WD 2009/ 126115PCT/ SG2009/ 000132 MJULTI LAYER FI LM FOR ENCAPSULATI NG
OXYGEN AND/ OR MO STURE SENSI Tl VE ELECTRONI C DEVI CES CROSS- REFERENCE

TO RELATED S 5[ 001] This application clains be it of

priority ofé@gué)gﬁéal i onal application No. 61/043, 534, f'?cjlzﬁ%&%&?)gr’q”?l”

09, 2008, the contents of it bein herebﬁh} ncor por at edm% reference

inits entiMULTIEAYER FILY FORENCARSYIAN G T GERMN RMOBYRE e

present invention rel ates w}, ¥ 6 cgig t echnol ogy, nore
ns df:orLtEebncapgdlij?liﬂlw'

particularly to nultilayer fi at1 ng oxygen and/ or
noi sture sensitive electronic devices. BACKGROUND OF THE | NVENTI ON

" an | ncreasi ng nughSSIREERENERFORRELATEN e BLfidhs PO ance

gpp! Bcafootis s aipp_!ieat'w;[rdei_arrmg)g_nefitl b sionity oflélﬁ@i_ h@bdsbhab?pphﬂaﬁon No.
evi ces n | [ i.spl ay scre .. The goa] o

achi evt 80 5P el Ra' tpe2BBan it Ghisits Tk bevs Jiehy rosempmied by

groups aeferdttbelin ¢ts\upilaly Fot dNRirpelRsP! astics - which are known for

their | ow cost processing, flexibility and 20 toughness - with the

el ectronic properties needed for practical circuitry in a w de range

of electronic devices. [4] %EFEQFI.ME NGYERFOR! ectronic devices
S

(OLEDs) are one exanple of plastic electronic devices which have
gr otd t §00R]c ofheaprasent dnventios clefaies gyerfevallyf katensapsulaiibirs fécywmlogy, more

on O eorRa sk bveh B e At DraEnoandlor gt e iiye
el ect ri eldctroutordocaggasses through it. The fluorescent organic

material is also known as an el ectro-lum nescent (EL) elenent and is
arranged between a transparent anode |ayer and a transparent cathode

layer. It is known that tRACKGEROENIS GF PHEANVENBDON | al conpri ses
organi c_nol ecules that are reactive towards noi sture and oxygen, thus

cau¥® nglQl EIn spearditears Rlegicadlectsvries dastgrawndodmpertaser in ém ipkeasing
from deqy SnSy PHERERE, paRbicr) Rk Pla SoRicalihit 08 1P pIAEL Tnbie £ Eflimer
an encapeuoiizelti oelectnenic sdevisesofcbntainisg uminiatudsex yiepiay /scress. s Thavgal of
e B AP A RS e ARE T A BB EACAMIPE B e
and oxywgend to provide plastics - which are known for their low-cost processing, flexibility and
20 toughness - with the electronic properties needed for practical circuitry in a wide range
of electronic devices.
[004] Organic Iuminescent electronic devices (OLEDs) are one example of plastic
electronic devices which have grown to become a promising technology for flat panel
displays, relying on organic thin-films to produce light. The active layer in an OLED is a
25 fluorescent organic material that emits light when an electrical current passes through it.
The fluorescent organic material is also known as an electro-luminescent (EL) element
and is arranged between a transparent anode layer and a transparent cathode layer.
is known that the fluorescent organic material comprises organic molecules that are
reactive towards moisture and oxygen, thus causing the EL element to degrade over
30 time due to reaction with moisture and oxygen.
[005] In order to protect the organic EL element from degradation, the organic EL
element is typically enclosed within an encapsulation that seals off moisture and
oxygen. Attempts have been made to provide various types of encapsulation structures
that are resilient towards handiing and effective in providing moisture and oxygen
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WO 2009/ 126115PCT/ SG2009/ 000132 barrier. Conventional types of

encapsul ation, such as that described in European Patent Application
No. O 776 147 I nvol ve pl acing the noi sture and oxygen sensitive
conponent s é’mqﬁ%’gﬁngﬁsencl osure defined between two substTE¥L04¢132

have | ow gas éer meation properties. The two substrates are held
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oxi de i HEIGHREAN ria FoRHQIER MperRMEsaled withpuhgansearie i t y
t owar ds [gFses Cuifept \M¥BRs UR %daﬁs@%tiﬁ%%@d%bg?garjeaﬁb%bséﬁ bﬂﬁﬁﬁgﬁ%& giéé Yis

gas perneation rates were achi eved. wever, 1norganic et a

| ayers Raveealility micherhass: sulstiatalorpwbisheihei @LERats funfedc Fodeaopde, US
- \ e ) | )
abri caf P Agiioafth N PbgBBas & et Subis, MED cengfs, Bibstrates that

O)ﬁ yo@n enmplyise @ahemEyg (pﬁinmnmm rrgataallhe(icgagmop@lﬁnmmyew pizrcep e ita &sippbriing
t he enc 11.gn. Lt her nore fa oxl a r ar e rone 0 .

devel opEREPtre His metd! outds BPrannt aVersabesr Tnwad i flemenstals oy permeabilty
st r essetovar@s 9aes, efd iidn WsedPm sbltdMRatiry 14985 Hbanddmas! Rl Eé@ﬁé;rfr}ééctlion

Conpany} describes a transparent 20 pol ynmer substrate thajt Is fille
with mo %@%W@%@Pfﬂ@vecﬁ)ﬁqw Yegs nofgRnics metal oxide fayersdiawecarbiphgeet suctural

Moi St ur 8roiyRdrh 8k tRAY Sirfd@SdefebENsith Eégzrﬁfa@bé\@ﬁeg FAcksNSleRAREE iR 9he Jayer

pol ymers such as pol ycarbonate. The plastic substrate is coated W
an Hdi dudafabripaioyuriinese sufaes Apfects prgvide expashway Sowavater angh pxyaert drdry,

barrier j ; : - '

Phe basTRIRRm BTG i SHP BERRon HbodhBE bt IRANAIRIANGT M ihebore,
bar ri er metal pxide layexsf arehgronadapkavempingnfusther stelctoral edgfeats @dhenl meciiaideal
t o achi LC [fetinmes of above 30,000 hours, current efforts

in encaﬁ%ﬁf%ﬁ%ﬁ?@é&%ﬁﬁﬁ%@ are still focused on designing barrier

s ;Jbst /r 3;my]t hllas Ratentbibi 6)4655,958 wémr?malﬁamﬂc CehpEAY) dubcribées thinspBrdnt
0 A cBhree ot o bl s Bt Sl Tooa b
encaps Ubddihd Indistimé Hekee p@ﬂ@b@;m@n SLBRG ave PGS th OREMERMIRE pWihidis

can be used in conjunction with any existing encapsul ation desi Sn._
SUMVARYSUSE a3-polysarbimaienTheg)lastis sibstraigps coated witk anovadditianal inosganic film

2000/ 12T LB STNEDIF RN ne hrer tHEbertes of the substrate,

[008] Other than improvements to the base substrate, alternative approaches to

25  improving the bas barrier properties of the encapsulation are seldom explored. In order
to achieve devices lifetimes of above 30,000 hours, current efforts in encapsulation
technology are still focused on designing barrier substrates that can achieve low water
vapour permeation rates of 10°° g/fcm?/day or less.

[009] An object of the present invention is to provide a flexible multilayer barrier film

30 capable of encapsulating a moisture and oxygen sensitive electronic device which can
be used in conjunction with any existing encapsulation design.

SUMMARY OF THE INVENTION
[016] In one aspect, a flexible multilayer barrier film capable of encapsulating a
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noi sture and/ or oxygen sensitive electronic device is provided. The
mul tilayer filmconprises at |east one polyneric layer having

distribute reactive nanoparticles capable of interactin
with noist 8?’@@3&192{/28? oxygen, the polymeric |ayer being cfé:rTr'%ng"gQ}ﬁ”r

at | east one pol ynerizabl e nononmer that is polynerized through the.
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| travi | resent inaventor,s have foun

Mol o1 1 995 ablest and Phbineh2nBrEs e B4F B AiingRs EbU e apptication of
filng") annewtnedl ceded ifaetonamppaniuitiidgs filhe @IS@tédrhpws%@ af altliolet light
pol ymeri c Eﬁz?er to formonpe or nore nangstructured
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moi st ur %h@lﬁn@ﬂ%@cﬁ&ﬂé bkt 1s1BY 'eﬁ@épsuTeﬁSM f;%h?eﬁé)o%@lré’ﬁﬂfhﬁlullfré\ﬂolfat light.
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Al t hougfdtldi st Eep@éenbtnwgtmamarﬂouoﬂ etbahéime!ta!ﬁe/en hagwer filmsarefeeed to

substra Vi o e ti

Convent bgﬁezlirll %g%%&grﬁasrﬂ st ra s'Ha‘trNQB 5Féca§§9% 'ﬁa’shé)% aﬁ@:ﬂel e@?‘?]éﬁ‘rfthb\ytagsm a
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subst r ahgyve BEheX®indt B@eﬁ hRecHSR chofaﬂﬁ%'ﬁ?tf% @ronUEﬁtﬂ:lnaPBhﬁPerféub@iral%gdare

usin a nanostructured ayer cont al ni g reacti ve nanop art
i nstieadcapahle o ashigvinoriowrgasoperoveabiitnasdthtthe yseod mmabbr ma;alb@me barrier

por oncFTSf DENEIEL DG AT Srert kool B9BE oyt b Rulel BE kBB okt

appr oac usi ng ﬁanos ruc ure ayers
| ayer bdueitr cxidationatws peawmesting amoisbea @nslcrmuygmedﬂwreme (ﬂéﬁtroysng the

e’ applTesr e e Akl in SR BLode Rlof oimbblert At e

or gam Chedreatadsl toTrapscetie Mital drayieras oﬂfdesb@ﬂeﬂ@yeﬁ%&ogétﬁeh 9 iMey barrier
t|v o, ul travial et I| ht radiation, the curing process is

u
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S UbSt r aﬁaﬁ)stt‘éléﬁiﬁe@ IW&b&&ﬁé:ﬁﬁ@Sré&@&v&%ﬁHépﬁ%ckQe!né'ﬂehﬂ a’tHeP bfdsehnt %\Ien‘tlén

prevented fromreaching the device g he metal or netal oOxl
| nor garP\ereepes ée prpblens ke haeiessu ﬁé%i@ degengeating Withyuses In tt}me rggard, it

| ayers ipidd sk i@é)gyp.%éeﬁ%?eﬂhg rlfBstilditiyl Bl &k rgerngggég@h?stfoPﬂWéganac

This problemi1s overcone I nven nin
rml st urley@hUamwy@elhs&a@aemﬁ 8g fablbleenydlarfoura@emamt thecpalymerit dyieddrsfor

1 o R Bhatrios' 9 Yl lguGR B apbhcaBl o Hottig B, Shnyas
in whi ohtrawobegﬂghtcAmﬂh@br@mb M&t@ﬂ%@@éﬁ%ﬁ@@@@%%@&éﬁr@'h:ghly

oxi de | ayer.s fou convent.ignal barrier substr S are omtted.

Vo | e R Vet Caht SEL B ae CUHING Broghen s TKSI% kAemana be organic
refers glengfead.! v E6m@ntiaH&" barAeMBLStra16d) oSl § lEhPHS ?1 gseur. as the
distribute The | ayer may conprise any suitab e sort er for

hoI di ng! ﬁf%\éolﬁbﬂiabt:aﬁ @r@@me% Ifig&n rgmn&éh@ﬁeénq@obyrﬁbesmemqrmeta oxide
ot
- oflr  THEORNK 1BererRf 1EPABATICRS ok IrbRidiie 167203 8 T BOBAL M mRgjably

oxygen,exppsérto uynewaljzrauioleihlmm crathateeacﬂ' hisn p(cmlejn isyovertgraiesinothe present

oxi dati.Q hr ou al ar, physi co-chem cal _interacti

oapi 11 igprtioR! o BB She® myakuln) Bh e seavengio AP ner the
nanostructured layer(s) with the ultraviolet light shielding capability of the ultraviolet light
heutralizing layer, to provide a purely “organic” barrier film in which inorganic metal and
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25[015] It is evident for a person skilled in the art that the
reactivity of a substance may depend on the particle size of the

subst ance (see Phys. Chem Solids 66 (2005) 546- 550). For
exanpl e, Al g‘@“ﬁ%&“ﬁ%oz are reactive towards noisture i FtWEPERS?

nanoparticles but are unreactive or reactive only to a very snall
ext ent iMetehexide Wyersfaund jn eanventianal dayiar substrateg@rs oofittechgni t ude

h ¢ . 11D et
ot er I RS Eonteiect 5 Shollafort LSRN B RV EF ety B@ncialy o 2
nanonet fayertin whishenarlosbalr draticles nrevdistribsitady Tihedbysr mas eohadried anlytduitable

icl . di ngly, i Al 203 Ti O2 illustrati
exanp eSoR g5 BigagH IPrrhoging 5o hAfiodtels Pafblase sirhcre s RS, pobner
t owed ds sonhitiohs!r and Wislyeas AmPssieed Thé el krelaatias Snér\i}%“d?ticﬁés”t heress 1o
used in barrier subst;jat eﬁ)yﬁare not reactive towards

2009/ 1252M8RRHHFISRGRREPIF0 0N Yiterasting uvith Mristyis qed/or exygsnereither by way of

react i venamicl réctiok (&b. W%'Q@S@ad}%atﬁbﬁj, %?ftrggpgh ?@?ﬁg%gcgfﬁlﬁgfto—cﬂe%cal

or ZnO nanoparticles, fmay be’present In Suit
di sper sitberaction (e.ge cppidair getiare radsbratienc hiydiophiliaratiraatjorheorsgmy loéhsir smsh-

via any ' 0 rh.et d h t he nQAr e netho

7 om NGRS Bl boleRR B ter IR o R0 b 1B oot the
reatl i veemevalpafr riotdtwe &nd tdxggeanfeshrihet gas pehageating anprareapsulation, thus
consi st _of car b%_'?nﬁnoparti.cl S %ufih .as car bon nanot ubes,

nanor i bBGHEMR P'é“sfeaﬁw“a%ﬁf* GUPHF CBMPOPRBGUI ar shaped car bon
particl pBi3 t Reaaies Aahdhaiidi® shBsompie BRCEREISNENAIHRE Swhich are reactive
single-walled or multi-walled carbon nanotubes nay 10 be used. In a

study clMares Waler sgdiphexyiensdif mallinvbics, arer akeite hidiegen Hatthe deaetivity
nanot Ub%ié@ﬂ&ﬁdiﬁ@%é@fsvﬁoﬁﬁs %lﬂﬁ%‘ ﬁcwgiu%ffﬁ){)ﬁg%é&?%ow pP&erred

wetted by | ow surface tension lidquids via capi act1on,
partS culmgialy inglyds dhosesiose Graupae 4t 8bs1an1derd HotFoeexemplaHbese B@als

N ' | | i.nci.pl i I

N, O\, 99880 G P 34 8 R0 e BRHE B el B 5 69-
15 capiihbhldjﬂgs'[icih,cﬁn, Nit ands Fedggiesteadet hat wat er ol ecul es may form
el pi netthidl aoobrs AD PRl ezl NenoBr GRES ooy G gR O consist of
ol ecul esrtain [riethl oRides wisiok Reet cadte BRYNfeeadiRG! WAlE tnbidturBeand/or oxygen,

nanastruct ured_] ayer, present in _conjunction wth reactive
na par'f‘F[HHE@. TiRd: 2‘@&9 %éééi %’?b? Bl 1St fepfdrand Ma@, Verefr@p g0, and

nanoparitivphes. Wi &P diftbodifetsiCthediméthl oMdd ABY StdthSri Y Hansparent
oxygen, or which react to a small extent as conpared to reactive
nanopar@ardustive suetr! widep setectade Jrammythpegionpl gdesisting ®ft eadmium  stannate

t {ne. ' .
o st ur S e, Bl e (OO arR Rl e B Rne A8 2080k g e
i n US Padignt oxide (B3)20105685. Such nanoparticles serve to plug the
d t Sakpy t he. barr ] t hy .25 t ting.th th th h
e B e T e
cr oss- sipendral thempaticld bies of énslenbsiandectsaaal Pa?s.p@hémamuckww/(mds) 546-
wat er v ?ur or ogﬁﬁen gbffus s_F_bgrough t he defect nuch nore
tort um@fb t F@5 $XeqtH% gARDs| %’F‘Fge 105 c719e ERACHHE ttoWardse feRiature dn pher fosm of
| ayer irarRpaaRRed ban Gré henRRIVETSIOYdRav® 361 Slo_Rf QBRY fe!n?aﬁr ei&urggﬂ@lhe

O her suitable materials for inert nanoparticles may "al so I nc

unr eacFetinkeus) Bulkhiasa seyepp ardersl aftmagmitudgoakpventhesnanascalepisneh abssa
or 28! ays: bk I QN l.Li LIl oni : re

or 55, TR S e 4K BTH Nt on I RERAL I LS o
f | uor olservessl | neatreetmst séveraindsindredt ragdrasises chipdalin siskociated with

| ass, .cal ¢ium al ym nium sili.cat | ass,...cal ci ym al .um ni um
71 uor odFPHaEle; ASeordnily ind A gad Tipas Hlustative' examples, ALOs and
TiOz nanoparticles are considered to be reactive towards moisture, whereas Al,O» and
TiOg bulk layers (such as those used in barrier substrates) are not reactive towards
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zirconium carbide, zirconiumnitride, silicon carbide, or silicon
nitride, netal sulfides, and a m xture or conbination thereof.

Encapsul at i Q barrl er f| | ms which conprise nanostructured | ayers

havi ng onl yWoRM 2HRoparticles, such as nanocl ay parti chESGH0/HY82
belong to the invention. 5[019] Wthout wi shing to be bound by

t heory, "tqhﬁurawédt@*&geﬂeun@@eﬂﬁatreg@trvengw@air pi enetgt opisiet navopatticles, for

h f t I
Thus. ¢ etipleSAl®,? FOR o 20 Meltontials®, Shby, B8 aieBent T i leble;pSiuial
nanopar duspbemnsByorstthelypmgemamoabsbrmactmyr endt i@y (ﬂearsgntl'eslsetil oia ahy

differe nano rtlc it.is ble tg sel egt

conbi napé%%f’nﬂa{’f q%s’“ﬁﬁ?@@%@? qﬁ@ﬁ}' @d'f'?\tgpg f6‘3"‘1‘0'\"9""09}“"‘59
achl&veTb@iﬂdl@‘e@Cﬁmﬁranémat are stronger than that which is possi bl e
wtha@)lr#gletyeof material. For exanple, different types of
reactiv nofartNe | @abedinesh TRAAIVEN NBRRPHEEIRReIN ctheay@nostsuctared layer

conbi nagdaprigd of Eéﬁénst\/ﬁf dtlon Mahb é}?i%e%ﬁérpé@%aﬂ?éh REndto6ss r[a%%bqu

accordance wth the above, the na ostructured layer may cONpris
conbi nafi@rsHibegs caa\db@mynaemdarb@s Iaﬁduiaetmamdd/carbmerm deith nanoscale

nanopar [ o.th

i ncl um%hﬁ:’l tcﬁ&- éz?rbﬁﬁom @Bkrésan%;g{gg r@gg 0@&‘% v‘gaglgﬁ %9 Wt%es may
gel 10 a;b&: a,lsbdn lmansmgibesaméﬂwm ?bethmprmmﬁrr\mmdrsnﬁnwaﬁrfbuﬁdl @Bat"®atbon
e use t accor di ng usi ng requl ar experi nmentation

on oxerAYSR AT ot STHE a3 mePBgadr CREren naso Hac ARD R wPBibLBY low
pr eSGntsdrfacbefewgl@ﬁ Idfdd Qlaléé%ﬁﬂhry'é'@iénﬁ gﬁrﬂéﬁlﬁlk}tl) d&@m%ﬁ@@té&ﬁé(:@ftensmn
carbon nanot ubes. For oxides of, havi n ow atom ¢ wei ght

| oner rdf8soR0taceRd ahont 20 &Mmeié'ﬁﬁr@: Pqﬁiﬁtﬁoﬁa\ﬂ@béﬂ?l 20%). dmprineiples dhis
in combyBallirRSanMiidl vEAEP 6@&%@% vg.g[rw% i Iaﬁfdﬁtr%&{ Réncftaﬁ&oﬂy

nanot ubes to Ti Q2 bel ng et ween
| i % edrapii@nesection] #1ip stggestied dhait water moieﬁulemnwefnrm duesi- ome-tilmensmnal

nanost rd4clHied Liavs' o pﬁnbﬁancﬁ’uﬂv daﬁ ge;’?&db@%mtgogé] @g’?@?ﬁs ! r%d?letgl\élea smal!

barrier propérties in the encapsu
advant agbouas of oxygenl and water gholecuieent r ati on of nanopartl cles in the

ceavendt it e aet MaosRrids i PE; ReRfnd R B vEnoHeRERd (i oRrossnt in

dl spl a}Co@ILDiotlclatwmﬂﬁeacmme URipepakiclst Asougsd hefdis, ﬁlﬁ’é}@%hbﬁéﬂ‘u@fés' Yefer to
sed cal requirements of the barrier film For exanp

% OBﬁB'QIeStW'EE ﬂi& Rt infReach et all wWith, malstitse andiosoxyaey| thélwalﬂ reset to

i s known skt @henpbacgomsg@a% AdactiVe | AshdpBREREC Ys@dh ’?%HBBQ&IH&E' Say i

decrease their exposed surface through clustering so
sur f acénféwé@cgyntpst eeﬂ@mue%@d Jayerhips obgineah the, paroasitionod! oty@en and/or

13563- & I t
clusters %@ nanop art %érgﬂ?ﬁﬁ%ge{hélggé' ln%ﬂﬁct;lgg %F tdee%fn’ﬁgéq Lﬁan’ atFerNo
bar ri e5,918,685. a%mbh ﬂanhmrﬁﬂes esemmj&mpﬂ@trm defecty tethet bamelnllwaf ‘éhereby

