N 4 e
LI TH UM POLYMER" ELECTROLYTE BATTERY FOR SUB- AMBI ENT TEPT/FERATURE, g
APPLI CATI ONS BACKGROUND OF | NVENTI ON FI ELD OF THE | NVENTI ON°
Generally, this invention relates to a lithiumbattery for use in

sel f-cont ai ned sel f-powered devices (SSPD) such as radi o frequency

i dentification tags, PCMClI A cards, and smart cards. More particularly, this
I nvention relates to an inproved el ectrolyte nenbrane for flexible lithium
batteries adapted for use in self-contaiped self-powered devices.

DESCRI PTI ON OF PRI OR ART Sel f-contai ned sel f-powered portable
devit€es (SSPD) enconpass

_LITHIUM POLYMER ELECTROLYTE BATTERY
FOR SUB-AMBIENT TEMPERATURE APPLICATIONS

BACKGROUND OF INVENTION

5

FIELD OF THE INVENTION

Genersily, this invention relates to a lithium battery for use in
self-contained self~powered devices (SSPD) such as radio frequency_
identification tags, PCMCIA cards, and smart cards. More particularly, -this
inve_ntion.relates to an improved electrolyte membrane for flexible hthmm

batteries adapted for use in seif-contained self-powered devices.

- DESCRIPTION OF PRIOR ART

Self-contained self—powéred portable devices (SSPD) encoinpass

.
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2 an increasingly |large market of nobile comunication and conputing
products such as radio frequency identification (RF-1D) tags, PCMCIA
cards, and smart cards. For a battery to be useable in such applications,
it nust deliver high energy density and specific energy with |ow rates of
sel f-discharge. Primary (non-rechargeable) lithiumbatteries have been
found particularly well suited for neeting these requirenents. Since SSPDs
are widely enployed within products offered in the consumner

m croel ectronics market, safety is an inportant design criterion.
Accordingly, batteries used in such devices are generally constructed of
al | solid cong8rineressinglyclaper markeatof aobile conmyicitipnfndeqomipugng REPduety e
hazard of ele . g&gﬂg S e I qaéqga REaN a
solid polymr%glagg%{?%?%?e orrpc%se 0#28%(%??%)? rrer’rb\%ne %%/r?%gggd sg%rl'tt abl e
el ectrol yte ceards.n€dr aibettery ite be maeatilx in such applications, it et dadigenhigh

pol yet hyl ene qxid PEQ) as, a.sglid pol r, el r @l yice.. n terial -
for a flexibl gé"xf@hlﬁnﬁl a %e?'pf %se%%%%n%olﬁgs%%g cﬁ?ﬁg{fhde%é% ;i)r . %olid
el ectrol yt es f(nonrrdchuirgpbatiéli Bthiwh dattatieh ues bodni found gartimfarty well eujtedtdy ent
tenperature condyctivity, and provide erfornmance .at . sup-anbi ent

t enper at ur es FFETRE JReFeEINRPR trssﬁlé‘f:?%ggpgé’f‘ﬁw‘&ﬁ SFplgredy thirty
[err] A cnf err hrfififotd effetlidl RlINBNSnOEmétPmicBockdd®idnict Cnal¥kd, isagPRsian Al SO,

pol yet hyl ene oxi de-based lithiumbatteries can be readily manufactured
using wel | - edmpmtansiegignagriterion; oficqordinglnkesterips aper HySuch fenites|a®ebat tery
that Ts both EehlallGofithiss'or 8h'dofil SBhponents, ncluding the Ao @ ¥eAQY | ene
oxi de- based elFectrof yte nmenbranes have achi eved many design criteria for
SSPD appl i cat itoasgid fthe hhzrdi af plesimiyietlsakageu | Sich elagboiyted have beppfongedi gher

conductivity at suh-anbient .t ratures. . .Pol - oxk de- hased
el ectrol yte nﬁﬁﬁrszgﬁg?‘) éreé?(’l?%q&?hﬁoglpgéeldn(gu P‘?‘f‘ﬁ%@%’?ﬁﬁé%@ﬁ#ﬁy to attain
current pul sesuitblé Rictriolifte cofitabivdiwitiiidtd magrid.cnierr] for

The use of polyethylene oxide (PEO) as a solid polymer
electrolyte membrane material for a flexible lithium battery has been proposed ;
in the prior art. Solid electrolytes formed with this material have exhibited :
satisfactory ambient temperature conductivity, and provide good performance at
sub-ambient temperatures when used to deliver short current pulses of about
thirty puAfem’® per for durations of up to about 10 milliseconds. Also,
polyethylene oxide-based lithium batteries can be readily manufactured using
well-established fabrication techniques, yielding a flexible battery tl-xat is both

reliable and cost-~efficient.

While polyethylene oxide-based electrolyte membranes have
achieved meny design criteria for SSPD applications, further improvements
would be desirable, such as higher conductivity at sub~ambient temperatures.
Polyethylene~oxide-based electrolyte membranes generally exhibit insufficient
conductivity to attain current pulses on the order of about 100 uA/cm’ for
about 100 milliseconds or more at sub-ambient temperatures, i.e., on the order

of about 0°C and less. Consequently, primary lithium batteries with -



apout 100 mlliseconds or nore at sub-anbient tenperatures, i.e., on the
order of about O[err]C and | ess. Consequently, primary lithiumbatteries
with This SheeBHas[Bodnyr@plhd ene

oxi de- based el ectrol yte nenbranes are not ideally s Ds t hat
specifically require extensive |ow tenperature opermﬂgﬁmnm

sensitivity of a SSPD battery to tenperature change uced, the
battery would be significantly nore wuseful in a wide array of consuner

m croel ectronics products and enable SSPDs to operate reliably under the
subanbi ent r ti an h_suc casionally
exposed. E&% %:nc%o % 44 &ﬁl?té"‘%ééb gsl%e%q?% yﬁllrl{?eé?fy suited
for use in SSPDs tmmpemmmnseq‘ﬂmmnsmé laugteinpatatsrecdpexatiaist e ifytheav e

sever al _ demandi.ng. char ristic Firs at t e .constructed
of all soli ﬁertsbtﬁ‘gl%gﬁ?%%%ﬁiq&?e |t?lte'5%efrﬁ ICB% I‘g‘{% r%%f?ﬁg tﬁ Secondl y,
t he batt er ybatiemt doﬁ&malmaﬂdsamoﬁ@ﬁﬁhmtm\a weﬁaﬁfagcafefonﬁimas to prinmary
batteries with liquid electrolytes. Thirdly, the batter al so be
readily rafifraReeiramire PROdugtsyandcrnablpgS Se‘i°c?§e‘éatﬁé?¥5é¥¥“f‘ &t thessuly
reliable anghGRat t&fﬂe&«&th?@&ond:ﬁbﬂ@{d wmcﬁ Recib phdaRbts &leSeciBisdanbe abl e to
mai ntain a necessary m nimum | evel conductivity at subanbi ent

t enper at ur egxposed. SUMVARY OF THE | NVENTI ON

In accordance with a first aspect of the present invention, there is
provided a flexible primary battery suitable for mcroel ectronics
applications, the batAcesylingigpmhat fegneegied hsaabbﬂterspxdlegdiuesumchﬁirnmejne

menbr ane ha an_.el ectrol cont ned WI Al t he
el ectrol yt eg%'@ﬂﬁ pUeations, P‘F‘%ﬁ%ﬁﬂ% 5“‘313 a’f‘ﬁ‘% sa%? d%
sol ution, tQeresgrRties.aFet] theSKtrehlimen betdopsraetsp iof aumgh@bh;tjxﬁnﬁts
car bonate propyl ene. carhonate and gampa- byt yrol act one.
|§?£@P9-\S%

Preferably, %S%Ib?ﬁ’grﬁl%‘%‘?ﬁ&érwpgaﬁo ke battexy should exhibff of o ap) v,

the flexibl gmpol ¥oRfucBivRS dhatbtsidiRERG W%&eﬁwmtndwa ¥lefroBjtes £ast
about 10[errl g]err] at anbi ent tenperatures.

