WD 20061027814 PCT/ | T2005/ 000509 -1 "M XTURES FOR EVAPORATI ON OF LI TH UM
AND LI THI UM DI SPENSERS" The present invention relates to mxtures to be
enpl oyed f i1 hi evaporation in the industrial appllcatlons re

the sane, 47\'/&%@75{;“ to Iithiumdispensers using 5 thesdTH/ReYF@80s %?_I t h| um
I's enpl oyed since long in the electronic field. In particular this nmetal has
been used in the past for the production of photo-sensitive surfaces, such
as of image intensifiers or photo-multiplying tubes. Another inportant use
of lithium in the formof alloys or salts, is in the formation of battery
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formation in said space. In its furn the active structure is formed of a first series of

transparent, linear and mutually parallel electrodes, generally having anodic

functionality, being t deposited on the first support; deposited on the first series of

20  electrodes, a multilayer of different electroluminescent organic materials, comprising at

- least one layer of a material conducior of electroﬁs and one layer of a material

conductor of electronic vacancies; a second series of linear and mutually paraliel

electrodes that are orthogonally oriented with respect to those of the first series and

having cathodic functionality, being in contact with the opposite side of the multilayer

25  of organic materials, so that the latter is compris.ed between the two series of electrodes.

For a more detailed explanation of the structure and the operating principle of. OLED

screens reference can be made, for example, to patent applications EP-A-845924, EP-A-

949696, TP-A-9-078058 and to patent US 6,013,384, '
Recently it has been found that the addition of small quantities of electron-donor
30 materials to the OLEDs structure allows reducing the difference of potential to be

applied to the two series of electrodes for the functioning of the screens and therefore



WO 2006/ 027814 PCT/ 1T2005/ 000509 -2 the energy consunption of these. In
particul ar US patent 6,013,384 discloses the use of these netals for the
doping of one or nore layers of the organic nmultilayer, while US patent

6, 255, 774V WE¢/BE8L t he formation of very thin |ayers (|BSHITHEH08309
nanoneters) between the cathodes and the contiguous organic layer. As it is
clear fromreading these 5 two patents_{particularly fromthe exanples), an
el enent being especially suitable to this purpose is |lithium probably due
toits small dinensions allow ng the production of particularly thin,
continuous layers or its dispersion in %%g?nic matrices. Due to the hi

h

reacti vi t yhe glergecenshEpppe of thega de pagistlanbiSspaiend 6,013 dislages e ueRf egn kal i
t al L1y, i i ' ' ; : |, but.

10 rat hor (RS pustalh Tor il RSO b b mSRPLONER e bl BBy U RITBER - Y

Most genefpalehy 6255798 dlisodrges W Sorafatior D€ veiyCthi® tajes, (1¢ds A0#R O/mandmetsds)e
comonly the chromate Li2C 4, in adm xture wt :}SFQ reduci ng agent.

) . By
heating t ReSeeniths eathedegand dhgyeanfiguousorzais Bver. AP Thisgherr fiomarradmng these
reactien ' (0] | e W th
e conoe RS AL GRNMNY BonfORURAS, SEOUEEH: hinf VBl HALERCE ¢
al um num this lpupore ar lithamt grrobdbilpyise tol itsesmall diarnsions alfowing clonpredudtamest al | oys
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such sho e.g. in the patents US 579,459 and US 4,233, 936. However
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swal | owi ng or ation and can be carclnogenic in case 0 ong exposures.
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on J. Vac. Sci. Technol., pages 3245-7, Vol. 12, no. 6 of 1994." Anot her
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Wi th suddefiixture is disclosed for example in patents US 2,117,735 and US 3,578,834. The
mixtures are generally used at the inside of suitable dispensers capable of keeping solid
particles, but having at least éportion of their surface permeable to the vapors of the
20  alkali metal, such as shown e.g. in the patents US 3,579,459 and US 4,233,936.

However chromates and dichromates of alkali metals have the disadvantage of o
containing hexavalent chrominm which can cause irritation by contact, swallowing or
inhalation and can be carcinogenic in case of long exposures.

