1 SUBSTRATE FOR LI THIUM THI N FI LM BATTERY Descri pti on Technical Field

[ 0001] Enbodi nents of the invention relate to the field of lithium
ion-switching devices and nore in particularly to secondary thin film
batteries, having lithiumas the nobile ion. Background Art [0002]
Rechargeabl e batteries - comonly called 'secondary batteries' - are
enjoying increased attention as thesjmniaturisation of electronic circuitry
makes hi gh tech appliances nore nobile. As users, we expect those high-tech
appliances and the battery that powers it: to be light in weight, to keep
on operating for a | onByBsTRaE FOR LITHIWM ThiN HOUBATTERY need to recharge to
rechar ge 63&;‘{5 be able to recharge many tinmes w thout the operating

peri od becom Plg shorter to be safe (non-explosive, non-flammuable). O
course werg®Rich magt to pay too nuch for the whole systemeither i.e. the

total device nust be cost effectively desi %ne_d and produced. As the
r echar geal§P@1lpaTbedipents ¢ribe divepten refpisriedhe fielisefsiitaim iRe-sMieNiEg t he

battery shoul dyBcdd kShipe Gl BaReubROR3dechAddr)@nik MM Halibhi haling
technol ogi es, batteries based on lithiumions are gaining ground as they

fulfil many of lithive» abbeenqbigifin ements. Wthin the growing class of |ithium
i on batteéicj% t?iﬁgatteri es based on solid inorganic electrol ytes enjoy
parti cul ar2@etEREBn. This is not only for the fact that they are

i nher ent | posalf Rechsrgedthis BattaRAUSBIIRYY CHed sebdriey tatiatigh -arer gy density,
can be charged fast and Cé%g&%ﬁgg%t“ mes. Ln_addjtion there is the hope

Ln..
that they can BECHHRECERE R PUHRHUTSAUPR PHFI ALY i d stat e

el ectrol yte bageflednibh@chepphiided tror@aiobid) Ak Risérsfwé Bxdert osSHigh- a thin film
battery - as shown in FIG 1 - inevit@g{g conprises a substrate 102 on which

the battery is!iarpiiances ppg thehrdienatnat PVt conductive, a first current
collector 104 nustihe iRRPhivREgHt] rst to the WO 2008/ 116694PCT/ EP2008/ 051641

- to keep on operating for a long period of time without the need to
recharge
- torecharge fast
- 1o be able to recharge many times without the operating period
becoming shorier
- o be safe (non-explosive, non-flammable).
Of course we don't want to pay too much for the whole system either i.e.
the total device must be cost effectively designed and produced. As the
rechargeable battery is one of the important costs of the whole, the battery
should be likewise cheap.

[0003] In the competition of technologies, batteries based on lithium ions are
gaining ground as they fulfil many of the above requirements. Within the
growing class of lithium ion batteries, the batteries based on solid
inorganic electrolytes enjoy particular attention. This is not only for the fact
that they are inherently safe, but also because they can achieve a high
energy density, can be charged fast and cycled many times. In addition
there is the hope that they can be made cheap.

[0004] Secondary lithium ion, solid state electrolyte based batteries can be made
in thin film form. Such a thin film battery - as shown in FIG 1 - inevitably
comprises a substrate 102 on which the battery is built. If the substrate is

not conductive, a first current collector 104 must be applied first to the



2 substrate 102. On top of that first current collector, a first el ectrode
106 i s depgsi | | owed by an inorganic solid stat e 108. An
opti onal S%&h%ﬂ ﬁfG%’CHOde material 1P9 covers part O?C?L%G% ﬂ%I] Irol yte 108.
A current collector 110 collects the charge, which is transferred by | eads
112, 114 to the load 116 in case the battery 100 is discharging. The thin
films are typi Cautis)t/radﬁ’msbherﬁb bithattiret durlen dalbetoc atfirsirelqutrode$8&8& such as

ol - to-sol 1 andFerPBIoSEERY 6F ey araiaIs Birenbi ke ASHEN B ocesses.

[0005] One or b@édfbnaferetchedeheretneomcmedpaat:cbrta@eecmﬁermmAcméntl|thi um
atons. The reservoirs i

have a fferent electrochem cal potential relative
to lithium whi EW'GFW&e@C‘%ﬁW@tsI%’? ﬁh?fﬁ‘gr"t‘%h'?’b*ﬁlt%a@s% adﬁré‘?ﬁgiﬁ 152r Jb@'gtﬂ t he
electrolyte to tH&ao&pm&htcese{reQdarte@erdmayldr@lh@-gingmehse elrefinseeheni cal
potential in order to reach &]ﬁr&gdynam equilibrium Let us assune for

the noment t hat MR8y feropiied & Tabjcalen BrosesseRsueAeR IS ARBEe t he

lithiumis redugrghiddbecheay@d v d@dbpasxmqev@ Wnnr;gatn@ gblepeel el ectrons
fl ow towards the cat hode upon, di schar ensat e the reducing

reacti on maki ng RTINS AIHEEYER eﬁ?@g‘iof" gt "Ot4v&€Hower supply upon
di schar ge. [ohtgjane orub@ng it eré&r@deemdaalae@reeaeortrwrrthmgm t he anode,

wher ei n the [ i th| um oxi di ses upon di SCh}%&g{?Fg The el ect roleé 2108 nust | et
the |ithi um i ondNBERSENMRIIE MAYRE diFErsnhpier cql goleniRlr#'8ie Pt Y Ber for the
device not to s%fchdbr@@érﬁqegmurhi@cneﬂrsb%deﬂaeerth@uw mé&ecta;rﬂe ghthel ectron
resistivi ty and a high lithiumion conductivity. The cat hode

material is a nﬁP@?ﬁ‘tﬁle'%‘écree‘i‘@Y”’c% oMef ﬁleﬁr’iﬁ’%ﬁeﬁrﬁa@?f@”%é‘b@ﬁ’@ﬂ %r

intercal ated i nfrébchfrreerrneawa@s@c&fethenmt@ uebssuﬁk@fomree\rrb@bmm be
anor phous or cr)t/st allin pi cal exa is lithiumcobaltate where the

anount of lithi drﬁfrratrer'%mfi% EF@Z’%’@?C‘? Oqeh‘éh‘?f@rﬁ*ﬁﬁ Ehmyis cpdicgedlist ate to

Li Co02 when conplehghyLidivaehaaaflging Meica! bieborBaloar tbab&isdh@chheder red for
reachi ng high specific cell capacities (up to 69 pAhfcnR2/un) and | ow

capacity | oss p&potgierhargisg @rfgoenseﬁ%%&deprngé@mﬁnfﬁakrrs.thfﬁm | m

Rechar geabl e Li rel@c’ﬂ‘@a@l%étp%&rh\%sp%bhthb'ﬁo@e%‘&h@;b@édn @dr@ﬂ;&%dﬂé}@es , B.
Wang, J.B. Bates, F. R A , and J.D. Robertson,
Journal of the El%@l@%&ﬁe"‘rﬁc@%ﬂ e'S@‘é‘PC@t?e” 9@@%@@@6?”3%3“@2%’3) €n order to
obtain the cat hQ@rﬁmﬁ”@%@gé@updnrﬂa&hﬁg}ﬁﬁ]a'lhle'e'ﬂs%trta@l'éﬂd@ Absti@npelidiar es (hi gher
than 500C) are needed either durin osition of the el ectrode
material or thel®gfess bwtrrméﬁ@eﬂa?%rﬁ@aame& SRS NEpdeTbe PeiRe §ohi gh
tenperature step, exek; y&h%@é heneeezecmedwﬁé h@ééhm@e&oh%;emfgr &M ng poi nt
for use as a substrate ke mat'erials, "even high tenperature

resi stant pol ynérhighsiiigiimaan Wdywﬁ*fdes can not be used. In practise only two
mej or cl asgpggr Q’ﬁg gﬂthoéé‘%&fﬂ%t ) r%teﬁalmér‘em%e 1'131(1%' atéink @Ye Whddbey high

nel ting point ‘and dielectric materials such as high tenperature quartz,
silicon wafers, osibgspalated indd thei latiico pf hRenatenad. THeooeglialAantge | atter tend to
be expensive an%@@%%n&ﬁ@m%%%&ﬂ%%eh.tmrrﬁ%eeeram@wﬁe% the their

brittl eness, the Icty substrates are nore preferred for

ease of processaMPUALOTiFyM @arreSb‘eorpEbW@@dmdhe Femnpistelyochangasl Batedat
effective roll -grgcrce'vbhewc%ﬁmémrscmgemrysrghﬁ@nré%érré@s erretpaéférr@dr met al

all oys new and ferent problens ariSe: anneal 1 ng of the first
el ectrode mat er iferlreachingeigtyspregicteg! bergsdiesdupiadcs wAPT /M) 83y fen, a net al

oxi de | ayer qui %Eéé/cdtg \ef-}eperder@eegtet é&ﬁ?éétéﬁéa%oﬁ@ﬁﬁrh%riﬁn”ﬁ el ectrode

material . Metal e ionic conduction for oxygen of the
met al oxi de | ay&echﬁge@h}@hftmmrﬁaﬁﬁée%wtﬁ@tﬁa@@ Q@aéWinﬁ #.metal oxide

| ayer in order W%rFHEtBe%Ete%hﬁXSHQﬁté%{ %ereexaéga@guw gha ERERPERE TRt al of the

substrate during erature anneal i n tal oxi | ayer will
further gr ow - JABmIaI mfﬁhmﬁbcﬁoc&rem@ﬁowetyh1%%99&) IAV3A L Budn mcieytcand
reactivity, bstrate,

or even react m?@%hgﬁﬁggr% enen% gha?&gggg%?gggaQWéﬁmbﬂgegﬁEﬁgﬁﬂre during
the high tenperature annealing step causing a decrease of the capacity of
the battery. Both of these phenonena inpede the use of a netal foil as such
for batteries. The resulting batteries are deficient because the | ayers do
not stick well to the substrate, because the el ectrode becones |ithium
deficient, because the substrate itself beconmes brittle due to the oxide
grow h and/or lithiumdiffusion or because of a conbination of all of the
above. [0009] In order to counter these problens several solutions have

al ready been proposed: WO 2008/116694PCl AP2008/ 051641



4 One can use a thick 3 to 5 pmnon-oxidising netal such as platinum gold
or pall adi rst current collector. However, t i ncrease the
cost of th z&%t@g%fas these materials tend to be exp E@?g%g&wglan
alternative, netals with a high nelting tenperature such as zirconi um and
titani um have been proposed in US 6280875. Such a high nelting tenperature
goes together wiisn 500FOMarexgee @bkl usiinthe aleoditich ofdhesblow®idegr owmt h of the
oxygen | ayer. UItlnaﬁel%8¢m+¥,zirconl ntturns out to be useable. Coating

with a netal ni A& Pr WR aPeRarais eG2{IRG AEPri de or al uminium nitri de

as descri bedorn This hifBR3Mpératubl GlephBXcRided tHel igtenf Intit@tats \hmv@ Idw | ow
i on- conduct|V|ty for oxygen and are wel] resistant to gh tenperatures.