: , the battery should also be readily manufdacturable in a manner that

yields a battery that is both reliable and dost-efficient. Finglly, the battery also

must be able to maintain a necessary minimum level of conductivity at sub-

ambient temperatures.

SUMMARY OF THE INVENTION

In accordance with another aspect of the present invention, there is provided a flexible
primary battery suitable for microelectronics applications, the battery comprising a

flexible polymer electrolyte membrane having an electrolyte contained within a

polymeric binder, the electrolyte comprising a lithium salt and an organic aprotic solvent
solution, the organic aprotic solvent solution comprising ethylene carbonate, propyléﬁe —
cg;bonate and gamma-butyrolactone.

Preferably, the polymeric binder is polyacrylonitrile.

Preferably the flexible polymer electrolyte membrane has a conductivity of at least about
103021 cm-! at ambient temperatures.

- Preferably the molar ratio of ethylene carbonate to propylene carbonate to gamma-
butyrolactone in the flexible polymer electrolyte membrane is about 1:0.8:0.67.

‘ THIS SHEET HAS BEEN
REPLACED s




4 Preferably, the nolar ratio of ethylene carbonate propylgee
Carbonate to gamm-butyrolactone in the flexible poly el ect r&b&“

menbrane is about 1:0.8:0.67 Preferably, the flexibl€e pri g@éty\"‘

further conprises a flexible cathode within an encapsul

Preferably, the flexible cathode corrpr4i ses a lithiumi ntﬁém conpound
powder di spersed in the encapsul ating matri x. Pr ef y, the

fl exi bl e cathode conprises about fifty to about seventy weight percent
manganese di oxi de, about twenty-five to about fifty wei ght percent

encapsul atyd.n teix, and up t ( iV e LGE r .

Pr ef er abl ’re%ﬁaebqﬁbﬁ%gﬁe}ﬁa{fq Bm%f‘ryg‘?%‘?yehlé{hgﬁg%mﬁﬂé%gtatfge?(gﬁ%g{w(g%e‘g@gl?‘@&nat eto
gama- but ymoapsulating matrikhe fl exi bl e cat hode i s about 1:2: 1.

Preferably, the battery is characterized by a cell voltage of at |east
about 2.5 volts when discharged with a current pul se of about

100[ er r | A/Ryafesably theoflexible sathade rorapidses adhivm ipprcalation; compenad payidera pul se
peri od of ARRMedIRWMSEIAPAIMMs Ratfk. a tenperature of about -20[err]C.
Preferably, the battery is a l'ithiumbattery. In accordance with a
second aspect of the present invention, there is provided a flexible
primary | iRrbferablipatht €leyibiaicdtiddecotuprises sboaefifty to atout sevepyl weight gersentt he

battery ¢ rising... ' f ' tor.: . a
Tt hi um anBaBaps Horite opp b 1yt B et BoleofirabdiBhiting mauix,

fl exi bl e podyupeto abbetcfiveowgight para¢nt gsabosont acting the |ithi um anode, the
polymer el ectrolyte nmenbrane conprising an electrolyte contained within a
pol ymeric binder, the electralyte conprising a ljthiumsalt and an organic
aprotic sdireferblyothgmalar ragip &f gthylege carbonate to propylene carbonate to gamma-

butyrolactone in the flexible cathode is about 1:2:1.

Preferably the battery is characterized by a cell voltage of at least about 2.5 volts when
discharged with a current pulse of about 100 HA/cm?, a pulse on-time of about 150
milliseconds and a pulse period of about one second while at a temperature of about
-200C,

Preferably, the battery is a lithium battery.

In accordance with another aspect of the present invention, there is provided a flexible
primary lithium battery suitable for microelectronics applications, the battery
comprising:

a first flexible current collector;
a lithium anode contacting the first flexible current collector;

a flexible polymer electrolyte membrane contacting the lithium anode, the polymer
electrolyte membrane comprising an electrolyte contained within a polymeric binder, the
electrolyte comprising a lithium salt and an organic aprotic solvent solution, the organic
aprotic solvent solution comprising ethylene carbonate, propylene carbonate and gamma-
butyrolactone in a molar ratio of about 1:0.8:0.67. _

a flexible cathode contacting the flexible polymer electrolyte membrane, the cathode
comprising a powder of lithium intercalation compound dispersed in an encapsulating
matrix; and '

THIS SHEET HAS BEEN
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aprotic solvent solution conprising ethylene carbonatg,.
and gamma- butyrolactone in a nolar ratio of about 1:
fl exi bl e cathode contacting the flexible polyner electy { Hlle, the
cat hode conprising a powder of lithiumintercalation c sed in
an encapsul ating matrix; and a second fl exible current ect or
contacting the flexible cathode. Preferably the polyneric binder is
pol yacrylonitrile. ~Preferably the flexible polyner electrolyte
menbrane has a conductivity of at |least about 10[err]cnierr] at anbient
tenperature., second ﬂéé(iﬁé ehizk ol'le(%t céﬂtﬁ:ﬁhgh% 1?&%19 Q&PS&'TW I'ses a powder of
manganese di oxI de I spersed I n e encapsulating matri Xx.

Preferably the flexible cathode conprises about fifty to about seventy

wei ght perqea&nﬂmﬁg@q@@gmgkgﬁhﬁgdsﬁ&ggﬁykﬁﬁﬂky-five to about fifty weight
percent of the ericapsul’ating matriXx, and up to about five wei ght percent
car bon. Preferably the nolar ratio of ethylene carbonate to

p lr3 opyl ing clz zl’méibfa’al)ethtetpﬂegﬂﬂe"rpof l?lmbﬂélﬁﬁtﬁdg?&tr@d’iﬂ)rhﬁb hdﬁfa donaudtiviitg o(lﬁ 8& t&@f{l%bibt?t
about 1:2:1.:n30-1 ~m-1 Br.e5:00 t attery is characterized by a ce

vol t age of 6%9 IQeagfn a%toﬁ?bl?ige%?ﬁrflté&‘v\hen di scharged wth a current pul se
of about 100[err]A/cnferr], a pulse on-tine of about 150 mlliseconds and
a pul se per ipp&eRh2He : ' . .

b err) G Tretcb e Hor e aRREROmppisy fow ey of HRORAE fofide Miied in
fifty-ei ght HeENSARMAtIEMRAITIKG ne  wei ght percent manganese di oxi de, about
forty wei ght percent encapsulating nmatrix, and about one to two wei ght
percent car g(r)é}erably the flexible cathode comprises about fifty to about seventy weight percent
manganese dioxide, about twenty-five to about fifty weight percent of the encapsulating

' matrix, and up to about five weight percent carbon.

r oEyI ene carbonate
- ¢én Replaceq @

Preferably the molar ratio of ethylene carbonate to propylene carbonate to gamma-
butyrolactone in the flexible cathode is about 1:2:1.