To avoid the use of chromium salts it has been proposed the utilization of lithium

25  alloys, such as with aluminum. An example of the use of such Ialloys is given in the
article “Simple source of Li metal for evaporators in ultrahigh vacuum (UHV)
applications”, by F.J. Esposto et al, pﬁblished on J. Vac. Sci. Technol., pages 3245-7,
Vol. 12, no. 6 of 1994. Another example of a similar application is given in Japanese
patent application publication JP 2004-164992. However employing these alloys is

30 troublesome owing to their very irregular properties of lithium evaporation, with sudden

emissions of metal, which make them essentially unusable in the industrial production.



em ssions of netal, which nmake them essentially unusable in the industrial
prodyction. WO 2006/ 027814 PCT/1T2005/ 000509 -3 International patent
appl i cation publications WD 2004/ 066337 Al, WO 2004/066338 Al and WO

2004/ 06633 i be, respectively, the use of tungstat nmol ybdat es
and vanadat%gs%og&ﬁ%?bali netals for the rel ease of these ?%‘fﬁ’e?g‘,’”‘ Mout

however specifically describing or referring to lithiumsalts. 5 Object of
the present invention is to provide mxtyres for |ithiumevaporation which
overconme the problens of the prior art. Another object of the present
invention is that of providing lithiumdispensers enploying these m xtures.
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zirconate (aipKlatgs) andTwenadates rfi dkalindtaly dorl sl rélbasd ofnthebe ldtters, owitingitwi t h

ref erence . F g dn..which.. 15 - Eig. 1.shows a perspective,
partially %ﬁp@ﬁ%@é@%@aﬁ@odﬁs%m%g Boedirgpetq ]illzt;nﬁ%ﬁ;i‘l?sdi spenser according to the
inventi®n; - Fidhjec? ofthivprasepelrvRaSd keto Pfvideabnue oA MuHeHabotieh 2

preferred formof [|ithiumdispenser according to the invention; and - Fig.
3 shows a §fugihovessons thpgrabdems ehthaprievathor ati on properties of di spensers

20 using the m f ' ian, .The inventors. have f.ound that
m xtures of onéﬂé}gwe?rg’rb °t tggg%% H}g;e%g%elﬁyesml\mntl tat ﬁ?rﬁ?rlﬁirlﬁ%ﬁmlu‘@hﬂggpeeﬁsgﬁong
t he above- erpldyamethesmgixtuggt only elimnates the necessity of naking
recourse to co%ounds of hexaval ent chrom um but have al so additional

properties thatlne@nard additiantlagfuenis arnartneveddbystoneans oft thei prasenbhnvenfiont | y

the fegaphur g i t 0 i4.hium evaporation.can be
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that duri ng the Lithium fv_a\%orati on al so noisture may evaporate, which is
extrenely Ia&@@ gstte HeWBEmnd zipconatei(bhhiddp): Anong the cited salts the

preferred one hgetfifntibh IALE REGHEI e fofiobiify ORF rSORMLOS A% MNA0S5!
which:
15 - Fig. 1 shows a perspective, partially cut-away section of a possible lithium
dispenser according to the invention;

- Fig. 2 shows a perspective, partially cut-away section of a preferred form of

lithium dispenser according to the invention; and _

- Fig. 3 shows a graph referring to lithium evaporation properties of dispensers

20 using the mixtures of the invention.

The inventors have found that mixtures of one or more reducing agents with a
lithium salt chosen among the above-mentioned ones, not only eliminates the necessity
of making recourse to. compounds of hexavalent chromium, but have also additional
properties that render advantageous their industrial utilization. Firstly the features (in

25  particular the speed) of lithium evaporation can be easily controlled and reproduced.
. Furthermore the mentioned lithium salts are much less hygroscopic than the chromium
salts, thus reducing the risk that during the lithium evaporation also moisture may
evaporate, which is extremely dangerous for the OLED’s functioning. Among the cited

salts the preferred one is the titanate because it is the one showing the highest

30 percenfage content of lithium by weight and also because in the tests carried out by the

inventors it has been found that this salt is the one requiring the slightest energy



30 percentage content of |ithiumby weight and al so because in the tests
carried out by the inventors it has been found that this salt is the one
requiring the slightest energy WO 2006/ 027814 PCT/1T2005/ 000509 -4 quantity
for its eVpawar2ht besides, it has been observed that PCTHTIRSBMOE®nat e
gives rise to a particularly snmooth lithiumevaporation, that is thus
easily controll able. US patent 6,753,648 B2, in the nanme of the applicant,
describes salts simlar to those of the present invention, for the
evaporation of cesium However, owing to the 5 difference of chem cal
characteristics between lithiumand cesium (due to the particularly reduced
di mensi onsuamitytftieithévgpofatibay bezales,| it has twkn bheervanthbi Hthin hitanaspeeds dse  Cs)

t he teachi ngs of e cit dwg-ls pat ent cannot, be app_ki ed directly to the case |
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chr omat es,Cs' i 3hs teAshings aif the sited US Ipatcohcamnot borapphiedditestiane ding cave of | oys
contai ni ng..zi rcopi um or . titaniu such .as the alloy of percept c sition
by wei ght s ofor  amiple, the' ma bR i foes YU LI it SRV @er t he
name St 1Qhdrati® of Mee alkaRYmbB@Y i WEerbitewithelitlidin GOFRAS! 4 s8R Ming6ik%e- Fe
23.5% manufactured and sold by the applicant with the nane St "198(r). It