Preferably the ﬁ‘i’ffei‘“i”tﬂem' ﬁ@"r“siesasc?oﬁ}e’lsgatemﬂ’lﬁmﬁrH@t’ﬁ?teﬁ%'?cfé’eaﬁ‘égfbr met al

oxynitride | ayefem@ﬂ@tuf@ﬁe@@f&mﬂbéwm@% %h @ peRMteatdOHteBhasgas the
i nsul ating properties of | a the |atter nitride oxynltrlde

conbi nati on ar ePFSHE® ?@%P’%‘t @ﬁt‘)’f“ésﬁsreﬁ'ﬁ’ﬂ‘ Wé‘?%frateﬁ’eqfﬁéﬁ? P me@hon- oxi di si ng

current col | ect @ioyofittea gigl PhehingPditiandBielbAeE Mt} sO%h € higMai ns
necessary, as the nitride, oxynitride or oxide |ayers are too insulating.

Putting the cur f&mesEg %@t’férs'kﬁ?”t“tﬁéeréfsﬁprﬁ’@’rﬁar“é’f“”éloégter'%iﬂe as proposed in

US 705662({005@]9/\@‘&55 RAkr eRd lesd éb(peh@@@ ah@%nﬁy%rﬂﬁth@rﬁ@élves fol kgichhe nerve
structure of aleaf - to allowthe lithiumions to reach the second

el ectrode. The PI9o88siRg deq fodbrr Patiensss. piameg BisiRia Wee ersubRa8tbst rat e and
subsequently crygd@btd &%rr@& it e@Be LEPREERINY & thBy 88h B proide@¥NISIR

at nosphere. After cool |%g he open col |l ector structure is deposited, that
on its turn is &o%Eb ?ﬁﬁqﬂl‘t%f@rt@ﬁfﬂt plogeesinar lewWsy &b WaeR WHe® t hi s approach

is that quite amAPH e alﬁi%fn@ﬁ/ean%rcﬁ’f?erbt% dr@stmt arigdre open el ectrode.
Hence, the area of the battery nust be |l arger by the anount of el ectrode

area that is cover’“@dh@ffm’ﬁ%ﬂ@@f?héﬁ*fﬁ@tﬂqtf@@% Btaf%@hﬁ%fﬂ“@ély fes@attery of the

conventional str dee%ﬁnéd"'m%rr(iﬁroxkjénhQ\éﬁ‘etélf‘tﬁuo%ﬂgfer%hk@@%v@#l’éeﬁ%en [ 0010]
Produci ng high efficiency batteries on nmetal foils Is therefore not

strai ghtforward. tBe gibsiplssancdhefirst ﬁ@éﬁ@dwa\{e@eaw}afﬁxeﬁ%gr@w@@ttv there is
provided a thin fith&Ndnicldahiirion o pbeble ARUAICRIEMUIRE IS AknduinStrat e, a
first electrode coveri sai d substfate, an electrolyte covering said first
el ectrode an opti d%ﬁu@gé@rfﬁce‘t@é@q vihe oo pidrfaratinioweriorrelegpt Be and a
second current coldgetaE dxo&PRlIFELcHhE hetdlidi 1res@urkiElietid R or covering
said electrolyte, wherein said substrate conprises a [ayer uSeable as a
first current col lleepepiiadenadingandfhegpetebepds byergvikhfurihengow hree nmetal s
or silicon, each ration in excess
of one percent byq{\;\‘;/e;|r°ﬂ:ﬂh'q g%v%n vﬁ{h V%w hl???;@%{tﬂ?n@re%%‘%grﬁnobl e than the
second netal, the @é@léﬁi’@bmmmf*hﬁt’@tﬁtﬁbﬁ@rﬁ%ﬁ!ﬁ subglrateyar gvetesct or
silicon, said thir I oxi de
scale that is a dl"ﬂ BEglﬁ%ne; ?;ftléeﬂra?tg% ‘F}@éﬂﬁﬁrfnﬁe\;\%ﬁg%eaﬁén %gﬁ%}r{é%@? further
conprises one or ﬁ@méer@ﬁtreasn@mgéteptqaé&gﬁ@mcmase/ofthﬁ cazamty@étt@nd La in
concentrations of ast 0.02 percent by weight for inproving the

adhesi on of said oxi 8fscal e to said | aye [ 0010b] I n anot her aspect, there
is provided a t Boi ¢fitherel phenpuigna mmtg@hﬁmgf@e@taé@ti@@mpﬁh firng a
Substrate, 2.1 bstelofhd AABHAOKAKANE ELEURBEIAE 1n ARy ELBEIER L ©
covering said first electro |ona second &l ole covering said

el ectrol yte, anétick weitionbe substraist be@ﬁusectitfwlei:trpd@cmca@ss Whium sai d second

el ectrode or coygfling SHbd-Lhel bOHE folhRLRIHR Hifledus bR Bld compri ses a
| ayer useable as a first current collector an al oy conprising at

| east three net arcswtblan@ior iitbiom diiiggien of besalisk alea edrbivatiosidf et ohthbavi ng a
concentration "21 8>%[cess of one percent by weight of which the first netal
is nore noble than the second netal, the second netal is nore noble than
the third 0803 Imerder fo onter Seeisd prdtilerds aedendl solutigid haveralipedngearapabl e of
form ng an oxi d&&g@% that is a diffusion barrier to lithium wherein the
first metal is N € second netal is C, and the third netal is Al.

[ 0011] Enbodi nents of the invention provide a thin filmlithiumion

swi tching devices on a netal substrate. The netal substrate is particularly
suited to deposit such a device on. Enbodi nents of the invention provide
such a substrate without the need of depositing an additional |ayer to grow
the first electrode on. Enbodi ments of the invention provide a netal foil
that forns a lithiuminperneable barrier so as to better retain the lithium
in the device and to prevent loss of |lithiumto the substrate. Enbodi nents
of the invention provide such a substrate that also allows for sufficient

el ectrical conduction thereby elimnating the need for an additi onal

current coll ect or. Enbodl rrents of the |nvent| on pr OVI de a substrate

,,,,,,



substrate, a first el ectrode partly or wholly covering said substrate, an
el ectrol yt& ¥ or wholly covering said first el eci,E gzﬁmsm%sﬁ?cond

opti onal §&coveri ng a part of all of said el ec rolyté, and a second
current coll ect or in contact with said second el ectrode or - in option -
said electrolyte, but not in contact with the first el ectrode nor the
substrate. SpecifiOneafantise adeiek 6eo b st fai-otidieing ulisal satleas plapmirses a | ayer
that is directly useable a t curr.en ol lector., The lLayer is nade of
an 8 | oy that - conbPEeEealaul o5 Aty ArEHERIeidat R EHE: B THERSeng pr esent
in an appreci ab|etmlﬂbfth%bfﬂe@@sﬁﬂ%éeﬁatarﬁdlgt@mubé ekpersR@nt at | east nore
than 0.5% preferably re than of the total 0013] "Alloy
el ements' - for 't L?H%H?@V%fmqt ??'tgﬁm'ﬁ’%g‘fj’t‘gﬁ tempgraturg ?‘f?é‘r‘?’[s > Metals i.e.

any el ement out ofiré¢dieurgEadpSniu hdve Bélehlprcﬁmédﬁrhleslaesmm csuttabl e of the

El enents (colums 3 to i ncl udi n | s oor , In,
e on ph " Shianare i e e GO IR Ao XA QB it s

genera! Iy not consitgeeesslo@ebgrodtiEtiae olien hagkr aonsb@er@) drdofiuhience on
t he oxi dation of the al | oi)%%oo 4] The ionisation reaction of these all oy

el enents (Me n+ +UHNgoulfo $e%n be ranked in el ectrochenical potenti al
with respect to.tRahygnegamdsiantds dysl Retd @deariind nitite @ngurdihivkhem t hat
has the highest el ectrochemni Cac% V\SDFéQ 008/ 1% %94PCT/ EP2008/ 051641 6
potential will be fHdq @tdesrabsq pds N BeighAdR AYeE NAE one that is

the I east noble, mloh%nﬂm@wfoeb@,@eh%h%m%k reR@tetd Whand t hus has t he
hi ghest affinity to oxy be called the third netal or

silicon. This naké%m@?fé%é‘%ﬁcgfﬁerﬁﬁlﬁ’éme E"H@er@f‘;’él‘s PGSV IHYR FﬁfaéPvﬁméﬁl at e

chem cal potenti alanlBt WRed okterritié fa?br araé férh%rhiﬁ'sdébxnd‘ésccﬁnﬁlr@dl%hng of
nobility of the rretal s reference is Handbook of Chem stry

