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MULTI LAYER FI LM FOR ENCAPSULATI NG OXYGEN AND/ OR
MO STURE SENSI Tl VE ELECTRONI C DEVI CES CROSS- REFERENCE

WA DRELATED APPLI CATI ONS [ 001] Thi s appl i cati orCT/EG200%/000132
benefit of priority of US provisional application No.

gﬂ#%?{éﬁ‘\:m FomR EN@AP%LMQQ& OXYGERARDIORMOISTURE

ei ng hereby I ncorporated by reference in its entirety

for all purpoSENSHIYEEIECTRONIG/BEMICES 002] The

present invention relates generally to encapsul ation

technol ogy, nore particularly to nultilayer filnms for

encapsutROS$S-REFERENTCE TQ RELATED APRPLRCATIONS

el ectronic devices. BACKGROUND OF THE | NVENT|I ON [ 003]
[001] | Whiseapplicajiear slaims danefit ofeptipwty ek URrgvisianal rapplication No.

izapor CR.LNAEN o [ f a :
611043 5300 T oy R 2008y 308 BEEHE 5 .2 ohg iereby, nggrporated by
referenc@it9its ehticsty formairpurposésl d el ectroni c devi ces

contai ning mniaturised display screens. The goal of

achi eving an all -pol yner electronics devi ce has

not i vat ed resear cﬁé;_r OB TA rid to provide

plastics - which are novvn or t elr oW cost
[002] p'ﬂ'beeﬁmsegt ihventiobi Felatesageneralightee encapsulation h@chnology, more

ectroni rop rt| s needed for practical circui.t
particuGHY sloy e RO Bre SEaRsWatle | Gogen gpaforipiide sensiive
electrorln?'ﬂ‘eﬁ}%%gem eI ectronl c devices (OLEDs) are one exanple
pl astic el ectronic devices which have grown to
beconme a proni sing technology for flat panel displays,

relying on or ' LN t light. The
active | ayer %%G%ﬁ bﬁHEd&yﬁ‘iﬂ? rgani c

[003] NBi Rsdedlt Vidard, SIBLHS eldciithiodhRas Arodheidt ipertaroer inedh increasing
passes through it. The fl uorescent organlc material is

numberptaraasowartictially & displey-anplicaticee hsed i @ widenEangeapliconsumer
handhe'tk? Q&L deg\%%@ débrﬁa“r?d]%ﬁ?\raec[]ﬁiéﬁ‘O&EPlﬁgyg{:re%rﬁg %he goal of

ansp nown

achievihd @or gib-pelymer @ecﬁr@nlﬂafdelvlwl h@@mn‘tlv%aj cegprEncie groups around the
nmol ecul es that are rea |ve&qé nmoi st ure and

world t@%\@q*e quaﬁjgzsc-a\ﬁlglphgarp idowerast progrssiies flexibility and
toughn%énérgpl@l'\ethboelé@l?&{lb??? b rkiBs Hcted  Br ??é’ctﬂ:’él’ﬁ &I}‘F‘DQIQ@ wide range

er to protec e organi c EL el ement
of electdmyc ddwicesn, the organic EL elenent is typically

[004] ng]régrﬁg uw%gaet hq'g%pg & ca Su %gqgg(ébﬁégi%ﬁ%d)ﬁ{ f8xample of plastic
electrot Vit sV FhichURavey Q&ﬁNrﬁ’fto HeeoR! b%ﬂo@rﬂsﬁ\bf@@hﬁéﬁgytfbﬁﬂat panel
are resilient towards handling and effective in

displaypy elying o9 ergasicithin-tims texpgsiicarlioghr Theoaatientayenin an OLED is a

fluores%ﬁ 83%%'{\'0%3$@E§Hh%{ eflits IFng: th%% éﬁ% ec%csa(f UH’SH’( bgsses 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. It
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
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 handling and effective in providing moisture and oxygen

1



10

15

20

25

30

Application No. 0 776 147 A 1, involve placing the

noi sture and oxygen sensitive conponents within an
wepwbozire defined between two substrates thatPEEYS002000132

gas perneation properties. The two substrates are held

barrier. @ﬂ%hﬁbnﬁ% MSﬁéH@épstNétHh daeh %%%Héﬁdé’éc@%@ lWELl?fbﬁean Patent

encl osure to absorb nnlsture and oxyge In sone
Appllcatlmﬂ‘d@c@s J7an14hehl, fwolveuptacing rther m@mturmwnldeoxmﬂre@ensmve

t.h I ff
comporiirie i RS sy raethe Tl 5hBHiiss! gt diave tow gas
permeaﬂ@ﬁ pRIipERads. | The alot Sisbdirass sares hedi eto%éthé‘ﬂl B Adesives, with
OLED is fornmed. For exanple, US Patent lication No.
desiccaptso pheash ¥othivi thex esglosufss, to| Alsqrbd mssmb%sa% yeapedn some

mstanc‘%gaaﬁﬁ @%@4 ass"ec?'lsé% cé& Hon é%(la&r‘l%ﬁ Fg{ﬁ‘tstﬁ%s ac?s ™ The

[006] n@t:ﬂbnpeﬁdﬁs iin wmmsolamaneteshmalbgyfmnmcueedeimttsmémtgethe gas
| ow perpeability towards gases, and _when used in

permeapility Oh e r*b’f‘qeaﬂéPSté@tPa% il thﬁoQ/LEQS 'Spé?rmq gy example, US
Patent ‘L\g;)ﬁéat RI2THORY 6325’? ViEAteY SYJ ar]h lﬂb@ﬁ Afbstrates that
ers ave an I n eren struct ro en1|n t

compnwualtanatmlgfpedymelsanu rnetaponiuiel lesrgaemic dayark places bnramdpportmg
urin Prlcatlon e surfa{:e def ect
substratg. thedrge l%{ r qﬂlc lavers werg fg&ryg d@ﬁppya ra{qqlg%[g?,rmeabmty
towardsC@A8Ys0 Bhaividert Uge@?ﬁaﬁ%‘lt@ﬁ?&tin@ﬂa?étoméﬁg&ﬁeﬁf I6WQas permeation
encapsul ation. Furthernore, nmetal oxide [ayers are
rates wpneoa@levedi dw}@\wemm indrganicemetal pwledraaerSdle@ee:as inrerent structural

problenbg{ g?ﬂ ! {@Jf agfoe &%ﬂ{;l@e%'%:s gﬁo%sagﬁ cfg%%gen?]fgrmed in the layer

during fdB&€dtidre T h@sé lSuiFfaea IdRIMécts Proviee aspdtbivagtier Waedr dril oxygen entry,
filled with noisture getter particles. The substrate

therebyjcompipmising jhe 8as mermsatien péorg@tleﬁ of fhg epeanssilatione fugthermore,
e

metal o%? gg'bonat %lto‘?mfah{?) g ?{)l@bgggtﬂg E@gﬁ‘lgtga @% when mechanical

flexing sirﬁksbsmalappn@d gani c f| | mconprising SiQ2 or Si3M to

[007)  JReraiRh N Ruften, SRanEEnBEl FHiackie-SOGmROV describes a trahsparent
polymePS RS tHA i ?ﬁﬂ%@%ﬁ?ﬁo‘s@?ﬂe‘%ﬁ& aéégtlélgs. d'gﬁé sgﬁfztrré?tg fis formed by

properties o e encapsul at m ex
adding molmld@rgatt@r gartieles, dool cass Bai emdnngQ;f toatfmrmosettmgppolymers
sueh e oty farnSiblecd hsPiadls SRR IR kst 415 AR REY mBiganic fim

comprlsﬂf@Sﬁ‘{.Yzeorl SMNWES RhpreABAHE b@@l“éﬁﬁbb@ﬂlésadfetﬁe elbdfate.
ay or less. [009] An object of present

[008] |(ﬁ%3:ﬁtﬁh6ﬁ inproyemenis de ter bage m@aﬁa{tw Bﬁ?@\fdtlbérapwpaCheS to

improvui%k @%tﬁeer&rog%ﬁie%dbj % e%ﬂ%gﬁ%&?hu%g S@c&ﬁﬁ&%}ed. In order

to achléwﬁjdévcésqneﬂmtab cihgbeve 30,000 ¢ldTed)Selirténtoaffeles i rencapsulation
SUMVARY OF THE | NVENTI ON
technology are still focused on designing barrier substrates that can achieve low water

vapour permeation rates of 10”° g/cm?/day or less.
[009] An object of the present invention is to provide a flexible multilayer barrier film
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

[010] In one aspect, a flexible multilayer barrier film capable of encapsulating a
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[010] In one aspect, a flexible multilayer barrier
fil mcapabl e of encapsul ati ng anoi sture and/ or oxygen
W@ 008i12d1ve el ectronic device is provided. The PCT/SG2009/000132
mul tilayer filmconprises at |east one polyneric |ayer
mmstuﬂéa‘éhﬂl%rdé)é}gre'nbBéﬁﬁtl@@eélééﬂ’%ﬁléaéé\h(‘!@ IS roRRMekl CHRS multilayer film
capabl i nteractin nol sture and/or oxyge
Comprlsessa’qoleayh@meé Polysyenic la@'en Qamgu dAsmlbuteﬂﬁlereinemctlw eanoparticles

capabl%aﬁrﬁggﬁq @E \ggﬂgﬁ&g EH%?\[/O qu’y Hgé'trgq)gmt?ﬂécfg hr Lt)elﬁg derived
from atTuhéti driy golyidraBleSPofo e tBfiSis FoIYthEFi :?é/d tHr@E%IH 'tl%bpphcatlon of
neutralizing |layer conmprising a naterial capa

an extemwbrgining Jaetosvilhieetmultilgyer filheraley @cwnen@@sngart hdtravrolet light

vl P B P S PRBIL 1 S FURPEE 1BR, rery

shleldldgethe dlectrehit Bavicérulbel érvepsulzted frem expaostiire (6 ﬂﬁ@m‘u@holet light.
herein also as "barrier filns") in which reac

[011] nzh@pﬁreﬁeeq byentersdhave ifeacd dhatn’ rauksk{ﬂw?rtreeb.fmé (feéerred to
t I

herein lagéd;a%ng?ég{'lﬁm[]lﬁ?ﬂgpf%@%eﬁé%@ﬁvé %arﬁb?é?ﬁﬁé%'éﬁ% Bistbuted in a

polymenoi tsndxeretoafmfnvnyugeor KWTEI manastrdEWreds(orTrimqoparthtega layers are

highly %ﬁe?cfg#/lpwg 05a$q azpfos\ﬂ :%lggfeAg%aoqr I;@/}ger eﬁxo§ eqrﬁ\gae dewces They are
[ S [ [
also. ugdiht f6r BADRARIG N, GRECLARMT BRABES DI BxBfhg Bhmier materials
Althougho aoistgreo gettering r@@nperttalemhav@dueeneus&mhnthaam@ssubﬁrates they
bl e f achi evin th.the
have hiigeHD gt BeeRitedl a8 abRuil Br B TobMetidpalbdlrir §bstates are
capablef efachiebitg oRt gés pefmesbiity @/Kh%d@é%ﬁrrﬁﬁé!%@h‘el@l oxide barrier
becone ogﬁ ue to oxidation by perneati nghrml sture

layers. bﬁw&yﬁzyg ovRd thalymatal endynelgl oxidetlpyersgrperHaly beceme opaque

due - to Apddeifor {87 S@bathd 36 Rk aRUC Syefic, PR Effioving the

transpa%mdﬁofoﬂher hatriel aybstralet dyerd@rto avditiesuehra pesblem, attempts have
su strat B avoi ding the use of the netal
been L

egto fqt tah gt én@itgh@&d,qjggrqeédayqy@l,togetﬁer in the barrier
substrafé)nf?: ' %\/BQM Vg:atﬁfa' Yi8el f‘otﬂér méiéﬁ Hﬁétﬁﬁ%xd@eﬁlm e3Rdt using a

I nvention o rcorrest e problemo
nanostrsictued alayeerdegmaenm wagctma haonsparticlest issead ghedpresent snvention
oac [ nanostructHred | a

t hat
overcoig it paan oL TR R0 s Shstf e Mo epia Bl If it Zegard, it

is noted“ﬂfﬁat $Iﬁb EBbrdé%ﬁ%f%WHéﬁGﬁ%du%elaS/Eﬁs @Q\'é’pb’lﬁéérﬁeﬁtsnﬂ?'inorgamc
hol di n%the nanoparticles are Cured through

layer baﬁmrusmsrcr@ shag wﬁamgeeacdlaequrgged sigcelthe annlwhetlc binder for

noding g8 HrnePRuliee 8GRI BirFGoR e RPPTRAR of FrylriBpfor. suoh e

ultraVIoldt Qﬁlﬁt PacdthatdrganictdiécteoltmitiesSeent €EIS) lagersi dfaduichtdevices are highly
e t he organl ¢ EL layers. In conventional barrier

senSItlngt@ iravle@t lig t:radaatmrbﬁh@@uaeg@r%@swdmeha@ damage the organic
EL Iayéa‘gt Tr?“éb@vé‘rﬁtﬁdag WardiSr Qut?é‘cfﬁ%?om ﬁﬁ)‘f&hn@oéé‘ﬂot occur as the

tal or ne organlc ayers

ultrawolen lighe lakmenentedf frohreseadhiong ghoi de\heeehsys thé haefal or metal oxide
ers are |neb§|tably exposed to the ultrayiolet |i

lnorganpca Vars: dn theabsepes if dhesa inaraatislayens, i Ebr layers a'ge inevitably

exposed to the ultraviolet light radiation. This problem is overcome in the present
invention by combining the moisture and oxygen scavenging ability of the
nanostructured layer(s) with the ultraviolet light shielding capability of the ultraviolet light

neutralizing layer, to provide a purely “organic” barrier film in which inorganic metal and
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I nvention by conbining the noisture and oxygen
scavenging ability of the nanostructured |ayer(s) with
W@ b@rdinavi ol et |ight shielding capability ofP€H8G2009/000132
ul travi ol et Ilght neutralizing |ayer, to provide a
metal oi?r%% ers%lSWd“irF orﬁ%’rﬁrb NE O‘lrr@‘r bﬁbg’l’r’étég_a'ré‘%rﬂgéﬂ.c. met al
andne oxi d ayers oun I'n conventional barrier
[012] shmbt‘slermreexta)fdhmpplieanop,oaZpammsttUIéumhggl” mﬁersrgenerally to a
. applijcation, a "nganostructured refers genor
layer indgich FRpaSEan barfiane rumoGp B8 T HR dnu npl ooTirSs any suitable
sort of (Brﬁdéﬁ Rt l@cﬂdrn@hﬁre' AKADSEEY SAHBIESS BuBRYaS Lbdrébb&yﬁr@ré polymer
bi nder for "hol ding the nanoscal e particl es,
solutlorpura@dpmq}ymeg CQIopP9 .sdhet items  Feactive ynemopartmles refers fo

nanopafi}RE Hahhi A Gubfdthgl GG mERARLERRIY GicddenFifér by way of
chemlc@lﬂéé@!’ oro¥e/gERydrelysiesr byidagon)pbr ﬂh@ﬂgﬁ dhysrRAEbr PRysico-chemical
hydr ol ysi s _or oxrdatlon% rough physical or

interactigry, &g COHUADC ARG SASaTBlien mrgph&lgpahtnastlgn,aer iasiy, other non-
covalen"t“?ﬁt%rré’éti n?etpx)éernoﬁ're hbﬁo@ér‘trﬁ%%t érﬁ(ﬂ wﬁ%r/@?ﬁgﬁ)c brm% fbout the

ncova teraction € nanop

removalvaf enbizkyrgeand texygennfroabdg ddse peanweatihg dhenehsdpsutation, thus
erneating the encapsul ati on,

and oxygen fromth
pr eventtr}gu@eﬁ{ B-ERRY! nﬂﬁgﬁrgq?‘?%ﬁ%m“e%%ﬁﬁpﬁ ePhe el ectronic
[013] SRER&RRhan Oﬂ)a'rﬁ@l,leg‘?ﬂég\hi c RROPAELHSLESS ﬁ?é’ta%oWHfdhsﬁre reactive

or consi st met'al s are reactive towards water
towardsawaierr ankpy enygen ei.e.metehbls which harer aba\kmmdrqghmgethe neactivity

series, Erg:? eac“é&fﬂ Ser(%;gagsgg %gk@ﬂyg@ grlpesyéflj')r g{,?ee% ggme preferred
metals In&ﬂd@ﬁo%BQﬁﬁnfGWp@@U@SK? 124,13 8nd 4. Fot aingié; tH_e?sfe metals

exanpl e, these netals may be selected fromA, M,
may be aeleatad frendd,iMg, Baans CroRenctive b’anaryroalrsetadmmm/e@iso be used,

gl d Fe f t 014
includingy #4349 N} apdFe B indbne " anopar 1 ol os 1y al 50

[014] oOtheri thenometalss redctive nandparticlkst ﬂiayoalsd»eﬁomnirleb @r €onsist of
capabpl e of [ [Jm:eractl ng W th noi sture and/or oxy

certain IW?UG’IX N@@Paﬂeogf intgeactipgowithy @P‘%H@ éﬁi’@lor oxygen,
V t
'“CIUdmgtﬁﬁO&( rrezrgaé Z%)ﬁe e | OXISEUW@% and l\ﬁ@@ 37(5‘2, CrO,, MoO,, and

€ nmay conpri
LiMnoO4.r &m sqeartasmt em@ndlmemtse thet aletakiakide efnagt ednfprisen Bhéransparent

BRI T PN
(Cngn@@S%thlurﬁrlﬁdéﬂe”(@dIﬁfb{?”ltilﬂgiﬁénﬁﬁ@%@@ﬁbﬁ, e[rQilﬁrhShOg) @nd zinc

dent for a person s inthe art that th
indium oxide (ZndlnaPspf a substance may depend on the partl cle

0151 3bceflellr SURTAAASTEA T oSt LBt o3 tBotance mey

depend PRkl pettidlewelsr thel sUbistandd\(seley. fmry@ ThendSEIRis! 66 { 2305) 546-
are unreactive or reactive only to a very snall

but
550). F@i’(t@fﬂmp'ﬁ, 201 @t iTideo e RAGvehipardsyveoistus drertbe form of
nanopafticld@ Y t 42° (APOY&ivE" Br "AREGE! EniySHEa BFerd small extent in the

(continuous) bulk phase several orders of magnitude above the nanoscale, such as a

microscale or millimetre scale barrier film which is beyond the nanoscale dimension of
several nanometres to several hundred nanometres typically associated with
nanoparticles. Accordingly, using Al;O3 and TiO; as illustrative examples, Al,O3 and
TiO2 nanoparticles are considered to be reactive towards moisture, whereas Al,O3; and

TiO2 bulk layers (such as those used in barrier substrates) are not reactive towards
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mcroscale or mllimetre scale barrier filmwhich is
beyond t he nanoscal e di nensi on of several nanonetres

W@ 003@xdiml hundred nanonetres typically assocPElr/862009/000132
wi t h nanoparticles. Accordingly, using Al20 and Ti Q2

moistur@Sand |0x§beAL 1N egg%ﬁl?' RBctifd 2RBtANGk &R HHARP Hanophfftles, for

are conéidered to be reactive towards noisture, )
examplehdkb@as THD2 ®adh(ri endnaricleay enay (kaicpresent hinssuitahdel colloidal

. in barri.er su rates) .are not r tiv . .
dispersipfisa tic i3 <SHRENATo bF bectily oSAE: M4 be orthesied, vie any
conventidnal&iraproprietey YABEH tleh &fs tHe NaoNrBP eméihedBroli Banophase

or ZnO nanoparticles, may be present in suitable

Technolegiasdr@moraii®per si ons for the preservation of ‘
= hos, rve .
N I e

compriskr omtdvaistpdfacarbdr alemopagticies, Gaoghoasiicadivon hambfubles, aanoribbons,
. enbodi ment, reactive, nangparticles in the .
nanofibies, §8€r GBY uFRAHIRGL ALY i1 i shagedc sagan Rartiglggpwith nanoscale

dimensiBREGES ddrbbR nﬁﬂfﬂés%inl@?é-%ﬂe&‘%?%MF%IIe@aéH?gbhmkﬂ)Etubes may
a carbon

nanofi bres an ny reguftar or 1rregular shape
be useghaht acsteslywcarriedamdasbypltbe dpresenst eanentdisy it masofound that carbon

SRR R e
surface E’céﬁ§8ﬁt liduiy$ ML capillaky %ﬁoﬁ,%é‘ﬁich@l}rbﬁtﬁﬂ@@ WHBHROEURSSe tension

S) can serve as, d desi ccant . on nanot ubes can
does ndjexaeed aboty 200vNmT (Natere,eprgeoBOT i Yal. dl 2/i200dapin pangiple, this

actiogn, particularly |iquids whose surfac ensi on
would nfgart B8 PGt e dlies pandts AT IRE chitl St 685 hanotubes by
capillary8dctiofQ Mtlis. suggyeBtddtiad Maatet fotleoMded ¢h i §adsiveHeedimensional
nol ecul es can be drawn into open-ended carbon

structurgg ithinecanbpnc agneiules, dherebynhelping 4o sakgpsbt agdtrgdain a small
guasi - one- di nensi onal
volume?ff?ﬁ@éﬁ%@&%a?ﬁ]rﬂﬁ%gp 0521 nanot ubes, thereby helping to

[017] dherdrimarphrticiesaimay ssridluded tnethef nangsteuctaved 1sseer present in
. molecyles. [017] Inert nanopartjicles may be included ,
conjuncign t"l’fﬁ" FeRNEr G%@%%C'Péyzﬁs, Uﬁdsi"@ﬁ?'ni n'%EHnPqugﬁles refer to
ranopaHeil GRS A RoARREr 1 Bl 4, HBHSRSIAS b Bion roact
a smalli extenh@s aompiarednito hraastive nanapadiices.oSygbnnanopadiclen may be

included, F18 e nanaSFuciyE Fies 2. SPRPAL The, PobRPRLT LG LIREp andior
moisturé ExdApRSt slupbHRititIaY Shclle MRPDEKRSE dd18edsiERRIN OB Patent No.
en and/or noisture. Exanples of inert particles

oxy . > .
5,916,68hcbuele nenepeartiges asreeta plugthe defestedndhe barier layer, thereby

ovstrcl s 85, R ARATDbAGASeT PN ek, 19 A gt i the
defect cRedshsddtionabaraa tinis rpderpyipatmealion patianays by watich aasér vapour
reduci ng the defect cross-sectional area,

or oxygeBnHEHRRY RGN SIRG TS BypTaHorWoRk: dnus dpadingdio longer
permeaﬁﬁ gﬁf%gﬂ&ﬁéﬁgésﬁie }b%ﬁ@%fr?'éytep‘?s d5bathedUGl TRERLY OhipgtBYRg barrier
properties.

