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NANOPARTI CULATE ENCAPSULATI ON BARRI ER STACK [001] The

present invention relates generally to the field of
wen@apswhat i on barrier stacks, and nore parti cCBCBERGI06/000334

encapsul ati on barrier stacks conprising reactive

nanoparticles. BACKGROUND OF THE | NVENTI ON [ 002]

O gani NANQPARFICULATE ENCARSHLAMERSBARRIEN 8FACK

seen as the next generation display technol ogy that

will come to replace existing display technol ogy.

[00APNOThet pRS¥AE 'lrweﬁmh@ha*éla@t@gegelﬁ@rahﬁ teemdet fiwidt bf Iéhcbbsulatlon
devel opnent of CLEDS, effective encapsul ation renai

bayrier @taqkﬁe aﬁdsmorsﬂ paticulasly; to ?@wsw@%%ﬁﬁ'@mﬁa%%wmpﬂsmg
re%’é &5h egg ofsED structures and other oxygen and/or
ure sensitive el ectrolum nescent devices is that
they degrade rapidly under atnospheric conditions. In

of “encapsul at | SHARKFRGLAD CEEFFEINGENTIGN, fo® 'vPes

- electrolum nescent devices fromthe environnent. It is

estimated that for an OLED to achieve religble
[092] 1 oFeARie Lipbh Emiftingcbispiaysx e l]éPﬁb age Maélvh%ﬁﬁ% as the next

éﬁ@aﬁé‘ﬁagﬁﬂ@éit@&ﬁéﬁ 2 H—%?e\nﬁl? eto rep ace existing  display

electrol cent nm shou ave a gen
technologyy s Amamgshthe yaiw)s cle@tengleartomdealsmb lmdhe development

o PL BB e And i b 3P 3R el

The techni cal chal | enges brought about by these

(09} ! R REORNC Roas rabioah W Bch ogy Guese epkother oxygen

an@ar %o&tg%beﬁ%?f‘\y@EFéc%RJmlﬁ%@é’ﬁtldﬁééﬁk%éﬂlmbyfo%@rade rapidly
conprise a substrate on which the el ectrol um nescent

uner atasphede seaditigns. 1 @eeeto pepteet theruiremgrgrpdaiien.svarious
tyfbgg ot le%%%é&glﬁﬁ'&ﬁ‘ ﬁﬁ?@ rbteeﬂ‘%)@eﬁetoqgéi'a[?{hé QI%CﬁHWlHé%@ent devices

electroni cs a I cations
frhmr medleznmrdnmeﬂt ltoise eafimatadt Hhah fmmpno@h@ ttheachieve reliable

oS8 o bRE Mg PSSR B! Bpdeiten aroun

thldo\f@&llve slatolappnesudnt i patevial Shiouliblhavé cain oxygen transmission

GBI e85 3naa HOLE GuiR TRt/ Eragiad 2 2 Wateh YAl transmission
rté VU e&f iégsowh tdb%u?n@@%yhﬁlda@naﬂwwénd 95% RH. The

mai ht ai n [ 005] Recent devel opnents in OLED
tacéemabpbguenm kiesght Aeowt ky these stEnpsNkraRisEeMENtE have driven

h{)(fe\}&?;?]mén% iRnREsLalbR RecHHONY b6 tRE %/ears

Iex

[004] Conventional encapsulation structures comprise a substrate on which
the electroluminescent device is formed, and a covering structure which seals
the electroluminescent device against the substrate. In certain types of
electronics applications, such as hard disk drives, one approach in improving the
barrier properties of an encapsulation is to utilise thick, gas impermeable
encapsulation structures. However, this approach is not suitable for applications
such as OLEDs or solar cells in which opacity is a requirement and the quality of
Iight transmitted through the encapsulation must be maintained.

[005] Recent developments in OLED technology has seen the rise of flexible
1



maki ng it nore apparent that encapsul ati on technol ogy
has not kept pace with devel opnents in OLED

wo e@hosioay)y. The substrate for a flexible OLEDPECH®SGLH6/000334
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i deal Iy conbi ne the gas barrier properties, chenical
istance and surfac erties of glass with
OLERRO MG reﬂ@[@ﬁh@%&%@*%@p@ﬁ@@ﬁﬁ Ygtyresy are ffexnble thereby

MQRY@”’& il appeht Gt &fc@ﬁ%@@h@ﬁttea%dﬁﬁ_\y $hadeh&t ké?ﬁdpace with

formvari ous arts of an encapsul ation” structur

@@@&meﬂﬁem itpeiiioay.vEheusibstiste forpa d‘l%ﬂ@@aDLED should
iﬁgﬁfgyyecro’m!ﬂHg h8 Q?g' Lr)arpi?F [}ﬁ?ﬁéllhetsy ch ISFéérlﬁaﬁ@g and surface
oxygen encapsul Ion s Fes forne rom 0 mers

[aropediesr eofn laskaywitbortise d Gemblhty) tb@ugm'azksq uinds lbmcessability of

&t R JERRS ek PeF TS rerB i B vgria parts of
& dehsapdulamei gwd@tuk@w@écélhw eyt Wéreaclh'eﬁyéfbénﬁewahh easily
t he best pol ymer substrates using today's state of

RIecessed. nérlsalvwe&; g yigertheisc natm@@@»hty[ doeMmaisitiee and oxygen
|
orfé‘al?ir%gla\ﬁonbﬁmdt es! ﬁﬁn@%ﬁn%%ﬁ# @ él Hg‘é:rg rio"%%érbéy%p&ﬁwdered

rgani c materia ave
todre lmdenuamfdrlaeblavhmlop\obgnnmatmrbmtes as thenequitessstandard for
Met al s um ni. um

SRl et Rt yabor ThPRRA By oSS SonaBh i tavier than what

i8 lHievabhs vathdinzhBeseeslyinee AlubdirdBs. usBgRblgy’s state of the art in
possessing inproved barrier properties, it has been

indusidiat palymesdegitidieMhance of inorganic barrier
lam nates is still limted by inherent structural
def ects. Recent studi es have shown that structural

[986kct Mogeo'ﬁcasﬂxpihalmre@miaa@smri@daﬁr@mbmﬁajaﬁyms of inorganic
bl SRR 5R08 (B ok BB B Bonymeric parter

Iaamganesammmsl SUCLI’B adl:l él?mmuhtn B oot r;sbdlfmlbacrzén matérnials (e.g.
C an n at el ec are, co ete radi cat

Huiih " Tt BBESERE “ToRadships B Seand | M cauRicel drugs.
Déspite ﬁ@%%é@ﬁn@fmfmbf/éd?aiarﬂér p[rQQe?&leéhet ha@m@@m folad that the

has been used to overcone ens of poor barrier

RATBYEIANCESOT MOBRAR Fetar gk Hr@nagq%@kgtllbhmlteﬁebspirumr@ﬂfsstruc’rural
ddteb@r @é&rﬁeétﬁﬂib%rr?eﬁ/e' Eﬁé\ﬂ thét %%Ehﬁ"él Hamets sb@hte% pinholes,

stack mul tiple polyner/ meta oxl de layers together
gracks,agiedn tosindgrias ketc .t aipws Ivxpgen cant maoisiure dﬂbpeﬂmayte over

e RGP ChorBh el e bR AR BARS, % bt to contro

fdbroatpre do fsuzin arh]eexh@mt that | defectsbaner cemptetelyeerddicated because
stur(]:%rge%ctssl aorvevI raﬁdgr(rwqformed, independent of the method of fabrication.

[007] One approach that has been used to overcome the problems of poor
barrier properties in polymer barrier stacks and the problems in forming defect-
free inorganic barrier layers is to stack multiple polymer/metal oxide layers
together to form a barrier stack. It has been found that combining polymer layers
with metal oxide layers enables the defects of one polymer/barrier oxide stack to
be decoupled from the next polymer/barrier oxide stack, thereby slowing down
the propagation of oxygen/moisture from one inorganic layer to the next.

[008] Vitex Inc. discloses in US Patent No. 6,866,901 a multilayer barrier
2



the propagation of oxygen/noisture from one inorganic
| ayer to the next. [008] Vitex Inc. discloses in US

w@108/0570M0. 6, 866, 901 a nul til ayer barri er st acRET/SG2006/000334
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conprising multiple sputter-deposited al um ni um oxi de

' [ d I [tilayers
BRSP4 A B3R B sBied S o448 prcenc aer
sEparayd sy p@lzmé@%hmﬂﬂlayérsb@ﬂ\ﬂﬁ) SSmphSing fdr@%hielp%gﬁﬁers. This multj-
decoupl j ng the defectS of two successrve barrier oxide

'Pé{?‘ésgr rieh StaeK design iabased oy ther pdnciple. ofAde(Tmaahng the defects of

i . . ast t. e uplin ue, t

UL iy S9R8R! By SPE GO BbD, Gl R recent
ipadellingrstidy ssuggestsnthatxgefect detduslingndu Hostheedrginiginorganic

' by se rIordrsofrranitu?é,‘. )
HSRET SR o, o My, Morstiy el buger Cifusion, thus
reducinglihe Hemeatibnl eata sy SleyARSrdbRY 67 haykitsder € needed
in order to achieve ultra high barrier properties of

better than 10 5 g/ nR/day, or even better |evels of 10

ne i I @l LRs O i€ I ce..
099 FeSsite B 15N Y T4, 1O 5, FFEL S e an
Reilymer ierlayess ere ngedediireotdandd achievetuitrs Intgribaeier properties of

- Lim ' f tilayer _
e SR ISR Pdat o Syoh BBl €%p it 105 oM Ha: Yarations in
cvedall bawiee perfdehanceastil ans®d08s factsRESHcH 4y whethdidhe pinholes

ED fabricat €s,
13 BRed2 eBion 15L&k hecH RRTRcI g ciBCr@yerss Kahgr Tmitations of
. . - H t
T TG doutr oy JanoasiPRORedt SIS SR 15 SRt 6 frequent
defarpinggon esaiiss eppediall: dupag éiesthermal pydes bf thes@LES fabrication

Ao d o€ i andihi ac 0].. HELL CON. .

Res eéa?tre % ﬁ%‘rﬁ]écm% !ﬁ?%@'gsﬁdn %f?éérbét nggr%’AhﬁY? Csli‘?r% dntRgaces with

WEGHG boDE g6 Btranture gdué cioi matganiof tgmanepatt@Oftle_tp@sition and PML
d infiltrat.i . a porous inorganic .

PP o SLIRT 1P bSOl B i IS rissin

qualifpEsoding edhidlycreeksigasitleposi tion techniques. In

contrast with the aforenentioned techniques, this

docunent teaches the fabrication of porous inorganic

[0R0]r | HELIOON RekearlasSiic aidbRiskat f and Paedht Application No.
depositing organic material in the arrier Tayer "suc
29954005676 f i3n r afgenie/inerganiounancoogostte neteichas tformed by

HRESch 6% ROBR kR 00 Y, R B composte
stiucliure ds produtédytbyt vapeurat depositon deemiquendirhicohtrast with the
aﬂrgmemo%dttreeﬂr%aa{ag,n%hisL N terﬂt teaches the fabrication of porous
inorganic barrier layer onto plastic substrate and then depositing organic material
in the barrier layer such that it infiltrates the porous inorganic material to form a
continuous layer.

[011] General Electric Inc. discloses in EP 1 164 644 3 barrier system which
utilizes the high temperature resistance and high clarity of transparent Lexan™
film properties to enable a 125-micron-thick substrate to withstand the heat
involved in OLED fabrication and to allow optimal light transmission from the
device. The barrier coating comprises silicon oxide compounds which are applied

onto the substrate using plasma enhanced chemical vapour deposition. The
3



filmproperties to enable a 125-mcron-thick substrate
to withstand the heat involved in CLED fabricati on and

W eooglobows opti mal | i ght transm ssion fromthe PEWSGH06/000334
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The barrier coating conprises silicon oxide conpounds
whi ch are applied onto the substrate using plasm
katriah cadtioge prevents grgiadaligio oft then.deviceb 4ram eexygen, moisture,

J P e r i QR . ice frao -

GRANEER. PRI RIS 0RO/ e, RBGRRL 9Bt vansmission.

Additioallyy ineyopbitickespreactivé mgthl mgistuite aressimcerparated into the base

Qﬁ)dht' onal |y, nanoparticles reactive with noisture are

YRS ?k)eorat ed into the base substrate. [012]

Nanoconposite barrier materials conprising m neral

ﬁl ay nanoparticles distributed in a polyneric binder )

| A?rﬁ baRosemepsite bafriar materials coawrisingainergl clay nanoparticles
or . t :

ARSI fra BBy e kv B8R acRianba bfAB3 1n food packaging

reatesial o rFgrodxameplec USaPatent dvin.ab,81 6 8%odiscleses iav muttilayer barrier

: rticles. in_the quanti of about 0.1 .to 10% by ..
BRIERE" cormafiSpeyanrondyal bolyiglic BRVaT paningte igurdctive clay
NeropReidIe® in tRyQuartfiy af BBOGED. 100 BRIV By REigHeloRla Soty@er layer in
barrier layer. The barrier |am nate achi eves a water )
WalEBUF I8 ﬂpﬁ%%bﬁlt@% dherral¥mer layssue arangeyl ew amynisremetal oxide

» I I 0 r . u . .

HICE 1RE e bR ArAR Aph SRS MALP vaiour drrbmission rate of
dhaut i 661 ma(m%biayanw af 24irspériagl, earuh i wlestriyonnsuitable for OLED

I . still exists. An object of the present
%\?@%P%@ﬁﬁi s to provide an alternative barrier stack

that has inproved barrier properties and is
Lnexpepsi vely fabricated. SUMVARY OF THE | NVENTI ON o
[Pégﬁ] );\E%ﬁﬁ?/% BBT]I a}fansst'nas t bgfrierhrgifrgance  of  existing

dritepBla@tn SURNGBPSH| ¥dRE AAT bRkt Tragk paRabl endintion is to
encapsul ati ng a noi sture and/ or oxygen sensitive

pepYide| an plieriadiyedeaimiet siaski hah fasdmpipyed hpeiert properties and is

i | i baapbine barrier layer having | ow noisture
and/ or o>2</gen perneability, and at |east one sealing

| ayer arranged to be in contact with a surface of the

o enon e prs I o PRRSRERHRINCY felerts,
sealing | ayer conprises reactive nanoparticles capabl e

[8%4i nt,&crx?ocr&;n%gtowat Ers?%is;%tegtr gf %Wéj /p%seon)scyi%sgnttloon, an encapsulation
barrier stack capable of encapsulating a moisture and/or oxygen sensitive article
is provided, comprising:

a multilayer film having at least one barrier layer having low moisture
and/or oxygen permeability, and at least one sealing layer arranged to be in
contact with a surface of the at least one barrier layer, thereby covering defects
present in the barrier layer, wherein the at least one sealing layer comprises
reactive nanoparticles capable of interacting with moisture and/or oxygen to
retard the permeation of moisture and/or oxygen through the defects present in
the barrierlayer.

[015] According te another aspect of the invention, an elecironic device

comprising a moisture and/or oxygen sensitive reactive component is provided in
4



retard the perneation of noisture and/or oxygen
through the defects present in the barrier |ayer.

wQ 0Bjp5Mexor di ng to anot her aspect of the i nvePCT/662006000334
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el ectroni c device conprising a noisture and/ or oxygen
sensitive reactive conponent is provided i nwhich said
whighisald reastive rompanenids arrgegedivithim aarersapaplatibathaorer stack

RRIOFHIRE t8 ﬁfgrlsg%g%gydfqhéﬂp}elﬁ%omrst aspect of the

I nventon. e Invention I's also directed to a
met hod for the manufacture of an encapsul ation barrier

k ' to the first gspect of the . jnvention
D46 6RJ6ARA B BB Hbddba 308 Ghe Phel OF e roameBaire of an
dreapsulations bafriergsiaakebetdvdilg abNiid THsEEBPEBCRF the invention,
wherei.n formng the at | east one sealing |ayer

CEME&s i xi ng a pol ynerisabl e conpound with a
nanoRsfrhing! @t deaseohOBakrr’ LB SarRf &t I%gsf;tdf'\ g%g%alirﬁljayer in

pol ymerising the sealing mxtdre over 't
ahigrating seguenagn ddrereincionming ey bt Frest pnesseaiing layer comprises

P [ j e finding that coupling a

WA BRIer R el wlfh 2 oenoeriB distirdeasto fom 2
sealing mxturgarard patymelsihgyhe sedlingf hatire/ vér BEUSE least one
the rate at which noisture or oxygen perneates the

Basiies 1ayeT Wydsr VagUAbr t han seeking to inprove existing
barrier layer fabrication nethods, the present

invention utilises reactive nanoparticles that either

[84Ebr bEha presrsti ipyenton imbased tan the finding thad/coupling a sealing

; f ec in the barrier .
RO LSBT o B0 e e oan
effettialy reglpge dhe ylata ab witéch maieiund _wﬁ%eh%éﬁnﬁat?s _titwe barrier
e ca e | enent ed | nexpensi vel, Iven that |
R BRI AR eBRn B pLs PatpR AT Se By Shiakcaliopmethods,
thdnepriespniovievarition Witikesd irehctifeO Rropafticid 8 hhN \EHPEP! Sdsorbs or

Bave ?]I SO fﬁung that the use of sealing | ayers '
cegYCalYi isgchuHbBariSiweeand/ak axYgemiq plidothendefestisnaesent in the
bRfiteRYyePaThiseBphRYRAHS O t iah C .
Vroughﬁggs rc?vi_ ggd by ?ﬁg%ﬁgﬁ%p\g@? |hd8 e%r.%B clﬁ (gft P?fr?&snttyplca”y
PEgssANt datmeied oxidey barrgr layerst charhe énpleimenteaiiindxpensively given

AP BPLFLETIR SR PUERTGE PA A GB i foment i
bgerteri propertiesbithe iyventtrisshawe atsoofound thiae tes elbesh sdaling layers
o BB 80 e A e R SN layers
deéderthehdgh aurface roughness provided by the nanoparticles. For stringent
applications, a plurality of barrier films with intervening polymeric interlayers
containing reactive nanoparticles may be used to achieve a high level of gas
impermeability. This solution to the problem of defects in inorganic barrier films is
supported by two-dimensional finite element modelling, which has shown that a
key requirement for achieving ultra high barrier performance is that the organic
defect decoupling layer thickness is smaller than the typical offset distance
between the defects in barrier layers.

