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WO 2004/ 102618 PCT/ US2004/ 013010 CARD W TH EMBEDDED
| C AND ELECTROCHEM CAL CELL FIELD OF THE | NVENTI ON The
wonvenb2as generally a card including an enbedded/us2004/013010

battery internally connected to electronics also
e MEARBIWITH EMBEDDEIBMCIARDURLE CTROGEIHMICAL CELL
i nformati on cards that contain electronics such as
integrated circuits (1C) 5 has been increasing as of
| ate. The | C can RIEDD OF THEINVENTIONh as for
retrieving, processing, transmtting and storing
informati on. Such cards are generally referred to as
"Breinventndshenatly elvatdanelupmgentdngheddppbatteay indernally eonnected to
wj de_ ran f fields, including comrerce,

elec“ofl’fcéﬁksﬁ g“&(jg%m EE)FﬁFE}m cation, identification, and
security. It is known to.incorporate batteries into
cards to prove e a POWNCROGROENIPr the 10 electronic
circuitry wthin., Having a battery incorporated into
the IC card allows for the storage of greater anounts

edxgetea foﬂﬁ@orhﬁﬁbﬂ eﬁrdﬁtﬂa@w&tﬁlﬁrelécmhfw e6kHisAARE Rtk ircuits (IC)

capabilities. Because of the difficulty of providing

has be¢rhmcemasing ps p&hpts. r Bt Ioranmyevide fipictions, iseelsasfor rithevinge

ace constraints .of lcal edit card
procesgiBgs Farsratps Apd sopae lpy Ry S hh R sl yuthppfired o a
"smart R Sthi @RIV Hot@asl dpplicdtionith ldl"ﬁrlaétr Iof Fieftia\i@chERF commerce,
i ntroduced into the market because 15 of their high

transp@tesiogy catemyhichiéen, idantification sndsesity. nunber three on
the periodic table of elenents, having the |ightest

3 AR f@ﬂ?’t@ﬁﬁﬁﬁ&?&@%&ﬁh% BhvePirot the

electrof®f @fduitty Withinb ai{dvérig :eBattdﬂﬁmcﬁg)drﬁed! nho e IEnardygllows for the
density. Lithiumbatteries S0 deS| rabl e becaug

storage plegrepigl @nguINp ghdaimiand cﬁéqﬂver@ﬁpwa 1BIPIQsdipgocessing capa
approximately 4.2 V, as conpared to approximately 1.5

\@éc% s Mﬂiﬁﬂtﬁiﬂnwldh@ i€l gy Roquirbd Td%'ﬁl&%bﬁ;ﬁ{daﬁéns within

can ee|t mion batterres or |ithi umnetal
the spdeatcbrstiafgs of & typicahriedit catdaittiedésgablerio schbdtteretypes Whighnprovide

the highp roerRonte 1IHOR taiirics Fa AberP S b Tud Pl fgause
of thelpﬁfg‘;f}lehlhl“ggl dehfitigm B’Ehlﬁﬂntlg‘ hieMRidhha¥sr thRe ohfke table of

iumatteries having solid polymer electrolytes
elememte,dmesgrthe aghtestcaltmmngveaght and highest energyl densityueh any solid material.

at t h | Sol j
s o B B GR E eomiy FySRAE b85e SPbR P Etens.
LithiuMHa@Britd A8 afeld¢ariblbudas! they HavieQrHSh it bélev&mgy msnp t®
provide a medium for ionic conduction.

I C al yner
approxamewﬂy SR\ a8 commpned $e amﬁpyl@tamly érieV di bféﬁ/ and NI-MH cells.

et.her .bas nd ot 0
Lithi tfﬂfﬁﬁ,ceaa\ bg it & 1531 g GIB ﬁflilu ollrl?lg{ﬂa fl')fttéawga f\;ﬁﬂ{u% ion
batterié¥Rrd26 18hiltkaT 6&&3%%39&13@&1@1 such as graphite, to form the anode. On

the other hand, lithium metal batteries use metallic lithium or lithium alloys for the anode.

ﬁlties.

Lithium batteries having solid polymer electrolytes represent an evolving alternative
to lithium batteries having liquid electrolytes. Solid polymer electrodes are generally gel type
electrolytes which trap solvent and salt in pores of the polymer to provide a medium for ionic
conduction. Typical polymer electrolytes comprise polyethylene oxide (PEO), polyether
based polymers and other polymers which are configured as gels, such as polyacrylonitrile
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(PAN), pol ynet hyl net hacryl ate (PMVA) and
pol yvi nylidine fluoride (PVDF). The pol yner
wehewtwzdigt e general ly functions as a separ at oPCThS209¢/013010
i nterposed between the cathode and anode filnms of the
(PAN) Bss1{18Ethy Inhéth firy T @M A aingt mely viryliine fadrialed BYBI. The polymer
batteries offer inproved performance 32) 5 co arted tod
electrolyite peneralist fuaetiens aspaepIaiarhang Migpsed baiicep e clijgde an
[ ult fromthe |am nation/assenbly of
mOdeﬁﬁlﬁge‘Sf't@E%%&if main thin films: a filmof positive
el ectrode conprising a mxture of a polynmer and an
dligdumandtsinpaiphnby(1AdP) recharpeabld ldttesias bffasiniprevad performance as
vanadi,um oxi de, an.electr.ol yte fil rator made. of
compagagB 5 N DAisEIch TSI ARG ContRryn LB B Ly 1o i the
i ' &gﬁ@ dfShAf tiR k! & flintdTipdBRiQE eRctrode
lammaﬁlblt‘?fﬁgge%g){ {)f(’) ‘{1/15]3 A pé

rum Unfortunately, conventional o
comprisitgtsemizaareiof @l polyme dnidtaniclevinoehenhicaly ddtivhimeteriad such as lithium

Jbatteries _|lack t stability.to. be.subjected.t
vanadigFegIqe. GRFIF-P L OET Aty P BHILShp oG R ot sat, and o
negatiV P& Rk iR QmpriaRGnbAlkARFunPor Bhsun allef. 200 to 250

psi, and a dwell tinme of 5 to 15 m nutes.

Conventional batteries subjected to the above = | )

désforiubaielyc eeny entipnal etteries darieding SHyumpimetal Qydiilaing) iop batteries

ei [ ast.r.ophical ly, fail_or I: .
ok gy S GEBL s 0 bGP A8 ol Bpmoeratur o
125C oN@ICOL phsute 3EROC &) 2305851, Ad aalwedbtitht of Altd hPughutes.

batteri es have been di sposed inside credit car

Conventonal bagsaiestsubiscigd trthe om@wcﬁ@@gﬁa&l@lﬁwqwngﬁwgwﬂ
t s Y . . .
s} 5. 5opn SO UG g ik AT ot whih

would r&@t tieRcoLh@Epiactdl ase. CAsprdssltdthdegh baiteeieh bafdelnteh disposed
.. the plastic layer. The battery is electyicall
inside geadHeatdBce [ {HRPerBWre RIS PR USRS HBEI thE DAty g thegprd.

provi ding power for the electronic conprising device.

The battery i nghyAgSRAPO¥'PHE INVERtHOde, and at

| east one polynmer matrix electrolyte (PME) separator

di sposed between the anode and the cathode. The PME

s i | 5 Ty 8stlohé Bledidnic

s L P A S s f e i
comprisig dévicepamatieeidad iny/the plastic tayer Aihe Aeitery inéleeiricallsaenmnected to the

e TSR AL DB Gl A5 bR B. me

ttor$ IR fldes A5 antiRda BRRSId) and he phrase "substantially
ba er}gptlﬁ{:gfly clear” relative to the PME refers to a

material being at |east 90% cl ear (trans_nissivg%hi
patdast ah¢ polamer vraix @soolua dPMEY sepaster dispased belayegy theranode

| t ,99% d b . i.di
o o B BRI gy o
Jeast ORE RolveREntt@tkede ek ligdiuphit ¢opreferably iva edncbinatfolfof at least 0.5

evi dences 2 WO 2004/102618 PCT/ US2004/ Q13010 _
moles of lithium per mole of imide ring provided by said polyimide. The PME is

substantially optically clear.

As used herein, the phrase "substantially optically clear" relative to the PME refers to
a material being at least 90% clear (transmissive), preferably at least 95%, and most
preferably being at least 99% clear as measured by a standard turbidity measurement for 1

mil normalized thick film at 540 nm. The high level of optical clarity of the PME evidences
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t he honogeneity of the PME conprising its respective
conponents (polyimde, salt and the solvent) as any
weigriheasant phase separation woul d reduce opt PCalUS2004/013010
clarity. The anode can include lithiumion
the honidgeneint aftthe AMBAt@npradingits taspdvtivencompanentn@olyainidg, salt and the

| ithium netal | oys. A.repe uni t weight per imde
solvery} g STRAC 96 PRASeBeer i B 5 Xhsr aPaed flaia50, o

nmore than 300, or no nmore than 250. The polyimde is

S gh RhSlettan 2R 16dd Mthim |@atercaliton $RAt¥ed bor HglietRetal iheiting

the group consisting of N-nethylpyrrolidinone (NWP),

lithiumd inmegal il ed aiepedbuibveight perdmddeingof the pelyamisle qapibFEpo more

an 3305 G0 R L i o g, T SRR 050y 555 s
o¥éifseldded fBmlthe conbisties SEN a6t SlidifoneaNMP), of
one SSalts, For er)?arrp?gd AN D g
dimethylaestanide (PMAc)landdseabylfompogde (PMEGF3SO2) 2, and
[ithium bis(trifluorosulfonyl)imde (Li TFSI) can be
used. : IS i ugtal .
o el RO CREPRTR SR 88 £R10.8908 o
preferBily@f leakt-3 1 M0 thfenenbodi ment, the pol yneric binder can
conprise at | east one 15 polyimde, including the

sane_polyimde conprising the PVME, The battefy.c )

o B T b Ao IoP e rm BN o Pl ERY SorlE HGlo BighiL
. . o f: i triz
e A e i S e A P
bis(irifl6ropslfonyNsmided i TieSTecan ba iedphr ase "no signi fi cant

- change in open circuit voltage (OCV) or capacity"”

follow ng a given. heat and/.or.pressure cycle  refers.

t §he et Cnoribieg SR torE e A B b Ser e G N an
intercbtid@aRARL ShYhlenHR RS, the ?Glyih%%: bRidRE e4rAd¥prise %6 least one

than 10% and nore preferably |less than 5% For
polyimeidasiptlading thé samepelyimide coraprising thedkNBEg a |it hi um

vanadi um oxi de conprising cathode was found to

D8 a0kl Bl B, SRS o

capachty eslicwie@héhtingrit D28°0C06r By l6ge S Sninowep whilemgder a pressure of at least
erature of 25 140 C . faor. 15 m nutes under .a

tenp . ( )
250 pgjr As ysadehessin, the phrase "ngpyigyliesnt changedn PR ¢IEHEWIEES (V) or

e . . .
capacly iollingt G hid /SR ERRIE ORI Hne opon circui
voltagd apd icapucity bfithedraytenr ofapanmaahan bt meferabinieshtitand 0%, asd more

preferably a bicell. 3 WO 2004/102618
preferplty le3sleps)’613010 The 1C card can utilize a package
conpri sing packaging material surrounding said battery

t@of QM ,%"’}ﬁﬁﬁﬂleﬁeﬁ%ﬁt?e&% haVif a PRGHAG/MLITRL hdomprising
| am nat by an I nterior Dbinder

cathode was found to provide a shift in OCV of 1.4 % and a commensurately small reduction

in capacity following a typical credit card lamination process comprising a temperature of

140 C for 15 minutes under a pressure of 220 psi. Moreover, batteries formed using the PME

are quite flexible and can exceed ISO standards ISO/IEC 10373 and 14443.

The battery can be a primary battery or secondary battery. The battery is preferably a
bicell.
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adhesive to all exterior surfaces of the battery. In

anot her enbodi nent, a package including packaging
woab@rioadissurrounds the battery and a frane harCmgs2004/013010

opening to accomobdate the 5 battery therein is used

t Ohé U Gard cpAkiged phdiapecompriding packaping nivatria rsyrrmmdlng said

Ty WA R L rh%go%?é%%fg walefol ATORHELEY o Ierior inder
adhesNQ lt% Ol BedeMor Mfagé’sgmg gﬂt Ig ahoffiet ergﬂ_&ﬁmleﬁt 9%5&(21%@%cludmg
ude an exterror adhesi v |sposed et ween

packaglhg nackAd gedouria thebatteay shd zhﬁramle &sving aha)pemng to bicahmodate the
sai d ackaged battery to the sti.c

batery fireih & Wse ¢ FoSm IR LRIESE VDeTelt themel g dipSigd within the
L&afien béWerieS! &ikh 8§ ma&ﬁ:gs iformit
Opem%@g%&{:dgﬁ%éﬁﬁge to‘rgs%,g)Q t he batetery V\,%erlel n t1r11nel oty
throughotiewithin 4Hi mder adhesi ve has an activati on
tenperature which is lower than the activation

TR B S b B AR APy oot
battery\’aﬁchﬂfé gla shit Hayetl fb BedishidPackdcBe bbtféry Ene fpl axfic ¢a(3fép I wherein the
O testing driteria fof bendi ng
extenmdamdemdhmmld japiiy atesl ateQemperstua géatdgaSt 59 CE@I!L @Smor binder
adhesa@pgx%ﬁ% ﬁ% t\glr?tea %it Pr%tp duc 12% ﬁf%nlten%alb r}ﬁepgc{heeg tv@gxaf an activation

2 °¢5rd |nc

tempeBATRRAMAEH R 16GEF @Bk G ddﬁ@h&tﬂﬁt&nﬁpbﬁuﬁé epthe@kteripr Biﬁddt ﬁtﬂleswe
a battery including an anode, a cathode, and at

| ea
The IGgerdsen ymdmﬁncﬂme@q e forgity tlaroughmpt yithih By Jn addmon the IC

o card_cg’%%gl?l VIYI W&tﬁé‘%ﬂ%ﬁg(}% @eﬂgl gb‘ﬁe{ %Hl‘ (ch on-gg to ISO

rise eas one i um
stand#zad ISGIIRC aos”raemt 14248 vﬁﬂiout?mﬁud:lﬂg enyrvisedly ddm:tEEPﬂEdelamination.
bei ng 20 substantially optically clear. The battery

a%%@'é oF formuny gt oot pE SOPPIH BT onER uBufie digeps of
providl %‘p ga@érﬁ (fﬁ%lg(\gl?% él%/ aﬁsﬂiel:'] g E%tﬁgdé Ond B8cat s fgél?ﬁie? matrix electrolyte

risi eddi’'ng process
(PMED afrparmon dJqusedbbmen tiiveamedaaral the eatheda line PME Sbm&tor comprises
110C faqr at S m nutes under .a ssure
a polyiaii, oot pus i Sl oot totf b eI i, BME heine
subst@hil§ 5%/ tidall ?‘éle@k MhedafiBhyf dndia |ARIhe Gldcidhic coRIphiRaR deVice are
capaci l ess than 10% follow ng the | am nation

embeqlﬂed(m stsleas't Imae k)hiﬁilcn batye the battoet aing dednipalbecaamedted i the

C for. .at t es under ressur t
clectrpg Sompg T 4PVt THE PHECHIA Py R gl he - FPaUr Griyodfs. whereina
tempe‘r’zk’[hlfetoﬂléhsp PRI CCfof GUkhst $QhinaEs uﬁdier%%ﬁ@ééhie}bf@f 12§30t used
0% followng the |am nation process. The enbeddi ng

for th«p lma@@mancasaﬁbfv basternpraviding ¢ s iroPen pigeudt wdase or eapacity of

less tlglln lg)a/bé)@l%?vﬁ%&elldl g Pﬁgﬁ%&%ﬁt% ’? ﬁ%lrﬁ]atﬁ)hrtgrﬁ*)%ﬂat\gg% £a%go at least

130°C"R)r @i REstA0AERG s GAARTd Srefredoflae 1Gasy BBOYsE vﬁfh tihta bhmgrtagam
200C and a pressure of at |east 1000

psSI
providing ashifion open eireiyt Yalinge onecanagity: aﬁleﬁﬁetham lﬂ%afgilovzw the lamination
oceand the pressure can at |east 4 WD 2004/102618
PIOC®BCT/ US2004/ 013010

The embedding process can comprise an injection molding process, the battery
providing a shift in open circuit voltage or capacity of less than 10% following an injection
molding process comprising a temperature of at least 200°C and a pressure of at least 1000

psi. The injection molding temperature can be at least 250 C and the pressure can at least
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5000 psi, with the battery providing a shift in open
circuit voltage or capacity of less than 10%
woéabd4neeaig t he injection nolding process. The Bartseop4/013010
can be fornmed by lamnating only two layers. In this
5000 pairtedeh the battedy prévddingrawbift inoopenaifcinit yoltdgeye capasity hoé ldkEhan
di sposed on the cat.hode and the second |l ayer is the
10% felipydag thesnsRHer MOESERPIOPFSN OF THE DRAW NGS A ful | er
under st andi ng of the present invention and the
f afich i i GO
u’g%gnwrt%a/ ew oéfjl%tillﬁréd Pgllafngl%éﬁlgé %Igw;?l Ib éﬁ%ﬁ%ﬁ?‘, ption nt of the
inventiomge fine dayer isthe RME disposedamythagatbedernddhs sdcandusiyehis the anode.
FIG 1 (a)-(m illustrates the repeat unit structure

enbod mont TRLER DHSFBAVIGN Ui s, BREEGANG 2 *© "
illustrating ionic conductivity and the resulting film
BTt Bl i Sl i SRR G Wipegpgnercr

i1l bd RLomPALNANTp o8 FGFBw RN RIIB IR Eetdi(EBldescription el o indth th
A an 8nr}§odi rrerhtr113t0 of the invention. FIG S?Cz;?{ﬁ( d)&gar er °

accomphmpting dfawtings, inowhishconductivity of a PME conpri sing
the polyimde 15 shown in FIG 1 (m and the lithium

S i TESI {2, 2X) ., aS net. f . .