and Physics' , 67ERhaWesitminsyaiy Wﬁ@ﬁe%@féheﬁyﬁ éi%?n'aﬁ%{sm%d%otentl al of
-0.857 V with resaﬁwﬂue cbh&n@f.&hﬁerrﬁereyémg@ho@b@ghdﬂ @d@r@eﬂz&@abﬁochem stry
of Silicon and its Oxides', Xi aorg Gregory, Zh ontlg . | SBN 0306465418,
Springer, 2001). By”%%‘?"éiﬁ'f‘g syee I"?B'"Q‘E‘B"”(ﬁ‘?fc etgr@"élpl%'ii“@l @H‘é‘mf@ o4 oxi de
layer forms that aghgindpedelds aéjthfafdftﬁa@rbx?ﬁfﬁde% okigeldyehd alan@nd at the
same time still allows for sufficient el'ectrical contact with the first

el ectrode nateri alMSuUEingxi de | ayer that acts as a good barrier to lithium

is a layer that_i oRE BERHANR YS!t onlt@Cksh8Tissh BlebRsiAR h8Sostldang whi ch
the |ithium coul d mgrt%@e El ectrical contact is ensured through smal |

| ocal i sed voi ds - 5F 7030528y ther cusenheaiesiet Bes has fgbg peerstiitedhe Byrsr ef er ence

the layer is thinng{clRas L85 rlg’aHéWﬁ% iGrh 8648 résonithé BE&@Ihgt han 100 nm but
in any case not thinner than 50 nm [0015] An atten&)t to understand the

mechani sm - wit ho@ecﬁéﬁ?}gﬂlﬁuﬁcﬁtwﬁﬂ%Issth‘ﬁ’}/ﬁr@i fragsded pothetsyesiEdait r ol | ed
oxi de scal e fOr”ata'ne@uB%uQﬁ%&ﬁéﬁiﬁé&dat%hfterQ%uréﬁrﬁ@n Sir 8 ox &gehterl a for

the formation of protectiv scal es 'on Fe-Al a al | oys',
Z.G Zhang, F. GedifnegRhere After ¢esling the ogen cowt@ro‘%méwreyéud@ﬁ@%iedsiheé006)

741-765): [0016] G 0Mtifn0f cmrwmﬁh%@é&m% %%rr@d:erﬁmh%gur via two

routes: )=- either the oxytgen w I diffuse'through the first formed scale
towards the al | oy a@aeach @m@eﬁﬂlam%hﬁi%@C@é?ﬁljﬂ%wsbﬁo'fbfhép@"bal e netal or

metal alloy int erfe@é‘c%oa%a—xeﬁc@q%ém@he EQ@WSP@A ia?géreg% smaGAl e growth

or internal oxidation , fuse throu the first forned
scal e outwardly t ofeisetregssaphaiyd iy Wéf@ﬁéb’éh%ﬁéﬂ”@ﬂﬁ@c’%ﬁ?@féowpﬁ‘fedé@ﬁt| nue to

grow on top. This gogeGali Rt RRMbCotReRNE Ind5 %D nale Bt @Al nxE dati on.
output.
[0010] Producing high efficiency batteries on metal foils is therefore not

straightforward.



Met al oxide scale growmh is governed by the bal ance of these two diffusion
processes. For single netals, one of _the two will outbal ance the other. In
WO 2008/ 116694PCT/ EP2008/ 051641 7 an®al | oy conprising two or nore netals,

t he nunber of diffusion processes increases and the oxide scale formation
can go tribieclgéuraoﬁlnmdzreﬂonof | ocal equilibria before a final growth mechani sm
Is reach ocﬁﬁr G \"@% ks oﬂ&é@h%ﬁrﬁmprtﬁ@%montgmnmalde%e both can

formthei emin or outwar %fﬁ %ﬁamxture of both
oxi des or the Q%T‘Pfé‘%‘ngo@ szléSt‘i?éEf o JrHli P?thclﬂemco‘ieﬁ@gcé ¥R Bt ween bot h
oxi des can al seletiesiget covepiag i aid Siepasiattioan ahespibnalneehohdseleétrasiee oxi de
formin a fiel t 0, t he one
nmetal with the 9%\%%}4@%%@0&1@8&0;% ?‘I]d ngegan FQ%\%”?&Q!?&%% gg:}?{]tgt enough of
that netal is Eﬁ“@%ﬁﬁnq ?ie‘?tFPéjle O&ICPW‘”QW@%%%@E}G%‘ﬂ’ﬁ“’?fﬁ'l“st?éﬁjn {®%%t i on of the
metal wth thechhghesta aegenecatié ianid Jrshustredtecqieesentadbedfaarealldye scal e

o et ‘ore” o i APERY AReobit FH8) oaf Otk Yoo YL oo

el enents are pres oy el enent owest

el ect r ocheni cahayieg ergangentigtion i ﬁ?‘%ﬁtssdéflo(ﬂ'ﬁé@’%ﬁf& byoveight ofyfdth B8 t he
substrate. Thefisesendidmbal ndtiy thae dhe ssdohe naatal th@:adecﬁmhmtaﬂ tsahben needed
‘Egrel ﬁ;t gb'n;tsg; Aghié tﬁ?&’%@% ﬁ?&r%%'or%foc%ﬁ §§;§' fﬁ,rafmg{éﬁ of '& Iicgn c”b'e\ i Ie'nfgfggl
oxi dati on, thecashieg ﬁﬁérurrmg de cidef spsfeothat i @ @*ﬁ@s'%n' |basrier é% *lf*}w t he
internal oxi dahemrinEaill et Rirfrer aér’nmseeloeamtmoré mhdtal tadoktnd grdie ext er nal
et o of & RE YL 2k Bl £ T Dol o] ek OBt 0 L1
second metal ot fwhreprgmmtmfe athesion of Beid @xidelsegledp spigiyebxi de wi || be

limted. [d@‘%@Q'l@ar'iﬁiﬂé}edspe&th@leﬂﬁﬁrp@&ﬁddd%ﬂﬂﬂﬁinﬂﬂiﬁihhﬂﬂﬁ—@wﬂéw fevide the third
al | oy el enrent "oxi de .c

even controll e ossi bl e
choi ces of all SQmBT‘%ﬂ%rﬁ ssug?téa% Fgrﬁr%glefc}r?%e[ heTEIS So(raies%blf?r%oe}’ %he gr oup
consi sting of Begctrblyte Soveridg fid firsleeleelcesied aneoprilonabrecadt egetredse gr oup

consisting of Chyerif ,saFc?e%@froMée aﬁ@'ar %@h@%ﬁﬂbnt S1ecetin ednthdrenigr oup
consi sting of t,ion r .of goblllty

nust be respecllgg'a Se[:@m{ 'FCtAqul ‘?rsccov'f)rt"kgf %@}’? EESC g%ogb?reghsad SYRFIES oy i s
when the first compases 8 [Her uskebls esondirsrsuakni soligctoamepdehel #hialley netal is

Al A pref erre@oﬁgnaagla& et weé/%%zm@naohaea& %@é{d Weitalfor efic i s
present in the al

t hi reshol d um nj um o |r(]tl hases do
not grow suffi EPYRE I%/Cﬁé’ﬁgtéat'on\/\be%%@/‘11%@9%@?7’%5(2‘56@%?)% ‘%ﬁi %’G‘Even nor e
preferred is wien mealgs trivaen&le hantee ghtoridsngiak densecoTh enefaivumoref
alumniumis liy ?Ekezahoth b[ﬂt:ﬁ nietié‘fte/ﬁ smv%aﬁ‘ﬁtrdnhﬂmrortgﬂ%om beyy becomes

difficult to wo nt al um ni um

oxi de scal e deCReaRleo PTHNY e %ﬁ%r‘l? aog‘?fcﬁjhgionﬁ?afﬁ[ tBH‘(ﬂ@Wi“ of 19 wt.%
or nore i s necessesiy theofirsupptat ts N ltnmsnmurrd moziafles Gt ahe teothirdtriedad isshen only 5
W.%Al is preggnt. The balance of the alloy is made up of iron Fe.
Unintentional inpurities nmay be present in concentrations below 0.5 wt.%
[0021] An Gt ErErabodiments|obifie igvaxtiompronideghieHilrp dithéve ©ngWitet@ngi m 1 ar to the
Fe-Gr-Al desc“d%%!e@@&g% é@'é&%ﬂtynwesné@%be{r&é%améu@ty dufiéslo 3 W . %
preferably nore than 4 romum percentage 1s above 15°% The bal ance is
made up of ni CIC@DO%l’rﬁiJcbm dﬂvmtqnoﬁmbowmtﬁq tesinvergign PTovide Bi§) acase it is
bel i eved that tJ I Boisl vahioad bl fd it 0 oxygen.
Metals |ike Al n%{m%Mh&er ?%lrdﬁ)gtg%oesw % r?ag?eot er% g?der nor e sl kel y

candi dates to fetadirode go@nb@mgnfgm&ﬁeen@ntha pionidea Rptadeil H2d&28F There are
however sone i o th REUHRRIH (RS bbgace on the
nor phol ogy of %igﬂé@gﬁgg?%%b&ﬁ%sedgﬁétbgﬁés/rerg%e tEﬁolwn ag reactive

el enents' and @nd tagydnt loss efdithiun teivesbbgiptatErabadiments £f éest age of t he
manuf act uri ng forSsnabibefrat i ve the

oxi des of thesg'q\%]?'ﬁél§ r%éld%ra%%”ﬁ)gléad'szsr‘?ﬂcfyththa“%e{ﬁIlr(r)t)wgt%n aﬁ 5 . THe resul ti ng
solid of the | atohductios therenelainating tox peks far apaddiiong! Sltffeéﬁg@ﬂ@é?@éd (ODS)!
material. Thes 9 t he group
corpr i oi ng 't TRy eh B fiSARANan ol Bo P AR 5y i oo “and
| ant hanum La. Tubesionpf| uence on the scale formation is perceptible from
concentrations as low as 0.02 w.% Mre than 1.00 wt.% is not needed of
these reactive elenents. [0024] Although the true nechani smon how t hese
reactive elenments influence



the oxide scale growh are not yet fully understood, the followng is
observed (see: 'The Isothernmal Oxidgfion behaviour of Fe-Cr-Al and