[018] In accordance with the above findings, the encapsulation barrier stack of
the invention comprises a multilayer film having at least one barrier layer with low

gas permeability, and at least one sealing layer arranged to be in contact with a
5



key requirenent for achieving ultra high barrier
performance is that the organic defect decoupling

wo 2008105105 ckness is smaller than the typical oPEERG2006/000334
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di stance between the defects in 3arri er Layers. [ 018]

h th b f ngs, the _ _
%ﬁ%%%ﬁr BRIy ToBRaepe BHe Pveriero feaaivprmanaparticies
thatrodnt irtenset with rﬁbhﬁwle%o%r b%@g{n ?rﬁlé’re%?rréia‘?&lngatﬁg ir permeation

th | ability | east “one se
"Eﬁ’rb%’i %'85 Bk yia ﬁi@fegiﬁﬁrﬁéenhu"!tthe@gmerdayeerof the
bar rier layer. The sealing |ayer conprises reactive
nanoparticles that can interact with noisture and/or
[819henDafaeisety thetkardendayareisfernty stratiual défeettghsudheas pits,

?ﬁcﬂ?@%ﬁ;&@fﬁécﬁe%nge rSFr]t ﬁo@ﬁfgas en%ppl@ rs%qlagg;ggquﬁ%fgrgﬁs arg known to
axigt uc talir ypedeffdetriior Biyehs #satrbSabREARal Bsm deposmon processes

b d Such structura
f@@? 6'§ﬁc é”’%&g %?F?I)naé’?log’g'q%\r”yapﬂoléw%s S@*Bhba$r¢fmmlcal vapour

depysition! B8twall &s raRfd-FGH SiHCEESER 4§ {:/élg?oﬁt\ %St?ﬁgggrgefects

from whi ch barrier l ayers are typica
f%%reéméﬂafaag to peirbategiopiapesies txeevilat. Rss.r®bd.-$ympoPloc. Vol.

0 perneate these defects, thereby
7}@2}%?@%?%1@2&8%% ier properties (see Mat. Res. Soc.

Synp. Proc. Vol. 763, 2003, B6.10.1-B61 ot 6)I [ 020]

f t noparticl es
1028251 BEB Ve, BRGaRaGER {afens stanpasin® caprplse of interacting
\whhtmeirstlhm atv&jloﬂbx%@méiﬁlﬂer 'b?ﬂﬁéy B8P ch nﬂ:al W&a’cﬂnygég W drolysis
oxi d or through ysical® or p ySl co-C
O g fwowgh @Qwﬁlpﬁbw pHWIC@@head@irlpteramon (e.g. capillary
abiieH, %drbﬁor‘?‘t ﬁ@%&hmg  attfaciidH, @f ﬁ\z (ﬂgﬁr &8%&oSafent interaction

i nteraction bet e nanopadr

bghasaty dhe geanopREalesi ‘aednm"amylgehﬁstmm@ﬁmm@ﬁrﬁéles may
ctive .towa
oERRTeS o orSR U R R ol BrAcive B80S Rliomeor mvgen.
ie hmetédao/vhmht@resmmm hydirrm@bndhnmen?@fa%hﬁlt% %rérgitaf iPeRidthg metals
bl Slhule Ziaa TPEAG Hagbensar. Sae prefeirsdanataistinduste those
fremaBrups 2, M%Sl@ MRt aBSaridey4. %r%daﬁﬁilsdthtaé eﬁ@s’%a@% selected
active transition metals may a

fr ?Wc‘r\'cgﬂqw?ﬁ“@ndzﬁ%a Sractiye transitice mesals m@vaais@be[m including
TiOZResnt Na%m@k&,né%ﬂgél ve nanoparticles may al so

i ncl ude or consist of cértain netal oxides which are
capabl e of interacting with noisture and/or oxygen may

[DZLI%O WB Bl =04 ﬁanopa$ é:kzasagmay also mcﬁde or consist of
certain metal oxides which are capable of interacting with moisture and/or
oxygen may also be used, including TiO. , Al,03 , ZrO,, ZnO, BaO, SrO, CaO
and MgO, VO, CrOz, MoO,, and LiMn,O,. In certain embodiments, the metal
oxide may comprise a transparent conductive metal oxide selected from the
group consisting of cadmium stannate (Cd>Sn0O,), cadmium indate (Cdinz04),
zinc stannate (ZnSnO,4 and ZnSn0Os), and zinc indium oxide (ZnzInyOs).

[022] In this conjunction, it is evident for a person skilled in the art that
reactivity may depend on the size of the used material (see J. Phys. Chem.

6



and MO, VO, OO, M2, and LiM20O . In certain
enbodi nents, the netal oxide may conprise a

wo canssparent conductive netal oxide sel ected fPOISGH®6/000334
group consi sting of cadm um stannate (Cd2Snd4),

SAGRES B Behe ol ehesamine. khbs mres 10 poo vactive towards
bistureainj thacfor@nef hhnbSarikiedentit A y e%%fﬁﬁgoé !Fé%&tﬁ/g only to a

in the art that reactivity may depend on t
Yai¥ sam%@ axen) ilal thes (eoniinuppgk butth ehasel stsh 685 (2 0d6scale or

BB Rta OBA P O R g v
5 nanomeitessetq oseverstt ihumdoed y namometessy s,rma_myexa@sﬁldeated with

: i m Crosca

ehonaficed Aot QB fing BERGn 1ioh 49 ifsoiye searmntes, ALOs

MB@?mo@bm Qfet %D%g?@dgsgwgg ‘??\nwtéﬁjssﬁ\f)?s&@r]e, whereas

i
‘lﬂg(ﬁg:?z'\dt H@(ngut”ﬁg%'gloﬁ@ ynay%iyien@am@'dayarm HEiVDRy dew reactivity
tbWhe hitdistMRe. SagBh&Sl, ackBe Qﬁgtar'o%gﬁflrgc%cﬁée'n%ln%f)articles, for

are considered t0 be reactive towards no _ ) J
10 expemia AA208iGner ZhO2nandparticlger magrbe pasent & baitablécolloidal

: : ' I fVvigty t rds noisture. |n . i
ELSTL 26 O HTRD G hablYBL 2 on avhesised via any
cobavertiangh| er ApraPrietaly On@thed Qs oA theC INSfho AFB® Rfethod from

resent iTn ui tabl e col | ojdal dispersions for the

%@?Z’Wﬁt i%ﬁ“%‘f?greéa@%)mﬂrﬂ%nd may be synthesised via
any conventional or proprietary method such as the
NanoArc(r) nethod from Nanophase Technol ogi es

15 [Q%?r]porAaqa rfroqlog[gtalgpgnd mabah exidalss raadtivretradncxpairtttdass' in the
i ' ] h | ] L ayer nma SO

SEAS] R ARIRIED! B LL RGN B BNECeRTALER sucn s

Caerasonamettibesbeanoribions] hbnofhres amef aby Lﬁaldoﬁﬁ%egular shaped

céﬁ%ﬁs %rtgcﬂ%él, h@ﬁg%ﬁ%&)s%%%?%dgggﬁ%ﬁggaﬁhgigﬁ \rl1mart10tubes, single-

wailadlcewalitiadalisd carbbh-niadteses Ay N388! Mbﬁ%t%?%ﬁgd out by

[ b h t
20 118 Bisehf lRBla it Wea U Mifl SRS naBRPORS (GN TS tas sekve as a
dasidesmtc CHibon FRINBADH LB Fﬁéeﬁle?tépl tgf {/d@%@ﬁ%ﬁ@%h&&’n liquids via

surface tension |iquids via capi C
capiflanycantion particylarydiamidswhese sadface tersiom ddes siohekceed about

2RB0T (e RePg D M MR oo fgpieldiis vt mean that
watsrevalessiasacarb deddimmm into opepesndadl edrboar hafotubes by capillary

25 sden} BT sl @Bt Yteto melictes mat gl GHas-one-dimensional
structures within carbon nanotubes, thereby helping to absorb and retain a small
volume of oxygen and water molecules. While the quantity of carbon nanotubes
may be maximised for maximum moisture and/or oxygen absorption, the
inventors have found that in practice lower amounts are also suitable. For

30 example, carbon nanotubes may be used in low quantities of about 0.01% to
10% by weight of the nanoparticles present. Higher concentrations of carbon
nanotubes may also be used, but with a corresponding decrease in the
transparency of the encapsulation barrier stack.

35 [024] In one embodiment, inert nanoparticles are included in the sealing layer
7



structures w thin carbon nanotubes, thereby helping to
absorb and retain a small volune of oxygen and wat er

wodsosioes. VWile the quantity of carbon nanot BPOESGIRMY/000334
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be maxin sed for maxi mum noi sture and/ or oxygen

absorptjon, the i nventors have found that in practice -
?%@e‘fso‘%dw%rﬁ@ﬂé‘?cé'oﬁl wigh stﬁﬁcéwﬁenam!maré&laﬁplﬁes usatbberein, “inert

RamspaHielss’ ”Pé‘fep% Llf?a%@ b Ricl W tr‘\@tsm?éra%f’gyhll \N@% moisture

to 10% by wei g e nanopar |c es prese
%’&W@érﬁ’ﬁyﬁﬁﬂor@’ Wl%r’fﬁ@@i farotsiab emgntalasochmpamd to reactive

rﬁ“&%ﬂ ﬂ@éﬁﬂﬁfa% %atgﬁgglﬁggt an ngﬁ]mfon tﬁgge%rlll% layer to
elvabougit ﬁbatpennwtrbnnaﬁwowgdn ahdoramgisture! tiedgh Ihé Naling layer.

SRS, o IEE PRuleES il Manockys s Heneried ire i Patent No.
5,0116/686 ta.al
tEII %Ji ?SE{LﬁhgﬁgEb;/b%l?@%gV@éérﬁ@ ﬂ)op\fliﬁ trLé‘ta%g%cﬁé tllgf th@sbamler layer,
G toﬁ%tr%WSaﬁhédpft‘tb théQitQh whichapepaeatiar tekesJlabe, or at least
|
e g T

to obStruct
which wigter Nepemabr ngygaydrffusésahwtgﬁ m% (tﬂé’félt‘;tt midhtmélehoriuous,
al en

0 Y TS R Ll T S 2 o broach e

tefebytimprovihy ®abedrigrepettieser , thereby obstructing the
pat h t hrough whi ch perneation takes place, or at |east

reduci ng the defect cross-sectional area, thus

[025erOferPRUARSE! %t@ﬁél@"@éfrs ?éértwﬂbﬁg%g@%@g ;flaé) o%acg)r include

oxygen diffuses thro the defect nuc
UNFRRCtVEametajs ts(gxch(ﬁfaggopp@'r rpdettriuom, golu‘eam;fsﬂva trhigerals or clays

sgéﬁ fdseéméa?g\ﬁ{él} orm{eeqﬁlé@?e a&ﬁ‘%gﬁ . rare rovlgl{; Lieraents; silicate

giasag tflunamsdp:ate gtasesﬂmbarmmar@ Igm urwﬁm@fsin&@te'@h@é Scalcium
nd silver; mnerals or

Sﬁl#%,és 8@%} hgggtyp l@éllnnqlﬂ qllg’ge\t%rg 3%, GRIgiIm gluminum fluorosilicate

ghemsmtitaniliontamidd, r%oﬂiiﬁﬁ Q:a?ﬂ)lageﬂfr nigi hffﬁrﬁ@ Q'l(?osns carbide, or
f.luorosilicate g| ass | uoroborosilicate

silicoR; fBLide; cﬁieégbl sidfid es‘eal%ﬂ%nﬁs@b@&ﬁe @1 awnbtmltlonurthereof
EabHpsulEidS  Bdriat %téﬂk@s\ﬁlhlcﬁaEBﬁr?Pﬁbé‘l IIHH Jlavers having only inert

fluorosilicate glass, titaniuntcarbi
naReRAItelesz suefbas nanaclay ipdeticles,| docoot m«;m ttethedinvention.
silicon nitride, netal sulfides, and a m xture or

conbi nation thereof. Encapsul ation barrier stacks

[026] c h Witinustiveishingabi bcgbblary@ b? theaiyn ?@Fiv}éntdg@ Ib‘éheve that strong
particles, do not

b%@@gﬁg [ﬁ%ﬁlltaSquqqsgrﬁq @,ye ng&: using a combination of different types of

nanoparticles. By studying the absorption/reaction characteristics of different
types of nanoparticles, it is possible to select a combination of nanoparticles
which compliment each other to achieve stronger barrier effects than with a
single type of material. For example, different types of reactive nanoparticles
may be used in the sealing layer, or a combination of reactive and inert
nanoparticles may be used.

[027] In accqrdance with the above, the sealing layer may comprise a
combination of carbon nanotubes and metal and/or metal oxide nanoparticles.

One exemplary embodiment would be the .combination of TiOy / AlOs
8



[026] Wthout wishing to be bound by theory, the

inventors believe that strong barrier properties can
wheooaokiogved by using a conbi nation of differePCT/BGEO6/000334

of nanoparticles. By studying the absorption/reaction

characteristics of different types of nanoparticles,

RanqpariEes vhihe caase napetuhes.oAby manperofoguantitative ratios may be

s PRI BEGT I L RE opBRE SBE b DG exemplary
efaledimant, therqusndip bemettil fokiteenanaparécles resatt tis between 500 to

j Jdn the sealing |ayer, or a
RRETe: Sh7 SyTEh e SEBHNY Yt o0 BRpRLBeRL Pk ol Sts metals
5 having 1p@2ztomit avsightlale@rwidtlost f&@nab@V%se&.hq:o?e%géH@)Ie, TiO,
| ayer conprise a,conbi nati gn of carbon nanot ubes
%p%@% &7 bP Heedi N oSeraRINGHAB pwith | €arben aRotubes, with the
Ve G0 YofIHRIBEH | loRALd 4 :
/ %I ananopa?ﬁ @ngt%?ﬁggggﬁgﬁﬁ]ﬁg%@gggéb%&@'1r0a bout 1:5,
byt nglilimited Seereto.r ati os may be used and opti ni sed
accordingly using regular experinentation. In an
exenpl ary enbodi nent, the quantity of netal oxide
10 [0R8Jopdrhe crempsulstient bagidresiaern obGfet MvERBOR Flgaveﬁe used to
0

i gh i f b bes.
hfeBafr hyt Bk Vipistyrdaadiah @o@an, ensiivaesrtcle, such as
eteaftiopic CRIVids, “§§f$§° Hebdsx mal Eea&lv@z RABARRY Lpf ! &%We, For

can be used in conbination wth carbon nanotubes,
eﬂﬁ%p%ﬁ?fg?ﬂ elegtrolnginegeenslevicasotheesality ofiighbieamsmitted through

t Y D [imt
e o saefichy bghflol A b prilicuBh Mool Thps, punen the
15 enparswlatim bayriere stakdist bseth@apautater substiay@@vetr a top-emitting

irst r en.sensitive article, h _as
IR AL PRV Tl 02000 B PR s tvough
disptaysi dhs erfoapsabdion! iearri&ostRC SRSWH AdtNeause the quality of light

| ectro ,nescent devices, the quality of |ight
D SALleR Pl R Egh T escant sivoe o s dhstantial segadecs
particularly inportant. Thus, when the encapsul ation

0&% rier stack is used as a cover substrate over a
20 E e%atsteiinandm:,ab@vevmgwrem@ntan&mogmanf dhel particldssmay be

Klesd d Ov@r e 0 ' ys, the, .
Cencgggﬁl gpiegngbarri ghagt%:tﬂééihgg{q%%ﬁk al¥sdNg/ptained. In - one
embadingntothe sgaling tayes mompeiseByndrivpaelicies halingi M9 evemige size