[018] Other suitable materials for inert nanoparticles may also include unreactive
metals such as copper, platinum, gold and siiver; minerals or clays such as silica,
wollastonite, mullite, monmorillonite; rare earth elements, silicate glass, fluorosilicate
glass, fluoroborosilicate glass, aluminosilicate glass, calcium silicate glass, calcium

aluminium silicate glass, calcium aluminium fluorosilicate glass, titanium carbide,
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permeation tinme before the barrier |ayer is breached

and thereby inproving barrier properties. [018] O her
waiowandies materi al s for inert nanoparticles naRCEHECZH09/000132

i ncl ude unreactive netals such as copper, platinum

zwconuﬂﬁ'dér@iﬁ@ §|'r<|36’rﬁﬂm rﬂ’trlb%r §ill§oﬁ’bafl* ?‘% SorSdifdbrisitridd, 'n"? al sulfides, and

astonlte e, nonnor nlte rare ear
a mlxtur@nrent sorrrbunatmam dhgtﬁs Emd¢apsutation dmreeglﬁlmﬁ which comprise

fl uorgborosi|icate ass umi lica ass, .
nanostuct §efBYRR batiBoge Ty dnen St RANE G S8 T Dslay partcles, do
not bel@ﬂ\?ﬁﬁthé?m'véh%ﬁ alum nium fluorosilicate glass,

titani um carbi de, zi rconi um carbi de, zirconiumnitride,

[019] sWithesit wishibode beobownid by heatys thedoventorsibeliend thet strong barrier -

proper iy o Bef potith VAR ¢ Ao ARRERY iR RR M pERanopartcies

Thus, thavhagostildturedeldyenaanpeirhpides it Iéasthtmstypmo@f annoparncles By
particles, do not belong to the invention.

studyinGythi RSO RtY FRp iGN R ASSGIRISSP ohaeent iaeh i diangparticles, it i
pos&blEe{o' %&Fectt he?tco?ﬁlfilﬂaﬁorp%fr??ﬁ&%rﬁasétdvﬁﬁhcéampﬁm%ﬁpeea\éﬁd other to
e ypes o

a conbi nation o rent
achieven bammrdffacltsematﬁnesirohger ihandabat whiakr ischbdssjse withna single type of

matericly (R eHgTIE: SRECRH HOF alHHCING CRABORATEFIFS maY by used in the
polymeﬁbflaf\)‘féreBF a ngr?@nné‘tfloﬁ‘éﬂ%%ﬁ@é Ehﬁ%er't hah8 mﬂé’r‘t‘l%%s%ﬁytb% used.

a Co ation of nanopartlc es conp I ment
[020] elsrcl”aantbl'danqeo vaﬂfhutbeeathwerlféle eahestrgctubad layer may comprise a

n a t whi ch, i s S e wi.th a
combinglitR "GF EalbbB nanotusht i, ristBP i Smte"ofigg fdbartictes. One
exemplafAehibeiimeRe R idireeledStdTiie Rtluses dof bdthemBRl®dd ®anoparticles
| ayer, or a conbination of reactive and inert

such aﬁanBWAFe@begsmlbeams@arbopompotube@ccé\rrWan:@mbmamon of such

nanopefiie? R be \Bp<CASRIER  FetMEl R el S dimgptaton.

an exemp|eﬂly engivstimiciht, the suaftily ofxaetll axideatdrmupariclés beesent is between
ted to the i ncl usion of both netal oxide

500 to ﬂﬁﬂ%alm&sc(wswgwm the ayantiy af QarbpnagambeasF%%eﬂs of metals
having W%Hgﬁi r\{vc?‘@( b SQNEE fo'soéérPB Sl]\’é%u rﬁi?o&?érﬁ §¥0Mhnoparticles

Imse accordl n sing reg
can beevgpad ummmmbmatnon Ivmtmnaé)ompiaaotyabeabmhhrrmﬁ weugfa‘ ratio of carbon

nanotulles i it eing Getuess SboubE Dl Aot i, Bk Boh e thersto
[021] C?h@%rﬁ%ﬂﬁ‘aﬁ@ﬁ%f AdopRrides nP&hé“?n‘éﬁb&rDé‘tYﬂré@ BN gan be varied

atom ¢ MBIg , | ower ratios can be used For exanp
accordimgdo zhe desived tevel of bawier propsrtids umtrmoalbd:amtulaimnmltua theoretlcally

advantSGARE BROT i nt b ralBnaOt phtoparlest B B panostructured
layer orlfe5 to dreB8é thé Wdtedahdrer ek@gen 9&dlen g\@? eapaeint 6ﬁMe0t6brrler film.

of nanoparticles in the nanost ructur ayer can
Howeveiain the eeiskueirdsplay apelicrtianse aniupper ligrit ﬂ@d@&m@lﬁ concentratlon is

imposel} B HAioEE redl it RRCOP I, Batrel ik 3r e Gekp. 68v0nk an upper
threshold sonesiitratices riamopbticengglomeratioreds known to take place because of
the tendency of nanoparticles to decrease their exposed surface through clustering so
that their surface energy is reduced (see J. Phys. Chem. B, 2003, Vol. 107, 13563-
13566). Agglomeration results in the formation of large clusters of nanoparticles 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

6



10

15

20

25

30

| ayer order to increase the water and/or oxygen
scavengi ng capacity of the barrier film However, in
wo b@ogntext of display applications, an upperPCT/862009/000132
particle concentration is inposed by optical
possiblef 44! %18 ’E‘tﬁwe‘)f &Jg%nﬁéﬁéh ebf fdnBpaliftiesased eacé?ﬁ'di?l@ﬂ/ In one
an up hreshol d concentration, nanoparti cl
embodaggnbrhlme amcmmt iof nenoparticest addeqotcaa enbrcmes eobfuonrfer forming the
denc nanoparticles to dec e 1hejr_expose
nanostb IR Jgh rtapBye e SednRiottgc %y, ABARE BBb01%, about
0, oo1%n9t5@m 0.919%5 bl o $%E of -abBiY 9 omar%b&n ﬂﬁ% 3@'40 or 50 % by
7, 13563- 13566). Agglomeration results in
volume @n‘nt’aeu v Werighhta pf dhe I mebemer eresentoisahe cnoaanm dtinder. In other

embodfifiiRing i i uteriorafie Y ALY & BhRIEL sblyh P forming the
nanosthadtareidapert iwee mboit 309, eak@eit o7, Hbota3abY bt abARMO % by volume
optical quality, it ispossible to adj ust the

to the waliahiraf tiei BRNBMakAEEARk INcihesPolyaericc Brdar.n the ease of carbon
nanotu%%g ﬁx@?‘?ﬁ%y{nﬁgtalsd Pge&‘ Lrj‘éntﬁle R Rk B! Wa%dﬁtﬁ%@glroa%, about

he nanost ruct ur ed
20%, abts)ut BOt%,eabamtgcw%foméimm 50) %Qﬁh@@@ﬂg%of&heuhoﬂorﬁ@ﬁbr%ent In one

lllustra’g\ga gtmp%d?r%énﬁ/ggr bo%gtnaggto iegw%g@%@e(g d,r} fﬁy@%flgg %Lg‘t u? 0.01% to

about Y6 vdimes 1HRIRIRt RS Rindriler fYesBALYTer i ¢ bi nder

her enbo e anount of nanoparticl es added
[022] tdunanrdendnreprwehtmlgbh sicattelfing rthropughh ¢heramuolifayect filme dthe size of

indivieugg” Singpartifietanoy dine b CBRENGR i Benamaier itk 4B characteristi
waveleh?ﬁh BPliymesmttdd Byehe deﬁhdehq’h@@ﬂarﬁﬁté?%hb%@é&%thh@%eﬁned as
may be also used in quantities from about 0.01

the watvglemamat hich thisopealedotensito of tBe Hghtaseratrunoieasurs. When the

i B8t . i 15 R AER, B35S0 i o

emittingtmotie_t(ﬂ'@_EID) @ﬁosée-mrﬁllg%dlspla@@uthel@%&bf Vchbugatéropartlcles is
nomer. present

h
prefera}tm&ﬁggh%ﬁn g'%t ageaqrﬁtqrahbf legs Sh 1t'€he°fn1imet Pm%rﬁeterqsnp rwavelength
which (Iég'gesgoﬁ 181 rl'@é‘é'i%éaéf IQﬁé‘;n t@d&hﬁaﬁ@‘ér&b%l?%ss than 100 nm.

esrra er ft he charact eri st
Howeves\fet eﬂ'@rhypnés bf gpphczahons,elarggr pdrecléevmag beTthesirable to achieve a

dehberg?ear ot {nlgﬁt (?rlng Iplyl’?x l?qeuilqli]gz(re}(/thaﬁp S%’(?t \,fyg)l erlnz%rs and film
negat,\%curs When the barrier filmis designed for organic

?"Et emtting diode (OLED), transparent organic |ight
[023] eifhetnangpariides (MeEoLEDpresent dvona rlmlfgirfnoﬁhqﬂ&aglslt mayebe formed in

two or ?ﬂozrg sg‘mﬁate%? ét%%\gg?ei, Bﬁgé@tggﬁi%s ig Elsg ar}%rbpgﬁlélgs? of dq‘?erent shapes

and siZdsainasider its tdustoraise! ®rRIpAcking) deRsitp of erpeRerticles in the multilayer
particle sizes of less than 200 nm and preferably_ | ess

barrier ffiyarfo1aghievs efisakvaisolation ot ther elegiienicoeomppnertatfiasexample, in
order téz{rgg\er a lf:llsa\ﬁjfa ﬁﬁ%@ﬁaR %e‘iﬁgéﬁ 3Rs ?8%‘8%‘29; ﬂbﬁgﬁ?rﬁqelsq%ri\% the water
vapourfoxygeal pelinseatings .the obarrier elayelanﬂhef ilamopegtidlés aray have suitable
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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[023] The nanoparticles nmay be present in one uniform
shape or it may be fornmed in two or nore shapes. It

woreyohzsiazivant ageous to use nanoparticles of dPET/EGEN9/000132
shapes and sizes in order to custom se the packing

dlfferen?%lﬂ%*){% 9l H@Qc’fz\i Pg‘ﬁb&% difret lf%’ ﬁ%sgnl%eéq %Bove Possible

oaC|eve Ive 1SO atIO roni

shapescﬂmmh@nhanﬁpartle}wmba assume dieclude ppherickl sfdpes, erdd shapes,
i nferacti on hetween t he reactﬁ?l ve nan art| cles and th

e'"pﬁca'kéfﬂape% Qﬁé‘m’/'ffﬁ%’@ﬁ spapggal thg Gase PA thaneq, e@norea‘récles, they
may ha@@@@%ﬁﬁé’t@h@?b ediP¥BostH d ﬂm & 50%p5Sa ﬁé@th‘wgodto 400 nm, and

mse t ace area that can cone 0 cont act
an aspagttratio bémmeehan/ﬁpbulrnddmltedy@leretoThl s maans that the

t024) PR HsSGLEESS ey, GRS, 7 Rt fnde FoNPIGLfisture and

oxygen' wéa@ﬂ@e efsfhaabmc@mr@@veﬁﬂmtbucm Mngﬁxe@ncsbihﬁéﬁ% 88 obtained
rati o of between about t o about or

from anyo wtazm) pelymerieable r eeopodnest (mranuw@r)acha‘angd aﬁy least one

potymelfSaiig A30RF Bl S lipblen it FoflEDs AMERE G purpose

includes b esret Rat liffkedney) opalyaElRs, @@Wa@ﬁﬁalﬂmié neblyepoxide, parylene,
spherlcal shapes, r od shapes, el liptical shapes or any
polysiloxapegupalyursiapee andneppees.agk agy Qt ar peheer, and may be derived

rom vRSSBAELAGAGY BRI PRSI, PIBHELSER PEREDZ syccessive
nanostragieetl lapérsoisoflesirad; drhifrit s desiredad hdimereethd barngrofilm onto a
The nanostruyct ured Iag‘er i ncl udes a pol

substraiﬁon@@ymeﬁs \)Ol‘ﬁl'b goardi adhasivey FHalityy ey b £hases. The ingnostructured

| ' . .
ayer mEAIBRT6HAEA, S6uele Hlfier SOBIEPIATHYGo0! FBarir with o
dispersioongontaiting pareparticley rhixed vgthea maeasneosaution, e.g. an unsaturated
organic{amiBeHRS hayine S TeRstan Ry ptiepbBeorbiier THERNEss of fhe polymeric

layer c&%bnbin@‘ bigdef YithPElst@sutEl aighopelicles tHé @M @&n be in the range of
pol yepoxi de, paryl ene, polysiloxanes, polyurethane and

abOUt?etmvﬂD@é)OUbSe%ﬁfw @i¢remetersymer, and may be derived from

o281 L S/SERBRE. SRRERIRER,, GETRRHA skl RS Bhnignig e

nanopa@ﬂ’ cleé that afe dapabledot intecHeting witie rb@istUreralﬁd/bmdmgen ds derived
substrate, polymers with good adhesive

| be
from ulgodelet (Ha iettoadrbla MPMeRper! hﬁa)ﬂdc\!@ﬂua 'tlé Ltﬁ}ﬂg OV curable
monom%?%1 gang?n&in IR is C ARAd A Tinks BN aﬁ&%a?ﬁ%frh@trulqed layers

on contal ni ng nanoparticles m xe
obtained ﬂmneafehawlexaeﬁent ehgmical resistanoeat Eldampwm: UV light curable

at | east one pol ynerisabl e. group.
monomery BRGIUSS PO TURRE RoITBeIsgpsio ol OF F biihianal monomers.
SuitabldM bﬂaﬂgﬁsr '&Ufsﬁéhn%%@ﬁ tloﬁ'aﬁsmbhﬁhﬁér& FRMudS MitHdl® limitation,
range about nmt'o about several nicroneters.
alkylen{adepl(metlm)aenéadeﬁpﬁstm’ryaerfhﬁdwxanedloi leacrylats tandcneopehtyl glycol

d|acryla]t %\p% an%tggxl @&%hx&?gf%g%ﬂ ﬁa‘?@é@%bl){% ggﬁfq?g%%rﬁgtes such
as triethylene glycol diacrylate, ether modified monomers such as propoxylated
neopentyl glycol diacrylate, and higher functionality monomers such as
trimethylolpropane triacrylate, trimethylolethane triacrylate, and pentaerythritol
tetracrylate, and so on, as well as combinations of such polyfunctional monomers. 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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fromultra-violet (W) light curable nononers. The
advant age of using WV curable nononers is that curing

wWa 2ove/12d 18l nost | nst ant aneous and nanost r uct ur BAI/E&3089/800132
obt ai ned t hereof have excel |l ent chem cal resistance.

f ' . . ”
polymep@(;ﬁﬁf hﬁﬁ tblgon d é@%gégcéi{pﬁggﬁq@yﬂwi _o1°‘r(1) Pﬂfér ?Is@?erbnght light emitting
diodes &tia Wavetﬁﬂgthmﬁ d06msn afididbalveenay algol lesuséd.such

thout limtation,

ctlon nononer s incl ud

o261 5Pkt UNeca 6 (Romacs yurat Bk ' HeCalemtReaheainG of the
I a

nanostBCRFEY. Y&, 7 pRPSRAfar Ml McAkIel W the, prpcursor mixture

contamnhg( rt’eeh)rmqrhensesEsamplw afr |sattalyleerp®o§p-yumtors include, without
at e, et her, nodi

imitatiofy, HE¢0R EeTh abh S PeBrg BT DLyt s CEnZginelivy fther, benzoin

phenyl éﬂf&tamebldrw aARIBEbfsS$iidh & niethyBERYdiA @WWQom and so on;

triacrylate, trinethylolethane triacrylate, and
benzyl gerivativestineiuding bemzsédimﬂtbyl&etaér%l%istr@ﬁyllrwlaﬁelel digeers including

2(0-on RO RSP MRIABRLY of neRiPcs o einiopehylye o-aim-

methoxzphblﬂﬂ)lmmm | gifter! ME-coMiboROPRBVIEL, 5-®h‘?eh9nﬂ&1’aiole dlmer 2-(o-

ht curing units may be used as wel |

| Fo
methoxsB 4 S IPHER TR B be. SN £ hr ook (@xm@ymphenyws-

ok HS SRR, STV e 220

dimeth&qphéwyk)-u{@idimemhmmm dimer, ced s oar aelidinatderiviatives such as

o-phenyiagridiie ang dale B s RIAts: NRhaTAGVEbR: Araale ketones
such ad ’J?i‘?néﬂjgl%gﬁ?_é%h Dli&shreby Iﬁ%ieﬁﬁh@né’%rﬁo:pﬂbhb 9%Zhloro and 2-
I nclu W t hout as

, I'm tation, benzoin et suc
ethyl- thb:ecanmcmerreﬂJﬂydmmthexy-zmenyia@emmeno@ehe2 2-diethoxiyacetophenone,

2-hydrofgee Rl Phe Al aiie  had. 2 oldp THENgBy-2-methyt-1-{4-(1-
methylW)p\h@hw@@paﬁahédl nm@amyb%lanékwld@whenone and 2-ethyl-

triarylimdazole dimers includ |ng
hydroqmn@@e,c hesppinenaxjdes, ssthp Hs 2, # @-tispeihylbengeyldiphenylphosphine

4, 5- di (nmet hoxyphenyl ) i m dazole
oxide, aﬁwd(ncgorﬁgggtgﬁgﬁq%%%henyl ) -4, 5-phenyl i m dazol e di ner,

[027] ZTlﬁ@n@ltr’aobo]mh@lﬂy )Ifgh# :‘iewtrajizmliayerdamipﬂsésnarl.ayer of material
ﬁ nmet hoxypheny enyl i rp dazol e
capableyo fl[yera \%ngyp‘ﬁl&tymatgn@ﬁerﬁw, Hggdngrggn,;ﬁeas 'well as organic

materiafs, SGV éxar’ﬂbf&eg YRREBY A whithPRER l%ﬂ'e' fiARM? lokidd 8RE zinc oxide
and so on |ne derivatives suc
hanopagtighss rqddamherrhcabcwnﬂo&nc‘fs thai@@e leeamrahzbmb Ithé &Pt eayes, Exemplary

UV filter r’ﬁ henl%?rg:im nglp]\gﬁ%r%gﬁ(t) ﬁrgﬁ gf?)ﬁﬁ%%awcﬁbn@fmum dioxide (HfOy),
magneé?%z&ﬁaér(m) ér 65‘1‘1%%)@6@ @aO?taWdf WHICRXGHM PRIWRIe low refractive

di met'hoxy- 2- phenyl acetop ehone,
oxide cg)tlzamﬂ&maoﬂ'ytaamghemdﬁe (TiO,), tantalum oxide (TaxOs), silicone oxide

(SiOy), Z%ilr%) ILFI’)éy %;{2@ ﬁeﬁfﬁ |¥|| t 20 (5] S"fTO), and zinc oxide (ZnO)

nanopaﬁﬁﬂéw Invayndlédﬁwmbé@rmmnﬁn oxide (ITO), and zinc oxide (ZnO) are
1- hydr oxycycl ohexyl - acet ophenone, and

examples s:fhmah@rmlaqtnahcmeyldghblgphref@o@xed@gdescnpﬂcadisfllms All of these

mentloned metélrolx es |¥|| iR E%o@gt%

?I[‘\)e lﬁ\?llght 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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oxi de, and conbi nations thereof. [027] The ultraviol et
(W) light neutralizing |ayer conprises a |layer of

woretoen2@lls capabl e of filtering UV Iight. Such Pel/sG20ah/800132
may i nclude inorganic as well as organic material s,

fluoride Q\n%ﬁgsaap' k?armrﬁtfﬁ.fdéldée éﬁé’la}gr '?ﬁs dﬁbcerrib%‘%j*ld’l@ﬁtst | RFRIUMN dioxide

and zl nc oxi ti c chem cal
(hafma)onapberrdgnblhed naml’allaVerstwﬂlalsshoob dldrpedeno ohian hard scratch-free,
ude, t a e ng

dense qzq(ﬁ_gabarek/rg co&ppggg [ré WBH%HQf Hl'ﬁn"ﬁﬁ? 63853 ,_ﬁadf)e organlc materials

such as"@éiﬁ@ﬁ'n‘éﬂbﬁ}ﬁé%eas( MyQbgdrhiRg rhatériaki de (BaO) all of
can provide |low refractive oxide optical filns.

[028] Wt@mamﬂelwijindadqmomz):hemmhtc@atmgwm@ (akpos)ingident UV and

radiate Scdra Iqi%gnt,?qr?ﬁ(aigg ?(&rgﬁg h@fbjﬂ@é@%@%%@ @ggg%&e 'kr&%%)of’ or in conjunction

with phyammﬁa&mgbem OBy episcdlient)esl UV néutrmlilhg layérdeomprises a layer
zinc oxide (ZnO are exa%tes of materials

of UV l(@hit al’mw@eaenﬁte@ﬁl r BxaEptasy bclide) &-Wethndbenzylidege gamphor and
benzotr%zpt#ﬁﬁf%@@%rﬁpgﬁ?ﬁﬁgﬂ ré?fbé'%%eﬁ%‘ ?&h},sugnge%&@ cinnamate,

neut Izing layer

which ugg9incideltasV ¥e briay @bous eismrargs plmotabsmnbnzatufd ef:meacminpound
scatter incident U h greb preve 5?()4
[029] 18P g SXREPARYCt§BRPE! o’?‘?@nt ‘l'\té"i“zé“Lﬁt e comprises

copolynﬁiﬁ)'aé‘lb%n%ﬁ'fazm’e Héﬁ—fﬂ)gﬁﬁdéj\éu(:hlése'ihé& H%ﬁﬁe%' in, US Patent No.