Bl driat PLinh At TR MR Mt gl i i,
accordiigSamt dntldymentl Bthedinventibnpl ot of ionic conductivity

of a PME conprising the polyimde shown in FIG 1 (m

and a lithiumsalt (LiTFSi; 2, 2x) saflincti n .

sBIGr it Asdhls ilsHatmgionis condyeiivety andiihs resylfias §§P&@WP°$1§°H at

o . i f- n .
25 9L o RN 10, TPl 20
solvens ghmmatbutyrblactoné KFBLY, aeddrRingetd anfearbodimant efifhleanyention.

salt. FIG 5 (c) is FTIR data for the exenplary

i.mi.de wh FTILR .dat a i h [ FIG. 5 o
PRI @ eth s ahiber g paisTaRy o p B orpiting ingtyimide
showrnGaFG! $ (B Ql}f@’gfegi(t)l’fibﬁ saﬁ(IHTFSié?.Z@c\} la§l & MrdcfiBn b Solvent load and

ener gence’ o ubl et absorption peak at between

tempezahratfor1tb@ solvemtd THY P15 GEBL,cmd NMB, iaepetivaly 102618
PCT/ US2004/ 013010 FIG 6 is a table which includes

- dj dri des -a opatj ¢ di apA . . :
R s30 SHER PO B AR B pon
FIG. 13(#h)an8 @hhinPsa0q@sEFSi02.2k pisd filcion silesit/polsitaideeatio at 20 C,
bicell which is ready for packaging, according to an
wheredhghapdyanb it GBL- t he i nventi on.
FIG. 5(a) is FTIR data for an exemplary polyimide without the addition of a Li salt or

any solvent.
FIG. 5(b) is FTIR data for an exemplary Li salt.

FIG. 5 (c) is FTIR data for the exemplary polyimide whose FTIR data is shown in of
FIG. 5(a) intermixed with and the exemplary Li salt whose FTIR data is shown in FIG. 5(b)
evidencing the emergence of a doublet absorption peak at between about 1630 cm-1 and 1690

cm-1.
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5 FIG 8 shows an assenbly process for packagi ng the
el ectrochem cal bicell produced by the assenbly
wonropassxishown in FIG 7. FIG 9 shows an asseROIS2004/013010

process for enbedding a packaged el ectrochem cal
bFE&I6 is aﬁaldd wduch ingludbrediashhides ant sewatic dhamines thatRia@be used

Iectro fl.ex circuit enbedded inside a
forma%%%o& %tgcQ,IS? &?ﬁﬁ‘}e{% an enbodi ment of the invention.
to FIG 10(a) is a SEM evi denci ng a defect free PME
Fi1&. 714hoR)s ah%sébnfﬁ&fbﬁﬁ@yﬂ 0@ fansnPat HearsthbiidaPbidtll which is
i nterface between PME di sposed on a _lithium
ready ﬁamaqkaﬁﬁgw%d@gmn ewhpdinynhef thatmsadon.ayer. FIG 11
shows the charge/di scharge profile of a typ| cal cell
a rei t [
| Iﬁggléﬁér%%g/g ﬁg &5%%"&{3’(?}/ EQ%S fBEB d:tléagmg?]!lé elé cﬂgrh[(}gl ﬁ‘icell produced
by the BMemblp paepsy shbavh,in #IGOT.di ng to an errbodl ment of the
[ nventi on. DETAI LED DESCRI PTI ON The i nventi on

es an | C rd i ncludin | east one .el ectropic
Wa an patemily ProsRRs Goembering fbackaged lprt@cpermical bicel

produ(%bWtﬁé Sﬁleh%l B&SkRSwA th Fit® SGin%%re@&'tr%ngé rdu%'uﬁ @mbedded

evi'ce, such’as an integrated circuit (IC
inside prRWQ dandgaqeombng focan dnhtspditeentod thélingettamt er y ?O
conpri ses an anode, a cathode and a substantially

bl afnds SRERL aPrBU BB vt r1 x el udes
polyimde, a lithiumsalt and sonme sol vent. The

I FIch I 1@(&9&%8}3{[\@ shdwiflg 6 @ReetH imitirRPrafinteifadeRtieth PPME
mol-es -of |lithiumper nole of imde ring provided by

dispose¢hen gdithinp raadimmeoxddr (eYP) pamprésies eathafedayesw
nmol ecul ar wei ght, low viscosity ?5 liquid which swells

G R B e s ERREE R AR A Beonting o

inventiml, theaet ntdimdlﬁg h%ﬁﬂﬁmtmb@umlcﬂmuﬂgﬁhmnsﬂnytannmﬁﬁ ands PME
used herein, the substantially optically clear
Separaare%qcmn}&f@ agEHhodimgent od {he I%V?Igloinef erred to as a

“pol yner matrix electrolyte” or PME. 6 WO 2004/ 102618
PCT/ US2004/ 01301 0ppihariah tpFSCREF TN Pot h a lithium
ion and lithiumnetal battery. Unlike gel polyner
el ectrolytes, once the PME is fornmed, there is

IBREMPEAon R sEHIRS a8 O ar 1n9ﬁ1din§ea'ﬂiéa§t' HelefechBhR HevicEAhd
exanple, using a SEMat a 50 Aresolution, no pores In

batterit ¢érebddnied ﬁMelbeThedmmer}f Is etbctridally cemtbetetl e theclectronic @®mprising

device, S g6 AbstsE Al 5oss BE) SR rarRipety s o e Bpaes. The baflery
comprﬁ@ﬁ ik ¥nodeNa @Qﬁédé #d-a s‘ﬁBétbx'ft@alEIQﬁ‘)‘t’l‘éﬁlU QB8R el Bb1 ROk <§r matrix

where the polymer only provides mechani cal suppor
betweqrritbe podderand cahwde. and sol vent conprising the

The separator matrix includes a polyimide, a lithium salt and some solvent. The
lithium salt is in a concentration of at least 0.5 moles of lithium per mole of imide ring
provided by the polyimide. The solvent is generally a low molecular weight, low viscosity
liquid which swells the polyimide at low concentration and at a sufficiently high
concentration allows the polyimide, salt and the solvent to become homogeneously mixed. As
used herein, the substantially optically clear electrolyte separator matrix is referred to as a

"polymer matrix electrolyte" or PME.
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PME all participate in ionic conduction. The PME
provi des high current carrying capacity, cycling
weoeteahildly and maintains this performance | eveCTas2mss13010
a W de tenperature range, such as at |least from-40C
t Q‘hé 8Q€ery t8n berbotix atipiem idh endPlifhivma mend] bagérgnUnhikggel polymer
nperatures. and pressures, with small changes i

electr@v‘seémce\ﬂaﬂ Fieis dorancdaBists I8 genIaRnG §op AelVer i |1@qn3%§§12 pores.
For ex%‘iﬁl)gér I3 u%@g drtrg nSB)P}g r{lﬁ%ultlrc])ﬁrﬁ rgé\aglnthg i’tﬂ/ﬁ@ 5519?6 {48fRed.

Insteatihe @bllvellit ignitelgragd priticths §olyﬁmr ané Keerijthiym tabltm a homogeneous and
| am nati on processes _used .in crle(dl t card

substagHply apm%allutcﬂqar it e Agd R B FomEsBliona £ llgas%@were the
o 2 B A S b o

PME sll pgeicipattinignic yohductiona nul ti pl e stage heating
cycle. Lam nation also can conprise a single st age

IF:)ESS z’%fog(céq% I]il?é‘l cgl}ng;élf tgl gégetlg%g&,l sfﬁle I%gf}% llf:}y d%haintains this
perforhBbO AlvELLRr6R3 wREREh th?eaitahQQ subtastht 36 -40°C to 100°C.

tenperature such as, for exanple, 115C, for a set
For exampgfb éhchME)@hmmthstm Iggmwmspg;aturfe@ ancbmﬁqylr@s wih small changes n

I KTIE NN T AT KT MR —

proceds8SRRIIGh UI AR &k@ﬁaﬁ‘@faatﬁﬁﬁ% OF BN £ typi@d tdjeioh néldfnigpsécess. For
tenperature and hold or a first period of tine,

examifle) hocb\lmunbgvomp@peasgs mS@dan gredih ﬁardtaémmblwgemeéalémtlhze a

B o 11525 ORI B0 Syl g g o 20

250 p$ie Uaﬁﬁﬁ@fbﬁ%aﬁfcob@hﬁceﬁ m@glefswgm@amg ¢1@ld dre hiMiiple stage heating
experi ence no signi f| cant Change In open clircult

cycle.vbimigton alsvypan POt Hyele sBAF PHESHR ﬁb‘é? gt ypuiltiplg stage
r LoV .
pess L33 R0 QAL 993 R4 Dy 1 ff Sl neaing
to a single t&ngmfumm ashan gearhpie ADS°@Nidr 6 agtatigie/perfod dfaimmegich as,
| am nati on_or npl ding rocess refers to a batter

a

for exameleuéumiguieﬁem/@%ﬂeae ]él"éﬁ’ﬁﬁ &¥¢lgs lagungtion ep/coppprise heating in
s SRR AL B Set ROIE s B8 Kok o
holdirfgofiol a\ﬂmg)enhda of eimienfoilooed by hfmtﬁr[g tn@ spcaridsmperduré-end holding

for s G o e SRR gt b oy By ok Rsied. T
perfoﬂaﬂXf deb %te?‘llaé Edrmded uSiaY 10 PME"exﬁeﬁaQ:e%ocsw&w ERdr@k Yo open

uction in capacity follow ng a [am nation
clrcul’pvojtags £O€6’r)mr capacgy dronetip éeraparamredndiptess@ref eomdit®ns provided by a
g rza%.004/ 102618 PCT/ US2004/ 013010 under a
typlca:?F@ gﬁ?’é“@?“ GRS Nor eover, batteries fornmed using

the PME are quite flexible and can exceed | SO

stAgRdad HereinSWel JHeasb08d igaifitadddiiee ThrOCY anlkapassUfollowing a

batteries are particularly well suited for use inside
lam1n@tncen¢1tmeldm@roce§mfcrs|t<abba%eryamfdud;n&&e Ryl Iwhigfe dergenstrates an

oCv an& capa01 yvllﬁc% li]xlf%hlessetﬁgrﬂﬁ’ o,u ;r)reeferéb%b 135 fing lﬂ)%, and more preferably

less than a 5% following the lamination or molding process.

For example, a lithium metal battery having a lithium vanadium oxide comprising
cathode was found to provide a shift in OCV of 1.4 % and a commensurately small reduction

in capacity following a lamination process comprising a temperature of 140 C for 15 minutes
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5 lam nati on processing and can benefit froman on

board power supply. Regarding credit card and rel ated
wappl4itozis ons for the invention, the high | evePC0fUS2004/013010

battery stability to both nechanical and thernal

underStPrESaRS0 22O WsH 8o vdrieatieiEs fuefet isinpakd PMiBege quite flexible and
according to'the i nvention to withstand harsh credit

can emc@ﬂ&ﬁe@ed@ﬂﬁ@s@@@l@f’@néﬂd H3PVE i s general |y based
on one or nore polyimdes, which unlike other polyner-

1 c | i i if
o ARGl G e pIR AR it corts,

smartqmqas" af@biber Gl ASvicdtWisich mth)mhrgh t;zmpsra%e/d:tgh mredsurte

hi ghl'y pol ar grou s havi ng f ung anal gr o%ﬁ{ Eﬂ%lt‘ can
1ammemmpr@seew iCeRi QIFﬁ 351% any AR OPAHF PORCHEHRLY- ng credit card
and 1 % @ pﬁl %Hoﬁﬂé& T Ccor 941 yéﬁ lgﬁ@el(syg %gt(t) 35/}(rgrteaplht E)oe EOthy
mechﬁh&aq and Iﬁfdrmdl%stﬁdamllﬁsvmaﬂﬁ)utheIBME pemitgbateFikEaccofling to the

Pol yi m des are reacti olra product s rgima condensati on

anenﬁl@a&Q vihstard haehcrgdil friddeoceseing QofiHor i des to

initially forma poly (amc-acid) internmediate. Either

0 rTl-ltxl,q{l\thtl%~I fe d{%hﬂf? %@e@&gonéjéﬂﬁgﬂégfoﬂ}qﬁndle%a@'ﬁf&h uB#Re Bﬁxer polymer-

ure o Iam'ne or di anhydri de 'species. The fp a/
basedadiéctrobytey] paitivipateniaddsit eon@ctlhéyl ﬂugtlgleith@ @desp‘@ceap fipii e)/nngs and

o B e BB SAuh T B o

groupgzﬂﬁit cai b Shp Rk St AN Sl i a8 %ﬁﬂfchpiﬁ‘e ﬁﬂﬁﬁlﬁ%bﬁductlon include
yim des are generally known'to provide hig

polybehzmiddzotss abil pplypmidshisnitlesal A¢c@sdlgglan&wéseamiyrnp@twp@q may also

ransi tio eratur such as 200 C to nore than
mdu‘ifos@e@.es g"‘ % ﬁ@‘i tion has identified polyinides
distinct fromt hose disclosed in the '672 patent and

h g iRk dréfeadtish prio@ictobf & odndensation reaetien bétWebﬂ Slmmlnes and
di stinct polyimdes can 25 result in the for of
dianhydipggs to saﬁellbfommpcﬁw I(Wlﬁrad‘é@ nigERediate e Htheh i th the dlamme and

Qyi de
can 0L 4805 06 BF Bl BENY B ORS REAEES St K scid
mtenhaﬁ@tlens tfheﬁ Rodvestet 3¢ afiillyainigtizad modemédris mat ri x
material (PME) when conbi ned wwth an appropriate

e LB Sl B ek B PR
partlo%a?\ﬁ'lﬁﬁﬂePth& ﬁ%g?ﬂ&ﬁd@%dﬁ%hﬁgs PRIy AP LR §enella[1¥ known to provide

contrast ectrolytes di'sclosed in are

high thermiiarabijéyechesicdl xesistace asd bighdzglass dxgnkifion besaperatgregyyuch as 200
2004/ 102618 PCT/ US2004/ 013010 opaqueness al so shown

°C OlmOIEQI%Jp‘}@ ‘whi ch is indicative of phase separation
of the respective conponents. The Inventors have

' dfarﬂet duHeﬁgm@%lo?MEfsl '@e?x'tlﬁ@@ b%ﬁﬁ’%? leﬁﬁé’t}ﬂrdﬂl dR3e HREIOYSEIN the
formn ualtatlveyre ating certain
'672 ;pmém red hpﬁfomnétlmaidttmnl aisplyepionganieiof ithege distinct polyimides can
result in the formation of a PME. Some of the polyimides identified herein provide represent
newly synthesized polymers. Unlike the polymers disclosed in '672, the polymers disclosed
herein form a substantially homogeneous matrix material (PME) when combined with an
appropriate concentration of salt and the solvent. The homogeneity is evidenced by the high
level of optical clarity provided by the PME as noted in Example 1. In contrast, the

electrolytes disclosed in '672 are non-homogeneous mixture, as evidenced by their
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5 1mde ring density is believed to explain why
polyimde filnms, when |oaded with lithiumsalt, show
weigiheasant i oni c conductivity, even in the abeemsz00a013010
solvent. Repeat unit weight per imde ring is one
opaquBBés Wlse shbwh i Beammpled wikink it ndmative of phabesdpatation bfthe respective
dividing the nolecular weight of the entire repeat
compepents. of t he respective polyinmdes by the nunber of
imde rings within the respective repeat units. 10

:j:ffhg' EnvenPIS hATM dH e 98 d fs?xghss%d\ﬁﬁ{p%kted olAmiedfor use in

electric constant to materials because ‘of the high
formid BRIHsoby qediitativelypretatingecrtaiy polyeneripargsneteys tooninegingductivity.
.1t is beljeved that the Jinteract,i bet ween e .i,m.de
Imide ringglsnBiRES R BEYSC R SPATOHEY BT IR 4B L1 G A Ay iom sal,
show Eigﬁiﬂcgﬂﬂ i6nic CBAGHSIAY] dvén A 1R dBMace bhbSlvert TR dnit we(ijght per
polyimdes for use as PMEs can be generally " selecte
imide frimg i§ on¢ measucoolindds tng density and iscalgdated butividing e molecular

. .nupber of imde rings (and.to a 15.lesser dedree..other
weighf pEien ispe o oL Eeatdrcnt e oRF slRTR S ghdHings
withi&%@?és‘ﬁ@étiv%%_r%éﬁ%ﬁi@éﬂ ar repeat unit in a given

pol yi m de. e nore imde ring function present per
unit weight, the higher the average dielectric ]
simislegings sepyipravide the eghivelvat pba highrdiclpstyp epnséat to mpiepals

dielectric.strength js i BV oo : l. .
oecanfe, G blgn iR APy Bed B B ) FEL el el bd tha
the infefdeti6n bewabdf thevintige dhgd dnd tRA/Ethida i isey faetbt inedeyermidning the ionic
quantity rou%hl y.inverse to imde ring_densi t?()
condugi@yigy pletiPMa:- d4us, dpraved palyamiges dorusp 88 PMEsan be ggnerally
e QA Y i O ROIRBNE LR Yomice gy v o
lesser depeabthse hiphly pdar groushe sudhreg sdHone asbsnyli aml dganide)ger molecular

becone .an incr egsi ngl y gr_ea(tier_ contr.ibutor to the .
repeat R givim podmideResokgmids HRg fimctigs iRt PEpEAE weight, the

i iele] ' S&5f thb Slﬁfw.i 1P bquivalent
hlghefﬁnglgg%:rta gélaéle%:eg%r{%t% gﬁ?&gﬁ gi?(%%lﬂc condgc I VI tg@%f %uSwatl ﬁne
dielectrid stienithes helived kd gereradiydesbto iRpirgvedisdk sntodactodn, phooh cha
i hi gh .hel i um per neabj,| i may general ly produce higher
1MPpToy 6 Hi€LOWE 78Y ll‘ﬁ%\Y}ti’?P Jﬁ‘ﬁaﬁ\ﬁﬁus formbetter PMEs. At 25 C,

the neasured He perneability of npst polyim des

AQAGREHNAY! Hqhidiity FONSHE/ iBVerba® BN iADaARI) PefBRedo as repeat

| east 20 barrers.” The perneability can be at | east
unit waight per, ingée ring canlse calylatebto dep c@ppary the rgBtipe c@@entration of
. ., barrers, or..nore., 30 lium perneability may be.. .
imide S i B PP A B BT U e P an e e Pk fride ines become
an incRRERBADIrbAtEYcdniDutéto Qhegl%geaﬁ‘ QMRS RFhd1 rAaupiesdt, G Weitepeat

~ filmhaving a thickness (1) and area 9 WO 2004/102618,
weighppsiugdooag dacserses, thegquivalen diclrotris eanstaat Hid igpis|cpndugtiyity of
r.essur e . 0ss the filmwhich is equal to the

thepo@ﬂg’t@eeéer%eé%s@%%%ﬁ%m nus the downstream pressure of the

gas conponent and neasuring the resulting steady

sPalyémidet ehivh [gasidé hiply Heliimpermeatilitygnahgaeeiilytpredice higher

at STP.
ionic conductivity and thus form better PMEs. At 25 °C, the measured He permeability of

most polyimides according to the invention has been found to be at least 20 barrers. The He

permeability can be at least 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 or 80 barrers, or more.