i s al 48 poudden andiuncosteollable svtaperations, anglitablsl intthe widustedleniphigatiensnos the20 | n
order to enh&nce t he g.?nt Ct beL‘ween th cg) oundt of Iithiegm a(r(}d t he

reduci ng CQB Y, CEHES A ﬁr‘éﬁﬁ etsilﬁﬁ‘?r@ﬁﬁ? ﬁ SPA R %WY ! f*y FRCCIBEt h t he
M xt ure CoupReanisium Ryfatd Rl edoup &y Bd ik Breférable@hlt f@SIthivh@Byaboratioand
preferably lower than 500 m still nore preferably the particle size is
conpri sed bet Bwrredbong agapt gmplayzd ipthe mivitees of the invephen ra be onaef iy a si ze
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agent ,15exXGRes iay ellyminuig silivoH e bivcdhinn keCiERiupy 'o? NS Cofliaitiing zircéduinoosaf et y
problenms in the manufacturing plant. On the contrary, with opovvders oV\A' th
particle ditgrivgs saeleasttharplloyhek percerli sempasitiane by oveight Zpet4%een Al %o

conponent %Qlufﬁé?ﬁegiaﬁ& Hcglﬂ%ybtﬁg Qﬁﬁﬁaﬂpﬁrﬁﬁr the name St 101®, or the alloy having the
weight composition Zr 76.5% - Fe 23.5%, manufactured and sold by the applicant with

the name St 198%. It is also possible to use a mixture of a phurality of reducing agents.

20 In order to enhance the contact between the compound of lithium and the reducing
agent, these are preferably employed in a powdered form. Both the mixture components
have generally particle size of less than 1 mm and preferably lower than 500 pm; still
mores préferably the particle size is comprised betweén about 10 and 125 um. Powders
with particzles having a size of less than 10 pm are generally difficult to be treated in

25  manufacturing and to be kept inside the dispenser; furthermore, in case of the reducing
agent, excessively fine powders can become pyrophoric giving rise to safety problems _
in the manufacturing plant. On the contrary, with powders with particle size greater than
those indicated the contact between the two components of the mixtures becomes worse
and the reaction leading to lithium evaporation results to slow down.

30 The weight ratio between the lithium salt and the reducing agent can vary within

wide limits. Preferably such a ratio is comprised between 10:1 and 1:10. The use of the



and the reaction leading to lithiumevaporation results to slow down. 30 The
wei ght ratio between the lithiumsalt and the reducing agent can vary W thin

wide limt bly such a ratio is conprised between 10:1 and 1:10. The
use of th ‘§’%°%‘I§Z§’327814 PCT/ 1T2005/ 000509 -5 | it hi um S&T{'TPHSGI%RE excess
Wi th respect to the reducing agent offers no practical advantage; vice
versa, especially when the reducing agegt is a getter alloy such as the
cited St 101(r) alloy, an excess thereof in the m xture can be useful
because the portion not involved in the reaction with the lithiumsalt can

have the e fect of. sorbing the ses 5 tha nay he |i berated durin e
reaction. APHFReS @Lr’é‘dg(ﬁﬁ 31‘&35? zﬁcﬁ’o rﬁ@?%‘@nﬁ’l" dpotpg;agent QLfers a‘ﬁd’r‘i‘%’éa{]
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Preferably, however, it is used in the formof pell ets having the

advant age ofedfsir lt(hg’rallorypamexqugp thereof onthaahixtive taeba ukfel hecatiss theponjponent s

and facili tatl n perations, of adi ng the co tai ner. _ 10 .Anot her
advant age Bft! ‘é‘qu'%f{] 0 Ge TRy R ﬂteohtB éaggcantlmf the ALl SOBHRE (RAESBY t he

i nventoys, tHaﬁrrIaD% RH&d &ur‘iri’gqt%b r&cfloh .68 %?éfe@é@%fgh@?atﬁﬁ@ét%erf @k ithiLhi um
evaporation, and Ilithiumload of the m xture i1s used nore thoroughly, as

descri bed saitzgﬂéhteadudmgagtntbg/lé test in the exanples section. The

cont ai ner can made | er,i and shape ti.bl th the, .15

appl 1 cat on- 1 A HFe faarbe usbl i eor a8 136RE QP PERT LeCTAERY MRHEVRHLE shoul d
be chem calded inn@et forRIet pailetd, ftﬁvﬁfg%@%ﬂ'vﬁﬂa@é @%&Qﬁérem?ﬁ}évifn ethk | dofitadim

