
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long length of the negative active materiaL If the tab is not centered on the long length, 
as shown in figures 4 and 5, then the applicant should define that a first length as the 
shortest distance between a central position of the tab and either end of the negative 
active material layer in a long axis direction. 

• Claim defines "G is a weight percentage of the silicon-based material" but does not 
define of what weight percentage is measured against: the negative electrode, the 
negative active material, the electrochemical apparatus or some other feature. 

• If G is a "weight percentage" then at a maximum of G=700Ai, the right hand side of the 
inequality becomes (0.6 X 70 = 42) and the inequality of formula 1: 0.5 ;;;; D ~ (0 .. 6 X G) is 
false. The applicant could use "weight fraction" as in 0.7 to make the inequality true. 

The description does not comply with section 56 of the Patent Rules. Paragraphs 10-12 of the 
description teach that figures 1-3 form p.art of the prior art and are not part of the alleged 
invention. To avoid confusing the rea.der, the figures should be labelled as prior art. 

In view of the foregoing defects, the applicant is requisitioned, under subsection 86(2} of the 
Patent Rules, to amend the application in order to comply with the Patent Act and the Patent 
Rules or to provide arguments as to why the application does comply. 

Under section 102 of the Patent Rules, any amendment made in response to this requisition 
must be accompanied by a statement explaining the purpose of the amendment and identifying 
the differences bet\veen the new page and the replaced page. 

Chris Bowen 
Patent Examiner 
819 639 8429 

As per CIPO Client Service Standards, a response to a telephone enqL1iry or voice mail should 
be provided by the end of the next business day. In the event that attempts to reach the 
examiner are unsuccessful, the examiner's Section Head, Terry Diduch, can be reached at 819-
639-8451, 

For general inquiries: 1-866-99 7-1936 or for more options see 
http:/iwv,,v,,r.ic.gc.ca/e1c/site/cipointernet-intemetopic.nsf/eng/wr00006.html. 

CIPO values your feedback and invites you to complete a short and anonymous ongoing survey 
on patent examination products and services. You can access the survey at the following link: 
https ://form .simplesurvev. com/f/s. aspx?s=9 ·t e23402 -ee2 7-4868-a230-a b5c8 ·19f9d 1 c. 
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Title 

Examiner 

Examination Search Report 

Search Report Date 

ELECTROCHEMICAL APPARATUS AND ELECTRONIC APPARATUS 
CONTAINING THE ELECTROCHEMICAL APPARATUS 

Christopher Bowen Search Conducted? 

No search was conducted for the following reasons : 

- Search deferred - see report for reasoning (lack of unity, excluded subject matter 
etc.) 

No 

N/A 

- Relied on previous search results (CIPO and/or by Foreign Office) Yes 

Family Member File Wrapper Reviewed Status of Prosecution 

WO 2021/217423 2023-06-28 Completed 

EP 4 142 012 2023-06-28 Not Started 

us 2022/0223849 2023-06-28 Not Started 

No Search Conducted 
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$\'-J.\:~~3~~-~~l_-t-;:(!3~~:r:~ 1::- a;_;.:_::·):-~}!::-:.~ (U :_:;..-~ prns;.:=•►;) ~~ff:,b..::."':di:n,.:=:r•l. l){:-~:::.-:dic:~ii:<. i=m ?}/\ ~J:n;,,·;--~.- a .:_:iJ))f:9u•a~iG::-; 1:: \-;_.:ffit~h :.!:,;! :)).,$_t;3}-:1::<3:y_p~-'.f~j~-?:: s~·:.: :_-;,i i.h~t~1.t::n:~?~~~~-p1_:$~f ~--:n :~ 

,:::l~1 t~'}:'fff~;,_i, \•'.:Hh (!; \~•-:f:$S :,: 2.~, ;~n~i ti:-~ !',__",;_s~:::, ~f;i_: p,;,:·tl:):; ~:-Vi :s Nth::: t:.{\1 :.: 1 :s ff~)! ~.-.•i•JN1S{~ ~.-;,:~1•.: th;;-'!:: th•2 ~::"!t~lr-.~j i:.i:,r:_;,:•f;: ~~( H,~- ViG i) ,:.,:-:.m,8S.f:••:.nds k~ ::::G •:OH ls :j 

F;r:~.t s;; ~:-i~c;.-._;H :n ::.;<:; S:,J\. 'll};,,:f1 t:~-e ,·.:1:,f1(:s·1,;,;;, P'-:rt:-c,:: ~1·:: 2.:-:r is :',:...,~::n,;:-.-.; 1:~ th,:? H\a::: ::J•:.~,-.;;: pG::ticn S ~ 2: Gi° th-e •'::l~:ctr.:.:-0« f;•k:::t~: ~i•l Q, ti~€ :.:H-.~~--::s .-;.>·.,n:..:~~nn~t~,-;,:;~~ ':-~·h•':fi ;::: k_r:~,; is 