' jally. d d 029] B d.
oSS 36 4/ PR e P RBRG sy bne, Shareiiesistinayavetongt
ofdight posdirceidnbys thehelactralyntifiedcerp bictiontd GHIHPSAERC I ihis context,

' ined,. |
25 thgaéﬁér%'c%%stlc V\r/]a\?erfgngth is defined as the wavelength at which the peak

f

intensity of the light spectrum that is produced by the electroluminescent device.
For electroluminescent devices emitting visible light, this design requirement
translates into nanopérticles having a dimension of less than about 350 nm, or
more preferably less than 200 nm.
30

[030] As the random packing density of nanoparticles in the defects of the
barrier layer is determined by the ‘shape and size distribution of the
nanoparticles, it is advantageous to use nanoparticles of different shapes and
sizes to precisely control the sealing of defects of the barrier oxide layer. The

35 nanoparticles may be present in one uniform shape or it may be formed in two or
9



enbodi nent, the sealing |layer conprises nanoparticles
havi ng an average size of less than 1/2, or nore

w@e@BesAls y | ess than 1/5, the characteristic PCT/SG2006/000334
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wavel ength of |ight produced by the el ectrol unm nescent

el ectronic conponent. In this context, the
mhla?r &bapes s Hossikde esteapgsh that thef insedpastidde omweisenmeh include

tenS| f the |i ht spect
efaf e, FoRaaleSe el st of Goy BBSLEE Fhabes. in the
ceiseoctf(rjmkjtshamcmﬁomt&ﬁclesﬂiﬂy} by nr@th & didreetet @Jtﬁtbeltween about
is de ui rement trapslates jnto nanopartic
fd;()ifhf@ 50 direm nsith GF B0skes400, 2. ABLan aspeshiatier oyoge than 5,
HUt o limiRkY th&@®fo.t han 200 nm [030] As the random
packing density of nanoparticles in the defects of the

barrier layer is determ ned by the shape and size

(P00 VRRPEA gy SAPBBACINES roctve
r;anapast&:ll@s egndt 1|:hm| water vepbumexyeflendpéenéstingf thdrearrier layer, the
barrier oxide | ayer

Th ticl b t
AHCBARBIGRS 1QSCHPRRG NG 016 CHin Pobe NRYS nedble 1 ShaRgEmdRa would
radaRese tHOSSA a2 Pes chh @bnidditd @Bﬁ‘lé%f WithitRe WW&8Br vapour and

assune_i ncl ude spherical shapes, rod apes,
alypen: Tbig Wge@a@)ﬁhgn}anqpamammase@esmmd He hewsea large

e {
Dok 8 2 SRIEN o el BNl it Torori BFBblent, the
namopariitiemhaspec surfacé ared tm@ghhaatlcﬁof !g)etw?r?ﬁ about 1 m%g to
L m thereto. [031] In order t qvi de efficient
ootk 288 MO ShRushiite i B ARisisrbx feioshamepariges with
diffdrent stedssy, S0¥ly @812, BediRakd differdift ShAPEE &k ded¥fbed BfBve.
nanoparticies occupying the defects may have suitable

shapes that woul d maxi m se the surface area that can

[692'15 'A‘tldi’nd?é}rihaﬁﬁlcw'the A IptI id esS ‘éﬁﬁ?‘gbmﬁﬁ%%‘g?& used in the

Thi’'s means that the nano esign
sealirg lavesr M@@'Lﬁkﬁ stidabledar use vl thadinder muhld&qmlwmees, such as

_ | P

oE B BB o o FGEHAE5eod DRg RAUBARLAT un anc

witi¢ly cao mmetdllqulyme;;se(f hExampkml mfﬁmdgy??ﬂemtbtenals suitable for
hi db t | nt s

e wOlEse Y intf 0 ARG o o atvBe e, RelinQidE aryiene,
muexalié‘a?%hdﬁprlynud@thahé vhizely bﬂ%rnéﬁl%ﬁrt 'Fdre§tré§ﬁ§ adhesion

distributed may be used in the sealing |

DRIWRAR 2 SUSEHI DARRT [RErssor ko Asiheerthe ilitayer film onto a
sﬂgé?‘ﬁ%r gr;e Fgfg@tég r@mp PB msglrdﬁggx‘végfﬂﬁﬁ af ﬁ%?/‘ 6@698@&? The sealing
layer containing the nanopartlcles is typically formed by coatmg the barrier with a
dispersion containing nanoparticles mixed with a monomer solution, e.g. an
unsaturated organic compound having at least one polymerisable group.
Thickness of the sealing layer comprising binder with distributed nanoparticles

therein can be in the range of about 2 nm to about several micrometers.

[033] In some embodiments, the sealing layer is arranged to be in close
proximate contact with the entire surface of the barrier layer. For example, the
sealing layer may be formed over the barrier layer in such a manner that it
conforms to the shape of defects present on the surface of the barrier layer, i.e.

either occupying or filling up entirely the pits present in the at least one barrier
10



whi ch can be readily polynerised. Exanpl es of
polynmeric materials suitable for this purpose include

w@odogasToys at e, pol yacryl am de, pol yepoxi de, pargl/e6m06/000334
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poI ysi | oxanes and pol yuret hane or any ot her pol yner.
For strongnladhem on between 2 successive barrier

IPXGErY 1eyFlling radgle PEotyRions PVl theesurfacerpbihe barrier layer. In this
m@hﬁéf adéfecfshglvﬁ@ Y§§rt§ et Bel%’ééﬁo%d&eﬁbilrﬁs%a&ééé's tHbugh the

be chosen. The sealing |ayer contalnin
engRRsAlation: darier 1siack aaney “pogged’, byvmleatprcmlgumbes which would

RERWRE e g OB s oA LR BRI S are levelled.
Any aahforoahpoating ba‘dlepgsmbnlmaﬂbdm b@lw@@ar espdremical vapour

Thi ckness_,of e se | a risi
fiBion,Bt KB E3atu AT Foish diarDbion; Wl etisedaiesse deposition
may s> benged @ farhotHe Sedlifly ﬁx{)e:v}bout Several : _
m croneters. [033] In sonme enbodi nents, the sealing

| ayer is arranged to be in close proximate contact

[oB4 “Fﬁe Hée ﬁé}clfse‘&f fo'i‘rfgrrﬁ%rfhgnl%%'ﬁégiqur':ﬁ% the multilayer

exa e sea Ing |ayer my for
fbar mae'r compeseuanys tygical bamiee matesitl ithc v Cgfelrme!‘abllwtto water

PR oSG G 3h RaborHA kT petrl
doneprise metdles artall dxidds @rahﬁ%sﬁnc?’génkaﬁélyﬁféré‘y&rganﬁf polymers

| evel | {ng rou rotrusions over e surface of
sk P?@b'ﬂ%‘?@?gth?%q fhirs opgrerabodimanicthe fiariergmetarial tis selected

iR xﬁ&”hﬁ’?%' &ﬂd@f(l'F@)" FAAIN eSS %%Ct @ugg&?ﬁhr bhﬁh HfQ2, Y205, Taz0s,

encaEsu ation barrier st ack ar
(si dhe thiskaesswolia dpaasnwe!awsmagu hee betvesert 80gomito 80 nm. In

t rrier |layers are
e TP
siroe the umfhvntye .oj.the haaﬁgual detﬁem o@hgim@%lizfe aﬂ)lroéxaﬁrﬁpbl@ although
0 er_.depositjon an sed | a
bl A 5ol otV Btauds afeh o R Bier 7 Alugemhich has
Iér@é#]thgdﬂelah@ééalérdlﬁ%hgrdn%' doesserof Qfspféilr HeNamBSevel of reactivity
rrier layer of the multilayer fi may conprise any
Vetar: %ﬁ?{ FRRthysbe usad QN the h%ﬂﬁ"d@b’%abl lity to
vvat er vapour and/or oxygen in the bulk phase. For

exanple, the barrier material may conprise netals,
[0R21al Foori erstain epplications whishgagqiice pbloxb }eneapsulan@abamer stack to

LGB A A0 D080 bl BRCPERNISH T hppon

nfuithayer Till NTheSi sObstréite”, mSy 3¢, fiehitsle, oHf g ‘I‘?@substrate may
Ta20b i ckness of a barrier |aye

BEPERE Bh SIUATE vaiToR O aERae Pt a8 Ry aCataieo RuTRTopYlene.
pbmmrd@acaenashm OB LI-BinRsthgidilyIPRp A2 Doly8-rREthY -8 pentyne),
poﬁ%mlde polycarbonate, polyethylene, polyethersulfone, epoxy resins,
polyethylene  terepthalate, polystyrene, polyurethane, polyacrylate,
polyacrylamide, polydimethylphenylene oxide, styrene-divinylbenzene
copolymers, polyvinylidene fluoride (PVDF), nylon, nitrocellulose, cellulose,
glass, indium tin oxide, nano-clays, silicones, polydimethylsiloxanes,
biscyclopentadienyl iron, or polyphosphazenes, to name some illustrative
examples. The base substrate may arranged to face the external environment
and or it may face the encapsulated environment. In food packaging, the

substrate may face the internal surface that is in contact with food while the
11



since the reactivity of the material depends on its
si ze. For exanple, although nanoparticulate A28 is

WO e@ssiwes t owar ds water, a bul k |ayer of Al 2C3P¢iBGE06/000334
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has | arger than nanoscal e di mensi ons does not displ ay
the sanme |level of reactivity with water, and can thus _
ansapsulatipor baréer stackr farmperthe[ aadgrnebr swidaeai i contact with

%@%bﬁeﬁéggﬁdm@hgh require the encapsul ation barrier

ave good nechani cal strength, a substrate
may be provided to support the nultilayer film The

B3RFr | BbRall ek PO 19 iffrhtnd Hugal afth Bty onto

@%sﬁ@i@:aﬁémstﬂl?ﬂla W}’di@‘rfsurﬁzﬁ%e’ haydse upeésiegbia s, direct contact
- i -1-

B - by 1aven ok bR eI, firteAno toase davarebetween  the

rﬁQ#tiY yfnlﬁff‘eando%é( r%%fnﬂﬁf' b&P P@(/ide%sit19si’mprove the contact
pol'y 0 y

thyl ene terepthalate, ystyrene, pol yurethane,

hetweantheat &) opeleyrmdjmant, deplaparisiog deyenys piierpaseddetween the
G510 SSER Y BT P TRE Bl e e pavete and

thelhulktikser figh s Smprovédu mhei maﬂaﬁiglﬁ%_laimqnay @pmprise any suitable
sili COR%?S’ ol ydi net hyl si | oxaqﬁs, | scyfl open{t adic{enél _

type o VPR sRBSHING ZBRiesial Buch aReeRoite 1 BIRISTSMER] GEbodiment,
BEBERIT USSRy HES 53} PRl g OB e 8¢ bt i
lknevepdar dhaying: reliongnmater. abgofdieon paaneitiesgln tthe absence of a

UG B p SEE DR 5o SHPLRASH 18 140 8 sl ever
i& om oBntalce witkttiee satfase of Heesubstradatfac examnple. at nospheri ¢

conditions. [036] Although it may be possible to form
the multilayer filmdirectly onto a substrate, a

[BBPFt r The bHrfiér affésiusina SiHdi@earieylaber dogisied naith @ $exling layer,
direct contact with the barrier |ayer

! [ | f the _
iRl @ $iagler Paireh laxgr; g addiive. |mga ingethab et pwmber of pairs of
ibf fid aie r visdad -
(BAEH SR o B SRR o ofeperiond!  igdofal barer

woasdy icfithe muliieyer Bim. rheaopdisely, fen arpications semdinanigh barrer
' I t iALek
ek, AU ¥ e 25o0 i 5 LRBHEH 58 SRR, cach
eraeaiay@rig staoked omayop ofrpack eealing saydradbl atarygting tequence. In
| ymeri,c adhesi v terial, such as .epoxy., In .

HPet dords, Erdaciorling . aYRle Spisafia 7L TG rdg drVelo Rgiessy 2 barrer
B9 GH Womee efrbdithbAtspal, YATE3,)4, &S5 RsinRCIayerd aré present in the
known for having strong water absorptign pr,o?]erti es.

myltilayer silgenc@r gengral purpose applications in which water vapour and
oxygen permeation rates are less stringent (e.g. less than 10 g/m%day), the
multilayer film may include only 1 or 2 barrier layers (1, 2 or 3 sealing layers
would correspondingly be present), whereas for more stringent applications, 3, 4,
5 or more barrier layers may be included in the multilayer film to achieve water
vapour permeation rates of less than 10° g/m?day or preferably less than 10°
g/m?/day. Where more than 2 paired layers are used, each paired layer may be
formed on opposing sides of the substrate to provide a double-laminated

substrate, or they be formed on the same side of the substrate.

[038] In order to protect the multilayer film from mechanical damage, the
12



planarising layer, the nmultilayer filmmy be
orientated such that the sealing layer is in contact

wowaos/ostees surf ace of the substrate, for exanpl BCT/FGBID$/000334
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The barri er effect of a single barrier |ayer coupled

it aroff L2 b8 %Bheetdio Tl iy a fEmhapprtectve Ieyer. The
bwmmaéﬂam'ahapg:ohﬁysesarqon‘mt@%ltmﬂid@bod $rt1ech6an|c%al estreng’[h and
to, the roper

RERichy B attin e SRAIGHITGRE he tapPieL Ry eomprises an acrylc

fileriéving distiBlitcbansieat LiFT SRE6E ridggal ity of
pai r ed ?ayers may be used. In o e’zé%o (JI nment, each

barrier layer is stacked on top of each sealing Iayer

qi)@gg'  $hBAHBYsSRAYE B er'é’r ot Qgé%ﬁﬁﬁ{\égonth%aigngﬁfal be used

r acts as an I nterftace ayer
fpamysswtablschmnmmqaﬁnnsSudh a8, indthed constrictionl 6d casmg or

Ltilayer film For general
TS, S5 pRFfER B e bilo b RS, Y Pk b iseas S pgeapsulating
la?eérmw?érl mﬂeh@treﬁlc&fdmﬂcﬁmt SThe BEEASsUIStEh bhSR? sfaﬂf’k%é? also be
/er/dayg, the multilayer filmmay include on

'Q ted pVaragay existing barrigr matesal, |$ug3h ayenackwgunm materials for
608" S8R MHIRY % REHBUE Sfﬁgfr) Exx\é/gﬁ% el?ﬁ‘rrlepr%rgﬁ%ﬁleels 1, @, Rreferred

stringent applications nore
araodimeanicthecentapaulation bariér sigiek isf useu foofomratEresecapsulation for

L T I RN ES NG I —
dxggentétmmtﬁ/epmacede llayers s whkfein R, cleaEBluRMhEREnt R¥Riponent is

b8 o0ty bt B A B oo L e e
drer hedlieftet N®, SREBH @Snﬁfonbﬁﬁ‘s %Flﬁﬁffirs? €in g%ﬂucl Englht Emitting

order to protect the multil rom me

Revierse, (@ E%D,twmar@edwcpura:heﬁlayd@ecempp@@mb oaed | amidro-electro-
médHa e efshRl (VR Z_c_t ive |ayer. The terminal |ayer

may conprise an rial having good nmechani cal
strength and is scratch resistant. |In one enbodi nent,

10, 7 BIPERD, ABYEiaiBRFEe Bieiufiion, béridn deck fasbpe used to

fatne anp papisef a1 encaﬂwtdtioﬁrfoﬁtsmé‘tlr@qﬁ@fdijw@ dofhpgdint of the OLED

d f tabl e barrier
AR e SHRRHMER, (e (@RERLBHBPRRATEAT S1ACK iSadsash o form a
basehoulsdtitte fir guﬁﬂfﬁh@fhﬁol’éatfti‘?é g‘e?é Sei W@ec’(ﬂﬂuﬁnescent

may be used as an encapsul ating | r over
C@F@é’!"ﬁ&hl lo adipowaling smu@twacam@naap@ﬂam |haemer3$tack may be

o 8] 1 L TUEP AT B BSO TS e of e
elﬂq‘tn@llwmmecenbcomponem rTmaungtd gvbrniayebepaitdeidd €5 the base
shﬁst?at@rk%; ﬁ{eraer% of an adhesive layer, the adhesive layer being arranged at
least substantially along the edge of the cover substrate for forming an enclosure
around the reactive component. In order to minimise lateral diffusion of
oxygen/moisture into the enclosure containing the reactive component, the width
of the covering layer or the adhesive layer may be made larger than the

thickness of the encapsulation barrier stack.