di spensing mixture at any tenperature foreseen in use, can exceed

1000 C; fub@tmcmﬁneemxatre c@mponeatsw@dafmhtehngthewerahph@ofﬂaa@ngéhle foptaierg t he

eant ai not und ubst ant i /Si al,terations h as to
o £ylB1 ¢ Aapthel o RaueR e el o Pt 1l el et BhaEL BT ae

possi bl e Vﬂlv‘éﬁt%rsois #aspaBSEhRite a MAEAT inddunt BA¥hdrgy TREBBiune 8vapoesionl end or
exanple netals or net a{) lic al'loys, a few ceram cs or_graphite. Enploying

metal s and!lithaurn deasl o&thp meikare isdised enomthomghlseas descnh@d km Brepter degdy a
formabilit Bﬁther pgdvan e in the use of netals and alloys is that the
di spenser eghm e tenperature of 25 |ithium evaporation sinply

by flow ng cur rRetcohiimy 0dint be iRt & Bey Maklif. afy ehaier esinparttiialwitiangk al | oys
for making the container are nolybdenum tantalum tungsten, nickel, steel

and ni tkel 2pMicet®um or ni ckel -chronmiumiron all oys.
In particular, as far as the material is concerned, this should be chemically inert

against the processing atmosphere and the lithium dispensing mixture at any
temperature foreseen in use, which can exceed 1000 °C; furthermore, at the
temperatures of use, the material forming the container should not undergo substantial
20  physical alterations such as to modify either its mechanical strength or shape, and must
show as low as possible values of gas emission. Materials having these features are for
example metals or metallic alloys, a few ceramics or graphite. Employing metals and
alloys is preferred due to their easier workability and formability. Another advantage in
the use of metals and alloys is that the dispenser can be heated at the temperature of
25  lithium evaporation simply by flowing current through the container walls. Preferred
metals and alloys for making the container are molybdenum, tantalum, tungsten, nickel,

C steel and nickel-chromium or nickel-chromium-iron alloys. -
The shape of the container can be any whatsoever among those known from
patents US 3,578,834, US 3,579,459, US 3,598,384, US 3,636,302, US 3,663,121, US
30 4,233,936 and US 6,753,648 B2. Containers of various shapes and materials are also

available in the trade, for instance by the Austrian company Plansee or the US company
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The shape of the container can be any what soever anong those known from
patents US 3,578,834, US 3,579, 459, US 3,598,384, US 3,636,302, US
3,663,121, US 30 4,233,936 and US 6, 753, 648 B2. Contai ners of various
shapes angvgmiognials are also available in the trade, fopcrasivanensdy the
Austrian conpany Plansee or the US conmpany WO 2006/ 027814 PCT/ 1T2005/ 000509
-6 M dwest Tungsten Service. A first possible shape of dispenser of the
invention is shown in figure 1. The di%®penser 10 consists of a container
with a mxture of the invention inside. The container is fornmed by the
assenbly of an upper part 11 and a lower part 12; the two parts are

pref er abl wmdst PingdRh&dervid®h ik PeditiOsiRa6 b AisPefscLoBthe My eRRGA is5sHaRMdi NY.
The | ower part shows in its central zone a recess (obtained e.g. by cold

st anpi ng) ,in Higuirand. Toe digerdse i aonsisisioftaicantafiert wihiamaxtuiconf thahinventiome upper
part has a_ _.nupber of.openings,13,. 13" ... . to allow.the.em ssion of

P2 hi U v S B roftaiseh R OF Hs SR pe B irer 2 dd R0 d 1BYSHERhE | i nes
correspongge &Ro tfafts 46 §sietablP Halle 1of- mditie anl jlshiéﬁetooéachf'l:ﬁhéﬂ"'&%ﬂbz%oﬁan_ be
present in the recess of part 12 in powder formas shown 10 in the draw ng,
wher ei A t reeldingt Thedower ipattuhwatiadithsediadmone aldecess (itainedh&tg iy icoldi s
possible to for el.lets of. mxture.and fill.therew th the recess., D spenser
0 has. at ST, Bipg bon i L S acehd iR wirhe (B wbE SRR pasaSb o
for the comfel bDSpetids 13811851 L it6 allowekdrbMRbionlolMitkieat vapgrs; hendi aaeiger by
direct current flow Another possible shape of dispenser is shown in figure