FeCr-Al -Y alloys at 1200C, F.H Stott, G C Wod and F. Golightly,
Corrosion Science, Vol. 19, p 869, and 'Oxi.datfio behayi our of Kanthal Al
and Kant hal ARhafirsigipairqde fathesibsiipte gpd remiaing) Iﬁﬁgﬁer?ga@ﬁ@f}?'i on', R Cueff,
H VO 2088{7 H6RIARGH FReaiBhPE bdicd attoPlSs & émblim@atsdrf ¢, C. Issartel, F.
Riffard, ‘Applied Surface Science 207(2003) 246-254) H The parabolic growh
rate constant igyertingCcePAN®sias reduced strongly by the addition of a
reactive el enen The IV ] sgal e that occur
during oxi dati%’hé%?tenaaﬁrgggéﬁ§%et%gﬁ{&$§§@? icgger@pgﬁgn%!@sggmh%? | onger occur.
This leads to @aefticfie sedl er whohoverigiemd fitsh alechedre Beecoret gPIREA to t he

base nmetal and does, not exhi bi |1 [ The oxi de

| ayer shoul d bglerftmdg@gﬂg@gq]p?%oﬁﬁﬁég@5%%%?5%%&?%%0[&?? %ﬁiniton out. The

i nventors esti paleesr hahtacheitt baic keess o¢citde cal-umbeliodms®id de | ayer shoul d
be somewhere befwe 0,and 400, _nm..ore pref ' en 50 and 200
nm Alter nativ@\e?,romﬁéb“éeaﬁ g caiter W BTl %gﬁ?@?ﬁﬁtﬁ%%%?%%{téﬁcal cont act
with the devi cgpediediltheeslidointist tp wibsistetcniitenajayeoihasisigioeybeen
observed in the scale tha r oba alt.ow far. fiiel ctrical

contact, al t hod§#PPIsse Erﬁg)?fﬁ'ﬁe“gfiglﬁg‘etqew%\é&d%ﬁ';éld gféﬁggoﬁh%- bi ndi ng

hypot hesi s. [ 0Qg@priseechrealalioyslementsteathenadireivoeing presentiua are known as
a "FecralloyD', and were orjgjnally developed by.the 1 ¢ Energy

Aut hority (Har \ﬁ@Pﬂe?‘aUR)am‘\‘z‘ﬁF'%‘8&3%%%%%‘??’?gﬁr&ouﬁg@én%agggt@g%\%cﬁ abl e and are
known under di i gres; befsdanamss thehuclirbynwailit,of etiota.om | SE, Al uchrom Y
(by Thyssen Kru VDI\/b or Kant hal AFeéﬂ%‘i,ssan vi%.kp], VA9 Gcar'( by I NCO Al | oy

i nt er nat | $194B) &E‘M elRatss - TRARRAVRPSSY - AP PRPISYR" aPE” BlVites @ 214TM from
Haynes | nter naty qpahis i E0OSR7dlerfBassut af theysowran!i e Vobi af thePerindit he f or m of
foils in sizes of 10 to 100 pmtha}t cag bff\ progesse inaroll-to-roll
instal | ation. [0028F oHhwev@PeNEHePYHRR>48? %psm& FRAL WPIRRPE is not 1inited
to self supporting.£Qi hsGal Rdaede, Shersl $19)Bi andbRoahsbA Renspuiper ed ont o
anot her | ow cost carrier (e i

a (e.g. a stai nl,gss t eel fC{I I%"ﬁkroma tar get
cont ai ni ng t he i $isgan thal i gapergjy pPLCARS! *P"F’B;?P BepoRTei PR PP thus formed, and
the advantageous praperiiERnRinckhin tAé bRYafeofmd ailcyi ned whi le the cost is
reduced. By preference a |ayer of at |east 100 &H‘m i S neg_dﬁd for__at |east
~o

the al uni Q] okiedenisatiparrsadion §f testiRley elements ek h s To¥h°aM% s nor e
preferred in or Bavs tetisiomireklbesd % the\Wdrogen standard

D008, 116004ncy) ERsDB RS 208 18%@%0%9] PSS o YeRirogen ¢ " the |ayer
coul d be deposi ¢ledraga aad ghe ane piioamdia es the Bphes ¢'srEame ™t hot dip coating
t hrough an appropriate nolten mxture (e.g. Zn - A) of the alloy.
Alternatively, the netals can be deposited electrolytically on a carrier
metal and subsequently diffused in a protective atnosphere. [0030] As a
further alternative, the layered stack could al so be deposited on a wire of
the appropriate alloy conposition. As an even further alternative, the
battery could be deposited on sintered netal fibre nat made of a FeCr-Al
containing alloy (as available from NV Bekaert SA). [0031] Upon this
substrate having the contact |ayer of the advantageous conposition a first
el ectrode is deposited. Wien this first electrode is



acting as a cathode during discharge it can be conposed out of one nmaterial

out of the ro l'ithium cobaltate, |ithium mangan ium
ni ckel at e, W‘Fﬁ?ﬂ)% ckel manganese oxide, lithium ni %ngm{g%%ﬁw nmanganese
oxi de, Ii th| um ni ckel cobalt oxide, Tithium vanadiumoxide, lithiumiron

phosphat e, |ithium vanadi um phosphate, |ithium cobalt vanadi um oxi de. Most

preferred in theocfehgidhil Se tdilebithemircOhalat 8iEis n%sltabust@tﬂhu@lny thathehet he first
el ectrode i s an anode during disch

t be  mad thiumtit
oxi de. or 11 ¢hi ulAES) IRoNoE 11 BRGHIAoT e e TOBIBeTREEE But b Botype

materials in genghadt M@z@omw \hﬂ?\ﬂe%ﬁﬁéﬂlﬁblth’tdr%e@ﬂ&@Wl%etsh@ézef ore
difficult to sputter ing RF assisted sputtering, the

deposition ratedh @rf@akleé\f\*ﬂe ﬁCOH%@“qi@té'?%’?’Staéh%‘é%a%U%@P@éP glypmical

PCT/ EP2006/ 06675@@{9%%@%@% ihe amtd. h@ JUsRkiAg bRkaty withe a dopi ng
el ement that is chosen such that it increases the conduct|V|ty of the

target but can ﬁtﬁtaiﬁgef(?r@mlswtpﬁhq & (gepedhocs @ FaessiyE"d However, this

met hod can be U@%Qs&“' g7tpRamoh NeigeURgs1-abe SimdbnhRshesiadiapbr amsehevat ed
tenperature (say above the evaporation or sublinmation tenperature of the

dopi ng el enent) “i'th respgeirofhe %R@rti hedrgepibelprieee Eyestrastiptsinef al 1y free

from the dopi ng sQlc6FBA its 6x;eé§f%5§@ rm:h@.hgrmtr :smsoéos%ﬁmlthough
tin, zinc , bisnuth, and antinony e used equally well. 492033] The use

of such a t ar geSPriPGR/i 2%31ér5ye4@éftﬂfia€9a¢hq®sqf§‘t¢ %’iqyﬁf%‘f*eﬂ't@vﬁé‘ro"t' n 6000 fen,

or even lower thagr A2R0 1 detdlaWh o%d%‘ﬁﬁ@ao%%rrrl{rrt‘ohtﬁmﬁ?@@% Qﬁﬁ@garﬁgss' bl e,
| eads to an incréase of a factor to 20 deposi ti on speed

WO
2008/ 116694PCT/ E%@éﬂ%@n&smc'?rﬁ@mr'@h@ﬂﬁ@éwﬂh &he fﬂféwfﬁ@-r@em gh
tenperature to eyARM o e I§V$}|thz§t9atc% éé"é?gé’étptbé"rﬁleretbfﬁ%% iO4lay&f thhthe
deposited first el ectrode material advantageously goes together with the
hi gh t enper at ur é& XRatemosphrse dedacisr oreRdasnyaiias alongavhien thetlithivwe fir st
el ectrode materi et]tbnt@fétee@aectrttﬁn é@w‘te{b &r@tghra@tﬁmugﬁ@m%x idcBfsddVRRLI on s
associated with t eating ste 003 The i nventors al so found an
addi ti onal advanf bgerdal %giﬂfhignftfﬁfss '%ﬂﬁﬁ&‘é“%ﬁ%’éﬁf@’@i"@@ﬁw layer isniiinnehe dopi ng
el ement w |1 NP Y 3G ol RURhAEFTASN RYS ndliRjrllidyfdisg nbfit O t he
oxi de | ayer. oping el'ement I's in genera conductl ng netal,
it is thought tHaendrthasi 30 nmikewi se hel p to increase the conductivity of
e Ol Ol @85G IR REIMERRE AN @t b LRl E6L RO Phlal . Dopi g
of an oxide can already have substantia | uence even when m nute
concentrations élbféotbﬁi%%é@ﬁthe P@ﬂtf%b@@mé\?é@let‘qfatﬁtlﬁibﬁ%feht canstoAad @df | ess t han
0. 5% by wei ght ¢g,6\¢ e'eeasoHé%Qf%tQé?@rﬁ@ mgfvr_fftr?ot@&t\)eﬁ&%£@s Rs@Rd that the

advant ages renai n as remai ns tectable in the
interface | ayer Feﬁd@“d&ﬁé@tﬁ\?@ﬁo‘fﬁ rﬁ@ 6man@erGa@vam&YéManués such as
Secondary | on ag s atl on with Tine-of-Flight isotope
detection (SIM N%ST) Bﬁ?c(f)?é%ﬁw%drdg% ?g‘kr)ragnl tude of 10 to 1010 atons per
cm  of rmntﬂoéﬁerGrOEtheai anlpsideiscaieongeine@l eah odrar viehwo doiésig el ement has sone
i nfl uence on the pe mnﬁg t first
el ectrode. [0036] QTE rg%rurt ?g{lf' gﬁlgctﬁfsfu%ftﬁ'r Lgﬁﬂ#\ﬁ&}’t’lﬁﬁ% %%ét%retroggéhonprl se an
el ectrolyte |ayer rrﬁwllomtand)fhecmeleoﬁi“t?h@tlﬂ@@rﬁ@gtmd@t toriscadd meked oyr oup of
| i thi um phosphat e, t I ate, lithium
ni obi um oxyni tri de, HBEEPEHBL}) {% ?@F%tq@”? hl-LHmQF'zaCr?t”% g%%géﬁ?ét)n de, lithium
tant al um ni obi um oxgrevh Ddtete?mafphﬁamrsﬂrl cate, lithiumalum numsilicate,
l'ithiumsilicon oxy #”rﬁ i.tride,
l'ithium al um num f%I ﬁ{or I édtgmlfi%?lﬂ'Sé 'tttrg nalcln)le!’En(:lswt;l]relag'Béig t&#ﬂ%{%g{%n
phosphor us oxynitri des pﬂaastehntarfactmmmthe&n@tdMuihmcmtlnd@’;o st;rowm'nttmn bldvison sel eni um