I norgani ¢ halides such as magnesi unfl uoride
4,260,768pBRE tor theaavailkabillty of iahcuisaitmted daubdmipend in such compounds,

O e o e N
such céﬁb@hﬁ@sfd‘af?‘?’bedQﬂﬁﬁn@@@oagzeé@dﬁlym%ﬁﬁé@g\ﬁlth|’dhe above-mentioned
dition, it is also possible to use o:{gamc mat eri al s

monomet-thahare ased o fama the Y aeultalizing laver.iferehleadding an additional

natively or in addition, chem cal coatings
Iayerofvwgko Bécg'ﬁb incident UV and radiate it in a secondary

[030] flﬂfébrﬁé @MBodiynaray ovtisal fimsusey be ppovided b improve the quality of
junction with physical coatings. In one enbodi
light enitied Qvthmlegtrcprzlprc@nnw@nt,&fnﬁ@rlmgvg thapperaifo wpﬁ‘e Slectronic

o bR PR S

films, ambmﬂnﬂmdntfhmt ligiatnretfle ctisre finn, setﬁ thgkampjd pw,t\mmyd)alcohol (PVOH)

i e S €SB 0E STrglt 8 BEL B oo e
compeﬂéété’ﬂ?e §§Q|dﬁ eﬁH@QH'pﬁPéﬂzedtI@tld\én’é?é{bﬂ%'tﬁéﬂ@uicﬂ?zfﬁfstal layer

nmpri ses cop ol ynerli sabl benzotriazol e corrpoun S such
by provuhng pbaee d:osntrlaetstmthmhgh& neéarmtd o thet poletizirgsplat® gotthat a more

distinct &BHH ﬁ' l a l | tt¥plg{negin TEVS tur at(ﬁéﬁ.ﬁgl‘fﬁrberm?yg?d%gpod%%‘ég using a
mono- a%émylo@néhtémaoweawfayé @mt) fi fl?rﬂlfélaéﬁaﬁ\Fr e.exanpl e, such

onpounds can’ be advant ageousl copol yrmeri sed with the

[031] albos@meenituscbr@éme ngmmétraemtﬁaof éh@ b@"@@rtfdm‘ slescrined (herein, the
nanostrg?#(%ﬂl & tlgglydg% iumimfiGh SRS L AAR Bxd95E 5 Wturk B Hiuminium

oxide and titanlum oxide as nanopatrticles able to interact/react with moisture and/or
oxygen. In some other illustrative embodiments, the nanoparticulate material in the
nanostructured layer includes (either together with aluminium oxide and/or titanium
oxide) aluminium, CaO, MgO or other suitable nanoparticles. It is also possible 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 multilayer
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[030] In sone enbodi nents optical filnms may be
provided to inprove the quality of light emtted by
W0 b@9gr@e: r oni ¢ conponent, or to inprove the OPEr/&G2009000132
of the electronic conponent. These include polarizing
barrier film."Fhe &e?_éﬁéteé s/ ﬁbrﬁmﬂ‘éliﬂﬁgﬁé*]éﬁna?m@éﬁdé &M @¥dse illustrative
films, anti-reflection film Tight reflection film

embodimernts Bnc esddensisel)Vighy viltesing amaterial. Thevary cddercamypeperesent in

any sl Y0P B Sl B B Bpr BT R0 A e n one
illustratipel exdrapé (deghhlsaeiher BEk&fple) SeBBoh), dHe thaiosiuaturedyim includes
provi di ng phase contrast to the | |hght pol ari zed by

aluminiufeoXide aaNgpagicisatitanigniaxide aanepartigiestara midyrg theseof and the
. . ' T. ' be
UV ton B Bkt Sl RSl B O
[032] (P6) ckithim applicaticaspivhich| @gljrel theseneapdulaiddn daimer fiim to have
enbodj nents of the barrier filmdescribed herei

§ n, the .
good meghagicaltfendiny apepsirala masdeaprondecie YHrReE the; inuliedyer barrier
. i a a :
i of 88 §frlon TR S5 el re 8 oA ior e b ey comprse
any suitabkt weeiehndifomateyigisn such ssnpolyabetate) Indyprapyleae, polyimide,

enbodi nent g,,.t he oparticul ate material, in. the
cellophiitost  utAHEdNMRIBYSIA-B@BYTEE: { her RABYEMiENGR Gnaphthalene
dicarboﬁ’vglléfﬁ)n(P'EN‘}",X'p@)W(éWéHe tibtcpMthaTaRy (B2 TR BBlyi-Wieth{Hepentyne),
O or other "suitabl e nanoparticlés. It'is also
polyimiges s polyeathenate | (BE)( alpohethylene, apalyethgrsulfpne, t @peoxy resins,

above: mentjoned naterials) zinc ide In h .
polvetrfRRECIARR RS, IR Bre oo bRVBRbMe. polvacryiamice,
polydinfdthyiphémgess f ideidﬁ]C}/stgferiehﬁviﬁlylliédz@MQT bespdlghefd,| npolyvinylidene

. The (separate) UV |ight neutralizing | ayer may include
fluoridej (P¥PF).t R¥eB, iﬂltrmllugxaw@eﬂnl@éai aESs 0 din @xidgs napo-clays,
. i . [k ery: s oxi.de
sifconds, S HARILEASTEL BT 0, FEHC 87 peRprosphacence, t
hame somediustrativenexamplds. (heebasarqubstrate Imayme arranged to face the

illustrative exanple (see al so the Exanpl e Secti on),
external RNVIQRAENtURPY r 8Y Tt i'\gﬁYifﬁE?uﬁ?s eNcareHiates o%anr@n"%ent- In food

packecRf MFSIRASS | A0L D (i ARISBIA B Bt i foc whie

the endapsulation kamier ditindformantheaextemal aswfanst #r cahtact 08 atmospheric

.. For certain applications which require the

conditiqfi$. apsul ati on barrier filmto have good nechani cal

[033] SiT efdErhio Protabs thatBuliRycPdbapfiey fitadirbm Muupahicad amage, the
mul tilayer barrier filmof the invention. The .

multilayenardet Bimmayaibberf ¢appesl er everiaigiwith shierginaltpratectivaylayer. The

ermin AP S BB 81 ey BB oA Shronan and

scratchPadgidtant. rinneh8Yyémbodiméntprtaeyteeinal layer comprises an acrylic film
0 et hyl ene- 2, 6- napht hal ene di car boxyl ate) (PEN),

|
having E rﬁtﬂﬂf&r@in iFeqnl/aRMsiFe partinas.

e _ S
o3e) PELLEETR Mo B SRR RE T AL HEOEPRRRD cver any par

of an mqapeuhﬁf)ﬂrfertiwllaﬂhg fﬂ?&faZa.m_fﬁvepod)r)*i|19t)(y;lu_';\leme?‘1 tlloeIhOUElél Haviee. In one
embodi%%ggﬁ%t%c%p&ﬁﬁqt%%ﬁ@a%gﬁq?z SE@ iggH%qaé, %ﬁ ;grnj? 2 Base substrate for

supportitf] e PR Riyers 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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fluoride (PVDF), nylon, nitrocellul ose, cellul ose,
glass, indiumtin oxide, nano-clays, silicones,
weodogd2ares hyl si | oxanes, bi scycl opent adi enyl i reer/S62009/000132
pol yphosphazenes, to nane sone illustrative exanples.
layer b&{Hy Qﬁ%ﬁ gybat lbé&@sﬂ@é‘taﬁﬁalﬁf éﬁ)‘h@eﬂmé @d@éccﬁ‘ thecover substrate for
exter nal enV| ronment and or It fray face
formmgeranaasmloaueej agovind dheereactive ¢mnn01paraikalg| ngiertwemmrmrse |lateral
ace nt er nal rface t hat

diffusioBfh e TRer B Iftg e, eBHES IR bl the Bactive, Sympgpent, the

width of eidTBoVdrthgeralyeF Bpthesadhadiee Iayef aib\alsé rﬁ&dehl SPgRRAhE Ghickness
conditions. [033] In order to protect the nmultil ayer

of the engappelation barierdiineechani cal damage, the nul til ayer

0351 b gl AP B S8y 8 BIdhy Ay bEGSATPhouoh e
encapsuidtion ahd hiv previde ediditsHad theeharsitalepaitdctivr fcmSthe encapsulated
scratch resistant. In one enbodi nent, the term nal

electromgy@vr%,erthgrégngap%&aq;m §tr§srq:tp|:ﬁshmayn@e Plagad gvereline barrier film.
For exﬁﬁg{@' E?Q%r'; SsﬁB%QtresNH: | g@;?h (?(Ill ec%rq)( 4}h(—:I rrir)g&%gﬂlm. The cover

substratarmayttaﬂdo olmarsetev]eqba‘rdmoértrmrr arhaa'rjsur diexinhe foart scratch resistant
ti ng the active conpone of th (]_ED devi ce.

materig} At AsBgMIBRIENG. Runah JIRSG Teen S Ads RIENENT Sodsdy physical

damag% o tRE Ba ;h ?HJ%F ii5 8)dcRonRUGRAPbhEE. @&%M;ﬂ%b‘f Waterials that
ayers of the electrolum nescent conponent. I'n a

can ber useddatiudg polyethylans, (PEE) epelypramyiareoiPBar pokycafidnate, glass,

N be used to forma,rigid cayer that is_ arranged

indium oY, o, AR fRORPATSPL rses; | U1 G o Res dlifehed onto the

multilay&MHANER - erlddpsuldiot RV ar IjRY dfeaghésiodethdreblyhsathfiching the
substrate by neans of an adhesive |ayer, the

electronigieespanenj agatnst e sybsdraed at | east substantially

[036] a'lr??ﬂotth%? eﬁ%%r@% hr{ﬁe%%Yﬁér fHPRL I Ero o fa’rﬂg%l%ﬂa ?ﬂcapsula’ung
enclhosure aro Phe FeRCtTve conponent .

layer whiioh seaie theeiatioluhiessentncarh porarteagainststherteagensubstiate. In this
en%osure contain he reactive co onegt the width
case, §JuChheak oPEEARSHI ram@ BHery HBa)édrY\é@Pv o4 gaface of the

electrol'ﬁ?rﬂﬁeé r‘?e(fonﬁﬁ?ﬁeétihl% N It a?QGI%@éH* afhOhape of the
rrer In or urte reduce the
encapsprda’tmgalayentmfs ccmfetmséoahei/sbapewgha reactvmgnom;n@nent leaving no
su atl dto royvi de addi topal, nechanic
gap bEPRIL: i Harto HEGeRtant. FETEanEnb ol ohf o cABgPdated and the
encapsh}b{th@% &ncapsul ati on structures may be pl aced over
he barrl er film For exar]rcp cover substrates may be
[037] alnr ange@rnbadlmen’reﬂmbarrar flm is araeged weeh $het theananostructured

Y L G AR R () T —

and/or e 8ensdPRItihodttiiasy aitdct Eorftal vt eleetfonie ¢uNpdR&t and/or the
damage to the barrier filmand/or the electronic

sensorcwh%@ebﬁrrlegﬁghﬁragg having low meisture, andogoXxygenpegmeability forms
the oufe'i’r‘hlogpleie %ﬁﬁhﬂ'{ :ggatérp BT Eap AL YE AR Gtk Tiotet light forms the

ycar bonat e
lntermedrate layer arranged between the barrier substrate and the nanostructured layer.

[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 transparent 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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indiumtin oxide, and transparent plastics. The cover
may be attached onto the nultilayer thin-film
wepwapsuati on via a | ayer of adhesive, therebpCT/SG2009/000132
sandwi ching the el ectronic conponent against the
betweeﬁ ‘{Hétt\r/v%t @arrlbp%gt]dé %@iﬁ&t@@rTﬁ@J‘Pﬁ@'\ peRier élfk%tl%éé c8h be referred

Imis used forma flexible encapsul ati nga ayer
herelnaWar als Baraes stawSerrbetsruhstmteaeseerhe U‘(ﬂdﬁ)ﬂéh airies ttransparent
bas ubs r at e

metal i GiiaD] RV cPiny bl SrgBRRG oht rahong rdevicgpigis, (OLED)

appllcat%ﬁcﬁﬁébémeﬂ%m%ubem%ﬁ bbardridparént o rﬁbﬁ—ffﬁhsparent and can
encapsul ation'. The shape of the encapsul ating | ayer

be cut lﬂ‘l@lﬁ‘&bl@fﬁf@’m%dtfbelﬂﬁ@ﬂ%hape of the reactive conponent

to3s] - F S5 PR RrBEERE, 912 E SRR B0 Enepr may comrise a

polymeti@yaaterial iRLiuding begatid qblymets stuble dzalpblwerﬁoﬂatel polyethylene
arranged such that the nanostructured ager forns t
polythewlfenﬁoepow@?men@p'vethate.nsnf@éepmgﬁb?é@n@ lystyrenes. polyurethanes

t
and pASHENE CRPIAR Saice heraBRE ol S oA bEgstionss,
polydimeéindsiloxanks) e sdaiopentadiebdt r &ba, hapolydichtbropiosghazene and

or oxygen perneability fornms the outernost |ayer,
de”Vat"é?ﬁl{rter'i% gr(rat erial capable of filtering ultra-viol et

[040] 'tpg@bafr%rrfﬁmtrhsy IMEhERhbted BYET aky ERBHSE baﬁimarate such

barrier subStrate and the nanostructured | ayer.
as packipghg] materiaie fer foath endatrinksiepiorprovig theie existiog barvier propertles

a1 SBPRS1be 8o AR RRPRR A0 RS RS HRRGAGE ay oroanc
materiafd. NfHdrg@hicMwhatephe thaNshar pakHioURE iiate | iAgRIHe metals (e.g.
serving as barrier substrates. The multi-I|ayer oxjide

aluminigm), ionp dinkamiefel dfidess (.61 AP MO, TdDek cesamin gaidies, inorganic
polymer%n rlg%?ﬁc.g@)% y\fmer@' rénBa[);ﬁJ(tﬁFesf - COH&@QI&%SCQ%IJQBQSEXGmMGS of

as a as a San

respectiveyem@’gehimqnblymerst vinclhaer loegammmt&gauhstpc&ymers Thtetal chelate
a}rrler substrates can be referred herei nafter
coordlng’gﬁam,

YR9EER kaNd GRERIGIRY Miregen hased gigaye ﬂ?'ymers > Specific
exampl?élr & glésasns%"ﬂ ®Rbs ”eg)@lkd%tﬂ Isﬂ?ﬁéﬁ‘% pgﬂlé/égé!oﬁér}téﬁenyl iron,

or org |cI|gtemt gdev
polydichalpmp'rmphanenér handb adeiieativesadhersohstfoat esarople. b8uitable organic
can, be cut

materials, BRRRE tarife mORGS G IoPS Hse inesti AR Elizmo PODIE e, epoxy

resins, té‘tﬂy@ik?l‘éhegn'cl@rﬁé’ﬂi%@.n %nu*cha%@ HOSSnkBBY p@W‘éﬂﬁyléﬁe a polyethylene
meric material, including organic polyners such

po
terephtfpﬁia arplystyeenesol p@iyweﬂaﬁeeSpo|ppm@ndeter30naoolmbz9nates and

polyetniSEiifes R A" 3Giper Btate BlymBs YN 2 Byitptl tevel of
permeabmw Qﬁ@lscamﬁik/ymme PETH pasycatbdrene ehd polyethersulfone
ydi met hyl si | oxanes, biscy clopentadleﬁgﬁélron

[042] pldsu wr@fﬁrtﬁcbsmt@&rm@@hé arfpuliaver fharges filpds dised to encapsulate
electroluminescent electronic components comprising moisture and/or oxygen sensitive

reactive layers, wherein the electroluminescent component is encapsulated within the
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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[040] The barrier filmmy al so be | am nated over any
existing barrier substrate, such as packagi ng

woradoenz2@hs for food and drinks, to inprove theP€T/SG2009/000132
existing barrier properties. [041] Barrier substrates

encapsiiBiedh oBjelt W%léé‘ fnBRidd e%rmdﬁﬁoﬁé]% 98Birfe xamples of

organi c mat eri al s. Inorganlc materials that are
electronfrarcompgnenty isdutabpassive |antk aolival Organig. LightinEmitting Devices

(OLEDs) ot GhhalEd Aovidis TS forpEctn BRthanisal Sansors (MEMS),

thinfilm &BHsBtofs YTET), a4 élfyéhid]@lt inBRsarfi® QhQRfVOItEJ@G@\l't@és Bhsed on a thin
ective I norgani ¢ po yners i ncl ude
fitm SO|&§rC@ﬁﬁn@UdlﬁQrtg-§m0& limdtedrie esCutieGalSerralar eclt adPv-sansitized solar

cell (DS%%%?&@S/@Q‘&%%“@J g@ﬁ%@@bgfgﬁg\@ S8l ggﬁag's&au (CIS) and a

copper mdlwﬁﬁgoﬂbhytj&elmmeolar el (GIEPpent adi enyI i ron,
di chl or ophosphazene and derivatives thereof

[044] ésaaciﬁnt@xt witht iptevelidafeviGas: suchl §S.$9Jao&s'%rta%p§n include a
barrier tﬂﬁt )SF“?ﬁé ||§\H=ﬁ|tloﬁslt E?§ r‘%lt%d: 1RASHE ARk ﬁteﬁt%-rkétotﬁybéthaednven by the

resins, enes derivafives suc
mherent:adsammgéecbfp'ﬁhly\eﬁtry\l Iéhetpvpld:duyst(ﬁ'ﬂFéhmdladwtﬁlG@ atdTe, DSSC

technoldged ey Jab ekt Gy Yot B0 Bie- SoMbaid reaufastyre them on
flexible TWbEEE R ‘éheaeh\g)ee%%&?rﬁomv'c?EgBmﬁéétlﬁ&i SvalRY 8boff and even

pernmeabi lity and stability 1nc pol ycar bonat e
windowsnbinfiké waoree convéntignal [ PAadpvoltaias p(Péf)ethaédumowst@hme silicon,
r film

he nmul.ti r,barri encapsul at e
TFPV alspead i, aPHEL L APOLAE g AERE EnbiBRES RS GDlagt TFPV can
be mantificfirdd QisttfSiaipl@priatAg DF dehdr ref-t6 838l (RZR) InfaéHives using flexible
wherein the el ectrol um nescent conponent is

barrier ssipstiptas anefexiblerencapselatinpapsinogsi dhe cplcr@otlmusgﬂﬁncapsulatlon
metnod} 18 R FES e DR Rt AR PR AL IR PHS, DETIE AR nexvie

PVs is @stimatedi ohlg 2 ka3 yearstife damsmgeot éxamph pasterg DSSC photovoltaic
nmoi st ure and/ or oxygen. [043] Al though reference

devices are rhigl yt%ﬁnweet%abmﬁra@ne pistieEdhe; mdatr@rttmx' Reelectrolyte
and ser%‘?ﬁﬁﬁé Q%}noBf thd qeﬁné AR YBASIEYE QFtth ¢ ogjr{r?teﬁk¥gen The

nven I's appli1cabl e tor anyencapsu ate
expectede \bacder |p1rope||tﬂuesg wigitt need ctoc drgpoprevided Snyrea ekamiel eflm  and

encapSLﬁ)e\Bojrln1 Sgolrﬁ% o(écﬁ)pnglp Bﬁgltc%gio?% g@g @%%g ?a?nrbqer?tcéoln\éetio ns.
[045] Chan&ed RePlsBRrdsdi ¢683. (&@S%C) is_based on the mechanism of a
m cro-el ectro-nmechanical sensors (MEMS), thinfilm

regenerativth phntoredegtmenemieald poragssi cThe adiiveglayes consnsts of a highly

porous ph%l%(ﬁ‘éﬁ}ﬁgaa\kﬁo dﬁén?ﬁrﬁmbqaiﬁgog?%@&@?) Ciéj@g t%a n CS | I'(ransparent

electricall§! dondaictig stB8Fafel 2emhopohledifar [ayBB6CA, se?tsiﬁiﬁtgﬁdif@ on the nc-

solar cell, a Copper-Indi um Sel enide solar cell (CS
TiO; susiegeaabspipsr therdneeming lightn Tne cfleyiceleiss spapletef| by a counter-

electrodg cﬁﬁé@s%@ g{h @@tqﬁﬁ’ﬂ@tﬁ’é@aﬂsﬂ h'll'ﬁ%ﬁ\fljvgvéﬂa&@g(‘rfoggtr’é gsﬁled Jp ensure
confinerhBgt ofthersléctrolyte dantainingathehedideltdiodide pedoxnauupdd. | s

[046] be Tl'r:e(?:’ bgéék\tﬁpou% fop% solar-to-electric energy conversion efficiency of 10 %
is the highly porous TiO; 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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I nherent advant ages of Thin Film Photovoltaics (TFPV
i ncludes CIGS, CdTe, DSSC technol ogies) including | ow
weomp/12d10w wei ght, and the ability to nanuf act REESGIHONN00132
on flexible substrates and enbed sol ar power
l |
electrolfigE 4 8 LB Il in B STy wRH T IR Tield lgge to unity
over a wrdgstaadgbl ofethei Visibn spéﬁ%amrgmeepazat@lml o¢auys tom an extremely
ndltlons

fast timGSEic wHRH G SXETF LBICLPRG vV E Spts ierig0 B b spmiconductor

The suffé?éé bﬁ‘ 3hé Qidun(é?za)acﬁ%é“lé‘%o@lﬁea%ﬂh axinfthpn&laamoaht of platinum
substrates and flexibl e encapsul ati on methods. The

catalystdu pr@entbyed@@jth@It%a o the trivingidel seduntiopr ovi de

suffici.ent arrle I
0471 FhE) el 25t G BEbdR ARG S Gen 15 4fpsutes
photovdltbfcﬁdé\hé@wh'r_&f |ses<a”ﬁmi/|§hed2 petvesdn NESE wtieler bhtrierdilms according
devices are highly sensitive to oxgﬁen and noi sture,

to the mesentinviention Hopiratectiag dber Bhgtouoliaig deyies tirom Hgolsjwe andlor
oxygen O'I'(hé 'ﬂ'ﬁe %8?&1 ?ms‘ggﬁa\klc\‘\%dwbéﬁ b‘@aégf %%BQ/knr?%*gr%nge to FIG.

arrier propert
14. be prow ded by a barrier filmand encapsul ation

ackages for such devjces 0, 59/ n2/ day at .a
[048] ¢ o‘Fﬁﬁﬁ%"‘ﬂ%ed [D%8Ns dndhe &%%%éﬂaegweﬁﬁnt évsn“%rr'r%ﬁ@n oxygen
sensmvé Q@ﬁcﬁﬂ éﬁﬁefé%% [ §aviet i8 t _ﬁﬁ?ﬁﬁé@l‘téd ®etween two opposing
oto-electr e

em ca process. actrve layer
multllayeortmmers fihs.a Wiithy referpoce e RkG.o 16; ytheaphotovoltaicadeviae 221 is

nsrted gL e 2 SR i i B RS HBIGRLo pl proovotei

device QQY €In BheaaspRIE i0F ithe rlﬁegé(@t PRehtién HCalsb ﬁ%aﬁeftﬁat?% sandwiched
absorbs the'incomng light. The device is conplete

b
device lgaves) thaela@eratsndeaéngbtrmd lafhgida ashillustpatediin 14) of the device

uncover%@@‘w%ezmen’%)%geﬂq\ﬁgﬁé %{i? %I?g tsgﬁgvgﬁct%%dﬁ?eﬁcweeﬁr}%rﬁyers as shown

in FIG. 1i43di de/triiodi de redox coupl e. [046] The breakt hrough
a solar-to-electric energy conversion efficienc

A
[049] of The mpitiayarel i i \thiso £pEaPTYIIE] RPOIOVHRLS devicg “gpmprise a

s i B SNSRI MR R, B o s and o an

ultravuolletrilgldtermaltrhlnzmgolayehen mrepap@sih@rsldae(thede oeorqiso be referted to as

top andkpcgé)gf %{dﬁa ﬁﬁgltgﬁls rea ’avg{;g*c a%/rl]%egw { #glrnn%sé\ttached
to the ﬁﬂﬁhlh?& Hfes Oefreaaﬁé’éﬁél‘pﬂ@eé elfédkmg’ts@rdcﬁﬁﬁ tThi@ backing structure
conver si on of into electricity with a quantum

comprlsg,asebd coheists tOrﬁ wmanpswg’wred viager osrgenastosteturedilpyer and an

scesEZBh¢ arEBEREARFAR, 4 55 SRR GEHATE oo

layer seﬂﬂivﬁchéﬁl peheden M ddieshriTiesluThebackigy stiuttace alﬁo connects
he counter electrode is nodified with a m ni nal

the tWOamblltlhyecﬁff“mﬁd?etm@ﬁﬂc\é(h'@hytbﬁ Wpt@V@éﬁ'CtQ?Vﬂf@jIﬁcéa'i‘%'Ched- In one
exampl?vr%gﬁgl @ﬂgggv%'ita{ h?ﬁ{ri%é'eﬂfg' ?8 | n@gﬁfﬁﬁ odpphb& Z)]ta-Ehgé‘{/ice panel

spec e presen ron s rec

whereirfthes phasvoltaicedevibed v thé Fiahetieve csspatnaield from each other by the
sandw ched between t\svo multilayer barrier filns

backinggieustefier{gee 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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to the present invention for protecting the
phot ovol tai ¢ device from noi sture and/ or oxygen. The
worgepfizrd1of the term "sandw ched" can be expl aPGEEGA09/H00132
reference to FIG 14. [048] "Sandw ched" means in the
carry o%@@ﬁ@*ébﬁgatlbﬁeof%ésg?dg Hﬁéﬂqr{)geﬁé‘tﬁ{ A@ﬂrs@’fﬁ@t%ﬁal source may be
nsitive electronit o opt oel ectronic device 1Is
provudetd gﬂhllnythenwuuerdeb\atmant tadfooppa gaa permeatibaysensor on a sample