;j:p(:dt::::d tc ~~:i:': t,1:h ~: 1 't i:::;; '.>:·)·l:·:tlf'► ,:~•:5-1") wh{:':") :t:1:: c•·g)~·.a·-,••::· p::.::•::-t;on (;-: 2i, ts w:1~ ~-·gn:-::~·L rns.~db:.:t.::·'.·t H··.-\..,,,~;-...-:·:t:. th,:· in'./i::·:~~:f i:.:{ t!~-t: p;-,:~,.N1t :;:pplit;:;I\:Gn ~:{1S k1:_:nd ·:t:~1t i:~ t~1l:'; 
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f:r.,t :2:-Xpft•~i:2:-;.~ i,.~:ldtr t!:-:.~n ;~•~ ,:w:,f;_;\ ~~cc·~i:):'! ~i:t: ~-·· 1"ht ~.:tF.:$$: ,:_Y_,n~;emrnti,:-;:f: ':-,·h-::'f• B· j;J;_;,·J ts ;_;~,r:,:!<2:,:i fs ,d;•=:-p::'!r$<2:•:i M.::,,,,h;~.'..:f, "i.h.;?- ):~\··~·:-.~.,:•f' r:,f t~:& µH.;:r_;.:-.:.-n~ sµpl:r::;;-'!ti(:t~ ~;-~$ "i.l':~ 

(:(":-S:~lt,m:..:,.• :'ht:': H:e <:·i~·:::.-:~ri..":-df' plt:t~·: :';"'s;:';~•· be <J.;:i!°).j:':~)ed by' (1:::"'!;;;h~:,l)i;:- <.::r ~i~\:' W-:f: ~t;:1.::in~] ::i,.1:-:-1. ~.b:· bt"'!U:~(t3i'{ pr:•i::~. i-=·ze ~g·:r:.(::::~.:~~:·: S!.:~;:):~~ r:::,."'l;:~,:_::·:i~ttY!h'!S ,.:if ·:t:~'! b\..":i_:n:·J.:;t'i PC/ii':' P:~G 

l~et\'\:::::::t': m,:: t,~~:S~ ~::·K~ p:.~.:t ::..12"1.;.1: ~1:xi ~~~-: :1~~~,:n ~1>~!>· p~f~ ~,2:2 ::~ ~h:.::. ccd::::.ii~r~:i:!l:):"':.: :',:...,•.!N1 it F,·H ~~frs ~e-~: .. :):l, ;r:- ,:.1.:-:.l~-:rt.c -~·;,•-:.->id u-,;~:. str~~~: .. :.x~n,-:~nt:-::)iio{~ .. ~l': :s ;;~:c~~~i.•::l:)· t,-: 

:·~::·th~):" ~::i·:t-h:~:~• th-::r t•i:'1:S~ ~nct tX':r~k\t~ S2~ ;:;) :"in(:!•::·;.:::':;::'; th•::· f,:~cti:..::.:_ [•f t:~::·\,'3~~!•:? r:.f tt:~~ <)Ut~: ~t-kJ~~ ·Gf tf,~ b::~s~ ~~ll:i..~ p,~n.i(:{\ s:.:i ::l}. Hc•~-::~•h"){, !f tf:i:1 bW,t~ ::~r1,:J: f.•f}}':lt"..•f': ~}21 -3 !::""; 

l,s ,-.;~sc::lt-,~1·J i:bz~·,:9.-_ th~· l:~"..··~ntt•F~ c)i· ti:e :.:t~~-,e,m ~:-~rJi-c-::i~i-:;f; i);.>.'-"~ tt•~~:\d th~· to::ftg: .. i~~:.:1-,n c,i• \:::e .r;-•t'~~::.~m F1\·~m1,:.•n by r~.~yi?i~ ~UJ?,:,::t:.:_:t~ ,.::, !;-~~ t~-ct th.a, ~~---.•~~ th~ 
<X::/:r1w:_1~:o:~ ~.t:f~~"i·n in nc-, (:/; B:')•j th::~ ,:,3::fi~J~l:'<':;~i<.~·(~ ~h~Wi~) f:•1 n(,' {,B ::;.:....-~ ;-:.,f"."..,bt::l:~':::.::. in ◊~h-(;:i" '"-':.X:.is, :::e $"i.t:.:CtiJi"{;: th,~~•'.:':':::~ F;;~s' ;s_:\ :1n:.i (:t: f1;j:~ <"!I~ -::ff~•:t :.lt" 

·~:,j;".1pr~-.:s·jb~~ h:-f::5.k::a~-t-: -~i.:i:;h ;5r; bn•-.:ak•>:]:=~ ni ~hf' ~~:.~-.::::;:_:nd;:= ::.-l8:k:. :=:,:-.:d ,")(<f(\'{:-;n:.:{_;5,;;~Hf ti~fl·•:= h:::s ~-;i!,f":n ;;,_; ;d~~ ,_;f :::.-::pprn':.-•'.~;(~~3 ;j;jf):i}:J:=: ':.-SH): ff:- f.J.:·::!,:=:k:5~~,;~ (:-f tht=": •:=~:=:~-.:h"(:-d~ 

Dp~,::fo':❖ i!/,. ~;,-:,~ P◊~•':/'~f ::~~◊:'$·~:~ •jf_:\,'k,e t (: ~"."..~~o:·::fa~•~ :'".".., tt:f~ ~mt1•3~tm::~:~t \_':t ?h•:? pfet~n~ :r:....-~mft1n in(:!H:.i::~s -~ piGt~ bt1:.i)' {-3 bt1~i)' l~••:,:ti•~-:; -4~1-~:, ,~~ "i.~~~ f.'~1::~i"i.i'.'~ ~~·~t~tl\}dl:1 pt~:•~ 
.. ~~lti :~r•~l ~ (K)•.:~: P'-:iti{:n 44~! o-f t:·:~: :1•:fi~~t!'.l~ :::it:-..::;-..~,.:.,: :":-l~t~ 44-:3} :.-;s :~ t=~l·) fo ta(".t -<t::1 of th,t,: :.:•(::-;[fr;.:•~ ·~'!t~,.:}f(.:<.i.,:: pt:;:.:_;: >$:m). :n :~1.t~.t:t:r:n. Hf::: .;.'::..~•;:~;,i:,~:tln9 f.1~·g:.:,-.,n \,\::~~; th~: t~b 
.:~.:n ,: {J~ th-:=· n~~ml1.::2:- e:N:t:\'}d8- p:;-~+-~ :~.:K: ~;;-.:,$ ,~;:-.:;,.-:~• .• •-::· f:'~'}:';!:)f~S {,:,:-,;-:1.~~·-::· ~~'}:'H~):1 .:fj.2;;.; ~:~-d (•:.r:::::J;.1-:- p,-,:-tl:.'}:': -:~..:!.t~) tb;:;)~ B,t",8- ~~,:·i=:-s~.;:;_:,·J ::: ~ r::~::'1,•<9:,:i sh-2:p~. "fh:::t~. th::: "i.~~l~ 