028 S 5oL L FARARI, te PSR Sl hd Lo bl

concenﬂeﬁémemseisenﬁ@@m@rréa ahas relﬁ%ﬂmg%hhdbf@’q pathlvay8 e e diatsapour
t he anpunt of Pf?& articles added to a nonomer sol ution for form ng

the nafb<PXYEER g {uPugl the defect Hvge weredeidvous, dbgad@q@mgatao@nger
0. 0001?% @%ﬂn Qm%oﬂagfor@%wbe@ﬂé\'l t?Q‘Hre%’ ﬁ@eaﬁg t\ﬁg%ﬁ% %ﬁ&?:hg barrier

about , 40 or 50 % urre 0
rmnorrepf‘%ﬂeé'%ﬁat in the pol yrrerl c bi nder I n other enbodiments the

gt 18107 SR bleie ARERRlS fr pBR Rharits Wi aioabtiids! Supaive

40 % bwaialbmhtastdwmel gat:nmm obkl endosiwer; phaseals omclape quehyaesliliea,

bi nder n_.t h cas car ban nanot ubes e be al so used in_

ouant 1 oldstbnfe, B woRaSleRRanal SaunorehsBRy sipen ek duprogtiose
glass, fluoroborosilicate glass, aluminosilicate glass, calcium silicate glass, calcium

aluminium silicate glass, caicium aluminium fluorosilicate glass, titanium carbide,
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15 wavel ength of light emtted by the device. The characteristic

wavel ength is defined as the wavel ength at which the peak intensity

of the light spectrumoccurs. Wen the barrier filmis designed for
organi c |ighO 2 #1g di ode (OLED), transparent or gani CPqI;/%ﬁpﬁwooezsz
emtting diode (TOLED) or see-through displays, the size of the

gett er paiconigNesanise zscerim rytridessmmmmﬁrbydz, oasnbqu-r mtreieameajalmdfsjes and

than 175 gf.the oqh%roﬂﬁﬁﬁétlo% lyé%Y eﬁ%g{*%&gbv@é‘fgr Cﬁr : es 0 ﬁ?ﬁnpnse

particle sizes of | ess than nm'a

However , ndnostrottbed tayees haﬁ:ngmiymmri nasoparicigsr sy &s @aﬁsci@@ypatmcles do
desi rabl e i)fc% 3 gve a d | i berate scattering of light, for exanple in
liquid SIS oElnggp dug iyen %I arizers and filmnegatives. [23] The

nanogar tfoedes WabioleniBhingan tel toRdeby AR, M BRI billevEBHaardify Bﬁﬂer.
in 25 two or nore shapes. It may be advantageous to use nanoparticles

of diff d?f@mmgﬁﬁaasbeaﬁ@hlgv%w|Uﬁm@r@@Pmbm%legttﬁrﬁllfi@eﬂh@ppa@fm@opamcles
densi ty HusN#0 RahbstRESredNa P@Fcﬁ'ﬂl"cﬁh’!pﬂ%@ratqgé%t' G\[goﬁypee)g‘a&nfg?agﬁdﬁaﬁ%?es. By

effective 1solation of the efectronic conponen
order t ctyhing the absdrptiemredctivechetdcteristies wédiiferérd types of nanoparticles, it is

ayer . (el Al SR ARPLCL NG O% TR iR frdl other 1o
nexioi s @chi%ewlﬂ@(m‘fwtﬁmdt laed str@figetmlm thatt vhishis aissible With féﬁs:M@[bqype of
desi g

vapour an y s that t nano articles may be ed
! o have e Haly So8 prmeaRtaay Yersit PTG NUORAIIGE 2y b Wesd I the
wei ght rp@tym?end I@y@nér 8cafifationlst r@@d!ﬂ@%rnﬁl lﬁér‘?ﬁa Sides HdyAsCuddpa
to weight ratio of between about b@%dﬁ‘t@o about 60 or 100 or 200
I

n2/g. THPZ0k eéfmua(é:@édﬂnq%wﬂbeﬂw: n@@pﬁfgusiampéay@rcm@y oRrmprise a
VO 2009/, %MB?&@%QW g&%éﬁ%éjghé%%‘i aﬁ;'a?d’reﬁ. ta? é‘%afnﬁg%nig[?g. One

nore different shapes as descr above SSIb apes
nandpar exenplary embatiment isndirected dphike H@dﬂxs,lenaxﬁdmth rmmtals hzigesnanoparticles

[ 1 | . h f h d
hnonar SAgh cae PTRMRES” by el BT cBHRR° Sianglitiedc ARV 6Sblaat P stich
nm a Iaago@nmtle§%apbd%edmdmnﬁw¢! m@hglyatsir@ MQulmre&pléhm@nEatlon In

i ncl udes a

but not limte ther LH@"% ructured | a {

pol ymer P8 SKEBLY SHRRATR aaitARGMBia) Gaie neRopafElesaispetis beween
are di s600Itedoo TikeesP@ywWisithy the ﬁd@lﬁtl’tm cBR PGSk, FRMoRiSs of metals
sui t abl e pol yneri zabl e conpounds (precursor) having at |east one

pol $%rer NEYRY doy ralamic ES%QJPBJ Iowesiralips g beZdERde FOsmrample Bk tnanopartisles
this pugpeIR ErQed rl?'déijrﬁ)lﬂ h'.:tn Mt oﬂ hghfr%e% 0wztﬁ°ch¥%é ph@?ﬁo of carbon

pol yacryl am de, epoxi pary ‘oxanes, yure
and epoRieeiubes tcaﬁ 2d1€lmg bphﬂqammbouaﬂmd Oﬁawbbet (1701 buﬁtﬂ:\’tfhn‘oﬁedtthenato

nanost § (ATr o3P XBEnF AL BF Adnonarialy i7 R BRGURIRRHIHIGEER b e

bar ri er atedrdingrit theadesitest leatlenf hmmlqrrmopemes n '@e&!hcadblﬁiailm ltigahéednstically

e e R ss i SRR HoPUE el oAb e nanostucurd

du Sper sjager orRky & mda@awﬂ@p@aﬁelr ah&®r m(y@éh létéd%n?m@é&fé%ﬂy optHe b&rfier film.
g. an unsat ura%ﬁd or gani_c, conpound havin east one

pb| ymer HeWBVer, ot o ﬁ’@@éayoﬁppchﬁ@tl%@b 9Hé'PP§" iraij & padisler gagicagtration is
bi nd t

about ’“%F‘#%‘%%@E?%’E%&‘“ﬁ?%% oF 4R PRy chifty 32 Pl BEYSATIR Bhper
enbodi nimesholcheoncentrationc namanirlicly egglooraration isgndven tmtakpaﬁace:bewuse of

ot ea Prianeed; & yriieErfion 15 aPtrkasd Bl Pordnatac® Uit Qustprga oo

of usi nipathhaiusatibe: ene@yelssradactd dtees Ur 'Prh\gs.t Chem. B,a20035tVol. 107, 13563-

i nst ant s,and nangstructured | ayers o |ned thereof have

oo ohIHtl oA damar G FeiE i the faimetot o Tyos GlislSie it sroparicles which
causes light scattering through the barrier film, and is therefore undesirable. In order to
achieve a balance between moisture gettering capability and optical quality, it is
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WO 2009/ 126115PCT/ SG2009/ 000132 pol ynmers that can be cured through
exposure to light from blue superbright light emtting diodes at a
wavel ength of 400 nm and above may al so be used. [26] For UV curable

nononers, i WOWPERYDS accel erate the curing of the nanotGHRG2(PAM0132
| ayer, a photo-initiator nmay be included into the precursor mxture 5

cont ai ni pepsitie tmmﬁimtstheEmmpeetsatmh <fii nardpartidies oused tacm:mely In one
| ncl ude, o thb Rt ! thg‘aﬁﬁdn?%f 238@%88%%3 ol ﬁgﬁor"@ngr@ g uﬁgn 58 ing the

et her, benzoi n et’hy enz
al kyl benzariostrusiuesd dayereishipl trenzange oetdwub@mmmmamdasmounobe%zwbout

deri [ dj d
i mer o 1000 Ll ag0st 081 b Rt 3t abas i ofhuiay et ol 20e 30i AGer B0 % by
2- (oschl ailepbedtythe- Hyﬁvéi% thof m&%& ¥ Iﬁ‘ ﬂfg‘ﬁbﬁmﬁﬂrlﬁebmder In other

2-(o-fluor ophenyl )-4 enyl i m dazol e dimer, 2-(o-
et hoxypHiRbagiments f@@u%ﬁ@tﬂhqfrﬁaaa%m@lea iafged t@a(mon@nﬁba@ptwhinnformfsg the

di phenyl ddﬁg@ﬁéagﬁeddlb IS t a‘%o% § GrBL AR ec{%:l’% g@ f'}ﬁg%lohph@ 9z g{l Yolume

di mer, | met hoxypheny 4,5- dlpheny
on; acr itdithe wiegitiveit ihﬁeemosumerme@mmeﬁw poiyntbrmebladdr In the case of carbon

LT S R A RS B R L AT, Boue

2- cHbor @O%Ckalibut S0y albdsutoféo%tdﬂ@h:eut 50 % by weight of the monomer present In one

2, 2- dlne Iaceto enone, 2- di et hoxyacet ophenon

2- hydr O){ly.ls%aﬁg@ I&,‘-{,ﬁpkb ﬁ@q.,(]*@l%gpox&n%w@soarp a }/rhwanp ties of about 0.01% to
roxy- 2- f%bhiliﬂ%%\(olume to the welgr!;lt of the monomer present.

met hyl vi n%2l) phenyl ] pr opanone, 1 dr oxycycl ohexyl - acet ophenone, and

2-et hyl {0 In wd%cg@um@wt memﬂtteathmh thec tmultilayer fiim, the size of
2,4,6-t I
thereof rlﬁd]ﬁhgiﬂ @ eu t!ér?%%/)lmg et @%U@?wé%glnt gn@ﬁP | ZI ngﬁggygrgaéﬂa%&ensm

confibi se@velangjteot tightramiteddby ﬂ'@pd@dl@ Ofthef mharechengtl¢MaNetghgth iSuidfined as
for

) Y 8 SRR el 2 B SRR B, Bl o

;))ﬁ i d(LaN n&aaparfimds dssrga&(ﬂfmh&gam&lhghba‘nWQalotiééﬂolL&? ﬁﬁrhé{patr@t&‘bg?ﬁbhght
e r erial jnclude, but are no

i Cedening 608 QLD pheamtbiobaN dusy o, 1o gHe<PL e sEHe phics is

or bari preferdbieldss 3nan 18! AndbroBiably a8 AP /El el tRY d}@?é&éﬁdt:&%%l%th

optical films. Ti t ani um dj oxi de T|02 t ant al'um oxi de

si | 28 on¥high ersTesgPog jo pgmc@)ﬁz%pﬁl,es@ 3 B0 m anﬁtmrefﬁrablu l@f-sa %an 100 nm.
(1TO .  pRAVetER FoPSihaR tipeRdr 9. n%)gfrq‘e? ds%b(cg% ﬁfﬁgpﬁe Hf.@ﬁja & [chh{:.’ﬁfbve a

tin OX|de(ITC‘)) and Zi nc oxI eS of nateria

that pr delikrrais steatiesng aftlioht f@k ieat@mplst incliguid pl’yakal digplays, pdiarizers and film
rrentlon | oxides nmay be incorporated within the UV |ight
neutrallzgng ayer (such as an epoxy adhesive |ayer) serving to

absor b, [029]| eThe arzdopadiclesrmaybedeasentin bheualiyrmp shupa b ftand)be Bfmed in

e b bR haLS SpEpFF. LG of AN aposy 1L i PABPBRHIPis A TRse cthapes

as _rrag néﬁd $iees® o10891{cl 263tdhiRéel {rﬁ,ﬁﬁw@@@ﬂéﬁr &f HahosiRtERS 'ﬁ?lhé)i‘nultliaxser

bari um Iuorldeé E@I" | n sone odi ment s, haf ni um di oxi de (hafnia
may be PBWST Al £ ¢figedive lwlaiwrb?ﬂ theapleetranic #emrenept. diar example, in

scrat chofdeffo HERSE cfitsbrRdheE£8on &g%e k &qg'ﬁd ic es' %:ﬁbl‘ﬁeowater
possi ble to use organic materi a s suc as ca on nano u

absor bi vepausfoxygen .permeating the barrier layer, the nanoparticles may have suitable

30 shapes that would maximise the surface area that can come into contact with the water

vapour and oxygen. This means that the nanoparticles may be designed to have a large

surface area to volume ratio, or surface area to weight ratio. In one example, the

nanoparticles have a surface area to weight ratio of between about 1 m?/g to about 50

or 100 or 200 m?g. This requirement can be achieved by using nanoparticles with
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5 [028] Alternatively or in addition, chem cal coatings which absorb
incident UV and radiate it in a secondary formof energy may also be
used in place of or in conjunction wth physical coatin I n one
embodi ment , A" YMSHEut ral i zi ng | ayer conprises a | ayer%ﬁ”ﬁﬁ?“‘?%"@ﬁt—”
absorber material . Exanpl es include 4-Methyl benzylidene canphor and
benzot r idifferkpt shepEshsucke @sph B dr trivae cttfée‘rebtas!ummi ass dés@ided htsoud. Possible

ot SHRBRETIRE and S BhE ki i) el sPEsE st 3 45080,
enbodi rr@mpucama{p\ésrmtarryarreﬁwag shaysy, |1 GV EASLEf mpg{aﬁwmawyaﬁ;cles, they
benzotri azo ounds such as those disclosed in US Patent

4, 260, 7683y igrpgtes @k peaen apusfl 041 o $8tnim..a dangdivoahhe t@éﬂa rnp and
SUChSCOfﬂﬁ%ﬁb@%t g@l@’&fhﬁ&?@‘tﬁ% Q}’blf‘t'lﬂ?lnﬁﬂéd ﬂﬁergfanprl si ng acryl oyl and

met hacryl oyl for exanple such” conpounds can be
advant aiszl yi heopanggiriciused lavarhnclhéeal@opelymncutmmm inowbichrsoishae and

ddi
S o oxhber] PEdRel Bl Rt o B BN Thel ASLRRYE TS be ohtained
Ll et qopriboapy osukeule | polvmeriaspie! hmt”hme husy (Beclison: Memirg §?§" Tadihone
ec
50 comBrbme SRR A Blue ExbRrle o oy e el scompoinds sLiteblg 6 Hiin Birpse
196, pRARR, cmté@sho{ 'llhﬂéd t@ntwya%w;ﬁ@t wgafcwwnude qimyép%&la%ctda%ene

film etc. For exanp )E.) yVi ny al cohol "(PVOT1
i ncl ude&%{ﬂ%ﬁ\@@ﬁappfwrﬁj ang apd epexies, @6r&ﬂya%ﬁ19f pptymafaandenamel;@wed

L0 COMPABARIeIE 18)18BERIAY [hERGREE copRBhaS! FeAuU HRRPELTLE dubbbssive

t he I|qU| crysta rovidin ase con
pol ari zeanWrudtweﬂdBuenszsr@eqmdt er sblttlhaiesaeddoeacﬂ@relltbe|bart|elcﬁ[m pagt a

mono- ax s PaRmsls Buffy 85 GRbE0 i RS o Bt 68 e uchypea
sons i | layet nedy be fen‘aeﬁhbwcﬂ:went[ommq:»dimer evatingd t&cﬁhamresbﬂcb berr@rmﬂth a
t he nangstructred | ayer i ncl ﬁa:qqt[n L}j{#um oxi de, titanium oxide or

m xt ur eSEPEEHULPMEIGAYOPS TR iMRNCIEn SO BIORy itk PEciNggfsated

to int espinid &s¥EhoWd RaviBy 8t Ieast 8RE HBIyMERisBXEARBup. |'I11|§!Qfé%sclif"!ﬁé polymeric
illustrative enbodi nents, the nanoparticul ate materi al

nanost r RYBUCemPriggr binder W&Bsd'ﬁ"é'pt' r NAQpArtides Wﬁrﬁmaﬁnnbﬁl 'ﬂrﬁhéxraﬂée of
and/ or 55&@@Wte>§b@aiséuewrﬁ.bquet€%0 MyO or other suitable
b

nanoparticles. It is also poss e to include (alone or in adm xture
wi t49 t hD28bov i rane | eesblant embodiment niheoxiadestiuntaredhdayer containing the

of e T IHAFSRIES G S T of Bhleitell ol ontite I ok rib Hiteo

(lstar atren wﬂ'alr-r\gglgt (b¥tlight iceiatde ljragrmmelmy Thia(r:]kad?m'lltagle alfl usikgrede curable
illustrative enbo nts. zipc oxi a t filt mat er i
The 21 nRoBuTeE dhaE Bedcfife’s SipoR, Retasiditauis, nof iy e tisd avess

as nanwlﬁtbmedrthmaétﬁfrm exeslichx afehBal - rebidtate. IExXanalieaiorvey Lﬁ‘able
(se al so the | e Secti onl)I t he nanostructured filmincludes
ni 'HHFB'%'PB%' RPYTUNCHENAl PPBOMERS SXCAEsHdnepdFt fmcélgn@irmanomers-

m xt ur eSlEufH?ﬂ@OéxaﬂﬂHIe%h%f lJ%dh‘ %Hlyfﬂﬁ n%| | FbREIMERY %clhpél Yggout! § mitatr']on

oxi de nanopartlcu ate materi al For certaln a I cat1 ons
requi r ealkylenediehgiémettaeniates sueh as| fhexsanediel g@owlamMne@mentyt glycol

o r 1 orciperfiaslchieRa BBy B, PoliiORire 406 MiposhBtlates such
ri gi d. %drtemywneatg@'cnhwmlpte s ethE® amypdifigidt a:’tdrmnvam eligh ads bpHdt&d

o) 1-ndtmatiy| € "Rl Aha, RObE: hyiiiiionsfy. pRgRoRisrenuch  as

di car bQNwe@ﬁﬁd!p(dfﬁNb mabwméhyhmﬂ&wmaﬁaﬁ@altﬁéaﬁna(&ETénd pentaerythritol
pol y(4- net hyI - pentyne), yi m de, pol ycarbonate (PC

pol yet Hpiraeyl at?)(ﬂ%%%@? <A wgﬂh as C@ﬁt’matlpag pﬁgucfpaqﬂy@mﬁwa;ai gnonomers, Apart
from UV-curable monomers, other types of monomers that can be polymerised through

exposure to standard halogen light curing units may be used as well. For example,
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15 pol ydi net hyl phenyl ene oxi de, styrene-divinyl benzene copol yners,
pol yvi nyl i dene fluoride (PVDF), nylon, nitrocellul ose, cellulose,
glass, indiumtin oxide, nano-clays, silicones,

pol ydi net hyW9108%Efds  bi scycl opent adi enyl iron, or pol YSHEGHIARAINES

to name sone illustrative exanples. The base substrate may be
ar r angegoiynéradieattdan lextwreddhroeghiexposrato dgit fram bluensperiatght figkt emitting

encapsul gt ed environnent. .I.n.food ackagqi t he substrate may

face t hé’a Q‘fﬁseeﬁﬁa‘f’a‘é%?'t‘gb@f#ﬂgpn? En(?ﬁbg gta?sga lP?t”F%%d while the
encapsulfaggjon Haar Uvercu‘rab@ frﬁérﬁfﬁnél’@e X iopddialto S HEESIERite NHEOTHLRRG Wt the
at rmspherl c conditions. [3 In order to protect the nmultilayer

barrier r\ﬁﬁﬁﬁtm%rﬁﬂnt@dﬁanﬁcahoteawag@r AR hwtqlm%gﬂbrmt@atha BFEGU$ah Fixfure
be CQpp%QPf?:ﬁmH@{ fheirfoAtirh&rsd E% gal opr {861k éa%ggcggm or:gh‘?n%tgﬁle without

termnal |ayer” may conprise any ter| al aV| n chan
st r engt limaatlon,sbeyzoin ethare siuch ast benzoiro metkytisdicknienzoinhethylesthien dienzoin

Vor2 paPlEnyieder Aadsbier Boseledt sth 8h Hhéthbe it Fafibpnisip, 1 edon
I |h Lma(r:rftljo\e/ehzyl Iowmfamt@dnomemgahméé)zywémethgg@tﬁlﬁmgﬁﬂ;ﬁ’?gﬁiémr:gachlﬁgjrlmafd iatiuding
encapsulza(fe’|‘Ecgﬁc’n']éag| @gﬁléﬂﬁ?& % for iMehase iB: OJPBh?’B/rI)4gd'(m"
suppert h@hé)ﬂﬁbhé ?Hid&d@%ﬁﬁ‘@r ofp. (bhmo@da;ﬂ-fénwlmsapheﬁﬂﬁﬁlﬂaﬁﬁapeﬁﬁéﬁ 2-(o-
In a rimsealing ructure, t eencapsulatlon barri er

used to “?QSF%Y@"’PF!}? ¢ cdipbenylimifazale ar r angdthver t hezﬂééﬁ@fht?é}ym‘@}ﬂeﬁ*ﬁ,
f th
of the ag&hgm@ua&&es br, C20RA] %eth&gﬁ)héhgggla egtm[%ot%e dinBC G ¢-

tothe b st rate rreahs an a adhesi Ve
20091126m@h@t&/mw@/@ﬂ@t@ﬁyﬁmyﬂezolbeﬂmgr aandamged atridimaderivatives such as

cnol oou S RHERH ARE 17 PSP L ArDBIrEREHteRe RAR Sighfing- e Kbtopes
di f151si enctoés mmqawfoenmmhﬂrmmnBOptdwltlaozérﬁBma bmuzbﬁlnenmge Phehloro and 2-
Syer VSRR of b b PRt kb SridoRee s one,
bar 1 er 2yl Bflethyl- 0By HRofsohBer edce at@ @eﬁmaw.gnn@w 141

noi st ure and/.or_oxygen through the encapsulatlon and to provide

addi t i ofgth yt\@ewmeeaﬂprepaﬂem. ord -Rysiroxysyclehexpaseianbignenect raseg ¢ 2-ethyl-
devi ce, ?&bhbﬁbnéngy%%gﬁuﬁé' BRideL! YobNT 85 IBY- meghﬂséﬁizogfvcﬁ@téﬁﬁphosmne

barrier Tilm . cover substrates € arrange tot
bar2Q er oXife pandreambipatiensi theseddst r at e nay al so be sel ected from eit her

a hard l e I c C e t

m nor ifg;)zgit ?é?c@tsrggihf? {1@\@ h?@v@% L%Er% 3}aetqys céﬁﬁc?a é)’&[r nghgdtgna;

bﬁr ri ercépdbie ahgltemng hB/ bgietcﬁmcﬂlmateaaﬁsanaythnci:ﬁianrpjrganlofasmeklatsadrganlc

t hat . t PR) ,, .

oo el LRa SRR G e PO ARAREN, ST ShPLne e

cover nRyndparidiés erathemicaltodenphuindsthdtidrédble tbhibdofl 1H® 8VeaRs Er@hiphly
of adhesjve, thereby sandw ching the el ectroni c conponent

via ala

ag2hst OVHUtesmatenal inclidss Uk e Mok Hetied iBoBXHERSUCh B HEXITS (HIO2)

| s usedmbanbQum Gidéd Wb@)%r%ﬁﬁﬁb&@é'{ﬂlo AN m@m eaﬁgj%\ﬁdé 'ﬂ:ﬁiv refractive

el ect rol um nescent congonent agal nst _the base substrat

case, sex#e optieac Al Aitamiym dgié(tderrﬂtcml a@ﬂ@mnﬂxﬂﬁeﬁaﬂﬂﬁh(ﬁthaﬁnet hgde

20 el ec t t X a

The  shasiOth ERETRIE, oSRRERZRE, db e ol 0 TID). SR 2, il zno)

t he reamanoparmn!emamna!sol bawvugegl. rmdigaptrbetxmml'mt)e avdezing obxide (EROPrHre

co onent tq be _enc ted and t encapsul ating | ayer one

TR QT RATES Aiinprauiie: Mg BEEHN IR oPHESIntIss Al fnage

mentioned metal oxides may be lncorporated within the UV light neutralizing layer (such
as an epoxy adhesive layer) serving to absorb, reflect and scatter incident UV thereby
preventing the UV from reaching the electronic component. Further suitable materials
that be used as UV filtering material include inorganic halides such as magnesium
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25 layer fornms the innernost |ayer and is arranged adjacent to the
el ectroni c conponent and/or the sensor w thout having direct contact
to the electronic corrponent and/or the sensor, while a barrier
substrate hYAAY A28 noi sture and/ or oxygen permeabi | i t YPETHIGHR0A% 32
outernost |ayer, and the material capable of filtering ultra-violet .
i ght f8retide KMgFa) e nisatium diucaider (Bafzhnige dotet wedbodimentsahafndum dioxide

bst 0 h
suppor ¢ { T Ehgid ERBREHT s Bflevd St inohatBrud iF oBBRE paME Shef s
corrplrl sdensy ﬁfldraxbie?ematrmtmgb lmhfmfrbranegoai}aoqawsitye waiseobrgarg;b materials
single or nmulti ra al. . oxi ers serving as barrier
subgt r afSHEN a5 AR |r}qn0Pli{))i‘éraSgQ}/§SPmiqgsmﬁ W@YI y consi st gof mul tiple
layess pfag)r gmemaaloéigl d‘romgé‘cﬂﬂlﬁoﬁ héHerhedir daatings |ifich Q3B fhcfddt I Bind
such as acrylics may Dbe used as a sandw ch | ayers WO