' , f
base sifisiralfi 4l & sevinch maternk i, Ty Jeiisenbs meoyidpdr witin the

vacuurﬁoé’nvn%(?%éﬁt o forhP Rarp e chpsulBidh ‘HOéPfth‘éalsensor and the electronic
phot ovol tai ¢ device 221 . In one aspect of the present

compohente nAlltemnatively, s there falyyicatian ©fsdhewiatenionievicemponent or the

encaps R pifBssthelte S4AER ol AL a8t Sad Bhife o the vacuum

chambthe top and bottom side are sandw ched between two
| ayers as shown in FIG 14. [049] The multilayer filns
[051] | in tanes egeadheanht Bie yﬁwwvoph@néeaémm@@nﬁr p&@algy of serially

conne%%@%ﬁbr#fa%@r fhEKEF W&' &E’t 45 i J@‘léﬁjﬁ?ﬁc&ﬂ)r{ Pfocess ue to space

tovoltalCc device n one sSi 0o an uttravl 0

constrdintghimposetriay} the differentesquipment eepededrfor sargingt datﬂetseach stage of
can.al so be referred to as bp?s&and bott om

the fabrla@whpr%eﬁgsS%nar@wes%ehw MayR& Ptcamwﬁ 3%%"@"?9!% the first
matenégtsbﬁ%l,ﬁgn& ®nd BEcoRY EFLaltéW rsof.nhlé% 5o 8hERCBRAeERdAndividual sub-

acking structure. acking s ructure conprises or
chambemnsi sts of a nanostructured | ayer or a nanostructured

10521, 3iec e GRRire g e e RO - ok Jag. atmosphers

from ofe BHAMMBBEED BROIHBE R loke |@6|h§§$téﬁ1 hiyass usddeA Raatiémibnal loadlock
structure al so connects the two mul'tilayer filns

may behgronséed tthagate valvehaitashsid: i & mrivivesuLm slaamweb Hegubstrate can

e 0 BRI, R AR, S K Do ot stace

in the ||@bdtd@kcxtﬁaanberd¢\\ﬂe¢eﬁelkmadlbek m@ebcmtedsamaead@ire‘dr wacuum level,
ach other by the backi ng( structure (see, e.

and th94gate[ valye Pbenrt oigapes Wt@hISaHaﬂﬁf@rrerggeﬂh@f prq%:'sss chamber
througr’agx@ggheﬂc%ﬁlaﬁé%ﬁﬂ@ ftgé rﬁamféwaﬁ{ bf‘ﬂqé‘ibﬂ&apslltﬂuétaﬂews repeated

perneati on sensor
substraie doadimgc andi mMOadhegfwrtbwtemEa:klm@maouﬁm tiw theverain ahamber. If

vacuu SRS ERGIREPS AUATAIN B TETANY CPRRGEIRCL HRTEBaM Bers, the loadiock
may co\‘:?b’r;é‘é;éﬁ BXiern%B%”éhdffsmB%ﬁglettﬁFd’lfqﬁ’eé’éﬂ wfd'i\ﬁduél%’db%drﬁ’lﬂer

as perneatlon Sensor irst material source
[053] nhygrbe/q@uum enping ho utfitsh maya beu sopnedted niee the tvactigmmchamber,

includiy, SRS BRIG cPasite; Taereolifed AR PomBi s8R BhRneen deliver
ultra hightVchiubh forvieUHBURIRY 'sé@l"rﬁ@ Pph@atfdﬂsmﬁamlmps Bledsufd gauges,

over the sensor and t Foni ¢ conponent
gas lings¢ éfﬂ%ﬂl’&/éﬂa}"SdW@’Sf@m usgiaiilqm V@Weﬁh@aéil loe tinelugded to monitor the

vacuunt HHRNGEuUR cﬁgﬁlber.

[054] The holding jig for receiving a substrate holding table on which to form the
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 melt the adhesive while vacuum

bonding the cover substrate and the device.
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encapsul ati on process nmay be carried out at separate
stages outside of the vacuum chanber. [051] In one
wepodedrent , the vacuum chanber conprises a plBCHEG2009/000132
of serially connected sub-chanbers for carrying out an
0 Ny j ] S 0, r Qi
O o B e e o e op oo o d mple on the
holdingjig, aadhmey e usedtthecdraprassat icoveprsubetrate sefmmeat adhesive. The

inear ifos ARIBTH, BB 6sREB BY.8 Bt R BERIROE oL B chbg Ppmotor it
an axist dsdd 6PAPGERALSNE td NJON shabrestobsioaees predflradde of 40 to 80psi for

facilitate transfers of a base substrate under vacuum
encapylatiqier t  at nosphere from one chanmber to another, a

ose] | 9958034 B e L OBRRE B KRGS the e
motionwdriveuand maidieg jig AThseineaansotioandtive antehsidinigl jig E’{vgﬁgﬁent may be

i into position, through t | arge entry door onto the . _
directed aloRg @ suppRyiing fia m@ﬁw RelL GidgE  Thasugporing Jia is designed

such th meoﬁﬂhéﬁvévo%ﬁuﬁéqgaaé%td?\% QHéi'ge&rﬁa‘qube Y&k of I8 vacuum
t e s ed

e gate val ve opened, the subst transferr
chambéentSintiladypthecdevice lvarsobstratesocayhbe tranpietred 4o thegeabstrate holder

t [ haft of the.loadl ock. Thi [
throust 5 ]Sk thg SBcondhny 5 BUPG PLRARSSdi ng vi ¢ hout
[057] DPeRKdHIenBSHAINRF hladiRa Bhdhisd aBlfe m'agcqeé‘gmﬁ‘mrrying out

conpri ses a Bl urality of seriall y Lonn
surfacespie-trealments Onerexampieistie hugctoampplasmassowrse &odalEd Scientific,

f bl e r h_each i ndivigdual, sub-chanber.
inc. wiighlsol ¥R 8 A D Tt 7 Es ENASIT e FiFsBs casires, produces
oxygert FlivHis fomreavibgr oils 864 WhenticaBCchHrgasuanstBie plasma source
rotary, turbo, cryo-punping stations which can deliver

may bw@amgﬁif@'he#amﬁhmqwmgm Yanuuse shamipesppl i cat i ons.

Addi £ Ly e
ose1 ket bk RS BoSRLARRraBR B sy = sostat
holdingnimhbig witht>hey &eax axis contidiler Varcpostiatiagiihe .hdidihd ltablee as well as a

. .holding jig for recejving a substrate holding table on
radio frRAHERCY §OBr FoHETIEHtok SNtallBg the, REPwer of Misplasma Source. A
i . i | .
OV souBE e rBHBF T Pt 05t 800G LR BBt i oo
in the | endcapsetationheBlavetengths afo apoat i 386rieaandf abput BODOROGrith the

rospocf FRESS Buh PSRRI 330184 2 HOMCTRLARE N 8o to cure
the adhi¢sR@.to nelt the adhesive whil e vacuum bondi ng the

cover substrate and the device.[055] A linear notion
[059] dhese jaspgstsd of sheyppventionnyilirae mere dullinundarsteoglie iew of the

folowing et osek o i BB B XSS Mot o ar tve.
may be operated by a pneumatic actuator or with
external notor with an axial |[oad of about 51b to

1001 b or noERIEE DESCRIPTION OFTHE DRANINGS 40 1 o
[060] SORfistfaBle embodiments will now be described by way of non-limiting

examples only, with reference to the accompanying drawings, in which:
[061] 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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encapsul ation. [056] In one enbodi nent, the system
further conprises neans for aligning the |inear notion

waleiova2@ntl hol ding jig. The linear notion dri VECEHSG2009/000132
hol ding jig alignment may be directed along a

[063] SUMMG.t3 BQprf:fsaéW @rEb 'én%SééulQ@d wﬁHlnd§$rm §B§led panel, underneath a
supporting jig desi gned such that the adhesive can

multilayey baraaeﬂlnbac@prdlr@ foiane emboghmmiazf the dmvestionhe vacuum

041 P RE A SuFe 5 el W R R ARR s SRy = oty

barrierlfifralaccordind € 686 eRtiIdimeaRsT the iRvesess. [057] Any
conventional RF plasna cl eani ng@zouroe may be provi ded

[065] forFl§ar4 Ferigts @n Qlﬁtb&srcppeﬂa Witkin a prexing gledspanel, the
OLED :b%@gE mﬁf%rﬁﬂ%érlea%‘?%l@ﬁgé rfrire?'ﬂérﬁ%cc%crﬂﬁétl bfie embodiment of

uses ai gen urce
the invénigat.ron(r) plasma source produces oxygen radicals for

[066] ¢ oui3e AsPiB SR Shneaats: ARUraB A QLED Phasl Containing an
OLED lé?r‘&%l s a %gﬁiﬁéeyeg@aerﬁer ?i%uég gﬁgbs % Bfbodiment of the

inco porate into t systemrnolu trate
inventid)rml ding table with x, y & z axis controller for

671 PO BB YSehs SRRHLP seahic a7 A Bur cepey OLED

| Gmsihirgf OLED RyRsEBapaWIGHRd OHfLftBaVEYb&fer f
Pt 2y st oG cura iy WGy g i sgeording to

one emhmhmelt ofstbe inventies. encapsul ati on. Wavel engt hs of

joes1 20, 538TE0S RS SOUHR ' b Se O i g mutiever

bamerlﬁrmused to cure the adhesive. [059] These aspects of
invention will be nore fully understood in view of
[069] t h&lﬁorﬁ dowists llves@mrramawlﬁhond@faam r@!sE@nl@ arerdanga with the process

[ 060]
schem@ AR a SR S:pebfoal VoY {78 it Erse R Dt by ey
[070] of FiGn- BAN dlemgtseman'plnqslrfredl )setvvlolfh pr@zf&sfsermmrpmehherequlred for

encapsafatgRLatp ElAodoBls e 2ot It O Hep dia AT s for betch fabrication
and en&&lﬁ‘sdléﬁtﬁﬁél‘éﬁ‘ele[c%ﬁ]c (?é e.2A depicts one enbodi nent of

| ayer structure o errultrlayer barrier film
[071] FI (ElGZElOd@eprcltSSZIaqcnmrm nanbddisn@lG. df0A)hihat parbe used as starting
tructure. .o

materiq] (gt BolcGtBe. ISy ainar pp it aapamsl et BE and Fic.1oc)

that cafl &Rl Gé6d AaRL iR ROICANGH ﬁé&%lﬁﬂ@ldye@ of MRS barrier film of the
panel, underneath a nultilayer barrier film according

inventiais one enbodi ment of the invention. [064] FIG 3A

[072] El)elllf'lét %1;’%@%&% ?r‘é%lsﬁ'ﬁttérﬂ:e 0155 %gpﬁér l‘llﬂ‘l SPtHesrngglt\trone%at includes

a uv neutrallsrng layer with only the seed layer of zinc oxide nanoparticles before the
growth of the zinc oxide nanorods (black curve) and after the growth of the zinc oxide
nanorods (grey curve) and an nanostructured layer that includes aluminium oxide
nanoparticles as reactive nanoparticles capable of interacting with moisture and /or
oxygen.

[073] FIG. 12 shows manufacturing of an OLED encapsulated with a multilayer
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.

[074] FIG. 13 depicts a schematic drawing of the bending test carried out with
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barrier filmaccording to one enbodi nent of the

invention. [065] FIG 4 depicts an CLED encapsul at ed
wowaobitzs1as proxi mal |y seal ed panel, the OLED beP@IySG2009/000132

covered beneath a nultilayer barrier filmaccording to

encapsifted ”’@L‘EDTEQ&cﬂ'H ﬁq‘eto' ﬁH@nfd\%ﬂtl?ﬁogﬁ E%E‘g),aﬁae?&%tﬁbl%ph of the

a sinplified sc i ¢ diagram o
eXperlmamilahlSﬁtngpatFla.Em&)capdultm emkshifs aointhei payfermance test of the

b ding to one enbodi nent of the

encapguﬂe{} ﬁl'cé‘p UF'@? FG 6 depicts a sinplified schematic

[075] di FGAAUBhoNsRER epibBtimeft épé%omaﬂﬂa&lcé%h%rwlﬁ@a multilayer
OLED | ayers sandw ched between nultilayer barrier

barrier film gf theciovediany t o one enbodi ment of the invention.

o7e) LOBHG.f3 Sopls by OREE T ST BT0b iy pomersng

multilayrairriéd flin &F tHephwdritionhe encapsul ation of an OLED in
accordance with the process schene, based on a

cross-sectional view of the layer-structure. [070]

FIG 9A depicts a p ILEDEBE ng-”ahocess equi pnent
required for encapsﬂ‘rmn%ﬁmnc devi ce and
[077] FFI&BOoB sﬂmwscbwmphﬁe@achbmtrbcnhagmmibffaarblencamtﬂatealndevice 100

/ | at f | ect d FI.G 10
accord BEPATE Snhetlni ot KGO ET b ereapstiaad dayics 400 comprises
r r
an OLE[?SZ’% I'R‘:%é/éltegll l%% 887)1( Fé'sf?/%gﬁ%pgég Sfllr‘zi\ef%” ééric]gﬂsmg%ﬁé%%r&ctured layer
121 whidtacontaimsheanepeiticies aapabter of absarbirlg gimustumjandllor nxygen and a

noutrayohf 327 ENGE B e RS Gt lpancpartcl

dispersfdrl thaf i headtnvARy ithe hBatralisied UBGET. aE‘sl}éoQﬁl*é 8l kSiclfing factor
| ayer with onlg the seed | ayer of "zinc oxid

subseq#antb\paﬂﬂg% ladou m%p@lm@tl@mwf e mnaomaﬁclmmd% to prevent the

curig (RS 55 (SRS, PR UG BBl 8 pager o e

OLED ﬂr\aylethetr’fatostructunéeﬂayémEbrthamlw(hdﬁoﬂmm@w& Ia?/bﬁ‘fs &gred without
ctlv ano artlcles .capabl e, of interacting th
damagwg Q@ W? 194 tF'@P&T'“QI @ptoipegﬁgagng the nanostructured

layer cﬁuﬁﬁt’r? ﬁgttHé' ﬁ%ﬁarﬁ@l}g%—ﬁ%@?(@ﬁ&lﬁh@%ﬁﬁgﬁﬁ% |‘rlﬁo npmers to form the

yer barrier
nanostructuredayeri blowenet tr@@m@\fmtohs absanbsd| lay gk @b_&fbahzmg layer

and is HgYGH AT S g bR R our g of, the bartier il

o75] (P16, 38 o8l §ARsh e el of s Sapuan S mytigyr v
film accpeling to the invention. Multilayer barrier film 120 comprlses a distinct
nanostructured layer 121 which contains nanoparticles dispersed therein. Adjacent to
the nanostructured layer 121 is a neutralising layer 122 that absorbs the curing factor.
Although presently depicted as adjacent layers, the nanostructured layer 121 and the
neutralizing layer 122 maybe spaced apart from each other by intervening layers
without comprising the function of either layer. FIG. 2B shows an alternative layer
arrangement in which the multilayer barrier film 120 comprises a nanostructured layer
121 that is spaced apart from the neutralizing layer 122 by an optical layer 123. The
multilayer barrier film is arranged onto an OLED 110, with the neutralizing layer
arranged nearest to the OLED 110. An adhesive layer 13O is disposed onto the

multilayer barrier film 120 in order to tack a glass substrate 140 that serves to protect
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experinmental set up (FIG 13B) and the results of the
performance test of the encapsulated OLED (FIG 13C).
WO 000512815 14 shows an enbodi ment of a phot oveXT/86G:1009/000132
device conprising a nultilayer barrier filmof the
the OLE@/(pml on. [076] FIG 15 shows a further enbodi nment of
a photovoltaic device conprising a nultilayer barrier
[079] fiFlG 8fshdwes an\anvapsulatai tavicECBMESERicHTY A\ripia7stanBafd glass-to-

olass QB8 i8 0Mheh QERCEIE B bo ey b B cniltisis v figy 120 and

encasdd&vitHiY et fifsealdte S?rnuéﬁli-’t‘éu béﬁr@:‘ﬁsﬁ\%V 'b@%elglﬁ)bé%%f@r '15@5 rim-sealing
an OLED 110 covered zqa nmul tilayer barrier fil

adhesive b3, sand covenrmabsira iridd Tiag/enuliuzayembamecdmmarlag comprises

nanostﬂ%?lgr%ﬁjr Itag(% ?21 %ﬁ?Wﬁ] ?{R%&f Sen b nW|r§lqt1aneralrﬂ 8hd optical layer

123. ThanOLEDUAt0r esits ajgdt thiryudre trﬁ@rn‘f@ldlafyé@fbaﬁtn@lamﬁmm GbRards the
di sgersn on that is cast onto the neutralising

transpargpbeaydr subsirater AHgBVaQQV@rmsdbge%Eﬂt 110 wﬁhntjj@ @uﬁmyer barrier

film 1 % gargﬁ hi’(ﬂgtﬁk a%rfg?cﬂf §%¥9 1 nﬁgﬁ{l%atle%_@gﬂiﬁi}] ZhyP bR Sstructural

componemmsraﬂ tre egcbpmﬂatedsdelmpes:i(loa@r@Iprse@nt‘ed frov@ fdddhing OLED by
the anostructur d layer, so that th

reactive, RGRA ‘a$ ieseleln e oaheatrusiursiayeintg] nghisrembodiment is
suntalefcﬁQar %éﬁelg %‘ e (bBSIGbE e SR <Ne RSO %r{lf‘tar ﬂ% edges of

he nanostruc ured layer containing the nanopar
the dewmﬁ@@ympmmyaethezumof adhesiveners to formthe

tosor BRSBTS LR s O L JRSHRhR: dovioo 300

shown irf PIG! S:aghidMrabhe BeEnbbaiffdntRHewrin RS tﬁe OLED is located in
magni fi ed view of one enbodi ment of the mul'tilayer

a chaﬂ@@rﬂﬁgr i.¢.i the Qldeldrigi nabin diragigontac mithdhe multitayeaparrier film. Also

the. mAEEEP AP 4G BRI ol pirhoSBURLChHRARn e L
neutrallzhﬁj Biyer 12¢) ant fite nanbbeuc@res layeet12e dHoweesr, 128hdifid e noted
neut rﬂl i Si ng Iae/er 122 that absorbs the curing factor.

that an gpigalighencas et bg ingdyded wdthg erabpdiment shayaris FIGq8A.

081) RISEHAUELE S 4 ABcubla SRUIDORUERY Y 180 i OLED
displayliayehish VLt BDst1 10oaner carergd thyea fmulutayen bafria filhen 20 and encased
within bRl sealad STLGYER GAPPISRDr bise SBstalpr i boadhesive 130
dlsposétﬁ'iﬁ&lhi#ﬁ&ub% {I@/%LF}@Q 1@t ahd écﬂfécreéht?éiﬁété H@"E‘a&k@d to the

neutral i zing | ayer 122 by an optical |ayer 123.
adhesiveuN80| Jin@rmuﬁulayea;rba‘mernﬁlm mmmdnamsirtmhur@dzlayemm and an

unenfhe LAJEBRY T8I 05| By 0 Mh A 8L gl b ohanco tne
transmission of light from the OLEDs 110. In this embodiment, the multilayer barrier film
120 is fully in contact with the adhesive 130, thereby enabling the cover substrate to be
more strongly tacked so as to minimize delamination.