~:1.::,am.i::;; i:r:d \"~·:r!t"'.:!1·'.> i:S :.:}~ :'".I.:-!$~ .;::-:(~ p.:..-:-•~~{):1::;; {t?f:.~~.~=.n{~. p;?~~l:'-?i~ ..:;:n i:_. t~r~~;~:. ~:r!~.~ PP.n!{:~::: -·~-i·i i:S :·,{:,n:::~·G:":'.':d ~i..) \h? :·.::.:·n:.:~ 1lf: p(.:::-iJ::J:: i~:·:'.': i..il:l;;{.:~{:·:·l tn ~.::..-..: :·:~"'.:pi..-:O❖ )t{:' di:t-:..:..:~),;n t:·., 

:~;;: :.-:en:/~: ~>:..1:·Hc>n {c,e~;;.~:r p-c:-:·;11::-n k~H ts. G€"!°':,!.!'~i ~>~XHC>:·~ ~i~:..·i t:} ·tr1~:- sn-::.:_-,:_;t;t is :;~f(~N t;-1::1:~ m,:: ~:~~nH~: p~:"L Th.st;:.:,~ t~~~:::~ :;_;f,f~ pcr~:on n1-~;. i~: i-~1''.$':f H:-~:: Hw i:::::-:ntr::"':t :,~!<".,n,;,~~)··i 

t::~ i◊:":'}~::Xi ~~;.: :x:n~)~-:':ti◊:~ l"."..,[::160:~ ww-:: lfW c,):'::CB\'::) p(:n,k':n ~t t:h::~ l':B~.f: o:· ~:~~ :.-~~ .. ~:;:':; 3 !·:?~~~i\ ~:-::Bi"}}'•,'~~~:; ::1 i,:.:B~ ts B::,r.,(l~<.~ ;-,:,:::et;;"":(\ t::e st;~r~.~ $:pp)fe:..i "°''~ "i.fl~ (::_):"":1,~;_,•\/:;~ 

p-::.:r:°i(:.n :5:_ :~;f:- ha::s•:= :-.-f ·::~):=! t:K~ 1.;:::,:": t"~;:= :~J:~trtbi..l!.f'O:_! lJJ. ":°h~: t~:5r;:=~ -!;-;;;.,:_: ~;tdf', ~nd :.:;•.::- :,',Jms·j :-;.8:n t;f~ pr.::-:\•i:-::t:=:d frf:-m \.~G~ff~-:=:m:r~~k:~{ f;,:-l ~'.ht=': ,_:f;,fi-:":Rs'i!- p-:.~rt:c:-n. :'.":(:- ~h"8.i. :_::;,:= :=:i~"-:~~G•_:,;~ 

in,:kid:n,~:.: c:..:r-:i·~ k::r9~~ m~t: th::) {3'3!:\~::':; ,:i ,:~if;.;Nu:-::) ,:~ ifw f~~':::x::~ ,>:· <':;:~ it:.c:i:in•::i--J ti.:"<':;i§M :h1~. tf:l:1 :.::~,.~,~:::: ,~,~i"J'.:~:l':::'::l'::::Xi {,:; tf:i:1 r~~<.:•~::::s (:£ui (~~ fun.*~~: rfa"";p~i:s>c:t-J :.):~ ·(:~~ t-«s~ 

-:·w.: skk. Yhe:::'k-i:::', tt i:;; :·.,;·,\~sit,::~·: ~i..1 :\::th:::: p-1f·1,:·-1;;:-_i. :..h-:· :·:t::"'!CUG·d<:· :-:tm:;:' £:0:':1. ~;f:ln~) d;>)Hi}~:a:'..i. ~.u;_-:h I::; ("'J.::::;sking 

~\:ni~~:r, H:~ t.:::)::;,t,: ~w~ p,:rt!-cr:: -..~:- :.~s::•: ~:=~::1 h~·;; ~:: ;...".t:.:•:.~:r -.;;·~(!{'.: ·:.:~;~~;;,~: :i:1·.:u1.i:•;:~~ ~ ;:,.~:.:nN: '-:r ~ ·~)f;~)(:M. i:H::: ~rt,~::Kiing /::; $: ,:..~:~~~~;-:-:t:$:i ~.:t:-.,::~~tk:n (_;f {.~;,:;- (x-.-n;_'.;*,..~ :;1;,F:<_;!f tmm ~ 

lx~un~'j~f'l-' pGlt:~ ~-:.:it.ht~::•--: :::cn,::::':'):e ::.,\-:•rn•:.,:! ~~ -::he t:-..:':~-::;:: ,:::J th•:: t..:1h. en :t:.is v.-.~y. sin•:.:i::;- the -:3~~·~•--=r ~x\;,<:: ~...,.f ·n·:t: b;3~,/: :::{~{j :·~~:-n}.,•,:·: i..)f th::: t,:H:t ~;x"':_ewJ:·: i:"': ti~i:: t=1n~J:::nH:~! :.-fae-:::;·;~...,·~·: :.:-t 