Preferably, the battery is characterized by a cell voltage of at least about 2.5 volts when
discharged with a current pulse of about 100 (/A/cm?2, a pulse on-time of about 150
milliseconds and a pulse period of about one second while at a temperature of about
-200C,

Preferably, the flexible cathode comprises about fifty-eight to about fifty-nine weight
percent manganese dioxide, about forty weight percent encapsulating matrix, and about
one to two weight percent carbon.

Preferably the flexible cathode comprises about fifty-nine weight percent manganese
dioxide, about forty weight percent encapsulating matrix and about one. weight percent
carbon.

Preferably the flexible cathode comprises about fifty-eight to about fifty-nine weight
percent manganese dioxide, about forty weight percent encapsulating matrix, and about
one to two weight percent carbon,

Preferably, the flexible cathode comprises about fifty-nine weight percent manganese
dioxide, about forty weight percent encapsulating matrix and about one weight percent
carbon.

THIS SHEET HAS BEEN
REPLACED
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Reeferably the flexible cathode conprises about fifty-nine weight percent
manganese di oxi de, about forty wei ght percent encapsulating matrix and
about one wei ght percent carbon. Preferably the flexible cathode
conprises about fifty-eight to about fifty nine weight percent manganese
di oxi de, about forty wei ght percent encapsulating matrix, and about one to
two wei ght percent carbon. Preferably, the flexible cathode

conpri ses about fifty-nine weight percenf nanganese di oxide, about forty
wei ght percent encapsul ating matrix and about one wei ght percent carbon.
In accordance with a third aspect of the present invention, there is
provided a f|RBIEE RESCRIPLION OF DRAVINGY e for nicroel ectronics
applications, the battery conprising: a flexible polyner

el ectrol yte nenbrane having an el ectrolyte contained within a polyneric

bi nder, the electrolyte conprising a lithiumsalt and.an organic aprotic
solvent  solution, the $hOaRifs AR Gnbf aSUERL of thdihOlh R Slobfle ot Ny ene
carbonate, propylene carbonate and gamma-butyrol actone, and - a

fl exi bl e cat houlwe mpparegt firdn thei fotlewingalesatipticrotaken irp cenjungtinndeith dheg per sed
in an encapsulating matrix. the flexible cathode conprising in the
encapsulatingaﬁﬁFW¥§W§E% wing%: 1) WM™hout seventy wei ght percent manganese
di oxi de and up to about two weight percent carbon. Preferably, the

fl exi bl e cathode conprises about fifty-eight to about fifty-njne._ _weight
per cent manganese di oxiE’_&,“%E&BPW?&F%’sﬁ'ﬁgwg’@r%ﬂﬁ?“%%%é%ﬁhﬁﬁb mat ri x,
and about 0Ng,difh ki il I boRPEHAR Wil b BRBferred embodinicat of @ik invdnin;

fl exi bl e cathode conprises about -fifty-nine weight percent manganese

di oxi de, about forty wei ght percent encapsul ating matrix and about one

wei ght percent carbon. & t5 cell volt sation during individual

5b In accor dancé oW %%rg%%ets er oz‘aespvé’ct o¥ the prese%t _invention,

there is provicerens pulses at various operating temperatures for flexible pmm.mm
. fabrisated in accordance with this invention; and

Figure 3 is a graph of cell voltage vs. capacity for lithium _
primary batteries having polymer electrolytes in accordence with this invention;

Figure 4 is a top view of the battery of Figure 1.

Figure 5 is a graph of cell voltage vs. continuous discharge time
for three flexible batteries fabricated in accordance with the invention, each
having a different amount of carbon in its flexible cathode and copper metsl

foil in their current collectors.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a primary lithium battery for use
in SSPD applications, in which the battery is constructed of all solid
components, including a solid polymer-bsased electrolyte membrane, yet is
characterized by power generating aixd conductivity properties comparable to
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fﬂ“I'éxi ble primary lithiumbattery suitable for mcroel ectronics

applications, the battery conprising: a first flexible current
col | ector; a lithiumanode contacting the first flexible current
col | ect.or; a flexible polynmer electrolyte nmenbrane contacting the

l'ithium anode, the polyner electrolyte nenbrane conprising an electrolyte
contained within a polyneric binder, the electrolyte conprising a |ithium
salt and an organic aprotic solvent solufion, the organic aprotic solvent
sol ution conprising ethylene carbonate, propylene carbonate and gama-
butyrol actone_in a nmolar ratio of abouf 1: l.exi bl e

0.8:0.67; . caf
cat hode cont altBAPIeFERy es pised dn sepsAntional ipasy| Yptterist nift ﬁﬁga%lﬁﬁéﬁeé'&t hode
conprising a Q&Mﬁfcﬂéﬁiﬁ&*&;ﬁe%&@&@bﬁ@s%ée&ﬂnﬁpmw@. dispeaaed i an

encapsul ating matrix, the Tlexible cathode conprising in the encapsul ating

matrix about &PRerelfy inelydssa raie ¢k fEKredt gollecHEr déhen %ﬁgguﬁifﬂia&@d%tr_}d up
to about two Y\@,'Qgﬁ&)ﬁﬂ%%ic cfeRfRRAe niitfbrane 16, andd GSEEREatBARAK M. €aCUr Fent
e 2

coll ector contacting t exi bl e “cat hode. Preferably the flexible
cat hode conpy beigmenspascer 20 cirpumseribest theamode 14, ¢legirolyiecmenpsiagn 6 gadcent

manganese di oxi.de out. fort ' # t ]SEE Py ]Pﬁ.g rix, and
about one to favﬁgoc\l/eve?%ﬁ grboé’f%ée)r?th\éﬁaaarg%%%%hgggp %g:?;g%,:éb:}d;, e flexible
cat hode conpr eaeipuabd g hbvd égsentiislty ey ghitalile sizeabd prriphearad shaph. oxisdhpsabout
T R N
DESCRI PTI ON %Tﬁgeg%wmg%arﬁcular application for the SSPD and the cell capacity

required.

As shown in Figure 1, the flexible current collectors 12:3 and 12b
have a laminsr construction with a thickness of about forty micrometers to
about one hundred micrometers. In accordance with this invention, the current
collectors 12a and 12b perform the important function of providing flexible
packaging for the battery 10. The current collectors 12a and 12b also
encapsulate the lithium foil anode 14, the electrolyte membrane 16 and cathode
18 to protect these components from air and moisture. The current collectors
12a and 12b are preferably composed of a polymeric sheet 22 with a metal
barrier film 24 deposited on one of its surfaces and a metal foil 26 formed on
its opposite surface. The polymeric sheet 22 is preferably polyester_, though
other suitable materials could be used, and has a thickness of about twenty-five
to a;aout thirty micrometers, with a preferred thickness being about twenty-five
micrometers. The metal foil 26 is preferably a copper foil having a thickness