2009/ 12digpdrinstseoonduy fam ptenrier maealsaderused by plage @é or in conjunction
subst rafag. h}%@ﬁm&#ﬁg@r fnb&‘tie SHRBLIERSthealV by @Lﬂﬁ%ﬁ’%ep%ﬁf'pﬁ@éé &Mlayer

as barrier s rates can be nade 0
t r anspantrhiV mightbbsxibée noatariad fpamples ifdlilides 4—Metlndmmyhddaneg kamphor and

emttin e/ OLED [ a

S Ubst r aPelAthdRS Afner ko ARPie Bhd B sEls PUbexd REtguy cippamate,
i Int 10 anwhphealsest rmﬂddntrwgso brisg abb@s-fFaes ﬁhtttetm@hlen@atmﬂth@lombléund

el ectronlic.co onent an ensor conpr, se PO rrc materi a

i ncl udi HE%r gdhi ENPoBYRBP %u@ﬁ‘t%f’é‘yfﬁ%“ cHPeooHit ‘{Vim?V@Qh B¥&e, COMprises
pol yt he&ééﬁlﬁrﬁéﬁsatﬂ@@éﬁzét?ék&é ccﬁﬁﬂ)éﬁﬁfd%)’sl&ﬂeaé ﬁ{c%éhéllgélb%@ in US Patent No.
pol ystyrenes, polyurethanes and pol yacryl ates. may al so conprise

i nor ganﬂéﬁﬁtﬂﬁiﬁr@@ touhe awilabilifycehe’ unwumfes}csiqw{ehpoad lith guefe sompounds,
?Ihz ?gg:c 8&%{'@1!8[?8 ?ﬁz |gb rc?'{%\msp?&?‘lﬁ!’l%ﬂé %g:ﬂgé}ﬁ %Zﬂ?@%ﬂ'ﬁac%gyidr%ﬁic\éﬁt fof €xample,
SXI ’lﬁk I ngudhacompousdstanabe, a@vmﬂawupuckamlmenafdanmm ghé mbo&remniemtmhed
X A rri roperti al I | .
aubst r aPEROURRE 4R AL Bt A8 WP el iR B ooty sitfing B} Stidfonal

or gani clayér ofelll¢pratestiod.nor ganic materials that are particul arl y

i tabl i | ud t al met al
Lo L2300 e amsodiiafiis pettak s mavl S bryided i ThaiouS the aalty of
pol ymer g éhiftbek bythe ehdtirontdTibmpbhértsort facifibve ﬁi‘éﬂ‘ﬂ’ﬁé@ﬁoﬁfof the electromc

respective |norgBh|c polyners I ncl ude organi Cc-1 norgani c poly
met<fl  cormBRrertobhescicluse RriaNzies Simsnipued figidepmanding ﬂ'ﬁ&e@hﬁ% gantrast

| nor gang tﬁ'ﬁ?? tto§ 'idrﬁ &6ﬁfr§h Stc AF St &kaﬁﬁﬁre BbAAR9NASohol (PVOH)

pol ydi e oxanes, | scycl opent a }%/
pol ydi cﬂﬂnomrmmum aaral patarizingt layes h@eemntra%rﬁlmgan@y de included to

i {abl : .
o1 20 6 SRR WIRUGAL e SRR R BRYERS) BB i vt tavr
deri Vﬁt Iﬁlwlpmvmwlp?ase: costsast ntehl? hohtyetidnidedrtsy, theqi)qianimg @iete so that a more
t t , t . t

ol 5k ar et confasn Cathe BERRERd ineonlise soufit Afingy 68 inrosod using a

or gani ompAc-¥ARIIY ofigMicholydabdidte ¢PCRNIR], 16 exanpeabi | i ty and
stabili tg | ncl ugle PET, qz?{ car bongﬁe?glnd pol yetrﬂgrsul fone. 42]

pr ef er ri931Lnadsamet illus @tiwmmb@yeentsa@fr the "barien fitn ydessribe heremn the
encapstﬁébggﬁéﬁé&r PIAMRRECALNRNGR G0, Git Umocssﬁé'é%r%%ia&urﬁld?%uummmm

nol sture and/ or ox gen sensitive reac V ayers, wherein
eI ect r odxie asd déamrutmnpudaeaﬁ nagopartiolps uabde dol ameramthreatrtew@u) moisture and/or

ot r ibenin FRARH BIER st ARRObEr i e ot RN A dp dhe

any ar tnaziee’gudstzltedhrmyd@and?dage(éutﬁerommms\giﬂe dlomirmumt umdeaalndﬂmr titanium
OoX en. . _L ou e nce etot S ation
O R i AR GO oM g o slabls Fanchrrbsieolas: Hap REBIE to

include (alone or In admixture with the above-mentioned materials) zinc oxide into the

nanostructured layer for maximization of the UV filtering efficiency of the multitayer
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WO 2009/ 126115PCT/ SG20091000132 encapsul at ed obj ect or devi ce,
including el ectronic conponents. Sone exanples of electronic
conponents include passive and active Organic Light Emtting Devices

( OLEDs), ch‘ﬁpé@ﬁ”&@%ﬂ ed devi ces (CCDs), nicro-el ectro- RETRERPPAP0132
sensors (MEMS), thinfilmtransistors (TFT), and organic or .inorganic
phot ovobaeiet fireyThetsepaeate) UM light neutrajizing Iamrs'namnohsia inialdhesk Mgstraiive

(Dsso | oiglitefis 2t P98 28y S o @ LR hEBE 530 A afieht n

(C1'S) aady :su:tatpjpemorphdlngw fgabkammmh$ﬂérwdcdls ok nhaorodel{$ed Ek&iples). [iAlbhe

I t hot | t h I

ol ude T8N eRatmpBr3se ihe 1% FeariRG SaetPa) 16e tprorctuieel b Miiudes
mar ket bRinfiRiuRDoddé YaRobatttles, tithsunh@r@@ha @128 08 aGhixillié thdrebfnd the
Phot ovol tai cs (TFPV i ncludes G GS, CdTe SSC t echnol ogi es) i ncl uding

Tow cosUVlighinairalieing lael DRdas PInciaXdaaRRRr G IATE anataEah on {1 exi bl o
bst t
subs raL(?ZJS”#oP@QEQmS%@fcaﬁ% Wfﬁ(ﬂpgl%dgeot[ﬁ%ﬁﬂﬁggﬁ%b%arﬁﬁphﬁn 38%have

even w Unl'i ke nor'e convention uses
crystal QO@@ nichagical stierF@th, s subsiiate tay ebipiovidedtto Suppolatﬂm omutdaydrdarrier

i ol o B Bl a5y 20 SBteatb el B8 1Dl bR o b Pisliborprse

bar*(rjo er asyuba{ntra&teesxaaety fof emdtér%lserm&ns aﬁapn@??@até)welypfﬂwlm r gdlyitnide,
used enc ati on net oviae surricle

propert Fé% gﬁﬂe’t her eﬁ’&?ygﬁ'ﬂ fhyﬁr’@g 'PfPéWBF’ff | exi BP %%epg ~%e&PRaihalgne
only 2 a;@aamy@@t@ tF’Elﬁ)tbﬂl?(etﬁsﬂénﬁxt@%ﬁ%alﬁié')rﬁ’m') %%%](al‘rﬁéwptlp@h@ne)

devi ces are hi sensitive noi St diumti
oxi de, BPl¥ETide) yp@ly%“banates eﬂ%(P)( i znq?agetwgn%f P@J@e@@(ﬁ‘-&féﬁear gpoxy resins,

sensi t ct
proplarw@gé\evxg{égﬁ/aﬁ% ﬁQl%e B&X%Wb@é@ﬁg{gﬁﬁ&rﬁwﬁlé{nd polyacrylamide,
encHps updwlmeﬂmdnlmwef opxzsac hstyeaneedivinglbenzend g/copblymersit  polpvieylidene
condi ti cel ed on. t,he

mechani Q@Idfe gi regg;@h'? 'ﬁ)ﬁ%ﬂbﬁ elceey[’llp%%h%!ﬁsgaﬁ)éﬁ%c@ A 'f’%s
ljayer dcslr:mrﬁ%_sonéﬂ;ycmnbtrgﬂﬂ;!péﬂﬁes pimsqzdnpmtaﬁlemwlslrcalul bnq:;cflyrimpgazenes, to

i oxi de (nc-Ti sited on atra are el ectrica uc
et 1 chAmS i I SFBRVR st 111 BR8E EBbrSton i, &S i araed oviass dhe
sur f acegabgril kshvirbBmieRe amid @r! it alby fHae ﬂ@vw@apwiﬁeﬂpémﬁﬁmmhta In food
count er-el ectrode corrprl sing a thin platinumcatalyst.

el &8 r RREKAgING, NePRPtiRde BiRYRee duminteraabeHITase tbﬁ'éiséri@@ﬂ?&ﬂf Wt@ food while
cont al nyB0aH sh@ﬁbﬁ‘i‘:{atrﬁérj ek ?@mfseﬁ'féxeft@l'mjl &urfdle -in [QAElT hfith atmosphfenc

breakt hrough Tor a sol.ar-to-electric energy conversion efficiency o
10 % ieondiiongi ghl y porous Ti Q2 | ayer consisting of a network of

t
bot veort0oa et GRR08boléck e MORIER RS Al W el darfiid, She
to a flmultitayef :bae';ertfﬂm ey dle eapred sr ovenaid hdth a tdidGital pm&s:tlbegw The
v0ooop B inr BedGosnaien a8 ftnet baving Pend: MerhaRich sliebit, 264 s
l'i ght igtkgtcR| Reistdrii 1y oMel bnﬂno@#ﬁ@ﬁturfhé”téhﬂmél Bfert ébrﬁ;!iwééé aMescrdlic film
w de :nj-'a&e of the visible ectrum Charge separation occurs on an

extre "T%@'ﬁtr{bwﬁ%@ﬁﬁé" ﬁnq/ﬁéw@k’epﬁé@%ﬂ ectron of the dye gets
i nj ect t Quit t
| N ect q@ant nlOIED b RGNS n@%ﬂmﬂ]ﬂ%y@fﬁé@i@?ﬂm YR St BVBF AR PP

of an encapsulatton for isolating the actwe component of the OLED device. In one
30, embodiment, the encapsulation barrier film is used to form a base substrate for
supporting the reactive layers of the electroluminescent component. In a rim-sealing
structure, the encapsulation barrier film may be used to form a rigid cover that is
arranged over the reactive layers of the electroluminescent component. The rigid cover
may be attached to the base substrate by means of an adhesive layer, the adhesive
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5catalyst in order to reduce the overvoltage for the tri-iodide
reduction. [47] Thus, in another aspect the present invention is
directed to an enca suI at ed photovoltaic device which is sandw ched

bet ween thM,ﬂﬁ?S\’lzé{))ér barrier filnms according to the priddE2009/000132

i nvention for protecting the photovoltaic device from noi sture and/or
oxygen. layer h@iagia'fgangfedt ateletet subsantialy ched)' teaedge ce‘xthleaimred substrate for

the. pr odgRP e oE AT UR ACH 78 JSAeEnCroaca: B, by dBCpimist! iatera

opt oel ediiffsidre oflexygen/indisturghibioythenaridstite BehtaRmimg tve redios Icﬁmponent, the
ereneto FIG 14 the phot gvol tai c

mul til ayer . b ler fil Wth re t
devi ce Mgty of the Sovernd ?O\B%Wetﬁfh"eﬁ%(? AuerI0RY be (padq largrr th@ﬁ) ickR@ss

bot t gm Qff tisdbAcAB RNAAIA! Haisr i, devi ce 221. In one aspect of the
present invention it also means that a sandw ched device | eaves the

| at eral [988ks Ipordgitodudhergpdues the paymeation of mwisiuierard/a; oxygen dirougle the

device ypeg &lﬁﬁor’/@nﬁetotlzp@\}lcﬁeo a@PgIBFQLI_h% ']I"?fgll gf&eaﬁfﬁdmrcﬂﬂgdelp&?éﬁﬁ{bd

two | ayers yer
encaps uled¢aibnihdevdos)| fuather desapselatiomutivskires Ataynbe pddcedcdver dioe bayrizr film.

which is atfa dtot ot.ovol tai c device.on .on

't s avi Gt SRR, (cBuet SHBSFREY bl e ARS8 JaeB S baE S s ani, pover
al segbe suefswateeﬂhawatea ms) BeRitted fohd &ithéda) haraher Flakieled bub isdRgctP fedidtant
phot ovol tai ¢ deV| ce k‘{'ﬁh are not attached to the nmultilayer filns

are att deqedak & §tagd, (nQlr Bparh1QrcBE cRiIth §hys rRI@YQﬂ*e"eééﬁ% rnhyegai
or ConS'd%h%deftoatha%WéJﬁ!ﬁ]téﬂcﬁQr {I%Vééctﬂfm@ﬁmg Jﬁtue&a ﬂas' SiRAteRAN that

an 25 adhesi've layer. In one enbo uc ure

conpr i s€8NabeaIsedt ingdarralyethylene stk oplvarapyianse (PPhopciviskonate, glass,
| ayers. nﬁ!&mb ffkoag StahHCfrgﬁgpafi’-% Pfa%ﬂ&‘?cﬁ'ﬁe g&%& Bé ét?éé%dfénjﬁg‘sthe

bet ween I'ch he phot'ovol tal'c device i's san n one ‘exanpl e
mul 19 pI mqltﬂeyew&m-éﬂm elmzpsekstian evia antiayes dofi adiaeeWmt theoéthvaisandwiching the

panel hot voI.ta ices in the panel are separated
from ea C’Pﬁ@r 059&3']%‘ §%’58{<1i%ﬁ Lé?ﬁﬁ%ture (see e.g. FIG 14). [50]
]IcnbaCCO[@tﬁﬁlceIN\fahbtr@h@fﬂt@dirﬁﬁmeme Dém'eﬂﬁlm RV t@(rjforrﬂ eﬁﬂ@ﬁtﬁ@eﬁ@épsulaﬂng
abricatin en ul a evice with integrated gas perneation
sensor ’ g&@bﬁ"ﬁ%?@ﬁ% Fk“ﬂﬁ%"ﬁ'!’%‘{e*"éﬁ%BPﬂ%ﬂtaQﬂnﬁfﬁﬁe iPASE StPeifatein this
provi dedasdhesifhst & eABRSdLSRM M%NU;%ghmer,arauH@I dhé9siiffce of the
arranged w thin the vacuum chanbe The vacuum environnment is used to

WO 2909 £lEst elLprinss st cyomrens fo f@vém &y ‘Pseimeh encapsilatien’ odhefshepe ¢fahe
per meat LR, S&ISH, IE?EIf LS teofirRld & thﬁ%aﬁ@ dFide l?@a&fv@écﬂﬁﬂor‘/%néh%%gé&%o

vacuum environmen orma gas perneation sensor on a
subst r agap @letlfv@eme’dﬁ@nceienitoémmmssaur compayeht kiowi lse bchpxmlaleﬂedand the

Wi t hin %Hgafﬁ'ié*w é/rj ronment to form an encapsul ation over the

sensor rbnl c 5 conponent. Alternatively, the fabrication
of the FO3Rt r dmooecanpadisent, thetrientiapisudrmdnged pocie et th@nahestructured

car ed, out .at separate stages oufside of the vacuum ch nber 1

o IEVBb ERTS TS PRETSR! AN A e Tetbeg) Faatod O Lechipeliprsg compbnent
ser ' aI ! Mn@)@ﬁﬂ?&b@@b&%t@u@'ﬁﬁ@h@ anJct eahithi ﬂ&&h@%leﬁ?oﬁné‘tbh‘x‘b@nent and/or the
fabrication process. Due to space constraints inposed t he

by

di  f er eBeNEHUWVBIR AtbaTekRuPstgie Bavmg vy Msisiuesaand/or ayossT pémeability forms
fabri Caméﬁuegmsee%#geaﬁa ahe muRia[ RaDAIS P MePRaPLBLASE: G forms the

exanpl e rst t'erial source an e second materi al source may
be eachintermestatedayendirvnged besumes e thertagrer, substrate and the nanostructured layer.
30 [038] The base substrate supporting the electronic component and the gas
permeation sensor can comprise any durable material, which are optionally coated with
single or multiple fransparent metal oxide layers serving as barrier substrates. The
multi-layer oxide films normally consist of multiple layers of organic and inorganic thin

barrier films. Organic coatings, such as acrylics may be used as a sandwich layers
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[52] To facilitate transfers of a base substrate under vacuum or

I nert atnosphere 15 from one chanber to another, a |load | ock system
may be used. A conventional |oadl ock may be m)unt ed to a gate val ve
attached t o™® M&¥H¥3cuum chanber. A substrate can then PG%’%EQWWOBZ
noved into position through the Iarge entry door onto the transfer

st age i hetwrer thedtvwe baulesexiste sulfstrates: del bigh|batier subsiratasacan be gefered

deS|red I e

tr ant e it Ramsf Hackd THE B K8, RRCRS thade & UR it Piysparent
?I ogg theetalabmldaha:batemff pbl)méroﬁldisocfnkr ofgnmcalighovemtm‘rgeh ateatteﬁd)bn?;é r(ﬁli.ED)
oadi ng_and unl o Wi t vacumlntemalnca

vacuun GRBIEEPN SipBREtEr ik Pty an (ol PaRAe G (e g sparent and can
sub- shapBeLsintd agylp@a@}rggl@mimrl se an ext endabl e shaft novabl e

t hr ough each individual sub-chanber. [53] H gh vacuum punpi ng

out fitsIORB] bdhedmhsiatecsunporting the elratronisarrseponest anﬁ@puamrrfgay comprise a
mechani Eg‘ypﬁg‘f&ﬁ ferid] Ofridfutiin OqﬁHF Ric oY R B Hgassga%q:I o }A{(yhg%tfé%ﬁyiene

del i ver vacuum um seal | ng
Addi ti onalytr;erswfce'@s mpexgaesgwes po@mhyiemm@rephé@laﬁe,epaEysiw%as,epslya;@anes

chanper ha Baly SRR T i) 1 comtRl PGgb e FREHIAR oSy e iR,
t abi@ opowﬁimﬁthyleuldmn@st h&nﬁ@clo@én@ﬂmlyat debrevpeslgdichlofaptosghazene  and

provi deg Asubg*t,rat hol ding table (platforn) may be attached to the
hol di ng9PMRUIVERLNSFEDT pref erabl y incl udes a heating unit to provide

heat of jg4]t oThEMarfér AR Ray 8RE R Ibﬁimééto‘&éﬁarﬁpgilétﬂ{d BarribPEubstrate, such
mai nt ai ni ng the required terrperature heati'ng process may be used

t o nel t 3% Rackagieg madefigs fax fmﬁwmmgﬂpn@&e dhnteexigtingshardeepranartiese
devi ce- joaP 2803 AABRCTLARIPAY QRNAR bR ooh ddfiSle MBIJEAR: 8 drtEc

is used'to a nornmal force onto a sanple on t
mayldbe msiwlais; ¢rampa5$s nzateialer thatbater paeticuanly avitablee snchede Thetals (e.g.

ext o narEeDp ot 1 s PR B Aee TGS 05, Shiaf G s, MdyBanic
provi depelymees sorgani@ngtyndrs4nd anfipss 4t donestions| therauf. Exahblled of

[ moar ROPPERYe ORI TS e THESRETRABaNB: PONTIRSdneidl chelats

hol di ngeddrdinatibl rmyﬁwermyarhﬁ cddnb%fél?chlﬁfbgéﬂ taas%u PRBfddnitd pbiy@ﬁ@saa%eclf.c
|l i near ball guide The supporting % desi gned such that

adhdsi vexampiepe qr@acﬁ%ﬁ%nﬁtﬁic@mﬁﬁ 'j iP§ y@ﬁ’f‘@b"@ﬂ?"%ﬁtﬁsl obi@cb‘floi’%av@aﬂu nffon,
10 ch
thecsﬁﬂé"?‘?;ﬁbﬁ%ﬂﬁ“a e IR | Bl R IRBFRE 2 Tor Bhalpio FRaBlY, Wighlc
pr ocessmategrgiy insyde: orgagin polyaiersREU§h asr@cmlicebaﬁadgp@wem prdyimide, epoxy
de |
ot v el FALAKY RS ChoAtle SRl dd b Uake BEVERIIEE Aydififigoe
t he oxywgesphiisalatse. Jddigstireaes,r optﬂm)reﬁamsal mlyacw!aiea?up@ycélﬁonmlﬁgenand
S Oon . an rr.ace S
Codte mlyFBEraRreaPaBiou b s R oo r P isc hovRg o SEhBL R of
[ 58] O pmdaeaityaRg svetunmmwdnﬂ e aRe MR ahdponleltersyitdnem i ncl ude

a substrate holding_ table with & z axis controller for

posi L1 dARRE (ReatsEtaneg embpament, e mulilaver bagies fifcisuesrd tosugapsulate
cont r ol diggtrdi@nire¥abhPblebfdhit B8mBEnBRLon Brisite mBlAHEBarIM G§geft sensitive

reactive layers, wherein the electroluminescent component is encapsulated within the
30. encapsulation. Accordingly, the present invention is applicable to both rigid and flexible

encapsulation structures used to encapsulate any article that may be damaged from

exposure to moisture and/or oxygen.