oxide, lithiumsilicga silicon phosphat e,
| ant hanum [ i t hi um t%t%ﬁa‘{]&w@ gﬁ%gﬁéﬁﬂ%%ﬂﬁm?a@ﬂhﬂﬁ; | ant hanum

l'i t hi um ni obat e Mdtaitdxiderncaietgaoivitris gbared wmhplina@hap‘étheseat\m«diﬁmaidmm ni um
germani um phOSprﬂn%c%SSes. For single metals, one of the two will outbalance the other. in



l'ithium al um niumyttrium phosphate, a lithiumsilicosulfide, a lithium
borosul fide, a |lithiumalum nosulfide, a lithium phostho_suI fide. Lithium
VO 2008/ 118894%61958P2008/ 051641 12 pposphorous oxynit GRS DN y called
LiPON, is the nost preferred. This layer is about 0.5 to 3 pm preferably
'l to 2 pmthick. [0037] On top of this electrolyte, an optional second

el ectrode nat er alalibpcaRRRfigted or hibré aktall, i6e 5E6BEDLTalRelh @i6:essesdn anode
upon di scharging, the material is one chosen out of the group conprising

lithium car bonncEFasphrRe theiife ssals feghetiogicen godhreran @ arivehrURse!si 17 con

tin alumnium LG bR fintl blobemeariiidm iSlchbtiGNFe0hakip€anrdon, silicon
titaniumnitride, silicon titanium boride, magnesium silicon. Most
preferred is |i M DpiEsaerEesanhl aeRlondPeh 62t FodeheiapEr Pafe (eachid ect | y

conpati bl e wi t higheinhatd bl 86d 8 hikiiribridegh blidloreh@Elin@dRtheA Nanomet er
thin to one mcroneter layer of lithiumw Il suffice. Also preferred is

graphi te or car FsRlayildogedhgrorpstitioobriweshbpthioxidep s9vplspigadiAess nust be

thicker in ordegpt RitfontvitRerdih hBHWEL BPE: Sh@ BHA%h a Aelilk Henggs: of 0.5 to
3 pm or ito 2 pmwll in general be enough. In case the second el ectrode

i s a cathode whé&eRiioxigaargvenerithe okgeIcbilierpermastal Wit e bigheployg®d: 1ithi um

cobal tate, |ithigmiBAgRBHiIGrolidddtheiedbugk 8 Blameld IsirbdBricks! manganese
oxi de, lithium nickel cobalt manganese oxide, |ithium nickel cobalt oxide,

i t hi um vanadi ufli@kirgece.|a ¢riiralernedsiraginn shhatestal wihHhe Movasi«ayern phosphat e,
lithium cobal t vapadiie 9xpdSentlbiefdié B ddaleAlil BBdRKied by HBId@eSy! I con tin

oxynitride, vanadium oxide, titaniumsulfate. Most preferred is lithium
cobal tate. Thisthaiyetalis preferably 0.5 to 3 pm or ito 2 pmthick. [0038]

The stack r’ogﬁ]i W%ﬁ%@%r&o@é%érﬁ‘t@ 2% 5'%59?‘3” %éi%?,ttggghéyeﬁ%rﬁ%nt%? weop of the

second el ectrode. Typical material used to this end are , platinum
titani um coppefowasi gkelrochemiqehpelantial sibiirst dddisauanddrirae lasr andh@ de, i ndi um

tin oxide (11O <8RR R BBLRS hélePmal ORE thdlcril RRLLARGbARLeddACT e 1S NO

second el ectrode, e second current collector directly covers t
el ectrol yte. | nfertestabishieg 8 Rloseeedamatoxigepmale ol thetidrallpusiensat nade of a

et er i al that Qg8 08indiaRF LA ld $dUHETGES chdlRnkl BTG i@l O bet ween

the el ectrol yte and current ‘collector as attery i s being charged.
Typi cal current osigklia thereontinead wdade GEusigriitd bie aley, shitkatéimlintarealcopper,
titani um chromhidi SHAL inrd hidy kbt Rl 3hi 8 A ANAMaHER Bf

rut heni um Bri ef’ scription of Frgures in the Drawngs

2008/ 116694PCT/ Er2088 abs18a1en3vi] 006l HIVGURE due dhwslegletiomoflei ¢ cross

anal yai's of a sunpreRrsPletis ol and hiEek BT AR BRRE L2 P T
performance of @xidhi thefgrdwthiohthedniyd afnyeslepedratidegvit be liinitgde it thish.  Mode( s)
for Carrying Ojtme}rmgr,lt%vgébtrécﬁmion and continued growth of the third alloy element
oxide can be limited and even controlled.
[0018] Possible choices of alioy elements are:
For the first metal: one out of the group consisting of Fe, Ni, Sn, Cu
For the second metal: one out of the group consisting of Cr, Zn, Fe
For the third element: one out of the group consisting of Mg, Al, Zn, Si,
in each combination the crder of nobility must be respected.
[0019] A first preferred composition of the alioy is when the first metal is Fe, the
second metal is Cr and the third metal is Al. A preferred composition is
when more than 3 % by weight of Al is present in the alloy. Below this

threshold, the aluminium oxide phases do not grow sufficiently dense.



[0043] On a nunber of different netal alloy foils a first el ectrode

mat eri al ted. The follow ng conpositi ons of re selected
(in % by @ﬁﬁzﬁ@ﬁ?{ﬁb he total): Table,l Foil Mat. Plﬁq g‘x@%\%ﬁ RE Ph A

DIN 1.4767 0.19* 20.4* 72.9* 5.63* YE 0.06* F
Even more preferred is when more than 5% by weight is present. The
amount of aluminium is limited to about 7 wt%. Above that number the
alloy becomes difficult to work.

[0020] The amount of Al needed to form an aluminium oxide scale decreases with
increasing amount of Cr. A Cr content of 19 wt.% or more is necessary to
support aluminium oxide scale formation when only 5 Wt.% Al is present.
The balance of the alloy is made up of iron Fe. Unintentional impurities
may be present in concentrations beiow 0.5 wt.%.

100211 An alternative alioy is Ni-Cr-Al which behaves quite similar to the Fe-Cr-Al
described above. Aluminium is then present in at least 3 wt.%, preferably
more than 4%. Chromium percentage is above 15 %. The balance is made
up of nickel and unintentional impurities.

[0022] In any case it is believed that the third alloy element must have a high
affinity to oxygen. Metals like Al, Mg, Zn, or alternatively Si are therefore
more iikely candidates to form a good scale than e.g. Crin Fe-Ni-Cr.

[0023] There are however some intentional impurities that have an extreme
influence on the morphology of the scale formed. These metals are known
as 'reactive elements’ and are added to the molten alloy at a very late
stage of the manufacturing process as they are very oxidising. As an
alternative the oxides of these elements can be added {o the molien alloy.
The resulting solid of the latter is known as an ‘oxide dispersion
strengthened (ODS) material. These ‘reactive elements’ are one or more
metals out of the group comprising yitrium Y, scandium Sc, hafniurm Hf,
zirconium Zr, cerium Ce and lanthanum La. Their influence on the scale
formation is perceptible from concentrations as low as 0.02 wt.%. More
than 1.00 wt.% is not needed of these reactive elements.

[0024] Although the true mechanism on how these reactive elements influence
the oxide scale growth are not yet fully understood, the following is
observed (see: ‘The Isothermal Oxidation behaviour of Fe-Cr-Al and Fe-
Cr-Al-Y alloys at 1200°C’, F.H. Stott, G.C. Wood and F. Golightly,
Corrosion Science, Vol. 19, p 869, and ‘Oxidation behaviour of Kanthal A1
and Kanthal AF at 1173 K: effect of yitrium alloying addition’, R. Cueff, H.



B DIN 1.4767 <0.30 19-21 Bal. 5.5-6.0 Zr> 0.03, H>0.03, Y>0.03 F C DIN
0 0.1

1. 4767 <O. %%2%9- 2 4Bal . 5.0-6. 5>La>0.01 F D Al SI

08/11669 ?C%R)%ZOGSI{)S 1641
9

Buscail, E. Caudron, C. Issartei, F. Riffard, Applied Surface Science

207(2003) 246-254)

» The parabolic growth rate constant of the scale is reduced strongly by
the addition of a reactive slement,

» The compressive siresses on the alumina scale that cccur during
oxidation of material without reaclive elements do not longer occur.
This leads to a flat scale without ridges that adheres very well {o the
base metal and does not exhibit spalling upon bending.

[0025} The oxide layer should be thick enough to block the lithium from diffusion
out. The inventors estimates that the thickness of the aluminium oxide
layer should be somewhere between 10 and 400 nm, more preferred
being between 50 and 200 nm. Alternatively, the scale must allow for
sufficient electrical contact with the device. Localised nanoscopic (10 to
500 nm) voids have been observed in the scale that probably allow for
sufficient electrical contact, although this should at present be considered
a non-binding hypothesis.

[0026]) Such alloys, with the addition of Yttrium, are known as a “Fecralloy®”, and
were originally developed by the UK Atcmic Energy Authority (Harwell,
UK). Various compositions have become available and are known under
different tradenames: Aluchrom YHf, Aluchrom | SE, Aluchrom Y (by
Thyssen Krupp VDM) or Kanthal AF (by Sandvik), MA956 (by INCO Ailoy
international) and others. Known Ni-Cr-Al alloys are Haynes® 214™ from
Haynes International.