- of about fifteen to about fifty micrometers, and preferably about fifteen

micrometers. As shown in Figure 1, the metal foils 26 do not cover the entire
surface of their respective polymeric sheets 22, such that the entire perimeter of
the polymeric sheet 22 remains exposed. The barrier filin 24 serves as a
barrier to moisture and eir for the battery 10, and it is preferably copper or

aluminum having a thickness of about 200 to about 5000 angstroms, with-a
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'Ifj;aé above and ot her advantages of this invention wll becorre nor e apparent
fromthe follow ng description taken in conjunction with the acconpanying

drawi ngs, in which: Figure 1 shows in cross-section the
construction of a flexible primary battery in accordance with a preferred
embodi ment of this invention; Figure 2 represents cell

vol-tage variation during i nd| vi dual current pul ses at various operating
tenperatures for flexible primary batteri®es fabricated in accordance with
this invention; and Figure 3 is a graph of cell voltage vs.
capacity for | i t hj um primary batteries having pol ymer electrolytes in
accordance wi t Brefereed thidmesoat about 1000 angstroms. [Thpge ekilleddn the 8pt Willew of

the battery of JELdlliRe Inat other metals and meth GHVE Ault heudlidBhushuee! | vol t age

VS. continuous rgetlrre Tor t ree ' atteries fabricated in
accor dance wit Bubmxmwﬁ:mﬁxm naged forttheibayrier tilnfsf24ramd thgrreaial fods 2€ar bon in

its flexible cathode and copper netal foil in their current collectors.
DETAI LED DESCRI PTI ON' OF THE PREFERRED EMBCODI MENT . . The present
i nvention provides a pr |Tmspdceimammbm1mﬁerffmns %ﬁonmtb‘é&ﬁﬁinawpl i cations,
in which the battery is constructed of all onents,. including a
sol i d pol ymer - BesHe! pepbes A éhﬁM?ﬁ’ng) ]"F‘émgﬁé SemyepdieRalhy power
generating andpcpRlitdn ¥ort ¥e E&t@%&'a%& c&%ﬁ £6r the battery 10. The

7 l'iquid elect roI ytes used in conventional primary batteries. A suitable

battery const SBederdA abyts anst seslnthecexpasedy rAyvateref eachinelymreyin sheet 25t
battery 10 ge nﬁo%l 4 ﬁh@% 'tj!ébg%lﬁzgﬁle% irdfim&Hfiee Bhd %Qﬁlbféét ﬁ%%tﬁgﬁx ﬁﬂ%@agp a

lithiumfoil a nmeric electrolyte nenbrane 16, and
flexi bl e cat hodé, ﬂt&eléch@ptwmmbmpa&éramhelmmnded& bEke spreenBdife 14,

S: :(r:];; Olsﬁige,rre‘gﬁ%fg'é%ﬂ%g go%%?%fhﬁ lélopqﬁlie\}% ess’en | ypgﬁé/ﬁ/g%l ta é si ze
and peri pheral of ka@t@er Asatt-fkasdle polymeric material, and its height is roughly the same
as the combined thicknesses of the metal fofls 26, the lithium foil anode 14, the
elecn'cz;lyte membrane 16 and the cathode 18, while its width must be sufficient
to form & durable and relisble seal with the polymeric sheets 22. In practice,
the width of the spacer is sbout one to about five millimeters, with a preferrea
width being about one millimeter.

The lithium foil anode 14 has a thickness of about thirty to
about one hundred micrometers, and preferably about thirty micrometers, but it
is otherwise conventional in terms of lithium anodes used in primary _lithium
bat’feries. In contrast, the cathode 18 has a novel construction that employs a
polymer matrix. As is conventonsal, the cathode 18 is generally composed of a
lithium intercalation compound, such as highly reactive manganese dioxide
{MnO,). In addition, the thickness of the cathode 18 is about 200 micrometers,
with a suitable range being about 100 to about 300 micrometers. Contrary to
prior practices, the lithium intercalation compound is provided in & powder
form and dispersed within a polymeric matrix, whose particular formulation
will be discussed in greater detail below, so as to avoid hazards associated with

exposure to the intercalation compound. Because the lithium intercalation
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skilled in the art will recognize, a suitable shape and size for the
battery 10 will depend on the particular application for the SSPD and the
cell capacity required. As shown in Figure 1, the flexible
cur-rent- col l ectors 12a and 12b have a | am nar construction with a thickness
of about forty mcronmeters to about one hundred m croneters. In accordance
with this invention, the current collecteors 12a and 12b performthe

i nportant function of providing flexible packaging for the battery 10. The
current collectors 12a and 12b al so encapsul ate the lithiumfoil anode 14,

the electrolyte - cat.hode 8.. S S
fromair and rr%lm tggée.@%%g%ur%gn Itlr1}‘f}lﬂ'| eSPyggfg%&tgﬁg%ﬁlggaﬁgg%ggggl y
conposed of a qalhamadactoeat will sigrificihtiyededhicdbrisksesnd diffic@ly despefrte®d on
one of its surf.aces and tal foil 26.fornmed o I ts, opposite surface.
The pol yrer ; ¢ i fendie & St iBepeltionserbred rniteBiRe: Srevilye

mat eri al s coulttie iRiysReencapsliaed catiode QB B gss tivenkion redobis thefda¥eryt 0 about
thirty mcroneters, with a pr_efigrred t hi ckness bei n bout-twenty-five

mi cronet ers. .TTECIMEdhat ¢an aviss if the batteny A wers aceifprially o fntengiongfiy,

thi ckness of ahaHiq td BhOcaoad 18 fty mcroneters, and preferably about
fifteen mcroneters. shown in Figure 1, the netal foils 26 do not cover
the entire surface of their respective polyneric sheets- 22, such that the

entire perimeter of { hengoLyieriimshe Slecfiaiyts B IRE 18156 key UiEndA' I €7

film24 serves as a barrirer to Isture and air for the batfery 10, and it

i s preferably theppestroctionl of the batthew L6 fprarselin SSRPspplitatidnsytin 20€ it o about
5000 angstrons,, W th e preferred thickness of, about.1
angstroms. ThSSEURALES ﬁbeor’%ﬁib?ﬁ@ %ﬂecgﬁ‘ﬁte Eeg‘g%gee’?ité? g’&ﬁﬁ?ﬁ E%fsn ?Q%Q%?% and
metal alloys ceihtbntiondlBeshehsd $fieh adhafactitdstintdstadiahey withasis inobrtdod,or t he
barrier filns 24 and the netal foils 26. . The spacer 20 and
the barrier fiéﬁ?%eW%E‘fﬁpﬁ?ﬁﬁﬁmgk?ﬁwwyr@W?goﬁo Fattery
10, and el i M RabfrhiEeCatne BhtteRRho, padidkayaR submbiaiemheratiirbsyd e t,i onal

packagi ng for the battery 10. The spacer 20 abuts_and seals the exposed

perineter of deEPEIBbIMRASRithe opdanof 2Pout,0°G andess.c Angikreforyed ephpdiment.y
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nenbrane 16, and the
binder in whose matrix is dispersed a liguid electrolyte composed of a lithium

salt solution and eprotic organic solvents. The polyacrylonitrile-based
electrolytic membrane 16 of this invention exhibits significantly better
conductivity than prior art PEO-based polymer electrolyte membranes, with an
ambient temperature conductivity of at least about 10°Q " cm™, which is
comparsable to liquid electrolytes. The membrane 16 captures the liquid
elec.trolyte solution within its polyacrylonitrile matrix such that lithit;m ions
provided by the electrolyte move through the membrane 16 in a mannér similar
to liquid electrolytes, in contrast to the "hopping" mechanism exhibited by
PEOC-type electrolyte membranes of the prior art. A suitable thickness for the
polymer electrolyte membrane is about twenty-five to about one hundred

micrometers.