[043] Although reference may be made to the encapsulation of OLEDs throughout

the description, it is to be understood that the present invention is applicable for any
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20 WV source may be included in the systemto cure any UV-curable
adhesive that is used in the encapsul ati on. Wavel engt hs of about

365nm and about 300nmwi th the respective intensities of about 85
mWcnR2 and HOAIBOIMN cn2 may be used to cure the adhediGI&SG2009/000132

[ 59] These aspects of the invention will be nore fully understood in_
vi ew of enbapskatéd|dbjsdt my dedes,iiptiuding eleciwhdmigsccanpbnents.| Somei exgamples of

I . PTI, THE. DRAW N 60] .11}, t.1.) \
erbodi nelse TP FOTBRIEE JERIPLRAPHE RHD BEvRol PeniF: HEGE EREe Deovices
o) MOREDS, v capiammniiy s stpen mnlogeadt ),

. I S capsul at e ¢ CCQr di 1 ! .
E)f t]he Mﬁ%ﬁ?stf?réggfﬁ@ dzsargaeﬁsi%ﬂ%orawgc@ﬁﬁga{q%ﬁmwcqsﬁ@ﬁmathm
St uet Ufikn 8blaf 81 iIRBILHINGINR hoP it &t 4 Uu(lhde:a:)ge% “Pa G ﬁt@eaébﬁs[irﬁnée\‘s?ﬁr

embodi ment of the |ayer structure of the nultiTayer arrier
adhesi veell ByePChrai cdTe splaralli adeamperdndidm S@enide solar cell (CIS) and a

2009/ 1263 SRCTHSERANEPARLER 0 ke B Gidsflepi cts an OLED

encapsu a rimsea panel®, erneath a nmultilayer
bar ri er {04} m b cortdkingith oplwievatizio deviesd, eifcht be sSalareotllsothat dabdinckdé. a

34, 990! Bk ok S B G RRTRS et S AR BB Agumn by e
5 [1@65] lhéerent sdiophiaiyes af THIETFiRN RHatloitbied (WFPV Tholudysogigs] bvTeedsst
panel, ttegﬁno!ogies) including low cost, low weight, and the ability to manufacture them on
flexible substrates and embed solar power capabilities into walls, roofs and even
windows. Unlike more conventional Photovoitaics (PV) that uses crystalline silicon,
TFPV also has the ability to operate under low light conditions. By contrast TFPV can
15 be manufactured using simple printing or other roll-to-roll (R2R) machines using flexible
barrier substrates and flexible encapsulation methods. The currently used encapsulation
methods do not provide sufficient barrier properties and therefore, the life time of flexible
PVs is estimated only 2 to 3 years life time. For example, current DSSC photovoltaic
devices are highly sensitive to oxygen and moisture. The indium tin oxide, electrolyte
20 and sensitizing dye of the devices are sensitive with water vapor and oxygen. The
expected barrier properties which need to be provided by a barrier film and
encapsulation packages for such devices are 10°g/m?/day at ambient conditions.
[045] Such a dye solar cell (e.g. a DSSC) is based on the mechanism of a
regenerative photo-electrochemical process. The active layer consists of a highly
25  porous nano-crystalline titanium dioxide (nc-TiO,) deposited on a fransparent
electrically conducting substrate. A monomolecular layer of a sensitizing dye on the ne-
TiO, surface absorbs the incoming light. The device is completed by a counter-
electrode comprising a thin platinum catalyst. The two electrodes are sealed to ensure
confinement of the electrolyte containing the iodide/triicdide redox couple.
30 [046] The breakthrough for a solar-to-electric energy conversion efficiency of 10 %
is the highly porous TiOs layer consisting of a network of interconnected nano-particles.
The diameter of the TiO; particles is between 10 and 30 nm, depending on the
preparation method. Compared to a flat surface, the total area is more than a 1000
times bigger. The adsorption of a monolayer of sensitizer and the use of a suitable
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OLED bei ng covered beneath a nultilayer barrier filmaccording to one
enbodi ment of the invention. [66] FIG 5 depicts a sinplified
schemati c diagram of an OLED panel containing an OLED encapsul ated by
a multilayeWOA¥126H5¢i | m according to one enbodi ment ofPGT¥2009/000132

10i nvention. [67] FIG 6 depicts a sinplified schemati¢ di agramof a
RGB col electrdiyepleay tOaEDnparséin afdightint elgctiicEpwithye gearsiamdyie!d obmbe fo unity

between_nul til.ayer barrjer .fi|lns _according to one . .enbodi nent of the
Pventt ot & Wi Eandief 1hs' vihle Srdtitl duiad SenafastRoi it Ah o eftfinely
an OLEDfast tithegcalsviidnane lexditdtheleteon bf thendyeldels ididdied hidemd sérmicbhguctor.
encapsul ation of an OLED in accordancglogiifth t he process schene, based

on a cr 688 -SERCE ATdNe GRSt elppiEoden e Mogifiedcwiih & minimat metrd, ofgplatinum
depigt S?ﬂaﬁlsfw érﬁéf’fé @aac@fhe%\%%@gsw tﬁgﬁﬁll'iocgéél HdReoh O

encapsul ati'ng an el ectronic device and FI G 9B depicts an apparatus

for bat 047 abr ildwsi brarxdkerdaspechiwuprgseaininegntion sl ditacteshiccan entaprsulated

71] FI Mo L Js | f :
e bt ar O VREAE HElPe it B R BIHRARTSEE K% iy BamER R geRiing
nanor odie tHd GresknB iventibh God @Etettirag treaphbivolkiaid deviee frol nevistareend/or

| i ght tral i zi I f | ti »D ' fil f.th
g N T e
of {4ghe tqvention that includes a UV neutralising |layer with only the

seed Iaéﬁlrg of zinc oxide nanoparticles before the growth of the zinc
oxi de nkM¥8l ods “pandyvdrhed)rpegns iy ther eentextnyd theduerers invertion that grjqxygen
nanor od Y/ | ;
Al i A R CHENAS b BeBRNE Lokt Rber T behser e opposing
i nt er acmuiigavert barret $inas.eWiifd refererge tox fifen 14, the photovoltaic device 221 is

inserted between the layers 203, 202 at the fop and the bottom of said photovoitaic
16 device 221. In one aspect of the present invention it also means that a sandwiched
device leaves the lateral sides (right and left side as illustrated in FIG. 14) of the device
uncoverad while the top and bottom side are sandwiched between two layers as shown
in FIG.14.
[049] The muitilayer films in this encapsulated photovoltaic device comprise a
20 nanostructured layer which is attached to the photovoltaic device on one side and to an
ultraviofet light neutralizing layer on an opposing side (these can also be referred to as
top and bottom side).’The lateral sides of the photovoliaic device which are not attached
to the multilayer films are attached to a backing structure. This backing structure
comprises or consists of a nanostructured layer or a nanostructured layer and an
25 adhesive layer. In one embodiment, the backing structure comprises a nanostructured
layer sandwiched between fwo adhesive layers. The backing structure also connects
the two multilayer films between which the photovoitaic device is sandwiched. In one
example multiple photovoltaic devices are combined in a photovoltaic device panel
wherein the photovoltaic devices in the panel are separated from each other by the
30 backing structure (see e.g. FIG. 14).
[050] In accordance with another aspect of the invention, a system for fabricating an
encapsulated device with integrated gas permeation sensor in accordance with the first
embodiment of the invention is provided. The system comprises a vacuum chamber, a
holding jig arranged within the vacuum chamber. The vacuum environment is used to
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[73] FIG 12 shows manufacturing of an COLED encapsul ated with a

mul tilayer barrier filmaccording to one enbodi nent of the invention.
FIG 12E skwggsuﬁghﬁﬂgpcapsul ated OLED before and after FIG_ 12F curing
of the barr (f#d> [74] FIG 13 depicts a schematic RGmamHE 8132
the bending test carried out with WD 2009/,126115PCT/ SG2009/ 000132
encaps ulcarycoui the fakiiesation i the gehesarmestion sangd & firsimaterial vouoey mall be

of the | t . Of e

per  or o 20p B gy et o Fonfit i R b Tyupfuct] 58 0 2 sqrple
SBOWS arbafsebmbl s]rctfah-.*;] arid & admnﬂvmiateangt sdame:ma;ﬁﬂmwwé Pga mrr]ovidé:d Wity the
Sbarrier filmof .the invention. 7 F 15 sho a furthe .
orbodi mYAPUGT SBITRYE) Balariian; CACARSHEPa A oy peSOhy A e alesironic
filnsof coRfhdnewentdi@inatBilAl D REHRINIRTI N thd 0 edifrbhict| demdorfdi®Wer athe
sinmplified schematic di agram of an encapsul ated device 100 accordi ng
to one EREBBPHEHAN Brogess Ma batsasiied PHE abseppale stagesdauiside afdihe vacuum
conpri sepafheLED 110 covered by a nultilayer barrier film 120

conprising a nanostructured |layer 121 which contains nanoparticles
capabl e [@51]labdordiengmmidimente the d/asuumx ghempeamdmprisesita giliralitygof ageally

122. Th t | - ti 5

Go2 o oEofRRARh B Hitber ¥ cdfBind By 8 TEitnt 'R GBRIRES D Hospace
curidg ba?smasin’?tlihmt e by ty\etniftfﬁr@at eh@iptne;nlﬂ emteadb?w é:amtirh%@uofaﬁﬁh &tage of
nononer . or aer 0 reven e curin act or romrea I N e .
OLED, ¢ He® TREGICRIEN BOSESE. SPRArate SHBrHaMBSEs Maydis PROVIdeR oF o BXRPhgtherfisst

nanost r uedtefftouPdeand B $dtdhd ihi@eRaneriéd! Aay Rded @Y Sdnricdtdit mafidual sub-
wi t hout damagi ng the OLED. Arrows 114 depict "the curing factor

penet r afhA@bEMe nanostructured 20 |ayer containing the nanoparticles,

th b | & t I
Hovever LTS g oy Bt WEnBRASRE I bad SOSitRarior VLG & Ffr Aebphere
i s PP evimatedng chambeatohanajherhe l@dEDOCk [Pt Mia@be2usesih dveoraentiomd! dasiibck

the i v Bh PRI o B A Bt Bra 8B B P PRRE: A sEslille can
e B e ey e
| ayer 18t BEOREK st eRoARe ey ordleRbs Skcw e s uemited Tetin fee!
as adj agaatthkaystesvalldepeaas tid eLbERste! RY fandiddedndtd e PPatdsa! sdriser
| ayer 122 maybe spaced apart from each other i ntervening | a

| | by | | ayers
Wi tszfbutﬂﬁ6ﬂ$ﬁ’ Bshaghethearfiegr elasy e mainghalt af the lopdiockoBhisligwsdrpeated
al t er nag; ‘ gﬁ@;ﬁ@ i [ : Ll @&y L |
120 corr%?qg’édst@)aqgé\%ﬁgsﬁqj%?ur e y}'/@?wqggéhtlﬁﬁg Vlggwgmpa@e eagguﬁ ﬂagfrgérmf
t he neuvacuunz chgmbeayeempdsesysy plunalthy of setially openedied sulFebamilers,|thg adlock

R e el
di sposef5@jt oHidle vaulitiinl pyrapingaoutfier niay trelaénrigutat derthé ovdcaiakn ahamber,
gl iy Silﬁg utdgn%t %e%ﬁgnltcgﬂaog&éxer%ta}& Purrgé,eggyo-pumping stations which can deliver
uftra high vacuum for the vacuum sealing applications. Additionally, pressure gauges,
gas lines, pressure transducers and isolation valves may be included to monitor the
vacuum in the vacuum chamber.
[054] The holding jig for receiving a substrate holding table on which to form the
30 encapsulated device is further provided. A substrate holding table (platform) may be
attached to the holding jig, and may preferably includes a heating unit to provide heat of
up to 100°C or more, and a temperature controller for maintaining the required
temperature. The heating process may be used to mek the adhesive while vacuum

bonding the cover substrate and the device.
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WD 2009/ 126115PCT/ 8&2009/ 000132 the OLED 110. [79] FIG 3 shows an
encapsul at ed device 300 depicting a rigid standard gl ass-togl ass OLED
panel in which OLED 110 is covered by a nultilayer barrier film 120
and encased™M WM R6HSri m seal ed structure conprising baRCTaE38W/0a4182
150, rimsealing 5 adhesive 130, and cover substrate 140. The

mul ti | ayl®6Sbar Ailear imaetion2driveoiptisak $o manlysa morat éokckaydo al84mple on the

sandw c het. rali zi I 2 and optical layer 123. The
OLED 113@%%3&%@3%&%6%@%% C%ﬁ{r?%%?e?°vﬁ5rﬁ€’§’éﬁa P13 aﬁgﬁﬂYﬂsThe
: Ee tr ?tri_inlwr mtrtilt))ncdr'_we mafagbllse optmidd By a%e@ﬁ&iﬁiawéﬁtbﬁo@ﬁpeﬂéfhﬁ?ﬁd?or with
e nmultil aye rrier an i sture and/ or oxygen a )
bor roat A SXRLEER ok AGowroR R T gE MAraRo Bisvidp DresLES snceret 40 o 80psi for
encapsul @icedsalatibge 300 are prevented fromreaching OLED by reactive

nanoparticles present in the nanostructured layer 121. This
enbodi mdAP6] s I8 ANegNbodigient.dhg syslerDusthse cemalses maaps foit alignisty thedinear

dhest XZ‘?&?‘%‘@? & LR R T gl i) 68y B RIS 3pbR el e oo

encapsulditestbdi@iong @ Sopotifhgsiame and lifea ball glidesoThe asppdrting Jie is designed

enmbodi i the, Q. is located in a.ch r 188,

i.e. t @@@Q%énggﬁfﬁ%i%?g&e éo%g{%?cﬁ)rﬁ% tﬁﬁ Jigh BrglieR i'?%ﬁg%ﬁﬂ%frt?‘fae‘facuum

}‘i | 0 Qlcﬂantﬂme. ?Mitairlb/aﬂ%rdél?grd bﬁéul?étﬂaf@sd%g b@qgar%@éi’ﬂéh dﬁﬁh@%db@frbf%‘ﬁolder
ayer ween .t eutralizing | ayer, and the nanostructure

| ayer 13‘5".0”96&;%‘?/&33\{?3{"(%5@& ﬁe%‘é‘%ﬁ@f lipg RrocgsSopti cal | ayer can

still bgosnc! yggded =R ' | . .

depi ct sqannencaps u?ﬁ}tegg&a%mgl 400 c(;jlg%iqc iSkr?grgaé r‘ﬁFg%@ bﬁ)ré,QIth ﬁﬁ# ?ﬁﬁh&g Qut

OLED di $prfage pre-lipatorentL @os exampleris the Fxaeiiproyplasmalsouresfeom BAE Somtific,

film12 d it hi i a ®U i Si
base. salls anERSaRRall ddlh S sIBceY TREEGLer Bt SalBE Rbidees
110}5an@xygrre radicals tfomtamaviog todis lerd thenvibelsanth esiyvairfbd. Théglasma source

multil a ier fi rises nangstructured | ayer 121 and an 25
under | yi n%’ I%%é{i%@faﬁtszn%‘%g@ngmofﬂﬁ@?g% Uy arm@ ‘i s added to
enhance[088] t Gihsnfeatires wifich hglytbd mearpdisteOlifBSthb1&)stdrm ikdlide a substrate
enmbodi ilm120. is fully in contact with

n t mul.ti |l ayer barrier ) 1S f
PreCSunEBlng i Withar 8 mdb Fpitio ek SO eriorsuh the HoldnaoBle. s wel 5 a
st rong! yadie¢teedeRty BewhP cHhtibIEr 36 SSHtRNIngheaRF dd&ﬁe%]d?'tﬁe_pﬁ%én% &aurce. A
e nultilayer %‘6 :

schenat Uf:\/‘ di agram depi cti ng an inplenentation of t
bar£9 er UM $3Hree mvde s tpclusledra the,sysiemda qure any Lhbaukable adhesivedbatisl used

OLED papeliha s hat I t pli.cat 4 ;
va7 A e SHEBISRDR \RAenbe o, BBB0L SERNEE A PS40, L the
OLED 110eshectivaintensities afGaboub $6rmyemi and witiooh22 snWicrhtinraydsthesetita cure
a gl assﬂiéﬁé/ es nel 140. The OLED 110 is protected from noisture

t hr ough e applTcation of multilayer barrier film 120 conprising an

i nner nE89] al Thesy asPertd 0sFothb2iBldrtATHVABE GR6RDANT2undayebd iANGedbf the
out nanostructured | ayer. conpr,i Si q%l_g%?o articles that are reactive
t oVt ds OﬂBYVg’tg ECHRES %‘&'S’/@é%dﬂ?@“ IBRY EXYPESseal ed of f fromthe
external environnent by attaching a cover over the OLED 110, with
adhesive applied to the edges of the cover to establish a rimsealed

structure. On the opposEREEIRESCRIPHONOFJHE DRAWINGS | s
furtherpeos enRSEv i1 NGyG & aghed,t,0 | 1O,
substrate gi a a r?m‘seaﬁ%&gﬁﬂgf%g @%\8 E%ié rﬁe}jl lGJb trq’aa&eali Bﬁon Imtmg
arrows @xEg)pies ohlyt with CefererickOioitbe antdrnpahyimg dizevidgs,do which: of t he

A TS 1589]  FIG. 1 depicts an encapsulated OLED according to one embodiment of the

invention.

[062] FIG. 2A depicts one embodiment of the layer structure of the multilayer barrier
film. FIG. 2B depicts another embodiment of the layer structure of the multilayer barrier
film with adhesive layer and glass covered incorporated.
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[083]FIG 6 is a schematic diagram depicting another inplenentation

of the present invention in the context of a Red Geen Blue (RGB)

col our OLED pixel. The 10 encapsul ated OLED pi xel structure 600

conpri ses oW&eFH?géIZF’é§ers sandw ched between a transpar erRCTA80/000182

and a netallic cathode 111. The organic |ayers conprise a

hol e-t r d868brt FHy.c3 depigtshan OLEE encdpsulatey uithinld rinasealet panek uhdyeeath a

115 cap Q and elect .on-transport

| ayer 1?51'&@958% etégg‘?@géé@ﬁ@%@ﬁ? 3‘@%9?%&35&"?"&& %% the organic

| ayers, [DBé] vol F@eBA]deplcte areOLEDcbastgdsn wrur@htﬂéﬂﬁﬂtldrﬁls@w’ﬁw%?/'d‘mbhi?eyer
em sswehf %ﬁe{ cg use I{r%ht 14% Efﬁ}?ele emtted. The multilayer
barrier 4T iE‘(ﬁ-@coi Bg19 ane pbediseery e n¥ewlian-i ¢ cathode 111 as

wel | 5as [g85} he FIGINgGRRIRIE aAnodepld RR&S

mul til a\;er arrier fil r?tﬁjjﬁ_é OA a Egseﬁ%atﬁ{’?gt rat y’f_@ogu %lgg!rnﬁ)é/}?dec?léﬁﬁﬁne{ the
t he nul tPkBDHein coveieds hanpaity opnukilaver barriardimbgccerdiogde anebembadiment of
140, suqﬁe?ﬁeﬁtléﬁansparent gl ass cover substrate. 20 [084] The general
schene of brication of the encapsulation barrier filmaccording to

t he i nvd@66bn iEIGHbdepicts esi@plified Aclamaiimtiagrsah qﬁeh@hEDmeEc@TtaHﬁQ an

ol aamn (e BBl BY ot Re RRer, e # oG iPRCloL B skibasimRo o the

subd4o0r atirvenfibher pl asma treat ment, the electronic deV| ce is formed on

t he SUbT%ﬂ e’l_%th case of l%ED devi ces, the fabrication 25 of the
organi ¢ | aydf! epcts s Rifisdsehematic ciegsam bhadrGh olpundisplay OLED
condi ti @agel cdifd f

over t he?}aC]_ED deh@em‘g‘gjﬁgﬁsﬁawgw béwﬁamte}{r%ﬁ frbfgﬁérrﬂ"i’é JG%% to
conpr i s@geresmhadigent pdheinueniomg | ayer (such as by spin coating or by

?Eaiotnhgr WZ LE :F?&o fﬂ%ﬂﬁgtggagblfoege& Qnano%??‘t chélﬂ%gfa lﬁé/ L3 @gﬁgr | @'r dnultllayer

moi $% ur bawied filygen reactive 30 nanoparticles dist r| but ed WI thin a

Doy e Togd ) D1 RS AR eS8kt o Hh AfE R Th atfiahnfs St dhe Higess

| ayer i scliemerbbscbannadersg-sentions wiad bbihedayaradtticBfre. SUCh as an
strate, are then forned to

adhesi v yer ong,W cover S

further ﬁﬁr@apsﬁét f\hé}e@ﬁ? c8. simgled) $eknsf hBrocess oAWERMeNt hesquired  for
nul ti | agReagbuldtingrar bletirbfic WeoikelhdaEBES Wedles 8

2009/ 12611 SPCT] $C2009/ 000132 phat ovat ai ¢ ehidts an 2Pphratus for bateh faprication
cel 40 ERE#SNEIRsURHR AR RIsClin8R¥ER.at i ng t he usage of the

nul ti | aggreybar IF@r 1pi \Y e N Qfs:
phot ovol t a| C d(led\l/t?cgg (?atér'&c% szr{}g‘tjgaatéﬁ%)ﬁb% 136;\?1?5% %@ég}é‘%& ba% Stghmg
seen i nEigkal I‘ZIF gaieerﬁtmmu thepugh fipening,szihe oixidst eahweds (FI& 10B and FIG.10C)

oot ovohige 981068, P2l A PSSR ! ¢ Rl B S

enbodl manestmiescrl bed the first layer lam nated on the sol ar cell

sh nd 15 is t anostru red | ayer 203
ondhot1972E IvPIET depbisberEsitas st BABRR IR A i GwRNIGn fetinghides
and 15 4 hﬁ/m@uﬁaﬁsmgtfweedmtrﬁmmy A83sded] fa?ért GY\@ﬁ\chxu'ﬂ@‘?lahN parkigRs before the

neutralizin . TUS it is noted here arrang enents
of t hes%rowi!g 3%/ a!jﬂecr @Xlﬁ? &1a8gradshiblagknclne b ard seter Ahe growthr of tee Zing pxide
of the hineRsEd qgreW%%ﬁ}éggaﬁ@eaWétPﬁ%g&hte?d r?deraiﬂ%rt ﬁ@ﬂdggaélnﬁlmuhr dkide

| ayer' or the layer t cont act evi ce be "encapsu

f ol | owetRNPpartiples @&sosraclive naswpbdicks aapabigeet iderasthiop nitl ayaisture and for
th%t'oeo k alternatively, the nanostructured | ayer can be the

contacti H@ Pirst | ayer with the UV neutralizing | ayer arranged

t her eor{08] t heFK&c dRdshawemanufacturing of an OLED encapsulated with a muiltilayer

barrier film according to one embodiment of the invention. FIG. 12E shows the
encapsulated OLED before and after FIG. 12F curing of the barrier films.
j074] FIG. 13 depicts a schematic drawing of the bending test carried out with

18



15[ 087] The nmultilayer film 203, 202 in the enbodinent illustrated in
FIG 14 can be lamnated by a barrier substrate 201 and anot her
multilayer filmor only an WV |ight neutralizing |ayer 200 as shown

in FIG 14. WA BWASin FIG 15 it is however al so possiR§I&c2eps/000132

| am nate the multilayer film 203, 202 only with a barrier substrate

201 wi t ewapadaiedg QLEDIr atmardiog Ito gtite rieventiahi tFIGY13A) en. pHotwgvash of the

e opt roRanteidl ' Brolabhbedm i df e rbls “YEine nesipnBP st 2ot the
I n anot tmcapsduatédrm[m;)(lslmhamjdl ti onal | ayers may be | ocated only on
one si di _gé] th E-"{;Cip ul at ed I%'bot ovoltaic device, [088]FIG 14 also
i 11 ustraP ' Wig:ameMpgHKRes of grphokevaltaicodevics eQrnpdsing penultilayer