[082] FIG. 5 is a schematic diagram depicting an implementation of the multilayer
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

20



10

15

20

25

30.-

mul tilayer barrier film 120 in order to tack a gl ass
substrate 140 that serves to protectthe OLED 110.
WO 091248155 3 shows an encapsul at ed devi ce 300PCT/SG2009/000132
depicting a rigid standard gl ass-togl ass OLED panel in
layer, WAHCHN Qutbt ' y ihy! ' i '
Yo, B . SRS M cmENaln PR Rtes that ! reactive
towardsomsisture qanstiete oxppenr he OIED r110 seasealgd adfiekome the external

e, B3 Hi 52 o, ST T SR, el o e

edges lsft tiRezonErItd addtabith lkavigi-sd@lddastiusttd.can iRy Wppbdthg side the
r

The OLED 110.emts light through the nultilaye
encapgiatedPLED imfurtibemaransasad in e-glapapealingease 128 attached to the

0 subditd 85 Mool F8 1302 BHERN b s 120) rom the
OLED 019 ¢=enithed inpthierdisgotion tdfitleeigiroasy1 29, t he struct ural
nents of the encapsul ated device 300 are

[083] ‘;? nt®dS R oRFHIBRYA (HATRED IRPIFEL AnAéheraipplaneriptien of the
preseng:irrg\éegﬁibn' it ﬂ‘l@ecé}ﬁaﬂf)f)f HoRES @réeW%;LEl@GB%U&'IOﬁJr OLED pixel. The

Iment 1's suitable for |arge D' panel’s as
encapdutatadi @hEDf pikblestadiiersi 660 t8Mprisky arganicdagelgesarmiwithed between

2 trandpRReTioRRO0R, T 0 AeRElE CAIAdes Thi SPeiURRE layers comprise a
hole-tr&RSERPE Wyl eshdl I &-tjS&brs R 117 FASP erdisslve fag%f'rﬂsé capable of
to'th he a_ED [ eg

- the enbodi ment shown i n " FIG 3, 't ocat
emitting rprimarya godlours, gand iare eladonara@mspast dayeri h13li Wdwn an appropriate

vt Aol 18 bl St 5L ko LA S hdge whi ther
combineaire thd einmissive tiBgelUY 156t talide liget Hayelo BaZemmdd Mhe énultilayer

. nanostructured |ayer 121 . However, it should be note
barrier (fiiay 18AA0H20Bals 1siyatedcan thei metallic i gathede dl iinashwell as on the
. h . 4 .
ransp SERENERE 15" WL oyt op PR ity R 1208  base
substraté NB0GE PiEo vidse whilei the whultitayek Bagricrifilmat 208 @ &sretinditéday a cover
tﬁ{/ barrier film 120 and encased within a

Ltila
S“bStragéjaﬁ'pnﬁ% ag gdranprarentdlasecevarubsirate-base substrate
156; . . o _
10841 3 Je I RT el Sonkehe o PR ioR o e cdpAfinor Bfrfer R according to
the inveation Theshawn iihaljk&. BDair icenvémtionat qrglyéarbenate or PET substrate is

o A e —
contam@iHiA8 CerebBAt IgrAMRE SHfaie of ﬂh:eg BLpétrae t.&‘ﬁeﬁpﬁ%‘?ﬁ% cl)t@eie%tment, the

In this enbodinent, the nultilayer barrier film
electronig|deyigenisdormead oninersubstratelHedhe sasg ©f Qi alpyices, the fabrication

of the YA FL2VE GG QREB TS nftiedlodiriedyaplinicongitiaps.
[085] a Stiheaguestiydi ter an0EEPEC Handerafilh "Bl RyARidabven thé ODED device.
mul til ayer barrier filmaccordi n%:gto the invention in

Formationeofcthairaultilayer barrgsfile camptisemfteming acrewiealiging: layer (such as by
spin co%ﬂ@é‘%[ié% %tg@?‘?%@{}g%m%p@gﬁéﬁ G8ihiR ef the Helitraliding layer (either
directly or indirectly) a nanostructured layer comprising moisture and oxygen reactive
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 another embodiment the multilayer barrier film is used to encapsulate a
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encapsul ated OLED 100 conprises OLED 110 formed on an

| TO substrate 119, which is in turn adhered to a gl ass
weowen2qanel 140. The OLED 110 is protected frRem/SG2009/000132

noi sture through the application of nultilayer barrier

photoVolthi® dedfce; @RI = IDSS@sd)IBF‘ g&ll. B Blahp éﬁﬂ)‘oﬂ}fﬁénts%@ﬁbtratmg the

out er nanost ructured ayer conpri si ng nanoparti cl es
usaget ahtthar multéamr \parieyndilas ofrothet @f@seﬂidiﬂyientlmyghﬁ eMhapsulation of

photovgﬁ % 5?‘5?11%‘?@?&% \}érlﬂﬁnt%ﬁét Oﬁ\‘s b ég%%nbbﬂe 14 the

multllaﬁélpfllnetb rarmmla'@ded@@Sth@f phét@v@lmd@rdeivibeeﬂﬁbéwcﬁhag a DSSC solar cell
rimseal ed structure, t he opposing si de the

on the, holipauagt vigllcreren §hﬁum"|@f tbpeselAt Lalld Inncentigsisto the previous
emboo@rﬁ@hﬂs %%dlﬁ%aesﬂkttﬁyg%qa@%aﬁ?& fRus raf égﬁ %Ie‘ﬂ‘n%@%@ shown in

|mse I ng adhesive by~ a
FI1G.14188J 16r |erthehtar(asEDcﬁit@dllayenﬂ03 eddl mottthe ldVrnmItrahzlr@f layer. In the

embodyBEnEHIGHT inEIGAH 1R ENOSHIGRreR dEy 25 Tollowed by the UV
light nélﬂ‘tYéiiifdgofééISF gd)?: 'lqﬂ[%he??qs Rbted IRGE ﬁa&?ﬂéﬂ?'dﬂ%nﬁ;mnts of these two

col our QL e encapsul ated
layers sire aititable §0@nc enpapswatian demniier flhymfstmammtldmd meaning the UV

neutrad b6 3 Ao s LG 5 o2 TRt B %o 1o be

encapé@éﬁ@ﬂ fél!tﬂNéH)b?1hé‘h9ﬁbh@ﬂcth?é€ﬂayéﬂ—5rraﬁ§e§'é‘ss§é<\!&1d pXRP thereon, or
115 capable of emtting primry coloufrs, and

altemaév@m rﬂﬁfh nanasbietured alpyer TEB. behthe sontagingpfitshtisyer with the UV

neutraliid B8r oty BRleb e Pt Bl Mt en L onbi ne i n 1 ne

[087] enmi®w wrultilayer filhi 2080 202uiethd fbodifehillbstraiddt infRIG. 14 can be
The multilayer barrier film 120A, 120B.is situated on

laminategks bytea parmier subsisaie 201 and asothersmattilayry f'%r@'p@'ﬁ'é‘n@” UV light

e] 0RO
neutralm?aée&?%(? mea%ggfié\}gﬁb gg Elgggt IAs! Ehé\gﬁ HUHCE ‘1‘5 4L js however also
possiblmﬁbl lemirrete riiné i biltikpger Ehn 208; ZOQIonIﬂWLlB a batrterrmumtrecb 201 without

addingc%(}%pw%gx.&{ Ig‘rt réeutr%%mlgélpﬁygr a\gg\2$ra§b%€%d§¥o%na Ia%/earls? %n top of the
mu|t1la§ék*¥ﬂﬂn02’(§3 aﬂdOioz A Sﬁﬁé‘rﬁ’aﬂl&ﬁh'é@ﬂ@&%%a&bh@f layers 380 shown in

according to the invention is shown iIn
FIG. 143dn\£é’t¢tthefn®mbpdlny@ﬁr sueladdiionRERysth stayabe located only on one side

he OLED. The substrate is first
of the %%é%ﬁ%‘%%%@%@é'? \F€- cont ami nant s present on the
[088] sUFIGCd40hIsbhiflustritetr AidtheAbbRIntiBl AsiBlioh’ Qﬁ’éh”é?ﬁbnoéth%tured layer
el ectronic device is fornmed on the substrate. In th

203, whige i9fusgdein dibei egwbodiment auﬁsttaéed ot &Gy HiA @ngclsmg structure
comprigk SR 9141 38 oD A00E VAV B 204! 1 S BBHA ustateo

in Flgufe il 4 the lianl«ngllstmu@turé i&eat@zfﬁédvi@m@ted:m thd haostfudtived layer 203
ri ses formng

via an ftgsivs LI 298r I SueHoRSTIRPCUBERT dba Heginer stpyctured comprised
only of zﬁeéaﬁ%a #g.lﬂﬁlgl‘eﬁ' Igger |§e| t@h@&@%ﬁéglt: ; tg;‘tﬁlé r;féalﬁ‘ra(set(:r%l?tuied layer 203 via
the nanmhus’_tured:iayee&mayer conpri sing noi sture and oxygen

[089] rea]'%te' é’dqwesive 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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nanoparticles distributed wwthin a polyner. Curing is
subsequently carried out, after which a nmultilayer
wWhamphiziifi | m conprising the neutralizing | ayePCEBG2001@00132
nanostructured |layer is fornmed. Secondary o
Ieakmgeﬂ%aﬁéélkltﬁ%'é-’!FUo‘ﬁ!irEeU\Mll%é‘ék upueie él‘ecﬁﬂly@éi rnggotltagtyﬁfe neighbouring

al ong W a cover substrate, are then f
solar gejkt thacathan Aeedt e deackirg $togsyra rfoemst herconnection to the

v GFRGR R 508, B AR oo JBHE i 368 fpscured oer

203 an@eldhesmeeml, 220 @IR9suBBOL IR ARResémBblinterithr is!aRBSHIsible to use
the multilayer barrier filmof the present i nventi on

an adhegivedayeip¥hichds ncaded prdbisvim betweagsthegwangstructured layer 203 and

the na@#tﬂﬁid ﬁ?y%rnzfé %h\fsmt %dil\éswAslag@r'o\\n/Bﬁldstﬁg bddled 5Fboth ends of

ayer anlnate

the nangsthiuctred myerdaﬁl comnzzfing itswithh tresnand3bisctweddayere203.on
as wel | of the solar cell

1090] cokiade Tuskares 7 ﬁfaé’r?e%ﬂ%@ﬁe?mﬂnsw@eeaheu@zptovwgaé device s
dye-seéﬁgfm%d Fﬁbéﬁ{cél???%)gd&@bégﬁ SAFof Cs%'ch sf gglnul?e :r)g%he same as in

I'sS the nanostru
FIG. 120heaonly differehee idg/thet dhe dbckingstiuaiere. sHowrt imeFIG. 15 comprises only

o & eI 109 LS 244 At IS SREsd st ado, e
titaniunh 8%Rie I%ﬂe mHt‘Hl?wg[ Lﬁe dye, AL edififte!d af ?Ea% |end||HmaHn oxide (ITO)

arrangefments o ese’ two layers are sui
layer. Eme aypskingt pidmcipler an@rménufanbfretdsfealmssm ha9 alrmiyi bgen explained

further BRGVE 2y t AP TEbHTTeR: 10 Th o e guie of SHBMSBdp Eobin SBAth, M. et al.
(EPSEE91d (E@r@kpeant%tﬁ@él%% wwﬁ&g:}faa&ﬁfeﬁfﬁc@jgé%sag%w 1-5 May 2000,

second ayer thereon, or alt nati ve
Title: ”FI%MSDM%SGM$ﬂZ¢Ch9@ﬂ06mth1Q AéOg amian:@eliaj) fandghelragsuer thesis of

Janne E“@L’Bﬁ O(R)F@% them rsﬁ h@h@:qar% %@r l[ Ei‘nt?qe %}ggﬁ%ﬁ%&? rq\anos’cructured

and or ehﬁc Qﬁb’@ﬁi'bﬁaﬁtcdllb4 teThhizg feviewrra prbﬂnﬁlﬁ’éﬂytt@sis?nﬂéﬁtrﬁ@ UmverSIty

barrier substrate 201 and another nultil ayer fi
of Tecus\olqgm Pepartonentiod rngirgaring Physies aag Mathemadisss hown |n

1091] £ Fherfackth PRI Hn therigh? ehit o SRR 753588, solgr st provents

or blocm tHE alebtolyteed26 i shsaiof Isking\ahd ehwis pristeois thefdihérh@slar cell. Use
However, such additi gnal

of a bap%wer P%wr}gg%rngﬁog/%g' ' a%\/ﬁ(émr@r PrePSEEsArimosealing as compare
to an a&’rﬁ’éél\‘?é‘ﬁhresﬂ% "ﬂ?aﬁaﬁgﬁqe H’Q&Hé%r\/é)wwle % Oﬁ?@ itional layer is

I anot odi ment, suc

apphedlwlyxehss nfaﬂekmf ea: aetiylené iyl aretate CEV#) ddpblymers and adhesive
encz#;sul ated photovoltaic device. [088] FIG 14 also
heat sea| lafipatienss anot her potential function of the

nagos ct r 3,
[092] nb“gdbhénté'lﬁﬁ?duwgt e%gl nb%w]ﬁﬁ%&ag%c b{br};g r G rlsed of a
nanostructyred dageroint ayreclserfichl raditzant dmdaémer aynﬂ)qunferlmyethylene vinyl
| he enbodi t illustrated 14
acetateb%gly{ﬁetgst 998$'W Icg@ﬁg}rl%q}%gglc;leaa %ét?wgured E\?/er can block
1stur€aéiﬂ)56k SfhdaA6er V e
mo I n another u‘?en‘oodl nenltngpﬁ}?ed%gg{f)ng@ uctnéﬁg%ﬁurﬁu@%yer can also
act as & chemicad desistant 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 layers (see FIG.14) while in another embodiment the
backing structure is manufactured only of a nanostructured layer (see FIG.15).

[093] Specific examples will now be described to illustrate the fabrication process as

23



10

15

20

25

30.

only of the nanostructured |ayer is attached/connected
to the nanostructured | ayer 203 via the nanostructured
wo 200en26d116. [ 089] The adhesi ve can, for exanpPE&r/SGm®09/000132
et hyl ene vinyl acetate resins, epoxy resins,
descrllﬂé?i ¥B&Nd beSvelPhs %W@Bﬁrrfé?dpéiﬂirmﬁn%b' G YabriEbRdt é%"lﬁgﬁu#]ation barrier
adsorption capacity of the nanoscale particles 1 n the
films. nanostructured | ayer of the backing structure, the
nanostructured | ayer 216 does not only protect the
sol ar ceil against oxygen and noi sture but al so
EXAMPLEVi :/eABRICATIONOF AN ENCAPStILRTEDIGLED! eaking from
the solar cell. Even in case one solar cell isleaking
1. Surfaee Preparatign of Substialeswi | | soak up the el ectrolyte and

[094] f’%.gl c% %lﬁ% c@?r ke e—liirﬂ gﬂgésa&uos rates ?@lﬁb{é&-ﬁ%@ PR were cut

into 50nanox tB0uin piatesayer al2gd Znyliequiredesizes fof Useckd Adbase or cover for
uc_’_ure Wi th thﬁ nanostructured | ayer 203 and
the OldfrRsfhe mmeﬁ@@ xaqped@te&isea oW ligr At ouiBaragRment o any
convertionpfsMiRG ECHND M bER Tt B o B, SEmlFE inb S Specified or
requiredadimeng@®sand t he nanostructured | ayer 216. Thus, the
esive |ayer would he l.ocated at both ends of t
[095] nhEcwREs F@dm%%rmeagomem ne@Sﬁﬁg rCagpitionpackage may be
mainly 'lﬁfb%hfﬂh%t Mt@fbdeaaﬁfhéaéheé&@ %dFéGBstﬂa'i? Ao alsbadifiBision through
further enbodi ment in which the photovoltalic device is
adhesive ggaling:idie suitadles sluréace: pre-trealpsa)t proheshasihe as glagmafreatment

can il LR S Reil by el §reBgaropy aonol

(IPA) eﬁkﬁN&N@@iéﬂf mmﬁSnm@enofrms@apﬁwsrs@@é Uhélg ioay@movéfhﬁ\acro scale
DSSC 221 in FIG 15 conprises a titaniumfoil 440, the

adsorbedt paitides oxm diee | sytace; ﬁtqqt@wm@nﬂh@@ly@woltﬂganmg or rinsing is not
recomrﬁ%ﬁ&éd oAﬁ’érenlﬁ%geﬁ‘rﬂ)‘??\k fb‘?}/] dﬁlm%' %ér) )é\'%?)la(deg%cﬂh%y\%cwm oven,
with theabrm@ye béeﬁ 1le!1>l:>|al' a’Oﬂddgésmn@ ebsaﬁmdemehsﬂunesoﬁb%en The vacuum

rred to in t article of So ling
oven i§,Bagippan, Wi PPz ERs. 0epRYSBLNyERAAIbaN o badk eigrating from

vacuun?PﬁrrgytOQﬁ Iﬁgﬁ%%/\éergénm t Zé%,y %E\nocryst a s,nr%;epr_ﬂcgﬁs, the barrier

films ar@otransf@erlehstO) thenplasia treatheenttdinesmniserofe. gaUhVAIGaIS@_CIET Cluster

f 12, 2002, Tit
Tool). RES 8l PRSHIE i Lsed i RaTibaR! 1 Soifath ¢ brobavisr mewith low

energyC@anm oRgbNits Aleni®N VrfaBE é&rﬁbiﬂmé\ﬁéy TrRStabe pressure in the
I sinki University of Technol ogy, Departnent of

chamb@nyaammt@n%@@lmﬁhdo bamndlt ecengonszowaetq isTHesccm. The RF

power HAEEL0 303 U8 6o4 ol 18 bty o e

depend"ﬁ? 6Asiee elirfhealsbnditignd t hus protects the other sol ar
Use of a backing structure can provide inproved

&E&Eﬂl&a—tﬁﬂopertl es of r| m seal ing as conpare to an
0961 2§HEEDIED SRyl AL GBS, Bfon o

03/047817 Ad.lsas besdimpbiepedvinithié presdritexatiplé) IT>pohtsdeglasemdth a sheet

adhesi ve 25 heat seal | am nations
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 (3,4-ethylene
dioxythiophene) (PEDOT) was used as a hole transport layer (HTL). The commercially
available phenyl-substituted poly(p-phenylenevinylene) (PPV) yellow light emitting
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[092] In one enbodi nent, the backing structure may be
conprised of a nanostructured |ayer and or chem cal
WO e@bae@mt nononer or polynmer or ethyl ene vi nyPCHEE62000/€00132
copol yners that can bl ock el ectrolyte | eakage. A
t C
polyme?%ﬁg%ﬁé’cg n$'r’|‘n%ﬁ ﬁ?%gﬁﬁegébgg Ek[f@frﬁéﬁhﬁ g%\'éﬁﬁ\@d@(?& in which 65nm
thick elleagrelunmaasmmm Iager trazr:¢8 Iayadraxyd]mnohmi) alammUan(fAlQS) is deposited

at 2705 U6t bisBoeNBM Of 2 %0 10 % Pgoak A SRUPS i ek LiF s deposited at
650°C %@t Weg'ﬁél{fé\g& 5} t\é\/%e@g&fégb@r éltetl Sré@nbﬁé@ﬁeﬁc% \Aﬁé’ﬂr) eﬁ‘éﬁjel and cathode.

The al@nipiurarcatiduslivee rdegdited askigithesinalieldpérativn at a thickness of 200
manuf actured only of a nanostructured | ayer (see

M. FI G 15). [093] Specific exanples will now be descri bed
3. Hafnffin ' dxideShé i PHESSLHiGR Process asdescri bed

performance of fabricated
[097] efﬁhepsuﬁbsi‘ratenabalgrm thd @LEEXAWL’[E‘ariBfeﬁé\cBth@éTI Chcudm to an

evaporaliph T BIEET| YGRS TR Ob P B0 REE JUBdIN ffs Syissized from
tetrakns?;&?oﬁtméﬁﬁnéd'h%lﬁm%ﬂi MOMARSS hin#e bSoRE ! (D or“&gﬁ%&(gmc layer

I eces and al so any required sizes
depositharbéﬁdd)bm acopsdanes mthéhe]pmmdurheiqmebamm a;a 8y, Mat. Res. Soc.

S B 465 8L RATE R A5 3, RTBB rf dgrown n e
art mclt!idt?gl%@ff@h%dnﬁ‘b@ab@@tléﬁQﬁ'sbhﬁénﬁg required di mensions.

| The wat er vapour per mreation in the pr esent
4. MUItl €45 Dé ]v- fil ? s et

oss . ARl PO, AL e st aci

contamﬁﬁg” faamspyraohreatalmtmmoog@e slanbpadicllsasaspin edat@dtonto the
el i m nate_the adhesion issues. Accordingly, they
hafiniur, pgice; GRVRIEQIELD <3 15 RORITE Sl MONPRJerR FURbTaHYR @Xposure
toUv. W th nitrogen. These processes help to remove nacro
scal e adsorbed particles on the surface. Acetone and
[099] nEfGakdS flttdarelayengndroptncalslawgrs sam@isa be deposited! byAIP‘t/E)rmethods
nitro enblo thesbsratgq? re laced in t

including, enodn, t erﬁl tFERF m ]eggpora%on plasma
polymefl§S@si® 'CWDalgﬁl‘Pt'iljﬁjE %H'ﬁ%lﬁé B %n?rcoﬂ’%ﬁﬁéhal-&%tlﬁé‘b‘t‘é’é@é%\é%rlncludlng

I's equi pped hfore ITne traps to prevent
tip or dipyapediogr bon 0|I back m grating fromvacuum punp to the
5. Fabri %ggﬁg @ﬁg s tI nredi ately after the degassing process,
Ims are transferred to the plasm
[0100] tTﬁétfaBrf&ati@)haﬁV@@ésé BeScribddVasoeOhfdyte Shirddedutsiter i m an in-line

RF ar(g plasma is used to bonbard the surface of th
system Qg 1 Horrqllrﬁmqrn Aawnélnerfgprwm syptemgefo tSoder@ﬁtﬂﬂem FIG. 9A.

The syssda‘rrnf @&ﬁﬁﬁgég 8 l I ow nf-%?dlga%%n‘%ar . L8elitof O5: {)ﬁﬂ@r&ﬁ"the steps

was nai htai ne he ar gon
of cleanimigethes béecsubstidte, Rirming 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,
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 575, which may be a
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power is set at 200 Wand an optinmal treatnent tine
usually 5 to 8 eight mnutes is used depending on the
waemobasditondi tion. 2. OLED Fabrication [096] HESGLED000132
architecture described in International Patent
glove B Fdraniile WO 03/ 047317 A 1 has been adopted in the

present exanple. | TO coated glass with a sheet
[0101]r én ose EXCMErY2OMiMdimentesutachamber 87 5amay beta kbesdale glove box

h ED ' f ication, t, chem cal. ¢l eani ng_was, ..
500 fof, KRt gh e PaRBEefia sheqr Bhiso PG fighiapoiiation as
shown dh YFIGX YaB: NnPih#s BRafmpRAt tiBNfacublM ¥hamoer 802 has dimensions of 400
sul fonat e) - doped poly (3, 4-ethyl ene di oxyt hi ophene)

mm X GO0 %50 5w, 38 C@IRSFied: iy drigh | @eaunt WHMpinghedation 504
(prefer%@l%e?:’&%blncél PP lvﬁtrprb%wwﬁﬁfgvp\c}tﬁﬂ/gmacuum pump) and is

enevi nyl ene)

maintairedt 4t nppsé yressurasl 0seshr. FhelHighmvhegumePibasiarhugdeE6 is used to
. Structure was adopiﬁd in which 65nm t hi ck ] )
monitog the VAHUIRintesWrc Ehedg@ation valveqRVs if Bsge fomisplatiag the vacuum

pumpirt 83koh S04 A \iARefianRer 3020 768 ke FotBhititve 510 is used
for seating dis¢ bebiesive GERICS 42 oato ihe OLELY devicet ¥k andegeacuuim. The linear
motion g 1 P CHBHBIRE FHGUER o s NG9 FAEcHan 576 to the vacuum
chamb&¥ aRQ1tas bABuMatiBaly b s&ResHIPdrIIRNMead métIMsysRAXi de

neutralizing layer deposition [097] The substrate
[0102] aPoeygmatichlinesr owatiorafeedtheoughe preddesdastioradorutinear anotion by

. r 3t i hanber, . wh N f hafni i
applyingy RO BRoISRORL ar JES g o BUE P pETLS FpIRE 5 70 kP o
551.58Néd)] TR @0 pré&détir  ddmrestPthrélgh the M&NE 13 AR eltlet 520 of the

deposition (ALD) in accordance with the procedure

pneumgtig |qturiar.i hinsgrstravel gan bereshoriened gynigngiheped Wyl tuming the
. ) 0 ' e SQci : 0 .

s rEPReH LR MeoFEgEPEE eoBRk i Mal 20 e acustea

the jamsputt 32 losks the adjuistrértlatobsed ineplatée] bnBapkawel adjustment can be

Encapsul ati on [ 098 nanostryctured | ayer derjved . .
made ppoid 4N saqwrs%ofra&%_ ﬁﬁ;ﬁm%bﬁe_sa_swﬂ @fyiaes'ae holding jig 528 is
connect& k@it Nhedr SRS 2rig8 Pfo gdruﬁblairi'q:“ﬂ?%'a?lﬁesive pad, 512 used for

nanoparticles 1's spin coated onto tthe hat nium oxi de
sealingcihveedexdcad Bz linadr thiee'aaxydliloadds dypioalynB0 Ibgabaue8.07 kg). The

. thr h. exposure, to UV, [099] Hf filter. layer. and ,
holding, iy 48 s A58 L1 2Pl biessbiso siedhe, @Esive haled Process s
undertd ke, TALHeSRUEUPPICARY abPIRIdTRIin TNE PGS bPA0 Y6 88l RE (2879 kPa to
beam evaporation, plasnma pol %/Qr‘r_erl sation, CVD, _
551.58 dfRajtansythessiawired goressueyis dainredtip dhal type aff isnlgstrate/device used.