[041] In another embodiment, the encapsulation barrier stack is used to form a

flexible encapsulating layer which seals the electroluminescent component
13 ‘



enbodi nent, the encapsul ation barrier stack is used to
forman encapsul ation for protecting

we@b@ssohum nescent el ectroni c conponents conpPCEBGLN06/000334
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noi sture and/ or oxygen sensitive reactive |ayers,
wherein the el ectrol um nescent conponent is

agaiegidhediase suhsiiate.t Indhisneagss lﬂt@mamenmm’mg eyer may wrap
SHUEAd ARY! Q&?aéen?)lf Ucﬂg elgb’@lﬂ etn? tor%z&t 'a‘“?roxnmal

conmponent s conp ght ting
dridapBalatiooh a'rr@eshaptwpﬂ tbel edmaps@atn(lg:@a} thtamdonforms to the shape

e Be e ColfioeRLalpeN A Ton OBy PPfet A siggtrglimhescent

Ahtte b svapBalatePhn@ thee R Casaull &t a%é
i solating the active conponent of the devi ce.

one enbodi nent, the encapsul ation barrier stack is
t Sit.r t
391, Sné ERBnP RS it DreRHRE 2, & ekion of forming an
encapsulatioadadrring stackuaceordingt toe then (mmmoat Toe Mathodecomprlses

@meggﬁ%ﬁgpn?%garﬁ% %{)r mg%p %}gkgstctg gélhl‘?é Iéfér As the sealing

ley&cédrbing ragspeNhassparicies stefd mvolghg o grspaaiorband the use
attached to the base substrate by neans of an adheswe
? atm sealipg dayRisisy erefatably sam aw%ﬁ yacyumdp preserve the
ﬁ\??‘bf fld Maﬁé;smcubeqoﬁg&% e HMPstORY ShdRHRS&H8AEThe step of
rmng an enclosure around the reactive
focmmgnﬁm sealingtaper camprigasninddng 8 eolmerisahle icompsiund with a

REP B ehre ohs SaEl R R ESCGA Heflintg e seating

thheurediredermeaduaiyreto fanyn beseatide Iémrgé’hetrtampahtmle dlspersmn may

t hi ckness of the e l,ation b t 41]-]
CHTRE TeRBBRIAIER OISOREeEnDaf\SAat PBR PaPPIGoLPCKTIE at least
s drdahié @blVent XNl RiceaspraHABIE Stlvérity 8lichVaisCdthers, ketones,
seal s the el ectrol um nescent conmponent agai nst t he base

aldgydes and plycplsi for ex@@plesuch an encapsul ating | ayer

may wrap around the surface of the el ectrol um nescent
conmponent to forma 'proximal encapsulation'. The

[P43pe NENpperticlesapeyl e ﬁmgthleags@d byh @y ceomiventignalomethed known
@%8%‘?“{1#&& @9@@%@’ 'Pésﬁé;g nggﬁéﬁgcﬂ?re%g‘@pmlon in Colloid
ane dpterfaste8cimndet &e(ZEJ@G;aUEHI—dBBmg sblageir prdd%ghgﬂmmochemlcal

F?resent inveptjon is further, di to a L
BRSO n A BIRigRe pickeRSap Tiefasn s 20, bcsPREnanghigh-energy

BAIPMilYG ol fistardde M@idﬂﬂﬂtl(ﬁ@@”@% R Eammicngialy avgisle either as
one barrier layer and at |east one seali ng | ayer. As
Raopastiglengowders or in a ready-made dispersion from Nanophase

In

Technologies Corporation, for example. Proprietary methods may be used to
synthesise commercially obtained nanoparticles such as NanoArc® synthesis.

[044] In one embodiment, surface-activation of the nanoparticles is carried out
in order to remove contaminants from the surface of the nanoparticles that may
interfere with their ability to react with moisture and/or oxygen. Surface activation
may comprise treating the nanoparticles with an acid, including mineral acids
such as hydrochloric acid or sulphuric acid. The acid used for said treatment is
preferably a dilute acid. Treatment comprises immersing the nanoparticles in the

acid for a period of about 1 hour. It is to be noted that nanoparticles which can be
14



| ayer contains reactive nanoparticles, steps involving

the preparation and the use of the sealing layer is
Woe@Besals y carried out under vacuumto preserRET/BEE06/000334

reactivity of the nanoparticles towards the noisture

Th t ff ng the sealing | ayer
nd ??g%é*ﬁwpﬁgsﬁc@@%?ﬁgmogﬁb?@o&m@oana Wrb%nananof bres may
leﬂlﬂéasﬁ’fa%beacﬂi@ﬂ@ﬁ SOPNthEGtheF AhAd Sﬁéﬁé&ﬂ’u&bétéﬂ(cﬁ asagﬂjmmlum

merising the sealing mxture under vacuumto fo
%?"@%aﬁn%gt'ﬂaagﬂé’ﬂ oxide maonett reuiredispiace astivation smce these

d sed in at | east one
orggrﬁr@&s%ﬁgg%?ém%u@eé gg’ one organi ¢ sol vent may
S include any suitable solvent, such as ethers, ketonFs,

L,gdeh an lycols for exanple [,043] Nanoparticles
@égf y?ﬁénpﬂg@g%'é?%ﬁ CPRIPRURY e AtEYo i %@( &ﬁmomlymerlsable
mbRomet., SU|fE£HléJﬁ16iﬂ>nVé’rl§CHregi?é}%‘?al§l¥%Q§ﬁ} ol l%@rlgébfe »via UV curing

rrent inion in Coll and I hterfdce Scienc
qr )CU!"LQQDI%‘)’ otle) copuenisng celeg methednocheni cal
processing, cavitation processing, nicroemulsion

processi ng, and hi gh-energy ball mlling, for
10 [0A6] anhﬂeone\lathmIent glpacrylahnside osrmedmsabb_bymer for binding the

R Bas i, " B, AEAPBRn eshfaridey e dRspiged polar organic

@Wepm; sutivas Z‘-Qliethm@@ﬂiahol B2 OB )edrR SthyRINBASISCATRE eln order to
é{ﬁed t o synt hes; se conmerci al | y "obt ai néd nanoparti

3R & YBREAr distybulion fsitke Danppartielesnin éh@oaealm mlxture
somiflcaBiBn A tthy ¥ckfRy Phixiuhé n‘:‘%ﬁgﬂagnbhﬁhf%e' csarﬁéé u‘F.q:é)t“ﬁ'nstance,
in order to renove contam nants fromthe surface of
15 sonéficatinBpareyi dieescartied ouy font et flemet validutt B8i minutes prior to
ﬁﬁ)si( Hof, F eact wi th noi sture and/ or oxygen. Surface
ac va%ll on'may conprise treating the nanoparticles
with an acid, including mneral acids such as

Q471,08 SSbafin® ey e Achdih o e BEViGedodka ancansiiiagnbuch as a
peof & Situit PORMUS bRE rhig b@adipﬁé’dxflbﬁélesﬁru&hrbﬁﬁaﬂi%' ifcili8Ed as part

eri od of bout 1 hour. be not ed
20 i 4he p%i"r%pév@élow SHEN @ ab@@ﬁé'ﬁl S;‘/ut&imtanﬂriat @ao mltﬁ@ that the
sEBEReR RAPAK LB?fet‘ﬁeaQ fbnnﬁﬁﬁfértgtgék % tip fthlck barrier
surface activati on. e ot han nano c

layarh ol s whiahnifuithens @6@&@9 alagrets tand doarte di@yerayarmtsubsequently

t cle
BT BILAIE 4 OIS A5 AT JHERREL 9 Shorcop o
faimqahugdﬂmaynmmlamr rfddidnd pas ysooh sdddse matngom - part of the
Suli t norrer ?(re preferably readily polynerisable

25 WC@p%ﬁﬁ”Bﬂ@ﬂ stac

[048] Once the substrate has been provided, it can be coated with barrier
layers and the sealing solution. The barrier layer can be formed via physical
vapor deposition (e.g. magnetron sputtering, thermal evaporation or electron
30 beam evaporation), plasma polymerization, CVD, printing, spinning or any
conventional coating processes including tip or dip coating processes.

[049] The sealing solution may be formed on the barrier layer via any solgel
method such as spin coating, screen printing, WebFlight method, tip coating,

35 CVD methods or any other conventional coating methods. Metal oxide and metal
15



or heat curing or any other convenient curing method.
[046] In one enbodi nent, polyacrylamde is used as

w@oeiogeT043 or bi ndi ng the nanoparticles. Acryl i BCEHSGZN06/000334
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nononmer powder may be dissolved in polar or gani c

ARSI S 8 AR A B, AR G i

mbnomern@rndpaertsl of qmrylenéhbamalpdng‘n@ﬂ fitrds.e Any type of parylene

% ti,on of l éealég QE;E‘rema addi tional |y
E’eéar”?‘? uding ary ﬁBP P ENYSYAPT BEHGD ARG @@porated along
Wit hiafe padliclé®r at | east about 30 minutes prior to

pol ynmerisation. [047] A substrate may be a part of the
device to be encapsul ated, such as a part of a circuit

a1d, . t hat, |
q@ ‘ dlef g'st'bg??”%?&%“ﬁ@%é’%ga% ) éggﬁé’bcﬁsatj{:eﬁs,ag\%ato' Be formed, a
sulfmm ean thiesrtepatlmze]:cly Cga’&dah/d;hn th&i)barrldregatbabl A sealll(ng solution
t he .encapsul ati on barrier stac
L0508 BAebh A S ERRARE R RRL oS Succossive

maler gy draary sealidgl Iy Ry sUIBMRtE map b%i%&%é%ﬂ?éh}/ coated first
Vt‘SLFerE)osHed O herwi se, the substrate nay be the surface

dhadiattisp maserialaghd dhen et sraling) solutigr repeatinganuer several
tﬁﬁe§ Wil QH@%&@%FSQ%%QF bof quérgear%ngﬁﬂﬁq %&1” time the sealing

barrier stac ce the substr
§owiand isd applied; dh ish praforstayl UM tchlrén'arprnoertolthge‘oﬁmamm ohéhe next
ﬂé}@g F‘%‘%‘ on The barrier |ayer can be forned via
yS|c F deposition (e.g. magnetron sputtering,
thernal evaporation or electron beam evaporation),

B350 o fiSh LS Soaftie, g, briaies Jevarichatin RBor pmiedapplional steps
AR N EhRNOREESBBIcte QHQ]coﬂéﬁuéﬁ&I\ 'o?ghécédﬂa' Qﬂlaﬁ@ﬁ tgcﬁ'lgﬁr stack,

formed on the barrier |ayer via any

shishas theclosmation of erglass geven iIRQ, llﬂ@ékﬂndg gD costin@dFor example,
F‘éd&l\feoﬂa‘tﬂgﬂlsgél?s é}hféjcg.m%r IT"L*W GOMNSNbh ?H@Fggapsulation

coatin i"de and nano-parti ¢
b@éﬂ%&iﬂaChsAﬁ@Tﬂhercmn biasEsn foanedstlmoemcmedraxrmd:e of the cover

A8 e TBRRARLs Bl TR o S0P TS covpin

la&&rr(l\@l—'thamatnngher grades can be evaporated al ong

Wi th nano particles. [050] If nultiple barrier/sealing

| ayers, i.e. paired |ayers, are to be fornmed, a

6515t rPiéseCagpdies I0PRRE ifVAHEOH WS hotb iy BRIBRISAEN view of

material and sealing solution
the following description, drawings and non-limiting examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[053] llustrative embodiments will now be described by way of non-limiting
examples only, with reference to the accompanying drawings, in which:

[054] Fig. 1A depicts an encapsulation barrier stack according to one
embodiment of the invention. FIG. 1B depicts a conventional barrier stack. Fig. 1C
and 1D depicts other embodiments of the encapsulation barrier stack which
comprise a base substrate.

35
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in . In order to establish an alternating arrangenent
conprising successive barrier |ayer and sealing |ayer,

w0 b@s®siogt rate nmay be successively coated firsPCEGIN06/000334
the barrier material and then the sealing solution

' I ' il the intend 1
RpSSE MDA, FRY S ald G, B ool St e on of e
erscapspldtien, bartier stapk édresradalpguldiing wneOLED dsvié® t he

formati on of the next barrier layer over it. [051]
After the sealing and barrier |ayers have been forned,

op[0561alFIS! BPShdRY abprdcalse MdwP dtsirRhE s faBﬁcatirp an encapsulation
‘construction of the encapsul ation barrier stacK, such

5 karriengtacky mati on of a gl ass cover, ITOlines and | TO
coati ng. For exanple, Passive Mtrix displays nmay
require 1 TOlines to be forned on the encapsul ati on
bal05dr FéGadlandiFiGr5 shews avsetupasr baryinhasuteth irlvBstigation of the

GRS SProPlsl By oplitftefio SOral it (Hestics 180G Biney @ calcium
demger. (MgF/ Li F coating). [052] These aspects of the

invention will be nore fully understood in view of the
10 ol 1 owi ng description, drawings and non-limting

ex e B I ; : :

R B0 S ror oo Gl Mgk e e, Giedpsplgtion barier

siacks Stacka A BgCeradbl, @fteopkposunetth meiturence to t he

acconpanyi ng drawi ngs, in which: [054] Fig. 1A depicts

an encapsul ation barrier stack according to one

enfOsY]ENG. Bfshohe TOX mgrmmbatfﬁhCSEWBim?ﬂsCéfS?: @&ncapsulation barrier
h

onvent.iaonal parrier stack.. K Fig. 1C and 1D depicts
15 %@ﬁ%? ﬁéﬁb@mar%ﬁ%c%@“neﬁe%é%&y fPAt i on barrier stack
whi ch conprise a base substrate.[055] FIG 2A, FIG 2B

and FI G_ 2C depict various inplenmentations of the
enlQ@MuFiei 8 shewsrthe merphelodyoef brch psoapsulatipmbadieEStacks A to

@ﬁ’{éd?eeacc{&éﬁ,g NS el irﬁ)e?ﬂBi‘i’.s a process flow di agram for
f i 0

abricating an encapsulation barrier stack. [057] FIG
4 and FIG 5 shows a setup for carrying out an

[ ti [ t ti f fabri ted

20 oK, P bls A SHESAIRert G AG erERpRNIaliS e Stack of the
ihsRjonFedinpfisisgoaveappimgoatiyiialfiilmnageseiiapbutitiohebgiier stack was
entéafgsul at | 0{.1 barrier ‘
used Tor quantitative analysis.

[062] FIG. 10 shows a graph of Electrical Conductance vs Time for the
25 encapsulation barrier stack shown in FIG. 9.

[063] FIG. 11 shows a graph of Transmittance vs Wavelength for the
encapsulation barrier stack shown in FIG. 9.

30 [064] FIG. 12 shows the scanning electron microscopy (SEM) images of
barrier stacks D, E and F.

[065] FIG. 13 shows the graph of transmittance vs. wavelength for
encapsulation barrier stacks A, C, D, E and F.
35
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stacks, Stacks A, B, C and D, after exposure to
nmoi sture. [059] FIG 7 shows 70X nmagnification SEM

w0 pwgmes7oas 3 encapsul ation barrier Stacks A toPCX/RGL®6/000334
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according to the invention.. [060] FIG 8 shows the

nor f c | af i barrier Stacks A to .
C 108 e g 6ws FRCORRYCH CBRoBEE & S il lapsulation
barrienbtatksdhtE ahdtfhe encapsul ation barrier stack of

the invention conprising a capping acrylic film The

encapsul ation barrier stack was used for quantitative

and06F FIG[ 96 2hofksGhe 1®a8BXY&in deBfoMPBNBE cBhREfOT ibﬁa’?ﬁer stacks D, G

Conductance vs Tinme for the encapsul ation barrie
M4EK shown in FIG 9. [063] FIG 1 1 shows a graph of
Transm ttance vs Wavel ength for the encapsul ation
barrier stack shown in FIG 9. [064] FIG 12 shows the
scanni ng el ectron ni GEEANED DESGRIREON of barrier
stacks D, E and F. [065] FIG 13 shows the graph of
transm ttance vs. wavel ength for encapsul ation barrier

st §068] AIGCAADsowe Grie EMB6HINTHE ofldn heubsliBfordbakker stack 100

of nductance vs. Ting for encapsul ation barrier .
GCAREIDIO Eheypventiqrpethe Wr@apfy%élﬁambameé stegly HQ agomprises a

r iBaRL kgnb,
AEHIEEEIRE D e SR 108 g A s 105 T
karied|ayers 103 hane dow pesmeabilintobexygesr arxt/ax foistOrel ¢t will be noted

i j o Th ti b [
TR L T T
thimkness dfafrer ab@s mrsﬂmb! Fp}Homilgﬂé;edth%logbg\/Ng?féﬂh@F types of
3 RTac (it i T Perainaes b ioaragoiayetpas oxygen and
Watat ajapoii W20l Egﬂﬁé@t@? mtd Qe VBUrREr eXJ&@NRHal e é%’bf%fsﬂ%, eventually

thi ckness of t arrier layer 103. "Pinhol e defect _
tEavsiyngi the Gineapsipiies berries steekcand atomisbednte Comtact with the

dﬁgeﬁﬁﬁéiéﬁfm RIMSRAEBAGHCOT F&aﬂlb'b?%thl{%‘éﬁhgors;%% r?f(? 99R depicts only

wat er vapour can perneate I'n ayer
pinhole piefectde ity, etiearttypes of siracteralidejedthesuch as pits and cracks

' arrier stack and com ng into contact
A7 BRSSP

[069] The sealing layers 105 comprise reactive nanoparticles capable of
interacting with water vapour and/or oxygen, thereby retarding the permeation of
oxygen/moisture through the encapsulation barrier stack. In accordance with the
present invention, these defects are at least partially covered up, or in some
embodiments, entirely filled up by the nanoparticles in the sealing layer 105.