Helium permeability may be measured in the following suggested manner. The gas

permeability (GP) of a gas component through a given film having a thickness () and area
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GP=(f 1) / (Ap) 5 Preferred units for GPis
(cnR) (sec)- 1 (cnHg), where 1 barrer is defined as the
WG§004m]2¢18 plied by 1010. It is believed that theT/Uszoo4/013010

i mum i oni.c conductivit f.the P gen g curs
(A) cawb@ﬁete@m@eﬂ&aywpﬁim §arq5?'¥r6 EATFOSE
upstre&ﬁ)lg}? 119 FROFRANEear lBREu AR ftheX gas%ﬁiﬁ oﬂafi%ﬁd measuring the
on |s expect ed tg reduce the |on|p

resultiog Btéudat stuietryte\odlgae Sowd Opesmephmstbragh dhafiinoat ST woul d
i ncrease th tortuosity within the PME. The maxi num
eﬁgct(?gl/)( fd)conduct i vi ty of the PME at a given
tenperature generally occurs when the
pol yi m de/salt/solvent matrix_has a ratio wthin a
sB@éqarfadelmltséﬁrg@P ifran2)tsee)- Hamtia whers ddwrrer @tdeéﬁeci as the GP
ult1 ener qgéf in the range of 0.5 to 2.0 noles Li per nole
m ‘F ring for a polyimde. Too little salt
generally does not provide a sufficient nunber of ions
t & id BelizaBd thab teamixdnivheioniadopdudtivatysifelie PNM@Eogemenzally aturs when
ener al | I eads to phase instabiljty and possi
thepogﬁ

@ede&alt PsAt wnblﬁéuwry@tﬁ% Yeompigt %%QIP‘P%%“?’ &E‘*@r petrix. Any
phase @%{5?%1‘;0?11% %%‘r}e}gﬁdctg _];ﬁ flice kgfevlgir{éé :oglﬂlg(q Vfi)% \yg%letggécghgb yphaﬁe separation

wouldrmbxeasefth«atcﬁmebﬂtywghaghaiPMElr the polyner to nove the
backbone chains slightly apart and therefore enabl es

ater.'on f on ca 20 The so
gffgsng&rémglg trg{;’[t%ééngﬁtl‘egqutj tﬁ? %E@.}satt%v?rb glpsérature generally

occurshy érpﬁka_tpﬁl}ﬁllﬁfde%&lt)‘égmeni Dafkame A rhifo MR PHesiRBMhge. The
——withr

[1m tations of the type of battery chosen.
op‘umi:ﬁmrsah,s xamqﬂneratufrms gan¢ralin uuiﬂnﬁ ringe afPpetolyad melss Liiper mole of imide

ring fcgfa ;roﬁ @%Jns'\tr%q g 2 s%ﬁ geneg%‘%ﬁqets g‘l?)t é]gqc\ilu g%a{ S%E% g%glrﬁtrﬂb%{r of ions to
conm&ma tdine Rt pRASKNITSPARCE bt gddehly 1eAds ©YMstCinkibilliyy and
desired or " the softeni ng poi nt of the matrix at sone
v

posmbrleeqmmnoetdtwre@ﬁéfs aclyimidegafl vessltingdass ofdommgersivgvhick garpbe

ro | v i ncl udi ng ganma but yr ol act one
Venﬂ%(%’f}%gs H %)yll%%ln(g%t fbonate, N nethyl pyrrolidinone

(NWP), tetrahydrothiophen- 1, 1 -dioxide (TM5),

p thy E@ﬁ@ﬂﬁabﬂle@a{:)o plapn thedhoeadfrayswell ingwehtifer (HNFolyméd tmove
illustrates the epeag unit struyct) ﬁ](g for

the baglebpél@ &fwﬁa shghtlvwart and s les grfsam? iogicogffigients.
The sélogxﬁ'ﬂfso%@ts daglaﬁofxﬁﬂsggaﬁﬁﬁf forftl%rlo S. h}i?ﬁgy tﬁ@%&%lﬁqs Lidsen to

own in
also bp @iab]ermdﬂn tlanlithati cons o theltype efahzttie cliels&A HoB8 &xB8@pl&) for a lithium

with 10 V\D 004/ 10 618 PCT/ US2004/ 013010 T
ion typgbatery eﬂo verhmusthegfrbiniR ot 9re<{}ee§1wotﬁlarmﬁthngn metal. The
amouUrePhvent dan N 06 tihizéd hégféh@lﬁg upBH AR tHhef th@ ‘EHﬁ&uchbH? désired or
i thi umsaPt contal nin IectPo ['yte coul
the softenidg peitt offthe matpe at s teqhiosd tehe)emwﬁimvm wnrk@dselected from

a grou?)egfeslo Veltltg n?c ucF Ok i d%u?yrolsélctone %BL? propylene carbonate, N-
methylpyrrolidinone (NMP), tetrahydrothiophen-1, 1-dioxide (TMS), polycarbonate (PC)
and dimethyl formamide (DMF).

FIG. 1 (a)-(m) illustrates the repeat unit structure for several polyimides, according to
an embodiment of the invention. The repeat unit for a polymer referred to as Polyimide A is

shown in FIG. 1(a). This polyimide can be formed by reacting PMDA [89-32-7] with

10
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FIG 1(b). This polyimde can be fornmed by reacting 90

nol e % PVMDA [89-32-7], 10 mole 5 % 6FDA [1107- 00- 2]
wdizemhyzing des and t he di am ne TMVDA [ 4037- 98- 7PCT/TiS2004/013010

pol ymer formed was soluble indefinitely in NMP at 20

TMI\@D}?)MW ofity]. Thig higPaaleculal weilght pdlhgePilsylBle ih@PrfBea limited
herein to as Polyimde Cis showmn in FIG 1(c). This

numbsp b§hevreithus adithisnt sltresatainying elseirelyty @sldmaibe erodusba
[89-32-7], 14.3 nole % 6FDA [1107-00-2] and TMVDA

8588 by e PEMNIELCERU TGN a8 SRR 2 b vy
FIG. ﬂl(fbl)t Tﬁﬁrpohhﬁn(ﬂm&amlwmfrﬁéceby &dcﬂitg % imole(%aB\/IB(Al 58I9Fﬁ,2d73] O mole

1(d). This pol de can be for
% 6F9ﬁ ﬁrlég&qor?d %@ﬂwénée%ﬁmd & WDAMO%Pé T Tb@mlymer

?/%)@1@4 e polymer formed
fom%gésgso%?éldl%ﬁ 1t€ ni g@%gm&e?ﬁQO% by wei ght. 15
The repeat unit for the polyner referred herein to as
Pdlrlysirapameuﬁt fer thdrpobyrienrefiiréd hetéialto agRolyimide (W sistewvn anFIG.
or med

0 i A et BB SRR 00 I 143 e

6FD& l@bl(ﬁ) J%ﬁfTMM]ﬂ\}HOfV O aty) 19% SmBY fob@Was sdiible indefinitely

it for the polyner ref d herein to as
mNI\Ia'ZBIaWO%dbngmgkst shown in FIG 20 1(f). This polyinide
can be formed by reacting 6FDA [1107-00-2] and 3, 6-

SosrE R Rrihe By e 9B todEEONERRD 5 Agova in FIG.
1(d). al*lﬁ@péi?ﬂrﬁiﬁé Barl Be ﬁﬁ’fhte@ 'B? redoBhg 8@%&@ o PRDAVFR9-3197], 20 mole %

eat unit far_the p}?/rrer referred herein to as

-$3-@. Thy pplymehiosmpd Mpp aelybledadefinitely
eacti ng PSDA [2540-99-0] and TMVDA
1nN]\?1§r6§§ji)g§9‘%g%_ The pol yner formed was sol ubl e
indefinitely in NMP at 20 % by weight and is soluble

| IThe(faieat uiie farepepdlytet teféresd Helnein m@hs/P@lrylrmdé €rik ehbwn 1n
herein to, as, Polyimde His shown in

FIG. 5§hy Fhis B01VERIferiah 06 HEer iy Teole B B T AT 6Y bishd 9]

A} ATOT S5 b M AR iy 2

bywenglttefl nitely in NVP at 20 % by weight and is sol uble
acetone, GBL, DMAc, and DWMF. The repeat unit for

E[%glr@% ij%ef S r g heg;r&' nedlg%&%ﬁ tcggsl L da h}s Showioi i,
1(6). ‘Tﬁ?&%‘lﬁﬂnﬁp dai HedbiAedSy tﬁggd% D 811 (- @O 2] and 3,6- diaminodurene

fluorenylldene)dlanlllne . The pol’ymer
[3102:31-2k d el pobuformed meswlnblpechane]uN@NMP at 20 % by weight and is

also soluble in acetone, GBL, DMAc, and DMF.

The repeat unit for the polymer referred herein to as Polyimide G is shown in FIG.
1(g). This polyimide can be formed by reacting PSDA [2540-99-0] and TMMDA [4037-98-
7]. The polymer formed was soluble indefinitely in NMP at 20 % by weight and is soluble in
GBL.

The repeat unit for the polymer referred herein to as Polyimide H is shown in FIG.
1(h). This polyimide can be formed by reacting 6FDA [1107-00-2] and TMMDA [4037-98-

11
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at 20 % by wei ght. The repeat unit for the pol yner
referred herein to as Polyimde J is shown in FIG
waepp/10Inss pol yi m de can be forned by reacti ngCPNB2004/013010
[89-32-7], 33.3 nole % TMPDA [22657-64-3] and 66.7
® . .

71. Tﬂ%)cﬁg:lﬂ %L&ﬁé@?é u%%l léh%ﬁwlg{ég}{ 1&‘?{1015@/?6 36 vé ?gﬁ&{e‘l@gc_ ﬁué@ is soluble in
acetoricg (BBIL, DMiAlc, ixaf DMIe pol yner referred herein to as

Polyimde Kis shown in FIG 1(k). This polyinmde can

[ Fiozcoret ) or P RE BT et fods COVIBEEL sy Pdp FIG. 10
This ﬁaol B d&nt obfedly rea-gﬁo% B?D@@EMQ[UZ‘S f1enduhe-pol yner

erre ereln as Polyi m de is shown in 15 FIG
ﬂuoreh@ﬁdene)’d]mﬁhp@[l}ﬁﬂﬁi?{ﬂé -@arThe @Of}mﬁﬁ‘é@fﬂtﬁ}ﬂ W@a&@ﬂﬂ%lflﬂmtely in NMP
9-32- and 4-isopropyl-m phenyl enedi am ne
at 20 %({LQ}Q@SIBQ;, The pol ymer forned was sol ubl e
|ndef|n|tely in NWP at 20 % by wei ght. The repeat

uRihe répUat ﬁﬁi?fdi’%é’ﬁ@l %ﬁfe@érféﬂdldﬁ@ﬁ@é As PolyRsidPo hsyih’diivxdﬁnl\/l
is shown in 1(m. This ¥)|mdecanbe

FIG. bg). rﬁa@pmlngnlpﬁ/m pe dpy, reaa;gns MIPA [89-BANE: 332(3.) "mole %

s Lorv i R A
solub%lﬁ&eﬂ%ﬁﬂemﬁl NNitPeat PVE, bRevaigits at | east one |ithium

salt. High PVME ion conductivities are generally

achi eved using a high salt content such. as about
0. Thepepeat pnifdrdhe pelymier préerredhprein ¢ ag holyimide E{ijS pwn in

FIG. F(]?(l[) %Tfﬁs 3{?@ WBhSe ﬁz@ﬁ%&’@i regétﬁfg BADRE (oS- Vf&hd)lf)AMs [3102-70-

1

um's can be 7, 0.8,
3]. The ﬁolyﬂneﬁ foried ,wak.sbluble énly fora, sh])rt81,md1n9\11\/ﬂ) 0, 2.1, 2.2,
2.3,72.3, 2. 4 or 2.5 nmoles Li per nole of imde ring
of the polyl

ncentrations_are

acmerrsRtis s nier SEpEep it AT e Tynshag in

FIG. iﬁ) "Wﬁf ?&%Iﬂlfdetcgﬁ bQ%ﬂrﬂEﬁrby(rgacﬁmg PRI ANRISD-Beel Wistystopyl-m-
For exanpl e 'x concentration corresponds

phenylencainnsige &1423 freidnt ]. &hemﬂxm%trfdnmﬂ waggolublp indefigitely in NMP at 20
., 1.Salt concentration 12 WO 2004/102618 PCT/ US2004/ 013010
% by 5ighsponds to twice the salt concentration as

conpared to the polynmer concentration. The |ithium

Sate 16 t geif ﬁfr&h& rollé}ﬁleﬁﬂa}feﬂretd Hereimts as Polyiinide M is dhoen in FIG.
art. Preferably, hiumsalts are chosen fromlL

Ke!
1(m).L THis polyiimide qapbedaymed by mrafjng RYIDAFE-33-7, A%ﬁeylole % DAMs

[310437@%&%&2; aketd ?F ?@%g 40%@9%%9%8%}?%%@%%%&
indeflrite1yi i NNIPS{ 20 4 byereighyl fonyl )i nide (Li TFSI), Li BOB,

and Li SCN. Preferably, the salt is either Li(PF6) or

Ll’l:lileSPME includes at least one lithium salt. High PME ion conductivities are
generally achieved using a high salt content, such as from about 0.5 to 2.0 moles of Li per
mole of imide ring for polyimide polymers. However, the concentration of lithium salt can be
0.6,0.7,0.8,09,1.0,1.1,1.2,1.3,14,1.5,1.6,1.7,1.8,1.9,2.0,2.1,2.2,2.3,2.3,2.4 or 2.5
moles Li per mole of imide ring of the polyimide.