The pr@és%‘g Sc%ﬁsbé %H)Hgéi régth%'r Bn%edriirﬁ o‘?’ot%i &lire face of the substrate. The
different types of holding jigs can be used as per the requirement of packaging. They
are constructed of high grade vacuum compatible materials. The use of welded
stainless steel bellows and linear bearing shaft support provide reliability and smooth
operation. Pneumatic feedthroughs can be chosen from industry standard components,
such as, either conflat compatible Del-Seal CF metal seal flanges or ISO KF Kwik-
Flange elastomer seal port mounts.

[0103] The smooth 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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5. Fabrication equipment [0100] The fabrication

process descri bed above nay be carried out either in
wa@eooon2diihe systemor a roll-to-roll system APCT/B6200900132

fabrication system570 is depicted in FIG 9A The

onto tl'ﬁé’jig RRCLRYAPA |SEFIRKT 534 loY tReNRRELAL cﬁéﬁb@haﬁﬁﬁﬂﬁlw‘?ﬁ@ device or
for carrying out the steps of cleaning t base

substrajgbsan e transfeired) ohéhe|ebstrate d’lQi,dﬂfpﬁﬁf@th pbreaddpck for the
ion sensor, and then carrying out the
Secon&eaﬁggggﬁpiﬁ Ogéﬁg%f the device, each step being carried
[0104] 0TthewWraduium SEHRAIRSres G2 s ¢lvtdresguipbed wilts .ApRR&mad Boli 536 for
case of an OLED, the formati on of OLED anode, organic

surfacee| presifeatmenid afaciraningrapetose c dhe i adhesivei ponding process. The
d
racliofr RIS oy, o688 [ ysbE TAP ERhHGlito, B8 REPower of the

plasmePsaua. Sugace pga;mrdtmmganﬁsisadﬂcxb%anmg ob@ucfabem@kjnﬁwtlon done to
in a, subcha er 57 The base, substrate, carryin
the assigeehieda famnle cor dﬁ‘we,soﬁﬁoﬁ@ﬁr tQregptain Llasjred ea%d Peproducible

proper%éfanlﬁ Qs@%f & 'pggﬁiﬁé?: ggésztﬁaﬂf NerkNgr (_1,5 ijbrf;}“%g%fu?s for surface

may be adl ove or exanpl e
contarmmatlcnxennharbﬁrrmrtfdm senface an@aﬁmﬁtmpo&ﬁﬁarrtasdawbstrate tends to

| ab- | b 500 f t
absorb, SRS RIS 3P Badcrtorss Tl A R SRbaas and gxposure to
ambierftScorididhs, Ay Surffée cbﬁta@ﬁih&@%@fﬂﬂl@ celrfnl aéﬁéb'f“adheglon of the

chanmber 502 has di nensi ons of 5 mm x 0 mm X
adhesiverpafisRedieffequiency (R h@rgoungﬂasmeua niﬁpdﬁtplbnglfﬁrdtthe usurface of the

substrq?%tod'r grrlr% &%g%%&gﬁ% % dﬁlﬁ% Icﬁ&oﬁegbx\émaﬁgtlﬁ onagggo remove surface

contanmatisi 'Ehel Badeipressurban the rehemstysiis RinaiitaingdugsioR0f X $0° mbar
used_ to nonitor the vacuum pressure. The isolation

and is\mpoifonsggby s psessurer MosEPa9Rg thee a&%@lﬂﬂ%dﬁfﬁ iy 70sccm. The

i SEAATEIS AR 1 YESHT RSy cERE iR romay

to 8 ejghtl ibRten depehdinGL&D ttievi;w@@léogdniﬁn W&wargoﬁl' lyas line 551 is
i near, notion drive J ted thro a. KF25

connecied 8 e YT, QTR RoriRBCUA TGN AREHIBE Pasing freagment. The

nltrogeﬁ 'b%‘é"lﬂe' 25 leYeopPRERIESD the \BELYm éﬁﬁnbéﬁ%@&eﬁﬁﬁ%ﬂ%chamber after

ystem [0102] Pneumatic |inear notion feed
the plagne\trefémeatpmmssor | i near notion by applying a

[0105] 3 thp ingySEs Besiins tatile BBt biidbup 1o APES ARl 46Q aefperature
control%\f r|s 'u%e@df@ Ha@f?{alfrmé&lﬂﬁédt ﬁﬁnbé}laﬁ}réﬁeaﬁgcan g‘?&ce’%%oto melt the

pneumati ¢ actuator. Linear trave
adheSImwnegewacmurm éqogndingwme levicer riftey thieevacljumt seslingkpraisess, the
at t end .of t,he eupat i c act uat 2. .
adhesivg) 68 &t Blreb By ERBoSR LV JBAPRORE seiehc BfpoNf metal naiice
light U\K880rde2842 (mei@cE00-E0s # usédisburdihesddisive 3Wabslengths of 365
made up to the required travel distance., A suitable

nm & 3Qfhag wthhihedrespective smtensies of & mibierd’ emd A2 mV\H@r@r may be
used tof”cg.ﬁrbcfﬂe%dhggwé.lo for hol ding the adhesive pad 512 used

[0106] The sequence of fabrication can be chosen flexibly according to the
encapsulation design, the type of OLED architecture, substrates and can be used not
onlyfor batch and in-line fabrication systems shown herein, but can also 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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sealing the device. The linear drive's axial load is
typically 20 Ib (about 9.07 kg). The holding jig 528
w0 go0oalizaiiised to apply pressure whil e the adheBCweG2009/000132
seal ing process is undertaken. The pressure typically
be illusibéd 8¢l thé following foRNMIEHIYT mbisthie BP d§heh ZEnsitiekfid t® a water
551 .58 kPa% angd"the required pressuré’is tailored 'to .
permeation rejeef 0 gimYdawnievalle wrganigsiryicezsfatiisatadeop dp gigidor plastic

e lied either the ri.m he entire face of the
SUbStrag?ﬁji&B}ﬂ %I.ﬂ'leﬁ?é“l §ri‘P%gﬁhe¢}tmil);8é§ﬁ B#OCt‘?ggpli ng jigs can be
1. Devit@doas per the requdrgmdLight EpfiftingdDidde They are

constructed of high I_g.r ade vacuum compati ble materi al s.
|

2. Solvemigprotaction laxarded stiaiohirefactiveindensolvant preigctiomegtical
beari ng shaft suppor ' reliability and snooth
operati on. Pneumati cﬂlwg@gﬁhﬁ%&ghs can be chosen from

3. Neutralidirgf layest andar d coFifamiemtoxidedZine Ox¥ideieod sirtidtared
confl at conpatible Del-Seal CF netal seal flanges or
| SO KF Kwi k- Fl ange 3r9iq Rol¥Meteal port mounts. [0103]

t eratio ' d i Y, :

4. Nanci]ggll%éi ngejl?&é&pnovenentr%‘?é%h%%a%q nmlecr!‘tggtd\)/vltﬂtB F]ﬂﬁ'{leﬁamum
substrates are car efaXide ocaimcroxdides debpedtivelys digparsed in
frame 530 and |inear ba]ll aui des 532. The holding jig
i s designed such t haYHePAYRESi ve can be | oadedont o

5. COVéé_fs@_bkstrgté hrough a | %ibp%s'ii%&fstr{at@g%gg WuBsfragber .

imlarly, the device or substrate can’ transferred
[0108] t Bhe Kslevingbwith dbhe mMigti-dryertbardayfilnp of thaihvendienitbat inchudes layers

3 and £§MPE ApiiEr BiePfiEiles re atricalen BBIP SR EARE substrates.
The sol98Ff preedicr [BYSBEIIRNL i®bnE B mid@ﬁllgf@r bfitedtitehieVdevice as a

_ bondi ng process. The radi of requency (RF) power
first layeis il ip s1of drvobesl indhe sudtiflayerdmitiensiryeiyra-ne RF power of

ot001 BEabAERE 525 Sen > lAERH TRV B8, SBITEE! Sofice. (rgani
electroﬂﬁn[r%@eﬁ@qﬁ?B’Pbﬁegr FREVHOAS showeT 8 TEll QjéQﬁBé‘ieﬂcaPStgated with

desired and r oducCi bl e properties. In the case o
solventgwbientiondapet Ratreio glesseomrigidnsuysteaie rfubsfdrerersaapsatadion of the

. contamnation on the barrier filmsurface and also the
device [t 3" 0Bl  Beder G 4o UbaBYe e AaasbiHaes the UV
neutraligitg 1&ydroBads tis agenddtiRnaee T4y BERRINIAG Addttive nanoparticles

exposure to ambient conditions.” Any surface
capablecohintgranting withupeisture andirixygenj.ect adhesi on of the

lo110] PARGE QLT itie 8o el o 2, APty 8% isin o

first stsiealepdsiedi b thethal evapoeltigy ntbihod Nnowridethd corganiey €L device
surface contam nation. The base pressure in the i
(organiehelasolumingseenti ek) manal). sThis1layer hglps dmprevent the residual
| trmnitorJed bI\C/ a ress%ée rmnitoLeﬁgrSO. The. argon. fl ow ic liaht
solvent  permeation QL LRACIPRE W P T9RRIS ISP NIGRES ViGEReT UGS a8 groanic lig
emittingiliiodeq, BoailobtheddlbbiBhictdRAdd®slicH bEtndganry @BLir¥lutinescence
. to 8 eight mnutes depending on the surface condition. _
devicesThk ingrgamic gawipyaliaic §1V) devices may not require this solvent protection

layer. This magnesium oxide or magnesium fluoride layer 2 does not contribute at all or

not significantly to the improvement of the overall barrier properties. The solvent
protéction layer 2 can, for example, be HfOx, MgO, MgF, BaO, BaF, and LiF or any
suitable optical 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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connected to the vacuum chanber to introduce argon
used for plasma treatnent. The nitrogen gas |ine 552

w0 g00e01ext ed to the vacuum chanber for venti nRCT/B€2009/000132
chanber after the plasma treatment process. [0105] The

[0111] SqfhétféBﬁ@aﬁtﬁﬁbf fisk (ke o@fma T Q\EtHéOlﬁv@nﬁQIQQ:Qn be carried

he terrperature controller is used to naintain
out ag efqupww tisimger faruritustreiionh qarpasesr dbes fabricationt afhenulti-layer

s T M RERE 3, L1 ., ML

[0112] eAROSHEN ti FIG.12B hitiné @kiddOnaesroadmandpaPitidd mehal grown as the
hal i de |ight UV source 542 (nodel 2000-EC) is used to

active eamneopgit Buthes Me lighapewtelizing layer 3622 amte aadasiia ar rigid cover
ive intensities of 85 nmWcn2 and 22 nmWcnR
substrattgg a{)sel%ﬁg\g/g to cure the adhesive. [0106] The sequence
of fabrl cation can be chosen flexibly according to the

_encapsul ati on design, the type of Darchltect
51'2'”§L96%‘F‘? ARRQrogsd @Hﬁﬁ%@'u d%@?”&?ﬁ?é} gRASitEH Qo ‘E‘& cover rigid or
; abrication systens shown herein, but can al so
plastlc%tgbéglﬁgtﬂ;d toroll-to-roll processes as wel | . EXAVPLE
[0113] 2In Endingts stept |orﬁng@1mttmg Tihen $A\e right aeiteplieirgd 19ygr, THoenmercially
ricati.o

availablg OhRESartB JaptaTs bl HRGo4d9 e fahl Pidedisparsed in hexane

diol dld‘c@ﬁllb@’\ﬂoﬁgsé@érrﬁl %ﬁmaﬂéobﬁftﬁﬁr@pglbnéxgﬁéﬁl é%ﬁ‘ﬁ’yléteV%aﬁ%é used to
to a water perfreation rate of day l'evel),

depositonapodats 29 ite &9 nap firstaareth Gaidt @ubstmte afra fiesibla plastic substrate

sub n on ch or,.roll to roll
by any $NABbRS! cBalide ABRY S0 Rs CShificafRudd sorhgn fitipe. ink jet
prlntmg2or aal iRiprinBngtraetnodd oot to- ratll edutiref frﬁl;thd)d@ sublilexs tip coating,
| vent protection optical film (optional)
WebFligllu Sl Fia Aealinggeptc. Hﬂqréhedﬁmtw tEﬁrﬁ?'Gﬂtd@W bg removed at

thermal%éér‘&‘%l\}ﬁgegt 8651 | {) eﬁﬁlr%gﬁ er e %Jf#‘étn% §8I\Je?|¥‘ﬂ5ermal route is

nanopar ium ox1 de
used taigrowoxindexide sraorod® by) exposiey slee substrate/ 15 ¢ ;zMQ/aeetate and

ammongirm e élsdﬁg%éﬁégh@r@?&lé%rwarn%oisniFﬁ% TDAT 4k p8h o nanorod
morphogﬁ%éﬁ‘?m(fn.l 1({)% (s, 110 rEt'téWl gréQGf G@‘@td 4968 Within a time

o ted | cove strates are
of 1OmihabrGOrlaineUJsemftrmmkiatma$Jhasle| is cmﬂosﬁ thetapprodthesstiiab ailt allow for

controllg{;i&gtrg h r‘?g rd%%él | r%‘gzglaﬁpg %y?g?alo c%lI clce)lgt {ll‘tgz%maproutes and
hydrolyéBVﬂJoléégsésﬂeJaB?tHB#|cb'n Bea¥@ipldRir foero® tHECEiHE hanorods 3 on to the
plastic substrates 5. The atomic force microscope (AFM) photographs of nanodots and
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 to scatter the light. It is
however also 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
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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[0109] Deposition of solvent protection |ayer on to EL

devi ce (organic el ectrolum nescent (EL) panel) FIG
waomoaawns an EL devi ce encapsul ated with sol vREIT/SG2009/000132

protection |ayer 2 on to glass or rigid substrate 5

nanorcdel(@i€. $peppsul ation of the device 110 with a
mJI(ti?a er?barri er filmof the invention (that

[0114]i fraruidesrponatingy tme wincloxidengahoyatickesdinth ehe UV light neutralizing
over, JEHEEH AER S B PP e RSB R 0 s ot
sealind 98L8bn Ala£adgbERof ST | bﬁ étdlgﬁersidiﬁ of Qiﬁbeﬂkldﬁr ﬂtt‘?@%ﬂfﬂene glycol

ayer 2, ma nesiumoxide is in a first step de eposi t

dlacryl@tp ({358 welg );aqmlaabl@ﬁrqrmtwwmctm qfcb\lanm)hasgélfﬁqhnmogues 15 ml of

an orod 56 PR S 6 T SR ) Bt Spppeaton of

the miaure ®as than cadridd eutgenabodt ’Ehbupph@r td)edemtuﬁv@htoaé barrier oxide
organic light emtting diodes. Sone of the electronic

layer. “Hag iferaationel Hie filbt rineluges hotly ithgineaeseds and dhie granoparticles
via spn:? o'a'ﬂﬂ @Qﬁélgééflrf ik yi\ﬁ ﬁlﬁgé&‘?ec‘re"iﬂya m OXI%'ﬂfe oxygen

hi'ss Iven pro I'on 'S magnesi
and watagmmurmdﬁtemtslvdael myiace& taltess thah 1ppm levaltie tiad glive box. This
or -, not si n|f| t he

oth npJ. ov nt of
layer o EN B badoreappiiad Sy S et el the reactive
nanopérﬂ&l%% Altéﬂfétlvéﬁ’/r |te|§ ‘?JosQi%lé’chpéuré\/BpthlngﬁrBQ@r %ﬁfosmon the

Li F or any Suitable optic I nor gani c
nanosteuatlhmd Iay@h thet rerttaine  the Ireactivef manbpadidlesieas @xplaiaéd in the
foll roperties. A high refractive index optical filmcan
oflowi preferred in the event that top emtting OLEDs and

[0115] pmtr o t@drieFaliGlyi 6Ethal fafbshistuled eybPldddtaili®y the reactive
fabrication of the |layers of the barrier fllmof he

nanoparfigleatgapableaal deasting aditlo moisisre mdéms/gens |Cﬁg1memally available

rancpdS AR 09358, ADRBAL! EAHCTsBlugh ) Bgrophese

Techndbgleb))mm ﬁrd:ir@aﬂaZiBNiZh plased dad aaded ad SnéeigRpRy édl@émssuch as 2-
rown as t he active congonent in the UV

methowsmm? (ZMigE) @ylér e?mter@n atvsoh (5asfor dispersiaq éb«aenat'o of 1:1
2MOE SIS e oebh oot ey ] JBEcQPERy tobuty
Ketoneg |l\@tbyloh':th|yl &SMQE :mxtm‘tyrmi)@buﬂé of1§b|{/@113;3:}r Wwettiagfadditive agents can

ste of the W |i eutrI|Z|n | ayer, . ,
also bg 54 Bhamiel. aompdtialt svalané, Hadiipe dispersions
such aé' Hfic QBSdld%e orohtériuﬁrﬁnbidaé Cﬁiéﬁ@rsga SiReHeREnE rHlBIe?ﬂ%?yIQﬂe‘)'Isobornyl

di acrylate or |sobornyl acrylate or tripropyl ene
acrylatey| Trirbpdene gjycal diacaylateecars dar exan:lptewlsto bansedt s (20

flrto to.ri,gid substrate or _a flexi
01161} & B8mBBlni b iuh8rtale SRS St a8uadninsShlly Gavgiable UV
curablesd@i‘ylé;té rﬂ@h@m@%“(‘s@tﬂ‘i a8CHESBT bbtdiRgblel Wbml Adeh@n Clear Wave,
rinting or any inprinting nethods or roll to rol

Woodd@[%t L&A fqydgxample)ag% igsldegdata ithe nanopartlcle mlxture 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
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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WebFl i ght, Slot die coatings etc. After the
deposition, the solvent can be renoved at thernal
wapegatdiny at 8C0C for few minutes can take plBCESGA09/000132
solvent thermal route is used to grow zinc oxide
[0118] n%d%ﬁ%rpdf r%é@f?x?é Bﬁln‘ilhﬁ.ﬁ 'Rl ﬁér?orf’arﬁé!eé'd‘é"pélﬁé& %‘bﬁ‘yhc polymer
amoni um hydr oxi de sol ution. Zi'nc oxi de nanodot
(Hard c(qat)a 10A) wi II ripen to nanor od 20 nor phol ogi es (FI G

1 an 0C nper. 0 Cto 20 0C
(01191, 28, 1 TS ety SuBHIS, OB oLV Ties, At enddred reaciive
nanopéfﬂ@lb&ilspérséﬂ%cﬂfllctd%ﬁyrﬁépﬁ QRIG\eRRD at W' Il allow for

controlled growth hi gher aspect ratio nanorods.

[0120] SEoErthe depasian tqﬁethﬁareacam gEnop@riisies depdi thus formation of the

respecﬁ\é(%gr O)sdgﬁtgg)é%\?{nghp% éSlé@ I@%ﬁ%ﬁ@%ﬁ?ﬁgy %r%ﬂlg%]cgﬂg ezm%gtomer with
a coatingr aeighitcoabope 1006%) of thtogsalipigs sofutioanaest added 18515ml of a
nanostructures are shown in FIG 10A to FIG

iR SE il Sonrebiiin ol deere 5% weiaht), obtainable
from BYRCICHLRLARL ! %n‘ﬂroiag r’ggh ?6’!@35( of ?—’él\/fge/a%aﬁ% (1:1) ratio was

hese nanoro s can onée
added teethe ahxtmrenng)mi:eatlth@f theemixdutehwias theopartiod oat for about 1 hour

atter the I|i It . is, ho al sg, possible to add . )
prior tosgeROaBne? PAEISONAS IavPe The Foalignues thewsaaipe Joser via spin
coatingt W8s YHdEHbkER |rPé MRPErLStm %Eﬁe?é ‘W%t | deeé)c()'&r h& oxygen and water

neutralizing [ayer contal ni Zi nc
vapourmntqyﬁswm'eeedlqcmbiodeesl than i;mml lemlan ithe glovedsoxd i n

to121] W ¥EkGr T OV BRGineeRiho Pl acbien ipcRb ontained the zinc
hanorod§t B -thek ey Qrgﬁlv’ ﬁélitﬁaﬂtz dgeslaﬁér iafdS BAWRIHitmt Manoparticles in the
following. B2 - Zinc oxide nanoparticle dispersed

nanostesstynedcfilfomther baeirrsiilnethainonly cantined i therailiel sesd layer of the
zinc oxfd': &r’h%%@lp ti‘ng JUV' ]I tﬁrﬁ}e%ﬂ?{r&%%} %Eg%eémﬁ?;p\éﬁﬁer Bropertles

nanopar es |nto ne I"ZI'ng
of the EInCOIﬁarhbtoderMtanmy ﬂlrratvﬁamimff&fanﬂytﬂﬂghewﬂm ngazE & F In this

of about 100% of the sealing solution was
context b 'Ssﬂ?teélfthé‘t g]%eepaecswr%qs sametfisiently seatterithedight. e\’M'@:'Ch enables

the U\)gln)éﬁgJallﬂng éb’ 't U & % ‘Qt%)theoﬁ@ﬁ n_f?’@f?{k Qi Mof mterest for

ase nol ogi es an organi
exampleohn@ngarmt:t@imﬁumng dE@(c(e 1:1) ratio was added to the
m xture. Sonification of the m xture was then carried

out for about 1 hour prior to deposition onto a

Coatméﬁtl"énﬁ’ér @fbé@sé pySiaculitf s@%llﬂgtdﬂ%nﬂhahﬁﬁ prddesishat
I'ncl udes both the nanorods and the nanoparticles via

[0122] spha eaverisvpsitate (B3kcoatednwith tberlld\/rltgjérﬂentmi@mgel‘ayer and the

ancurol PRl B Safp APah Sl BB OBHE g by vouu

seahngghethbdoaa th@hlcfuré@y(/ﬁth A5 radigtios.UTRSreblyaanéreapsiilated electronic
pplying the filmthat contains the reactive

device ﬁ'é%ﬁﬁralnl QLED, agjiliustiaied nefks. 13 isifgbd¢atedpossi bl e to
cure of this |layer after deposition the nanostructured
| ayer that contains the reactive nanoparticles as

Flexible2 JLED rescdgsuldtnt ol Fa¥idaion of Prototype and Performance testing of
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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15 [0115] For the generation of the nanostructured
| ayer containing the reactive nanoparticl es capabl e of

WO pioen12als ng Wi th noi sture and/ oxygen, conmmer cPEl/b§2009/000132
avai |l abl e nanopart| cl es (NanoDur 99.5% al um ni um oxi de

[0124] Hﬁrtrh' Cé Hﬂta?:'%@ﬁ.gi"%é JW%@&Q%&@ rlr‘(féoewﬁ;h isopropyl alcohol

etre sma an ed to an org
(IPA) ambIbkea\mdrmulcmthsmﬂogmttbdwmveamacr()-smﬁ) adatnrbetihparéln@s on the

surface,; 6}'{%@”“%@@%9 rs'uﬁgﬁlaﬂaét {;{%‘er Z)ﬁqﬁgrdo 18 t]f\gtl ?,q,uum oven at a

pressur@cﬁ¥ aj§" omplet (B/H4! P@Pufow d@é%ﬁgl HB&BbHedEterilsturé UFJonygen

any m xture of solvents or wet ditive agents
lmmedmtaiy aftsntheedegasgingnproeass, them&hsértatemwyre transieriedddp the plasma

veatmefy Sbh ARk (80P SLR SIESRS RIS W B B veeo o

bombart YR8 YuRtse BT ribié Darier MMPWRRIOW Ehedgy toNs i Geley t@r@move surface
can, for exanple, also be used. 25 [0116] A conpou

nd
contaminants. Jéleybese peasisure rrbbh%cmmhe@wagdﬁﬁ@wnaqi lbglow 4'% 10 mbar.