[070] FIG. 1B depicts a conventional barrier stack 120 which comprises
barrier layers 123 and planarising adhesive layers 125 are arranged on a substrate
121. Although inorganic metal oxide barrier layers have relatively high gas
impermeability, pinhole defects present in the barrer layer allow moisture and
oxygen to permeate through the barrier layer. In the figure, pinhole defects 127 in
the barrier layers 123 are exposed to the environment, so moisture and oxygen are
able to permeate through the barrier layer. For example, oxygen and moisture can

permeate through the barrier layer 1231 via pinhole defects, and then
18



oxygen/ noi sture sensitive device. For illustrative
pur poses, FIG 1A depicts only pinhole defects. In

WO e@Bios 45 ot her types of structural defects sur¢lI/a62006/000334
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pits and cracks 20 may al so be present. [069] The

| e
Er%gk'%{é@vélfy egéig . ﬁﬁgﬂ%\ Sﬁn %%@te%(@p ﬁg%yc and subsequently
xygsEte ’lﬂn@m@“bybaraearldyerg 1282 pad naditeswe dhyer 1252 to reach the
R T2 T oD SO SHES 26 np B dlaviaero il located.
these defects are at |east parltl 3lly covte;]ed up, or in
ly fil e

E@'{)ﬁn%?‘gi elc,gt ﬁepl%gst Is)réegl %H@’éheasém%gdgylerptom aFbarierpstack 140

é’cﬁi@:‘r&hﬁ ® tﬁ%ﬁﬁ@@ﬁﬂlﬁy&egéi?rﬂg@ n@hﬁ’fﬁna“ 52 a mprises one barrier

conpri ses barrier
Ipygied 43 Ere tamly aner aegjigy buyea‘léﬁkmtarme&i 6@er1|21The bamer stack 140

rebgf%y °g Bégg‘li‘%@%s}r f‘ﬁ%r'[ Isgﬁbﬁlﬂ 3@? er@ygllayer film. A

arssihg i layéhd ddaty aﬁtelrms@ﬁ bbtv@éémhétbés% %nds@ét&qm and the
h the barrier layer. In the figur

ftﬁﬁﬁiﬁeﬁ ﬁ“@%é*t@th igchied; g ImpEovs g @Qntﬂ@ty@twefmharr@ultﬂayer film and
B PafREate A%@BVM'WE |ﬁ%d€8fosatdé§ewﬁ‘ﬂqhgx¥t%88dﬁﬁ§nt can be

able to perneate th e barrier

useshipr applisajiges vétiulessisgingent bamers'egwremants t hr ough

the barrier |layer 1231 via pinhole defects, and

t henprogressi vely perneate through the adhesi ve | ayer

12f072] ahd fmeg@qgeemmdmmeasmwrmmmei@@uran@h bay®r stack in

W AR ol AL Fim i ETUiiRE oDy 0BS dike 08 3 sibstrate. FIG. 1D
shomiscaldoyiblecatiggted Q]ds]tra'f’é fa whichds phatism ééﬁ‘ﬁln@%oﬁaﬂﬁﬁated to both

enbodi nent of a barrier stack 140 accordl n

§I9R2 At AdPSEneikstiate nEnerpulatipebarrier lacko 8@, napmpg@@s a substrate
1BethBR Y éeﬁ{dvlné‘ﬁé‘d béﬁ?@é%ﬁﬁﬂv&md’ul&y@r fﬁr‘ix% &'df}ﬂre%l?é’ €622 Multilayer film

arranged over it arrier stack
&deonmedses B heerienibyersal 63 and thrge samyperticulgtet sealing Iayers 165.

ild j f ri SI . r 144 | |nt 0
I\ngltwé/le y@h]e éaés?e @@@at e r'é'aﬁsﬁ{e%r%il gpgf ‘%Iyﬁ{s Each
reédpedtivel lagedist arranged e altbgwa‘.tm@t @équdm"e\f&l&m th th%l sealing layers
fil dth trat ire
15y e fiElavet HRREen sV 7 baiTier Bvgiei nahie abddmembespaling layers
1f66r aﬁspm dirati esstast With 8fs sebstiataerd blﬂéfélﬁf serving as planansmg
ng enbodi nents show

nts 072] The foregoi
%bﬂ atipg aﬁfreérlawgdw ﬂrﬁ ﬁhb%tFﬁtEhﬁ“wmquém@ﬂt provndes an
ST S S S
multilayer filmis lam nated to both
[073] The encapsulation barrier stack of the invention can be used in several
ways for encapsulating a moisture and oxygen sensitive device such as an OLED.
For example, it can be laminated onto a conventional polymer substrate that is
used to support the OLED. FIG. 2A shows an encapsulated OLED comprising
electrodes 214 and reactive layer 216 within a rim-sealed encapsulation. In this
embodiment, the encapsulation barrier stack comprises a base substrate 201 and
a multilayer film 212. The base substrate 201 is laminated with the multilayer film
212 comprising barrier layer 203 and two sealing layers 205 sandwiching the

barrier layer 203. Pinhole defects 207 in the barrier layer 203 are sealed by the
19



sides of a base substrate. Encapsul ation barrier stack
160 conprises a substrate 161 that is sandw ched

whedososT4i wo nul tilayer filnms 1621 and 1622. MAT/SG29&D00334
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film 1621 conprises 3 barrier layers 163 and three

PR Rt 2R IsedliURvan s CLEP RiHanperdirecty on the

rﬁaﬂﬂay@mﬂcmzf%ridadﬁaﬁs@xla’x‘éd @ﬁﬂ@ﬁ' al @a@é E@ﬁélrai’l (f‘Qle adhesive 209
uence uch that the sealin ayers formth

g% '3 eb%ﬁ%@%ﬁ%n%@rt?eﬂrq POtha apearsulationy hamer stack, thereby
di t tact
1%%9@ ﬂggﬁc mﬁ&gﬁwaﬁﬁﬁerg @re in direct contac

W tht strate y serving as
planarising layers. By formng 5 paired |ayers on the

“UHEH A, 8 SRS RIS 04505 b lpton e
sthek evicimpsimvehtion ibargedess d aokepsubBRalaIVERY | 'sQBsi@ét@a 201 is not

b er al s for encapsul ating a nois
'Qﬁlﬂﬁ%gaggé}ﬁ ng%nqaaﬁe %@Ou E@”@uoﬂgals (akheygip it mﬂy be laminated if

daciaRl) Sin placs B R gl ARl Gs gﬂ% &néaGNESH Egﬁggback comprising

pol ymer substrate that IS use 0 support t
ngid, n‘r&l&l'@y\@f\/\é Iran 28Rc fpioouit ed sObsbate)pThesi mgltllayer film SImllarly

LA B ) A SRR BB e ey 205, an s

daafea]ssamaaneoﬁﬂldmamﬂn ¢ée abaohartonpts ﬁ’merﬁ?albﬁhé CLE g éh@apsulated

R mmaTaaiag et In o 3‘33%%& Agited by the

IClenﬂ ransparent.
sandwi chin rier |ayer 203. |nhoI e deL% ects %6% b

The mydiilayerd I@rZZQay;eattagﬂy@dgpéhg basedubgptrate by means of rim adhesive
h
HERPbEUEhg, TR Bedil & shO ST % 4, 235 vicn o
thﬂdrll@h@dbgalvat &d typidally angllhasmlthm&tre ZﬂOcelﬁhnmmelhscmle,e which is
aver 210 to.th

séx%%gagglu @%r g@%}f Elﬁe Elﬂﬁg%p% F’elfﬁlsef 8p§zﬁt@de£§ the encapsulation
!:emarpstabh.tAmDraingtyn@tél'm dmilﬁibn bﬂ\KfélerR}al(éou?l BnaL&%en through the
B 2ReS AT ) Beh B75°e Hr b Ay vagershas dmeusrse difusion
thrrighuhsteebfsdled barfiel siazfl nat ed by the

encapsul ation barrier stack (although it may be

lam nated if desired). In place of the glass cover is

thfory;ayer fﬁdrpggg%%éhﬁ%ﬁ 885 %d;{ﬂﬁatg“gz/&raﬂ{odﬂe 2B,. In the

fellowinpayiguré,i | thirsfilm | and:a}p&uiﬂtmn smnpasmgerthda a)a&cﬁlﬁh&nt of an

SRYPADBISH, REUE SACRlA e T 8, et 18545 proxma
eOcapsilatiens analsbqioaélbllmd%m&ﬁﬁélfeﬁd%psmdtbhhgw bafticul8r suitable for
ﬂex%nI ngLEBa delvpce%Ir dﬁrG fgc S gwlsI %Rt er%rgotdtm%gntb){ntvr\]/hlch an OLED
comprising electrodes 214 and reactive layer 216 is encapsulated between a
flexible base substrate 201 and a flexible encapsulation barrier stack arranged
proximally over the OLED comprising multilayer film 232. It will be noted that the
multilayer film 232 conforms to the external shape of the OLED device.

[076] Although FIG. 2A, 2B and 2C depict the encapsulation of an OLED, the
encapsulation barrier stack of the present invention is by no means limited to such

an application. It will be understood by the skilled person the any article can be
20



OLED to be clearly seen, the nmultilayer film 222
shoul d be sufficiently transparent. The nultil ayer

WO 008102225 i s attached to the base substrate byPOEaGH06H00334
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rimadhesi ve 209. when inplenenting rimsealing as

EhEBuAed R pae bt BhOnLED, fidfudhdipheprbadinal fups. jewellery,

eaatiee nvdtalsh elestronieséamporinty, Ay R dUbdtaride®, for example.
t hi ckness of the base substrate or the encapsul ation

barrier stack. Accordingly, lateral diffusion of water

vaporr] amHé gxHer échbﬁ’tég'ﬂr thSnééth@naGf‘%é\% ‘Qﬁ%lg‘pé@ barrier stack

such a case be substantia | onger than t
@q:qcrr disoda thedryaiiiontie sbawaps AiG: édAbmlycabosa@cw PET substrate is

RIS, thr PAGHELRRRbAERr 8Pk, Tnbi fipstate s plasma

’taaemiapsaﬂdamaiad adtipalusming bahiierahamiamiat mafgnétfnon sputtering, thereby
f?)nca sul,ati.on. barrier stack over &%ED her ei naft er

afqrge 5gaye§r §ensdrren PSER Ing Selutionscyynpgising alumina and

P sidpartiiex sl |
sﬁ}ﬁ ab|°§’af or fl ex"‘gﬁg”@%“ a?g}\"/lfé(r;%dslé n‘xcfhcﬁﬁélI é&ﬂiléﬁ thereby forming

2 §BalingrealtipA. Wie sealing eokiondapvels ﬂm@t @batad @mlesthe]kxamer layer,
@F@xé@?fé Y& al BNE6- rglﬂﬁrdc%(ﬁ ﬁ%’%&gé@ﬁigf g?ﬁ*@?%}eﬁ’ and sealing layer

exi bl'e’'base substra
ierrepestaafior @nprledetermned aaknbear rodhigess {or olxiaiva bl mulmefyrer film with a

et TaE” PRSRN Fol e bRy 8 fion romPsinges paired layers
wiltreqoiad tisd ﬁ’ra@n@irohfﬁplﬂeﬁﬂg i web flidhf @batthg foBe rieEééied 5 times

2A ZB nd .2C depi ct the encapsul ation of an OLE
’feni%{ﬁb R rdk@ﬁrr df ist igcibeomnoted thabdbris alﬁveﬁps%hle in other

érﬁb@d’ niEhtsB RN Solnh B ‘?Hltléf’ cégtc i %a"ﬁﬂg hfa?@F | QR tHa %Mtrate The

be under st’ood by the ski er son e any arti
S,%Hngééh@ra{s@f@l 28 @dplanarimagemaferah vEiGID, snncmthem rhige surface of the

sg{?% trafe ey %EO%M&?%%&%&# glﬁ)% s@%ﬁ%& lggﬂeqoglds provide pathways

fek’d’rmhﬁltra[tlemb]f nidistugeogygdn.schene of fabrication of
the encapsul ation barrier stack according to the
invention is shown in FIG 3. A polycarbonate or PET

sumsztajamer sheprtiileger filed is frfedg |Td)eisaﬂ§g\|@§t%rabp9ﬁered over the
ck, The substrate is plasnma treated and
FE@B \ﬁfmﬁoafpﬂﬁ]% I'b&r ?qaémgnéima ancapsylatipgnbairien stack is to be

Lﬁs@ldtlhqﬂ’éé&/e MaeeRisp fééfs”’ggﬁluﬁ Phnréd SFe Pél?iﬁrred ipstead of a complete

Concurrently, a seall tion conprising a
@Rl ofilT2 Aaeisstive dm@s i$ subsgedentiyt formedaonythecl T&x icdating. Any

t el b e sol ution,
sﬁﬁéﬁfé‘é@aﬁ%éﬂ th tbleoggéoe @'I%Le%m%%patggaﬁ@o%ﬁt QUrPRSE, &.9. scratch
rbszs’randerf lmaycm glafearreematrqni fimsyisuch aolMgFAR dilrhs. After forming the

The,coatin [ arrb er Ia}/er and seal ing
qu@g Ve “film, “the” "encapsulation barrier stack is packed in aluminium foil
packaging or slit into predetermined dimensions for assembly with other
components.

[079] Specific examples will now be described to illustrate the fabrication
process as described above as well as the barrier performance of fabricated
encapsulation barrier stacks.

EXAMPLE 1: FABRICATION AND  CHARACTERISATION OF
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IS repeated for a predeterm ned nunber of tines to
obtain a nmultilayer filmwth a desired barrier
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paired layers will require the magnetron sputterlng

2B AL A B COMPRISING

MWL%?(IDEWRN@’ARW‘\-@QESENS to forman initial
‘coat of searing rayer over the substrate. The sealing

| ayer acts as a planarising material which snoothens
$76y AL 87 8hehBEURNH halfor ASERON @URHIEY def ect s
i n08a]r Asi an idistrativet exahpbey demree fliféBdntAénaapsutation barrier stacks
rrultlla orned.. | TQ is magnetron sputtered
SRt combrHie Tyt TAPRetsleSi e as otk 'S et cated. Each
dheheneadspduddtion thariel estasks2Okfefes rh@d@eamdmgn to the following
Passive Matrix displays, only ITO lines are required
shrAfcaioBt a conplete coat of 10T. A protective |iner
i s subsequently forned on the I TO coating. Any

itable material may be used, depending on the

ed purpose, e.g. scratch resistant filns or

glareqr t ms, sug b Bk (4 ik
form %ggjcﬁ% é%{(rfg'(t:ét ive fil bo%ﬁ%ﬁ%gsuh@oﬂ blaﬁl er
st ack2. Plararkany layeal urd Plaimadrylid pplgoieagi ng or slit
into pr rmnddlms 0 for,.ass ly with other
conpot e%d@% Eﬁfﬁ@] a¥eci” m‘ @Q%l W%n? now be
describ ﬁg'lﬂéﬁt rm&uﬁhﬁuﬁ?@hdé%ﬁw@ﬁaﬂkwess as
descri be VE as as the barrier performnce of
f abr i ZatSedoed dxaydert lavebn- U rier stacks. EXAMPLE 1:
FABRI CATI ON AND CHARACTERI SATI ON OFENCAPSULATI ON
BARRI ER STACKS W TH SEALI NG LAYER COVPRI SI NG METAL
SR NANOPARTI CLES a Synt hesi s of encapsul ation

barrier stacks A. B and C [080] As an illustrative
exanpl.e Basgraubstiele er ent eflobissthanate filp 138 1wm thickk ks

each r|S|n i.ffere a in the sealing
I ayerf %na?rgtsr?g gaé'egd Eﬁléﬁ‘ %&@%éb@hﬁ%psul ation
barri®gr Fs;.{;ag@mgpqggemad.eﬁ&):cor ding to the foll ow ng
specification: Stack A 1. Base substrate -

Pol ychr RO@HDE 18¥8rm (- 188nmiit@niyy-oxide nanoparticle
5. Second barrier layer -I1TO

Stack C
1. Base polymer,Substrate - Polycarbonate film (188um thick)
2. Planarizing layer - Plain acrylic polymer
3. First Barrier layer -1TO
4. Sealing layer - Aluminium oxide and Titanium oxide
nanoparticle

5. Second barrier layer -ITO

[081] For comparison, a conventional barrier stack, Stack D, comprising a
conventional multi-layer stack structure, was fabricated. Stack D comprised the

following stack structure:
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2. Pianarizing layer - Plain acrylic polynmer 3. First

Barrier layer - ITO (indiumtin oxide) 4. Sealing
WO 20080570481 um ni um oxi de nanoparticle 5. SeconPCha6260en00334
| ayer - 1 TO Stack B 1. Base substrate - Pol ycarbonate

film(188mthick) 2. Pianarizing layer - Plain acrylic

g{)l r 3. First Barrier layer - 1TO 4. Sealing |ayer
-@(ﬁni um oxi de nanoparticle 5. Second barrier |ayer

- | TO; Steagede GbkraBase pol ymer %Bg&;ﬁ@dﬁa’te film (1 8§ua{r>1lér?ick)

Pol ycarbonate film ( 188mmt hic lanari

- Pl a2n Rdamgﬂsnmg layleyner 3. FirsPldiaachic polymesr - | TO
4. Se I_p b Al um ni um oxhgéls and Ti tani um oxi de
nanopar t'i 'git eré%\é%’nd barri er - 1 TO[081] For

conpasi Stond mgﬁdﬁé?ﬁ%%;@ bar r befin 8EAR

conpri sing a conventi mul ti-layer ?gc S ruct ure,
was fabiSasand®ardenlalyeD conprisddDthe fol | owi ng stack
structure: Stack D 1. Base substrate - Pol ycarbonate
film( 188mm thick) 2. Planarising layer - Plain
|% Igraer 3. LFir %ar'er | ayer - 1TO 4. Second
ratiop,of, i c polymer 5. Second

B r t
° (;3zzfaat“ggwg@zondséﬁt?;ﬁezﬁéa%rs CURERISICERG R 9Pt prferc

nwt@@l{ywefateci hpkbo\@rcbeewurm elitting squigment or any
@diﬁ}éﬁ%hélaéhlt%goﬁl%bﬁﬁ%dcm bé;ﬁ%‘e@ is) Hﬁl&h&*ﬂ&a}ﬂe systrates into

equi pment ny conventi on fne can
thespectied artreghiceg diyermsibusat e substrat es into

15 [083] The substrates are rinsed with isopropyl alcohol (IPA) and blow-dried
with nitrogen to remove macro-scale adsorbed particles on the surface. After
nitrogen blow-dry, the substrates are placed in the vacuum oven at a pressure of
10""mbar for degassing absorbed moisture or oxygen.