203, 5V\h|bgh-;érs,wsﬁ@1é Rvémenbodi ment illustrated in FIG 14 as
backing structure 25 conprised of |ayers 214, 216 and 220 or only of

| ayer 21876] n tHI6. 'bﬁrﬁb@Wﬁe&hthrthemmdéﬂlentnofl:aguln@‘.owltam evisackomprising a
Str“““ﬂﬁilfilﬁ&%ﬁﬁé’rﬁ%@@@é&ﬁﬂ@%ﬂ équ t he nanostructured | ayer 203 via
st ve an I'n ano

an adhe er enbodi ment, the backing

structured conprised only of the nanostructured | ayer is

attached/ connected to the nanqigggﬁéﬂgﬁg&kgﬁﬁﬁgigg via the
nanostructured | ayer 216. 30 n, for exanple, be
et hyd engoRAIny IFI@c etsmwar@%imguﬁe@pmemw disigrap® w%w éﬁdﬂa%sul%teld 66Vie 100
and poléurethane Due to the adsorption caRaC|t of nanoscal e

part i cl 8SCOTHINGHE anefiakediment eﬁfhea*mﬁnt@ﬂ T @enaanxsu*@tedtdeu@emm canprises
nanost r ggteyrey 1 H@Béﬁﬂer%a@ydé)%[tﬂ%er HerfiR 28 oG ghgﬁ%tl'ucﬁﬁ%'dq%er

oxygen and noi sture also provides a cushion in ¢
el ect rofl¥ whl@aﬁmtgmsmmpaé: eapabég bf alfsarhingrmoiatire @nd/s alxyges,cand a

:M | soaggﬁél%%lpag%e(ﬁ rol ygg'%arg)%ﬂ‘é?%'{%dcﬁéh@%%%ghﬁﬁﬁ i"ﬁgj"iiﬂr ﬁ%h@éqemcle

On thhe dlsherSIdrartUatt e dastkontg tHer uettralisiigriagera Exqposees i ©N at @utifg factor

nanostr red er 203. To connect the Ki n trutur with the

nanost @i@%ﬂ@&”ﬁﬁé@?g%é’% @GM@FW@T@ E ‘g“a‘f{" i'tPr\‘:""‘a""‘*‘“t the

anot her crigptiictarfram iréadHing tised® OLETLS ithé diclifralisify TayaR lsﬁlﬂﬁﬁ&*rlté@ éléé(éfrto the
ayer

whi ch |8§c 3as thin fil @etweenthe nanost ruct ur ed

ot neOhERE B e mepaS T urotiBger, FR et Theu aiebarvesd e Sewed without
| ocat edg@hagipphhe MIEMArids ﬂﬂﬂeéblb%b‘bruﬁ lr@d{&f pc%}'e]@ a‘ﬁﬂ %hbﬂ&ﬂ&ctured
W th the nanostructured | ayer . 090] 15 ra es

f urkOherla¥ab sanianing ithe W@naﬁw@%ﬁber@bw n@i}'med@w dbei moaomers to form the
dye- sensiddstedisad ﬁfg?ﬁhéﬂéﬁs% hﬁq ?5%6:91152 1 Aol b§ 'fﬁ n%yﬁéfr 2 ﬁ’é Hyer

is the sane as I n ence’ 1S
backi ngarsd tsmumﬁe@fromeenhiﬁg@e@h&ﬂrpn ses only of a nanostructured

o JO7EL R A7 ehOus ek Ry o kBl Gl he oSt harer

| nd| umftiinn amnoldimg( |ta'0)hel aywntiohheMulitayen hariendilal @ 2eneomBAsEAE Wistinct

DSSC h s alr n expl ai ned further, aboye and is al so
P e?B: QB et Rirb 2T OvEER sSimtans mgnopaiicies Qismarsed hareina Adiapsnt to

(EPSEC thé rianespGarRdHapéOY
1-5 May 2000, Title: ' E?ééxugwh%eﬁ%ﬁﬁ%@@éﬂ“ﬁa@ﬁgéﬁgﬁﬁ%fmfc%%cm

Sol ar dslth%fgi" iasentiedenicted ras ﬁ@l@ﬁgﬂfdﬁye@nﬂle namﬁrt(ctmsd dayaritl sndthe

Fobr Uateu iR ORyer b SnaliE- SEISH bt MATOSIUBL e, LB eiers

photovoltaic ¢ techn review and prelimnary
Uni ver s¥ithpubfcotigarisingl ey furdipar oiveitierolayén g iee e2B reholisy ah cliternative layer

Si ée-- g%trﬂéa%@eﬁgég r&%ﬁé}‘n—r@gl lﬁﬁﬁﬁ%@%ﬁ%&ée‘f‘%ﬁ#}r 2 gortng(ralsésl, ghr%an%gguctured layer
121 that is spaced apart from the neutralizing layer 122 by an optical layer 123. The
multitayer barrier film is arranged onto an OLED 110, with the neutralizing layer
arranged nearest to the OLED 110. An adhesive layer 136 is disposed onto the
multilayer barrier film 120 in order to tack a glass substrate 140 that serves to protect
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or blocks the electrolyte 420 in case of |eaking and thus protects
the other solar cell. Use of a backing structure can provide inproved
barrier properties of rimsealing as conpare to an adhesive wre.

Al so, in ad¥P2P¥A261d5an adhesive wire sometimes an addi tRCGIYHE20094¢wp2
is applied which is nade of, e.g., ethylene-vinyl acetate (EVA)

copol ymdhe QliED ddBesi ve 25 heat seal |aninations. [92] I n one

enbodi t kin structur y rise a

manost r 4078 e IE 5 Sk 2h crenbrTatR e e SR HeRhomer e srndar alase-to-
et hyl eneglasmeEarFanélanmm OXETS 14038 ceaéreelbgpé rﬁulﬁesrépbxﬁrer'ﬁﬁﬁh%eand
A nanostruct ured a er .can bl ock noi sture and ‘oxygen permeation into

t he devi®capad Kaigun ﬁ\ Hrarsatady strustare speiprising Qﬂﬁ@ Spsirate 1158 rim-sealing
chengcalagrasivet fad, Qﬁc’ﬂeddv@ sﬁﬂgré@y’lﬁ’@ ‘Fﬁ@g'pﬁlﬂla%P o filh A6t Eorganses

| eakage. I n one enbodi nent, acki ng structure”can be nmanufactur
of a namGsesideturasliayeay 821 §andimmbﬁ'édbememeeeuﬁ'almmhger VEZImmmlcésleyer

%Su%j)ct\g?’eﬁonp&ﬂHgsa%ﬁgg fgﬁﬁ @'i“%gggﬁéﬁ @@8" Itg%u@?et{g im [ng]towards the

Speci f i ¢ramspamnésover $ubstrateb &40 By covmThgt Dei OLEBt 1@ Witk e hﬂhﬂ‘laﬁeﬁrtﬂé?ﬂer
process Eﬁ 2009/1 6115PCT/ SG2009/.000132 descrj bed above as wel
as the B Fe @NGOT RYPER Jhaly PErBSRIes | thrush Bay rqféhefﬁtmwrai

EXAWLEcémdﬁﬁBﬂs@fﬂf@“eﬁEap%NlMM@a@—%%v&t&d ;ﬁ?gﬁ r I&ﬁ"lén%PLED by

Pr epar atlon of Substrates [941 Silicon oxide coated

subst r af@actlva; RIopArinles iPrepegl 43 dhe ianestrueturast ayso 1@ xTHB® emhosirentsis
e pneSHieMle RGO EEMCILSs UREIGRauh BRE MeSRXClad B e by of

The pneunatica ow di e punc I'ng “equl p
convent ffendevies 39@ ﬁnglmfaﬁtﬁﬂ?aefsemiladhbavased to slice the sanpl es into

t he spe ed r d S| ter va

per meat fdoérgll n F?ﬁ'e&%rszlgg)ﬁ ta%e%'ﬁ gggﬁ]eﬁ “@‘hc'{)gc’}(ﬁgaﬁﬂﬁ@ Bgcﬂ%#)%%?d ARYiSE 0

t he1% nt ehdwac én BIG.t hidnadhtrastie tlamdn'fbmhsnérﬁtshoamdn FIG03 dinef OBEDNs located in
pr ocess

e B oL A bl S ol o
Accor di thgl ynultllewr amnéﬂ HERddyéd Mdtsemnpryd a1 ciehl 1aydr Blwedid th

bl ow dri ed @é{trog These processes help to renpbve macro sca e
adsor be'aeﬁbtéﬁ‘ tzm ep A 2¢ rndsthernanostraeiairesh lyen d 2ie Homeer, of ebwldgaeonoted
r i NSi Ntha$ af YptibAILYBFBHH béflﬁcﬂﬂd%t! I BE LB ARl Shoulr ' n@&bes% rates

are placed in the vacuum oven e pressure o
giég si 981hbsBlbet depicts an encapseigtgd mlevithet Ofadrpictingva lekibles diin mlmcDLED

W h To | from
20 vac.spel T ey DLEDST Y S ARl r b iifiof hh Feh e fifsed
proces swltlnlhea banoxineallyf séated astricturansdraprisidg tbasbheutﬁétﬁem 50, eaditazivie 130
chanber VAC SOLCLET C r ). ,RF ar as is used to
bombar %ﬁ%s%ﬂjﬁ’%@aﬁf ¥53r5¢%§ ﬁ)@} éﬁ‘q FAvEW %Qﬁe\’?@@ qgﬁstaP}ﬁadoFQiéPe
to rentatthesive 48@. T haumilaget Barriéh &l asoenfiises St sirictuhgy arhen almﬁan
rralz%t ai necfi Pel ow 4 x 10-6 nbar., The argon flowrate is 70sccm The
underlying neutralizing layer 122, Optical layer 160 is added to enhance the
transmission of light from the OLEDs 110. In this embodiment, the muitilayer barrier film
120 is fully in contact with the adhesive 130, thereby enabling the cover substirate to be
more strongly tacked so as to minimize delamination.
[082] FIG. 5 is a schematic diagram depicting an implementation of the multilayer
30 barrier film according to the invention in the context of an actual OLED panel, such as
that shown in European Patent Application 0 776 147 A1. The OLED panel 500 with the
encapsulated OLED 100 comprises OLED 110 formed on an ITO substrate 119, which
is in turn adhered to a glass cover panel 140. The OLED 110 is protected from moisture

through the application of multilayer barrier film 120 comprising an inner neutralising
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25 power is set at 200 Wand an optimal treatment tinme usually 5 to 8
ei ght m nutes is used depending on the surface condition. 2. OLED
Fabrication The COLED architecture described in International

Pat ent Appl V€ ‘?9 6N 03/ 047317 Al has been adopted in tREE/SG2E098A132
exanple. 1TO coated glass with a sheet 30. resistance of 20 12/square
was usedlayer, aﬂl‘tﬂubstml&ee nﬁnnswmlﬂiﬁmdecomn‘smlgrnamipamtcleé/w’oat are reactive
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atom ¢ |l’|@1{£fralg§ﬁ®§ VyeP hrid \hblk- lhfécﬁ&?%ﬁnfﬁ; oo Warh rRI)Il Fﬁvgégﬁﬁzggg capable of

descri bed in Mat. Res. Soc
Mat er i ale@lﬂégéa’f"ﬁﬁ"ys%p@ﬁy ang ﬁ@re!ﬂ@tqlib anspasivayen 1iSe Vthen iamc Iapplmpnate
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a mi&t ucembinepisl fhee eiisdivee layer yifisctoacause tightail 41 rtg ke éisped. STien nediltilayer

| um ni ' i.Cl n coat ont e haf ni u oxi de
Covar e B W5, 320D e BB Bt A Vel b e
t o UV [(rgﬁa}arghﬂandméhﬂ ﬁd Qtwgpémryd&]}dtdipbft fh@ nm'uﬂwa{eﬁ b@ﬁdabiraflel@?p%% tal %anse
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or "6l ec BHRTA AP BFOIR BhLS TedeHAysr FAEISr JU 245 TENemipFieALng cover

Spi NNi NGusstraA& Y 46 OSNH Qnahs;%i@ﬁﬂ s PEQRRSEBSrhtaC! uding tip or dip

coatin
20 g[01?.4] The general scheme of fabrication of the encapsulation barrier film according to

the invention is shown in FIG. 7. A conventional polycarbonate or PET substrate is
provided for formin;i; the OLED. The substrate is first plasma treated fo remove
contaminants present on the surface of the substrate. After plasma treatment, the
electronic device is formed on the substrate. In the case of OLED devices, the fabrication
25 of the organic EL layers of the OLED can be carried out under vacuum conditions.
[085] Subsequently, the multilayer barrier film is formed over the OLED device.
Formation of the multilayer batrier film comprises forming a neutralizing layer (such as by
spin coating or by atomic deposition, and then forming over the neutralising layer (either
directly or indirectly) a nanostructured layer comprising moisture and oxygen reactive
30, nanoparticles distributed within a polymer. Curing is subsequently carried out, after which
a multilayer barrier film comprising the neutralizing layer and the nanostructured layer is
formed. Secondary encapsulation structures, such as an adhesive layer along with a
cover substrate, are then formed to further encapsulate the device.
[086] In ancther embodiment the muitilayer barrier film is used to encapsulate a

21



5. Fabrication equiprment [0100] The fabrication process described

above may be carried out either in an in-line 25 systemor a
roll-to-roll system An in-line fabrication system570 is depicted in
FIG 9A Th¥OHWRRehIZonprises serially connected sub- chBAI&G3009400432

for carrying out the steps of cleaning the base substrate, form ng

the el eckhiavaltainguices such eSS BG solar og}isExmfn]:nIaat embodiensits demndsﬁétﬂf@ the

carryin n t f ch ste eing carr,i
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cl eali ngranke AR WsaiveP adTh Bfe a3p rdfeﬂeo%la{' Tefl. Y RonRAEPSS tﬁ% YPrevious
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adhesi vef iha®ereapsuisted nhotovoltald deyitche devi ce. The |i near dr| ve's

| | T hol. di Li 28 i
oo, sl 18 0 ado Aeh i ather pioli nkliy B0 o, MoheBuqdid Byer
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mat er i %rﬁﬁ of e ﬁ’aﬁﬁasﬂﬁc’fﬁ%dﬂ?ﬂ q‘@%ﬁ/cﬁﬁﬁ@ét%@ f {P%Vﬁar%%ﬂ'ubftupg@fayer 203 via

beari ng shaft support prov Ity and snooth operati
Pneumatthe rmapegtuetoiggHeyeradithe chosen fromindustry standard

CO%?”%E@] The adhesive can, for example, be ethylene vinyl acetate resins, epoxy resins,

polysulfide, silicone and polyurethane. Due to the adsorption capacity of the nanoscale
particles in the nanostructured layer of the backing structure, the nanostructured layer
216 does not only protect the solar cell against oxygen and moisture but also provides a
cushion in case of electrolyte leaking from the solar cell. Even in case one solar cell is
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30. such as, either conflat conpatible Del-Seal CF netal seal flanges

or 1 SO KF Kw kFl ange el astonmer seal port nounts. [0103] The snooth
operation of the |linear notion drive, holding jig novenents, and

al i gnment s WOHOYREISubstrates are careful ly control | ed B§I/8G3809/600132
supporting frame 530 and |inear ball guides 532. The holding jig is
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[ 0105] The subst rgtesheati n tabler ?XO can prmdeﬁﬁéﬁﬁ%sgc an ﬁ%jlqlté'md

t enper afi OrgaHe phpioxpligig calls deghnicalirpviawrandoprgliminary taate) helninki University

heat i ng Q&ﬁﬁﬂ‘q ' ' gm l.Ag the

devi ce. O%t er t %}?\%é? Ettpie@ﬁgf‘?ﬁ@ﬁ%%’@cdggéﬂ/ﬁﬁéﬁ% adé?]ﬁés]l?dvsg can be

curdt blP9iposUhe hasking stiugturefasy theoighe aod deft side4fah&\DRSGikolaakielliprevents

l'i ght 5 e 00- L.S,: 0. cur hg adhesi ve.

el endh PBCET Tedch iR AarNNEER af odha Bl L blotd el PEE R01s onts Use

MV cn afnal bagkingVstmeturazab eroded improved e prdpesies ®f rim sealing as compare
to an adhesive wire. Also, in addition to an adhesive wire sometimes an additional layer is

applied which is made of, e.g., ethylene-vinyl acetate (EVA) copolymers and adhesive
25  heat seal laminations,

[092] In one embodiment, the backing struciure may be comprised of a

nanostructured layer and or chemical resistant monomer or polymer or ethylene vinyi

acetate copolymers that can block electrolyte leakage. A nanostructured layer can block

moisture and oxygen permeation into the device package. A nanostructure layer can also
30. act as a chemical resistant material and may be used to block electrolyte leakage. In one

embodiment, a backing structure can be manufactured of a nanostructured layer

sandwiched between two adhesive Jayers (see FIG.14) while in another embodiment the

backing structure is manufactured only of a nanostructured layer (see F1G.15).

[093] Specific examples will now be described to illustrate the fabrication process as
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[ 0106] The sequence of fabrication can be chosen flexibly according

to the 30 encapsul ation design, the type of OLED architecture,
substrates and can be used not only-for batch and in-line fabrication
systens shoW® W& RFHS but can al so be adapted to rol | -t ®OTEG2009/000132
processes as well. EXAMPLE 2: Encapsul ati on Vacuum Transfer Techni que
[0107] Tesciibbdiabave as wéll ahthebbamiee peffoinmaraedoft fabrisatbd emoepsulaii barrier
encapsul | on will WO 2009/126115PCT/ S&009/ 000132 be illustrated in
the follo hg for highly noisture or oxygen sensitive (up to a water

perneation rate of 10-6g/n2/day |evel), organic devices fabricated on
C u5|no elther an on batch or roll to
rol | prcees ' ENGCSURALEN OFldde 5 2. Sol vent

prot gct |»p|3dr%y3grpﬂb gy-a{,g,f, bpghby@atégdex sol vent protection opt ical film

(opti onaTg_l_N@‘F%V—l‘szt ani um oxi de/ Zinc Oxide rod

st r uct urlB84hcrSilican pddy seated sodarivu glass &ub&tratayédladawuamy glass) were cut

nanopar tjel |

respecti lb/tg’l ﬁ?n‘gﬁg@; rg@ﬂﬁ@c&%rgﬁgla:@ %@f@rﬁ 98§;Zq50”@gﬁs§ GB& P%?eegﬁf;?‘feérfor

Pl ast i ¢ tseQLEBSeThe gureumatisaliabperated hollow die punch-cutting equipment or any
conventional slitting machine could be used to slice the samples into the specified or

10  required dimensions,
[095] The water vapour permeation in the present encapsulation package may be
mainly through the interface of the adhesive and substrate and also diffusion through
adhesive sealing. The suitable surface pre-treatment process such as plasma treatment
can eliminate the adhesion issues. Accordingly, they are rinsed with isopropy! alcohol
16 (IPA) and blow-dried with nitrogen. These processes help to remove macro scale
adsorbed particles on the surface. Acetone and methanol cleaning or rinsing is not
recommended. After nitrogen blow-dry, the substrates are placed in the vacuum oven,
with the pressure of 10" 'mbar, for degassing absorbed moisture or oxygen. The vacuum
oven is equipped with fore line traps to prevent hydrocarbon oil back migrating from
20 vacuum pump to the vacuum oven. Immediately after the degassing process, the barrier
films are transferred to the plasma treatment chamber (e.g. ULVAC SOLCIET Cluster
Tool). RF argon plaéma is used to bombard the surface of the barrier film with low
energy jons in order to remove surface contaminants. The base pressure in the
chamber was maintained below 4 x 10 mbar. The argon flow rate is 70sccm. The RF
25 power is set at 200 W and an optimal treatment time usually 5 to 8 eight minutes is used
depending on the surface condition.
2. OLED Fabrication
[096] The OLED architecture described in International Patent Application WO
03/047317 A1 has been adopted in the present example. ITO-coated glass with a sheet
30. resistance of 20 Q/square was used as a substrate for the OLED device fabrication.

Wet chemical cleaning was undertaken with acetone and methanol and followed by dry
oxygen plasma treatment. Poly (styrene sulfonate)-doped poly (8,4-ethylene
dioxythiophene) (PEDOT) was used as a hole transport layer (HTL). The commercially
available phenyi-substituted poly(p-phenylenevinylene) (PPV) yellow light emitting
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[0108] The device with the nmulti-layer barrier filmof the invention
that includes layers 3 and 4 will be adopted if cover substrates are
fabricated on to plain plastic substrates. 15 The solvent protection

| ayer (fil mMyO200942¢A%y used optionally for protecting tRETHS2084600432 a
first layer; it is not involved in the nmulti-layer barrier structure.
[0109] Deposdrtwas uséd.sSmuk niolem:mé ®ebed OURLY structOrd waEIaddgtédc[ﬁ which 65nm

(or gani (i % troh‘um nescent § anel% FI G 12A shows an_EL device
encapsulaEs SRRTBHTEIPSRETce Inve Wetsoid ogy@wn@hrzﬂ) glymipiug $AK3)is gegosited
subst r at 250 LAGSY ﬁ@fn Oyhﬁ’{[ 6o %9l st%cg%) fbhgx 6% lﬂ:ﬁ?tﬁiﬂ{ E@Wepos:ted at

mul tilayer barrier fti the 1 nvention I nc
neut raI |&5KJP@ asmantamymltEMGmmgam e!eettolmyiﬁesmne dEn) pgneleaed cathode.

nano tRJ abcg)g?l Cieal nt ract g Wi t ls)ture and/ or oxy g n).
[011 FAENPRD ep?ﬁ dSinG e“i@rﬁ‘ pwRaratirn gt athigkness of 200
magnesi lmnom de is inafirst step deposited by thermal evaporation

nmet hod on to the organl C EL deV| ce 25 (organic el ectrol um nescent
2 : Ut ZHER t he residual sol vent

per meat iy ?’Q'Iéor Th%aglﬁﬂ)ﬁfété"' éf@ngr\g’g{;'tﬁe Eﬂe oS et Hﬁﬂ&h \faﬁuum Hfo, gn

organic emtting diod ect ronic devices Suc
i nor ganieyapdration chambessviane ad@yer of i’@lfnilmnomgdelth;rphbm os(ﬂyhﬁ]eslzéﬂ\/ﬂ'om

oxt 48”1t Bty ERE" (RIART, S0 oG, 0a0 B OB 48yer
b e T ol e oot e oog et B S, Mot g o
Ph b 5 Hloe 0o Thh, 2608 BFrile HkehmheSamet. Biner ambisd ommrd the
with ei bh%clthﬂ@@le&ﬁ&ﬁ%bw@vabbrétwﬁdr%fpﬁﬁéﬁzhg/e i ndex opti cal

properties. A re ractlve I ndex optlcal filmcan be preferred in

t he evef 3 rifenif imatBecapaylationt ovol t ai cs devi ces are

T, e 8 S T

carri edcotfainiiyg faoﬂimroms:fnglynﬂmum bkidet nammnmﬂcpes pesgsn ¢dated onto the
subst r apa il ol okt OLERARTHE BHHAG 26 FhodRr scodted hiofion expostrs

nanor odi&/ benoparticles 3 are grown as the 5 active corrponent in the

WV ligh ut I Z{ | ayer n a Iastcor Y

subst rato(i?B a@%ﬁ)ﬁh};@@ﬁ er aﬂcﬁ%ptgﬁf g’é(e 8i§e be ¢ %‘? }M ﬁWd?FW‘QdS

par2a cl gsldmgPeputteAn®@n thdinidl cebaptRation erd efctrBhabbhfm HRPbIADLA, Dlasma
polymerisation, CVD, printing, spinning or any conventional coating processes including

tip or dip coating.
B, Fabrication eguipment

[0100] The fabrication process described above may be carried out either in an in-line
25 system or a roll-to-roll system. An in-line fabrication system 570 is depicted in FIG. 9A.
The system comprises serially connected sub-chambers used for carrying out the steps
of cleaning the base substrate, forming the electronic component, forming the gas
permeation sensor, and then carrying out the encapsulation of the device, each step
being carried out within separate sub-chambers. For instance, in the case of an OLED,
30. the formation of OLED anode, organic EL layer, and cathode may be.carried out in sub-
chambers 571, 572 and 573, respectively, and gas permeation sensor is carried out in
sub-chamber 574. Plasma cleaning and encapsulation may be carried out in a sub-
chamber 575. The base substrate, carrying both sensor and electronic component, may
finally be transported by a loadlock 578 into the sub-chamber 5§75, which may be a
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10[0113] In a first step of generating the UV |ight neutralizing

| ayer, commercially avail able nanoparticle dispersions of zinc oxide,
or titanium oxide dispersed in hexane diol diacrylate or |sobornyl
acryl ate orWOrXi@p\iFene gl ycol diacrylate can be used tRETHE36097000132
nanodots (20 to 50 nn) first on to rigid substrate or a flexible

pl asti c glovsbogtier émanmplg. conventi onal coatings met hod such as spin
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ot hods' BIBAETA ' BisriFlanlatindinetn shb Dauis 875 e bR i scare glove box
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deposi t adjuetmést Kiobcoeated et tMOIAPBRY b2 il Bish 2 BORARR 3132 CMeBY ddksted,
(FIG 1205 [011 For incorporating the zinc oxide nanoggrt i cles

into th&eyen ﬂ%ﬁéﬂee'mm azdw@meayl@?ob 82 in plage.|hnearteyebadivstnent san be
MONOMer mMdeh ug FcP@ltné %gﬂﬁé@ma\%ff cﬂ%‘l@H&e 1ﬁo%géb!é hgyiiile 'Plgloﬂ‘l?ée"j@l ;?}328' is

was added to I spersion of zinc oxide In tripropyle
5 diGcr Wfaﬂ@t%QﬂlMibﬁaﬂlgﬁ@D maﬂbﬂairn/&bﬁ'& faronoltingother adiiesienpat &€ used for