C
The ardRfPUAafs e 1058, ASEfh o EuRIBIRIRChEL DR Ty gt stancare
temperdtlre &R, plessum)aip! Sa*weiss)adtedRFopower rwarsopet @it d0® W and an
m xture to forma seal @? solution, The p

optimal é@atmﬁgt wmegHﬁuwa«/ Be & el dRinses: i ped aepegﬁw 9@dpe surface
condmopy g&preq{ e hiforRit)- aﬁpeg;f%ggﬂas acétHgbﬂe |5Wthﬁfbﬁ6ﬂb?(PEDOT)

concentrat| on reic
was usmbﬁrmhoteayrabepmt I&M(bﬂh&eTgbtcmmermalsplaemy#gsubstltuted poly (p-

phenylewvwé( @B\l(ﬁé(g@%éqegﬁﬁcé)%}tﬁg&&mﬁyrﬁgﬁﬁ %@%bm}\ 2%4 nm thick

calcnumsﬁﬂm %%é?ed%huﬁdmﬁ 3 NthiskdSitvdrN@dthoda swas \d &g i’tBthy thermal
he set of experinents were carried out with fferent

evaporahontm reesUbYAGaciugter si/stees at a base;presswequrie@xﬁbf TioirdAH002666
coat ed émt 0 the

Pa). Thg ive i S S8ed 2 BoeEt Bie UPaBRARg Eatsium, Al armall molecule

based Cﬂ_xEﬁestﬂR?ﬁ%a\Kléé ¢AHcated RS the hoké WF ke Bﬁbdﬁ@ﬂalﬁdﬂﬁéﬁhdles In this
coat). [0119] B3 - The cover substrate coated with

fabricatibnl mrecesde(mcmmted glasswithe abeelpresistanee of %éilsguare was used

e o oJ502A8 SPRTETELED e Hhapin et R e gt i i

vacuum! 2 XRH150Pa %t 37RC! %I%ﬁCBSVr%nfthidR) el@btrbignikdscence layer Alq3 was

neutralising layer) 40 urabl e acryl ate
depositea @b A710°Gi wmdex imgbtwangumeob atx 40~ P preanued-tt wegedeposited at

o50°C i B ARATHBRAIES, ARG s BhpoBlo0gia) by s

deposuté@ugh@theﬂhbaem@rsuéﬁw@hma@echem cals. 15m of an
sol vent of PGQWE a 1) _ratio was

[0125] (5% Risnend il Beleciie Bapesh Sntied QLD Hevicp@priggiion process
was folfﬁ%erd ﬁgln?;u% Xcifngrbfg th c}fTﬂm%u{nla@ﬂb qub%?ra?@%ﬁﬁ‘téd Wi’[h%‘érﬂer silicon

arri e or mat e seall
oxide ah@J¥0 fines éﬁd @n&?éulaﬂadﬂﬂﬂhuﬂdghéglﬂﬁﬂo)qde&thm flmg\mm 250 um as

sol at rmspher e in a glove box. The oxygen and wat er
vent protection layer.

[0126] A zinc oxide nanoparticles containing polymer layer as described above was
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
nanopatrticles 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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vapour contents were reduced to | ess than 1ppm | evel
in the glove box. [0121] Wen testing the WV filter
w@e@paediies of a barrier filmthat contained tPEr/2GH09/000132
nanorods in the W light neutralizing | ayer and
e .
the de- %HLMH%WR@@M%@ rrE)HnrfJPr ’rrﬁ‘ a| neg&:rrp]‘ﬁeaﬂ’lgﬁi‘a! 'eg“Fcts of active

polymes ard Hody and efedtion rn;entzornjeyﬂs partr cles in the UV |light
seen.the UV filt

ST A R L S
subjectér'i QB'rﬁrﬁé 'éﬂlcn—;‘é?B Tleﬁrﬁﬁ i)%? AmEticah nSc% Gﬂ‘t‘l*lbst%ﬁg Materials

I's note t"hat t e zi rods can
Standaﬁcberadms ofreurvatying:, 3®\Anmhfreq|mnlags Eimlelztamdﬂm 1rhactl<in3'ssg)f display <

100 i Ehe e o B S 1bOA 2O AR St The

substra&)@fabs%rﬁr rﬁraspél'%/ﬂgg} PK%V’P&\‘W 2R3 £l 14B) th% flexing radius

nation process e cover substrate
of curvatoeg Bdwes t37.6 hem and drg’lﬁctlnem wabitAmo asgbowarid AiGe 13A. Before

ana ot E4oE bR st B L e RGBT it voage.
FIG. 13@%&9& e %Hhéé\éehaélajam bamhgbdya@seérceﬁaa@h@r@@ of flexed

el ectronic device such as an OLED, as illustrated in
device pedprmances withdifferestibemlisgiayclesalibe e spswaltageda 5V for flexed

devicoscihy 5 beffiodpieeS, A Fe DI eFRETR reekolie o0 cam”

There WA4 24 ikfciaeral ghinae I9stweehy eREAIHUM OIS 4hat OREES Base and cover
transparent and can be cut into preferred di nensions

substrafgse lewevel, wh%ém%tb@@ el Pyripgiiacieased - keuondn 0,000 cycles, the
Iumrnesg‘%élag épé’@ t?r@() @8 é’B erséutgét 218 SBHM %n{ﬁﬁrgarl?@structured

he po car onaté su rat es |
layer angedvf frlmi' wrasrlemueva"dstdl rremsﬂamed [@1&4¢ dbserved that the bonding

experi nental setu subs were ri.psed th
betweefs 1 opivenl qspisclon pr%yeanan | QR | wasistil dpedoged there no
delamirdeRio eHE’é’L?rr%’@‘Cfnocéﬁﬁaﬁ ge Qi’éléhﬁr‘l@tﬁ)rpﬂ'r tHa@ween the solvent

surtace ter nrtrogen , substrates were

protectiphdayeat and ChdeDLy aculume@‘aﬁer ttte aomoesm"chn@fcyalesﬂhbaﬁsults show

that vaémoaeﬁ bgf R ;@Zr??%iﬂg@ﬂ égﬁgfrﬁﬁg Fﬁqgaé; <ﬁ’r the NatFier film of the

mventro?rUtBSthé@l@EDWcﬁvédLmﬁf?fsééﬁ WS F rédcdvdTthd br%@‘léfﬁ@i'elated to the
nber (e:g. ULVAC SOLC Cluster Tool). RF ar n

cha
bubbleqﬂoamaaomdﬁbar defeptmthiie to theemenruabsealion mathoge
filmwith |ow energy ions in order to renove surface
contam nants. The base pressure in the chanber was

Encapsmaﬂbﬁldfediphetmlt’am dei¢e nbar. The argon flow rate
seem seem = cubic centinetres per m nute at

[0129] skrvaﬁhl@afpﬂowmp%qc&rpu.@ axnplecalsencapsutptionmf-aphatpvoliaig device is

| set at 200 Wand an optimal treatnent
descrrb&gﬁrgmﬁéa y ‘'5to 8 eight mnutes is used dependi ng on

[0130] t BErcapsdlation of red photuvoltélel gevise yaseshownl inoRKG.e 14 dsipdd from the
bottom %?ltﬁ/e ngrdéeesthhomne{rreﬂ%.o{%Whgﬁ Qﬁg ?ptigﬁngngz‘rbination of layers 380 is
not included, at first a base substrate (not shown) such as poly(ethylene-2,6-
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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was used as a hole transport layer (HTL). The
comerci al phenyl -substituted poly

W@ ppharlienevi nyl ene) (PPV) yellow |ight em ttPEESG2009/000132
pol ymer was used. A 20 nmthick calciumfilmcovered

[0131] ﬁ;h 7204 BDik i rfobvﬁ%ﬁ@AEQﬁﬁg%u%% bf 863 *&én be coated

evapor nin an r sys em at

on the @mam EysH b9 d@boﬁl’clan1n@th6d§¢mow(rﬂnﬁﬁé%6@u8h)as STJhTecoatmg, slot
silver filmwas used rotect. th

under |
die cosBRp VeRHUTYRIAIRE 01 RPED g do RO OB e s These layers
can be"@ﬁeéig)?r élﬂ?ér%étoéugﬁgeoﬁwcﬁﬁn%hﬁeﬁ%@%vﬂ{ e art. It is also

Inthis cation cess, | TO coated gl ass
possiblaito lcoat MGubsteateslaaebendciom(BIWSMré W snardestizing layer 202 to

btai su s{tratefftgr t he qg?nD deyi ce fabrication. 75nm NPB
obtain g AOREHG SHAGHAYEL 4% 2 x 10-5 Pa at 2700C.

[0132] T’ﬂﬁ@ thisRn&48 bhite LoV Qféu'tr%hﬂﬁ‘ﬁﬁﬁ?éleQQQ ér’ﬂ@lﬁe Namdswastured layer
deposited at 2700C under vacuum of x 10 5 Pa

203 campbedsiween beuidd na“etsbgbmetdi HN esiopiyess abputrﬁO@r mayand 1 gm. In

gencra BERAEls AT S 50820 TR MBI or 205

depends08RStheTtiickiiedadaf dhée r@hdadmlaﬁédﬂ hdteseithis t dedes OIZZ?LE'IZhe ratio
devi ce fabrication ?rocess was followed using 5 cm
betwees thenthieknass f the phetayphaic deice 881 anddhemeydializing Iayer 202 and

the narﬁisltrjuﬁﬁﬂeﬁ”fé d%‘fhéeEBFE |véﬂgn %ﬂglﬁ%‘tc?@s L&cﬂ't&FarWﬂl%h a photovoltaic

NESI Um 0 nm as so
device EZDtAethta tmckrm;serof 1[ rh26kults N athioknels olaeagraof thel l[d¥¢ neutralizing

t | bed ab
layer 204p08 ienTutBIAWEd eVl 20T abZ i subst rare and used as
[0133] L?’Sé'%mst%?é‘tl'ég%t ﬁde%e a?(/ﬁﬁ {Hév /! hebiraliZiRg 2896t 1802 and the

0 a nanostr ol'ymer Tayer contai nf ng
nanostratturediayer @08ds timem aminated tosthadwtibep of thaauh@hwoltalheievxce 221.

properdfic o 1 S U DB B b dvie i

carried Bh??ﬁ' hklsahe Rby 2 é'trtﬁé'b'oﬁom 8hthePAStO VARl BBIies 229
limted to a great extent bythe de- |am nation

[0134] nHawsvenbefere erwp@sulaﬁnguthwhptpvwaw&%me 2R{ detween layers 203

et 208 0654l B USSP YR B A 2eRE LR aqping v i

apphed CMEEMJ' Qiec of af phiotbvigtaie debieel DL ENTh aneasnisadiinent, ethe backing
ifferent cycles of flexing f(l)& per Anerican Soci et
cﬁ

structur@fcqr@@tss %4 avasesteiciuredalayar andosfdnesie layey andren b applied

via staﬂﬁ?dd %ﬁwﬁH@%%ﬂo@%(ﬁ I%Bg? td@ﬁaolf;ssg&'n @é@% Jgfrﬁ%%% of the backing
structur208e® the %ngyphmraﬂﬂma s'l'llrtmtmcdtheof/veblse Seoking Stroctase can be

shown in FIG 13 also FIG 13B), the flexing
betweePégﬂoHUW%PQQ‘t'ﬁ? rp% was 37.6 nm and deflection h was

0135)  PEROFIG GG IRl 20186 ehattfrooss.

[0136] aBiG. nﬁ shows ayepecifiGemzdiveonsf the strusiurese &ilGe 14 in which the
encapsul%?‘ed1 p‘hop voﬂalrg:gde%%eelssa ?er-%%&{llzg so?ar ceﬁ (Bé%). The DSSC
consists of a indium tin oxide layer 410, an electrolyte layer 420, a titanium oxide + dye
layer 430 and a titanium foil layer 440.

[0137] For encapsulation of the DSSC with the multilayer 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 foil, the

titanium oxide paste is sputtered. To obtain the final titanium oxide/dye layer 430,
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devi ce performances with different bending cycles. The
turn on voltage is 5V for flexed devices with 5k
whendiingitycl es and the | um nescence has reachedI/s@2002000132
100 Cd/ n2. There was no interfacial failure between
. . e t.' vV
tltanlumké}ﬁmcgggrﬁ’gfé V\%e gd&%&oﬁ%’ﬁ’oﬁ@%@&g}aﬁ& asega's%én‘?élﬁzyerlod of time.
[0138] J@plﬁf&lmyoﬂ e, tithhien oridegsaste ontol tieg tieahitm 30 I@Wenﬂa protrusion

he cover substrate bon w t h nanos ctured, | ayer
i the layea 400" 1 SHER G4 CrRARGGrARe @me@natamﬁe/mq of o tectrode the

electrols&?i?iuﬂ?& CI)I?]tqung eﬁl’@trﬁglﬂ)&@eﬁé&ﬁ:@ﬁe{ I'ég an d | the nanostructured
layer fod*alr@rﬁheabadnn@struciwel arercreatedr asthe h@metmmet for example by any

sandin R0, R B HHE 30 SHEnR MR S LB by apoiing

T freap Wgﬁu&t@aél i8%dgredod resul ted
W “ghtmlygaiﬁ?ééhgmg%g}ééhnentaof he barrller filmof the

[0139] .Emﬂl@mm@rﬁomttqneoﬁ_@m@ntrolyé@ layars$2) Bng thadasking structure, the

70 5L g BB 64 S oA 2 o5 o o

nethodologles. Encapsulatlon of a photovol taic device
[0129] In the foll ow ng section an exanpl e of
encapsul ati on of a photovoltaic device is described in
nore detail. [0130] Encapsul ation of a photovoltaic
device as shown in FIG 14 starts fromthe bottom of
the device shown in FIG 14. \Wen the optiona

conbi nation of layers 380 is not included, at first a
base substrate (not shown) such as pol y(ethyl ene-2, 6-
napht hal ene di carboxyl ate) (PEN), polyethyl ene
terepht hal ate) (PET), poly(4-nethyl-2- pentyne),
pol yi m de, pol ycarbonate (PC) is provided which is
then coated with the UV neutralizing | ayer 202

foll owed by the nanostructured | ayer 203. The barrier
properties of this nmultilayer can be between about 10
lg/ n2/day to about 10 6g/m 2/day a t 390C & 90%
relative humdity (RH).[0131] The WV neutrali zi ng

| 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 die

coati ng, vacuum evaporation or screen printing, to
nanme only a few These |layers can be cured by either
heat curing or WV curing nethods known in the art. It
is also possible to coat the substrate |ayer on both
sides with a UV neutralizing layer 202 to obtain a
protection of the substrate |ayer, too. [0132] The

thi ckness of the UV neutralizing | ayer 202 and the
nanostructured | ayer 203 can be between about 20 nmto
about 1 mm or between about 500 nmand 1 mMm In
general the thickness of the UV neutralizing |ayer 202
and the nanostructured | ayer 203
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depends on the thickness of the encapsul ated
phot ovol tai c device 221 . The rati o between the
WO pioeRkdEs of the photovoltaic device 221 and PEESG2009/000132
neutralizing layer 202 and the nanostructured | ayer
203, respectively, is about 1:2. For exanple, a
phot ovol tai ¢ device 221 with a thickness of 1 nm
What isradgimigdsisi n a t hi ckness of each of the UV neutrali zing
| ayer 202 and the nanostructured |ayer 203 of 2 mm
[0133] The substrate |layer coated with the U
neut rgl maltn@gférabafriéoﬂnar&ﬁdme NEM@pkhPSilEieS 4 anelsture and/or
203 is then f the

en lamnated to the bottomo _ o .
Peeo\sensiive elrsiranic opeptoemaiismiadevine osaid tharmienfdimegpmprising:

s catr 1GartonhCy pBbRERINER, Jovel S HANG Ry ST pfiparticles

ceipebiy of iteactinygi with Adisturé Giiddr birygarersaitheéacitre nanoparticles
encapsul ating the photovoltaic device 221 between

qﬁ%ﬁ@*@@gegmjtmg Rebapaic Biﬂd@rtw substrate, the
appl 10 st e RusatRR ikt REuBERAhGSIaEY edmhsing & materia

oapebisTiafdiatmeotbing heltragiokatngight, r thereby  faitibigs tise ofrapsmission  of
nangstryctured | ayer and/ gr adhesive | ayer and can be
%%Y'P{?&thtathﬁ‘éﬂm%\ecpﬁff'?ﬁﬁli”hg met hods (for nore

details regarding the formati on of the backing

structure see the foll ow ng paragraphs). The w dth of

2. he bEukbaies fitnof (Haint dnwberdintthe eeaciiveunaropanticles are capable

bout 5 mm. [013 The,adhesi ve, l aye can be ..
& racinGayith morsles aaBT poveshyvleh chbniied regstion. o
15 shows a specific enbodi ment of the structure in
FIG 14 in which the encapsul ated photovol tai c device

3.s a TheebawiesifimafLleen 2 wharpin tbsepctivensapgisaticles comprise a

:ﬁéﬁijjigé'ﬁ?%ffgé@%ﬁgs_?fﬂﬁlc??“%%ﬁgg?@%@?&?@5&%‘393rand mixtures

encapsul ation of the DSSC with the nultilayer barrier
filmas shown in FIG 15, the DSSC is fornmed directly

0t . : . _ . et .
0, | TSR T <P S, Uit e el AA0HETs meta
s2lE:tedDirohotheofroupecansistingwhAloTi, Md, lBa Ciat and umixtuxesl éhereof.
paste is sputtered. To obtain the final titanium

oxi de/ dye | ayer 430, titaniumoxide paste is enmerged in

5 SOITHd PRrfr ARPBRIDaN S fo‘PM,"J‘wﬁ@FéiﬁHﬂeﬁ?éﬂcgﬁrﬁﬁles comprise a
time. | 0138] Sputtering of the titanium oxi de paste

noetad oxide s¢leateduiomdhe groapasonsistingt ofuFiQan AlaOst HeO2, ZnO, BaO,

iy iad e aOLFRE P58 BRD:ciabinyGr o atirer B o
this protrusion. The electrolyte |layer 420 and the

nanostructured |ayer form ng the backing structure are
Gr eatdte drardere fibanel w@nye of felaingadplce Shywhekein itthadaadoparticles

BPidlise] i o WpridichVF Bew) [ 5kERg, from the group
dedisistinghef eatihrfuastdniats t(CdEH0g),| Badmiah eldate (CdInzOy), zinc
stannate (Zn,SnO4 and ZnSn03), zinc indium oxide (Znzln,Os) and mixtures

thereof.

7. The barrier film of any of Claims 1 to 6, wherein the reactive nanoparticles
are capable of interacting with moisture and/or oxygen through adsorption.
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[0139] Following formation of the electrolyte |ayer
420 and the backing structure, the ITO |layer 410 is

wo aomnadiesl on top of the electrolyte |ayer 420PiWr86200%/000132

clainmed is: 1. Anmultilayer barrier film capabl e of
encapsul ating a noi sture and/or 5 oxygen sensitive
el ectronic or optoelectronic device, said barrier film
8onpr The rigrriet fileaxft Claina hawbsteindher eahdpayrticles comprise carbon
coqg h5|ng reacti ve nanoparticl es capabl e of
H88%i ng with noisture and/or oxygen, said reactive
nanoparticles being distributed within a polyneric
bi nder, and at | east one ultraviolet |ight
Beut r &he barien et Caim B wihetein thacarben nanotthpa biave ¢f multiwall
?qiﬁrbi@@?ultraviolet light, thereby Iimting the
? i'on of ultraviolet |light through the barrier
film 2. The barrier filmof Claim1l, wherein the
reactive nanoparticles are capable of interacting with

i st Tire bardeoiimoRl/aey of Kiajaeh! da @n"lﬂ%ﬂ"efﬂeﬁ”tﬂ n@mpstwtured layer
I

cg%rﬂéga %JBBfH gérth ﬂr@u%sﬁ%@% r?'neqﬁh .ﬁéﬁ&&% the& amount of

et mxidmsans«bparrgcleé mei;@ﬂtstaelmgabetwemn 699 tar16000>ﬂmé§€by weight)

t her eof . 4. The barrier filmof Claim3, wherein

W&W'&bﬁ W@Pﬁé‘aé‘@ﬁﬂ?‘-?ssgeﬁe%t al selected fromthe

group consisting of Al, Ti, My, Ba Ca, and m xtures

thereof. 5. The barrier fi Imof aim3 or 4, wherein

1he n@he parriérdlimsofcampofl Ekiras retoal 0,0xhekeins ihentthd dxygen and/or

gt SEos e pibBhiscEe s GRrNGES. it iaRe ik @riting device,

fﬁlexh%r%@et 596 e8X theb nahbBatields' B Idds! R ofBhAN td @hBRacteristic
wherein the nanoparticles conprise a

wawgpgﬂmfthg@bnmmtqeddom@ea:rrgemw@ré emitingdievican t he

group consi sting of cadm um stannate (Cd2SnO , cadm um
i ndate (CdIn20, ) , zinc 30. stannate (ZnZSnO and

TnSnCehe bélrrﬂér filirtl ol AINg X0 f0€IaiAB 21 1@ @8I, vatstelH ﬂ'teJhaﬁopartlcles are
t her eof . . The barrier filmof any of Cl ai ns

RCH ARG, MOATEACEaY CORBhaPaMAc:R SUametercal Raesprabolt 10 nm to
a&%rﬁfﬁ@ggé%% SRABHHED t@ gt f@gy%n abara?\j\#%bect ratjo of about

rpti e barrier erei
Hanapmaet i cl es conpri se carbon nanotubes. 9. The
barrier filmof Caim8, wherein the carbon nanot ubes

have a multiwal|l conformation.
13.  The barrier film of Claim 12, wherein the nanoparticles have a length of

less than about 200 nm.