20 [084] Immediately after the degassing process, the substrates are transferred
to the plasma treatment chamber (e.g. ULVAC SOLCIET Cluster Tool). RF argon
plasma is used to bombard the surface of the barrier film with low energy ions in
order to remove surface contaminants. The base pressure in the chamber was
maintained below 4 x 10° mbar. The argon flow rate is 70 sccm. The RF power is

25 set at 200 W and an optimal treatment time usually 5 to 8 eight minutes is used
depending on the surface condition.

[085] After cleaning of the base substrate was carried out, plain acrylic
polymer was spin coated onto the polycarbonate substrates to form an interface

30 planarising layer.

Step (ii): Metal Oxide Barrier Layer Coating

[086] Indium tin oxide barrier layers were prepared by unbalanced magnetron
sputtering techniques as follows. Sputtering was used to deposit the metal oxide

23



the specified or required dinmensions. [083] The

substrates are rinsed wth isopropyl alcohol (IPA and
whb@sostosed with nitrogen to renobve macr o- scal BCT/SG2006/000334
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|
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15 apgnthe gxugen pariaberessseei TAIS | tign Q@lbab%msed to control the
IO G hets, BEARVE AV odltdie e HbEAER @By using a
coptisyeus &deﬁ@kcﬁnrﬁf@l amgo‘mrarml plasyuge eniissiob anbritatresroducible
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t he grow ng fllmsurface and provides for nore
i.r._k§e.rh ol ogy. L.n order to deposit dense filns
essive intrinsic stresses, a

hi [9i38] | @anﬂmr&ﬁwra\rmmén%ﬁeﬁhleg ée'%v#mﬂb(laﬁo%@r@ 99.5%

oxygen and afgon ions to FOW N
g—;ﬁ“ﬂ od%febl paftigleps fr 0[“0@?]10%%862: 6' ﬁphmi@g@SD mealm-treated with

pfeditd 8hd Widedit 256 ah%&ﬂpéﬁt %uéﬁ‘g fﬁ]%gﬂo‘é{g‘/ﬁthanol (2MOE) and

sputterlng processe
efpleneoiyeg! feGalfor dlapleesmmnertbe ratio of 1:1 2MOE to EG. Propylene

25 glycon monomethyl ether or Ethyl Acetate or Methyl Isobutyl Ketone, Methyl

20

Ethyl, 2 MOE or any mixture of solvents or wetting additive agents can be used
as well. Alternatively, commercially available nanoparticle dispersions such as
aluminium oxide, zinc oxide, or titanium oxide dispersed in Hexane diol
diacrylate, Isobornyl acrylate, Tripropylene glycol diacrylate can be used (e.g. a

30 colloidal dispersion of 45nm APS aluminum oxide dry powder, NanoDur®
X1130PMA, 50% dispersed in 1,2-Propanediol monomethyl ether acetate from
Nanophase Technologies).

[089] A polymerizable group compound like commercially available UV

35 curable acrylate monomers (Addision Clear Wave — HC-5607) is added to the
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pl asma of the magnetron racetrack is one indicator of
the nmetal sputtering rate and the oxygen parti al
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process and hence achi eve an accurate oxide film
stoichionetry. By using a continuous_ feedback control .
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75 M B2 o e g A B0, areraNmRB ARG 1 tie general
430 RYK) BRI 68IRG WRRerent dortiRiaa nadplaifey mmlxowing.

er ‘acetate from Nanophase Technologies). [0
pol ynmeri zabl e group conpound |i ke comrercially

S JOs A rr T BRLERARAN PhE AR & SATHIOPLANCHEBR acrylate

henanoparticle mx
onomer et arpaiiogweight ofTaleoyidi0fbeaf the serling welugibh was added
unt. of 30%t0.50%, For ex

b th - | e, 0
Brtefots dStahh oMy i i firtPiliend ozl Mickyiate (35%
weightie bbtayalsie fepviNanoder ghNapbphise Teshmdlggieel Binl 6han organic

ile pal c ' ight is at about 34% by wei ght
el 2l g d Pl Feuep Belleads thmaikuraeaoniication of the
ARGt RES IR dkridd UL fERSb ARV HBOFBRbr td BRpssitioAfonto a barrier
experiments were carried out wwth different m xture of

Pred@pMeEri cles in acrylic polymer solutions and spin

coated onto the plain polymer substrate (above figure

5). [091] Each of the sanples A, B and C were nuade

ac§e93] irgrsanthe egeapsatian basiefisjack(Bi 30 enaf UV cyrable acrylate
%@hg%\ﬁg 'Hg{heé %%tati(r:lg nv%l'g%y &' 55’0&55(?%%1‘%3 es%a\irqg tsr(])[eu’cion was added
to 10ml of titanium (IV) oxide dispersed in isopropanol 40% by weight, obtainable
from Nanodur of Nanophase Technologies.. 10 ml of an organic solvent of 2-MOE
and EG (1:1) ratio was added to the mixture. Sonification of the mixture was then

carried for about 1 hour prior to deposition onto a barrier oxide layer.

[094] For sample encapsulation barrier stack C, 30 ml of UV curable acrylate
monomer with a coating weight of about 50% by weight of the sealing solution
was added to (a) 7.5ml of dispersed aluminium oxide in tripropylene glycol
diacrylate (35% weight), obtainable from Nanodur of Nanophase Technologies,
and (b) 5ml of Titanium (IV) oxide dispersed in Isoproanal with 40% weight with 2 MOE
and Ethylene glycol (1:1 ratio). Sonification of the mixture was then carried for

about 1 hour prior to deposition onto a barrier oxide layer.
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[092] For sanple encapsul ation barrier stack A, 30 m

of UV curable acrylate nononer with a coating wei ght
w@Rooaloses 50% of the sealing sol ution was addeRCT/8GAB00334
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tHeS RerRatd NedERRURABAl batidr 40548 ﬂa)r’]"‘ fa/¥b ZmP!Q? #86ks with

Et hyl ene glycol (1:1 ratio). Soni catl
15 gingpgiogswE 2 hem &ar 2 & fae éwmatqd hd’ursemsmg element having

c?ﬁt%%io‘hbo&‘ nEQR f’er@?ﬁrbe{‘,mo\ﬁoqﬁ ARy gl r‘)iO[ R%Sgl?lzﬁgegﬁaés formed in

ormati on of the s€aling layer via
hetaeen ék%rhworelacuwdemg% aleassEterasistivity aflthe sdbeing element is

ng% ﬂ??gﬂg ‘ﬁgbggtl\éﬁ p;frﬁée%qogﬂt/&aggggmﬁrsys e?nql'}geused to transfer

i a;em;ile td saglboe hok mpﬁylmdaguht Qﬁéfm@éph‘étr@ﬁd‘résﬁ}reBAﬁer the
20 Bhu HPRSTAN & ADBT NG SUVS BrBEIGm Ja Wast Berosited for the

quatiEtive aPrfiait i on chanber (thermal evaporation) under

vacuum The barrier stacks are then evaluated for
thel r barrier properties using the cal cium sensor

SR e, SO MR e et o st ool as

SbQWn ind9@, 9 is fqrmedtuaing/ﬁweefmahualteldoenca)sU%ibnCtElrhelastacks 300

25 nﬂ‘8¥v§nvé} v@scaused 5 tfh%rcr{)%%ucfc' ve grack 150 nm calcium was used as the
sensor and 150 nm lithium fluoride was used as a protection layer. After the
deposition processes, a UV curable epoxy was applied on the rim of the
substrate and then the whole substrate was sealed with a 35mm x 35mm glass
slide. Desiccants were attached to the 35mm x 35mm cover glass slide for
30 absorbing any water vapour present due to out gassing or permeation through
the epoxy sealing. A load lock system was used for the entire process and the
test cells were encapsulated in the glove box under dry nitrogen at atmospheric
pressure. To accelerate the permeation tests, the samples were placed into a
humidity chamber at constant temperature and humidity of 80°C & 90% RH

35 respectively. These were viewed optically at regular intervals for a qualitative
26



the fabricated encapsul ation barrier stacks. Briefly,
two netal tracks with dinensions of 2 cmby 2 cmare
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ervals for a |tat|ve egr
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S8, P A IS T oA DA s optea
mieroszopyd The images swarsttakein e ititepaly Gfety(pi"@IIS/ heyefdl Hdifs. From

h t d with
g iebin b6 Al uradedsisash soniEps GRely Jiaked do defects of the
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the conputer usin ab view software. A Dynamc Signal
qﬁd’f’éﬂ%ﬁ'ﬁ’@r'”fﬂ"‘fﬂﬁ“@n Pgbaﬁ’ﬁlwgp%ﬂl% used to take the noise

spect rum nmeasur enment automatically at periodic

interval s of one second. [099] The cal ci um degradati on

t ef1100] dhedewgesét FIGt 6 highlightittie hatuoe ohtheodefects exhibited on A

B, C films that have been tested and the barrier structure is shown in FIG. 6. The
degradation images in FIG. 6 show that the barrier stacks A and C have
significantly better barrier properties as compared to conventional barrier stacks
as exemplified by barrier stack D. Calcium sensor degradation in barrier stack A
commenced at 80 hours and the entire calcium degraded by 270 hours. Calcium
sensor degradation in barrier stack C did no show any significant degradation
until after 470 hours.

[0101]FIG. 7 shows scanning electron microscopy (SEM) images of barrier
stacks A, B & C immediately after fabrication. The surfaces of these three barrier

stacks are smooth and no agglomeration of nanoparticles is observed. These
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defects such as pinholes cracks and nano-pores,
because the perneated water vapors diffuse through the

waledsos®4df the substrate and its barrier | ayePCEPGZI06/000334
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ree barrier stacks are snooth _and np agg| omeratign, _

IRch ST [T et Mo gaeEe WG dge RRGUS Mo A PART I ten barler

§tBek WP i e @ WithhQvd IO RAid € |5erd Werd9aB8@dted Dy magnetron

layer i1s uniform so that the barrier stack is

uitasinge nethad: agkpasRt .Sealiagf layaier(CPmpaEsingg a@ltBinigm oxide

' %‘%ﬁ(ﬁ%artfé\egf whE Y4209 seBl ﬂ%‘éﬁ"l’b Séfg\e? qh%%dﬂaﬁﬂoé’c%rﬁ’ﬂdahng layer
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35

at i on’ neasurenent system an I'scussed with ne
isguitinoacry[i© fil 2yhich & nBrmbiiywsiseddore ¥V \6FRtrmeasurefresd ppfrpose. In
as. S'i udi e

bFiae opPped FooaBeE i Sardhbis W Bt My Baptpciment
e sééliﬁgn@ymmm AgS5 ndhepAfiblesivatiuisiges o626 riniéd 40 nm.
t he uni torm di spersion of

[0104] The plot of calcium conductance against time is shown in FIG. 10 for
the encapsulation barrier stack. The corresponding change in calcium (mol) can
be derived from the graph. The water vapour transmission rate of the
encapsulation barrier stack comprising one barrier layer and one sealing layer is
determined to be 1 x 10°g/m?/day at 80°C & 90% relative humidity. In contrast,
conventional multi-layer stacks with two barriers SiN layer and plain acrylic
interlayer showed performance of only about 10”'g/m%day level at 70°C & 90%
relative humidity condition.

[0105] Therefore, these results demonstrate that by sealing off the defects of
28



nanoparticles in solution A, B and C was achi eved. The
surface roughness neasured for barrier stacks A and B

wo pdogwsare well within 0.75 nmat 1 nmto 10 nPCESGLI®G6/000334
and conparable with plain acrylic polynmer filns.

ggﬁ\é?rﬁp’g | '9%5@8& ral( 55-35&;?5%%{?9%5@“ rﬁ&;lp E@e barrier performance is

APra0EAUPOlStNO Hﬁ%%lstiﬁ’ h'ig’ﬁ%rr ﬁ%ﬁlf‘lﬁeaé’sf‘@ég@ﬁr&iftd‘@r?é‘plaln acrylic

the barrier |ayer and rate
At bpsed atulwﬁwmubétraa éfctberﬁtafeﬁg in I’ﬁ@‘eﬂ W@pcﬁ baglesuayers are

' t
S05150 it 15 I ELS SR SR EXp iy BURALE! b, e
5 Wam'rl\tanoem batrlalcperfdanalece/vcan hehkesabitrae. 108g/m?/day, or even less
{_'%? a,lg)wl até/ on barrier stack was fabricated with two
o) a n rd P/ayers were fabricated by magnetron
sputtering method and one sealing |layer (conprising
al um ni_um oxi de nanoparticles) was used to seal the

| TOHBIdhes . singledayaliasosencapailation ng begiasr  istagl ai ¢gpmprising
Bﬁgg%ﬂpgrr}étné ?E%Q%@QQT@/N%{%%?% eeé%a{nﬁg %Bl\ﬂflg‘l aluminium and
10 Wanmnernar‘@parﬁcste dufkethe dopbke-lmyatest encapsiilaton barrier stack with

T TR o S ——

rheespteat thef spuitel tanseistit ke @Y aindsTisibldedion S)hﬂwlspectrum
in FIG 10 fqr the encapsul atlon barrier stac

w88 nagsuiied NgthcHYnYE srecrameatenmit shavys that the light tr%réamttance of
doIst BRcHr APNg2hendRtfigIN aRRuk 1 alIltSBEIN TRLE r@duction of

t he encapsul ation_barri er stack conprising one barrier
15 frapamisgion is skiested TN m prpperties arut vatsreied to be 1 x
10~3g/ n2/ day at 800C & 90% rel ative humdity. In
contrast, conventional nulti-layer stacks with two
EXAMI%ILE Sl 2t | aVieABRIGATIGNN aﬂNIDl c MAE{@RBM&BN OF

CAREBDNQQ;A[NWWBEswst rate that by seaI ing off the

defects ofone barrier layer with a nanoparticul ate
20 seal | ng | ayer, the barrier performance is inproved up

to Gm]%@erfélld\ﬁma' %‘i‘\%p&@gf‘éﬁ UH&rr%? § ar Gtnt an?é}ﬁﬁ) carbon

pIaln acrylic film based [ti-layer su trate

(235 {0:1k Y cpmppﬁﬁ@@son the seaImIEVerrs Weligeprepares:seal ed
using two or nore sealing layers conprising reactive
nanoparticies, the water vapour barrier perfornmance
Stackle | ess than 10 5g/ nR2/ day, or even |ess than 10

25 69/{ rt-?’c/)l(yj/ga/r'bonate (188um) as base substrate
2. ITO as barrier layer
3. Nanostructured sealing layer with MCNTs at 0.006% concentration as
sealing layer

30 Stack F
1. Polycarbonate (188um) as base substrate
2. ITO as barrier layer
3. Nanostructured sealing layer with MCNTs at 0.05% concentration as
sealing layer
35
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[01 06] The single-layered encapsul ation barrier stack
conpri sing pol ycarbonate (188mm) /| TQ Nanostructured

WG e@Biosm43 ayer with al um nium and titani um nanPEEBGR06/@00334
and the doubl e- Iayered encapsul ati on barri er st ack

E&T@gﬁéggeﬁia“ 8 d’%ﬁ{ H‘%%gﬁ? ?g{#l {l}gﬁl oRaRgiubes  (hereinafter
M@Nm ad/erbffﬁ‘ﬁﬁé@i@éﬁ fNaigdldtm H}»’a@% WQ-ﬁié%h@x;fquéﬁ& (QMOE) and

spectrumwas nmeasured with I s spectronet

%ihuk%@et glyeot KEG)i iprt dispersian. tTlaﬁ:.cr@tnof oﬁ@Mﬂ)E mali@ iss1:1. The

AR, 970 Sl M s M) B aton he

5 syxthgriswas wrmmla@mmemmrcgm&mml ON OF
ENCAPSULATI ON BARRI ER STACKS W TH SEALI NG LAYER
COVPRI SI NG CARBON NANCTUBES [01 07] The fol | ow ng

enmrma]&éctl@li bemplises MBNAS inMHd afidurTdMy.008°%0 B weight, and
not u ositions in the sealing | ayers were

ﬁ?? %d cogprsrs MENTpH) ﬁb%ramwteog 0 y aveipbkeThe sealing

Iéy@%t \l'véFee 22n 1l Fl‘ﬁ%lﬁsmhﬂ‘[eslbéégg }‘ébnn o YhiU lggs of sealing

seal i ng ayer R centration
10 lgyersiwere aydar tsken kn Eqaglolvelt;coawbmhdi&s pamaBmE)ssase of nitrogen.