!
Salt concentrations are also described herein as a ratio of the weight of the salt to

weight of the polymer (e.g. polyimide) excluding the salt. For example, a 1x concentration

corresponds to an equal amount of salt and polymer, while a 2x salt concentration

12
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Pol yi mi de structures other than the exenplary
structures shown in FIG 1 can be good candi dates for
wageodim2dier m ng a PVE matri x. Characteristics POQatws2004/013010

comresfiBgis Oyt S SpbBifiop 3 EmpEER 4 polfr RO HBRUGH. The

lithiurd @alk eﬂ?g’éne%l'ytbevmiyghﬁiuﬁﬂallti lgllom in 'rthtgyrt:f H?meﬂafhb.‘ﬁy, fithism salts are
criteria. wever, the solubili of .1he N .
chosen FomabIC: 1ot HabIE10g: TNBRA: SHBFAb AT 13iCh2, Yiccrs
Q hOR : hxhi apRhi f; ;
503, SO L, A s QP LUTFS TOR P EREICERER: MECN), and LiNO3),
lithinrBdhstriforésnlfonyitiidan(IdARSH OLi BB .emd|liFChe Pasfeeblyitieeshlt is
by _sippl ﬁ | ogki ng at the polyner repeat unit
either da(Pk6) 0F BiTHW¥wever, it can be determ ned from | ooki ng
at the structure 15 whether the polynmer will possibly
beo R ' Whet e Exdrhip e ndlchaeshdwii 18 FIQ! 1 lcamvb
rgf)g)tillﬁgfg%#g%tsﬂﬁsy&l?eﬁ t he so)I(i qlp‘gﬁ)l;dse.c The pol yli m des °
good eandidatesffer adeliy fororing r PMB hiatnive, Chavestenisties thay agep@ &I should

i AR B5 RS AP P RS Rl A g oo

repeaﬁt‘ %ﬂ%ﬁgﬁpﬁéﬂﬂni&%@%aﬁtﬂéw fiePetitedd) Fovidier, FROfitili8co ke PI itself
: e

to be changed fromuseful to of no use. A _
or thesulygios stathiliy mden icombined vatha kigh soncsairaiign oty kigiuma saltepplicable

0 polyinides for bhatter. plications is to take a
forbaﬁtgqy%pﬁ%/laag}qnﬁéstnq fasf%ﬁ'd%ﬁé%ggﬁ%ve a good solubility in
the solvent itself and then try to introduce the

| Hehawor @ablutdh c@n hon@nerally be@kceriaitied ®yrsimplydooking et the
and see if (i) the resulti n% Pl / sal t/sol vent, . sol u%i on
polynjes repestmibHClER HRREAGTH $agrbedotampingd fram dopking ptythe pgncture
fil.m.c f o) ' r ' [ .
et U A e YRR L or o
relatiRV@poitpinetlie s@lRd phase. Zhé polginhidbd sreiprdfemmblyatdnagrysthldine, low-

soir o, sontsct L 26 B ane e SR SERDD e
changgﬁr%a ?ﬂ%l\é'ssgqe%goﬁ]ﬁm d Iﬂetjﬁgrﬁg ah(éflyl cak bddsSkhSEtopertids gi?ﬁﬁg PI to be

nt" GBL, according to an enbodi'ment of _
changed ioni iseful tRob6no use npenggesied screming purddweity ideptifaligomtive

polyiGlen T bERERB T BB A LAy 2Ee R RGP PS APy

ir 3f? aA0 BN B/ toWRIESIUTBER: litRivkdISalf £t BB RBLYL
SOlub{rlgﬁbﬂeﬂgsgl?e&Nﬁg to 0.1 I—gf 0A val ue for the resistance et

imideaing drheorkiahdrseeHf (s residing BEsaltieolvent eqluléon iswlaan andhe

S MR TR RN
clear {ii€n hfedd ofdké Solvdm (éé? P90y b Beed 8vaperktdds2004/ 013010

Measur ements were. so made on an LCR neter at a fixed

frequency of 10 kHz where the resistance values were
r #30. Yis atebleyillustrasing dhe ienicseadeativity ey 20es Cand dhg earesgponding

film c%%{p%gltltog Gforf By }goq]}'lliln%éle ba%e& %ﬁ}lﬁ@&ﬁéﬁﬁﬁé jtl‘fg%to(f'}ci)niie ShownRnFIG. 1(m),
LiTFSi salt (2.2x) and the solvent GBL, according to an embodiment of the invention. Room
temperature ionic conductivity values for PME films werecalculated from measured
impedance using a complex impedance analyzer. Measurements using the impedance
analyzer were made in the frequency range of 1 MHz to 0.1 Hz. A value for the resistance of
the film, R, was taken as the intercept with the real axis of a Nyquist plot, or by an

extrapolation of the high frequency portion of the response curve to the real axis.
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5 wheret is filmthickness in mcrons and Ris the
measured filmresistance in Ghns. As shown in FIG 2,
woéanodtloz1®PVES tested, the maxi mum i oni ¢ conducPCYiuS00a013010
Meas%g%igrét%tv&; a Iglgﬁggaﬁé ﬁa.é]_i(%{ ﬂleg Gth Ed ﬁeéﬁ% £8bF 10 kHz where the
resistanio@ eglnty weieavad dinetly. (The 1Mcémdmtmmy1mas s&culdiéd a¥inGithe
The |l ower table portion shown in FIG 2 shows the
fonml}ﬁmnums_olvent level required to provide a
@g{@g&&én\é}cgﬂtlirﬂgteé%/llgx“logcm 10 for 1.0, 1.4, 1.8
X sa ncentrations. The range of soI vent in
ressed as .t 0 vent/ ratl and
where i R A a3 SRepk gt TPt PTG e
arbitrarily defines a conductivity as being ' hlgh

enou%' to_be of interest, Pfﬁcﬂ as 1.0E-4.S/cm o
miishonm EbRHE s iferithy PMES teeierh dbe maxiguy rorlb%?qmé@ﬁtl‘aty at 20.5°C

was abdlt 180 0-48/chnPfdrQ 195 &c@ ¢etrdtibn gl'ﬁpfﬁdi (ﬁ? SRR Portd 2%
sal't concentration. f ﬂe upper solvent/ Pl [imt
concemegion? wheredhe\PMH ﬁhni comptited 37N aOBIC.aT heriowpetab}eqmrﬁxfn shown in
FIG. 3000tk Ay BoTaIv el SNFLFIHEES BetEg8P OBVt AE 1 X 104 S/em
forl(?’it@ﬁcteﬁldtze@ﬁ%ﬁﬁ%‘ﬁc%n{r%&% as a separator for a
tery. Applied to [tthiumnetal batteries, As a

pr actl cal matter, the solvent is chosen to b_e
nBberage b§ salvert e FEG R issxptessediasithe sobveat/PI ttigland gins figm about

f d t "
1o a2 1fb 1o RheStotR iRt dioke R RaRR s A e hieh
enought &LRShtivteyddt, GHciPAONDELSS/8mh i THe BHREMEL ¢dﬁaﬁmlvﬁ@/rw5sffsund to
salt/solvent conbination by itself, as well as for

occur befwvepvg sotvento Bl ratip o8 lihie % @éfmpﬁmgelppn thesggilticogeentration.
sol vent concentrations, a suggested procedure is

IFELLREA 0B 1l Ao S Lodhdy 55 5 RSP plcerties of the

n an appropri

PME. $tGhigissdihdnt/Pl r{tdlthe RME fihe bpedniéswete sofs hlﬁlMiiay ﬂoﬂieﬁlsaﬂle over
except the polyimde 25 shown in FIG

an extgl@ﬂééﬁ?fé})?fﬁtumang? A 2 FRPaEerdRE 2 dakgy. épaégcl iOeI&hm et
batten%?lAs éérg&%a‘? ﬁ‘fgltﬁgr 1R 1t b & tﬁ%‘%‘?ﬁ@d@freﬁég sPa'B d ac’g[?mst lithium

as a nass ratlo that gives
metal |h‘ngh peiting (¥l SOCY, Capgbler afidistelyitgythe rahosemse]ccamjsﬂumgﬁa P, and

ﬁnallygig lplQVﬁ@ﬁcie hq%q%na?lg?vlt\ésactg:sp QBV o R%Q%B{eg%él\{ [ e%f.l ‘ﬂga@ﬁ Fl}erf,@lt/solvent
combihifor] PH&IC ANRLE b ¥drile POIE, several solvent/Pl data

points 1n between. This can be repeated at salt

concentrations both higher and 30 |lower. There are

gén @ptamw thevespertive Fhisiahand solyentfcomegntrationss o lsvegested procedure
ucti.viti.es

is desdfThefl bE it i oot a3 P i s 16 RS a8 bS8t appropriate
solventGhea2 AP 813810 Ath@pogﬁﬁ\ﬂde(s @howh & PI®tISexREptith@polyimide

i oni c conductivity of conpri sing the polyimde
shownsindUfr. 1), FHTGSOII.l.bl(SnI) I\MB Intlee seicond stap,sadesired ib8Iim @xs)elected

and a3 poren et s SRt Yo A p A et B EOR PR il i
imide SME YRSiARANS! tBE bdlected PI. The solvent concentration can then be varied from a
solvent/PI ratio of about 0.8 to 2.0 while measuring the ionic conductivity for several
solvent/PI data points in between. This can be repeated at salt concentrations both higher and
lower. There are generally several combinations of Pl/salt/solvent by mass that will give

similar ionic conductivities, such as within a factor of two.
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do not show a clear conductivity maxi mum because the
salt content was 2.2x, and as a result, 5 the anount
wohowbwasnt needed to provide the naxi mum i oni CT/US2004/013010

cal ... Fl ..
COREHS b X e BSs SARO TR IRBENY ot bR ASH AR oF  Biyimice
showh heFI®| lydnlml ﬁﬁ thdBiiurh Balt E1TES] 12.6%) ast ﬁﬁnbﬁéﬂ]d)ﬂ%l\feﬂt foad and
(Li TFSI ; as a function solvent/polyimde ratio

tempegatupgior the\,ﬁ%\fe@tstw sBEVERL, ard ISP, respectively. These curves generally
do nof 9{&\2 %Icie%ﬂ Eéflghanfi@ﬁ?na)égwlrng clgcgﬁsl'jéeth% Qe %&E?n%%?as rQQZX and as a result,

the arﬁﬁhit po byliventdeededittb prafidethe lmﬁaximﬁm iohie rc@n&hhfﬁvit? a8 1arge and
nductlvlﬁy | evel s off at a val ue of about X 10-4
genergiy \IPI#Eical-oni ¢ conductivity of PMEs based on
polyimdes is believed to be related to the degree
t o .
parel 2 Mp{\oioRE TPRARK R oK S PREE Bblnp8hi e polyimyide shown in
FIG. I érh}aﬂledlthluntdah (Eorbsat 3. Em) asfa ﬁunct[m&eoda&nb(pblwaﬁide paticeat 20°C,

oups (.e. i mde and nzene) of 15 the yim de
wherl SBRet G PBL. BFeruRit conbRETiny & sSevbanerersror Jrassg solvent t
pOllef’lf&érfgtl(bﬁp fﬂeﬁﬁ)‘ﬁf h @L/ﬁﬁ a8 PR} df0Boht EIUSRGE BR ionic copductivity
ayed yner when intermxed with the s P

levelsagfﬂat acYﬂhpfa(PgabgutﬁKsl(H‘éSé:nno t he absorption frequenm es
di spl ayed by the pol y| m de and the salt by

t el.v r.act er.i stic sorptio
¢ AR ok Blinfoals Bedel o PORUFEIGH BBt BRIl o the
degreé tﬂe%l}‘lhﬁk%i 288U REWAR Afkalii SABS phARLIFIYRShBE Thi¥eassociation is
i m de backbone. These absor pti on"peaks are at

ol
hkelya@l@ tq thegoppgtionpf¢ompiexes hetwepw pokah grouns teg. rlmnbe andcdenzene) of

e ol 9T ERERDS i FIER By S o

absor;ﬁhﬂd’t@leﬁcﬁe@dlsﬁlhﬁld)y the paly@ie we@n iMteFmidey withIBs Sili
bet ween about. 1630 and 1690 cm 1. However, when

peak
comp@‘g}&tg}%da&owml&e@ tigifEaquarciescdisnlayesibyghg polyinide and the salt by
themsél%és are conbined with those salts, the 25 resulting
polyimde /salt filmshow the energence of a very
strong doublet with a first peak at about 1672 cm1
abadr apalgowidd, qimaicteaisti(ablmorptibﬁlﬁbquamcles arbéeli¢vied tto be related to the
IS pr 31 gni_fi cant

imide SGEC R PP T B cpmPelT Fre ROMETOA ACkbele. Khis sbseretion posks

are at §§oxﬁ‘t1717§@1%t1 Al W21 c18-1 Y the BRI Mg £0338%m-1 for the benzene ring.
nificantly with increasing salt concentration

Com i salihiisclpding LR, baBQBebiltaod iLaTF Siatoendt lskow absorptlon at these

id ffi
trequepieS ettt s SR St ibonh STl anderRe coma. Blower, when
certairPPéllfinhidewhich ¥issobfate M2 oABBRAW D 2.6 ddhtsRed L /FAA04 AR IV salts, the

proportional to the ratio of the Li ion concentration
resulting polyémidei/spdt ﬁlinnsjmathd eowrednee of edetyostrangsiesklet With a first peak

t_of the int |onb he pol yi m de and
at abo?ﬁe&ga flaB%F)?re‘rCEOP P§ %trabf)ﬁgté@ Ni'mi des whi ch provide
a high relative |ocal electron density
The first absorption frequency is present when a significant concentration of salt is in

the polyimide film, such as at least 33 wt. %, but does not change significantly with
increasing salt concentration. Thus, this peak can be used to indicate the interaction, provided

a sufficient salt concentration is present. The magnitude of the second peak is nearly
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(e.g. conparable to electron density adjacent to imde
rings in polyimdes) and the potential, 5 for charge
weoeepariatdi®n due to nultiple bond conjugati on nRgTMUS2OMA13010
propd}gbﬂm(g fRabfio Sﬁfﬂalﬁ XortShceftrfnaY 116 MidEEiREd &d @n be used to
absor ption peaks based on the conpl ex forned, provided
assesb timyextant of theliblemctidh betweab Swrplyionds patthe salt opy, such
as FTIR can be used to identify these sol uble

nan-.pol yi m d ol yner. i.ch show evi dence of Go X .
bR ot i e Wi es e RV £isf TR Moo RMRIEBA density
hifag@nt té eidp einygs [ sigyi hdith ial
. 0t SRIBIIIRLS Ely uBdas 1 By oyl g
for clpwge saparatioh doe  invHiphebons! gonjugetion maytieran p pplyaer/splheemplex and

. .are shown .at. about 1778 1 a
aisplfi e R o SRR i eeRF kR byREe o x b BRutbg i are
solub¥) OTH@N ¥bsdgitRmtpB RS OEh RIFTIRA4E bbabseeidéhidiithese soluble
1630 and 1690 cm 1. mmon Li_salts, including LiPF6,
non-pal@aede polymgrsdwhiclrsigw gvidgese ofisemplaxsiorpatiasrfor asp as a PME.
bet ween 1630 and 1690 cm|. Figure 5(b) shows an FTIR

g I B oS8T ) e gm0
1(0), Sitnbushovaditive oF TLRsdler guy syl et eA iuopior el Blate o)the imide

co Il ned wt | . e_resu | | e .
FingsrBIONG) 8 CEORHIA Ci-b and TE4 K G kRS20 H § e begene ring
This PEFSimid B snd Sy BEfaBl e Sorp 0 PEUB ttrcRh aBBH i 630 and 1690

cm-1PMES according to the invention provide evidence that
the lithiumsalt forms a conplex with the inmide rings

of .t he lLyimde, ..This.is_likely._on .he i,n .

e Bebling RN T A 85 L0 A8T pE: ahsgrption
betwend 680 ahtil18Y0 BRS1.NBigBRIAB PéHows anFCHIR! f8r BIBOB confirming the

crystallinity. The l'ack of crystallinity can be shown

abserpg of infkaaed alpoptiondwsveentabeuicl438amndd 6A@smal.-so been
found of an interaction between the lithiumsalt and
25..t he pal yi mi de PNVE..f im0 S :0ptd . (1T
Sl L4 P A8 R P16 L ey
The febultihg pogimside dleeeblytdxtivivarayveepstrdi douplet withy fist peak at about
rechargeabl e battery. The battery can utilize a
1672I°M'ﬂ1i393fﬁi59¢9n§rpeﬁkﬂ‘h o4thcietal anode. In the case of a
rechargeabl e battery, contactless charging operations

oA T B e ot MR SBEAL e ifion
providaevigygnderthan the lithodre sala Forps\esronyden wih tle imedhangpofithepolyimide.
. battery ov the air provided . appropr.i ate recepti.on.
his S dnehiahe i Fatpr g RS bty BB rrey oGERiliPEn a dry
: . ,
i IR o T . 18 b0, Bt
DCSftraoen This levidencrehaglalsorbeen Foundiodian atbmagtion betiveemtha littoym salt and

the polyimide as the PME film is optically clear whether as a free standing film or as an

-

overcoated film.

The card cell battery can be a primary or rechargeable battery. The battery can utilize
a lithium ion or lithium metal anode. In the case of a rechargeable battery, contactless

charging operations known in the art, such as using inductive coupling can be used to provide

16



5 can include lithiumalum num
['ithiumal um numsilicon, |ithiumalum num cadmnm um
woR@mnHsl um num bi snuth, |ithi umal um numti RCOAUS2004/013010
[ithiumtitaniumoxide. The lithium content in these
energlyiffom amexterns) povwensoBece o recharpg thabatiery oyerthgaippevided

A L A L S S b

lithiummnmetal battery can conprise an ionic conductive
10n polryfered binbodimens adithiam fbial pateyy hindeg a ®8EE id forded. In this

O T TR e CIENCY T,
5 can inbifeQltH -Qlﬁﬂﬁm%,?ktmﬁﬁl-%ﬁiﬂﬁn%fc%ﬁ' Bthidns- 2R G hEH & Hium,
se , the

ected from various I1thium vanadi um
lithiumxalaiesnum-bisimxity, Cithiprml-altvminim tinaor dithivmatitaeital oxade. dés lithium
such as LixMyQz (e.qg. Li 04), LjCgo02, i Ni 02, )
conteq laﬁ@ahjil}mm &i&@@}(maﬁ’a RGOS _erl%- i SR | it pqptent in the
anode’is lb&%eg%cn the r&uirtl g‘?acﬁﬂ?@f thbbaktbfEPO4. Simlarly,

cat es and anod InN"the case”of Li ion batteries
preferably include polyimdes as binder matrices, such
aSheltatode imsibdriad & theekithivm nietal batieryldan icompose an iohiciwonductive

netal, battery, the ode, cathode and, PNVE .separ at.or.
10 poly hiter. i 4 e ppREm S ossriB RRER AR CeplimyPibieduttive
mater2® (& & "rHfiS el DIGARRICRLENNBESPAE @R e RYatérPACTH We¥bRh&hically
nore di am nes and one or nore 20 dianhydri de nonomners

active matgrisl is prafprgblycsleaied Seom Y¥nQ% ke vasious Biavmrvepatlium oxides
- VBT RS P BRI PO R M OB s TP Pcige02.