[0027] These alloys can be obtained in the form of foils in sizes of 10 to 100 ym
that can be processed in a roll-to-roll installation.

[0028] However, the idea of using these alloys is not limited to self supporting
foils. Indeed, the alloy could also be sputtered onto another low cost
carrier (e.g. a stainless steel foil) from a target containing the alloy. A layer
with the alloy deposition is thus formed, and the advantageous properties
of the alloy are maintained while the cost is reduced. By preference a
layer of at ieast 100 nm is needed for at least the aluminium oxide layer to
form. However, a thickness of 1 pm is more preferred in order not to have

depletion effects.



6-9.5 16-19 Bal . A E A S 301 7.5* 16.5* Bal. A F A SI 302 7.2*
WO 2008/116694 PCT/EP2008/051641

10029]

[0030]

[0031]

[0032]

[0033]
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As second alternative, the layer could be deposited on e.g. an iron carrier
foil by means of hot dip coating through an appropriate molten mixture
(e.g. Zn — Al} of the alloy. Alternatively, the metais can be deposited
electrolytically on a carrier metai and subsequently diffused in a protective
atmosphere.

As a further alternative, the layered stack could also be deposited on a
wire of the appropriate alloy composition. As an even further alternative,
the battery could be deposited on sintered metal fibre mat made of a Fe-
Cr-Al containing alloy (as available from NV Bekaert SA).

Upon this substrate having the contact fayer of the advantageous
composition a first electrode is deposited. When this first electrode is
acting as a cathode during discharge it can be composed out of one
material out of the group of lithium cobaltate, iithium manganate, lithium
nickelaie, lithium nickel manganese oxide, lithium nickel cobalt
manganese oxide, lithium nickel cobalt oxide, lithium vanadium oxide,
lithium iron phosphate, lithium vanadium phosphate, lithium cobalt
vanadium oxide. Most preferred in the fieid is lithium cobaltate.
Alternatively, when the first electrode is an anode during discharge it can
be made of lithium titanium oxide or lithium silicon tin oxyniiride.

These ceramic type materials in general have a very low conductivity and
are therefore difficult {o sputter. Even when using RF assisted sputtering,
the deposition rates are low. it has therefore been suggested in
PCT/EP2006/066776 from the same applicant {o use a target with a
doping eiement that is chosen such that it increases the conductivity of the
target but can not be found back in the deposited maierial. However, this
method can be used only when the subsfrate can be heated at an
elevated temperature (say above the evaporation or sublimation
temperature of the doping element) in order to make the deposited layer
substantially free from the doping element. A preferred doping element is
silver, although tin, zinc , bismuth, and antimony, can be used equally well.
The use of such a target, having an electrical resistivity of lower than 6000
Qm, or even lower than 1200 Qm while even 120 Qm is considered

possible, leads to an increase of a factor 2 to 20 in deposition speed.

17. 2*



Bal . A G Al S|

430 <0.6 16-18 Bal . F HASI 304 8-10.5 18-20 Bal .

WO 2008/116694 PCT/EP2008/051641

[0034]

[0035]

{0036]
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The need for having a high temperature to evaporate or sublimate the
doping element out of the deposited first electrode material
advantageously goes together with the high temperature that is needed for
the crystallisation of the first electrode materiall Indeed, the main problem
solved by the invention is associated with this heating step.

The inventors also found an additional advantage in using this method of
deposition in that the doping element will not only evaporate or subiimate
but also diffuse into the oxide layer. As the doping element is in general a
well conducting metal, it is thought that it will likewise help to increase the
conductivity of the oxidised interface between layer and first elecirode
material. Doping of an oxide can aiready have substantial influence even
when minute concentrations are present. It is believed that concentrations
of less than 0.5% by weight or even less than 0.05% can have an
influence and that the advantages remain as long as the doping element
remains detectable in the interface layer. The detection limit of very
advanced technigues such as Secondary lon Mass Spectroscopy in
association with Time-of-Flight isotope detection (SIMS-TOF) is of the
order of magnitude of 107 to 101° atoms per cm? of monolayer. Even then it
is believed that the doping element has some influence on the
performance of the interface between layer and first electrode.

The further fayers of the thin film battery comprise an electrolyte layer
made out of one of the compounds out of the group of lithium phosphate,
lithium phosphorus oxynitride, lithium niobate, lithium niobium oxynitride,
lithium tantalate, lithium tantalum oxynitride, lithium tantalum niobium
oxynitride, lithium silicate, lithium aluminum silicate, lithium silicon
oxynifride, and fithium silicon phosphorus oxynitride, lithium aluminum
flucride, lithium boron oxynitride, lithium boron phosphorus oxynitride,
lithium boron vanadium oxide, lithium boron selenium oxide, lithium silicon
phosphorous oxysuifide, lithium silicon phosphate, ianthanum lithium
titanate, lanthanum lithium fatantalate, lanthanum lithium niobate, lithium
titanium aluminium phosphate, lithium aluminium germanium phosphate,
fithium aluminium yttrium phosphate, a lithium silicosulfide, a lithium

borosulfide, a lithium aluminosulfide, a lithium phosphosulfide. Lithium



DIN refers to the ' V‘érkstoffnurrrrer , AISI refers to the 'Anerican Iron and
Steel Institute' RE are 'reactive elenents'. '< 0.30' neans that the

el enent on P&Bﬂsgféﬁ‘t’dhe colum is at st t he percent iFHT%gfﬂﬂ?{'?S]"?4hdi cat ed,

'19-21' neans that the el ement concentration is between 19 and 21 percent
by weight of the total, 5 0.10" indicates the elenment is at |east the

percent in wei gbhosjpiﬁgrlo@@bﬁﬂw[tné@ cﬁ)ﬁdrﬁédiﬁkal led ILIFDIG A @fe MBstakéfaabdy neasured
value. - "Bal.'_jindicates that - apart fromt he uni ntenti onal i rrpurl ties -

the remai nder of NErRyensianeet §-8 eradd e BRoY R 2 FREEsI um " Ph.' refers to

the netal lgpgricah t@@aﬁﬁlstéf&tralwt@xénlo%t;bm se&nd@@%daﬁ{aﬁéﬂan% phase, 'A
stands for '"austenitic' "A '"B'" are fromthe same

supplier, but hd¢RPsHBE-dR g taeépwréw?ﬁtrqdwea@)ﬁwctﬁ ynoRgischardingefie.  Wo
2008/ 116694PCT/ %@%ﬁr’s%é@ﬂéséﬂoumethfe(gr&uﬁébn%?réﬁ@srtm%l@sﬂb@@t ween 50 to 130

pm but is not considered relevant for the invention. e foils were about 5

cmwide. Ol ang8agréadie: skeresiiendifedUBynige etitiee t’@laél-&ﬂ'ﬂh‘@ BFi or to coating.

[0044] The foil gninveesy, sRairechrvbd, Biikdd Biamceaal §itdeR titdhi@n hakide,t 0-rol |
sputter installation.  The foil acts as first current collector, while the

|i t hi um cobal t afécqcitaniags horf@e,fm@@tesw%%vqoadMOﬁ%ﬂf@fﬁrraﬁ s IhiUmtas um cobal tat e

circular target ypf (i %ﬁ@reie%ﬁgdérm.ea(e@ta! z@‘?dlﬂ%c é%rdb%ﬁgefvﬂtrh th&ligiymhe materi al
was silver doped to a conductivity of about ficm Lithiumin the target

was present s|.gﬁfac;edafmmévesfﬂéﬁe&fﬁﬁttﬂ%tf?\yamwt@othﬁ“at@memgromﬂe@%) Duri ng
sput ter deDOSIt!a%poftnhmﬁmﬁédfﬁée%\fs@dreﬂe@éd Sotife R ch@PRGkat ure of about

580C. About 1kWof DC power was used eposition. During sputtering a
60/ OAr - 40992 9¢W§§éecga§em§néi@ﬁﬁaws’etackww@wﬁ ke tiekes f1erdeni@s hel d at

about 0.1 Pa. _EaebupidiniR JoE ohaldng’ ATRLORAS 80T, B0nTicnukes yinder the

sputtering plasm le it progressed from to wind-up station. Note
t hat the Iayer a'ﬁinéﬁﬁwabhwwgbplatqeé@th@gees@ elseresie it Realiogh wieposi t i on

temperature. [ 0Qdslarig ufd foRbwifh SLkERACAIRIEILA! Rl Gushacaphen sed in a

nunber of ways: i ckness term ne e Initial roughness Ra of
the foil accor dimigodste.4darm (ridkelats. ﬂlthmmc&%llmamanewwq‘mmtm l e over a

measuri ng. | engt by andod el 1RSSR FeRRn Bl ke LARToRE! RhiuHEPOST tion, the

Li/Co ratio of e first elec e nateri e silver content in the
coating rel ati véamagintnhémmmmwmmon@@bamhat%ﬂlwY@rhﬂdémzph@%nhlaten (nm

lithium cobalt vanadium oxide, lithium titanium oxide, lithium silicon tin
oxynitride, vanadium oxide, titanium sulfate. Most preferred is lithium
cobaltate. This layer is preferably 0.5 to 3 pm, or 1 to 2 ym thick.

10038]) The stack is finished by applying a second current coliector on top of the
second electrode. Typical material used to this end are gold, platinum,
titanium, copper, nickel, chromium, cobalt indium oxide, fin oxide, indium
tin oxide (ITO) and other materials.

[0039] In the option that there is no second electrode, the second current
coliector directly covers the electrolyie. In that case the second current
coliector must be made of a material that does not react with lithium, as
the lithium will grow between the electrolyte and the current collector as
the battery is being charged. Typical current collectors that can be used for
to this end are copper, titanium, chromium, nickel, gold, platinum,
palladium, rhodium or ruthenium.

Brief Description of Figures in the Drawings



Ra foil (rim Ra layer (nm Li/Co Ag/Co A 420 40-120 14.6 1.052 0.001 B 398

40-120 15.8 1.105 0.001 C 347 3
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[0040] FIGURE 1 shows a schematic cross section of a thin film baitery.