T BRI bt uanORly BPabaie Bt RS itg lessythan 1pom fevel

mcblm:gluveajoxon as sealing |ayer[0108] Pre-treated 10 nm
di aneter multiwall ed nanot ubes (hereinafter ' MCNT)
were first added to a solution mxture of

2- ety 8RB 2R fa bR BN lﬁEQaﬁ{phé’H gléa‘% Qéé/&?r tﬁ%@l)n{p‘é ison of the

di spersSion. The ratio of
15 Wﬁﬁ@ﬁtalﬁ‘@@&/@ﬂb@&aﬂpﬁ{r%@@wﬁlaﬂﬁrﬁﬂ y into the acrylic
pol ynmer via sonification. The synthesis was undertaken
under inert gas environnment. [01 09] Stack E conprises
|\/d011 1M Théstacksuwampriisifg MERETHY theisghling mr%ratddhﬁpeﬁed with

éﬁ& I\(E'\rrhov{)s tscaenr%HB ue?éct%n Pmcroscogy \(@II:'I% lmages of Stacks
D E & F films. The surfaces of E and F sealing films are smooth and no
20 agglomeration of MCNT is noticed. These results show that the dispersion of
MCNT in the sealing layer is uniform and that the films are transparent. Further
investigation on water vapour transport properties and optical properties were
carried out with permeation measurement system and spectrometer and
discussed below.
25
[0112] The optical properties of each barrier stack were measured with
spectral transmission in the UV and visible region of the spectrum with UV-Vis
Spectrometry.

30 [0113]As can be seen from FIG. 13, conventional acrylic film coated
substrate (D) has very high transmission with 99%. However, it does not block
UV light. It shows that the light transmittance of double stack is 82% and single
stacks are about 85%. The CNT contained encapsulation barrier stack E & F
shows transparency about 85%. The reduction of double stack transmission is

35 due to ITO film properties and nature. The figure also shows that the
‘ 30



layers were 2 mmthick. The synthesis and fabrication
of thin filnms of sealing |ayers were under taken in

wo b@sgbve box which has partial pressure of nPCT/EGHEN6/000334

10

15

The oxygen and water vapour contents were coFtroIOI ed

with | ess than vel _jn | qve_ box 011

SrgherfEs SRBrTBR! b T8, Bihe G ek uBodrd cilien, have no
SQEIDMEratth ahd tHgefhar Metight ﬁéh%lé&foﬁ R8n *%ﬁ'é fade of 82 to 89%.
stacks E and F. [0111] The stacks comprisin

the sealing layer were conpared with Stack D FIG 12

s
SO R S0y SRR S5 s LR 8oy e o
bamrigs ﬁa@ $rreodh barrigrnstaaly ff cshemeat |stgnlﬁtfarﬂgil\ﬂeﬂt@f overall barrier

DRRREY BTt D Bk AT S e

degmdammmiat@rnmmndeso?pf b @atdsnyi ﬁﬁlidr g8t izineMeapiifion barrier
properties and optical properties )

P Bl B Toat 11 RGUrpeanfethe BRaRsEacLINRERYS 6,83a/m/day level

H@\%W%ﬂé?%b@lﬁmg% ﬂeaﬁ%ﬁédstgﬁ&?‘é’taté%&@% our fransmission

tical propert|e arrrer’ stack were
R QEhOfs,BelétO Ag/mPidasandg the entire caleiunh/wasdlegraded ebefore 30 hours.

57 RO Hollfo bbb bepie! sTackBE  GHEF alpypithe rates of

(.01 gine’ddye dndUR DO/ Y 1dvas respactivet ARSHNRABCBRIEN00Nrs, the
wi t.h 99% (y%r it does pot block UV light. It

bﬁ{BW‘sS ??ﬂ% i haws 8 @%rﬁrﬁ'@@rfb\fefﬂ%nmdnéwgﬂ@ewqp@mes and

R8T @té@{,\@sﬁ@@g@nafog about 85% The CNT cont ai ned

encapsul ation barrier st ack E & F shows transparency

about 85% The reduction of double stack transm ssion

| ST oper d

o EHE AT s PP BE oty BVHEBLYCf s BPubhEMER in barrer

stackesE@ndCF, Ela&EIFvanerualdrawm mtmupermcendggl mrmtalte@ by capillary

s‘i‘@ﬂgé %?tre? @g)?s f’tﬁ’?ﬁ%ﬁ&%@iﬁ% ﬁg%ﬂqs’( (%6%’[ fi’@ ngernaPo% the water

nieigaldato dxffusef’pmtbtthe(lfarﬁdnﬁinahéttﬂﬂ@éWst IBAget B§tclb?riﬂdr§di to normal
i cantly

b h
s of BRSPE AN gt ore<en B NAShVRBRG dBewiian was very
lﬁglﬁckh@ initiae d'e@bﬁdtléh/p"e’!‘h'f"e'awhﬁ ‘Fé‘&ﬂs de Qﬁl@diﬁtléﬁﬂfr’{‘@feﬁ{onstrated

pour esorption rates simlar for al encaps
t'b%ltrt#’leé?ma@l@&&sof@ea#ngﬁl@e detacts of theuvarriantayen by idEs issrtlatively

I TFhisSm8y BB & #YcdrittRlration (0.05%) of CNT used in the interlayer

as compared to the nanoparticles concentration (30% to 60%).

25 .

30
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[0116] To quantify the adhesion properties of an encapsulation barrier stack
according to the invention, standard peel tests were performed using an Instron
test system. The following encapsulation barrier stacks were tested upon:

Stack G
1. Polycarbonate as base substrate

N

ITO as barrier layer

w

sealing layer comprising aluminium oxide particles (Al.03 (20% by
weight) dispersed in acrylic film

31



However, after reaching 20 hours, the steady state
wat er vapour transm ssion rates of Dis 0.1g/ m 2/ day

wa@pasikm4entire cal ci um was degraded before 30P¢ISGEH06/000334
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The CNT-cont ai ni ng encapsul ation barrier stacks E and

gtaﬁm-Y"s the rates of 0.01g/ m 2/day and 0.009g/ m 2/ day
respectively. After reaching 100hrs, the barrier

st acks Polyuwhrborsdtews sast gbistia¢ant i nprovenent in
barrj er 0 rtles and the WTR rates was 0.003g/ m
2/déiy -BQ et]’ Y& wi shing to be bound by theory,

it 5 tl@,eymg :am chbmphgingi arunﬁhﬁmfsoﬁ% fksiab icle$A0, (15% by

vapour is drawn into open-ended nanot y cap

suct i onWeight) dispersedoacrgie®sure. 1t is postul at ed that

the time taken for the water nolecule to diffuse into

t he carbon nanotubes is |onger as conpared to nornal

o {61 74 Conivehtisnal nbamidr tskeke Doae , fablieatediini Bkamplee! was again

RO, FEPRIIE TS 2 ik Fhiod Bue® insferlangsited orto ITO

dd)@lt@ﬁ@bt@bﬁ@bﬁdi@tteéﬂ?@m@@@@bhdttﬁe% stPatrbfs. lT'P'\%y were cut into

efects of the barrier y CNTs is relatively

swieqss Of nkicnpdengid aad t%‘@’l dﬂﬁ'&i’eﬁﬂﬁaﬁheoHV( oughlg epoxy (Three
t
o) o, anihiicR) 4 58 BABart? 168/ BitkeBlioh %t dife end of the sample
Sdmdait itp ytheh ASidVie sequirgpreisr Susfacef peepaarabalpsmk/awesnthe argon
pee t% es"jﬁ‘ﬁ%f @‘%C%%P%éb&%@i Befgﬁ %‘W%’@Qt"? epoxy.
system The follow ng encapsul altl on Barrlt er st gcks
: k G1. P onate as base
ST PRTLLSR 5h o7l BRI ChBR B H e
pkﬁttﬁlj BAHBe &bS'meTbﬂfﬁé)fés@%aH%é ééér??n fﬁzﬁ TR8%dMer stacks D

ht) dispersed in acrylic | ntt ac
VF'%\ Igivearvendopalsacrylihlm Qﬂ éT@ surfeoeathepimitial énterfacial failure

B R UGS TRATIRENLT NI 38 ffana veting
offfi ften %teadyﬂateopeehtstmgth bdr ebeut JQMfin. Dllasrefore the adhesion
strRRGHF 8t E8nidhioAMBLR it NEmB98hID barrier oxide layer is only 18N/m.
When the barrier stacks G and H were tested, the initial interfacial failure
occurred at the interface between the nanostructured organic sealing layer and
ITO at 45N/m for barrier stacks H and 48 N/m for barrier stacks G and levelling
off to steady-state peel strength of about 14 -15 N/m for barrier stacks H and G.
Therefore the adhesion strength of nanostructured sealing barrier stacks (G &H)
onto barrier oxide layer is 12 -15N/m. This result demonstrates clearly that the
adhesion between barrier oxide layer and nanostructured sealing layer is
significantly improved due to the sealing of the barrier layer's pinholes and
defects.

[0119] Although this invention has been des_cribed in terms of illustrative
embodiments, it has to be understood that numerous variations and
modifications may be made, without departing from the spirit and scope of this
invention as set out in the following claims.
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used for conparison. The 2mmthick sealing | ayers were
deposited onto | TO coat ed pol ycarbonate test

waeshsases and t hese substrates. They were cuPCT/RGZ06/000334
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the pieces of 10cmlength and 1cmw dth and the W/
G 81aftRS YS.(Thr ee Bond) were applied to a 3cm | ong

irea at one end of the sanple simlar to
the ASTM requirements. Surface preparation involves
t he argon plasma cleani ng of thek abovel s¥bstrat es. .
befori‘ t he Q&&C?E’g?liagﬂ” Mtk earabig ot eRgapsulating a moisture
Load/ Shd/ar Bxgyery Serhsives amRleS cBprisfig: St acks D, G and H
were plotted and the results of the test can be seen
in FIG 152 mwéilaver filep RaviegsatDledst hongebariar dayer having low
convepht AV i u c KRLT Lal:
i nt er@gz:s?%g faglﬁ(durlr g%%@uﬁ%ﬁ]elgﬁ mtt‘ﬁe%ﬁt gtr fl%%g BQ{BV\%%!'”Q layer
t he agirgnged to bm iarmbntaed vith aSufaveanidiheeatelebsngnetbarrier layer,

Ther o B0 KO TR BRCSFPEr iR o BaBIRy Lal¥onal

acrylic polpemsinonto barrier oxide layer is only

18N'm When the barrier stacks G and H were tested, _
the initiahei At deasfcrae gaalingrlayet commsisest reasdive nanoparticles
i nt eréaepidebrepirh t G d ni i

| ayer and 1 TO at 4{5%‘#?%%3’?%@?%?%@2 hﬁ)ﬁ%ﬂ@ %I/aﬁa]rd the
f or bRermeatiost efcmeisBirenand/er ekyderythobligh dhe edehts prasent in the
peel . of about 14 -15 NNmfor barrier stacks H

and C?érg‘ﬁp%yé&re t he adhesi on strength of

nanostructured sealing barrier stacks (G & H) onto

barrier oxide, layer ,is 12 -15N m This result )

denorfst r at e@?@iﬁﬂ%“ﬁh%%@%%dﬁ'@%’?&hﬁ?e%l@éﬁf e spaling layer
oxi decdriy@fis 80BstBARAIRL f&%%%é@ﬁilie@efééﬁéeérebént on the surface
significantly i nproved due to the sealing of the

bar r i ¥rthe &) lgast opehieslierdayerd defects. [01 19] Alt hough

this invention has been described in terns of

illustrative enbodi ments, it has to be understood that
numerdus vihe darers stack obdldimcdt oo’ wherdie thedssaling layer is
with ril he spirit and scope of this

v ertDmes BY ol ROBTRP o1 | uing ol o me. Vhat i s
claimed is: 1. An encapsul ation barrier stack capabl e

of SupavoualLoge Jolstite st pysen et Lve
one haiiprifes! &YHiralBYbNgealMy FREAS YN8 BHHEPTayRRY $Ainged in an

perneability, and at | east one’sealing layer
alternatirig sequence.

5. The barrier stack of any of Claims 1 to 4, wherein the reactive
nanoparticles interact with moisture and/or oxygen through chemical
reaction.

6. The barrier stack of Claim 5, wherein the nanoparticles comprise a
material selected from the group consisting of metals and metal oxides.

7. The barrier stack of Claim 6, wherein the nanoparticles comprise a
metal selected from the group consisting of Al, Ti, Mg, Ba and Ca.
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arranged to be in contact wwth a surface of the at
| east one barrier |ayer, thereby covering defects

w@e@sosto4i n the barrier |ayer, wherein the at PEHSG2006/@00334
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sealing | ayer conprises reactive nanoparticles capabl e

of interacting wih noistu and/ or _oxygen to retard .

t he pgrnea:rhSnb%'f”eﬁo?téPEr {?ﬂﬁ' ré)o(?{yge%’vﬁﬁ%gtﬁe.t Ranoparticles
def eE tempries @rm?iam okide é_élédjt'ﬁd lTrdnﬁillﬂﬁ g{dbp Jd}%iétlﬁfgf 6f€TiO, , AlLO;,
stack_o ' rein t at st _one sealing . .

I ayer%@ﬁ%&h@%@bgﬁﬂéﬁgq M&QHZS%I{H&?» M‘)Q?.h@ng LiMn2O,.
defects present on the surface of the at |east one

barrier layer. 3. The barrier stack of Claim1l or 2, _
wher ePn t héheebairiey staglerof Claior edrby, cwhérsimehe nanoparticles

deposi.ti 4 e of [ 0

oo oneoiBise e WA S bofiitied ol Siefied, Ford e group
of seabmsigtingaxoémdﬂﬂdmbeﬂahhatebmdﬁmoar rcaEgﬁglmi rmdan? (CdInz0y),
alternating s nce. . 5. e rrier, stack of an

S & e et R and 2R eRBh A ARG B enide (nzinOs).
interact with noi sture and/ or oxygen through chem ca
reaction. 6. The barrier stack of Claim5, wherein the

nanopaPt i cTBe kasrpr istackaofmanyr ofaClajaisedttod9f mvereinethe reactive
L L) il i 7.7 .
o r | REAGRAELLS fntBladt i MofieHridor ST R gl sorvtion,

conprise a netal selected fromthe group consisting of

A, Ti, M., Ba and .8 . The rrier stack of Claimb6 .
or 7. Whner 81 BERRETSAGK & Gaed Oc biigreidha naorerfaipy gomprise
sel ectgmthohrramotlilsesgr oup consisting of Ti2 , AbO3 ,

Zr2, ZnO, BaO, SrO CaO and MO, V2, O X2, M@, and
Li Mi2O4. 9. The barrier stack of daim6 or 7, wherein

the ngpoparhé GapfercQIPE bf Slidnt W‘,n\ﬁrﬁéfeqﬁtthgggg%bgfmh%ﬁotubes have

oxi de selected fromthe group consisting

st annateulfigak sagoymatieadni um i ndate (Cdln20) , zinc
stannate (Zn2SnO4 and ZnSnCB8) , and zinc indi um oxi de
(Zn2In20B) . 10. The barrier stack of any of Clains 1

to 9, 18her €ha bamerrstack bf €laim 11 or 12, wherein the amount of carbon

nanotubes present is about 0.01% to about 10% of the total weight of
nanoparticles present in the sealing layer.

14.  The barrier stack of any of Claims 5 to 13, wherein the sealing layer
comprises carbon nanotubes and metal oxide nanoparticles, the quantity
of metal oxide nanoparticles present being between 500 to 15000 times
(by weight) the quantity of carbon nanotubes present.

15.  The barrier stack of any of Claims 1 fo 14, further comprising inert
nanoparticles capable of obstructing the permeation of moisture and/or
oxygen through the defects present in the barrier layer.