--:..h-:· ;· . .:.;~1i,.";;j,•'-t! p,;ri.k"":t~. i~ i:;;. :·:.:.":-S:S:l~.-:e :..o ·::::~:·:pr~:s:5 ~';{ff:s:;; ~· • .:.:~K:i:•:,"j~::;~~);·.,~·: ::1.:.. :..h-:· :·.-~·.,t~~1;,,.i;3;:,_, :~:f:n~~·.1t':: bl':'t~•':.:'~;~::--:. t~~1·: b;;:-i::s,:· ~;n:..l p<;;~•!.k:r~ :'!t'Ki ~h.:.:· ~';t:11.:_-;;:;,,,11;:: p,.:n.k:::;. :.· :$ 1:J.;,,$:v .. ~f~ 

ir: addiH,::t::.. sit:,:;::: tb:. ,:;,t~hx t:-dgl'.: ~-:h:..;:pl'.: t.f H:~: lx:un~..:1ry p-:.·w:.k":n t-i:;h-.;e,:::: tht:- tFi:i-~: en~'j: p:::-:·ti~-:-:; ,:m'.·3 m.1::: {.~i::·:·:ti~:~t ~x"':r~k°~{"': •A ,n,:: tah l-:'.~ f"".,•fi"i·1'.·:-1..i :.:·..-1·!:i a ,:_x.JTVi:\ ;'. ·:s p-:) :&ibli:: t~:• 

:~::j:-.1:-~r~!:S'.!- :=-::'ff!S~ •x.,t:;:.~~:r•~:r:,:t.vJ:·) .:-1.t lh::-' ~J:".1::ml~:y ::.-:·.,:~vJ:":•.• :,:rv3 ·n:-t-: '!'.fr!t~tn-~.:.":t: pt:-.::!:'.'! (n~i· b.t: t}► oh·!t1 :.~-: d;.fffii'~:}~:d C:::.{: :.~~: lw·t-t-:~:; ;:::i_:pf.1-:·f:::.:s{:·,t 

i~: i~•~: ~t.:..r::..~~F=' :c:t~:n•:r~l" ~U .. 1.,1.,.·t;,t,:n c.i,-:: t:i~,·J~,·.:~J::: pi:~:•: !s ~:•i.:.:•~·:c::; ,J: ,_:::~n•:=~:)~x: .. Ht~: a1.~:.:1.t~: ~·m.:;::.~:r:;*: ,:ri :>:~; t:k<Jf(_;,-_\i: pt:;:.:,:: fff;::y ~.:.,:: ~~~;;..-*:~! r:1t (Xt~~~ ~.:<.,:-1iti{'.:n (.:f :.~:~;- t:k<J::<.;1.t~: 

pts~•:: m::w ~e sh:f~~~: ti::.• ~~ ❖{J~e ❖ ~t:f~t: ct:·c:..:11 "."..,:· :::e :i~:e, t11_f t:":f: ~l-2.ctu:.•~i::~ pi~:~ frt8;f' t•-~ t>n>~:~r: ,x -:.hB :ix~, if f~:::::~$~<2: t:::l:"": tv~ ::"";:.:pp1~'.~$::Xi. tf:i:: .:x:,:~m~~nc~ ,:,f ;-~,.~:::"";::~ l~•:-:.~t,:em:s 

&<_:t ;:,;.:3:::n::3:;:. !~; U}:'! ... ~t::•:...,·~r:::- e~;,~t:-.-~,1~l:~·~.::'!nt .. ;~;:::-: el,:~·:~:--1:<1~~ b-:..rdy h::cs ~l s-:..1-,·::.:.1:lled ~\:">:--~icm~: 1:.,,·l~;.,_;mg ~t;~~p.::: ~1::;i\•in9 .;~ ;>:<':>'l~~t~bQ: ;s:ds ;:;; th::-: t~:ds ,:j:),'::f:tio{~. H.:.>·:.·~":~€;-, ::h~= 'lt.!i:-:.:t:·:.xl~~ 

t:<.xf~; :11:::J t:::1·1•::·. i\x ::';.>:~mpl::\ ,:; S;:..':••::;.:H~d ,,..-cx~:ca:: ~':-'in~iinq :.::~)~P::~ f~B,•i:~•~: ~ y•..:in~imq s>:l::~ ~~) t:":-~ X.~xis ,~i:~~:tt:.1:\ ~:{ ,~ sf1~::-t~ :n ,,,,h:.:.::, tf:i:1.:;:i~~;~:-~1:.i:;~ P,:1t~: :s folti~:.~ in,~ ~~~~lt:,}\'S 

-~~)f:p-!:-: i=:.g1J•:.::~. :5-:;; ~i~•-;•;r{:": i:; fl;'~ /. :5 ~;i•~-:el<f~(3 -t;:li::=-;-::":>,;:~J~~ bnd~c-Hn •:r• ,,.-,,:w;!·: a pb:-f:ti::.:,• :-.-f ;-1:::i p(:s~,;~ ::lai.~":s (:;} p-:.)':.-:~~..,,.~ :A~~~::-: .. ~ftO ;:.:-1.:~ ~ ,;:,;~::mt:;.,·,~ ::!~i.-? ~J:.7H) :~rn :-:_;sd•:t=":d ~·::.:s;· i.1.:-:= 