The lithium salt is preferably lithium triflate (LiCF; SO,), though

other suitable compounds could be substituted for or used in addition to-lithium



preferably formed of high density pol yethylene, a polyester such as NNLAR
or anot her heat-seal able polyneric material, and its height is roughly the
same as the conbined thicknesses of the netal foils 26, the lithiumfoi
anode 14, the electrolyte nmenbrane 16 and the cathode 18, while its width
must be sufficient to forma durable and reliable seal with the polyneric
sheets 22. In practice, the wwdth of the spacer is about one to about five
mllimeters, with a preferred wdth beﬂ%g about one mllineter.

The Iithiun1f0|l anode 14 has a thickness of about thirty to about one

hundred m crongter.s d thir [San QUL L s
ot herw se conve’ﬁ@?%hﬁ}l&?ﬁgi’é%% ?fﬁgrﬁ’ﬁﬁﬁﬂﬁ c}éﬁﬁé@?ﬁnpﬁgﬁy FEFHEum
batteries. |In gavémtasie etﬁyqen‘ea&sh-ad&taﬁpb@m&dme&mearaﬁrgmmn t hat

enpl oys a pol yper matri x. i s conventional, the cathode % eneral ly

conposed of a b?Wﬂ?ﬁWPFnt@r??&?Wﬁ?\W&Weng% oo ghe ctive
manganese di Oxmonﬁtm%ﬁg}ﬁne by bttt GRmmb NSt RILHARSS dﬁtl&ahﬁa faf hode 18

is about 200 microneters,. with a suitable range being about 100 to about
300 mi cromet er?mp%fﬂr%\fs?ﬂsé%“‘-‘!bﬁf the geeteelytemenyrgge 16+ frd, Hrgratore @ishdeon
conmpound is pr g;@%gd Wb iC
matri x, whose %’?‘u cu‘% tel1"{(;rrm Pit%b(r?]é W ggég?é%%ﬁ%ged |Iﬁgg€ggs?g¥q§£et ai l
bel ow, so as tpovearog@emw eksb‘ixiahpe@eumswf degivniytie mpybrine 16 are
intercalation Bec se.t he thlun1 e

9 conpound | gd"ﬁ}é{’t P m{eﬁ“nce °te5tfs¢fc %‘é‘g‘go#%m?%éu% fﬂns t he
battery 10 Camnbenﬁmﬁ&rambllﬁdaﬂ:rmné,ts swgdsueffbmﬂhﬂan isadhtiebh Tabllei and
difficulty associated with handling of a lithiumintercal ati on conpound in
powder form Secondly, the pol yner-encapsul ated cathode 18 of this

i nvention resolves the safety problens that can arise if the battery 10
were accidentally or intentionally oEened to expose the cathode 18.

The solid polyneric electrolyte nenbr is a key element in_the
construction of the battery 10 for use in SSPD applications, in that it
elimnates the possibility of electrolgte | eakage |f the battery 10 is

accidentally mol.%
Polyacrylonitrile 12.8 21
Lithium Triflate 9.0 5
Ethylene Carbonate 30.3 30
Propylene Carbonate 28.1 24
v ~Butyrolactone 19.8 20

Electrolyte membranes 16 having the above formulation were
prepared by first mixing appropriate amounts of ethylene carbonate, y-
butyrolactone, and lithium salt in propvlene carbonate, and then adding
polyacrylonitrile powder. The solution was stirred to form a smooth opac:iue
solution, and then heated to about 120°C to about 150°C to form a transparent,
viscous homogeneous solution. The solution was then poured and pressed
between two rigid surfaces with appropriate spacing to achieve a desired
thickness for the membranes 16. Suitable materials for the rigid surfaces
include glass, metal, and metal coated with TEFLON. The assembly wsas then
cooled, yielding freestanding polymer electrolyte membranes 16 upon

separation from the rigid surfaces. - A suitable alternative to the above steps



~

or’ intentionally opened after manufacture. In accordance with this
invention, the solid electrolyte nenbrane 16 is also specifically

formul ated to enhance the perfornance of the battery 10, particularly at
sub-anbi ent tenperatures, i.e., tenperatures on the order of about O[err]C
and less. In a preferred enbodi nent, the el ectrolyte nmenbrane 16 enpl oys
pol yacrylonitrile (PAN) as a pol yner_binder in whose matrix is dispersed a
liquid electrolyte conposed of a |i thi um salt solution and aprotic organic
sol vents. The polyacrylonitrile-based electrolytic menbrane 16 of this

I nvention exhihids_sigalfli Iy -1 Vit QP PEkQuadg t

PEO based pgﬁf}{f}%eées% exg?‘?%u%%g% %ﬁb@a&%fh Q\f/;mgtg ﬂﬁ%é]ﬁ/a ?atént tcgrrpergté‘lijre
conduct i vi t petfeentrigid gadtes binittard Qresed) thinpegh 4 painiof ¢hllérs. conparabl e to
liquid electrolytes. The nenbrane 16 captures the liquid electrolyte
solution within its polyacrylonitrile matrix such that lithiumions

provi ded by the el ectFighyt Erépreserith coll gblthdrevariatibn af ®attéries ofi tinbtyper

sim+lar to ljquid electrolytes, in,cqontrast to_the " i ng" chani.sm
exhi bi t ed b§h®m&§'§8r%ﬁebﬁm’§‘t‘€%ﬁﬁ?‘5ﬁ¥? %ﬁm%%pﬂﬁfg&%gﬁ?mgﬁ %Pt abl e
thickness fgfe fofudeion B8 radletCt TRt PETREIAG inSFighfd war@Bidrdéd ve to
about one hundred m croneters. The lithiumsalt is

preferably fhrihgindividual egnrept pWspe pt prevetipg tqmperatipefiypf RAHESR Ebutasle
conpounds ¢ ' fyQls ' j1 tods ht Bl
20T CUrI T1 ot i AR Wil el ccileg HRAE AohnfitR it it BtiBor
Li ( CF[ er r] Sapartripod e/ eqd).a phise apsiiheé of atvayd1be milkssicondst, Andran effiulsse
carbonat e, prqpylene ¢ onat € n a - bhutyro t ccordance
W th this i RoaH PERS ARt PARFeanle Sor PuRe Potad KorarotBost 88T cne
car bonat e t ge@aIBCALVtPeardsQichitdbed &b bifuabtidnooftthme dtdng ehapulse
sensitivity of the electrolyte penbyane ,18, 'ﬁ?d ther ef O{a?ﬂ%ng?sé‘ be
mai nt ai ned #ischingeapd g B peyiod- e Ttering s 989 has on
the powver H@&gi&&&ﬂ&sa%cﬁhﬁg@ﬁéﬁ&mﬂwmm&&mﬁy@Imﬁﬁﬁiuuagﬂj_errbrane 16
are discussed below with reference to tests perforned on cofrr]rggsmlon of

of 2y &G 1888 | e

this invene¢lbroltage of greptenishamaboutc?.5 malis ol et call vaitegs

¥ s ety use in staBQBFELPD applications with CMOS- |
ed cient £ in PD applications with CMOS ;
w.% nol.% ofiﬁ%ry Omtreﬁeoruse ° 12.8 21 L?E[hl um Triflate .