Technol f 2N S )

Technol S8k udlcd TR B ko L SRR AL D o7 ) e
car r i edholding jig SQBGetalén lnsad tprapply b:esdammhtle dhe GrthesRe aling rprocd sdeis
| ayer Jncludes bot h t he nan

t ne e nanbiSert Ko Prdkonl < iriaal abPiec R ik raned g B o B9 0geh 7o kP to

at nos phs§ €58 k) e iAe heyuirdd pre@Xigen tafbrad do \Wed &fp eVM}Hstré%@«f'ﬁé used.
| ppm | evel in the glove box Thi | ayer was

62% _ﬁjuced to | ess than g

th e RIESSUIR/cRR S %O%l@ﬁ gjitheg onHBefrim @rd %Ltentﬂfﬁmfaézpr@‘ thﬁ@Uh@%’fﬁ Jae
nanopar t

e af Teterf tyfe O Aabinggios cdrl be B ¥R PRSP Ve emEh! 5t BookBirk. They
react i v@l’%é}ﬁﬁﬁé\@ﬁidﬂ@sh@b gm@wnewmncwmgaﬁbjel mater@is 1}3[1@11.1@] ofowelded

the gengoahdns@l bORWEARS IhESH BEGthd SY& sﬁBﬁ'&ff”p%\H@e Qlabri?a%'dvs%ooth

operation. Pneumatic feedthroughs can be chosen from industry standard components,
30. such as, either conflat compatible Del-Seal CF metal seal flanges or 1ISO KF Kwik-

Flange elastomer seal port mounts.

[0103] The smaooth operation of the linear motion drive, holding jig movements, and

alignments with the substrates are carefully controlled by the supporting frame 530 and

linear ball guides 532. The holding jig is designed such that the adhesive can be loaded
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nanoparticl es capable of interacting with noisture and/ oxygen,

commerci ally avail abl e nanoparticles (NanoDur 99. 5% al um ni um oxi de
particles from Nanophase Technol ogi es) were pre-treated with plasm
and added tWO3aWd2ddhi ¢ sol vent such as 2- net hoxyet han@CTESSRPEPL0AF
et hyl ene glycol (EG for dispersion in the ratio of 1:1 20 2MXE to

EG Progyiteiike i oroughon braekibgk Séﬂrm‘rthervaﬁuhml cherebert Simlaigttheldevice or

| sob I E f I
ot L1 n SRR, Bal i tlenitabes) 1 e by B (Pl ko iy 33, BoRG for the
conmer Clsebblyda&yaehmtg prooeggparticl e di spersions such as zinc oxide,

tit dis d He di ol di yl at | sobo
acry1 at SAGH BNSCyABT GRomBPT GDAck At BUPDH Wi &R Ena HOUSE36 for
useds 2§uEfQéé6bre°tré@tI’ﬁ¥PHn8r VI&IEQHIFIBI W]’ézﬁw CadHdE\RS éﬂa@:ﬂngsphéeg%o;'he

comer ci al I%l_ avai l abl e UV curabl e acryl at e nononers (
obt ai nabR@o ewwm%“drm@reéanowm@r 5% deldaed fon conttedigg ther RExpoweredf the

bol yner PEskts pfcBRomRi prEbErabl b elsbr i SRR Aatibafh oo
wei ght tie t&mre@ahfedesample g devioés dn. ofder mx@lmirﬁ déﬁged Cﬁmﬂ6 éeprgduc:ble
|es I n rrer nma e at

concentrat.i nano rt| t.h

ve ght  BIOReREeS dn; rg PR B P ieiey UbsBonTiere e MY YAVGHKS? Soragurtace
abots  348ntayninaticendn ﬂ‘Ie b&tﬁeﬁ ﬂmI s0Baé® bhd iafid thEQPblyiher BSss ¥ibdiRté SeSto
undert ak nder inert gas environnent The set of experinents were

carri edagﬁ?r BIPrYaROoMF Sive 1 Jangr torage HHeogad tfram ekandingcand iexposure to

I
i 155 RS A L I SRR it o e
al uni ni aghesiveipaddiagiaiequsney (AF s prgosarlasma ya usterf@I fam&bar(i%\e sutface f the
[0119] B3fRé Q)\Ieﬁnrﬁ% déé’aEI’éae d%gﬂge\ﬂlt l&vI? %ﬁ* I(IF? %é %;e?n%ge surface

reactive nanopart I C I sper sed acry I cCp
[01E)] ontattiwativepTbithase mressire methetuhambwﬂsammhﬂaﬁajsbélamdctt)d”lwa mbar

formatigon,aof the respective fil netral ng,l a 40
of O ook ShATIEARE” hoBssurennaRitar 58 TR HIPBHIOHN Bl d ObesiBos ne
of the melidfratmiensy URFppow@sisadted 200 VISRl 1 ogtirdhISRItEIpP tlﬁi;?tis normally 5

al um nium.oxjde in tr opyl ene gl ycol diacrylate (35% wei
obt ai nalbl B FIOBHIHNKERHERCEHING Oncihe SHface epigiian, Tan AN EESHAESER ds

EG (1: Loriricted #Phel®icadAtehdfbéN® mréaweearg%ﬂrhééocl%ﬁ' éﬁ%rﬁé tttegﬁ'nent The

m xture was then carried out for about hour prior t eposition
ont?d a WHPEPRHABNNGE5E igeenneriad Iodhﬁa@pwm@hamb@r farajenting fthey enarobar after

spin c IIIQS ?5‘% in a nitrogen atnosphere in a gl ove box.
The ox;'/IgIea Iﬁ@water V. pourscontents were reduced to less than | ppm
| evel i[0106F Thewabsimtie Heafidd tahla &40t et progidehe tdv1009Q and phe peampératire

i gt RARUPS 5 e 5 5P Ao rArimtpar 1 Radting prpess (0 melt the

nanost ramiesi\@ddumg*rwcwm Bdfing e deliob! I’\ﬁbr oy Waéﬁi%aééﬁiﬂgt%cess the

initial seed layer of the zinc oxide particles in the

nedPr alddeslye edfebe cured,ay expestrere IJI)I/IIQI\II foeB0ptaspaes. %540&\%{ metalihatide
nanor oqgne O &iuk& 845 '(hghéﬁﬁot(fdt g@b id Gt boYeulpe gIbeédr(eFél wg&léﬁ@hs of 365

this coftext it i s note ZI NC nanor ods can
scat t ernr He 300ghm, wilin tfeh respestivs infonsitiesof BEUNYEInZ iamg 22yeW/¢rn® may be

ef fici EI,I%tteVc %Iéf;ﬁét? I'Iégl\)g' ght fromdevice of interest, for exanple,

an organic op e I ng devi ce.
[0106] The sequence of fabrication can be chosen flexibly according fo the

30. encapsulation design, the type of OLED architecture, substrates and can be used not
only for batch and in-line fabrication systems shown herein, but can aiso be adapted to
roll-to-roll processes as well.

EXAMPLE 2: Encapsulation Vacuum Transfer Technique
[0107] The fabrication of the barrier film and the subsequent device encapsulation will
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Coating transfer process by vacuum sealing or |amnation process

[0122] The cover substrate (B3) coated with the UV light neutralizing

| ayer and the 25 uncured nanostructured barrier |ayer is then seal ed
onto an or gWR280%i@¢i18e by vacuum seal i ng nmet hod ad t hen BREUVSI08000132)\V
radi ati on. Thereby an encapsul ated el ectronic device such as an OLED,
as il | uder #iustdated iRl Ge beowmgffabhugiﬁy @dbisture or didygaln bieﬁsﬂzEQup to a water

Encapsul ation Fabri.catd ons e. and .Per ce t g

S0. - b eBeeneaian, e Tl LRy ey Bh? bR deviess FPRRG Pt 81 pofor plasti
Ei ther glbsisates, mhgémﬁmwbawh%trrr@nmoﬂrpeode.rsensr)ar ent and Can be
cut intg preferred di mensions. Pneumaticall y_operated hollow die

punch- cdt BeNEeed® prent or any &¥EBRRLIFREMEING Picdg nmachi ne can be

e of UHSILPORSUUIRPICEL, T HRIATRS HABBRFAUA A

experimental setup, the substratfl&B(QHrO@af)l nsed with isopropyl alcohol

par 1 cf cs SHHANA B c " At or YRR SRERI BpE RS MR GRORH o

were placed in the vacuum oven atndicpossyre of 10-1 nbar (0.04 Pa)

for deg d noi sture _or 6, | fter t he
degasm%gRI 8%‘5’5“3 egﬁ@y"‘gubstrat &ea\RﬁY%g %ﬂﬁ?g%h?@ﬁ?ﬁ@ g
treapment chamber (e.g. ULVAC SgkidefeF Arcustias, rzgﬁéatweﬁfd@ BRRRdRHhasMa
was used to bonbard the surface of the barrier fil ow ener gy

ions in order to renpve surface26OHEARYARIts. The base pressure in

th h d bel t
wns 70 SoonRUBRER TLi'e cont | nal iR dRlaicIgRsbaRs 1y ©

t enper afQi08] aitbie sleyicsuwith) thje rrmftPiayﬁBbamer Titne oREhep wentioma thad dnclades2@gers

W and

Henond; AcTE4 THLo& HABLEIN chidTRulst ke siihichuctl 90 o PlalkbERubaptRtes.

]E)ol ¥5 ( 3THe eblvgheiulﬁitrehtlon¥_ﬁynr(1ﬂ|hﬁrﬁel)s_ddﬁﬁﬁﬁl : 5] olfmaﬂl? fzﬂft[ﬁ?tegtlh@ltlfe device as a
ranso ) . ,cmTera e stituted po

(ppheP\y éﬁlﬁygﬁﬁ éﬁ’@; rt"ﬁb‘@j% '98? 4"? %’H‘g UiSol ymrer \a/asyused A

20 nm t [1108] 1Depabigb M dri |§Bl@éﬁferpﬁ9te\6’uéﬁ‘ 3aye?0 o tH1 G S'd]\a fek (organic

cat hode was™ deposited by thernal ‘evaporation in an ULVAC cl uster
system eleca‘ohusme[scent FEd.) opargelpF16. d24r sh¢vs OﬁDBﬁGeﬂa@ enﬂmpsslatedewnh

filmwas_,u rotect he under | aIC|um

ol oour ST GrbRoRbR I8 4 Gndorgess Hb POICSUIAR: 5 bt s Rreuaion of the
enczps uli@liceom 190t wiliress rhatik geas Haitdr € | 6FN{HY ae@stion! {RAE aadiede RS SUV
with a sheet resistance of 20 0/square was used 20 as a substrate for

the OLETPWEFES fausri and i the nasasiuetedalavssperitalsing easte \nasapaices
x 10-5 Rapadle 8fﬂﬁ@ra&fﬁ@\mﬂ§ﬁ1d§fhk@rﬁfo%>@§%ﬁg| um nescence |ayer Al g3

was deposited at under hi gh vacuum X 10-6 Pa pressure. LiF
was dep@gwbd/‘\ﬁ@r QEBD fabrigation the selyent nyetantion laier 2y thagiesibue oxiTiads in a

Cochni qugt 9 HPobfid oy Rodfil \RBRIER MRkt AT e CYRRAIT 51 Beroe

devdfice CbagmmlcaelectrohImrrmenaiEwlﬂmﬁ Tisis Ngyer heipbytoSpravest thie eesidual
pl asti Coi trate coated with barrier siljcon oxide and ITO fil s and
encaps TR REMSaHAE A sTe@siok i ersenic plegiranichdeders, piiels asoprganic light

pr ot ectéftidPyiBHes, [%ﬁ]of%é 'eﬂébt@ﬁicd@evrt@%o&ﬂsrht ag Irﬁ%&%é@cﬂb%mescence

pol ymer |ayer as describ above was 30- deposit onto the cov
pl ast i cieyidest @ram@rm DQQEJVQltaIGN{PW gilevucﬁeutlasanbb reqyineatiisr s¢lusnt protection

filter)avdh | 58 t

2l ur Yo Tl haaEu R S o ARGRGIHA AR T oo CHBT o b B B or

Befddr e mlirslggflcam&y twvbe buytreveraéet whshe aoverall Seatied propdrtied. hEhélsdVent

devt oo orbRbEd IR L eis Bl blatndl, B FRESRIgo, LR 558 8IS by
suitable opt:cal inorganic films with either high refractive or low refractive index optical
properties. A high refractive index optical film can be preferred in the event that top

emitting OLEDs and photovoltaiés devices are encapsulated.
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WD 2009/ 126115PCT/ SG2009/ 000132 t he de- |am nation nanostructure

| ayer, indiumtin oxide and interfacial effects of active polyner and
hol e and el ectron injection layers. [0128] The fl exi ble encapsul at ed
OLED devi ceWa# 31 to the invention was subj ected to ROTISG2H09/9D0132
cycles of flexing as per Anmerican Society of Testing Materials 5

St andar d0q11diTre farormaﬂmabmrm |agarsnm thé rtesgiemilyn obtheHrventibr ben be carried
eX|n test. chgsen were

t hi ckness , of di.spl a 400 000, .
10000, tHods sg SRRy & E§EPesTOr H‘Br'syéB%'irBWé’ F8% dbfh fRPTERPRs 0 ghW"‘?MEF
FI G 13&3rb§bsui§hc§=‘rﬂla§b@orlﬁﬁ)lasﬁ&@utfskrﬁt@ ;g radius of curvature R was
37.6 mm_and defl ection h wa 8mm as shown in FIG 13A. Before and

after ed®hldehf ﬁbowasm ﬁfﬁew%\?mew@%na@@m&@nmgﬂ%aﬁa gigwnraa the
| t
char St Sri Cofohel RS U\ Dfort HRURBRERE A O Bh 1874 el STl Bover

cycl es. stuheiraterhavfollewsst age is 5V for flexed devices with 5k bendi ng
cycles and the | um nescence has reached up to 100 Cd/ n2. There was no
interfacial failure between encapsul ation and OLED, base and cover
substr aiBas Zmﬂowade nanofoels 3 foe titgiuh gideydrides rdupeaied ol ey @sicdver 8@ or
cycl es, § Iu%rlutw?r]iscence dropped to 80 Cd/ nR2. The cover substrate
bondi ngp\/@ ﬁSHQﬁtB ctured layer and W filter was however still

nai ppai pet3]l in V@Sf.rgtbw vewi éé?ﬁ?aﬁd@etl#é)w n ?Eﬁé’éﬁr%ﬂz;h ela?@r‘ V@d?ﬁmercuauy

protection [ayer and D was still good an here no del am nat
occurr eéva'lalbl%Gﬁﬂ?’ﬁ%'ﬁ'd?ﬁ@ﬂ&rélonﬁmi Zﬂlﬂ awiden A Banium peideatispersed |n hexane

I tg t h
ycl es. Aph Miscrlaf! or WborRlY abrylat 37 b/oBlIeRE! Godi Machyidld LaFhE) ' Bld o
strong depesihnanmedaié (201@3 Earmn)eftrst phrio oipid b stiade ot iacilexilte phastiOlsbPstrate

d al th bl ted to C
bubbl oo b7 T VaEebAFhaREL B dsc B Slith BSOTHE Shtiar scisen miing, ink jet
met idopagtires or Bng dpprihtig metbtbd@or)i‘dlt vt eatindembtddSsucA 1a091ip lcbating,
dovi ce. VEHRIGRE Rt Shuied e aafer 1D s ok SabvEohos) bR Temoved at
phot ovotreningl HaMéSIMgaSt STFOMbr fewinfAutdd o . ngfab@”)f\t étﬁvémttﬁ%évfm&t@eis

device shown in FIG 14, \Wen the optional I nation of |ayers
i s not P%R;CI tRISKioW oZing joxisle aaﬁ%@éSslwogm@mg éhﬁ)ﬁugﬁW)Sggowwcetate and

pol y( et IR @Eﬂr aga t @it Glge'Rmoubal §ﬁle( Pﬁ)&) w@%&@{oﬁx&%d
tere aI ate nmet hyl pentyne
pol ar l’o‘@nmt)do IBEZXFI]G; 1@;BoamdjElﬁmﬂ€é}ﬁt|temphEaiumseuf@@°WtoHZDH’@ Within a time

e o o B i e b ko 56 R GB 454 A AU o
10- 19/ nédrdeyiet grawtiubf higheg/asBéctaptiatnaddads, SeVer=|salvene tHummat rdites and
(RA). hydrolysis processes exist that can be employed to grow the zinc nanorods 3 on to the
plastic substrates 5. The atomic force microscope (AFM) photographs of nanodots and
25 nanostructures are shown in FIG. 10A to FIG. 10C). These nanorods can be deposited
either on barrier coated plastic or any rigid substrate like glass. These nanorods can be
used alone in the UV neutralising layer 122 due to their property o scatter the light. It is
however aiso possible to add zinc oxide particles to this film in order to improve the UV
filter properties. The structure of a UV neutralizing layer containing Zinc oxide
30. nanoparticles (depicted as small black squares 4 in the layer 122) dispersed In acrylic
polymer and deposited onto Zinc oxide nanorods (depicted as “star-like” grey structures

3) is shown in the following.

B2 ~ Zinc oxide nanoparticle dispersed acrylic polymer deposited on to zinc oxide
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WD 2009/ 126115PCT/ S&2009/ 000132 [0131] The WV neutralizing | ayer 202
and the nanostructured | ayer 203 can be coated on the substrate |ayer
by deposition nethods known in the art, such as spin coating, slot
di e coati ngWORaeXildm1&vaporati on or screen printing, to rPOTSGIMMPES32
few. These | ayers can be cured by either heat curing or UV curing
met hods harmwods (FIGhé26Kt. |t is al so 5possible to coat the substrate

| ayer o H?%P ides with a neutralizing |ayer 202 to obtain a .
pr ot ect ﬁg O ?We'r@eﬁ?{?téﬂget S, 0’5‘6%.”31"8%513'9%@@ e ih\é dighp mepiralizing
W neut rla%er,z 4O Gnll TRV c@r@%l feRemdABRR h&tﬁ%&dﬁnp%geg%ht?&%b%g? 1@% of the

bet ween about 20 nmto about épm or between abou )0 nm an
| n generg@aling soltiopies dded to dmivofre disparsion of zineyexide ir2 tiprapylaee glycol

encagsul PGP byt a0 30ePReh R R E R Red Teb b osies o

of the piroonrgkaolct siherd el PEMR ahd &G (1:heratio wiasadddeidrtg thayrextuaf Samifitatidve of

phot ovortfa s 48 o Capref S fariabBuL L Sl BaSt i dasaitiod orfe 3 Barer Gide
t hi cknedayef Thadbmedtidnner ¥ fileuthatinchideg B e ABAoRNd drftPthe nanoparticles

nanostructured | ayer 203%(;1;)f %‘ﬁ m 15 [0133] The substrate | ayer
coat ed W4 BPHRPAING YR HRgera 8’[‘%/@'?"099@3 asrhfse AR foglove beky Elde oxygen

| ayap 2Qd % ] t lhai i Cu:
)70 20 b eBpbTRMAY e ILRg Bebhah NBERDRAENE] 8 o AENAE T
phot ovoll@xgrcwagvihes riéredaviei Bt deforenapplyngatne filny thet aontdies dbe treactive

of the i ke 2 : O n ul at.in
the. phot BPE st AIORENGEY “Els alstpiaile 1 oMb 2RaE e ittt e
t he subsenasteyctured yekithgt sonteitsirtiee (rebsivec alahopadieksi ag &laingdiia the
appl i ed &h} Eé\qe side of a photovoltaic device 221. |In one enbodi nent,

t he baclz a& ructure consists of a nanostructured | ayer and/or

adhesi v§o1BjeFornthec ajenkeatipp|of echey i arpbaictarel 1ayeH icoatdimhgodse (Baktive
nore details r_e%ar di ng the formation of the backing structure see the
fol | owi M@NPEFEEEsRReRbleTploinractngowith facislrgk ane/oxygemt crramesrallyeavailable

bet ween nahgpértidleRM MArdBRYL dp 5% E@%ﬁﬁihm-rh%xi@i@heééﬂi@legayﬁ?lﬁ\s) NEAShHse
applied_using a slot die coating process. [0136] FIG 15 shows a
speci f i deehfpagigshverss prerecaled withuiasma and @dded to anwrgastic sblwent such as 2-

encapsu ' [ ' - 1 5 I ] )
(050 - MHECHRRRRY SolElE) AR ifyitrte TRSEERYTEH AFESGhTh 6§ atio of 1:1
el e2Q r oRMQE ltay3. Ppyleaetdlyeon monoriethey! etithreor3Bihyl Aegiate 480athyl lsobutyl
titaniu | r 0 7] _For .encapsul.ation of the C Wt
the mul Reidire MAAREGH 2 MEEE and i B s By fetinsEedtive ghsls can
di r ect | plsonbé heseduinistdaaly exttapaativety, donerofdily! avaikabld Ranbpar@bleUdishéislons
440 is laminated ontp the,nanostructured | ayer 203. On top of the
titani ufivf @aP,Z'F'ﬁé’Xiqoen i UANYR q¥idgaeiprersed Jp fiexdaneqdickdliagsylaten leghomyl
final t bégRitelTROSRE Blybaydacrale can, for example, also be used.