M'.:.-:-'.::~·t-.,,-::::-". {he.._. ,c;1._,g-::·:· ~~::.iqf, '.::.~:apf, ,:J.f Hi'.:: :Y::i...._.-::>:;.~;.ed p~n ,:J.f ~~H: :nain-~.-'.:.,~~~~, p::>:-t ,c;j .:):-) {;i<::•:.:~:-•:J~3~~ pi;jl,:· ~11.1.s.i ~_h..;:: l:-~1se ~:i:i..i p;sJ'.'\ of;:: 1;~t:• i:s :Yi~ li:-:i:(e<J ?'.·~ the ::::;~:ti ;::i':--:.~;,;~~;ff:!':i'fi.; 

Ti:-.; fr>lkr~1,1):~{: in~.:;.)'· l;~ ·~:,.if:!d~nr, ·n~at :\:. ttw ,·.:·~:~c~·,t:c: p.-..".t:1t;:.r:".: n:_:)~' t..~•: k:w:-.;:·~ ~ ..... ,,n, ~ ;:,.'::.:nN~ {:".: '-~h:,.'.~f t:·:t: ::.,~,.:::1s~ z·d ,;-:.:i:;.:;-:t~:r.~ ;;,.-;,f ,n:: f.-:,rt/'.·.,:-: n-.7:~~ ~~;.,:: ~':-~;::;,:- ~!n,i .::::1 $::n:;:.;J:~:r t!:~n 

:t:~ :·:.:xii1.J:':: :::-t :..~m--,.·:':!~~t•': :..;ot ti':~ ~::-:.,:tki:~ f.:::r f:-:3rn thf~ b•~•:;':': ~•nd. F~irtb~:r,. m~--= :);_.;::_:.,:: ::::xi ~:.•:.,ftk(::. rk":-t::> ~·:r:•t h::-::'/t,: t:) h,,:.,,;.1;:; ,3n ~"".,•t~ti:::· ::-xi~N:' s:hsp{::- t:xwr,dif::;J ir, .:.:_ 1:a:;;Nm;:.:.t dil{:•,::::e•n cf 

·:·:·:~: :~c:.::-'.:s f;u:;:~ ;:5, :·.,ot:nd:5,~.- :·}dm '{-t!'th tfw r•:'.:·;.~:s·j_ :=u:~·:·:{':i. )~ff: b:5:·~~~ -t-:n.:_: p:·.-n•Hfl may:~):::~/,:= :::t: ;J•:_;~s:=r i!{~9t=': :sh:~~~ :ff:·;:!ud;~•;u ~ ;_~s.:r;,,•:=: h:::.·;,,•in;J ;j :·:;l:~iu':.- f;,f :·:{:n.•~:_;_;p~· ::-:,:"'::s:i:•~f H'1::::: 

t:~ . .::: ~~-~;f~1S rd O~f,•~:t:.a·.::'! ,:_{~ ~~i•": c:c•nC:~'-t.::: ps:._:ni,:_~~;-
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M•~t•::·s:,ve::-. th-1:::- fe{:,~::s,s-2,j f.•&:·t ~-:-f th~ :rr:-s!r:·b:..xi)· ~<1::"·; :i.:-f ;:1:-::: -2:~~:f:tr~xi-1:::- p;:~tt: :..::nd n~".: Lx.::s•:: ~:x"'i !J~r-~ ~".•f -="..: t:1b m;,:~• h:,r,.,;-1::: ....:he -:.1i~:t-~~r i::x~~;~· :J1::-:p~: ~"..:.;on1::-::n;:·:i1 ~h::~ •G'.~f-.'i::~ fr:}:-:-::: 1.i-..,•hi::.:t~ :.: 

,.'.lff,'{'th.:rt: , :;;,_:h~s \.}•~:7.::>ff:,t::;;: ~~:r:)~: ~.;;:;: it .;::1,.w·;: t:·~ tf:t: ,.:'.>'::':.t:,:r p~:t 1,.:l ~ ::;;t:, ~1•.Mt: '-~t:•·~ :..;;:,.:itf:~~,;;~_:)l'i::-::,, i'~ :$ ~-~<.;5,sfti•i-,:~ t-~:' ,1:\:fJ:::r::-~~ ~:i,;, f,.,H.-~: :..~p::.:)i.~{1 ~:.,::, :~:,: .~:...-·.:n:::.:~-..·e t.~f.;p_:~.:f,; .::~:,1 ~,:i,; 

~HtS·::= ,:::r1~l p-c.::rti,o::, a:·K~ it;~, pz:s:.:foie : .• -.~ f•~n~-::-:r :s::.:.:pp~e~:.:; c.~sn1~~:;: su.:_;~: ~"'!:s ::..-.~.;:;.i:k:..~,;:-:? i:,f tJ1:::-~ e(•:tt:·:::~d·::= p:Y~:, ~:p<".::•";.::ifr:..-:~l;y: H·-~;, ct.n«~ ,::,:::z~::-: s~;:'.w::-: ,1i t.tw t:)::cJ;.•·::-: }K1~tk1~i :'.~:"K1 Hw 