9.0 5 Et hydedrmelaile bemare. 30.3 30

Figure 8 shows cell voltage versus capacity for a constant
current discharge for Lithium primary batteries with polymer electrolytes in
accordance with this invention (solid line) and in accordance with the Serial
No. 08/614,982 invention (dotted and dashed lines). ]

The above {llustrates the manner in which a sig‘nificanﬂy
enhanced sub-ambient performance can be achieved for & primary lithium
battery of the type shown in Figure 1. As noted above, the use of the solid
polyacrylonitrile-based electrolyte membrane 16 is also important from the
standpoint of forming e battery that poses minimal exposure hazard to the
liquid electrolyte contained within the polymer matrix of the membrane 16. In
accordance with the following, exposure hazards posed by the materials used in
the battery 10 of this invention are further reduced by the preferred -



Propylene Car bonat e 28.1 24 -Butyrol actone 19.8 20
‘Electrolyte menbranes 16 having the above fornul ati on were prepared by
first m xing appropriate anounts of ethylene carbonate, y- butyrol actone,
and lithiumsalt in propylene carbonate, and then adding polyacrylonitrile
powder. The solution was stirred to forma snooth opaque solution, and
then heated to about 120[err]C to about ;350[err]C to forma transparent,

vi scous honobgeneous sol ution. The solution was then poured and pressed
between two rigid surfaces with appropriate spacing to achi eve a desired

t hi ckness for Bl t abl $ Deofob iy ces
i nclude gl ass, Jn%et al L gﬁmet aOdcgggt Zé) {I%B’%élll—l?&%fﬂ % Assenb ge\%gﬁ S)ta‘.’h
cool ed, vyiel dé pglyhreeasaltmdnwg:prhu;rmmm mﬁrwht;dnectmnimhmélsm&saﬁmd

separ ati on fromth gi rfaces above
st eps ) ncaps‘%a{ 43 g“rtgle’é%%’fe’rrﬁ%ﬁ’? 6%‘*2 ers%legy éﬁl\{ﬁﬁle ol (Stl onis
heat ed and exéle«:tdel@téamemmherh@ lﬁbenlfaﬁﬁ:Stdhamgmyesxﬁahmeﬁdrtthfsm@pose Jpair of
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represented in Figure 2 was recorded durlng i ndi current ul ses at
operating ter’rmilﬂa?’u#‘egum formulpted ingeenrdanrg withnde formsistiqns daseyi ﬁgdmu ch the
batteries werag ?fharged with a current pul se of about 100 [err]A/cnferr],
a pulse on-ti rre of “about 150 milliseconds, and an off-pul se period of about
850 mlliseconds for a pul se period (cycl e) of about one second. Cell

vol tage was nonitored gs _a,f nct 0 f Line ur rge and
during the rel axation géf' @f?é?‘i”%%’ dtseﬁg&%%x% aglggfoi% abl e
pul se di schar ggapgsicee @di6ee wdémcﬂazbm,ymtmmmasmemvhwdtmyam et |

vol t age of greater t han about 2.5 volts, in th Ita e.of 2.5 and
| ess was deen¥bemblack, dntof sqlyfon, eb polacryloniir db%éﬁ&?m? W th

CMOS- based Vghtahial,SwiXRH Y be prepared in a manndriaf deScrdbed HbEve TRk haVﬁJgt age

versus capaci ty for a consfant current di scharge for lithiumprimry
batteries wit¥emptinieed eqmpositionghewniin Tgblecdance with this invention

(solid line) and in accordance with the Seri al
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TABLE II
wt.% _ mol.%
Polyacrylonitrile 12.5 21
Lithium Triflate B.8 &
Ethylene Carbonate 16.8 17
Propylene Carbonate 42.5 37
4-Butyrolactone 13.4 20

Suitable weight percentages for the individual constituents of the eathode 18
are about fifty to about seventy weight percent manganese dioxide powder,

"~ about twenty-five to about fifty weight percent membrane solu‘Eion , and up to
about five weight percent carbon. As shown in Figure 5, the carbon is
preferably between about 1 and 2 weight percent; optimally about 1 weight
percent. Preferred weight percent ratios for the manganese dioxide powder,

membrane solution and carbon are about 50:45:5 to about 70:25:5. More



No® 08/ 614,982 invention (dotted and dashed |ines). The
above illustrates the manner in which a significantly enhanced sub-anbi ent
performance can be achieved for a primary lithiumbattery of the type shown
in.Figure 1. As noted above, the use of the solid polyacrylonitrile-based
el ectrolyte nenbrane 16 is also inportant fromthe standpoint of formng a
battery that poses m ni mal- exposure hazqﬁp to the liquid electrolyte
contained within the polyner matri x of the nenbrane 16. In accordance with
the foll ow ng, exposure hazards posed by the nmaterials used in the battery
10 of this inventign are further reduced by the ggeferred

12 const r uc®reisTeRly ithe ratesangcbetweensalaut 58 4979 1P aRont S:40p i ertimally

preferably emabowsse: 200! ¥HBredBE i & t1hiBi Yt Frdul Which ithé BatHoBE 88 €2h @l ON
conpound i s dispersed and encapsul ated. Furthernore, the material for the

pol yacryl oni t fermedyasernanneraimilay (ot thefabrieation af s8e pelgmer gligarolyde be hi ghly

sui table for ' S I 48e 8 Q.L%-*,lﬁ, battery 10"

i ncl udes the tg[ég%ﬁ%%{]ﬁgf %geeégﬁ%%’l%%%eﬁilgm | nth'r-ca at ?%%i g%&mﬁ)%und, such

as nmanganese, diisxblddhicknesses of pbdutriasr tosabiout £3¥rmitrametdrat ed i n accor dance .
with the fornul ations described in Table II. A suitable
nmet hod for formng the cathode 18 entails introduci ng a manganese di oxi de

powder and carbon, in sasdemblyr ofbbatsergCl( with etk stawb desaibedceniponertisdsk, i nto
a solution of polyacrylonitrile-based elgectrolyte rang.naterial, which
may be prepar é’“‘r‘ _ aﬂﬁéﬁw-a?%aégm%ﬁaﬁ%wﬁ%ﬁ?gﬁ%%gbf%‘%‘wm zed
conposi tion skpoing @a&@@é@e{' knetal foil 26 on one surface of a correspondib@Bbdiyinbric

wt . % ol . % ol yacrylonitrile 12.

5 21 .
Li t hi um Tri f | sheet 22, preferaply using photolithography ppf et chendgplipiahing 16.8 17
g(r)opyl ene Car Q&Hﬁﬂqqles, a4 then gblming_the metal barrief Hihs BYby 8@ Boppositel9- 4

surfaces of each sheet 22 using precision deposition methods such as'sputtering
or evaporation techniques. Current collectors 12a and 12b are formed to a
thickness of about 15 micrometers on one surfaee of the polymeric sheet 22,
which preferably has a thickness of about 25 miérometers. Either a photoresist
mask or a metal mask can be suitably used to delineate an appropriate pattern.'
for the metal foil 26 in accordance with techniques known in the art.