25 [0116] A compound with polymerizable groups such as commercially available UV

curable acrylate monomers (such as HC-5607 obtainable from Addison Clear Wave,
Wooddale, IL, USA, for example) was added to the nanoparticle mixture to form a
sealing solution. The polymer coating weight may be between an amount of 5% to 70%
by weight of the entire sealing solution. For example, the total concentration of
30. nanoparticles in the polymer may be at 66% by weight of the sealing solution, while
polymer coating weight is at about 34% by weight of the sealing solution.
[0117] The synthesis was undertaken under inert gas environment. The set of
experiments were carried out with different mixtures of nanoparticles in acrylic polymer
solutions and spin coated onto the plain polymer substrate.
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WO 2009/ 126115PCT/ SG2009/ 000132 titani um oxi de paste is energed in a
solution of organic dye for a certain period of tine. [0138]

Sputtering of the titanium oxide paste onto the titaniumfoil |eaves

a protrusi oWO00¥KelFayer 430 in shape of a crescent. AfRCIVSGIME0601AY
and drying of the electrode the electrolyte is filled into this

pr ot r usi[018]ThBepbsiiidn of reaetiveagiemida® adde hhsopaticles dispersattadylicystymer
form ng bac I ng structure are created at the sane tine, for .
exanpl e H}%ﬁ? tandard printing method known in the art. The backing

struct urfe1is] B ed e agleyi @lﬁb&iﬂ’é’fé | @ted Nyith AUVt FlteP OhiRd Wr@d t Rctive

backing structure is located. [0139] Follow ng formation of the
el ect r olfAOPAHIFS dispersgd @orie PehEIeTR(Fier 12Phre, the I TO layer 410 is

o Dol doazel, rut B WRoMSEE MY (SaRchariinidl. (el 3hus TR the

mul til ayespmtwe ifiém) of ﬂhmtt\épablrahanig layer gduhbof lg‘g caratié stolate anshonrer with
L ce sal r

OXY9en SEBSRAY SudfoieLl 30, 2600, 8P HE KL st gl il Ly of =

r eacte |n ve:i:.r—];aunszparm’ ngai'ﬁ?imapaidbegQtf’m%rlogigen@egCDQdety*rfaatg'gBa:’/f\ﬁ@iggpd?lﬂt&zglabie

e R BV e IRRaR B e Stoas SBLErt B FORIE,ahehER (3] Ghlic was

noi gpur %dﬂ@d/t@ﬁh@wm% %tﬁbﬂ@ﬁ@f'tﬂ@dﬁﬂ@%&'tﬁéﬁ%aﬁf bﬁt%? bF about 1 hour

nanoperticles being distributed with |naﬁ ynmeric binde
| east omEOnfa AaResiian ontpghbaien oxidrilayeaigThaj@mationmfitee ﬁgalmgwlay@r\nalspm

f?gﬂg lme ggl;atlﬁé)g/féé Rindertdkdrd AV4 Aldlgeh 8RbspHE SiFRYIdVEBAL el gen and water
vapour contents were reduced to less than 1ppm ievel in the glove box,

[0121] When testing the UV filter properties of a barrier film that contained the zinc
15 nanoreds in the UV light neutralizing layer and aluminium nanoparticles in the
nanostructured film with a barrier film that only contained the initial seed layer of the
zinc oxide particles in the UV light neutralizing layer, it was seen the UV filter properties
of the zinc nanorods containing film was significantly higher (FIG. 12E & F). In this
context it is noted that the zinc nanorods can efficiently scatter the light, which enables
20 the UV neutralizing layer to efficiently extract the light from device of interest, for

example, an organic top emitting device.

Coating fransfer process by vacuum sealing or lamination process

[0122] The cover substrate (B3) coated with the UV light neutralizing layer and the
25  uncured nancstructured barrier layer is then sealed onto an organic device by vacuum

sealing method ad then cured with UV radiation. Thereby an encapsulated electronic

device such as an OLED, as illustrated in FIG. 13 is fabricated.

Flexible OLED Encapsulation — Fabrication of Prototype and Performance testing of
30. OLED encapsulated with barrier film of the invention

[0123] Either glass or polycarbonate substrates are transparent and can be cut into

preferred dimensions. Pneumatically operated hollow die punch-cutting equipment or

any conventional slitting machine can be used to slit the polycarbonate substrates into

the specified or required dimensions.
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ultraviolet light through the barrier film 2. The barrier film of
Claim1, wherein the reactive nanoparticies are capable 15of

I nteracting with noi sture and/ or oxygen through chem cal reaction,

3. The barr Wé&2009/126416f Cl ai m 2, wherein the reactive narR§IAG20¢H 098132
conprise a material selected fromthe group consisting of netals,

netal of01da} andhanexputimsntahetpf the GubdtrafbBendrer finsyd Mthl\ns@;ﬁroﬁylaiamhoi
n.the eactlve nanoparticles conprise a nmetal selected fro

3, wher
t he groﬁbﬁ%@}ﬁ@ lopdriest with niypgenio reiorg magia-seale adeybed faskgles on the
255. Theghdgdd. %‘té‘r'ﬂ:ffb@én Eiow-ﬂ?y:*’tﬁ& sulﬂstré@@@ﬂrﬁ‘ér@ fptlél%dr Bagkl Wuum oven at a

nanopartlcl es "conprise a met al oxi de sel ect ed om the group

consi st Pragsare 10f040™ Antes, ((2042Payfer degassisgo absabegn anaigiare \@2 oxygen.
%825 N%Qr%edfa&%{)t%g(ég?{é ﬁ%ﬁé&ﬁb%ﬁo&é&r g'ﬁar substH esTQSEé)ﬁ‘{zﬁéfSFreél it meoﬁlasma

e reactive na
t r ans patreatmen ctantbiev ¢e.gpUBVACS QECHET Eduster Tcuui}nRFhargg:ncplasma rwsasmsedgo
Cd1ln2 c_stan

f dm t Cd 04 Vhat
0 znoanohSBRar e B rec A iRe Ehirier A WL R Ao 53, Mt Rineri B8 Srfoce
t her eof cor&@mmants Pﬁﬂ 5&?@9%’5@@:@%%8@@#&%@ waishRhmtiied BOBW 4 % 10f@bar.

barrier_filmof any of clains | to 6, wherein the reactive

nanopar?h%laé%‘)'&lﬂewc'éﬁé%m%s 69 SPﬁ‘?‘eﬁsﬁﬁml Agukia renfinetier RenAiNYe FxSigedard
t hr pyohteAgRafte Yhd pressure) (0.1 Pa*m®s). The RF power was set at 200 W and an

optimal treatment time usually 5 to 8 eight minutes is used depending on the surface
condition. Poly (styrene sulfonate)-doped poly (3,4-ethylene dioxythiophene) (PEDOT)
was used as a hole fransport layer (HTL). The commercial phenyi-substituted poly (p-
phenylenevinylene) (PPV) yellow light emitting polymer was used. A 20 nm thick

156 calcium film covered with a 200 nm thick silver cathode was deposited by thermal
evaporation in an ULVAC cluster system at a base pressure of 2.0x1 0% Torr (0.0002666
Pa). The silver film was used fo protect the underlying calcium. Also a small molecule
based OLED structure was fabricated for the some of the encapsulation studies. In this
fabrication process, ITO-coated glass with a sheet resistance of 20 Q/square was used

20 as a substrate for the OLED device fabrication. 75nm NPB was deposited in high
vacuum 2 x 10-5 Pa at 270°C. Then, 65 nm thick electroluminescence layer Alq3 was
deposited at 270°C under high vacuum of 2 x 10 Pa pressure. LiF was deposited at
650°C as an interlayer between EL and cathode. The cathode (200 nm aluminium) was
deposited using thermal evaporation technique.

25 [0125] The standard small molecule based standard OLED device fabrication process
was followed using 5 cm by 5 cm of the plastic substrate coated with barrier silicon
oxide and ITO films and encapsulated with magnesium oxide thin film with 250 um as
solvent protection layer.

[0126] A zinc oxide nanopariicles containing polymer layer as described above was

30- deposited onto the cover plastic substrate and used as UV light neutralising layer (UV
filter). In addition, also a nanostructured polymer layer containing aluminium oxide
nanoparticles was deposited onto the UV filter. Before curing, the cover substrate was
vacuum sealed on to the OLED device.

[0127] The flexibility of an organic light emitting device is limited to a great extent by
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8. The barrier filmof Caim7,.wherein the reactive nanoparticles
conprise carbon nanotubes. 9. The barrier filmof Caim8, wherein
t he carbon nanotubes have a nultiwall confornmation.

10. The barWVOep0¥2§ii$ of any of Clains 1 to 9, wherein tRET/SG2009/000132
nanostructured | ayer conprises both carbon nanotubes and reactive

netal oXhélgenrintipatidr BaKssiruchfe dMNThdRim TRtaddeOXhd htedagaasttdctd 8Factive
present bei ng between 500 to 15000 tines (by weight) the quantity of

car bon ReWHAIRANE hale deaelectron injectionlayersq11 " The barrier filmof any
of C ai 1yt GnkO feyBRS eén'&aﬁ‘élﬂﬁtehh?)L@D’gfé%ﬁ“gc‘&tE){dﬁbgstgu@ﬁe ﬁﬁ{?édtfoh"?vas

electronlc evi ce conprises an organic evi ¢
aver agesgbneetedf tor differandonycles ofafiestiag BBCDQESAHT@HDm Saciedy ofrkesting fMatedals

grr;‘a[ ct §r | S @ é}’é{%\l’u%.lzo 1‘%{‘%@{% I.’:Jg% Qri?:&ggﬁ@ﬂ#@/ l#:[z ha%&%h%%&cggesh&t display <

V\herel n4bbemhpadtheVRened AP thoBe@Swaree 5000i- sb@wdzowwuerseeoowldgrctes The
rod- shape has a di aneter_of between about 1

| engt h 6¥'b§@f9t\“@§059"6 bYRsR agGhowmin £HG- 13a pé@’P E’QE 1§B&fth8tf@ﬁln95' agius
mor e. 3)130 Q@;r \'iv‘a@rSTfG h‘ﬁ?\ de Eefibétlon ﬂ%fes"‘fs%ﬁ'éob Sl RREIG.BA. Before

nanopart | c ave | engt | ess than about 200 ran. 14. The
barrier aﬂdlaﬁe@fea@hybaﬂdlr@ teisinthel dewica Juminiescence wae measired égainst voltage.

30N OPRIG. FaE ST 1 HhASE. CR0d BB g ' Gfrle’s FhaliiiaRels B e
PCT/ S0206¢t6€ peifdfnaiecss withl dBfeFariirhemding28/tles. The turn on voltage is 5V for flexed
devices with 5k bending cycles and the luminescence has reached up to 100 Cd/m?,

There was no interfacial failure between encapsulation and OLED, base and cover
substrates. However, when the bending cycles increased beyond 10,000 cycles, the

15  luminescence dropped to 80 Cd/m? The cover substrate bonding with nanostructured
layer and UV filter was however still maintained. It was observed that the bonding

between the solvent protection layer and OLED was siill good and there no
delamination occurred. In contrast thereto, the delamination in between the solvent
protection layer and OLED occurred after the 30,000 bending cycles. This results show

20 that vacuum sealing method resulted in a strong attachment of the barrier film of the
invention to the OLED and vacuum sealing was able resolve the problems related to the

bubbles formation and other defects due to the manual sealing methodologies.

Encapsulation of a photovoltaic device
25 [0129] In the following section an example of encapsulation of a photovoltaic device is
described in more detail.
[0130] Encapsulation of a photovoitaic device as shown in FIG. 14 starts from the
bottom of the device shown in FIG. 14. When the optional combination of layers 380 is
not included, at first a base subsirate (not shown) such as poly(ethylene-2,6-
30- naphthalene dicarboxylate) (PEN), poly(ethylene terephthalate) (PET), poly(4-methyl-2-
pentyne), polyimide, polycarbonate (PC) is provided which is then coated with the UV
neutralizing layer 202 followed by the nanostructured layer 203. The barrier properties
of this multilayer can be between about 10”'g/m%day to about 10°g/m?/day at 39°C &
90% relative humidity (RH).
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15. The barrier filmof any of Clains 1 to 14, wherein the at |east
one nanostructured layer of the nultilayer filmconprises at |east 2
types of reactive nanoparticles that are capable of interacting wth

moi sture andPAP®6R§M2n. 516. The barrier filmof O ai m 1FCTHIRPROPIEhe
mul tilayer filmconprises a first nanostructured | ayer conprising

reacti vEore] arrhaammneutraﬁa‘n@ iayaﬂﬂoz aaaﬁmdan@ﬂﬂﬁur@dtlw@@dm be coated
corrpr|S| ctive metgy OXI anopayt.icies.

barrier P%%SB stegte jayeq gY dgRes! % oM gy ik arh Pmaﬂﬁwns@gﬂ%& slot
10pl ur aljid Yo&thgs ¥hsudrh 'evaparfiod %r%cwpﬁ%tﬂ@%%hfé Hﬁl?da l‘e’W efﬁese layers

arranged in alternati ng sequence in the nul tilayer fi
barri er Cam |h9n$ldj’ﬁd dvaeithersneaiaeriag wriihé quﬂnglmaw%dmpwns@sth@rm lt is also

nanogt rplﬁ%#fﬂ@q&o %?éﬁé%g?&gatg 12 S BE LiGEE Qith %W%’eﬁﬁ?@ﬁgﬁager 202 to

nanopar es an I've nmetal oxi de nanepar
bar ri er obidima pFotacijorodf thke substratedayes, tomher ei n t he anobunt of reactive

nanopart,i s.present _in e ost.rudured | a S t ween about

0 00hootibiaT S TRE ShiERhesd of i IRLBSMA ot e %P2 e s Bt RHiregt 1aver
p]9| é mer zosi gancmerbeMeéﬂnaba@@wmttb @bbur fnl alyBstwedt abbue50@hhi &fd fi ighinIn
o] aim

o b BT B N o ST e e Sammihate v 203

Bg:%?;?%%ﬁec%eon%b{ﬁﬁ@éﬁg@%a?ffﬁfeeybﬁﬁﬁps%éd’%ﬂc%m %@.ce 221, The ratio

wher ei nbeeenthe shickness dfithg photovoltaic device 221 and the neutral;zmg Iayer 202 and
the nanostructured layer 203, respectively, is about 1;2. For example, a photovoltaic
device 221 with a thickness of 1 um results in a thickness of each of the UV neutralizing
layer 202 and the nanostructured layer 203 of 2 uym.

16 [0133] The substrate [ayer coated with the UV neutralizing layer 202 and the
nanostructured layer 203 is then laminated to the bottom of the photovoltaic device 221.
Preparation of the layered structure on the other side of the photovoltaic device is
carried out in the same way as at the bottom of the photovoltaic device 221.

[0134] However, before encapsulating the photovoltaic device 221 between layers 203

20 and 202 coated onto the substrate, the backing structure (also called sealing fayer) is
applied at the side of a photovoltaic device 221. In one embodiment, the backing
structure consists of a nanostructured layer andfor adhesive layer and can be applied
via standard printing methods (for more details regarding the formation of the backing
structure see the following paragraphs). The width of the backing structure can be

25 beiween about 1 ym to about 5 mm.

[0135] The adhesive layer(s) can be applied using a slot die coating process.

[0136] FiIG. 15 shows a specific embodiment of the structure in FIG. 14 in which the
encapsulated photovoltaic device is a Dye-sensitized solar cell (DSSC). The DSSC
consists of a indium tin oxide layer 410, an electrolyte layer 420, a titanium oxide + dye

30. layer 430 and a titanium foil layer 440,

[0137] For encapsulation of the DSSC with the muitilayer barrier film as shown in FIG.
15, the DSSC is formed directly on the multilayer barrier film. At first, the titanium foil
440 is laminated onto the nanostructured layer 203. On top of the titanium foii, the
titanium oxide paste is sputtered. To obtain the final titanium oxide/dye layer 430,
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neutralizing |ayer and/ O the polyneric binder in which the reactive
nanoparticles are distributed conprises an organi c conpound capabl e
of absorbing ultraviolet |ight selected fromthe group consisting of
4- et hy| benWl R9%n3&118anphor, 30i soanyl p- net hoxyci nnamatRET/SG2009/000132
2- hydr oXyphenyl benzotriazol e, 2-hydroxy- benzophenone,

2- hydr oppemRine BXidE JaRE &eerﬁévaeewa@amb%fo nic dyé%%T/aS%é@%@&w@r%me.

Received 5 February 2010 The barrier fi any of Clains 1 to

21, whel®4i381t ﬁ@umalt!mm@f meetﬁamlugh@mﬁ%@ﬁs@l GrAp ﬁbe Itltgrwmd@ihiﬂaveée protrusion
i I
7tV B e K BPARAYd babBsnE i EhiaRe o ety e e
ganopgr electrelgtebisi fmgdsniodbtsqﬂofrumam 1 e gleottplytmlaaqes gﬁﬁh ggdfthe aéntrsimctured
0 ;
oxt g lgyBbfortind R FRGKER, Bilciid 3t brecll af M SnedneSaish sydplsr By fny

oxi de (&ePdhrd pricthigimethoddendhdROE, arki T BaekThg @ifugRiré & Bided B &splying

oxide (ZnO) and m xtures thereof. 10 24.the. barrier . filmof Caim

21 and 9Y ligkenkiat the,golnt whara %?&ackiﬁglﬁmﬁ%?r’ﬁliqfﬁt% | ayer conprises
an or gaﬂﬁ%gchHmﬁMHQ Jgﬁﬁ&fblneofocﬁe@?éﬁf Bga):r%) 42?0\/58& e bb?]ﬂﬁ%%ﬂﬁctm‘e, the

.reactive hnetal oxi nanoparti cl es stributed ini ayer.
15 ITO layer 410 is laminated on top of the electrolyte layer 420,

10
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25. The barrier filmof any of Clains Ito 24, wherein the mJItllayer

fi.lmfurther conprises an organic-barrier |ayer.
barrier filmeof Caim?25, wherein the barrier (aye': co r| EQ 2009/000132

mat eri al ryi ene, polyinide, polyacr F‘%i’i‘ﬂeéé; ebruary 2010
pol yam d Whgtq %’la% di Eleg opyl ene, polyim-de,
pol y(1- trlrnethyIS|Iy1 1-propyne, poly(4-nmethyl-2- pentyne),

pol yet hyl ene, 4 pol yghhgitgdt! B&P& ﬂ?rp% aﬁl@séfnéncaﬁ%léft[ﬁ@"-\él fBfeture and/or

t erept hal ate, pol ystyrene, ur et

pol ydi net hyl pﬁméﬁésm%@lwomgw%tﬁ@leamm%%%ﬁbampoﬂmcmnnsmene

fluorigle (PVDF). 24 Rést the haiostr@iturbd!| gyed ¢ @n?h'ﬂh P Geaktis Hﬁﬁopagm{es
e

encapsl ateq. CHpRILeIeratna Rl Bpishe ARolcr FryBRe PR e nahep s hiche
substrate. 3028.nofirterbatrwithemobiuterand/onoyygeh aBtiaiieh éret:maatéd tblitshest

commr 210 2 LWl 5408 T N e

baffler fil m penagagiclas bgingwhirtibafas within & gelymerc bhdglleanctonprl ses a

mat erjgal sel ect ed Jfrggati o Wteviolkt ORghel Srelidrdifing %y@ﬁ%onﬁﬂéﬁfé’rém‘}fétsﬁﬁ

and pol year bonat
poly capa%le of absorbing ultraviolet light, thereby limiting the transmissnon of

ultraviolet light through the bamer filrm.

2. The barler film of Claim 1, whereln the reactive nanoparticles are capabie
15 of interactlng wrth molsture andlor oxygen through chemical reaction,

3. The barrier film of Claitn 2, wherem the reactive nanoparticles comprise a
. matenal selected from the group conststmg of metals, metal oxides and mixtures '
thereof,
20 _
B The barrier filrh of Claim 3, wherein the reactive nanoparticles comprise a
- metal selécted from the group consisting of Al Ti Mg Ba Ca, and mixtures
thereof,

25 5. ‘The bamer film of Claim 3 or -4, wherein the reactxve nanopamcles
compnse a metal’ oxnde se!ected fram the group consisting of TiOg2, AlaOs, Zr0a,
Zn0, Ba0, SO, Cal and MgQ, VOQz CrOs MoO: ~LiMnQ4 and mixtures
thereof. '

30 - 6. The barrier film of any of Glaims 3 to 5, whereln the reactive nanopérticles
‘comprise a transparent conductive metal oxide selected from the group
consisting of cadmium stannate (Cd:SnOx), cadmium Indate (CdlngO.), zinc
stannate (ZnySn04 and ZnSnh0g), Zine indium oxide (ZhialneQs) anci mixtures
thereof, '
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30. The barrier turn of Claim29, wherein the term nal |ayer has

distributed therein particles conprising a material selected f
BaF2, MDF2 and CaF2. 31. The barrier filmof any one WT/§ﬁ8009/000132

‘precedi ng claims, wherein the. Inert nanoparticles are neRfeived 5 February 2010
-mat erial . Select ed from the *group consisting of 10copper, platinum
gold, sliver; 7m he‘ﬂa& sarrien i ©f ampbi Glakhen ioes, whetdid iHeGeactive. nanopartlcles

|1 t t I t
L Pty S P B ETRR ld L Bl ¥hulh okl

silicate glass, calcium aluniniumsilicate glass, calcium alum nium

fluorasificate, gl a’ﬁ% béﬂriéraﬂlmuéF €8P I®nherdi 8 '}ééﬂfgg Wfﬁér%‘?ﬁl%iaé&rgpn-sgm

nitride, Silicon carb silicon ni tride, net

m Xt ures and EBWBFHQF‘?%?\%S thereof 32. An encapsul ated el ectronic .
devi ce, conprising a base substrate havi ng arranged

t hereon an el gctr e d electr c devi ce being covered by
an encapsul at ?on %ec%a?lg ré‘@? Pﬁgph‘hé "é}?eé%'f' RO RNpRuhes R multivelr e
.andi or oxygencom@m the encapsul ation conprises a . barrier film
‘of amp.of Clains 1 to 31. 33. The device of Caim32, wherein

said barrier fjilm | s ,arranged such that the ultraviolet- | |ght
neutralizing %yerlhedagisriiiyefiacy stelrimsot i@ weseit i nenaseuctoed tiden

25t he nanost r aehpiised Hodly Eﬁrbon :ﬁénotTE'&i S8t m@laﬁ“o&ial%znan ﬁl&éy wal d -
barrier fllméao@gr‘:}aﬁg&% 2‘@ t atni%e/ nanrr?structure q{é

arranged cl oser I8EEMEHPRE PTEESTY: RSO heiveqy § f9|1§p'éQ timpght
-neut'ral i zi ng. (byywsightidhe quaslly dftvaribe\iabetubds Eksdnmn-32 or 33 or 34;

furt hgr conpri si ng a secondary encapsul ation-conprising an adhesive

| ayer ar rangeﬂ nultila barrier film and a cover substrate
arranged on the e fil, aWDfEdﬁ"AWENDEQ) VEIMIEEIT WRBAVHA Dxygen and/or

moisture sensitive electronic device comprises an organic light emitting device, -
the average size of th_e- rezotive nanoparticles is tess tharn one-half the

i characteristic wavelength of light pro‘duce;l by the organiclight emitting device.