~:as-:- :·:r::ti p..:;;;- ~le·=~ :-)·j r:y ~;f: .ft ;,,-:i.;) 't:.·: :.·;rk.,:~.e (:: .,:v-:':t:tu: e <.:ht:nq:;:':> t:,t;;,,:<;; d f::):) h': ;3 :r t')i: .-:_;3!.iGi r ~·.u: ~:":', f-t-..r .:::~·;~ :-:·i ::!.::: H.::°':': :.:"', '::'ht: : :;:--:b ...... .:l~.k1:;~ :· •. ~ff'.>':;:--, l :~. ;.,::: ·c: i :' ... ,::;:: !:·}:·)ud:iJ'.'1:] -:~t l-2 ;;i::'.;°:: t".>r:::;:--: ,-;;; ;~ 

Sik:.~W •:t~:\·~ !Si ❖ •:i~f,,"~~ :.'i..:ft:_)S~ •:~i:-..,_.3HJ){;. ch❖ :~g•:;~ l:~ r:-t•3f:,•:-n;~,:: tf-' ~f-::~ ;:~:rq~f':: ,:i tfW cho:·d ,:i th~ ".'::.:n:'~. sn<l ;-;-;~: :.~~:t:;~: p$t~l~{,f,~ :s :1 :.x:r-_,•~ '.i::;:')fa~s;,d b;· :1 '.'::.:bi•: Wn:.~·•,).:_:r-. in 

~-:rttii:_i<;:r,. ;.::--.:b-.:.:•t;~ ni•·:~c--: >'":'li:.-:.;3:_i<;n ~·.u:";,':'-::., :;;t:-:-l':e H;,;; ·f:::·:r~1k"'I:~ ".'.~·.,t'::'.:<:·::it!~·.,t:<1.H~·· ~:~liL~::::.:..i ~::) :~:e :>i-'•·:,dfi•c f:.::::d : .;;:~n::s.:::. ;_:t:n b-: :i:;.:::d, ~'!i:::t.:~:i,-::·: .:..i.::::3,· •. :·:::-::·:.:..1r:: it~ -=~b~}::;:--:-...·:,~t.::: : :·~.:-:·i:tt:·:rL 

\:; ack~itkV'::. th·~ Pf~";_.:?.,t':l lnw~{~tt,:..~n f;;?.:': t3~ :'~;?.tlX:?.-l~ ~Ki~. ,--:,f;~y ~;_. SU•:.·li:?. p.:._~:.-:..-:?.,:" $H}~-S§~ :?.,i,e~ri~nl '1(~ t~:.,;: .. ~is,~~:~. ;?,:t~ d:?.Ctn .. X~€ r;-,l;?.~:?. ,~i ~~; :e:~(,!~\..~•:l~ b,:)Cy !:~cf;.,;,:;~d :n :.~;~ ~X1W~f 

:_::t(:~Bg~ ~i(;'::'.)~rtt 1(,,, 
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b,,:nen1, v..:-t1f.•:·:::in '.".~):·b,:):':S(.>~t•uS ;-n-0'N:·t\'.':::l p,~n.fr_;;t':'.s '-:-~::t~~:--:::in9 ~t ~::: .. s:v::: ,-::,.rt~'--:;- rn,::t~E' $::::t.;:,•Jt:d tr~::;1 QMP:'iit~~ :..·K G;)~t,-::,i-~ bl3..:..~;:: ::i:·::~ J;:::p:..:s-{:·'.:.f. 3•':<.~ ~!it: :..-:,~1b-.::::JJ!.!~".::""Xi\.:•:.:: r:-:::;:1:1:::-i;:-:l 
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ABSTRACT 

An ~'ncrgy stowge device includt'S: an ckdrodc «s~~'mbly; 
and a ,:_,mtllincr t(n: hnusing !he dectrod~ ;,ss~mbly, wher~in 
m1 ek'<.,trolyk solution tlJling np,,ning from whith ~kctrolyte 
solmion 1s to b(' !ilkd into !h(' l"mrnin('r i~ fom!~':d in ;i 

posi1ion of a wan p<,rtion of the container and facing a wh 
portion of the dt'l.,tiudc ,i:-;s~'nibly. 
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EI .. E(:·rRO(::nt:MK.\I, E\KRGY SlOHA<,E 
DEV:ICF.: 

TECHN[CAL FIELD 

(0001] The present iiwt~ntion rdci:tes to an energy storage 
Je,--i,,e induJing mi ek-_;tmde a$:$~,mbly .;nd a C(!nl<lincT for 
hou,ring Hw ,de~,trode ;;ssembly. 

BACKGROUND ART 

f0(Hl21 CPnventiPna!ly, tht,re is a known strncnir"· in which 
an electrolyte $Olntion filling opening from whkh dectrolyte 
solufo,n i, to he filled into a t,onwiner i~ pnivfrkd to a 
,,;inrniner ill ,m energ;i ,rtornge device including an dcetrode 
H,;;emhlv and the conta.iner for ho11.~ing the d<.:'C!tode a.s;;em­
bly. For"" ;_,xampk, PH!tcnt [kloimcnt 'i d.isckis"·" a bc<tt,,ry 
in duding a ba11ery coH1;iiner for hrnisi.ng a powe.r genemting 
element, a lid body f,w sealing an op,~ning portion or 1he 
h,it!Cl)' cont:lml,r, and an de,,tmly,e solution iitling openrng 
·which i, fi:mm'<.i in the lid bodv and from w!Jicb decll:nlyk' 
solution is lo he filled. ln this·· bauny, ~1 pnsiliv1:, ek,clR;(k 
kml of 1he power gene.mliug. elernellt is wckk,d. 10 1he 
c,~ntainer and the dee1rnlyte ;mlution ti.Hing opt:ning pn-,­
vickd to the con:tainer is se;iled v,,-ith ;i positive dcetrode 
terminal. ln o1her words, the positive dectrodt: k.rmin,il also 
pffform~ a fr1 union of st~,iling the i:kx.,troly«~ solution filling 
openmg:. 