LiNiO2/RM4 Tig 0l 2, KIVXTRY, bfid othePiiafteialsauch kmenl hifibes ﬁ@i g TiS2) and
sensitive. Thus, i cation process genera

a rif I
15 LiFeBOfe | Silorlyy eatenrien andianades inhe spseiafd s aon batieses prefrill include

. r C . .
poy 54 P LU S TSR0 M B 0 et
battergl] theanede, adthodt dridi RMEtsepavatoacdt gV mcluale dhesanad dridifferent

.unnecessary. Recrystallization of the diamne froma
polyigfides.yr e of “al cohol and water has been found to be

both effective and sufficient. The collected crystals-

a : ' : r
£l SEo Bl S B, D o o

use easl renova
20  dianhpdridecnondraerp &r astep-avisc3@nbensatignl réag8en. aPrefatedaliamines and

. ef er abl urified and can be purified using at |east
dlanh%&ﬁ“ﬁﬁﬂ%&&‘“éﬁrgf erred purification nethod is
recrystallization fromacetic anhydride. Acetic 17 WD

2%&?&ﬂ%ﬁﬁﬂh8ﬁ%&§3@@ﬁa&mms badHbehd EEbSingednt. Aromatic

. reactive anhydride rings. However, renoval of acetic
diamipgs afe [srowiy bl 415 sengidiyes Thtssa gurificationiproosasgenempliyiindiudes

remofiefpaflop e SBur GRGls aickEl e fahatguRa R wromati

25  diamih@QypicEllEbetoR Witited AN DYSRtclypureldinined &e difficult to
achieve, and usually unnecessary. Recrystallization of the diamine from a mixture of alcohol
and water has been found to be both effective and sufficient. The collected crystals are
preferably dried under a vacuum because the water used for crystallization may not be easily

removable at room temperature.

30 Dianhydrides are also preferably purified and can be purified using at least two

methods. A preferred purification method is recrystallization from acetic anhydride. Acetic
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method is to quickly wash the crystals with dry
et hanol to renpbve open anhydride rings and 5 then to
woapidioywislry t he washed powder in a vacuum oveRCT/TiS2®4/013010
met hod works for purifying BPDA if the incomi ng _
anhydidleicldses feadtivd ﬁ?@ﬁri&gﬁngs( i Bimmately, Iﬁﬁl%/al'ﬂfacﬁgrﬁdmhpmﬂmzﬁd is
reaction is perforned to t am G- acj st age. .
somettmes WSRE T WaghiBaTE SL25TEALTIA ol DhUSB0 RO OBE ipidusl aceti
i L SAY] Henfll e UByinEXE 2§ SoudhPSRAd TAH Blternat
acid. THE UGN Gl 3l en a0 PR B RPN, s lcmate
methsti @b ydlickiyevishane atysidist wittnilrysshaniobtoemethoye opgn adhiydfide tiags and
reactjon product, the di anhydride excgess ensuri that...
then tp g HRTE i YaSheH QOWEPRAN AU BV ER, LR RRIPQIL™ Bk for burifying
: F € Aaxhdit7e6ss abi lity of the
BPD%E%%C%I%%B@&IFgﬂ%ég%i on, sgch an excess

conpensates for traces of water which can react with
arihgdohdesatjoronspstionTis @efoinued torthd golp(ahisrasisd) ptagodue mwle of

. 10,20 Lght %t ' | teql diiani ne. i .
diamiggisersfenaappeal s L ODFuRdRr e cAmGiae; Fage Gidnhyaride
is ger%ll‘eg ygﬂr%_rag;l‘i/ ﬁseidstﬁ réﬁﬁurg gﬁtg {HeQﬂaluﬂf%rid@fdaF&it AeicRfhes THeeend group

Ide" is then added. A large scale reactjon )
of thepreadtmmgiybquchdtie dianbydriflesrhgsd ensiwingrihg olynesishpiges aresterminated

., there.is sone heat.of reaction and it i '

R T T R L R
additidf ahRh a8 3¢ £ds9 Bordperkted Te EacePolf Watetidhich@an edagtiit ahlgiride

all at once, provided there is good initial mxing. 20
groupFhe di anhydri de generally dissolves nuch nore slowy

than the diamne. For a snall-scale reaction, the

best . Si. r h i '

el A SR BR8N o e
diam@ead efhaltdissdlhed fijstrpreferabbeursieakirogby, dithouigli thisik@ot required for

ol digrginegr Rt denpuirioens Benig ek Tres St isfoubbig 6 fhe
dimﬁ%&l&ié@@ﬂﬂ&ﬁ%@%%ﬁ%%&X & sotqd M¥At b LrehMRIN\URd O deRBIOM keep the

e Initial reaction 25 is conplete, as evidenced
temp&ytue belb® ARG, af driexemplksi asmall stalt feantiarod 0 gravks could add the
Vi scosi t%/, the solution, is r_e_ad%/mfor imde ring
dianhydedealb at onee, prEided Merg isgopd iRl PHREn t he pol yi ni de
fromthe poly (amc-acid) can be perfornmed with 1.1
e b | Gis @M Ml AEnBIRs| vy BRunth B addife. IF
egﬁ?evcgjf)e t S?Qeﬁ??ydﬁﬁe as a ring cSI gg}jre cat_all yst. ora .
smalPycaledeantionathe hestanid ethnjalasd wayl tb peform gfegeadbioy it oritse mwgtindrical
] 30 until nj xed., The acetic hydri de, can,cause a,.
jar Wb POBE R O RS UHF . SGELER O Y HeTATCa O Aukep by B imhe
i %?ng‘%é@ 613 ReTiddIAAPA/SRABPd tdhien BR!jXRhostHI9U e reaction
begmgﬁeﬁ e issoﬁved bef ore heatsi ngg;%we needs_Jto car e?u_l | )
procdedabest hieropar tetperabire oy trantv@to Cwblye howsperiodaOr8e g injtial reaction
is corlngle?e?gé exgigenucgg b?g s%gsﬁgnt%ﬂgl cgﬁs%grﬁlsgfﬁ%loll ¥olof IR \(?isct:cpsflaty, the solution

is ready for imide ring closure.

The chemical reaction to form the polyimide from the poly (amic-acid) can be
performed with 1.1 equivalents of acetic anhydride per imide ring and 1 equivalent of
pyridine as a ring closure catalyst. Pyridine can be added and rolling preferably continued
until mixed. The acetic anhydride can cause a portion of the amic-acid polymer to

precipitate.
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jar to shake. Heating is performed for 60 m nutes at
full heat or until the color changes are conplete.
woheodf1@az618s put on a rolling mll to cool whil 8CT/US2004/013010
turning. Once the solution returns to 5 room
t efR&IRHEShodld Y rellistdlvéll efskepehiirrOft fcedk vecare MWt the jar
resul’ts. However, the solution generally also has
to mase thanBeSICus lessyhandI . Hivhasttoause@n oxer apghgocapigbdlligiemove the

e BESHS )5 0 ORE d feke
compl®E.NPHe faPlis iRt on@GolifHE thilBroRbEWRle fulfifi 20508 tHe-sdRAlof returns to

reaction is to precipitate the polymer into nethyl )
5  roomdtmpéreture, EBHuly imnibxedspolyracrahisspbied in sesults. Heveayepthe solution

1 noners that,djd npt react. .Jt also.can .
gencially EBRPan PR L Bea A ond RS ol fyte R
anhy&3de, "BeSoldiRnas dkpdciedab bt BRbRALY FERsdnaBld RAod o fhing.

hi gh nol ecul ar wei ght polyimde will precipitate

cleanly into nethyl alcohol with little qor no ..

c| Adpuifersedsmethiod foi endisstingths marsiugt Ham armgall-gealeeagipmgs to

.£.0.10. 00 . T i:10i t-&t: [
ST NOLTH Y N R
10  mondidrh eiap@id ot $édcghlkt alsblean peliysiiein amjurictien with the pbebrieddviscosity,

for a few hours in a hood and then dri eﬂqu. n_a,vacuum, .
to estgmats tha quetity of e dphmegization cA2epdyhighmo HW%& BAkypmide will
ihSatPLE | iHERMBhOfiscosity should b
ey STl Ao 30 o SR ERT oty st
high (51060 319,000 8p)or trace materials. However, water is
oo —eXpected. to be a less.efficient than nethyl al cohol

for this purpose. A.final soak wi.th 20 nethyl al.cohol ‘
| g repRaey PaGnea HRF BTN (e R s yBlfiRe Smell of
idMei8 fi et | | i@l R @Ed then dried
15 pidepROPSRThLL Loyl v BRLYTE R By aa iy g e i

in a vaatuie byen sl 1€ otdngigharthecalume af methypaleclzol bsipreéargbly about a
assenbl y is&gi scl osed. The two piece assenbly
gallog pgi HYG@ams o) @ g@%ﬂi ng an electrode with a PVE to form
an el ectrode/ separator and subsequent assenbly 25

Wi G)ﬂ a"l"ef} ENQAR, whitr Bt BENRA kS RARdve BBlentsQr @aké MawdrRls. However,
techno ggy a cathode slurry of electrochem call

watenistexpertethatode alless effipigutthan methail blsahelfdr MWOS%AIﬁn@b gpak with
i bul k spl vent .wit.h.th | vent - f i opi .
20 mennl Gl BT bt B 5P YRR LR s o

polyfheat ed upon a current collector substrate and the

bul k sol vent renpved. The anode is typically
car bonaceous and 30 nmade froma slurry of gra

hite, _
bi lchapthen aspsriaefithe invenldorswhigh it prefeebly yped t@cfpxr;% 'Fﬁeehagtery used in
d_ af i . . :
the o GIRHCE typleBE pERED bGnBY s ARG, Ae (B e L embly Eopyprises

overdin® At L1LOREdSw R /PUER @O forM 1Bl € trodb/sépayatof and subsequent assembly
_non-tonically conductive polyner binder, inorganic
25 withgpgpole: filler material and
In a conventional “gel” electrolyte technology a cathode slurry of electrochemically
active material, conductive carbon and binder is mixed in a bulk solvent with the solvent
functioning as a plasticizer for the binder material. The slurry is coated upon a current
collector substrate and the bulk solvent removed. The anode is typically carbonaceous and
30  made from a slurry of graphite, binder and plasticizing solvent. The bulk solvent is removed

after coating on the current collector. The separator is coated as a free standing film from a
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pl asticizing solvent. The cathode, separator and anode
are placed together and | am nated under heat and
wonresisinzads The remai ni ng plasticizer is then r eaowsen04/013010
via an extraction process typically utilizing a hot
86t hateilend
sty e e o e e
plastigizingtselvent. The eathvdd, sgfaratoreand| anodé @ﬂezvéacedmﬂ@eéland jagninated

h Kk foil k
underglggt\r)a@ﬁtg?%qﬁglg ggggﬁ%py%&pd lggz%g sn[g?H)nraetpiorwaﬁl P{éa an é‘k%ractlon process
typlca(ﬂlfy uttllTlrz SERRIORER. COREREN ¥ Mefrovkd aﬁ@ﬁlllqaﬁtaledtﬂbl}ftbs 1t11\mduced
ttery assenbly a cat hode sl ur r]é of activ

into thmiyeﬁerratlo fill ﬂmﬁ @urcs’f oreated Visomopyal c;f thﬁ: plestifizfiedhg ﬁ%il is then

pckagol BT e R, B BB Gt e

Q,?ﬂﬁeéy {-té§orhl%ﬂéﬁgd Subsequently, t he coat ed
Jomm% hode 6ﬁ];alaovercoat ed with a PME conprising a mxture

of polyimde, lithiumsalt and_ bulk solvent, and then
difi Gonttast, e sy wrosutopdaticTicstsTiy aRRbens SR ASaRFvegnalenal,
vent retai.ne i a :
T
coate@ﬁft)diﬁ a nlefi® coMenteont@ck smaktl’m)d Ench’fhe sbbennis rémoved: Habsequently, the
ca

hode and the PNE separator.. An apnode | ayer 1d5 i £
coated h@thOCEﬁ ‘acuacapied Wil INE CURISHECENE,of PhUEmide, liium salt and
t [
bulk Sg)l the% cﬁ—?etél J? é Ssgv\[%%hg whi aﬁgffrégﬂé\yea%ré(‘é‘&t o§ solvent retained

for conﬁ@étﬂh@@aurﬁﬁs@@,&ﬁsh ass feﬁjwmghtt %evet.‘ms pobynpuhaaﬂtls salt. At this point

attery assenbl rocess _des r| bed A PMVE c
e o s o P S AT By S0P e tayer

Q¥ &hudPhroQ{ditPa Bhifs B&ehidS) using onl

is theghpa\éécggﬂertﬁ P@@"z"‘%‘%@g{a&r at olrlllcs:gt (ladé)a I n gteg 7113510 th g Y

twocsmpf)m of the PME overcoated cathode is sprayed vvlth
smal | amount of sol vent for adhesi on purposes.

TR AT DR e Y-
batterXI%E ?Dc%gkedbséﬁ&@%@o% A PhE RMedcadticdd opat dagdde current

erna |vely, for a@gr aphiti c anode, the anode coul d
colleabrsio fivss pa:@ad@tias degeritisd abp¥re Rrigy ter Rlaeing themogn en thg ME

B

smalll 2nuREBS wéx@ &‘d’f%dhédibrﬁﬁ@?os%é OlbgtepW7 2 piLi gndda:esuclﬁl‘dEa Li metal
coat ed cat hode over th t hium met al anode

strip lga'valgmm ar@a alighll) lessghanidaarcaof e ME copfed C@f@&e jefbenyplaced on
LY ted,
e PR S5 MR8 PR Sabal et st coue
dnedCt%@fxl@vér}v!ozﬁéd 61@ the @M E eoatkd cathdde. Wni alrradheabl, m@htdsa m@kciatab is then
footprint of the conventional cell

placedunds iy pepd 405 el iy n@rfqrﬁ@dév sicB,T40 by irasping the
PME'QP dgatﬁﬁee?\gerr?lﬂéﬁ &gg%ﬁeor%cﬁgs(g )'i/:%g? 3 ea§ EHWéh glromIG 7.In
step 730 Fi€zll Fattei e 75 Ehedigsh adt b Whmhoé refatl Gforatkaging is produced.

conveni ent reference. Al thou
Bicells provide twice the capacgty of conventio 5 ceHs w%lle having the same footprint of

the conventional cell.

Figure 8 shows an assembly process for packaging the electrochemical bicell 755
produced by the assembly process shown in FIG. 7, where the steps of the assembly process

shown in FIG. 7 are repeated on the top of FIG. 8 for convenient reference. Although the
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WD 2004/ 102618 PCT/ US2004/ 013010 process shown in

FIG 8 is applied to a bicell battery, the described
wonroEae%xI8s in no way |imted to bicells. ForPexaispiog/p13010

standard cells according to the invention can be

proceRAHEAUGH FAG, 8 fs%\ﬁ[iedl b £bicell Battdrn, tht desclbEd prcksds ingio way
ame material isS rolled out froma suitable roller

hmltedhe biceHsrFor Bxarapler standanbeally agcarding ie Hie iaventiopsaphg packaged as
a thickness substantially the sane as the
showrbg}fflg?)ﬁ itself to fit around the battery. In step 820
an opening is created in the frame material which is
s Ith gl 18Y0 backae gt fane tiatriablslroll&boutdrdne a swiszbl¢ wdley dhafame
a w ndow punch or eﬁgl valent. _Aregistrati oq hole is

materil bgmgracmﬁtemu soph et behavingza bicknpsssByanisdly thegame as the
batterb/rﬁgelg fl{ gl‘aglF(P }%eeo%tt{exgbhgstq m%ggpefrﬁr?g'ﬁ@ cf%%e%rlh fthe P4me material

10 step 830 a
whlclpﬁtshgﬁk@/ Tagder ilsanftRel celL TS5 '@ﬁﬂ: 1amnted ainga window mpaneh or equivalent.
mat eri al . Lower_ pack g|n te“%t E}\éﬁgalow
Aregtmﬁ@mh@@ﬁ%ﬂﬁ%aﬁo‘% %tc 8 CHR31eSNSEPAPr i er is then
applied to the frame. The interior heat sealant |ayer
' STQ) %@ia Hsahgpflg@{o tﬁ@%}a&{é Y fA8RtmAE5 or F)ﬁe -hpiRlifo tHélﬂib strip. In
al so rongl o the current collector of the
step 83@tat @ithode aatdis feds foat amll a}pphcd tovthe deamermaterigle bawelRAgkagypg material

to 100 C. T N th f b|
having) 6iedeBdemREgin ga&%%lw e JPapte 13 Hief hidhd 16 /tnfifne. The
1nten89ﬁé‘a@ﬁ@a dEIHtE afRr RNOmRHA thiot Gﬂﬁfﬁleﬁﬁ&ﬁﬁ% Etﬁelf[%ﬁﬁlls@bonds

ttac o'the bottomof the frame in step 840.