. 12, . The barier flm of anjr' of . Claims 1 to 11, whereln the reactlve
nanoparticles are roii-shapec{, ‘whereln sald rod-shape has a diameter of
between about 10 nm to about 50 nm, a length of about 50 to about 400 nm, and

, _ an aspect ratio of about § or more. '

25 s 3 S ' :

18. The bamer film of Claim 12, wherein the reactive nanopart:cies have a

length of less than about 200 hm, :

14, The barner flm of any of Claims 1 to 13, wherein the reactive
30- - nanoparticles have a surface area to weight ratlo of between about 1 m¥g to -
about 200 m¥g.
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PCT/ S02009/ 000132 Recei ved 5 February 2010 36. The device of CI ai m
35, wherein the cover, substrate and/or the base substrate ted
to achi eve a conbi ned noi sture perneation property of bet mé’&%l“f% 9/000132

10-1 2 day; 1 t 104 i t | 3d%eceivefl Hbekruary 2010
rel at ?vren humi tl%ea}%q%%" %%89835(”%%}%@8 \;\r% *g’rﬁh‘%ﬁﬁe i A {egat one :
adhesi ve | ayeramétrwdi@reséa}@ndam naitiayes tﬁl:mbampﬂmlatpwsseswm dddasiy e
e o A o D O f SR R Yy

device of -Caim erern esive tayer 1s's
group consisting of ethylene vinyl acetate resins, epoxy resins,

pol ysel.fici e, 16,si hhe Wasisrfifin BOLWHH Q6 aASein the mun?ﬂ§¥eﬂ?i}&‘ cHRp h é’ﬁrst
substrate IS sel ect ed romth

Cl ai m 38, ‘wherein ggclg ver
consi sting of'&yPa “fﬁﬁgﬁxﬁﬁ MPrisg feactlys npeheerRatcl ‘?sarﬁr\da?e’ifcﬁﬁici h

an | norgani ¢ rempstreturbi Fayer ameprising neptivemiotzd baigé hesoparti¢lés. The device
of any of Clains 1 to 39, wherein the electronic device is sel ected
fromthe group consisti ng of an Organic Light Emitting Device (OLED),
20 char ged- colfpl edhedidrirr fimon) Claim cibo véieeein rtbe medtiayerdiin semwises «

(MEMg), and gyiyraftgasi Gaplr f‘fs’i‘%ﬁagétﬁ QéHaEQVRérLﬁtrgctﬁ'.%&' %geﬁé*‘hg&;%%t In

based on a thin-filmsol ar evi ce accor
d ai m 40, V\hé’rléf"ﬁ‘ i@%?"%ﬁ"ﬁ”ﬁ%{ﬁ'ﬁﬁe Bwiﬁl%rrf&am c 25 photovol tai b device
Which is based on a thindfilmsolar cell is selected fromthe group

consi sti ng of |-ar. d solar Cell
e 1O ek BT S 7' By o PR B¢ cohibesine
(ClS) and, a ceppeructured lﬁwgm\hﬂgﬁﬁdblﬁed thereie reatioe metd] Ina(6par@®s and
304245An or 9agidive Wikl Rlde TAGReRNs, (EL) panel conprising a plurality
of ' , - ' ,
18, The barier film of ény of Claims 1 to 18, wherein the-amount of reactive
nanopartivles presentin the nanostructured layer-is betwaen about 0.0000001%
. to about 50% by weight of the monomer of the polymeric binder in the
20 nanostructured layer:

20. The barrier film of Claim 19, wherein the polymerle binder comprises a

Amaterial selected from the group conslstmg of polyacrylate. polymethacrylate,

pnlyam'ylamlde, polyepomde, parylene, pmlysz!oxanes and polyurethane

25 - _ _
21, The barier film of any of Glaims 1 to 20, wherein the ultraviolet light
neutralizing layer andfor the polymeric binder in which the reactive hanabarticles .

- are distributed comprises an organic compound capable of absorbing tltraviolet
light selected "from the group 'cansistin‘g of 4-me_thylbenz§lidene camphor,

30 isoamyl p-methoxycinnamate,”  2-hydroxyphenyl - beniotriazoie. 2-hydroxy-

‘benzophenone, 2-hydroxy-phenylitriazine and oxalanilide.
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encapsul ated organic light emtting devices (CLEDs), said panel
conpri si ng: - a substrate having arranged thereon said plura

of encapsul ated OLEDs, each encapsul ated OLED conpri si ng{ 82/5852009/8/03(1)?3
Sal glguary .

PCTM32009/ 000132 ed 5 Fehruary 2010 a bas
havi ng arrangé% tﬂ-é'ree%‘:‘w'%ﬂq %fv hef & "H@aﬂ Yq: FisWherelit thegirayiglebfightan .
or gani ¢ | ayer neyralizieg fayeoooprisest eactive Inmteiroxide nanopaatictbsQERREH Inga

31

encl osed vmth ,ﬁﬂ%L I layer filmaccording to any of Clains 1t
for protectlng %( e O from noi sture .and/or oxygen. -43. An

encapsul at ed phot ovol tai c device corrpri sing: - a photovoltaic

devi cebei ng: aanAwheheemiaP MRS Wil b |\iftin Dl 'r%hctp tal. oxide
according tan rotecti ng said Sv (S"I'etae.{ &
devi ce from n%?r?f’ﬁ @eﬁﬁéf‘%?e'ﬁﬁtﬁﬁ@'ﬁmt B AP EPslsting héﬁ'litmadumda (HfOZ),

mul titayer bamegmsiuhi bmﬂeqmm); sarim rtﬁ:iu&S(B“almt WliB6he bﬁMSr(SYéL') Gihrkii

attached to s V one, si de,
ul traviol et @bﬂg@g O)r‘ q!f"t'tgfu ? 6‘%)% RRfiug) et gc%%er*fomum J¥de
encapsul at ed Daaconiln QH@W(ZEDAMG*M&Q{Z&@) Schiniriukes theherei n a- 15

backipg structure is attached to said phot ovol tai c device at such

sides which.are not sandw ﬂghed between said two multilayer filns,
wher ei n sai d #hackiT Ay Rarfelc iy ofc Giani dtsangl R&noshereivt thee diltfaiplat light

referred to imubakzhgdéyetlcampiises to 31 or a nanostructured |ayer as

referred to in an l ai s t.o 31 .c d on a east one side
to a layer of adhé 1, Ipe%iczﬁampound capable o? a%sor ing ultravtiofet light and reactive

metal oxide nanoparticles distibuted in a polymer !ayer

15 .
25. The barrier ﬂm of any of Claims 1 to 24, wherem the muztulayer f;lm further
comprises an arganic bamer layer.

_ 26.  The barrler film of Claim 25, wherein'the barter [aq,rerr comprises a material

.'.20 ' selected “from - parylene, polyimide, - pclyacrylamide polyamlde. polyacetate,
polypropylene, polyimide, pnly('f-tnmethylsily!—'l -propyne,  poly(4-methyl.2-
‘pentyne),” pnlyethylene' pclyethersulfone epoxy resins,’ polyethylené
tereptha{ate. polystyreng, polyurethane, polyacrylaie polydlmeﬂ'ly[phenylene
oxide, styrene«divmylbenzene polyvinylidene fluotide (PVDF).

25 .
a7: The barrier film of Claim 286, further comprisfng a substrate for supporting
the electronic device to be encapsulated wherein the bamer film.is formed ona
.surface of the substrate,

30 . 28. The barrier fiim of any of Clalms 1-to 27' further comprislng a termlna!

Iayer for proteciing the muitllayer barvier film.
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45. The encapsul ated photovol taic device according to d ai m 44

wher ei n said backing structure conprises said nanostructure ?é%o
sandwi ched between two | ayers of adhesive. 2546. The encap@QTé 05/000132

phot ovol t ai ¢ gevi t m 45, wher ei iReARired HFebruary 2010
phot ovol t ai ¢ 2%ew gg%an%?%r?l(])'ﬂtgﬁfn@ %?83 4}1 \;B?ttﬁr"?fnﬂe[ﬂ'%ﬁemm g2

wher ei'n sai d pHetidyselected Huwi l@éfyrrartina@g@a (O3 aigthspamelyparpglene and
separated fr adnkher by said backing structure. 3047. The

encapsul ated solar cell according to any of Clains 43 to 46, wherein
sai d photovoltaic device is an organic or inorganic photqvoltaic

devi } cé whi ;:h s busedanrr girﬁ lat mz)a‘mlm WHeréin @R termfhdl layer has d:str(ljbutedl
PCT/ S&G009/ 0 32 Received 5 February. 201 ed sol ar
cell accordi gl%lr?'g P&‘e"ﬁ%“&‘?""wﬁﬁ gfag r@\?‘% %?%gﬂ'?’-cgqa%r? %1% a%

phot ovol tai c deV| ce which is based on a thin-fil msol ar cel | is
selected fro f sol ar _cel
Dye-sensitize g?—%% %Hﬁ\ef??%gg%w%ng&ﬁ )1 g#l‘ aigéﬁ I“'ﬁ“3 d’é irert
Copper - | ndi uﬁﬁmml%a%mﬂedm retersl W@l ff@pp@ﬂ graup wongjstingi ofm
di sekgni de SQb?(ﬁ erC €lptatifiérh CShold 4 9silvlr; ”Brhl?féﬁazé)f SRR T GRAILASIRD mullte
encapsul ated el ec or1 c devi ce cor‘rg| g !
monmon ioru rare  earth el ents lcate glass, fiuorostlicate glass,
fluoroborosilicate glass, aluminosilicate glass, calclum silicate glass, calolum
aluminium sllicate glass, calcium aluminium fluorgsilicate glass, titanium carblde
zZirconium carblde. zirconium nitride, silicon carbide, or silicon nitride, metal

15 sulfides, mixtures and combihations thereof,

32,  An encapsulated electronic device, comprising .
a base substrate having arranged' thereon an electronic device, s'aid.
_ electronic device being covered by an encapsulation for protecting the electronic
20 © device from molsture and/or oxygen, whérein the.'encapsulaﬁoﬁ comprises a
‘ . barrier film of any of Claims 1 to 31 i ‘ :

33. The device-of Claim 32, wherein said barrier film. is arranged such that the
. ultraviolet light neutralizing layer is arrariged closer to the electronic device than
25 the nanostmc‘tured layer, ‘

' 34. The device of Claim 32, whereln sald barrter film is arranged such that the
nanostructured layer Is arranged closer to the electronic device than the -
ultraviolet light neutralizing layer.

30 | . | _

85. The device of Claim 32 or 38 or 34, further comprising & sécondary
~ encapsulation’ compriging an adhesive layer arranged on the mu!tilayer barrier
' -flm, and a cover substrate arranged on the adheslve layer. .
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provi ding a vacuum encl osure, an'anging Wthin the vacuum encl osure
a base substrate having arranged 10t hereon an el ectronic devjce tote
encapsul at ed;- and forming a nultilayer barrier fi I m g@@&‘@ﬂQQQ/OOOBZ

d 5 Feb:
a0 L o e S S S s B L
Cl ai-m 49, whenbsimte ds widapted e achme ial coyriindsh moisture parmediBnoprpperye sf

forming a fi r%&@ﬁoufﬂﬂ’g h 1i%éﬂ%ﬁ?fd@%w%%?blo?wgfergpﬁ%%a%%

ul travi ol et t onto t ronl c devi
.reactive nandﬁ'&fd\{ﬁ Ryréiditsapabl e of interacting with foisture and/ or
oxygeg and inert nanoparticies which do not interact with noisture

and/ or oxygen 20a ich ar bst ruct the perpeation of
noi sture and/ g‘@,%"wt C?% gq%yr’?g'ﬁ %amﬁdﬁﬁerkﬁﬁhﬁﬁﬁﬂndﬁ%st
oEe pol yner :c mbsﬁs@tloupcdrﬁprfses narg. aﬁﬁésgmamatfrwl AeRirkgi gmurmstmpémﬂ/e@
the nanoparfi e onto the first layer, an

exposi ng the %gé]&'p&rﬁegéﬁ& e mxture to ultraviolet |ight, thereby
formng a 25second | ayer. 51. The nethod of- Claim49 or 50, further
‘conpypsing theg, St #he 8bvikO bR 37, @ﬁ&'\@ﬂﬂ%&%ﬁéﬁ@@%{e@&'s@@c@ﬁ?{oﬁm B

el ectronic corrponen ereln t ayer
contact ed wi 4P Easiping elipbXieTR viny! ZReteieaFRSNG SPORY iresiastpolysulfide,

surround the sifieemPant iy wethpes kage, attaching a cover substrate
on the adhesive prior to conmpressing the sealing material against the
encapsul at ki n package. mechani cal |y conpressing the cover

substrate agd&@nst Thédevdchettlaim 38, whereh dentmer Bebquteibwetecte43mﬁi\/ENDED

SHEEfs - group consisting of glass, indium tin oxide, nanacemposites laminated with an
fnorganic_: barrier ﬁ?m, and transparent plastics.

40. The ,deﬂce of any of Claims 1 to 39, wherein the electronic device is

o selected from the group consisting of an Organic Light Emitting Device {OLED),
20 ' charged-coupled device (CCD), micro-electro-mechanical sensars (MEMS) and
" an organic or indrganic photovo!tatc davice wh:ch is based on a thinfilm solar

cell, ' '

41. The device according to Claim 40, wherein said organic or inorganic

25 photovoltait device which is based on a thinfilm solar cell is selected from the
group consisting of a Cu(InGa)Se, solar cell, a Dye-sensiized solar cell (DSSC), -
a CdS/CdTe solar cell, a Copper-Indium Selenide ‘solar cell (CI8) and a copper
indium/gallium diselenide solar cell (CIGS).

- 30 42, An organic electroluminescent (EL) panel comprising a plurality of
- encapsulated organic light emitting devices (OLEDs); sald panel comprising:
@& substrate having amanged thereon said plurality of encapsulated
OLEDs, each ehcapsulated OLED. comprising: .
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| PENAU . . PCT/ S&2009/ 000132 Received 5 February 2010 and curi ng t he

adhesi ve. - 52. The nethod of C aim 51, wherein the a% eﬁ ?
carri.ed on a press Scoupled to an actuator adapted to exten® %2009 000132
#est hBRPresy 2010

press_linearly towaﬁ%% g%sgfg%cgfg‘?ﬁi yaﬁg%qogke@ eﬁBa‘S'e%Dt'B"fﬁdmg % firet

any of Clains 49
t enper at ur e oFleEWOREYER FHSIEanIDayaroantdsrcond BlBCtnd: lafe; The ' met hod

bt non about 4o éﬁdt‘?'f%obe‘“@eé?"‘éd%%&?ﬁfhﬁ‘p SPUREE A e S adh e

bet ween about

seal i ng mat er?'ﬁ'tmspﬁ‘fs’t% fmr'?f@ Shichtba ELH grolstiraiand/onexygens3, wherein
the s@rface of the nultilayer filmis treated with plasma. before the
adhesi ve Iay S 6. The nethod of O ains 55,
_wherein the paasnéﬁ%é ryéagegrpqﬁpodﬁﬁﬁi‘bﬁ%‘%%wlﬁmgd from an argon gas
supplied to the erkposovaitais devicel aing adreivadhed totiesHOmMRuMRGEF Barfbioi ©
centimeters perfyy Beddrding &PEdY of Claims 1 to 31 for protecting said photovoltaic device
from molsture and/or oxygen;
10 - wherein each of éaid multilayer barer films comprise a nanostructured
layer which is attached to said phctcvolta:c dewce on one side and to-an
uEtravtolet light neutralizing layer on the opposing side.

.44, The encapsu!ated photovoltaxc davice according to -Claim 42 wherein a
1 5 - backing structure is attached to said photovoitalc device at such sides which are
not sandwiched between said two multnlayer films,. wherefn sald backing structure
‘ comprises a nanostructured layer as referred to In any of clarms 110 31 or g
nanostrudtured layer as referred toinany of claims Tt 31 conrtected, on at least
one side {0 a layer of adhesive. : '
20
45.  The encapsulated phntovoltalc device according to Claim 44, wherem said-
backing structure c:ompnses said nanostructured layer sandwlched between wo
layers of adhesive.

25 46, The encapsulated photoVoltaIc device according to Claim 44 or 45,
' wherem mulhple photovoltaic devices are combined in a photovoltazc dewce
: panel wherein said photovotta:c devices arranged in said panel are separated

" from each other by sald backing structure,

30 47.  The encapsulated solar cell accord!ﬁg to any of Claims 43 to 4'6- wherein

said photovoltaic device Is an organic or morgamc photovoltalc device Wthh is
- based on a thin-film solar cell.
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57. The nethod of any of Clains 55 or 56, wherein plasnma treatnent is

deni ed out for between about 5 mnutes to about 8 m nut es
nmet hod of any- of Clains 49 to 67, wherein vacuumw thin éGzO&%Ogéi’é'

enclosure is pggint 'eorlnﬁ-%agé @Qﬁﬁlsgélleaé%r%g%ﬁ@lgm?g? \EVP nfs(% ?rgaiul ng

1. nbar (0.1 Pa an stem
an . encapsul at ed inargania @h@f@‘f {7 devies viidhi isebiaged ewal;ihimﬁlrﬂsala:maﬂza 0

41, said syst gabaedREINIhE Group CORSHINY ﬁ*@ﬂ@&f@é}% Mlerddeiig ggséﬁ%ﬁrz%g”

a holding jig for re ctroni |ce enc

2 T Padl o2k coniBeadERS g OB st Aol 3 CoRper-nggh SelRrige; siar col
adapt & to tr&diSpanda bdn:rpes&ﬂmhﬁgmrw@drsaemb@bdaﬂ@m(owsﬂ4

PCT/ S&009/ 000132

‘Recei ved 5 February 2010 a plasma squrce for cleaning the electronic
devi ce to be #%capsmktipddf fabricating anehcansiiatey adctmaicateivizk, comprisiag:

.adapted to forma iIlmas defined in any of C ains
ed?&U&[ﬁd 8¥&du hﬁéﬁdzo%ﬁref

1to S onto the tronic a |linear notion
drive capable of éﬁ'ﬁﬂ?ﬂ%g"@'”ﬁw NE‘FU%?’@C&O%&ﬁbés%ﬁhwré\tﬁ)hﬁvﬁmwang(ed

hol ditog ji g, ﬂteF&ﬁtaﬁre[é‘eﬂbﬁlbaéwb@td rk@erta,@bgmeﬁgd jdng for heati ng the
?l ectroni ¢ devi Ce’fona‘}'lrllrgg gm hfayer li:)amerﬁlm gclzjcu'dnr% goha%y } rlns?}{ to SQ%Lrtg'leer
Ilm, .
electronic device, thereby enc:apsulatmg the electronic device.
) : s ) )
_ 50. The method of Claim 49, wherein forming the multilayer bamier- film
15 comprisas: ' .
' ~ forming a first layer comprising a _méter]al capable of absorblng uifraviolet
fight onto the electronic device, ‘
rmxmg reactive nanoparticles capable of interacting with moisture and/ér
_Oxygen and :ne‘rt nanoparticles which do not interact with moisture and/or oxygen
20 and which are adapted fo obstruct the permeation of moisture and/or oxygen with
4 pn[ymer[zable compound having at ieast one poiymerisable gmup to form &
‘ nanopart!culate mixtore, .
applying the nanoparticiiate mixture onto the first layer, and
exposing the nanopartzculate mixture to ultraviolet light, thereby forming a'
25 ~ second layer. ' '

51, The method of Clalm 49 or 50, further comprising the step of forming a
. seconda"ry encapsulaﬁon over the electronic cofnponent

-wherein the multllayer film |s contacted with a curable adhesive in an

30 | amount sufficlent to surround the encapsuiatlon package,

aftaching a cover substrate on the adhesive pnor o compressing the
sealing material against the encapsulatlon package .

mechanicaily compress:ng thé cover substiate’ agalnst the adhesive at an
elevated temperature,
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60. The system of C aim59, wherein the vacuum chanber conprises a

‘10plurality of serially connected sub-chanbers. 61. The s %0 000132
Ctaimo60; wherein the first material source and the sec%d. e?l’
Beine gamary2010

source are each c(g:ﬁ@ect ed.to an individual sub-chanber.
system of any of ains 59 to 61.,.wherein the | oadl ock conprises an

ext éndabl e ar m t h&¥"nNadheBYesIVe ¢ hr ough said plurality of serially'
connect ed sub-chanbers. 63. The systemof any of Clains 59 to

82, wherein the |Lnear i driye is 20 abl e .of applying a
pressure of ween® 5‘3)%‘{;1?& 286&'1‘ %‘10 %ﬂf‘qgg Eﬁ‘g?s“(az*ﬁ& 5'99‘?(!@5' fgoress
551. 58 kPa) enuped twasplactmtarsedipteh t hexddral diengréssglineady towafds. tHehe

system of an i 0 63, further conprising tracks arranged
fixedly wt h)épgé%sgﬁFgﬁ?ﬁ%g%'ol ding jig for guiding the nmovenent of

the linear 26notion drive towards the holding jig. 45 AVENDED SHEET
| PFA/ AU  53.  The method of any of Claims 49 to 52, wherein the adhesive Is heated to &

temperature of between about 40°C to about 100¢C.,

10
‘64, The ‘method of any of Claims 49 to 53, whereln the press exerts a
pressure of between about 40 psi to 80 psi (275.79 kPa to 551.58 kPa) ontn the -
sealing material, ' ' |

15 55. The method of any of Claims 49 to 53, whereln the surface of the
multilayer ﬁlm is treated with plasma before the adhesive layer is formed theraon,

- 868. The method of Claims 88, wherein the plasma comprises argon plasma
. derived from an argen gas supplied {o the enclosure at a flow rate of about 70
20 standard cubic centimeters per minufe (scem), |

57. -The method of anj.r of Claims 55 or 56, wherein plasma treatment is
Garried out for between about § minutes to about 8 minutes.

'2_5 58. The method of any of Claims 49 to 87, wherein vacuum with'in,the :
enclosure is maintained at a pressure of between about 10~ mbar and 10 mbar
(0.1 Pa and 0.001 Fa). '

59. _ A system for fabricating an encapsulated electronic device as. defined in
0 any of Claims 32 to 41, sald system comprising:
@ vacuum chamber having arranged therein :
a holding jlg for recelving an electronic device to be encapsulated,
‘& loadlock - connected to the vacuum chamber, said leadlock being
"adapted to transport the sample anto the holding jig,
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a plasma source for cleaning the electronic device to be encapstlated,

a plurality of material sources adapted to form a multilayer barrier film as
defined in any of Claims 1 fo 31 onto the electronic device,

a linear motion drive capable of applying a normal force onto 8 sample on
the holding jig, ' o )

a heater coupled to the holding jig for heating the electronic device, and

a UV source for curing the multilayer barrier film,

" 60. The system of Claxm §9, wherein the vacuum chamber cumpnses a

plurality of serially connected sub-chambers.

61. The system of Claim 60, wherein the first material source and the second
'rn'a‘;erial source are each connected 1o an individual sub-chamber,

62. The system of any of Claims 59 to 61, wherein the loadlock cdmprises an
extendable arm that is movable through said plurality of _serially‘ connected sub-
chambers. '

63. The system of any of Claims 58 to 62, whereln the linear motion drive is
capable of applying & pressura of between about 40 psi to about 80 psi (275.79
kPa to 551.58 kPa) onto a sample present on the Folding jig.

64. The system of any of Claims 59 to 63, further comprising tracks arranged-

ﬁxedly with respect {o the holding fig for guiding the movement of the linear
mofion drive towards the holding jig.
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