PRIOR ART DOCUMENT 

f\rtent Document 

(0003] Patent DPcument 1: JP-/'1.-2003-317703 

S.UMtvlARY OF Tm:: lNVENT{ON 

Problems 10 be Solved by lhc Invcm.ion 

JOH04J An d1:--ctrode .i.~sembly nf ml. t~nergy siomg,c device 
ha;; ,, ~,nictw:c formed by layering pos:itive elixnodes mxd 
negative elcctrod<ls \Yi1h st:par;iinrn ~a11d\"·id1ed tlwrnht\­
tween. for <.:>xarnpfo. From a viev,point of prnvemi.ng ,mtry of 
foreign nrnHers $ueh as metal riece& inlD the deetrode 
H,;;emhly, ml end portion of the dedrode a,~embl:y i~ 
prefornbly do~ed as fully as pn~sibk. On the otlK~r fomd, 
hovl-"e:~/er. 11 is ueci:.:,$t~H'\ .. ~n cau:,,e 1he ek:ctrolvte s.olntinH 
filled ini~, i.lw containe/from tlw ekctro!ytc snl~nion tllling 
np('Hing to eflicicmly pci!l,t:rate m.:,iYe nwteri;,l J;,yer:,; or the 
pos.ifr,--e ek'<.,trod('s, acllve material layer, of the neg;itive 
dt'<.'trndc, and the separators ·in the dectm(k assembly, 
.re;;pectively. 
f0il05J In vi,,w of the ;;bov,' co!lvemiom,1 prnblem .. it is an 
object ol"thl, present i.nventio.n to prnviJe an en('rgy :,;tomg(' 
(!('\'ice which inelndc, au ek-ctrode a~;;embhr and,, co111ainer 
for hou&ing H1e elt~ctrcx:k .. ~,t~mbly and in {,,chich ek,,trolytc 
soluliou Jl.lkcd from an de,,,tmlyte solution filling opening 
form•~~:1. i11 th;;~ ,'<.,niainer can efiickntly pen<.:'trak the d,,c, 
trock assembly. 

i'vlean& for SPlving: tl-w Pn.,bkms 

!0006) To achieve the>. above ohj1;,--ct. ,it~X}rding. to .in aspt.>c1 
of the prest,nl invt:nti,w. tIK·n:t is prnvided an energy ,ton1gt· 
d('vice induding ;m ek-c1rode a,sembly aud a container for 
housing the dectmde as.~ernhly. ,vh,~rein ;m ,dedrolylii ~olu­
\ion filling op,;-1iing from whid1 1;,·kctn:,!yt.:: ,;oluti(>a i~ ,o be 
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fi!k.'<.'l into the con,,1im.,r i,; formed in :, po~ition of « ·wall 
portion of 1he container and focing a wb puri.ic,n of the 
ek-ctrode n~~embly. 
[0007] \.1/ith. this stnKturc, bt'\.,,msc th~- !ah portion exi;;ts in 
!he po~itk,n facing !I-K, d,'<.'.!tolytc sol!Jtif,n filling opening, 
the .:k.'Ctw[vte ~,)!u,icm whidi hcl$ b,,en filled from !h;;.• 
dec:!:mly1e s"ohiti1rn filling orcninp: ii:mncdbtely reaches the 
tub po1tion. The tab ponion i~ a pmiinn k>nned by foyt·ri.ug 
portions of a ,ubs!rn!c of m:i dec!rode (a positive dei:trode 
or ;J ne<>at·ive dectmde) MK-! lli)t coated with acfrve material 
(,ictive ~;m,eri.al tm,:,wi'~,d portions) ,ind a por1k•n of the !fib 