he
stronglgwe thepmnﬂea‘gmi@cmpéﬂleéiaﬁﬁ@’, prdeprefealy apfsates gt p@twgen glpput 90 C

o 1055354 1 b ESBRA g R TEE Ry SRS e

puncltleﬁi'mﬁ hadiaEEe fAfRIand @AlAIRE lc’m& pEOk £y maﬁaﬁﬁr at&lbhed/\ﬂolthdﬂbottom of
can be the same conposition as | ower lh
t

the fremedn stgp 349.s The bawes ppeliaging matstiglds %era@x eefﬁg%r g 90C) prior to
placneg]ﬁxelcsl]\g?g g?i]el eaoln t%?@oﬁgtgkagg%ﬁn%? rrEF?) ?&[kﬁglﬁg Qi ﬁa\ﬁflg a low
temp@iaRirk Rédt |s@aﬂ§nt$1bl@ ndguitelarridrnwaichican be the damepanipagitidn as lower
cell into a credit_card. Instead of, us gerlmst% luded
packwag magteaigl inthgn appliedin |Stf?ﬁz§| 05Ot g@gff‘f pig e include

on ths 8}1 s d%{})tef'rtﬁe IP%F] g(p}:%g Pk ﬁ%:ﬁlﬁéﬂ?l%loéﬁ)h%ﬁdhstsﬁ& as the

eria heat | am nated
insertifn Sfﬂhﬁpaﬁ&géd)célbfmo acfediticaiied bicel |l battery 865
havi ng substantially the sane 25 thickness dinensi on
t hr oughout . Al t hough as

, S%‘ﬁ@@\ﬂy USipgp2 PEHABERH S b{%dﬁ ggogﬁe&}\}ﬁn?alr?’?qpl %wrgseg a;r)]rocess the
entlr? AGERESS HeDaht n%”éq{n?g W8h k% petinfets dﬁh@pzﬂ:ﬁ@éﬁﬁg éhateal is heat

m nation te ature such as 110C for ty |callﬁ5to
lamiddiedsmctapdi6Oun demm a fipisbsd bicell baitdry 865 baying @ulvt@@a wthg same

oo S 5555y B8 088, Sy RS .
asseljxﬁﬁlg'ﬂé‘gée'sﬂhotxﬁ a0, 8 R8n hadkaghiesk & medel cehair £6iigl8Package. A

substantially constant thickness of bicell 865
1am1ﬁﬂmn|temp¢remre mbgns éﬁ ®°@1fqr tyracadlychiodlS ssoendsamder a pressyre

sufﬁcmlrlt to pro nd%cg a Wnifort orm Zedl'Bu { ngﬁog Elg% 2530 distort the battery and/or the

package is used to provide the lamination to form the finished bicell battery 865. The
substantially constant thickness of bicell 865 facilitates integration into a card, such as a

credit card, and also reduces surface defects.
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21 WD 2004/ 102618 PCT/ US2004/ 013010 As used herein,

"substantially the sanme thickness di nension throughout
woheodardigery" refers to a thickness over the eRCTMS2004/013010

area of the packaged battery being 1 ml. Atotally

| RELSRAIRGIR afsﬁl%té(ntwll? hep@etchzkBess dimemidutrsthrdnighbut the battery"

behaves as a single [am nated Iayer Al t hou qd%
refers thathickngssriver the enarmrepoﬁtbmagl@gp ba%&@gmm dhtlge daally

| RSt
iRt S ek BRSSP 88 3L e lyer
intimte cont act of t he packagi ng material all over
t AghSuHH et hdfn IEICh @} b steyp- dotmsepkmbe@s M@liﬂ‘]ﬂi(ms ingf utilize a
necki ng down to the side seal area where t cﬁa i ng.
frame e B Sk nsieemanclastaneric BAnato @latg seis ieds Ahig SUERD ffimate

conta )c/)? ﬁ}%ﬁ)séiclga Sn%?t%ﬂgl' difovr RRCKABEE opﬂh% %Iatte@%e %&%ﬁ%@natenal

process shown I n
neckirf @ orthesitie eeal areacidicte thetpaddethg mﬁedel lamﬁﬁt@s todtself.
card, according to an enbodi ment of the invention. For

it SR el Bore T Sonrttng Sauriesh Pih Sk prodteed by
the as%g@ltv\lgy/ E{&Eﬁ%ﬁ@@h ih BUSS 8 anBifEle@dfoniCll@ftif@itdmb¥dded inside a PVC

upper and | ower tFpackagl ng mat eri al
card, dcoctdimptoan ehibmdanerxtrmf thednyvensione pbrnsaté10d@£ thei firished packaged

cell 1ng?bzg\é%p tglaa s1\|6$ lé?agglg%cf gslée[%,g L-ng urgmﬁurg 011015rotectant layer,

such afs%@ﬁﬁﬁh%!’r PE?eHb%{fexaﬁtthé’ﬂﬁpé? And mrtpaacagmganat@ﬁalhﬁande a
seal |ayer descri bed above, such as a 110 C to 140

bmdex(bra&rbxrw:atenonas daserilesck abovethisistrpas uprecessahmihis enterigr” binder

adhesla/ﬁ @rqfﬁaﬁ@tl}n?}n I%gat 1;1%11 I‘qel%g%ﬁ ur% gér ﬁ%ﬁ%ﬁgﬁ?mm ﬁﬁérﬁ)'r heat

seal laSIlefTHés@ﬁbéiﬁﬁﬁbe nstiead &l 10 Criotike (pactifvetiore  he rktetionbintieras
hown in FIG 9, the bicell battery 865 and fle
formu&,atem adherggrelkiodofhis oyfes batiery paglags neriera) ap st gtandard

h have suitable 20 pockets
Credltﬁ?%‘vls\éé ﬁle?%lﬁ}?}] EI ce Pbattery 865 and fl ex
circuit 980. Bicell battery 865 can be connected to
f etheireferred erdBodiehbasshowndh FéG. Plthe bivelhbattdry 8h% andiffex circuit

580 axy e gosgh BFEP S e Tk CBLERIES SRR WHck B fuitable
pocke%%go@ﬂlé@k J%ﬁﬁé‘b&b‘l@ Battté??@ﬁ"aﬁ& fkx 8B&uiegED. BidH tutteU8AS can be

ext en e sane distance into each PVC core.
connebtedldc flexl cirenit 989 txifole apfafichiplacasgns of thse@amv@etw:ﬁeéé’\@l gores.

and 92 i.cel | atter
Pockelt s PVERGTey IS il SBOGE el oty LFE rasded Bindisl o fopmed to
equal Ia@gtihrég Rthdt Bibbll B an NS difdaid m%kt&ﬁfthe S diskafdedh®Cdach PVC
th |nf< The respective conponents and then subjected

core. Attachedlttatiteside ¢fdhe tespeatiae POIC peree BEsand Fdprpasitarie bicell battery
s 5596 o0 BCURp s pP A28 BRI o

overldy B9erdf35204(t0}RotebIHE 8. The battery 855 and flex
circuit 980 laminate 30 to the interior of the PVC

card and the PVC (or other card material) wl|
| Aiviemespectivs dompenents and then subjected to a standard hot lamination process

used in the credit card industry, such as a temperature of 125C to 140C, at a pressure of 200
to 250 psi, for a dwell time of 5 to 15 minutes. The battery 855 and flex circuit 980 laminate
to the interior of the PVC card and the PVC (or other card material) will laminate to itself to

form a card cell article that behaves as a single article as it is bound together throughout via
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forma card cell article that behaves as a single

article as it is bound together throughout via 22 WO
waQoi/1a8:d818 PCT/ US2004/ 013010 | ami nati on. CGeReTAiSkop4/013010

the finished card cell including the enbedded battery

o e Sl S 5 S ) S e e

héleftire T ehd éhtr@vﬁthiﬂ PiBedf+1 mil.
250 s {RIRaERIEARARY Sl SRR kol Saedrat mi

Thus; ange sodtileé and)ptaocss:scd ade alfm@(b\ed tcaldnth@fentbhédaﬂdraﬂterbaﬁdte practically
h 5
s R P D S gt T s

mark?nvention has been found to w thstand rigorous |SO

testing. Specifically, card cells according to the

i nvention have denonstrated conpliance with rigorous
| SZhetIélsctardt@ema ineluidingrnittetyeasapisdng tolthkinvamriipn kasdieeh found to

with%ﬁ%%o@&%@ ﬁgg %aé}:d c{a&ilirt az%?cél%@ %&%Y t%rt]? Pn%éﬁ]ti)’on have

demoBE-R6Y mpli@ke WMhﬁ%dr&Q Ises&sm@ critérén for bahdm@,&ldxeﬁnd torsion
865 and fﬁ)ex circuit 980 both remain invisible to the

accordingde A3Q stndads ISQAEC 19343 a@%%%‘a@t% glycgpay dgiceiable
r t T tdher
e, Sy Mo RSEEng I A XA s i
both Refal Invidisle tethicesicatdt of diengrd thut Hembmstating ao appedpmce failures of
| am nated at the above-descri bed harsh 15 conditions
the cagdgelbhow a ni ni mal change in operating
characteristics, such as | ess than a 2%shift in OCV

o anﬂm‘%@lﬁ@&?ﬁ%‘tﬁ@rﬁﬁl StBdty %ﬂ%@ﬂﬂ@ Q’ME@Q&bf&Iﬂg to the invention

Conventional batteries ecte to the abov
permilebatterioe decvating taiine rma\tantmn tmlvﬂ:i]atnmatsd atithe alg:amateatﬂit;ed harsh

eit her at astra al f ai |l ence o
cond e 14 ShOu R, Ctnet b ohsra g G RAEY Suhdses it 2%
shift Qlf()@v RAonfiRnstie stTall tﬁaagém{ Sapality: Tk @otqbaumaﬁba@hlas subjected

| exed, the battery, package, PVC all nove

to thet abg:et Heﬂcnhsd cdvd Jarainetitio conditiang avillgenerally eiger catastrophlcally fail or
expelﬁ%{cnp 2{2 arge gﬁi%éﬁ R%réﬁﬁg B%I’ﬁglg erse\gg hgtfo(f {]egttdergt em O%Ino practical use.

undul ations in the surface of the card. Several new

P Ak ginicte AeHee Cliscaad eelll asluxedatle Blteerg, patkapehaid BVQ,‘ all move
ackage material is |am nated to the entire batte

togetharas Hiars BaHnpEwheT BFOUER e ALY A Kgsyli dexing; d&ﬁs tl%t generate
notic bleo\gﬁbklgp b?lgnp"s h&ig@%‘ffe@t@ Yor dn'&uﬁgg%st 1'ngﬂcr SLE’

escri use “of "an exterior 8Ee5| ve to
Iamnatethe battery to a card material, such as PVC
Pr&wealsevw packapmgtaspéuts gredsscribsédbdve. Ehbobattdrp pbekagematerial is

Lamingfeddo BEeiEe DAty dHViP RSB pngTOrk GG BRE Sy lermitetion 1o a
portiPOLRE baRerd. qngtgat%h afd lﬁ%ﬁtlg@hes@gs%' the G SF dntFh i bHller

processi ng condi ti ons. ferent activation
adhedienpdaminatesthbi bmtmharysto ¢ baigheatetidppehas BVE. Poéwiadsrbdnding techniques

used %onhegp s Ie%éctscl%f aﬁﬁ%@g«? g?nefaglry lﬁﬁa tai?\g? anrllr)ee?attuge curgble glue because

of the inability of conventional batteries to withstand typical credit card lamination

processing conditions. Use of a different activation temperature binders (higher temperature
binder for the exterior of packaged cell as compared to the inside of packaged cell) for battery
packaging and battery integration into the card allows processing of packaging material

having binder on its exterior proceed thru the packaging lamination machinery to assemble
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30 packagi ng and battery integration into the card
al | ows processing of packaging nmaterial having binder
wonoit1e2a@st eri or proceed thru the packagi ng | arRCnAS2@®M/013010
machi nery to assenble 23 WD 2004/102618
the beftlely Mﬁﬁ&%a%ﬁg% extdifor Bﬁfde?frﬁtéﬂal fodbinteEHSte fige ibehinery and
ext'erior binder material to contam nate the nachjnery
toolirenak welbas pmgc—;rvass wsegritsdorthe sadaminagon prasgss; Fipallypnstallation

the card |a n ocess... Fi nal | ' .
of  Fge G BITPBIC P PO AL e G Bt a5 bk b Bftes Fhioh
dpar batteries which enhances
enharlﬁﬁ?gfgfgg%t:i%ﬂnhron% cards. 5 EXAMPLES The present
invention is further illustrated by the foll ow ng
5 specific exanpl es. The EXAMELESare provided for
illustration only and are not to be construed as
limting the scope or content of the invention in a

wakhe Mn‘pingemlonap furgher 1ltgsg|a§ed@y%@gqﬂowggqﬁgrexamp{]es The
] I /
exmg%%;%‘ag dSX gge(‘r\éﬂjﬁt%%oﬁ ﬂl@ a?@ca\é% {rﬂ()jtdtﬁ be %hﬁgtﬁl%h\éﬁ\i}gnﬁ@ﬁ%the scope

orcaﬁﬁﬂxﬂﬂh@ﬁﬁﬁmﬂﬁlﬁhmgvewanple isto denDnstrate t he
onogenous nature of the PME forned fron1po i m des
: lRptical {Glavity Meg :.-a.i".,nf’.‘.'".!.l:. 2 al VARARLE ¢
DO € f lis-afca 1totlr.ementlon
films were generated from poI yi m des shown in FIGs
1 (e, p@c)seaxﬁmlg myampihis to denivasirateile BRIGESneus natye of tetPME

fom%@ po; 3(1%1 i .’3&1&@% %ﬁ ragltlég? "Tvbﬁ aﬁlﬁﬁl eﬁt et%%ﬂlghm d
- -demotn%ﬁé’&‘ Bﬁ‘t@éaﬂrﬁnsnﬁblﬁ&? EME i1 ez divRtentlosirgodgndidys shown in

hree hours in a vacuum oven at 120C. The resi dua

FIGss]ib)é dexanddm)ewhiloadapmib? Halsltsolyent was generatagfor comparison.

s mhe SOFRRRH MBI B VL ol P R Gl

suppdi ﬁlrﬁ R NV RN Eri & fo er¥€Rdurs M 4 vARRELG AR 1 309¢: ' Bhe residual
performed using 540 nmlight. 20 Polyi m de (¥ e Film

solvelhéaiters s&s Appmbaatgler doxrtph.a ASINE ME compogifiions ynd e Matnimid

ool B8R T B3 P A bR e

amod:n‘t ef sokbdhr. Rhl ﬁea%ﬁre@qeaﬁh&wé@@%feﬁnafﬁ@ﬁgsummgm om t he
abl e above, the Matrimd polyimde does not forma
20 clear

10

Polyimide Type Film Thickness Absorbance % Transmission
(mils) ' for a 1 mil film
25  Matrimid 5218 0.70 1.903 0.2%
Fig. 1(b) PI 1.68 0.005 99.3%
Fig. 1(c) PI 0.66 0.000 100%
* Fig. 1(m) PI 0.87 0.000 100%

As demonstrated from the table above, the Matrimid polyimide does not form a clear
35 homogenous composition when the lithium salt concentration is 64%. Moreover, the

Matrimid polyimide does not form a clear homogenous composition even at substantially
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35 honogenous conposition when the lithiumsalt
concentration is 64% Moreover, the Mtrimd
weoabogieade does not forma clear honbgenous cORPOAISEI0&/M13010

i 0
tower SYE PoEpRARTEAREN 2 Kool BN E Y SRR e tithtum st e ipide ring
prov1®dd@l’thepbllyﬁ‘h1d@nP@i§rmﬁdés mnludmgoa‘ lithiuohn salhm%domc@ﬁfatlbmoﬁe 5
i.ded py the imd Pol y des.inclu

moles{or [eER1 ilffganr&sa MH@GEE@ pragges e go mhim geger y Tetk
suffic eﬁ}s niftlynd {oh{¥ ?ﬁlvfltggﬁf)e "ﬁ%?ﬁl 51%&901 %@r?&f ahne

yI'm de genera I clent m Il oni c
electrmﬂmﬂm@ﬂce/ll.ty to be a useful electrol yte separ ator -for
an 5 el ectrochem cal ceI | . Although only data for

R TSI W —

abovel m BM%mGB@ ahmvlﬁ HEED (@) MDudO(nh)) hilve BRARBERR H5 form

clear ’filnms having optical properties as shown above
homogemoup ellear filnie baving pptiaa) properties ay shorm sboPrEonpadyisridss (b (c) and

. 5 oD 518 i R ponducivi.