2. This cdhr afeaeaf pagt 1 hdefingl byidashed dines gp@espondse i tereerss in ettt ZerTget ai |
in, Italian i.cat 4 T ' i
for med of TR Pt SRR ch B DRson M ASRREREER 17 AN RRINGEA: bl o

apart 16r orfh QRe diavdfig 2Wheideth tHeemtkmes ngillstrated ra l@aeNt B ih hftefmasiee if f3at th
contai ner has_three openi ngs, .one of which is hidden Sﬁiét he shield, but
these couwlogsible tpfemm pellots of myxtHignans, fill therewyith the reeesg dpisaeiser thasatdls anged
around co i i 1, pt, ik |4t # - .24 (only
one shom;}%tfﬁ@gsﬁﬁqﬂ d Hﬁéﬁh gﬁéﬁﬁhﬁg‘sa@g’a&g u?)agfé% ?(lﬁg’?\ésd fr"ggﬁ‘ é;?‘(?@ﬁggﬁ grsﬁglondi ng
t 0 openi ngfechical temmirtds fooheatimpahe disperpeeseditect berrentflowr e of the invention

between a lithjumsalt and a reducing agent; the mxture is represented in
this case as Aphararssipleoshage of chspenssr 13 shayn i figurepdt Hypncontaigs is disnt aj ner

one asikde another . Hvapo Is WAl LS ca at | :
cont a?ger ,d%g%i f gfr; ?nnﬁsﬁgn((i:éggglgéaf glféd%ﬂeﬁg@c ﬁ%lntu?’t gﬁﬁﬁéb%artl S tlkfyelg:g% t}ﬁ(r)'ough
cont act s MIZA004APOZRED. Thhdimpgnser, 20, is formed of a central container 21 and a shield 22.

Container 21 is closed apart from openings 23; in the drawing it is represented the case

that the container has three openings, one of which is hidden by the shield, but these
could be present in any number. Shield 22 is concentrically arranged around container
20 21, and kept in the correct position by spacers 24 {only one shown); the shield has
openings 25 at positions radially corresponding to openings 23. In the container is o
present the mixture of the invention between a lithium salt and a reducing agent; the
mixture is represented in this case as a plurality of pellets 26, laid in the bottom of the
container one aside another. Evaporation of lithium is caused by heating the container,
25  for instance by feeding current to the ends thereof through contacts 27 (only one
shown). —
The invention will be further illustrated by the following examples.
EXAMPLE 1 i
A container like the one shown in figure 1 is manufactured by employing sheets
30  of Inconel (an alloy mainly comprising nickel-chromium, plus minor amounts of other

metals) having a thickness of 0.2 mm. The container has lateral dimensions of 100 x 24



The invention will be further illustrated by the foll ow ng exanpl es.

EXAMPLE | A container like the one shown in figure 1 is manufactured by

enpl oyi ng e 30 of Inconel (an alloy mainly conprising nickel-chrom um
pl us m nor‘ggﬁﬁ'ﬁf’i‘{zgméf other netals) having a thickness SF%GT?"WOS%e
contai ner has |lateral dinmensions of 100 x 24 WD 2006/ 027814

PCT/ 172005/ 000509 -7 mm with a recess~6 nmhigh being filled up with about
10 g of a m xture between the <cited alloy St 101 and Li2TiG3 in a wei ght
ratio of 5:1; the mxture is enployed in the formof pellets having
diameter of 6 nmi and hei ght of 3 m_n, being obtained by conpression of the
powder s ni R¥LrEtYyA deesst gia dagly keing fillesbup withgbory!0 8§ of panidiusp betsesenite pl aced
on the bot o6 . .9lass. .plate f l.ateral
i mensi ons S Aoy RN BRI IR YT BL rad RSP By S L 20

cm At thefamdef ptlléthdaciont diameter (6fV8 AFH "anliSheidlit' of B hing - being bbtapie@ldyed a
direct current of 100 A during about six hours; the current flow heats the

di spenser tIURTEssion eidhs ppwders auxturewsier 2 gregsure of ppnt d20&Kag t he reaction

bet weers t he mi ¥4It L5 hi tion:. a fragti.on of the

evaporated |it hiliﬂ%ﬁgonﬁe%ggkgdn%?ﬁggg?%%é %f;@a%%ﬁ%%%cgéﬂ%ﬂt ﬁisllln%?]'l glﬁic’ >

t her eon. Dplatengf lahepaltddmenditves Tharheis plaed abmnecthe dispenser sangikandd sfabofit a mass
' antities of emtted gases during the

t t f it th
evapor at i of P8 BENGS Bkibe Sontamsr (Res Uy | e T4 10 65 enbhed s BRoiGHISIE he