With the mask in place, metal foil 26 can be etched back such
that polymeric sheet 22 is exposed at he perimeter of the surface while at the
same time current coliector leads 28a and 28b, shown in Figure 4, are formed.
Coll_ector lead 28a is associated with anode 14 and collector lead 28b is
associated with cathode 18. As shown in Figure 2, collector leads 28a and 28b
are rectangular tab-like structures protruding from the side of the battery.
While this arrangement has been found to be particularly useful when the
battery is used with RF-ID tags, it will be recognized that other current
collector lead arrangements and configurations are also possible, and may be
necessary, depending on the application in which the battery is used, and that
such leads need not be of the same configuration. The preferred etching

technique is a wet chemical etch using a mixture of acetic, nitric and



Sui't abl e wei ght percentages for the individual constituents of the cathode
18 are about fifty to about seventy wei ght percent manganese di oxi de
powder, about twenty-five to about fifty weight percent menbrane sol ution,
and up ‘to about five weight percent carbon. As shown in Figure 5, the
carbon is preferably between about 1 and 2 wei ght percent; optimally about
1 weight percent. Preferred weight pergent ratios for the manganese

di oxi de powder, nenbrane sol ution and carbon are about 50:45:5 to about
70:25:5. Mbre 13

preferably t ' Q&;gﬁe B&%E 40" ey 1nki timally
about 59:40:28“%%%hggggﬁg’is tﬁ?ﬁ pagggréggﬁ? I C 'F%e ca?hodév%§ can be
formed in a neowhdplseibei dsed. t The peeferied) niwtolishographih eng yep miemispbetichisigy t e
menbrane 16. Free. standi cat hgdes . 1 n [ | [

suitable thi c%ﬁgrsn ués of- about 2 et%tagg‘t%?h mms’g?glr’r%?éeg{g%gsegﬁ fqgther
Assenbly of badtaidry. 10 with the above descri bed conponents is generally as

follows. The current cql]ectors 12a and 12b_are fabri d by..fperm ng each

copper netal. foil 26 o%‘l{?ﬁﬁa@{%{’a %frr%ln]tc%’}l?‘gglﬁoﬁ&i éa% I?%dr]’ec&’rgﬁget 22,

pref erabl y uskyngraisi ohi AhagiaaRE¥an bohiiyuah RER Qi 0TS palpBeAUCS. and
met a

then formng the barrier filnms 24 by coati_ngebdt_he opposite_  surfaces
of each sheetelgstrolytagembrese If spd fapnderlf sre fshriratrd iopeRo Witbdbeng  or

evapor ati on technk dUeS-Had 5 eMousy, \vileftBiubrRn 38 ¢l 33 fBfhed 814ed tO a

t hi ckness of about 15 mcroneters on one surface of the polyneric sheet 22,
whi ch pr ef er atsinyehtisnsi mahnerkecanguire thissigsired thitknessrof abat 39 forpdbpuly 700
phot or esi st cskme(r; a netal mask can be suitably used to delineate an
appropri ate pa e ™ or the netal foil 26 in accordance with techni gues
known in the art. Wth the mask in place, netal foil 26 can

be etched back stich t gt pol YFE! b SEbdR e AP RS Fuloa R Ey T o1 ©f
laying one of the current collectors 12aona suitable surface, with its metel foil
26 facing up. The lithium foﬁ 14 is then placed on top of current collector
12a, end polymer electrolyte membrane 16 is placed on top of the lithium foil
14. Cathode 18 is then placed on top of the polymer electrolyte membrane 16, ‘
and battery 10 is enclosed around its periphery with the polymeric spacer 20.
Finally, the battery 10 is covered with the remaining current collector 12b, such

that its metal foil 26 abuts the cathode 18. The battery 10 is then heat sealed

at a temperature of about 170°C, such that a seal forms between the exposed
edges of the polymeric sheet 22 and the spacer 20. The battery 10 can then be
rem(_)ved from the inert stmosphere, after which excess polymeric sheet 22 is
trimmed and portions of the metal foils 26 of the current collectors 122 and
12b are exposed to form leads (not shown) through which power can be

- extracted from the battery 10. The battery 10 is then tested against sppropriate

performance criteria.

In operation, the battery 10 is ideally suited for use in SSPDs
such as radio frequency identification tags, PCMCIA cards, and smart cards. If

the electrolyte membrane 16 is formed from the composition of Table I, the



sane tine current collector |eads 28a and 28b, shown in Figure 4, are
formed. Collector lead 28a is associated with anode 14 and col |l ector |ead
28b is associated with cathode 18. As shown in Figure 2, collector |eads
28a and- 28b are rectangul ar tab-like structures protruding fromthe side
of the battery. While this arrangenent has been found to be particularly
useful when the battery is used with RpgID tags, it will be recognized
that other current collector |ead arrangenents and configurations are al so
possi bl e, and may be necessary, depending on the application in which the
battery is us%tteepciotibame&u%&&adaua&gﬁa pP& ties 3G S8 MogONobgUr at i on.
The preferred etching technique is a t chemcal etch using a m xture of
acetic, nitri chameterized by the ability to deliver at least about 100 uA/cm” for a pujse on~

phosphori c aci; E%m-g ) § ! e, i hni ques
could al so be ‘%zee". l&gqg{?e erér&gga%%‘ti gﬁ%ﬁ%ﬁ%ﬁ%@gﬁ@&%%&%%?nw%g?

et chi ng t echnisyateénigge mingnym woltedreofogreateartbiar Bdreditsre wi I | not be

di scussed in further detail. Al ternatively, «the current
collectors 12a and 12b could be formed by stanping in accordance with

t echni ques known i n t heFsun theldtevppitysmrbecicentthad thiscinventiomisauriguelpd
cathode 18 are fahrigated in acgordance w.th .the et hod escri bed.
previously, V\ﬁF‘P%B?P REFiATRiDE| wellng lb%pl?b(?faﬁﬁ’ff’isﬁ’c&q&%\?gtﬁﬁgiamﬁer to
acquire the dess & edghtd AkRBEScaktiREHA y8PehPloPdR dblid/ PSlymBF Eleei¥Bles S -
Battery 10 is then assenbled within an inert atnosphere bé | ayi ng one of

the current cd&lembzans 16 thes hap electiiceal abe @owey parerating prenerdes,gimilpr 1) | 26

facing up. Th?&“ﬁ%&%ﬁ%&&%‘éﬁr?ﬁ%‘g%f’g&mf‘g%gﬁ%‘ﬂébw Hiscol | ector

12a, and poly s p on top of the lithium
foil 14. Cat hpdeticgatly nebessary fayatbedn selfpcontainédeanpiicytions tdbtichy he/neture

menbr ane 16, r ' : ' it ' it h the

pol ymeric Spagggh%%g,‘z%gfﬁe %L%gﬁg%&%gf%é%%%g%%% .Ne remai ni ng
current col | eFuothetiibre,the fbatteny 10 bf this thadenftion lenflesnb wide tdupemfitisesiin 18.
The battery 1Q_.s the eat seal.ed at e rat ure of abou 70[ err] C,
Such that a sSEPDy Bmiler teiatinee S fulse Chityed R PrmAoR A At RScr 22
and t he spacetenfbratdies bahiRidedor Case &lﬂﬁ!ﬂé&ybm the Qelynite oatsiktfor

at nosphere, after which excess polyneric sheet 22 is trinmed and, port.ions

of the netal the plectrglyde merbrang l6snables the batieyy Iote exbhibit eondiclvE Y Msed to
form | eads (ngibiheWhindrBhdEsBn W 6P VMRIquiP BlelBo1fes eipicdafwiain t he

battery 10. The battery 10 is then tested agai nst appropriate perfornmance
criteri a. conventional primary batteries, and further enables the battery 10 to function at
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temperatures that are lower than was possible before by optimizing the ratio of
the aprotic organic solvents within the electrolyte membrane 16.