honbgeneous or near honbgeneous matrix material,

Exampiizeries formed using the PME exhibit a unique
abiTity to handl e exposure to_high tenperatures and

pPiss tiedMEdHp @ hosiopeneonnpinesr hompgensens mﬁtmrmetenal batteries

formef SERRTA P B B AR hal G BERUEE bl R B anc

pressuf €, @nd $Abmaitdin ite herdbonuincd hakbeteridies. Gl @@erﬁbﬂ?ﬁ@%&ﬁlly
exposures to simlar or | ess ri gor ous condi ti gn

perforpsel agplewalpd teamesatunes (8- dA0r eandzeespd Bg 19 pRblor about 10
mmutésn \§§ Qﬁcysg(glenﬁé%ﬁﬁﬂeg dibYiar blle %ak?gﬁkoqlﬁlgﬁﬂs hhabt ecf?éclt Tells

e I nventlon can condit
manuif‘iiusbgrﬁtdfelccmdiﬂgytolﬂmr mventgpor Bignifaantipnphasdebet dovrdahat cells according

above-refere cel ). assenp) y conditions. Typi cal
to the Gyelopk AT HERRAIC RS TE RS P U R SEOFr #5013 a5 FORIBRTeShfo the

above@bfetdmebd LAl asieMblyThgition® M nutes in an hydraulic

press exerting over 250 psi. Batteries according to
the invention have denonstrated full function
f Gipioslicard mhmﬁagrlmg@shmmw mguisd lyptilémination ehX3§€ fonS or more

minut R RH R misf? el e G apn g PRREGnafsefimegf iffinvention have

demord&thic@rfl] filR6BA WIRHNLS tkﬁ#?ﬂo@éﬁs'vﬁt%@élkﬁﬂcﬁﬁ%hﬁgef ifl 'ok)eﬁ Gircuit
operate (e.g., short) follow ng conventional |amnation

voltagp KQEé’s) oF Agpasity fellgiing binal Jamisationcprpeessing. larmgntyastoier battery
techno%g%gsa % tn%n'tl? %vﬁfa%?er\g 1M8il%e P%eprgte (?;égrl% 56 ??lgqa}?/qﬁéwfﬁlg\%tngonal

nore rigorous

laminfoRGR6Gk g oFggmﬁmng 18se éphéity &idyora®CVr ding to the
i nvention was subjected to an injection nolding

process to see if the battery could withstand the
cBﬁfa?rtqs afeordiag éo thetrysagion gam Withstand pendétions mers rigprnys than

typicaPlaftfifion pk(%e@ﬁﬁé.%r gpirgﬁlg,ga PARES 2t o¥fihi§ to the invention was

subjected to an injection molding process to see if the battery could withstand the conditions
encountered during an injection molding process. Injection molding process were
investigated for molding the polymers polyethylene-terephthalate (PET) and polyvinyl
chloride (PVC) to encapsulate batteries according to the invention. The PET molding was

performed at 295°C and PVC at 200°C, with the mold pressure for both processes being 5000
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i nvestigated for nolding the pol yners
pol yet hyl ene-terepht hal ate (PET) and pol yvi nyl 30
wohbariozkas ( PVC) to encapsul ate batteri es accor #CmgSE@®4/013010
the invention. The PET nolding was perforned at 295C
psi. Bathcdte®YEhaweiho Gattenidsactdrdingtd thepinessivnandlodink @tHME, lithium

metalpr oda Rtk %Pn%gg]thz %%8{1 20@ é}eirgén%%a}éqjm@ ehzgon molding

I [ QAp I a PMEg,
S B 408 S

endured the respective injection nolding processes
xagtglg y functional, with no significant change in

R B SRR S ST LR P e

morpﬁd]ggy SR IPME Q¥coRding BEHBME AG6R BAA i 1ht‘érfb&59bétﬂ'\éé{1ﬂ1b ®ME and a
the interface between the PME and

lithiumaaadivm axidad QU@ lyipaiy catheds Gl tf@@el@(na) $h0V\FSI t@io (2) SEM

i Bho BBk By B AL S g 5 g poosis

free ﬁll&ﬁr PRé thicknbssS6r the PME filhes dhohvekii@s ot aboie79)Mn. fi | ns
shown were both about 75 .ii. 10 Figure 10(b) shows a

SEM of an interface between a PVE film n%'%

diFigyse éa(ba ghews ¢ SEM eaniaiea@rehetyiery éﬁ’b‘iﬁ Vili(4@um) disposed on a
. a
lihin 3Rl BYEL &gﬁmema@ﬁang BN 1%5%;;12@%&;&@ bRfwups of
the inteffacésf s‘ih@&&l ﬁ ktoawop af BIGLUIO(l). The fmerrﬁacmm showrs @@ @fuite uniferm and

- Exanple 4: 15 Figure 11 shows the

~Sm°°@1harge7’~d1~s~charge~pfﬁf| | e-of a typical cell -according

to the invention, the cell including a lithium
Exa gdi um oxi de (LVO) cat hode, a Li nmetal anode and a

eparator, according to an enmbodi ment of the
i m@m 1 bshoWthe chhrige/disobarige profds 025 typosh celll'moydnagdosthe

1nven'{1 gﬁes {? cﬁl%ﬁhg aclét}xt %gggﬁﬁh I S hZngg ti@{i b ese al anode and

a PME fsé;péritbi YacEB#8inRg0 an emgbamnpéf ¥ Kvealbn. MO Sell c?a%acwy W8 25
he preferred énbodi ments of the invention have beén

ﬂrheusamat@desams cald §@1rtag9ewhﬂe the Xnhxip rapeesenis 4otal time. Theecell

i N not £ Q |f|cat|ons
demon %ﬁeg@ge%OOH c\yglilrfgaﬁt?bdﬁtg du?ﬂ‘ stclyf “#J% on‘)s‘}é§3g8g duPval ent's

will occur to those skilled in the art w thout

depkild ihe@réfeesd thiBodifiehislof @#tdnsaniea Habe bée iflusgrat and described,

i nvention as described in the clainms. Enbodinment 1 is
it willshe qlegr dhat dhe iayepsionds et sodimied. | Numerogs, gogifieatipes, chapges,

t I

vanatg)ng,?%:uégﬂé% glgbga.r@ eqh%geﬁ'g%ﬁaog%&rqol tgélgéefskﬁféﬁ'@ﬁ d}'?éb:ﬂ?\{mhout
departhgfrbm thakpiyit acdhswpt eﬁt}ie@r&andmeéxﬁﬁmras riescribed i thalctagms

devi ce for providing power

Embodiment 1 is an IC card, comprising:

at least one plastic layer;

a battery and at least one electronic comprising device embedded in said plastic layer,
said battery electrically connected to said electronic comprising device for providing power
for said electronic comprising device; said battery comprising:

an anode;

a cathode, and
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for said electronic conprising device; said battery
conprising: an anode; 30 a cathode, and 26 WO
waQo/ 18818 PCT/ US2004/ 013010 at | east one peCYms004/013010
matri x el ectrolyte (PME) separator di sposed between
Sat Ragad @o%ﬁ’er%@dtﬂx eRrtholge;, (PhAE)bePAatos elts@bgddd:retween Sald anode
conpri si ng pol yi m de, at | east one [ithiums %
and said cathedgs tsalér?é\dEéPNﬁéﬁPf F%@?W&%HG lygnidg, ﬁrL@Sb@Pﬁ@t il Salt and at

su bs n

least ghie 5§ V%P{ 18%%%)(6%‘35%18 %Nﬂ\?j\g ?%bsée{gl:ﬁg g@&tﬂgzcrlrépa?l Eg@%dﬁr%nt 2 is
the Id ¢drdoPembedimient &rwitdréihisaid aﬁoﬂmtcenpmdes liBxitnad bmiriercBation

the | C card of errbodl nment 1, wherein said anode
materggbnpri ses lithium netal. Enbodinent 4 is the IC card

of enbodi nent 1, wherein said anode conprises a

taaxl,

TR I ROPSRLBIRAG ke 4 b LEppAH i

metali lﬁmimd[merg 4aifs tiseliCcapd b embatbmiest hcwhmela stidanod&Somprises a

T A e
unit v@egél-g 'pgl} ﬁllg n% ﬁg@ @f s418 iﬂy‘il’ﬁﬁﬁ i$RO moFERadizRe nEn?bddﬁnérﬁ @ i fhe IC

irment wherein a repeat unit weight
card qfembodindent i whewin smpdatpmllty\wrg]@t@er gnide ringra smldamlg@@}ie 1S no

more e 00 FERA Ry, v boIG SR of e ment BETRTH Sdpesebuap weight

perm‘ﬁﬂ@nﬁ%lo‘f'@ﬁ& pOBliffdeqsinb R tHag 2900up consi sting of
yl pyrrol’i di none 15 (NI\/P) d| nmet hyl acet am de

(DMAc) and di net hyl f or mam de .. Enbodj nent. 9 is

et rEeand@lelarSdlsélne g pfrémbo@memhbr\'éheﬁew&ldu Rohyigide is soluble at
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25 *CSRah S s B SR Bl Bty of ey omtathone
mMPW&hfétﬁylﬁd%@anhﬁB (OMAY) B Hirﬁéthylforﬁfanﬁaé 1) aime&hﬁemtsg is the
l'east 3 X 10-4 S/¢m Enmbodinent 11 is the 1C gcard

IC cani‘ ofeemﬂmdumgml wherephthedomic senductivity af said BME at| 256} is ghlsast 1 x

+ SEhne S AL O (NS o RUBPOPSLRIMECY, slcdin pd Ble bhductivity

of salhliPM]@EBm & at @dhdt Bixt 10 tglcnbi Bbsdifdetot DRUAE I:(Ely;ltr)ilolﬁbﬁhbodlment
(Li TFSI Enbodi ment 12 is_the | C card of, enbodi

1, wherein sgib E-bsalf i§ af lgastonp selected Fpry the o qoaﬁsfé%@fbkﬁ g Br. Lil,
t I
LG AR B F el RS Ehot PRCE- SO Rumhar

bis(trifRworodi b ey insdé (LiTPSI)y Brthodindmd2is thedfrdasksf ambddéaerit 1,

one polyimde. Enbodinent 14.is the I.C card of
whergssg cAUALe QOMpEsF @ ﬁors%enéu?}gx&wynﬁ%mng@rsmww@ fvith an

mtercglalE ﬁﬁ' hlatéﬂ%ht RO oARkE Tg gsoc'h{: YC %Q['dfc{'f RfbodfRént 10 h@ﬁe%ﬁ%‘ald

OW ng heating at or at ast 5 m nutes il
polynuiibeiinder pbmp&safseat tdastainel pegdmide2 Hinpedimeinbbidithe Kt catd of
embolg}sr%énr‘ge \gf}?edr%%r S%.l('? lf)attee?}p gr%lxrldes an %penv%qlrecru?t Voltggé gn(P capam{}y shift of less
than 10% following heating at 125°C for at least 5 minutes while under a pressure of at least
250 psi. Embodiment 15 is the IC card of embodiment 1, wherein said battery provides an
open circuit voltage and capacity shift of less than 5% following heating at 125°C for at least
5 minutes while under a pressure of at least 250 psi. Embodiment 16 is the IC card of
embodiment 1, wherein said battery is a primary battery. Embodiment 17 is the IC card of
embodiment 1, wherein said battery is a secondary battery. Embodiment 18 is the IC card of

embodiment 1, wherein said battery is a bicell. Embodiment 19 is the IC card of embodiment
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open circuit voltage and capacity shift of |ess than

5% following heating at 125C for at least 5 m nutes
woehbd4gozmsler a pressure of at | east 250 psi. ErboadiSz®mni3o10

16 is the I1C card of 30 enbodi rent 1, wherei aid

1, whezaineseid lithigma st jsiima gOREOITAHSR ofeteast v ARolgsyof ighREpgr ol of

. .. Ccar . i ! i i t i di
s PRt Mg e Bt
furthee bO@H SR b phckagb eomprisiagipackagingansterial saroinedihg said battery to form

Enbodi nent 19 is the IC card .of odi nent _ 2 .
a packagod battsr i drer kegip B BT PR FTgnated DR B8 R HoE i den iR fo Al
eXteriﬁla%U%fai(Zés (j)insaﬂl «&ﬁ{é >Nt ration of at |east 0.5 noles of
' p

Ium per noleof imde ring provided by said
pol yi m de. Enbodi ment 20 is the IC card of enbodi nent

1 EmHodirhérer2 1de therICsiardjo berplasimgat 1 dwiptdr somgripiag kagelrage
et paghing OSSR PG sl RRbsBR R P0RRe o

L 0fiq B hes form 4 Packhbedbatnetye Mhefei® biidl datesy &f
accon?g%’?t%%tﬁctl E?%E}#f%%di nment 2151)61 i sé% he |1 C car delof 1 4

dispossdbeithinsaitl openingr Embodinesnd 22 43 thg 16 cpedcadagebodimentddi mgierein
., packaging mater.i,al surroundi aj,d battery. . .
seid phacsed harrgr GRS SRR Ry A i, |
Embdd}fERI2R ib &efléﬂéﬂr@opﬁﬁmentmt, fethér comprisihg as akt@rior binder
S

battery i i sposed within said opening. Enbodinent
adhesp2 disposerbbdt@cempaid pickagtsbhtieanendseid pasiiclayerto bing; sgid packaged

battel) i SERRBINC WER LTS xEbEIaRatl et

" tenip@htuiddidRNt0?C, HEmbddiaentanp thesichgirdnf embediment 23, wherein an

~binder adhesive disposed between said packaged .
interigrhindaryadhesivesserls spidbeitery, Whgksin said mtwrﬁwf’&r 6‘3&@5’6@85 an

. patter i i . r.ei i . L.OF Yy
v e PP R o By O Bl PR o ince
adhesivva SmBABment Bnisaith Itecurd 2fletnbodiment 22, odreteinaid IC card provides a

LT K AT T R
embo?:y?&ﬁ VLB & 1@CHH ¢hbREs WREPRH AHhs cWkriaFor ﬁenhﬁlg‘,é flex, and

han ah activation tenperature of said exterior binder
torsicadioemilirg, to EROGtindends ISG/IEE 10883 k@l t4443 withantrbshiicimgrany visually

24, wherein said | C card provides a thickness
detect?hlerc%ﬁlaﬂlwtl%r oughout within 1 m|. Enbodinent 26 is

the 1C card of enbodinment 1, wherein said IC card

C ‘Eéﬂkdcﬁﬁeﬂ‘ﬂ i oS th P61 Bmnpial RFd Rich@ind@nsiidasd efetiganics,

an 20 torsion according to | SO standards | SO | EC
compiiemg3hastepsiof443 wi t hout inducing any visually

det ect abl el amnation. Enbodi % f ..

A R R TS S
electr® BAP(IMEN &epaitforadigse Dbstw et dlam@eand ahideathode|chid BVIB

an anode, a cathode, and at |east one polyner matrix

separ@ier edraptising 9p@lyq'rpiﬂ§) atgga@hqala lohivam syb atjeastenssodentjintermixed,
said ﬁ\qg%%inagns%bs %ﬁtgalﬁ/%tptﬁgg?y cl§§‘! Qqcf) ME

embedding said battery and at least one electronic comprising device in at least one

plastic layer, said battery electrically connected to said electronic comprising device.

Embodiment 28 is the method of embodiment 27, wherein said lithium salt isin a
concentration of at least 0.5 moles of lithium per mole of imide ring provided by said

polyimide. Embodiment 29 is the method of embodiment 27, wherein said embedding
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20

separator conprising a polyimde, at |east one |ithium
salt and at |east one solvent interm xed, said PME
woebngosuabst antially optically clear, and enbe#dirmg2004/013010
said battery and at |east one electronic conprising
proce§iEdtngRiseda &imihelat prodess , plhasdn & tdnayeeaturesdilehsb Bt °€rfpr at least 5
el ectrically connected to, said ?Iectronjc conprisin

minuigeypdes 2 PReySERsY @f last2099si 18 upebionstif éﬂnwtl@hbr@a?%eﬁ?d battery
providfie a4 8/dBef Bl:uit L4, I?TacitzloT [bsé hafi J0SCRILA AN

eas I'es o
laminbficigprotere] Bachbodymanil is ﬂmlryethmdi ef erﬂnthhﬂenm wherdirsa ttemperature

of 150D & G SCH) DS PSES RIS BF SLELE Oqprigguse] for said
lamm%t?tg]éﬁ?%sgns Rf bétte %rov‘ﬁﬁﬁ Qhﬁﬁnggﬁpgﬁﬁﬁw&tagé aﬁ@@a’ﬁacuy of less

or at tes under a pressure of
than 10&a£dlloRGhg smd lammansmdpzfoocsss Himbodanént 3f iiothe pmeth@tsf embodlment

ald b tte rov |d|n a.shift. |n open, circuit b
27, w P‘f%ﬁss MPHEES apnjsoty }n?ls‘mgo%%fgﬁsssgfdd attery
o fﬂ%@ﬁ s L o

inj ectfomrmalﬂlrigqnectess.OEmbndmt GAaethe mqﬂnceiscsfmréooclﬂnmt 31 ewbcreln a

mp e TS8Rl R R P B S8 on

moldﬁg%?&:'e&sy BhbdEaRnt 3R A Ao ol eMibBdingat 92 |vﬂ[€réiﬁtsh1@rtemperature
cess. Enbodinent 31 is the method of embodi ment

is at IQaEt 2%h€ rapil naid piressenstie aldicasy 59@%@%5 Embodipnerd 84 inthe method of
di bat t
ol Bk BB =GRS b ey il

than 10% follow ng said 10 i njection nDIdlng process.