[0041] FIGURE 2 shows the resulis of an XPS analysis of a sample depaosited on
foil ‘A

[0042] FIGURE 3 shows the performance of a thin film battery made according
the invention.

Made(s)} for Carrying Out the invention

[0043] On a number of different metal alloy foils a first electrode material was

deposited. The following compositions of alloys were selected (in % by

weight of the total):

Table 1
Foil | Mat. Nr. Ni Cr Fe Al RE Ph
A DIN 14767 | 0.19* | 204 | 729" | 563" Y = 0.06% F
B DIN 1.4767 | <0.30 | 18-21 | Bal. 55-6.0 | Zr> 0.03, Hf>0.03, Y>0.03 | F
Cc DIN 1.4767 | <0.30 | 19-21 | Bal. 50-5.0 | 0.15>La>0.01 F
D AISI 301 6-9.5 16-19 ; Bal. A
E AlS1 301 7.5" 16.5* | Bal. A
E AlSI 302 7.2¢ 17.2* | Bal A
G AlSI 430 <0.6 16-18 | Bal. F
H AlS1 304 8-10.5 | 18-20 | Bal. A

- DIN refers to the ‘Werkstoffnummer', AlSI refers to the "American ron
and Steel Institute’.

- RE are ‘reactive elements’.

- < 0.30 means that the element on top of the column is at most the
perceni in weight indicated, ‘19-21" means that the element
concentration is between 19 and 21 percent by weight of the total, *>
0.10" indicates the element is at least the percent in weight indicated.
An asterisk ™ indicates an actually measured value.

- ‘Bal. indicates that — apart from the unintentional impurities — the
remainder of the weight is made up by iron.

- The column ‘Ph.’ refers to the metallurgical phase the alloy is in: ‘F’
means ‘ferritic’ phase, ‘A’ stands for ‘austenitic’ phase.

- Foil ‘A’ and ‘B’ are from the same supplier, but have obtained a

different type of rolling treatment.



220 14.0 1.061 0.002 D 282 30-80 TR 0.954 0.001 E 383 50-80 69.4 0.858

0.128 F 305
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The foil thickness varied between 50 to 130 um but is nof considered
relevant for the invention. The foils were about 5 cm wide. Oil and grease
where removed by acetone cleaning prior to coating.

[0044] The foils were coated with lithium cobaitate in a roll-to-roll sputter
instailation. The foil acts as first current collecior, while the lithium
cobaliate acts as the first electrode material. A lithium cobaltate circular
target of diameter 152 mm (6 inch) was used for this. The material was
silver doped fo a conductivity of about 680 Qcm. Lithium in the farget was
present slightly above stoichiometry {Li/Co ratio was 1.08). During sputter
deposition, the substrate foil was held at a temperature of about 580°C.
About 1kW of DC power was used in the deposition. During sputtering a
B60%Ar - 40%0: process gas was admitied, while the pressure was held at
about 0.1 Pa. Each point on the foil remained about 10 minutes under the
sputtering plasma while it progressed from pay-off to wind-up station. Note
that the layer annealed during sputtering because of the high deposition
temperature.

[0045] The first electrode materials were characterised in a number of ways: the
thickness t' was determined, the initiai roughness R, of the foil according
ISO 4287 (the arithmetical mean of the profile over a measuring length)
and the roughness R, of the layer after deposition, the Li/Co ratio of the
first elecirode material and the silver content in the coating relative to the

number of cobalt atoms

Table 2

Foil £ {nm) Ra foil (nm) Ra layer (nm) | LifCo | Ag/Co
A 420 40-120 14.6 1.082 | 0.001
B 398 40-120 15.8 1.105 | 0.001
C 347 220 14.0 1.061 | 0.002
D 282 30-80 TR 0.854 | 0.001
E 383 50-80 59.4 (0.858 1 0.128
F 305 10-20 R 0.714 | 0.066
G 367 10 28.3 1.114 ) 0.042
H N/A 30 N/A N/A N/A

[0046] ‘TR’ (Too Rough) indicates that the roughness was too high to be

measured. 'N/A’ indicates non-availabie results.



10-20 TR 0.714 0.066 G 367 10 28.3 1.114 0.042 HN A 30 NA NA NA [0046]
"TR (Too Rouglg) I ndi cates that the roughness was toq _high to be neasured.

"N A i ndi &8t

[0047]

[0048]

[0049]

[0050]

1?168%4_ ava| | abl e I’eSU| t1§ PCT/EP2008/051641

The roughness measurements learn that there is no correlation between
the surface condition of the foil and the roughness of the layer deposited
on it. E.g foil ‘7’ has a low roughness of the foil, while the layer deposited
on it couid not be measured. Oppositely, foil ‘C’ has a high initial
roughness, but the layer deposited on it is exceptionally smooth.

The Li/Co ratio should be one or slightly above one for a well performing
device. Lower values indicate that some of the lithium was lost in the
process. As all samples have been deposited under identical conditions, a
loss of lithium can only be atiributed to migration of the lithium info the
substrate. Folls ‘D', ‘'E’ and ‘F' all suffer from a lithium deficiency.

The Ag/Co ratio should be as fow as possible in the first electrode
material. For foils ‘A’, ‘B’, 'C’ and ‘D’ this is definitely the case, while for foil
‘E’, 'F’, and ‘G’ the opposite is true.

Finally the crystal structure of the LiCoO;2 was determined through X-ray
diffraction (CuKou 2 radiation was used). As discussed in the ‘Background
of the invention’ it is of prime importance that the first electrode material is
crystallised in order to function well. A crystaliised laitice allows optimal
intercalation/de-intercalation of the lithium. LiCoO2 has a layered structure
of rhombohedral symmetry (space group R 3m). The most prominent
reflecting planes are the (003) and (104) planes. On the deposited layers,

the following phases were found back (‘cps’ is ‘counts per second’):
Table 3

Foil Dominant XRD peaks

LiCoO.: {104} 65 cps, (003} 50 cps

LICoO,: (104} 50 cps, (003) 30 cps

LiCoQ,: (104) 60 cps, (003) 50 cps

no LiCo0,, but FeCrNi, Fe,0Os, Fe, Lig 150008757

no LiCoQ,, but Lib-FesOs, Ag

no LiCo0;, but Ag, Ligs1Cop 700

LiCcO.: (003) 65 cps {104) 35 cps, also Ag, Lig2Cos 70, Li:O
H no LiCo0,, but Lig125Co0 5750

Again it is apparent that foils ‘A’, 'B’, and ‘C’ outperform the other foils. It

@|Mmio|O;w| 2

are these foils that comprise a metal with a high affinity to oxygen such as
aluminium. The lithium is not lost to the subsirate in foils A, B and C. No

aluminium oxide phases were found back in the XRD investigations. In



WO 2008/ 116694PCT/ EP20081051641 15 [0047] The roughness neasurements |earn

t hat there rrelation between the surface con e foil and
the roughn&gs 30¢§§H16§%e | ayer deposited.on it. E g fo qJICyEQ%Oé?JSé&POW

roughness of the foil, while the | ayer deposited on it could not be
measured. Qppositely, foil 'C has a high initial roughness, but the |ayer
deposi ted on i tfoiisDeRcephd eirtaé byassatatd a ifrlo48kfidhen Eitiedahivatévenshoul d be

one or slightly abov ne for a Il perform . LOwer val ues

i ndi cate that sGHES8f-2 Pﬁ@f’] ‘ﬁl‘aﬁ? W%%‘P oerds ’qﬁﬁgo”p'?@ggsbeh% Sall sanpl es
have been deposintehetiBeien Uodﬁéﬁiﬂeﬁ'@k; conditions, a loss of lithiumcan only
be attri buted to n%ugtgat on  of th l'ithium.i ntﬁé)}”e substrate. Foils 'D,

“E and ‘' A0 ! Br 'f‘Y‘?ﬁW%t'qn i QRAPGEFPR P STeEAEMe4E Ag/ Co ratio
Sgoul dee asé | O%b%&a&C?*ﬁﬂfbét%iédém?@Wafsldé&?mﬁsleeﬁyfr@%fm@b(%ym fF_olr f(él I's .
A, 'B and ' is is defin se i
and "G the oppBE‘?tP%miS?OPrﬁ?@cmfsﬁﬁ%éipg) Waff*ﬁsd{?i)%t@apné?'{ ﬁc%?e of the
Li Co02 was det erd¥pesretrd reughea(maemei wasid 108 ablhdtakas brCh amtl,i@ﬂ was

used). As di scussed int Back f the invention' prime
i nportance t hat Fétfe ¢ i \QP%B‘EV‘%GE‘% cgﬁt?cé?fi’"rs‘? "EPPSEHPT 'r%aéamicn?or der to

function well. # &ansteadndite@dpdiat Elﬂnéfﬂoraﬁéaw@o@mé d®osited layer in
i ntercal ati on/ de-i ntergcal ati on of th thium Li Co02 ha‘sF %@éered
structure of rh8fABABI® OYGRMBINFIGI E%Tf@(‘:‘éat‘ﬁf‘&ﬁﬁ R UBSHENIEA £BSt promi nent

reflecting plangge ak@emew@()&ﬁaat@msy 0%1346)1)% andsued B ddigerdrpegiit ed |ayers,

the follow ng phases wer e found 'counts per second'): Table

3 Foil Dom nant @@2p‘@@|@soﬂpf@d§(?2‘m?“1wdégAﬂcry'sfs clegb8P! 50 cps B Li Co02:
(104) 50 cps, (BREAbmAANGPEN GukliGABDxideIfr B8 ferRed of 3Bk 6MBe

substrate foil in competition with a chrome oxide layer. The aluminium
oxide layer is estimated to be about 100 nm thick.

[0052] The same observation was found by means of SIMS-TOF measurements
on a sample deposited on foil ‘A. In addition silver was detected in the
deposited layer as well as in the interface between the deposited layer and
the substrate. it turns out that the intensity of the Ag peak at the interface
is between 2 to 20 times higher as the Ag intensity of the bulk of the
material.