col d wal I sopfiohhg GRAIEPSbout! ixSh&lEMRIAL cﬁr?exﬁ‘oﬁov%%éa?smthcft g&#@ﬁse%e toa

nmeasurenent); no substantial gas em ssions are observe I ng
test. At tweperdursfof abeutt8e8t°Ct thes qanaittg thy raattiev betocat @ rhixtlre vompenedss | nmat ed

by measyring, .1Lhe weight .difference of the di spenser before and after the
\t%st; té‘%ﬁé‘“?’ﬂte&afg%‘%%ta 2R ﬂ’let‘“é’aB?fateﬂeht?qvm crRdapEes e sy dent | the

wei ght di f{Dlgfcef@ﬁginigsdtﬁglrmhpgﬁ}e\{mascri bed 20 to the lithium evaporation,
thus resulting 1n a nmetal evaporation of 100% An analysis of the film

formed on the Bhasg thel tastghe shahlsy i eomieeted tut stmplEHeskofi 4 massppeditometay

di ssolving,.it in a HG sol ut.ion.an hem cal.l y anal yzi ng the.thus obtai ned
sol uti on ¢ fr 6’&%‘051?8%‘%%?6@%%?{%?&5%5% |dluﬁf‘é61?'ﬁ & graggﬂlg‘g?ﬁl?"t gicept

i mpur i ti esfdrQiiGm:; @8 to tofideysaieh 8fto the Bold willkGaha Bhahber @R eltiEntdl ases Pl ate

there is also mounted a quartz crystal nonitor
15  sent to the MS measurement); no substantial gas emissions are observed during the

whole test.

At the end of the test the quantity of evaporated lithium is estimated by measuring
the weight difference of the diépenéer before and afer the test; by taking into account
the results of the in-line MS measurement, the weight difference is completely ascribed

20 to the lithium evaporation, thus resulting in a metal evaporation of 100%.

An analysis of the film formed on the glass plate is also carried out to check its
purity, by dissolving it in a HCI solution and chemically analyzing the thus obtained
solution through atomic absorption; the film contains a quantity of impurities lower than
1% by weight. |

25 In the chamber, near the glass plate there is also mounted a quartz crystal monitor
(QCM), a device well known in the field to measure the growing speed of thin films by

‘ exploiting the variation of the quartz crystal vibration frequency in function of the
weight of material deposited thereon; from the knowledge of density and acoustic

impedance of metallic lithium, the weight increase is referred to the increase of film

30  thickness with time, thus obtaining a constant speed of film deposition with a value of

about 0.2 Anpstrom per second (A/s).



(XM, a device well known in the field to neasure the growi ng speed of thin
films by exploiting the variation of the quartz crystal vibration frequency
in function of the weight of material deposited thereon; fromthe know edge
of densit WQHW6AE¥SUSti ¢ i npedance of netallic lithium PREITFREOYMOSNINcrease
is referred to the increase of film30 thickness with tine, thus obtaining a
constant speed of filmdeposition with a value of about 0.2 Angstrom per
second (A/s). WD 2006/ 027814 PCT/1T200S/ 000509 -8- EXAMPLE 2 It is prepared
a lithiumdispenser like the one shown in figure 2, conprising a

cylindrical central container and a shield both nade of stainless steel of

t hi ckness 0.2 EXAMBPLE 2container is 10 cmlong and has a dianeter of 3.1 cm

with two hol eﬁ of 5 digme@gr 25{113 mm SR cetf aﬁariii 5 cm Iong aline onits )
upper part; tHe'SRFBHEY 2 tHieR %ﬂee%ﬁn@(ea 'F ARGSAAP IO T he SOMPRPRER is as
| ong as t Riyfindirddal @EntB GolneR adil ANBBA bofH m3dé of Rlainledsstded OF thiekREs Of2
dianeter 11 mm two holes facing the holes in the container surface, and

the ot her mmo Thaconpingrds I9eemedens and hes asdiamgtsr ofes | o withdwd hodggapf 12 nm

from each her. I ontaipner Ls<fill wth 110 of 1. Xf.u e en 10
the cited @1}“?%? 35 Tt Bl pples agg%iagﬁfler% s ‘6?13%{?1313;‘{ g dfguecn 1o
enpl oyed idan€entdiditlyl @fafged aloOAS eheRRnEees; is B forlll &BRIetteri andHad @ garfftet he

bottom of an evacuated chanber and heated by feeding direct current to the

ends of tHE Bémmawitbofounihedss, of Aigmetesukl myny twaihglas Bomgothst hddes in e t est
| asts about ' ' f 36
om 11 om ¢ feniifne) Qfrdce, bkt MUS BRI nel BIBLEBENco i Mt pflboblfififiodd ©