por!ion is join.<c'd to ;, rnnd1ict-i1-·,, member sudi as a currnnt 
cdk,,tor. Therd'-:,R,. the <:.,ki::trolvtt· ,n!ution h!kd from ,he 
dcctrolyte $,)!uhon !i!ling opcni;ig ,manged ,it the pc!,ition 
fatch1g th~~ f;3h JH)rtion gn.;.:.~s do~1.vn the: tnb portinn and 
dfiekntly p,,no:trnk''i th,, ckctrodt' ass<:.~mbly (mcm;; ~pcdfi, 
cally, acfrve material layers of ihc ros.itivc ek--ctrode ;md the 
negat!H' dcc,md.,, rn1d S('p,1rntors in t!K, d0ctwdc as~,1.nbly_l. 
(0008] !Vlort'()YCt. at au end portion ,)f!he electrode assem­
bly otht'r th,m 1he tab -por1.inn., t'nd t,dg,~, uf tht' separntofa 
may be bt,nt, or ,1 ,;!ructu.n: may be di~pns~xl, for exmnpk,, l(i 
l;ike measures agai.nsl e.ntry or fo.reign maltcrs. [n olher 
,vord~. in tlK, cnern:v ;;t<:,rag(' dcvk<:.~ aecordjng to tht' a~pcct. 
the electrolyte solc:i\oi; l,,n;dlk:i.e!l!!y penetrate !he elcctrnde 
,~ss,'mbly and th,~ <Jntry of tiK' fordgn nrntkr, inio ihc 
dcctrode assembly can be suppn.,%"xt 
(00091 Tile energy st()rnge devi,,e m.>cmxiing to an ;i;;pect 
<..)f the pr,,,,.,l1t inv"'nti<.m m,,y fo.rtlwr indude th,' C\lff<:B! 
,,o!!ector dispost'(1 in !he container and dectticaUy ,,on­
n<:.x,ted to 1he w b portion <1.nd an lnsulaiing mt'nibt'r d.ispos,:d 
tK'i,l't'l::'ll the ~,urn.~nt ,~c,!kctor and tht' ,11a1! portion of th~' 
container. wher('in a through !mk nwv he formed in. a 
position oftlrn in;;ulating m~~llher and h~ct\V,~<i.m th>/. <i.ikcirn­
lyte solution filling opeBi.ng ami !he tab portion. 
(0010] \Jlhl1 this sirnctur,~. tht' insul,iting. m,:mbt:r for 
dectrically i.nsulating tlK' cwn,nt co!kcwr m1d th,' ,, .. all 
portion Jhrmed with the ek--ctwlytc so:!mion fllling opening 
from ,~,tch otbt'r ~~<lll I:,,~ dJ,pn,ed in such a 1mi.nnt'r ;is noi to 
oh~lrnct a flow of ihc de,,tm:!y!c so{ution fined from !he 
dec!rolyk' solution tlJling 0\1<Jning. ln niher words, ihc 
dectrolyte solution filli.ng op('ning is di~posd i.n ihc posi­
lion fa.cing Jhe tab poriion and therefo.re Ille insu[al:i.ng 
memhet for in~ubt-ing the cnrr,~n; colkctor ek'<.'.tticnlly co.n­
(ll'(.c\ed to ttK, !:'lb p,mimi ;md lhe w.;l! p,)rlion :!wm e«ch 
other may Ix, disp,J,~'<J in such ,~ po,ii.inn a, 1.o ovt'rbp illc 
dci::tro]yt!: solution filling Opt·uing ,, .. h<:.,n ~et·u iu a direction 
in which the dedrolv1e sdu1io1:1 is Hlk.--d in some cases. [n 
!hi~ cmm, hy fru·mii-lg.the through hole in ihc position oftlK~ 
in~Ltfatin\.! member betWl'Cn the d<::ct.roh-k soluti,)n fiHin,;i; 
(ipcning ~md !he fah J>(irtil)n, ii is r,1)s~ib[<l to cause 1.h; 
dci::trolyt1: ;;CL!utinn h!kd frC1m the eknmlyK, solution filli.ug 
opening to reach !he wb portion thmug_h th<l llm:mgh bole. 
[OOH] !vfore<:wcr. !h~, e11<:,i:gy ;;;or:ige device according. to 
,m aspt.'(.'I <)f t!K, pR,~l~Jt invention .nrny forllwr iudu,J,, « 
spacer d.i,po~l.ld h<l!"\'veen an end rm.r1i(rn or t!w dei:tnHk 
Hs,ernbly pg)vidcd v,·ith the tab portion <U)d tht· ,,,-<oll portion 
of H:w contitine.r, wherein tbc gpa~,cr .may havtl an opening 
portion tlmmgh wh.ith the ,;ih port·ion .is ins<.:~ritd. 
(0012] \Vith this ~trncmrc, while dispming the sp.;,,er 
havim, :fun.\.Clil).n, of JV,-;tric!in!l a pos·ii.imi of ihe eil.lctmde 
a,~t·n;bly, prevcming a 5tl0\t ~:irn;it bt't>ve-eu the det'tr()dc 
a,;~embly an.d the cmJ.dm.,dve meniber. and rnppressing the 
entty of !he fo:1reign maH~,r, into !he eh:.>cirode ,-,,.&cmhly 
b~·1,vee11 th~, e.nd portion ofth .. - ek~·trode :,ssembly provided 


	62008_17699555_03-21-2022_Foreign Reference
	62008_17699555_03-21-2022_Foreign Reference
	62008_17699555_03-21-2022_Foreign Reference
	62008_17699555_03-21-2022_Foreign Reference
	62008_17699555_03-21-2022_Foreign Reference
	62008_17699555_03-21-2022_Foreign Reference
	62008_17699555_03-21-2022_Other reference-Patent/Application/Search Documents
	62008_17699555_03-21-2022_Other reference-Patent/Application/Search Documents
	62008_17699555_03-21-2022_Information Disclosure Statement (IDS) Form (SB08)
	62008_17699555_03-21-2022_Fee Worksheet (SB06)
	62008_17699555_03-21-2022_Electronic Filing System Acknowledgment Receipt
	62008_17699555_03-21-2022_Placeholder sheet indicating presence of supplemental content in Supplemental Complex Repository for Examiners(SCORE)
	62008_17699555_03-28-2022_Filing Receipt
	62008_17699555_03-28-2022_Fee Worksheet (SB06)
	62008_17699555_07-14-2022_Notice of Publication
	62008_17699555_09-18-2023_Foreign Reference
	62008_17699555_09-18-2023_Foreign Reference
	62008_17699555_09-18-2023_Foreign Reference
	62008_17699555_09-18-2023_Foreign Reference
	62008_17699555_09-18-2023_Foreign Reference
	62008_17699555_09-18-2023_Electronic Filing System Acknowledgment Receipt
	62008_17699555_09-18-2023_Information Disclosure Statement (IDS) Form (SB08)
	62008_17699555_09-18-2023_Other reference-Patent/Application/Search Documents
	62008_17699555_09-18-2023_Other reference-Patent/Application/Search Documents
	62008_17699555_09-18-2023_Other reference-Patent/Application/Search Documents
	62008_17699555_09-18-2023_Foreign Reference