16.  The barrier stack of Claim 15, wherein the inert nanoparticles
comprise a material selected from the group consisting of gold, copper,
silver, platinum, silica, wollastonite, mullite, monmorillonite, silicate glass,

fluorosilicate glass, fluoroborosilicate glass, aluminosilicate glass, calcium
34



nanoparticles interact with noi sture and/ or oxygen

t hrough adsorption. 11. The barrier stack of Caim 10,
wob@ses1943 he nanoparticles conprise carbon nanPCT/Re€X06/000334

12. The barrier stack of Claim1l1l, wherein the carbon

par i Se2eadt EHa Al Pt SRGE ook Ml @luminum

car boftuoraemt;alﬂeeglaps etﬁanhm Saﬂﬁ@@tszo&m tdérlﬁ@@uklrd&%lm nitride,

of the.t ot al dfg nanoparticles present in

seal | FlFIhyE"

5to é&nb%ﬁbﬁ'ﬂﬁ’e%aﬁ sealing | ayer conprises carbon
nanot ubes and netal oxide nanoparticles, the quantity

5 of metal oxide nanoparticles present being between 500

nanot Uies Paceter edkdr KnTE : 2, upciBhy We size o the

OFH'?é“%’;E'r f@ﬂ@st@@i@loﬁulﬁﬁys,ofard aﬁ rfgixture or

d ai nsarfopantidids i$ lsmdﬂer tisaie avetdengiindienepdeidced pfesent in

capag structi the perneation of noisture
and/ b (ﬁ%ﬁ)%% UW N@rdef ects present in the
barrier layer. 16. The barrier stack of Caim 15,
wherein the inert nanoparticles conprise a materi al

10 sel ect®ed fFhgnhatderystagk obmsiysef fdaiofs dotal, 17<;oplpenem when the

?r{) 'n‘r’ne)chlyp%omridw Itlélg Qerg@\éés 3&@%%@@?{15‘% gpeeelsf:téglgmmescent

fl uoreiech'mcloommmwegﬁ aﬁnsa a‘aéragersbm bf ¢tiaé @agbpagicles is less than

calciums Li.cate ass IC|um S|I|cate
gl as£NE 'é Sl?ﬁal%b Icud’l"%‘éf??ﬁ"g’b gl lighd  predusadunby  the
car biglectralufMesEcent éfé’bﬂbﬁlfé corhpGrREHEUM n' tride, silicon
carbide, or silicon nitride, netal sulfides, and a

I35 nixture or conbination thereof. 17. The barr| er stack
of Clq@ m [
nanop?rtl gié; blégheﬁl\&?ﬁ ot (‘I%an t ée\ggéﬁreﬁiﬁgh nano arhc&s have a
def edenrgtprafdess tham 208enmt | east one barrler Iayer 18.
The barrier stack of any of Cains 1 to 17, wherein
when the oxygen and/or noisture sensitive article

conprdlses Tdre ebavier odtaok ne‘p‘czmyt ofl @i T7 conPi@)e@herein the

rticles is |ess t han

20 one- R PREHIS th BFa kP hates, WRVEHbAGRH St Shanhas @ diameter of

pr odbeesledy abdet 10 nm to 50 nm, a length of 50 to 400 nm, and an aspect

ratio of 5 or more.

21. The barrier stack of any of Claims 1 to 20, wherein the

25 nanoparticles have at least two different shapes.

22. The barrier stack of any of "‘:C“)laims 1 to 21, wherein the

nanoparticles have a surface area to weight ratio of between about 1 m%g

to about 200 m?/g.
30

23.  The barrier stack of any of Claim 1 to 22, wherein the sealing layer

further comprises a polymeric binder, wherein the nanoparticles are

distributed within the polymeric binder.
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el ectrol um nescent el ectronic conponent. 19. The
barrier stack of Claim 18, wherein the nanoparticles

whaws/os7okengt h of | ess than 200 nm 20. The baP€T/862006/000334
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stack of any of Clains 17 to 19, wherein the

hanopgpti c e ro

nas. a2k ambie Ba7eb B BB 55 "Wl dhsien SRR binder is
| engt Uemedéﬁ?otma #fthomer leadh@at leapesite palynteridabfe group.

nore. 2 1. The barrier stack of any of Clainms 1 to 20,

wherei n the nanoparticles have at |east two different
shapess, 22Thdhgakad! b@cksbfi%laﬁﬁ aay vherelrftitHE éol{y%e%ic binder
1, wherein the nanoparticl have a surface are 0

wei gheomptises & W@é@%eeel%m@tfrom ifizg @reup sensistingmf polyacrylate,

\Anﬁg ?ePg§?ﬁ%al : Ebﬁfeg%lrﬂg?aé’{yheg&’ g@h{gr | %grggs LA® pbRurethane.

pol ynmeri c binder, wherein the nanopartlcles are

gg?tr Ir Zgut egE\M t hlI % %EE}\( ggax\mipiﬁ' ﬁg Béf\yhépq?r& the barrier layer

bi ndegompriges iav afhtéd é]%éleéf@ﬂoﬁ .hawwqunabxgbsa(g O9NEIAIN, SiO,
poI yneri sabl e _group parrier stack aim

WREr.ePisN4, héopdﬁﬁQrENz@s,bTaa%s apddzPses a materi al
sel ected fromthe group consisting of polyacrylate,
pol yacryl am de, pol yepoxi de, paryl ene, polysiloxanes
and p27yur éhadmeriep8tacknef bay rdfeClaimack tof27arfurthér comprising a
d ai ns wher |nthe rri | ayer conprises a
ot o Bufsttele 83 sl tHenuibies iy 32 (1TO, TiAN,
S, SiC, Si3M, Ti2, H O, Y2O3, Ta20s, and Al 2C8.

27. The b ieéstack of any_ of Clains 1 to
furt hé® cohf®i BRMIErastagkset e@'ém? 028,5%'&5?'!1 ,ﬁ@etrﬁ\glt:layer film is

L RIS PR, e 5 Rl 6 e e

wherein the multi
the sealing layer is arranged on the substrate. 29.

The bagri efpst Bgrlﬁe?f stoR! 6F. Cﬁ?m% 2 o1 r e\hﬂelleﬂ? the substrate

substrate conp a nat er sel“ect ed
pol yacahptisss pohaﬂerlapydalented fmh)pdwmiateebbml'tmmne polyimide,

88: z%%,elf?@f‘%ﬁtﬁ? gl @@Ww@é’cﬁy@(ﬂ T-propyne, poly(4-methyl-2-pentyne),

polyimide, polycarbonate, polyethylene, polyethersulfone, epoxy resins,

polyethylene terepthalate, polystyrene, polyurethane, polyacrylate, and
polydimethylphenylene oxide, styrene-divinylboenzene copolymers,
polyvinylidene fluoride (PVDF), nylon, nitrocellulose, cellulose, glass,
indium tin oxide, nano-clays, silicones, polydimethylsiloxanes,
biscyclopentadienyl iron, and polyphosphazenes.

30. The barrier stack of any of Claims 28 to 30, wherein the substrate
is flexible.

"31.  The barrier stack of any of Claims 28 to 30, wherein the substrate
is rigid.

32.  The barrier stack of any of Claims 1 to 26, wherein the multilayer

film comprises at least 3 or at least 5 barrier layers.
36



pol yi m de, pol ycarbonate, polyethylene,
pol yet her sul f one, epoxy resins, polyethyl ene

W 2008051034 at e, pol ystyrene, pol yuret hane, pol yBCT/$GH0€000334
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and pol ydi et hyl phenyl ene oxi de,

styrene-di vi nyl benzene copol yners, polyvinylidene

fluoride (PVDF), nylon, nitrocellul ose, cellul ose,

gl laszi_,%Si ngil'lhmb}a'rniercstiadegf arm@;f dlaiys, %3’i \Jvhclemheme multgayer film is
pol ydi net si | oxanes, bi Cc ent adi enyl iron, an

pol ypﬂ%?ﬂﬂ%@ gR&Se %Fac?h(ﬁﬁérwgg"(a@t ack of any of

Clainms 28 to 30, wherein the substrate is flexible. 3

1. The barrier stack of any of Clains 28 to 30, .
wher eph- t héha baeierstack af anyptiClapms 28He Famwheseinseagtkmultilayer
of an ' er ej ' film

corpr 1105ls apdRLdn Ao Bpp8 iR bR R b SHRE |

The barrier stack of any of Cains 32, wherein the

mul tiLayer filmi.s ranged on e su ce,of the .
subst #gt e. Téﬁ.baﬁﬂ%‘f g{?lcgl X it QE@%‘WS@% 8f3%| fé('ftﬂﬁr sgmprising a
to 32planafasidynawsrdhteibddd Battlech thBSubsREtPASE thePmultilayer film.
each opposing surface of the substrate. 35. The

barrier stack of any of Clains 28 to 33, further

conpr kgi ng LB n0 rofl t o
subet 25t o 2ng et sPcRiol 8K o, CleRR R 55 S ARG bBfhprising 2
st acktesmiralyaysfr f@ priobactihgtthe 3nyltifayet fikn. conpri sing a

term nal layer for protecting the nmultilayer film 37.

The barrier stack of O aim 35, wherein the term nal

| ayer 3z.onpThe barrdar stacky bf Cldiml 38, vdferelhthed@ihiredl Ife?Ssmprises
of Claim 36, ngerei n the acrylic filmhas distributed

t her e®R 3CPHECAMA or MyF2 particles. 39. The barrier

stack of any of Clains 1 to 38, wherein the water

vapour perneation rate of the encapsul ation barrier

st ack38s | €Be bagierapiegk 00 GlajgnnBbdayhereinothe acrylic film has

9/ 2/ Gy #04 tr%él?ef.' lﬁftarn%%ﬁwgff?vg;&r%cfe%@ri sing an
active conponent that 1s sen 1tTVe to noisture and/ or
oxygen, said active conponent being arranged within an

encapéél_l at TR bbaanr“ieralr estca&t o kan%/(:%? r(ﬂ'alrr]tgs t10 t& r%’E,’»,o\gvhe%lr(=,a|1r'1 r?ﬁe water
vapour permeation rate of the encapsulation barrier stack is less than
about 10”° g/m?/day or 10° g/m?/day.

40. An electronic device comprising an active component that is
sensitive to moisture and/or oxygen, said active component being
arranged within an encapsulation barrier stack according to any of claims
1 to 39.

41.  The electronic device of Claim 40, wherein the barrier stack forms a
base substrate for supporting the reactive component.

42.  The electronic device of Claim 40 or 41, wherein the encapsulation
barrier stack further comprises .
a covering layer arranged proximally over the active component to

form a proximal encapsulation, said reactive component being
37



1to 39. 4 1. The electronic device of C aimA40,
wherein the barrier stack forns a base substrate for

waaEpostoehg the reacti ve conmponent. 42. The el PCT/86MI06/000334
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device of Caim40 or 4 1, wherein the encapsul ation

barri. ; f ' Verl I . .
art angaiERCd, bRk SRTBRLGRT, Talét: Shi e S Eipsniqn barrer
a prostagkl encapsul ation, said reactive conponent

bei ngsandw ched between the covering | ayer and the

encapsul ati on barrier stack. 43. The el ectronic device

of Cl 48m 4The whketrohic tbgicehapeCiaimt N, MeRsinNehd AHRIpe of the
conforns fo the external shape of the reactive

compofYRMNAulaYersRnfaimas i the extawial shape ohife activecamponent.
39 to 42, wherein the encapsulation further conprises

a cover substrate attached to the base substrate by

meansd$f amhadélesironic| dgdee cfandy aoh&daims BRy&r 4%iwherein the

arran .Lally along the edge of the
covergrzu S J%ﬁ’@%gﬁgfgﬁﬁﬁé‘g‘% rimseal ed encl osure

around t hearceaet isubsitatepattatiod #Whihelbase |sabbirgRi by means of an
devi ce of.Cliaim40,_ wher el n }he ctive conponent 1s )

ar r angIP IR Pwsks 8aid arhasive:lavgr being: agapgpd @t deagsubstantially

bar r i glbngtthekedder HBthaNcRe %Ql%{rﬁfé 104 fbﬁﬁiﬁg é)Yiﬁ{-séQI%g enclosure

reacti ve conponent that seals the reactive conponen

agai n@lounHdhe seactivemampanent46. The el ectronic devi ce

of any of Clains 40 to 45, wherein the reactive

conponent is selected fromthe group consisting of an

O gaMiz Li Ghe eledttoniodebes of €14i0ED) whedhatigedetb@u@aponent is

(VENES T2 R PR S8R, SR e R latiogrbarier stack forms

encapsvbataesuldedn leger starctheaeaOidl EmpOnaMthal sédigtiBreactive
1 to 39, conprisin ormng at |east one barrier

.hg: f
| ayerCURRORR t|%m8%mb§§%rsuh§trm§yer in alternating
sequence on a surface for receiving the barrier stack,

wherein
46. The electronic device of any of Claims 40 to 45, wherein the

reactive component is selected from the group consisting of an Organic
Light Emitting Device (OLED), charged-coupled device (CCD), and micro-
electro-mechanical sensors (MEMS).

47. A method for the manufacture of an encapsulation barrier stack
according to any of Claims 1 to 39, comprising:

forming at least one barrier layer and at least one sealing layer in
alternating sequence on a surface for receiving the barrier stack,

wherein

forming the at least one sealing layer comprises mixing a
polymerisable compound with 'a"‘hanoparticle dispersion to form a sealing
mixture, and polymerising the sealing mixture over the at least one barrier
layer under vacuum.

48.  The method of any of Claims 47, further comprising
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formng the at | east one sealing |ayer conprises
m xi ng a pol yneri sabl e conpound with a hanoparticle

wale@pes®idn to forma sealing mxture, and pol ROBRGHI06F0334
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the sealing m xture over the at | east one barrier

| ayer unde ' . .
47, furthe O\ggﬁnp ?s?l%@‘%&aggfol ndﬂ) Sffe?é?rg{e{ gltfdmherem said
suppoat least efeeseaing layesisdirgt, fomhed elnrtheaiuds’atatd. east

one sealing layer is first fornmed on the substrate.
49. The nethod of C aim 48, wherein the substrate

conpriges hdafidthed df ©I&im 480whdhsn et Bglsistpéte@oﬁmﬂs‘éé a barrier

wherei n the substrate conprises a polymer substrate.

1. Thi@Yget hod of any of Clainms 48 to 50, wherein the
substrate is degassed at a tenperature of between

about 300C to about 1000C under vacuum for at | east

about5CL holine BRthotheofnEidiod 48f whgreif tBeaisobstidtet comprises a

rein the nanoparticle dispersion conprises
nanop ?lyfngféggﬁﬁr%ﬁer sed in at | east one organic

solvent. 53. The nethod of O aimb52, wherein said at
| east _one grgani ¢ solvent is selected fromethers,

ket onel, al BRHYRIBedplaagy W dblgims 48 %50wé\th%amoﬁﬂeawbstrate is
of C (=) el r °

pi 1 sk i Rpo o & BtcBR g o & dhdi 10p°C under
any ofacOum fag aideass apout fl lnouher conpri si ng carrying

out sonification of the sealing m xture prior to

pol ymerisation. 56. The nmethod of O aim 55, wherein

soni f52.at i Pine Irﬁethadrmfealnyf @lf Caalrﬂx§a8ttoabtlJUWhéEblmtﬁétr@wopamcle
57. The net hod of an ’% 8 erein the
mi xi rfSBESiGe CHBIRF .Eama 8RB0 (sRSmech in r?é least one organic

nanopsyiyérgl € di spersion is carried out in a polar
organi ¢ sol vent.58. The nethod of Caim57, wherein
t he pol ar organi c solvent conprises a m xture of

?;{‘iygﬁle It S MetABd of CIERN82Y #hBANIAsald attiehsiBh& organic solvent

is selected from ethers, ketones, aldehydes and glycols.

54. The method of any of Claims 48 to 52, wherein the sealing mixture
is spin coated onto the barrier layer.

55. The method of any of Claims 46 to 49, further comprising carrying
out sonification of the sealing mixture prior to polymerisation.

56. The method of Claim 55, wherein sonification is carried for at least
about 30 minutes.

57.  The method of any of Claims 48 to 55, wherein the mixing of the

polymerisable compound with the nanoparticle dispersion is carried out in
a polar organic solvent.
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59. The nethod of any of Clains 48 to 58, wherein the
poi yneri sabl e conpound is curable by ultraviol et

WO 2@ht57069D. The net hod of C ai m 59, wherein thRCT/SG2006/000334
poi yneri sabl e conpound is selected fromacrylic acid,

et hyhg ACT YRE! BetifddYor 54M B AL Yhe 2FEMH 3fanic solvent

comprises a mixture of ethylene glycol and 2-methoxyethanol in 1:1 molar
ratio.

5 59. The method of any of Claims 48 to 58, wherein the polymerisable
compound is curable by ultraviolet light.

60. The method of Claim 59, wherein the polymerisable compound is
selected from acrylic acid, methyl acrylate, ethyl acrylate and butyl
10 acrylate.
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