spenser 0 neasure the spee

that's prappari2i eaafroinCedch ethicd! Theotoreaiagoisadiliedrwioh 11H¢ Sammixmiedetiveam t he
di spenser. The QCM is connected via a feed-back |oop to the power source,
and t HE sythbe eited alloxegi Gk anfl LuTiQping weighyrabgaf k belbg mixtuye spemployedhin
evaporati C unt of lithiumleft 1in the dispenser gets

| ower, an&ﬂ?ﬁc{erg}@qnggsreﬁot}fdgﬂggqui red to keep the rate of evaporation 20

i ncreases; thikhd dippémser B plachdest tHeobotting o€ an po/uatedroishrititysand Helagkelsy val ue
of current Wth tinme, up to a maxi numcurrent value of 300 A (the limt
val ue t he f§sdingrduesh cugﬁ?ﬁgﬁe/)thelwdﬁ%ﬂ@ senfral eonbapere dhis capsiag lithiugs ¢ hi s

test: curugodoheltqRe ket gbsﬁt%ﬁ?gfsgpgl&%chggegﬁ% pr&nd PoeM hiFuisties | o

in Als, on the and axis of t nction
15 of 36 cm from the dispenser to measure the speed of growth of a lithium film, that’s

proportional to the rate of evaporation of the same metal from the dispenser. The QCM
is connected via a feed-back loop to the power source, and the system is regulated to
obtain a growth speed of 0.28 A/s. As evaporation proceeds, the amount of lithium left
in the dispenser gets lower, and the temperature required to keep the rate of evaporation
20  increases; this implies a request for higher power, and thus a higher value of current,
with time, up to a maximum current value of 300 A (the limit value the system can o
supply).
In figure 3 are reported the results of this test: curve 1 represents the trend of film
deposition rate (FDR, measured in A/s, on the left-hand axis of the graph) as a function
25  of the thickness of lithium film deposited (T, measured in A); curve 2 represents the
trend of the voltage measured at the ends of the dispenser during the test (Volts, V,
right-hand axis of the graph).
EXAMPLE 3
The test of example 2 is repeated, with the only difference that in this case the
30  lithium dispensing mixture is present in the form of x pellets having diameter of 6 mm

and height of 3 mm, each one of weight about 0.3 g, obtained by compression of the



25 of the thickness of lithiumfilmdeposited (T, nmeasured in A); curve 2
represents the trend of the voltage neasured at the ends of the di spenser
during the_te ts, V, right-hand axis of the graph). EXAMPLE 3 The
test of exgﬁrﬂ) "éﬂé%&‘ repeated, with the only difference tHaATRHYMY case
the 30 lithiumdispensing mxture is present in the formof x pellets

havi ng di anmeter of 6 nm and hei ght of .3 mm each one of weight about 0.3 g,
obt ai ned by conpression of the WO 21106/027814 PCT/ 1T2005/ 000509 -9 powders
m xture under a pressure of about 1700 Kg. The results of this test are

reported in figure 3; clg‘{ve 3 repr?sents the trend of evaporation rate,
whi | e cur v@OWders grxtEs pader gpresswr @t apout A20QKEr age neasured at the ends  of

the dispenser dqypi8GidkRe higSkst a%‘?éb%ﬁ%diei%fgﬁgﬁe?} %\ﬁru:% éﬂggsgﬁtg?@esﬁgn& geeurve

1 all along 5 the test, apart from' ere a erence 1n the
behavi or okvaiospmngetes whilacged 4 mpteberpotidarcad @f tixevdlaizs maswod at shedndAs
observed in_.the . tests of, exanp in_particul ar exanple , the m xtures of

| e 1)
Che | nven®f i ditnEnass diing B it Cheedds epsnily APPRPOSSAJR Guwed, albdlopgey
show comst g tefte Rl Bm tRE el wiRYAPATRLRE iﬂ‘&ﬂe%ﬂﬁvi%f’gfiﬁgeé%?&? QHﬁg@d do
of potentially ul ga

not give rise to substantial 10 em ssions es (such
as e.g. watvathpovedets erifetloistioopewed] i thium thin filns of high purity in a

reproduci bl e wgy and with a constant ed. Th conpar.ison qof res s

obtai ned in e%ﬁﬂ%&wgﬁ Yhtpedesiy,g _%Wi‘?&“ﬁﬁﬂcl%ﬁbﬂﬂgﬁﬁm’eﬁ% n?;{mf_msdgltﬁ%ts are
sui tabl e f gfyehfien RIRRNAS O tht hage H i%&@éﬁ%ﬁrp'io&ﬁssés,h@s {hBY SRS @Onstt SORASET S
charged with pellets nmay be preferable as these allow to evaporate lithium