In addition to the above, the exposure hazard of the Iitixium
intercalation compounds within the cathode 18 is eliminated by the manner in
which the cathode 18 is encapsulated within a polymeric matrix that is

. preferably composed of the same material as the electrolyte membrane 16.
Therefore, the disclosed battery 10 is significantly safer than both liquid

electrolyte batteries and prior art solid electrolyte batteries.

While this invention has been described in terms of a preferred

embodiment, it is apparent that one skilled in the art could adopt other forms.



I.n operation, the battery 10 is ideally suited for use in SSPDs such as
sradio frequency identification tags, PCMCIA cards, and smart cards. If the
el ectrolyte nenbrane 16 is forned fromthe conposition of Table I, the

15 battery 10 is able to performsuitably at tenperatures down to about
-20e[err]C, characterized by the ability to deliver at |east about 100

[err]Acnferr] for a pulse on- tinme of about 150 mlliseconds and a pul se
period of about one second, while sustdbning a m ninum voltage of greater
than 2.5 volts. Fromt he above, it can be seen that this

invention is uniquely capable of performng well inSSPRisHRltcsabkons,
si nce the bat Ferr gxampley ¢fipy gaterfaly Wl?g’ﬁd%sﬁgfo}(\gg%%i’% construction, yet
enpl oys a sol j,d DOl yIPTe BB SsseliBlybleamsiqies arbprdsaduzascid Ba|  and

power generating propérties simlar to _liquid elegt SRt Qb LS b ehe The
sol i d const r uetiployeds Aceradingiy cthe spgpe &f © g’ﬁv?%%?na%t%%necessar y..?f Osf use in

sel f-cont ai ne | i jons that, by the nature of their use, expose the
bat t-ery 10 to%ﬁ%ﬁ#&gg%%Vironnental conditions. Furthernore, the battery
10 of this invention enables a wi de range of uses in SSPD and simlar
applications‘due to its enhanced performance at sub-anbient tenperatures.
In particular, use of polyacrylonitrile as the polynmer matrix for the

el ectrol yte nenbrane 16 enables the battery 10 to exhibit conductivity at
anbi ent tenperatures on the order of liquid electrolytes enployed with
conventional primary batteries, and further enables the battery 10 to
function at tenperatures that are | ower than was possi bl e before by

optim zing the ratio of the aprotic organic solvents within the

el ectrol yte nenbrane 16. In addition to the above, the
exposure hazard of the lithiumintercal ati on conpounds wi thin the cathode
18 is elimnated by the manner in which the cathode 18 is encapsul ated
within a polyneric matrix that is preferably conposed of the sane materi al
as the electrol yte nenbrane 16.



Therefore t he_di ﬁ‘e acedy 10 is significantly safer than both liquid
~el ectrol yte baﬁmﬁ i art solid electrolyte batteries.

Wil e this inve descrlbed in terns of a_preferred-enbodient,
it is apparent t d in the art could adopt other forms

16 For exanpl e, other materl al s could be used or-dev HHE |t|l|!)ut es
for thos of ed .differently assenbly technlques * ul d
be enpl Oe\gna 5&(93,36’?‘8 I‘ﬁgl y, the scope of our inventionis to be limted only

by the foI | owi ng, cI ai nms.
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for mcroe e%ét"?‘!éir X J"@%BP‘T AP (Hfithe Piﬁ:(i,em Hglteflgé‘?lb(ﬁ&egﬁ’bsrl?rg 53‘ a flextble
flexible pmlmWrbaéﬂeecsm@b}ytfer migrbelectronia applicadons thechatiet y ¢amprisivigai ned
within a polymeric binder, the electrolyte conprising a lithiumsalt and
an organic gprotlc sol vent solution, the organic aprotic solvent solution

conpri si ng Berleqobraerdlestelde mspbmnediging aarcirstalyée egngpined within a
ganmma- but ypsolymeﬁx@laﬁﬁdexa {193 electrolyte c@mbh@ihg lIIEhiGAt AREAd Bﬁ?ékfl@aﬂrbﬂ@éd!%nt

I d an . encapsul a matri x, the
lext bt cniste TEGHErHE PREEE solvE SoRERp SAmBsing Salent s

sui tabl e
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about sevmbonam@dtganena:bmtyro’tmmnemb di oxi de and up to about two wei ght
percent carbon. A flexible primary battery as in claim 1
wherein the fl exible cat hode conprises about fifty-eight to about
fifty-ni net flexibletcaphode baringra dithinmsatertiatation epmpdymdtpowder dispersed in an

encapsulating matrix, the flexible cathode comprising in the encapsulating matrix about
fifty to about seventy weight percent manganese dioxide and up to about two weight
percent carbon.

Preferably, the flexible cathode comprises about fifty-eight to about fifty-nine weight
percent manganese dioxide, about forty weight percent encapsulating matrix, and about
one to two weight percent carbon.

Preferably, the flexible cathode comprises about fifty-nine weight percent manganese
dioxide, about forty weight percent encapsulating matrix and about one weight percent
carbon.

In accordance with another aspect of the present invention, there is provided a flexible
primary lithium battery suitable for microelectronics applications, the battery
comprising:

a first flexible current collector;
a lithium anode contacting the first flexible current collector:

a flexible polymer electrolyte membrane contacting the lithium anode, the polymer
electrolyte membrane comprising an electrolyte contained within a polymeric binder, the
electrolyte comprising a lithium salt and an organic aprotic solvent solution, the organic
aprotic solvent solution comprising ethylene carbonate, propylene carbonate and gamma-
butyrolactone in a molar ratio of about 1:0.8:0.67;
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sol vent solution conprising ethylene carbonate, propyl ene carbonate and
gamma-  bud secohd fiexibie ¢unreat calleator cantacingfthaflexible Tathode.0. 67; a

fl exi bl e cathode contacting the flexible polynmer electrolyte nenbrane, the

cat hode conprising a powder of lithiumintercal ati on conpound di spersed in
an encapsbietarably thaaflexikle catheds campries abaut fidlyight iHaboyt ffyming weight

encapsul at ﬂ)é?geﬂﬁﬁafng%ne@@@ibkldef hﬁdu)z’ fdr%r WhigHt ;ge‘i@éﬁ@ eﬁdépmtﬁigtmﬂﬁkcm aspganese
di oxi de and up to ahout two wei’(gb per cent carbon; a second
tin

f1exibl e cORE@HWOSIBREEHELEH g the flexible cat hode 5. A

flexible prlrrary battery as in claim4 wherein the flexible cathode

conpr|ses ht .t o e anese

di oxi de, bl?'b{hﬁyﬂ \fkbge thcéjg%ggﬁfm @é%ts@t%&n%g&% P ?%e ﬁtalﬂ%“ggﬁ%%t one to
two wei ghtdlpmdcemout:éorbowelght percent eigapsulatiigfrhaisik lshd apout one yeight pencgntas i n
claim5 whgpgl the flexible cathode conprises about fifty-nine weight

percent manganese di oxi de, about forty weight percent encapsulating matrix
and about one wei ght percent carbon.
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