14.  The barrier film of any of Claims 1 to 13, wherein the nanoparticles have a

surface area to weight ratio of between about 1 m?/g to about 200 m?/g.
15. The barrier film of any of Claims 1 to 14, wherein the at least one

nanostructured layer of the multilayer film comprises at least 2 types of reactive

nanoparticles that are capable of interacting with moisture and/or oxygen.
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10. The barrier filmof any of CQains 1 to 9, wherein
t he nanostructured | ayer conprises both carbon

wo et des and nmetal oxi de nanoparticl es, the BEE2009H00132

nmet al oxi de nanoparticles present being between 500 to

00 ' . i . e i fr: . ,
B0 vt B M1 Gl 5 B4R iEE0 A somorses a s
rdraistreicilréd l8yemheoaiprisingen métal oxnayepasickésyr and a second
m)is%{ures ﬂ?sitive el ectroni c device co i ses an
PSHLELPE IRYeE SPMATR QB 0X/46 DIBORAREESs i 2¢ of ¢ he
nanoparticles is |less than one-half the characteristic

wavel engt h of |ight produced by the organic |ight
B t tThey baenerc lm 1. Claim W&, rivberelit |the ofubiilgyest filgl ziomprises a

Aol 5 S0 SR S, DR S B R R sanoed
A ridfiiPsRRifceTn themutilaefilh.of about 50 to about

400 nm~ and an aspect ratio of about 5 or nore. 13.
The barrier filmof Caim12, wherein the

S ERRT IR Br Bafh ey Breef g ESRE il riflses one
Hdrostrabriped tléyéreﬁahi?rgedietrmé@qaeM@emé@l weingbbrtiohds and metal
of between about 1 nk/g to about 200 n2/g. 15. The

axigde Naroparfigiest any of ains 1 to 14, wherein the at

| east one , nanostructured |ayer of the nultilayer
filmconprises at |east 2 types of reactive

T nopHtd ikddrdsr tfivat ofir anyg agfaldlaineg 1 rtoendctwhegein tthe amount of

nmoi sture and/ or oxygen.16. The barrier filmof d ai o
EoPAfies BIASRot e NajestryatirReL Bt IS etwpen st 0b000001%
taang’&'itr 5@%“39%&9%% r&latey g@'tﬂg ﬁéla{/ve@ﬂ%’lafﬂé ‘hﬁcl?r%mer of the
and a second nanostructured | ayer conprising meta

potyrderic hindeain thel eanostiuctdted lageri er filmof d ai m 16,

wherein the multilayer filmconprises a plurality of
said first and said second nanostructured | ayers

.0 anped biatiet! Al BPtGIQEn SIQHW@QM the Iym#r‘id _bmd%fr comprises a
film 18. The barrier filmof Caim15, wherein the

material gelacted frane dhpr gew epRsialinG of reAlyasnglate, agelymethacrylate,

RATafide, IR Ekdq HRnET bBlyIBRERE A b fifane,
of Clains 1 to 18, wherein the anmount of nanoparticles
%r esent in the nanaostructured |ayer i s between

about | .
-0000t0 Pasgarofilay At amo @f dylaigs utrdor €9.a1v88 eI theeultraviolet light
r{ e'aérl%ln sltg urC%c}/Ee)Eﬁ?é;EgI@/H%rlc%mHEFer\Q/hbéﬁ%bCreQbﬁ%eﬁahébartlcles
are distributed comprises an organic compound capable of absorbing ultraviolet
light selected from the group consisting of 4-methylbenzylidene camphor,
isoamyl p-methoxycinnamate, 2-hydroxyphenyl benzotriazole, 2-hydroxy-

benzophenone, 2-hydroxy-phenyitriazine and oxalanilide.

22. The barrier film of any of Claims 1 to 21, wherein the ultraviolet light
neutralizing layer comprises metal oxide nanoparticles distributed in a polymer

layer.

23.  The barrier film of Claim 22, wherein the metal oxide nanoparticles being

selected from the group consisting of hafnium dioxide (HfO,), magnesium oxide
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20. The barrier filmof Cdaim19, wherein the
pol yneric binder conprises a material selected from

w0 b@ogeaup consi sting of pol yacryl at e, PCT/SG2009/000132

pol ynmet hacryl ate, pol yacryl am de, pol yepoxi de,

@@D’)' PiurR O b¥idle! ‘?Bé@?s @I%n@‘)'o‘vkiﬂeﬂ(mg tifarfumTMfoxide (TiO2),

rrier f1lmof an ains 1 to 20, wherein the
tamtahuay icxide (Tah), wuxma)xuie: h@eoaye*nolaum okideh@b;0s), zirconium

Bl e e Ste (7t B hRRuREIbEE onmound capabl o

of absorbing ultraviolet |ight selected fromthe group
consi sting of 4-nethyl benzylidene canphor, isoamny

24. metlinex\Rarreafiline o2 Qlgiat 0%y paedy R2pamaerein atf\@l éxltrawolet light
2- hydr oxy- phenyl tri azi ne and

”%k'g%g%{ éx%z&%ﬁ% barrier filmof any of Cains 1

to 2 ah, ovgwatiei donypeund toapebls ef dbgrbingeultrsloleti hght and metal
er conprises netal oxide nanopartlcles di stri buted
ea“%@ﬁf@?'eﬁé*ﬁ'ﬂbu@ﬁ inpolYEr layers i | m of O ai m 22,

mhereln the netal oxide nanoparticles being selected

fromthe group consisting of hafniumdioxide (H q 2)

Zﬁagné‘ﬁeimmr g b hy of &Haioms o @d, MBain tse Inmdblager film further

oxi de titani un] di oxi de (Ti Oa) t ant al um oxi de

comps! arb 9a0iA RATIgE PEEO ) , niobium oxide (Nb Ce),

zirconiumoxide (ZrO ), zinc oxide (ZnO and m xtures

thereof. 5 24. The barrier filmof Caim2 1 and 22,

26her dihe hardenfilm af Caiot 25, whereir the bairier layer sperprises a material

<SR S heRUBRC. SRR A PRAREL, FRARIEHRS poyacetste
P@‘ﬁi"@iﬂhéﬁ@d 'ﬂblﬁnﬁ@é yn%ol&(&)‘tﬂfnetﬁﬁs%ﬂ 1-pepyhal i pttj|y(4-methy| 2.

any of C ains 24, wherein the nultilayer
plentyner)urm@vetbm@eb se@oa/ﬁthﬁrgalmra,e,bareppéy | BGRIRS, 26)0|yethylene

t%ﬂ%‘f)tl?agf%tg I,Tp{)o&% :Bo?}(dﬂe El é0§5fg'aPpﬁe§{8bgr Ipa?r'iethylphenylene

omdeylstprdﬁe cﬁmhyibenaémn pdyvipgidenesi andpc(Pwmé)t ate, 15
pol ypropyl ene, polyi m de,

poly(1-trimethylsilyl-1-propyne, poly(4-nethyl-
Rent iR barPf%'rYIﬁﬁ ROt GBfn Zbolfﬁﬁllﬁé&e&&\'lgﬁ ﬂgta §Gl9é$¥ate for supporting

résins, polyethylene terep ate rene
tlwlejaﬂtmmadewcgcﬁb yeecentapsilated| wﬂnermnrtbe;mﬁmgﬂ fimeis formed on a

oxj de, st ren i vinyl benzene, polyvinylidene fluoride
S(JEJ@B%)O‘:%}%S%@S a(%ﬁe barrier filmof Oaim26, further
conprising a substrate for supporting the electronic

device to be encapsul ated, wherein the barrier filmis
280r miheoharies fillnaok any ohElaimsst rtat 27, further comprising a terminal

layer for protecting the multilayer barrier film.

29. The barrier film of Claim 28, wherein the terminal layer comprises a
material selected from indium tin oxide (ITO), glass, polypropylene and

polycarbonate.

- 30. The barrier film of Claim 29, wherein the terminal layer has distributed

therein particles comprising a material selected from BaF,, MgF2 and CaF,.

31.  An encapsulated electronic device, comprising
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28. The barrier filmof any of Clains 1 to 27, further
conprising a termnal 25 |ayer for protecting the

woriovitt@yer barrier film 29. The barrier fil nPGF/SG@ad/N0132
28, wherein the termnal |ayer conprises a materi al

sel e¢f sl Q@bé’cﬂﬂéuﬁa\hhg é’?ﬂaﬂ?eé 'tﬁ@eorﬁ'aﬁsélec’(romc device, said
Emtypr opyl ene and pol ycar bona The
lionée devicenhsfingcraveregdy an@r@ansulaaom &mm@ecﬂr@y@e electronic

cRfite: o SBbbe AT G R85 RS o RoRAR fation, gomprises

benesTam citat) 6f Ceimenite 3evi ce, conprisinga base
substrate having arranged thereon an el ectronic

device, said electronic device being covered by an
”Caﬁfh‘é &%\hé’é‘ of 8] giftf é”f e\ﬁﬁér‘?e% &Eﬁ ﬁérﬁ&{ il 'iscar‘?S H4ed such that the
romrm ure an e encaps
uiteangholes bghtméutrallzmg favylemsafarrange@fcl@ealtoﬁhé ele&ctrﬁb@uc Bevice than
32. The devi ce of Claim3 1, wherein said barrier film
the nanegtrdduracd Jaket.hat the ul traviol et |ight
neutralizing layer is arranged closer to the
el ectroni c device than the nanostructured | ayer. 10
333. Tine dievice of Olaid 31 ,widerkin shigrlzarries filnu |Qaanrammd sucmthat the

naPpSuBiREl JBUF it SireNGrLcaPaNt dOGEIR o ANC  ifvice than the
uH}é\hﬂét ﬁﬁrﬂtném@hhn@%ﬂyéﬂ izing layer. 34. The device
Caim3 or 32 or" 33, further conprising a

secondary 15 encapsul ati on conprising an adhesive

ye re yer Eriser f a a
over LBEYFE: of SR ol b dnbitr phiplisfsa”secondary
embgpslaxiioe comprlsi ﬁ4adN\é‘§V@II%/érh@rr§ﬁg’e§d oduipRt malitdayer barrier
.and/ or the base substrate is apt ed to achieve a
fitandrchacovsr §vba$téatsarfﬁ;m aehesiveaye2d bet ween
about 10 1 g n2 day 1 to about 10 6 g n2 day 1 of
water at 39C and 90% rel ative humdity. 36. The device
36f ClThendedbe oﬁhé)iaaim 3dhevizetewrs tve do&gersubfstrameand/or the base
secondary ncapsyl a ri ses .an adhesive eri al
SHESTAS 1S A0AGHG: i BchiRiecA UM BIReR ORI REIMERYON Broperty of

{2 ; S| d 0
D B B Bl o B R i e PUE S0 and 0%
relatveahamidiBi.ns, epoxy resins, polysulfi de

36. The device of Claims 35, wherein the adhesive layer of the secondary
encapsulation comprises an adhesive material having low moisture and/or

oxygen permeability.

37. The device of Claim 36, wherein the adhesive layer is selected from the
group consisting of ethylene vinyl acetate resins, epoxy resins, polysulfide,
silicone and polyurethane.

38. The device of Claim 37, wherein the cover substrate is selected from the

group consisting of glass, indium tin oxide, nanocomposites laminated with an
inorganic barrier film, and transparent plastics.
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silicone and pol yurethane. 30 . 38. The device of
Claim 37, wherein the cover substrate is selected from

Wa b@ogeaup consisting of glass, indiumtin oxiBE&/SG2009/000132

nanoconposites |lam nated with an i norganic barrier
39.1 mTrmaiemcangbanynof Blaigtsi dsto388, w’r@ra@vtheeelﬁctr@mc device is

o e e Hao Sl sPBSERG ot M Bt Tt S15HTE i, OLED),
dHErhéd-seupledi dsvi¢dXEDBD) ﬁh@bgﬂécﬁ@#ﬁéﬁﬁbrﬁééﬂs%sbﬁéCWEMS) and

m cr o- el ectro-nechani cal sensors (MEMS), and an

ait GEANIC OF iNAIgagin Pholsheltaicoiedse Whioh de basedion & thin-film solar
sed on a thin-filmsolar cell. 40. The device

actording to Claim39, wherein said organic or

i norgani c photovol taic device which is based on a

thin-filmsolar cel] is selected fromt{he group
4bnsihe ,qiézvgge Acedaing4p selams gPawhesen sgld organic or inorganic

pﬁ% \?tﬁfé?d Hb@ﬁ:‘:g \ﬁﬁl ﬂrlsct%#ed(&?%%m ﬁln@%‘?flﬁ% %;’éé}é%geg from the

per -1 eni de sol ar cel
gropp eonsuﬁng raf gaCU( InﬁaajSegscdar dell sa)Dgre-saeisltized:l BRyr. cell (DSSC),

O lPAT B ol BclsaP R BT el aiok: A s Ciaand & copper

|H@Mhﬁg§|h\(ug-cﬁ5§|)anlo%a'36|é?%ﬂ'(C!TGBPr' sing: a substrate

having arranged thereon said plurality of encapsul ated
OLEDs, each encapsul ated OLED conprising: a base

S ARG D Ty R, I8 fny r
e?icﬁﬁ&ul@dﬁi bl@éﬁ?ﬁc Ilg?ﬁléinﬂw@h@ﬁbé@(@DED@?%ldebherbo’#nprlsmg

mul tilayer filmaccording to any of Clains 1 to 30 fo
pr ot @ctsub@tﬂat% g f pERNESH sthﬁr@oan gRigr PHipen. of 4anapsulated

dresacanmbatak RIgRYEb A dRIge comprising: a

VI CE€ berng sa ied between two

nmul tid dase bah)strae hatimg anengehi rtgetenraran @LED ainoiiding a first
to 30 for |Erotectln sai d photo (grlgialc d VI ce from
&g lave @,fbcprg@;agpg@yer VRS2 peC glegtrodglayer;

m“ t 'éaﬁl‘q I?Brl'iélﬁ éhél%&%ﬂﬁh%\en%lﬂ ??‘flhﬁcééﬁo?&*ng to any of

| ayer I's attache o sald photovoltalc device~on
Qlains 1l de 38rfdr pootacting thea@L &Defroin lgbtstmmmndaidm aXygEn.

| ayer on the opposing side. 43. The encapsul at ed

phot ovol tai ¢ device according to Claim4 1, wherein a

@ackIMeﬁééwa{ba rﬁ)té\ffdlé‘i‘d“ﬁéwb@ cOMstigiipt ovol tai ¢
device at such si whi ch are _
a photovoltaic dewce being sandwiched between two multitayer barrier
films according to any of Claims 1 to 30 for protecting said photovoltaic device
from moisture and/or oxygen;
wherein each of said multilayer barrier films comprise a nanostructured
layer which is attached to said photovoltaic device on one side and to an

ultraviolet light neutralizing Iayer on the opposing side.

43. The encapsulated photovoltaic device according to Claim 41, wherein a
backing structure is attached to said photovoltaic device at such sides which are
not sandwiched between said two multilayer films, wherein said backing structure

comprises a nanostructured layer as referred to in any of claims 1 to 30 or a
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not sandw ched between said two nultilayer filns,
wherei n sai d backing structure conprises a

wmaeseaiut ured | ayer as referred to in any of PCI/aG2089/000132

to 30 or ananostructured |layer as referred to in any

nénestaicttret] 1bper3és esfenedttodn anyalf daimst1 80 Todaetiedaon at least
| ayer, of adhesive. 44. The encapsul at ed photovoltaic

@I%%ﬁlf’@ o lver ahadaesvai m 43, wherein sai d backing

structure conprises said nanostructured | ayer

sandwi ched between two | ayers of adhesive. 45. The

44cap$hé enedpgpliaten photaivoltaie vievie eaacoording do tGlaich 48nwiharein said
or 44 erein multiple.photovoltaic,devices ar

Sk sUElRa Somrian sail dndsfuetitn BerseheRiches between two
BYeFLyPAdRisfvedevi ces arranged in said panel are

séparated from each other by said backing structure.

46. The encapsul ated sol ar cell according to any of

ai 42 to 45, erej .d phot ovol fal ¢ [ N
45 or Do eGP SIP g aR ey Be G, BefiR. Bakdind Wi ERpins 43 or 44,
WAERSIN AR uRipldiphotdvaitai®ldeivices! hre £6mbiféed aAcaNsHOtavEthic device
solar cell according to Cl aim46, wherein said organic

panel nuhergn sajshehetroltagiccdedoes @riigel inss@idseanejrarg separated

O e by e, Lo (e oo

consisting o ofar cell, a

Dye-sensitized solar cell (DSSC), a CdS/ CdTe sol ar

cell,__a Copper-I|ndjum Sel eni de sol ar ceIIC§QIS) and a _

@ ppel¢ fACaRFYatad satanrekasrPing & any @ |Glaintg dg)to 45, wherein
d phot&idiGi bvicabs! &bk ié‘%r‘%ﬂ&@%ﬁk& gﬁ&@vsltéiﬁtdé%ﬁ‘éé which is
evice, conprising: providing a vacuum encl osure,

kasewhgn aghinHilm solaheel.acuum encl osure a base substrate

havi ng arranged thereon an el ectronic device to be

encapsul ated, and formng a nultilayer barrier film

£ECOr Ph@@ntBpsistedf s6laRicER decofdiRg t8TCIbl 48, 8Midrel Said organic
device, thereby encapsulating the el ectronic device.

ar incrganigephoi@vottaic demicegwhigherisibasedr onng thir-film solar cell is

Pl &I, o B B A GG 52588 el Dye-sensiized
sdlar exil b8EA)] ahCd8ITATE kel @it LOCbEpaieNidatm BleAide solar cell
reacti ve nanoparticles capable of interacting with

. .capa (
(Hriand @ earpesingikpyaallivin disalepisie salan selbitd GSonpound
having at 1east one pol ynerisable group to forma
nanoparticul ate m xture, applying the nanoparticul ate
48.xt uh enethbd of febricatisiy dragrcapsutated electronic device, comprising:

providing a vacuum enclosure,

arranging within the vacuum enclosure a base substrate having arranged
thereon an electronic device to be encapsulated, and

forming a multilayer barrier film according to any of claims 1 to 30 on the

electronic device, thereby encapsulating the electronic device.

49. The method of Claim 48, wherein forming the multilayer barrier film

. comprises:

forming a first layer comprising a material capable of absorbing ultraviolet

light onto the electronic device,
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5 exposing the nanoparticulate mxture to ultraviolet
light, thereby form ng a second | ayer. 50. The net hod

wo@Rooehiaiims 48 or 49, further conprising the stepCD8G2009/000132

form ng a secondary encapsul ati on over the electronic

CONMPOopeXlhg ré@cﬂ%@hﬁh@péﬂﬁ_@le@’ééﬂdb@d%‘f irﬁtiel'a”f_ltinfg wRAtAGIsAfte and/or
with a curabl e adhesive in an anpbunt sufficient to

expaesuih ehpolynesizableaterorowad kaying 2t leashene palysesrigable group
éu@?%rghﬁg{}@a&igﬁlagésgﬁ)ﬁgree prior to conpressing the

sealing ria 't he encapsul ati on package.

mec haapplging/theamamopastioulatemixtreonts tisfirstis/ergadist

the adhesive at an 15 el evated tenperature, and curin .

the a@HRASING the nanonardicHiate smixire &9 aftraviniet lighty teteby %fmmg a
'l\ése}_s carried on a press 20 coupled to an

actuator adapted to extend the press linearly towards

t he encapsul ati on package. 52. The nethod of any of

Fu ki bl A S b
J&6orid 8Acabs oo vél tﬁb;@%é'ngoﬁi@ c8fponBRE eI n the

press exerts a pressure o et ween about 40 psi to 80
psi (@herel9 tkheamudilagr {ilB8 ik Rontacied witlke & cakablg adhesive in an

materj al .. 30.,.54. The thod of any of Clains 48 to
apotiphSyftiefert st e ehtansulioh Pageo®s | m i s

treat gladiihg P RYER fPkabfe et RrbekRel BNEF tb Scompressing the
formed thereon.55. The nethod of C ains 54, wherein

sealing| ragtagiad aglawsw@ qacgamutﬂtmqﬂ@gsvedf }‘ rom an
bout megna ity cGhol GG 150 CBELE G Rlard aoatit Ak Bgfibsive at an

Sevattdeemperadiref any of Cainms 54 or 55, wherein

plasma treatment is carried out for between about 5
mi nut@3dt o about 8 minutes. 57. The nethod of any of

C ai n&@ fkfédéﬁ'\eswr ein vacuum wi t hin 't he encl osure
talned at a p

is man ressure of between about 10 4 nbar
and 10 6 mbar (0.1 Pa and 0.001 Pa). 58. A system for
LebrigaLind,an epcaRRY! & Cnglis e hihaivA 56 Ehried on a press
coupled to an actuator adapted to extend the press linearly towards the

encapsulation package.

52. The method of any of Claims 48 to 51, wherein the adhesive is heated o a

temperature of between about 40°C to about 100°C.
53. The method of any of Claims 48 to 52, wherein the press exerts a
pressure of between about 40 psi to 80 psi (275.79 kPa to 551.58 kPa) onto the

sealing material.

54. The method of any of Claims 48 to 52, wherein the surface of the

multilayer film is treated with plasma before the adhesive layer is formed thereon.
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any of Clains 3 1 to 40, said systemconprising: a
vacuum chanber having arranged therein a holding jig

wo eronsaed vi ng an el ectroni c device to be enca]?SUSm(mmfooomz

a | oadl ock connected to the vacuum chanber, said

smadl P rbeihog @ﬁ@[ﬂlm@ 54 Whershohé dé@né&lﬁ?ﬁ;ﬁns&t rgon plasma
the holding jig, a plasna source for cleanin

daTiiect AT S0 A/668 49 PEPRSgs Iesealos repTluR W faterof about 70
[til b
FBhgaiCiye dehlmeRIgHor tinie B8 101 0 onto che

electronlc devi ce, a Ilnear noti on drive capable of

[ yiLn force onto a sanple on the holdin .
?ﬁp ; yth%éace@to@a@w? &laims st @F mepsj wBer%rﬂ aamangyeatment is
6el?ﬁe8'o%??6r0cgétﬁ/eéﬁ‘ébb%t sarﬂgméﬁeé# Mt@mnﬁ{te%u“ ng the

l'ayer barrier fil systemo ai m 58,
wherei n the vacuum chanber conprises a plurality of

o 8% MRIREL OL b 4 A0 8r (/50 QPGP B RCLAE) Within the

éﬁ%’ﬂﬂeﬂ@mlhﬁiméﬁéf é%réé&r@%ﬁrbe%ﬁéé‘ﬁ‘éb%t 419*@bar and 10°® mbar
i ndi vi dual sub-chanbe . The system-of any of

(65 PasmrBB0.001d%R). vvherel n the I oadl ock conprises an
extendable armthat is novable through said plurality
of serially connected subchanbers. 62. The system of

581y OA systdmHop falirtafing, anveatcapsulbted sleBRohicnddvied as defined in
drlve |s ca able of applying a pressure of between

HpyoRft C 1 toAtisaid Smems@mmfsngg kPa to 551 .58
syot '3 an}@*%%ﬂ*ﬁﬁ@é"?”@l%@w ing jig. 63 The
t r acks haldirgjig forf rexeiting aw blectmma@évm@td be enchpsulgted,
Jd:r ?ere?{ Ig%élq%i(ngﬁtgnggnavﬁge%pg%ca&% Ic rer sauf loadlock being
adapted to transport the sample onto the holding j jlg,

a plasma source for cleaning the electronic device to be encapsulated,

a plurality of material sources adapted to form a multilayer barrier film as
defined in any of Claims 1 to 30 onto the electronic device,

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

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

a UV source for curing the multilayer barrier film.

59. The system of Claim 58, wherein the vacuum chamber comprises a

plurality of serially connected sub-chambers.

60. The system of Claim 59, wherein the first material source and the second

material source are each connected to an individual sub-chamber.

61. The system of any of Claims 58 to 60, wherein the loadlock comprises an
extendable arm that is movable through said plurality of serially connected sub-

chambers.
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62. The system of any of Claims 58 to 61, wherein the linear motion drive is
capable of applying a pressure of between about 40 psi to about 80 psi (275.79
kPa to 551.58 kPa) onto a sample present on the holding jig.

63. The system of any of Claims 58 to 62, further comprising tracks arranged

fixedly with respect to the holding jig for guiding the movement of the linear
motion drive towards the holding jig.

45