for a | ongef meal iemepamticn eoliothstddenapanatmicon datwot(giye tmseatd ishbstatiatkness

f abo 25800. A, curve. .3 i fig. 3,.vs, a thickness . of. about 2 0 A
b arnth ZRiRis bty DamitoP s iR 8 LSRS08 R e § BRD) o
has not beekinf Ginhy/ o€ IHEH fubitly MRta réptbducible SwBelah@\Werh thabnstalt dpeed. TRerative
tenperatures for |ithiumevaporation, |oose gol\qders have a better surface
s

cont act t h&apmparisostod ragifs ohtancddn gyanples Band dshewethativdule hothpewdge sad as a

consequenceyy 20 Wem BhEGH Il bibha"Sr B 0856 RRMISE e hERSHAEMislfiser

generated conpared To pellets, € oVé asi g powders a

hi gher cur cBitged svithgsplletsatayt e pRfdraiibas fesé W@~ tte evipdeatt ¢iiamabt b dongt Ues
effective to cause lithiumevaporation. This interpretation seens tQ be

confirded biyne with copstant eveporgtvngate (up to a film ghicloness pbaliowg 2a8H) Hheurve 2 age dr op
at the fig. 3, vs. a thickness of about 22350 A obtained with powders, curve 1 in fig. 3). The '
reason for this behavior has not been fully clarified yet, but it is believed that, at the
operative temperatures for lithium evaporation, loose powders have a better surface
contact than pellets and thus behave as better electrical conductors; as a consequence,
20  when electricity flows across powders, less heat is generated compared to pellets, with
- the overall effect that using powders a higher current is required to heat the mixture to
the temperature values effective to cause lithium evaporation. This interpretation seems
to be confirmed by the two curves (3 and 4) in fig. 3, showing a high voltage drop at the
ends of the dispenser charged with pills as compared to the one charged with loose

25  powders, throughout the test.



ends of the dispenser charged with pills as conpared to the one charged with
|.oose 25 powders, throughout the test. -10- CLAIMS 1. Mxture for lithium
evaporation, conprised of a lithiumsalt and a reducing agent, characterized
by the fact that the lithiumsalt is chosen anong titanate (Li2TiG3), 5
tantal ate (Li TaO3), niobate (LiNbG3), tungstate (Li 2WD4) and zirconate
(Li2Zr@3). 2. Mxture according to cl ihm 1, wherein the reducing agent is
chosen anong alum num silicon, zircohium titaniumor an alloy of
zirconiumor titanium 3. Mxture according to claim2, wherein said alloy
is chosen between the alloy of weight percent conposition Zr 84%- A 16%
and the alloy of weight percent 10CEANMdSsition Zr 76.5% - Fe23,5% 4.

M xture according to claiml1l, wherein said lithiumsalt and said reducing
agent are in powder form 5. Mxture according to claim4, wherein said

powder s have jpar t\ikhfe $rA8hRin evoratioh 2bnipri¥el of 2 1fhiuM saltng Leaddifkng to
claimb5, wherein said powders have particle size of |ess than 500 gm 7.

M xt ure ageny dianagterized baithe fict thiattheilithivai shlipowhieses arong tivenatd Qi iOhze
COMt e e AR 0 oA N S sy, (i e
conpri sed betweeMikfird adddiding 10 clafin IMwHekHIE RCEQUGHS Sgdn® iCERIsEn Bmokbrer ei n
said weight ratio is 1:5. 10, Mxture according to claim4, wherein said
m xture clupiowoesidicon zirconpmetivamm or dnoslleypéizireerdum or titanium.
3.  Mixture according to claim 2, wherein said alloy is chosen between the
alloy of weight percent composition Zr 84% - Al 16% and the alloy of weight percent
10 composition Zr 76.5% - Fe23,5%.
4.  Mixture according to claim 1, wherein said lithium salt and said reducing
agent are in powder form.
5. Mixture according to claim 4, wherein said powders have particle size of
less than 1 mm.
15 6.  Mixture according to claim 5, wherein said powders have particle size of
less than 500 pum.
7.  Mixture according to claim 6, wherein said powders have particle size
comprised between 10 and 125 pm.
8.  Mixture according to claim 1, wherein the weight ratio between the lithium
20  salt and the reducing agent is comprised between 10:1 and 1:10.
9. Mixture according to claim 8, wherein said weight ratio is 1:5.
10. Mixture according to claim 4, wherein said mixture of powders is

compressed to form pellets.