[0053] The performance of the foils was also tested in a wet chemical cell. Only
the first eiectrodes from foils A, B, C and G turned out to be useful in a
battery.

[0054] Based on this a complete thin film battery was produced departing from
the foil A. On the 420 nm LiCoO; electrode, a LIPON 1.2 pm thick
electrolyte was deposited by RF sputtering. On top of this, a 500 nm Cu
current collector was deposited. Hence no second electrode was
deposited, and the lithium collects between the LiPON and Cu upon
charging the device.

[0055] FIGURE 3 shows the current | (in pA) and voltage U (in V) measured over
a complete charge/discharge cycle on the device as a function of time (in

minutes). The time slot indicated by ‘I’ is a constant current charging



D no LiCo02, but FeCrNi, Fe203, Fe, LiO0.123Co0, 823 E no Li Co02, but

Li 2Fe303, i Co02, but Ag, LiO,21Co0.730 G Li ; 03) . 65 cps
(104) 35 c@g’z"%? 1%BJTAg, Li 0, 21C00. 79q,7 Li 20 H no Li CO%%B%P%Q‘L’% 125000 8750
Again it is apparent that foils "A",” 13", and 'C outperformthe other
foils. It are these foils that corrprlse a metal with a high affinity to

oxygen such as pértt, Whikthe MoRadd Whs b SedOther@ater h@om@nmnﬁd@ﬂ e infoils
hases re found bac

A, B and C Noalmnlumo t he_ XRD

i nvesti gati ons. *n WWE@@%/@!’S%@W PoR TWNB 64T t‘itéi rl?ﬂ §7 %@c F and H
the phases havecwarhé Wak wipveet shetdev;b@ |Erég”n@n huth@by@h evenithgs Wesa Li 2Fe305
phase with the iron OXI de of the foil ehaves internediate to

both extremes. [WGE8YESHNaViiRAREV) M?\;@g??yd’éﬁ‘ﬁ %?Fhafg?éj %@rﬁ?ﬁﬁaﬁ on of the

interface bet \Aeelﬁrréwlasiwxx Qtt@ﬂldatfxbm%t) nﬂh@@é b@f@ﬁat\h@&oﬁ@eedr ged by nmeans of
X-ray Phot oem ssion ect roscapy on a sanpl e deposi ted on foil "A.
The results areP ?@W%@Enf%@tzﬁ’?@@iﬁ@r@em?%Wﬁé dabundances of Co, Al, Cr,
Fe, Cand O (Li was not traced) as detected are represented in atonmc %in
ordinate and the sputter tinme for pealing off the deposited layer in
seconds. The oxygen bi nding configuration can be disentangled in XPS. The
oxygen curve indicated by O(TFALl) is attributed to oxygen bound in Li Co02,
while O(TFA2) is oxygen bound to Al. It is clear that



predom nantly an al um ni um oxi de | ayer has fornmed at the surface of the
substrate foil in conpetition with al&hrone oxide |ayer. The al um ni um
oxide layer is estimted to be about 100 nmthick. [0052] The sane

obser vaid Qigas found by means of SIM5-TOF neasurenents on a sanple
deposite é‘on fé A\f n addition allver was. detecégd in %{hi ?' ﬁ?ﬁlted
layer ad-wel f* Q9 fiy HREm; ’HE‘éWF%‘{‘H@ BT EAR IO ot SERTELY 3 ATEP SR % he
subst r arcevering saigr substsiaie, e slectroiei enverng s3jd dirsttdiestrnge @@awffat*alt%éoﬂdnt erface
i's bet werBirdde 60vdfind A8 SIdtrgRl 288 4 B&oAg cuRbNGlkdtooh tdreadbuwlitk wfd t he

nmat er i alsecc[ng%%%{rﬁilétbg ﬁ‘%r”ww?%ﬁ cthe foils was al so tested in a wet

chem cal cel'l rodes fromfaqils B, C and G turned
out to be us¥Peein; Sﬁ'dé“B%ttaEee‘f%WWF@‘bﬁiﬂyerB%éﬂe8ﬁat ‘Fﬁt§“féert¥8?2{ﬂ°1é’f6‘a‘?%P film
bat t er y ancdoypcantiuisied atl spsirthiengndtaler sihenf eddh ol saiGrmethle of 2icamhavinGa02

el ectr Ofésnoeatré-ﬂoRGA\lekezs &0k BeeknedBedige by achas e PR tedoRYhobl tsaut tering.

On top ?h ethclo§d meta?Q}Qe Qe@or%'?w%%r sergc]éfe%%{)ieqﬁe{n%e\{m rﬁ%gl (%Sr' ltgg‘{ Sgﬁ%}ﬁﬁe Li PON

second ele I'umco

and Cu mﬁscﬂOEHtﬁogubﬁtjgp@f@*ﬁtﬁ@ﬁ%@tﬂ@[@@%@f seaicdbRES 3 Afysirg berier RlFYWht 1 (in
PA) and vol t agereld shidriaye) funtbarswmpdsasver oammnrpbtelseutdﬁfatneggbd» giohaifgk. cycl e on
the dev'c%eanas.,aan E&HAGAHABnOf ok B dtzﬂ%témﬁ@t. ht kB8m st@tdﬂe&gh gated by
1" is a éeant @urrdjnt char gi ng 2008/ 1 6694P 2008/ 051641 17
perlod £ O5PIdY8 was measured. Thereafter a constant vol t age of
4.3 V was applled whi |l e the current was nonitored. In total about 27 nC of
charge was noNedkvide dotredideio dem 1l wharggbaa filst inetahie copemt of &ld graovql df &ge was

measur ey d @%' La'd géc%qa Aned té)ortehﬁﬂ B S p Ry B %@%g@&iétm@at%&% ant

current of 0 m nut es before the vol tage dropped bel ow
3.8 V. ﬁﬁbﬁf‘h@zﬁmwwg gﬁgpﬁé’s\%s recovered. 18 CLAIMS 1. Athin film
lithiumion-sw tching device conprising a substrate, a first el ectrode

covering, sai thstbsderat@ding o QAIRCT WdrYihehcasendtiigs B it §ddohd meteertGrode an
opti onal, secand sLeck npde covering said electrolyte, and a second current
collector in contact wth said second el ectrode or covering said

el ectrol yte, wherein said substrate conprises a | ayer useable as a
first currenfheddiceciorrdingtheslaih Savheadib the comuptf & isgt west BRIy welghke net al s
or silicon, each of said netals or silicon having a concentration in excess
of one rce C | r han t he
second I%’gt al %? ﬁé/m\gleacg&gmgre %‘ﬁg’“ éret??ré Hﬁaoagrf Hﬁﬁl Estaﬁ hs:ao{°?i)9 f

silicon, said third nmetal or silicon being capable of form ng an OXI de
scale t tﬁat i SA thirdiiirh fithsaroinn-baitahingrdetioe bertiisingna substrate, aving eleicimodsai d | ayer
further SEIREIsaRSUNMBIOEN %ét%i;}@&@bﬁn@éﬂid @bt ddtgody @uma@tanﬁecdﬁﬁ Zr, Ce and

I(:lghlersll g%?ecfmir?ac}derm)? s§|dfeiecttrf3iér%t and Fol sea:op(? gtgri%%p coligétw i ccgn}tact CH:} sangp r OV' ng the

second electrode or covering said eiectroiyte
wherein said substrate comprises a layer useable as a first current collector made of
an alloy comprising at least three metals or silicon, each of said metals or silicon having a
concentration in excess of one percent by weight of which the first metal is more noble than
the second metal, the second metal is more noble than the third metal or silicon, said third
metal or silicon being capable of forming an oxide scale that is a diffusion barrier to lithium,
wherein the first metal is Ni, the second metal is Cr, and the third metal is Al



2. The device according to claiml wherein said first netal is one out of
the group of Fe, Ni, Sn, Cu, said setdbnd netal is one out of the group of
Cr, Zn, Fe, said third metal is one out of the group of My, Al, Zn or is
Si. 3.5The %va&&e%egaf;ﬁ@@ Jxé%mcd Ah&Reif %ﬂ%fér'?u&ﬂé@cﬂgdaﬁr%%s ok af o Fe, the

second rret al vi.ce according to
cl ai m 3 MGRT etef g‘?é;r HfJthAﬁ[’e ?'gﬁaq E”|Cé’a%ef“f§t'%51ﬁ?§aw8?53ﬁt°2 PeECeNiYe devi ce
accor di mgighbfocimiaving thdhedhepinn pheaicarinigracalsfto #id jagerat | east 5 % by wei ght.

6. Athin filmlithiumion-sw tching device conprising a substrate, a first

el ectrode ooyl LG Sald PS4 Gre BNuRl ALL UNhe JAONE 108 1581 kb ot

el ectrode an optional sec cover|ng saj d ectr

second EOFPERE OB PYIE therareyp caBrigRg A\QII h“@aanPeeing &t %Cé"ibr'%ﬂéo‘fﬂi @OVGI’I ng
sai d el é&sbribdry 06, % by weighivbethei intesfacal beiwlest rsatdelapayngdi said figst [edpgedeuseabl e
as a fingherUrrent collector made of an alloy conprising at |east three
nmetals or silicon, each of said netals or silicon havi ng a concentration in
excess of one percent by weight of which the first metal is nore noble than
the secnd n@*ﬂ%pfev'wh@:cg@wﬁe angtoap 9fShorgpeverdame wh%ﬁm 6AE TrRiYEMR al  or

si | i conmasaiadist drer @it e thel group sfi lithicrarcobeliang litapa lraagatatd, dithinnm gickelatexi de

scal e thﬂun{ §lcl€%i FHaB &@g@ax,é@n{hw mElQaE kbgehlnwngamro@tde M@.—nfmdké:tcoﬂm al is
Ni, the s devi ce

Nccor ot RY9E QAo eimars. (i roF sheinpisr FhG veBadln codohobie’ UFFE e
met al s gokalioRnadiem gxide) fithiim ftaniyn oxide, lithim g¥epr iy axi@dicent rat i ons of at
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