Erppsibdiveait 333s tife théthodref &abbdimerindg Gilersit sa3d anﬁmaefoﬁipmses
nperature of at |east 200C and a pressure of

lthiumanelel. THUGoGSont 36 dstba Tiedodsef eaﬂ?oﬁl}@%l%hz&nWh?Fﬁ}noﬁaﬁbcathOde
conaf 55 SRR i A AL

Embddiraas 317 6s ihe méthddabé¢mbailitenisi6, whetei said pblyﬁﬁnlcsbmdee compnses at

met hod of _enpodi ment_27, wh . ano coO rls
least prienalyimLde rrEng‘P‘SP’@E? iﬁ sghe W&ﬁ’@ﬁ Orélﬁm%f mﬁ%gﬁ. iping8id battery
s for g o RO M gy NORp S TP RO said
cathodé amh:bmdonﬂatalyeﬂﬁqmg&wd enodesai d cat hode conprises an

i on conducting polyneric binder interm xed with an

intercal ation material. Enbodinment 37 is the nethod

of enbodi nent 36, wherein said polyneric binder

conprises at | east one polyimde. Enbodinent 38 is the

met hod of enbodi nent 27, wherein said battery 20 is

formed by lamnating only two |layers, a first |ayer

bei ng said PME di sposed on said cathode and a second

| ayer, being said anode. 29 WD 2004/ 102618

PCT/ US2004/ 013010
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WHAT IS CLAIMED IS: 1. An IC card, conprising: at
| east one plastic layer; a battery and at | east one
wehewtwzmns c devi ce enbedded in said plastic | aperuss@udi3010
battery electrically connected to said electronic
' rQrQvi ding power for said electronic device,;

WH‘%’Z&%ME@ onpri sing: an anode; a cathode, and at

| east one polynmer matrix electrolyte (PME) separator

dilsposeth Ketatetpmpiising&inode and said cat hode, said

P r . rising a polyimde, at |east one

I :the?lﬁ%%segﬁagﬁgn dt | east one solvent interm xed,

S aitattByRndeit hasisetesdeuntoniz! deyice eiibeddddyinchidalastid. laybhsaid battery

[C. card of claiml, wherein said anode conprises . ]
electriqalli copccisa o siidedeqiratici§VicRARTHP WIIE NOMSE doh sk dlectragic device;

. i 4 l alloy. 3. The IC card of claiml1,

Saldﬂv%ﬁe&ei ﬁipgﬁfrn%peat unit weight per imde ring of said

pahygnadeje is no nore than 350. 4. The IC card of claim

1, erein _a repeat unit weight per imde ring of said

p&lcé%fl%bé‘l.nfis no nmore than 300. 5. The IC card of claim

1.5 WAGTRL EREALx dctro i @MERRParkfSr dfspbidd% '

pgfyi mogle%iogrn%o m)rué thgﬂwgés(g 6)%%% I C gar g%%ﬁ%zélaﬂiwamde
and sdid cathed®isaldPAIB spuargtontateprisngapelyinidet at 2&sConenlithtum salt and at

| eas one sol vent. ted from.the gro onsi sting
teast 5 vt RYATBPF K Pt R G RRRm aR 3 clant e
(DMAc) and di nmet hyl formam de (DVF). 7. The I C card of

claim1, wherein the ionic conductivity of said PME at
28. C i §hed€ cawsbefi claink!, Mherein $4id mnodocon@rixed litd@aéaiBintercalation

PCT/ 1US2004/ 013010 8. Th C card of claim1, wherein
materjal SR el R AL g0, o P ar o5l s ot

least 3 x 10 -4 S/cm 9. The ICcard of claim1,

wherein said Li salt is at | east one selected fromthe

gPoup doadCserdef ddim },erhergin grepeat ynit weightyer imidgrang of said

. L [ HRCF3SO3, LiBOB, and LiN(CF3SQ2)2. 10.
pdyl#tw@?% {:nlggé;&lgjfﬁ 3% aim1l1l, wherein said lithiumsalt is

in a concentration of at

4. The IC card of claim 1, wherein a repeat unit weight per imide ring of said

polyimide is no more than 300.

5. The IC card of claim 1, wherein a repeat unit weight per imide ring of said

polyimide is no more than 250.

6. The IC card of claim 1, wherein said polyimide is soluble at 25 °C in at least
one solvent selected from the group consisting of N-methylpyrrolidinone (NMP),
dimethylacetamide (DMAc) and dimethylformamide (DMF). '

7. The IC card of claim 1, wherein the ionic conductivity of said PME at 25 °C is

at least 1 x 107 S/cm.
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| east 0.5 noles of lithiumper nole of imde ring
provi ded by said polyimde. 11. The I1C card of claim

wa 20mhez@sn sai d cat hode conprises an i on condBCTiUSZN04/013010
pol ymeric binder interm xed with an intercalation

mét er i alhe ICzardrofclaio bavkeren the ignin condugifieyerf said AME at 25 °C is
bi nder conprises at |east one polyim de.
atlea%é_ ¥$ﬁ ’#fard of claim1, wherein said battery
provi des no significant change in OCV and capacity

follow ng heatlgtg at 110C for at least 5 m nutes whil
ulder a"hsﬁﬁsﬁsltd @eim hiwhegeinsaiddg spii is atfgast m#fesqlf@teéafman the -

;
sroup gt D R G HREL LRI LO%% PRS0y LiBOB, and
LiN(@®e80,)g at 125C for at least 5 minutes while under a
pressure of at l|east 200 psi. 15. The IC card of
claim1, wherein said battery provides no significant
chgnge 'J;h'% IC gpcqalﬁ‘?ij %%éﬁp sﬁ’ildllg W08t Q'orﬁlent#'ﬁﬁ)g of at
for at Teast m nut €s e under a pressure
least 0.6 asdle2&Qithisim pérﬁnol&'loé irhide cimgprofided by said polyvimidei n
said battery provides an open circuit voltage and
capacity shift of less than 15%follow ng heating at

VOT2004 E05eTE: R BEEoT B3t epyE SRR A by offtucing
polyntdrizitimdey intbienised withiag ibtatdakatipn praveriales an open ci rCU|t
vol tage and capacity shift of |ess than 15% fol |l ow ng
injection molding with heating of at |east 200C while
unger afH%rI@Scsai’H &f Qhindi 1,veR%in lalg PR13R8dric Hiflder tofupiSes at least one
card of claim1, wherein said battery is a prinary
polyitnatet ery.. 19. The IC card of claim1l, wherein said
battery is a secondary battery. 20. The | C card of
claim1l, wherein said battery is a bicell. 21. The IC
cand ofriglial dzrciof 18t DevheEIARAIADaREryBprEMHAKARE s1§niﬁcant change in

conpri si ngoi)ac agl ng material surrounding sai
OCV tand eapapity doliayring degitmeied d o Chilr ellegst Sapinuisavhile undeip pressure of

im .1, further conprising a package conpri sing
atleagra@lg é ng material surrounding said battery to forma
packaged battery, said packaging naterial |am nated
to all exterior surfaces of said battery. 23. The IC
cdrd ofThellgigerd of ¢lgim heyh Eé@ﬁﬁﬁlﬁshaﬁsryapraa@ﬁsdawgmﬁcant change in

ocv %?@éﬂa% t? golfo%%ﬁg%ﬁgl 9"’C'bﬁ>k atslléEJt %lﬂﬁlfuﬂg vﬁﬂleqlnder a pressure of

attery, wnerein
at leasbd0@rpsr  bi nder

15.  The IC card of claim 1, wherein said battery provides no significant change in
OCV and capacity following heating at 140°C for at least 10 minutes while under a pressure

of at least 250 psi.
16.  The IC card of claim 1, wherein said battery provides an open circuit voltage

and capacity shift of less than 15% following heating at 110°C while under a pressure of at
least 125 psi.
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adhesive is di sposed between the packaged battery and

the plastic layer to bind said packaged battery to
woheodpozasi c | ayer. 24. The I C card of clai m 1pctmstdeeni3o1o

conpri sing a package including packaging materia

sy r oudl [0 sl F chdh IS iwheritsAid bathey pEdid@siafiopen Sircuit voltage

frame having an opening to accommpdate sai d batter

and caphaityoihift pBlckothand SHafoRawEE inectien g10lding veihrheatipgiof at least 200°C

.. battery is i spo i thin said opening. 25. The IC
Whlleﬂ%cie a#eséﬁngioﬁlag%?&%hdoeqﬁ P sai d packaged battery

provides a thickness wuniformty throughout within 1
ml. 26. The 1C card of claim21l, further conprising
ahB.ext Ehe BF candred slaimdpadpsein said bt és pRiRaRPaSEN
packaged battery and said plastic layer to bind said
packaged battery to said plastic |ayer, wherein said

exd.er i The I pglarofahadi, wheicin aid baedre i atecandaypettay.ur e
of at least 100C. 32 WO 2004/102618 PCT/ US2004/ 013010
27. The I C card of claim 26, wherein an interior

bhqider radheal e, 3hahs. SAbRPakd Bhlery WIPERLR, Sai d
i At’eri Or b nder adhesive has an actfvation tenperature
which is lower than an activation tenperature of said

exterior binder adhesive. 28. The IC card of claim1

whbr ei hhe B gamdof el 1o Shier eqmppising pgeskags cpgrising packaging

CT i I.A: : ing, on according to
materfil ik S EAENG forh Saaidel bty on OCO! i g

i nduci ng any visually detectabl e delam nation. 29. The

| C card of _clai . rein the .el ectraoni c devi.ce is.a .

P cne b Eardigd cliimel. Festion FoMBRRE APRAGEe CeHSTE Pisideing

| 1«%&@@;%&% bd batfRV ShidpdcRagiR@ alstiial

maten%%?@lu%diggi)ég{dbatt rtg 'S g‘ﬁ%?l%gl I ,atan% V\jwdgr ei %gltge
laminsbd it albevteriatevifaeesiof saidfbddsryci rcuit. 31. An I C card,

conprising: at least one plastic |ayer; a battery and
at | east one el ectronic device enbedded in said

phast i Ghk &Y @hnd TR1AmbATIrEeY colfb@sihg b patkdge cOMPEShE Badkaging
said el ectroni c device for providing power for said
materigl sutquoding sdishbagiery todeima 2 paglkaged bettsrprvRereig an g teaien Biader

a cat.hode nd 'at | t i . .
s SED R 1808k R T UTRLp BN ot g sid pckage
batterp BPEE plaafe15et.d cathode, said PME separator conprising

a pol ymer which includes highly polar

24.  TheIC card of claim 1, further comprising a package including packaging
material surrounding said battery and further comprising a frame having an opening to
accommodate said battery therein to form a packaged battery, wherein said battery is

disposed within said opening.

25.  TheIC card of claim 20, wherein said packaged battery provides a thickness

uniformity throughout within +1 mil.

26.  The IC card of claim 21, further comprising an exterior binder adhesive
disposed between said packaged battery and said plastic layer to bind said packaged battery
to said plastic layer, wherein said exterior binder adhesive is activated at a temperature of at

least 100°C.
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groups that can conplex wth lithiumsalts and
participate in ionic conduction, at |east one Ilithium
weabds/1ards at | east one sol vent interm xed, sai @8CPNS82004/013010
bei ng substantially optically clear. 32. An IC card,
conprising: at |least one plastic |ayer; a battery and

at | east one el ectronic device err‘oedd}_é1 ai.d

pl2st i cThedfreqard ghelain 46+ WhSFeinandRicHPL inrl Fivcteals said battery,
wherdi ﬁ sgltd%t%ﬁ&r 1995& zgﬁgélgg h%sngl é&ﬁ@é(ﬁcﬂi t@ﬂl BOWRE whith i ‘?dv@er than an

ery r|3|ng an anode;

actlvﬁmﬁﬁbﬂnpdemraaﬂsaiﬁ&eﬁ/@qaﬂﬁiﬂd&&ﬂﬁéﬁv@d / US2004/ 013010 at

| east one polynmer matrix electrolyte (PME) separator

di sposed between said anode and sai d cathode, said PME

S r at 10

R e JFUERA bRt RRCSEIC SRS Bp AT RS festine
critertd foabenddide, flexnmtdotkiaf ao‘cordmg@ 18 Ccamdflai dsdS OdiERY10373 and 14443

enbedded electr ni.cs, ising the steps of:
'W“h%ﬁHVW@WH@nﬁvﬁﬁﬁkﬁﬁ?ﬁﬁ Eg{ %ﬂmanode a cat hode, and

at | east one polyner matrix electrolyte (PME)

separator di sposed between said anode and said

c 2% 0deThedfl airdhEclage pawherem the plscirenindeviceisiayflex desuit.

at least one lithiumsalt and at | east one sol vent

interm xed, said PME being substantially optically

cl ﬁ)arTheGI@q:a?d‘Qﬁagﬂn{‘ 94 Sehdleindhd SlasticABgerdbnlpeiés twdNPlit cores with

el’ectronic device in at |east one plastic | ayer, "said
pockétatwiersin shid batteryas bpicsHnarst whereinghe glegtrenie deviemisa flex circuit.

device. 34. The nethod of claim 33, wherein said

lithiumsalt is in a concentration of at least 0.5

nmojies OAp I@ thidusamptisin@l e of imde ring provided by

said polyimde. 35. The met hod of claim 33, wherein

s adt deasiineddastig Ipvescess conprises a | amination

pr L ej

Ol%a?t%g %\mﬁ leasp%& el?é%b%ﬁcg&rée@c%ue?%béo?&gﬁ ﬁ]ailcpa@?&%dﬁ% said battery

electﬂléallly?c@ﬁnéc&rd t8ahid dlevtionit devivefbopreskiingpoviertiad daid ylectromc device;

providing a shift in open circuit voltage and
said adisECGEPTHING: ess than 10% fol | owi ng sai d | ami nati on

Procesge.. 36 The method of claim 35, wherein a

tenper a%ure of least 130C for at |least 10 mnutes

urngderthalepaissur e of at ‘1 east 230 psi is used for said

| am nation process,. s rovi dj.n hlft in
oo el e SariroRan ey B s S bgn b anoce
and safdl dafNdB %aRPOME dpiiaftR bRAPrifhe 9§ofymer which includes highly polar

groups that can complex with lithium salts and participate in ionic conduction, at least one

lithium salt and at least one solvent intermixed, said PME being substantially optically clear.

32.  AnIC card, comprising: )

at least one plastic layer;

a battery and at least one electronic device embedded in said plastic layer, said battery
electrically connected to said electronic device for providing power for said electronic device;
said battery comprising:

an anode;

a cathode, and
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37. The nethod of claim33, wherein said enbeddi ng
process conprises an injection nolding process, said
woabwanyipr ovi ding a shift in open circuit vol pagasamd013010
capacity of less than 10%follow ng said injection
mat astenp potyesa. mBax elatrolyt (POME ofepatatirntisposedbatwedmsazd anode
tenperature qof at |east 200C and a. essure of at... .
and s4id §EPo0dR GEAIINE SepareatcBprigad aop bl h Hrgrt A lithium sal,
d PV SESS- §§{aMQ11%Q%ﬁ'é&l a8, PCT/ US2004/ 013010 39. The
s nethogégP cl arm 38, mﬁé?ein said tenperature is at
| east 250 C and said pressure is at |east 5000 psi.

4 The, nmet.hod of claim er ei i d anode ..

S Fel R ring s Besttnp B Erthetfed WP GitRos, sompriing the
steps BBt hod of claim 33, wherein said anode conprises

l[ithiumnetal. 42. The nethod of claim33, wherein

s gravidiag hdateryonpitilingsnanode p cetbndecmid g leagigingrpetyneer matrix

AR T
separ@6NBnHRingh pbEasideOft8easpore/lithivie saltthd athéasiBidwillvedt intermixed,

. claim33, wherein said battery is forned by |amnating
said P(ME_\}velngmbstatwlléf,opacalm@@ari%ryiver bei ng sai d PME

di Ld.c : ' .

P800 BRa3 h BE ARY RGO B8 B plaic er
said baatkdyllactiically doha&tdd toatidelacirodls.devive. met hod of claim

33, wherein the battery is a packaged battery, and the

battery further conprises an exterior binder adhesive

di,gpos ’ t . '

eyt iRE Rt RESARRG sl il o 1] L BprRefFlch of a
least 0.ayg0les o¥ithinnpérirolexf anidoringlprovdéed bylbed pulyimile.

activated at a tenperature of at |east 100C. 47. The

nmet hod of claim46, wherein an interior binder

adBes| VieeHgthsd SFUSnDS Milctein sait BRSNS FrébebdlRibites a

bi-hder adhesi ve has an activation tenperature which 1s
laminktoveprotésaywhercinac tempatatwn of Eapell@f Uifer aflesstd chiswteennder a

bi nder. ad ive. 48 .The met.hod of claim46, whereinf .
bressyTR ! BLIeE 2410 P8 15 USRS o AR Progne LSt Risgicie & shif
in opé}?&iﬁc%ﬁwo!@géimsagmmsgsrﬂhﬁm R N RN kaid 15hAABoNPioehss.

can accommbdat e sai battery. 35

36. The method of claim 35, wherein a temperature of least 130°C for at least 10
minutes under a pressure of at least 230 psi is used for said lamination process, said battery
providing a shift in open circuit voltage and capacity of less than 10% following said

lamination process.
37. The method of claim 33, wherein said embedding process comprises an
injection molding process, said battery providing a shift in open circuit voltage and capacity

of less than 10% following said injection molding process.

38.  The method of claim 37, wherein a temperature of at least 200°C and a

pressure of at least 1000 psi is used for said injection molding process.
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39.  The method of claim 38, wherein said temperature is at least 250 C and said

pressure is at least 5000 psi.

40, The method of claim 33, wherein said anode comprises lithium ion

intercalation material.

41.  The method of claim 33, wherein said anode comprises lithium metal.

42.  The method of claim 33, wherein said cathode comprises an ion conducting

polymeric binder intermixed with an intercalation material.

43.  The method of claim 42, wherein said polymeric binder comprises at least one

polyimide.

44,  The method of claim 33, wherein said battery is formed by laminating only
two layers, a first layer being said PME disposed on said cathode and a second layer being

said anode.

45.  The method of claim 33, wherein the battery is a bicell battery.

46.  The method of claim 33, wherein the battery is a packaged battery, and the
battery further comprises an exterior binder adhesive disposed between the packaged battery
and the plastic layer to bind the packaged battery to the plastic layer, wherein the exterior
binder adhesive is activated at a temperature of at least 100°C.

47.  The method of claim 46, wherein an interior binder adhesive seals said battery,

' wherein said interior binder adhesive has an activation temperature which is lower than an

activation temperature of said exterior binder adhesive.
48.  The method of claim 46, wherein the battery is a packaged battery, and the

packaged battery is disposed within an opening of a frame which can accommodate said

battery.
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