NANOPART!I CULATE ENCAPSULATI ON BARRI ER STACK [001] The present
I nvention relates generally to the field of encapsulation barrier
stacks, and nore partlcularlé to_encapsul ati on barrier stacks

conprising 5 reacNANORARIMGHLAI B ENGARGHRATNBNBARRBERBEATION

[002] Organic Light Emtting Displays (OLEDs) are widely seen as the
next 10 generation display technology that will cone to repl ace
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t echnol ogy over the years. 004] Conventional encapsulation

structures conprise a subst rat e on which the el ectrolum nescent
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1 OLEDs which require that the encapsul ation structures are flexible
t her eby 20 the reactive electroluminescent material should have an oxygen transmlssmn
rate (OTR) less than about 5 to 10 cc/m?/day and a water vapor transmission
rate (WVTR) of less than about 10° g/m%day at 39°C and 95% RH. The
technical challenges brought about by these stringent requirements have driven
constant developments in encapsulation technology over the years.
25
[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
30 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

light transmitted through the encapsulation must be maintained.

35 [005] Recent developments in OLED technology has seen the rise of flexible
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making it nore apparent that encapsul ation technol ogy has not kept

pace with devel opnents in OLED technol ogy. The substrate for a

flexi ble OLED should ideally conbine the gas barrier properties,
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i nherent  stisugdhigwvaible detheglesbedtas@thes subs@steBaying fey’'s Redte of the art in
structural defects such as pinholes, cracks, grain boundaries, etc.

al | ows oxydBfustial %V%‘PﬁF@W@%’rmate over tine, leading to poorer

t han expected barrier performance. It is difficult to control
fabrication to such an extent that defects are conpletely eradicated
because 25 [006h diloeerecantly, barirriaminaiesetbrived dere mdetain bfpeshef inorganic
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Pat ent ayer barri
cracks, grain boundaries, etc allows oxygen and moisture to permeate over

time, leading to poorer than expected barrier performance. It is difficult to control
fabrication to such an extent that defects are completely eradicated because
25 such defects are randomly formed, 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

30 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.

35 [008] Vitex Inc. discloses in US Patent No. 6,866,901 a multilayer barrier
2



stacks conprising nmultiple sputter-deposited al um ni um oxi de

I norganic |ayers separated by polynmer multilayers (PM.) conprising
organic polymers. This nmulti- layer barrier stack design is based on
the princi pHtacks ceeusispg myltivle smitiesdepesited wiurgindiwasexide ipaiganir layers

oxi de | ayerg.d | [ ' S ; : ngl | 4 .
st udy sugge%:fdsé}?%ﬁ#tgﬁ&@yggﬁ%@%w; oprt’ﬁ%é ??%%??P | norgaxﬁ% mult
mul ti | ayer slafer besica stack design patbhasédomibiesprinaplaraf decpgplinglitfid defemts of
thus reducjng the perneation rate by several orders of magnitude.
10057 Despi VB shPCe A RN E RS e3P T8 e hfsaR; SR stnck By rasent
and 10 pslyeEElihgt SubRYRIggestetRRediFdct Betbiifingt QuAGHT BeCoahnicdinBigthic
barrier properties of better than 10-5 g/ n2/day, or even better

| evel s of 10ulilgyere/ @s5es AaripHuehPath fopveeipturenandi exygrnt rdifusinae thus

St 1 ar i seinb Hel AERuOH Fitoty ARHASbASMhaBGk s, |0 one layer
SRl & AR

are lined up wt efects 1n the ot ayers. limtations
of the nmultilayer stack approach is that it suffers from poor

dhesi e . e ' i S ciall. uring t.he
e oo 08t SRR AR, 5 nuBRBF A bk BHEII%0AE8 anc
i nor gani coamdymegaﬂénayas?m Rbaded &hardbéit@faehfeaee.ﬁtravihﬁgg bm?k pheystiag of
structure due, to natpr the sputter depasitio n ormatijon
processes. %&%Itg@nrﬁéﬁg&zlﬂﬁyi ﬂF@NeBa{?f’éTeEqW?[ﬁ CBO@Q gtgr[rg/%{gﬁi’-s Agations in
qual i ties afbrafbahict REIPMAASE il aflfe HU&Qb tA&bICANHRES GRbr th8 Binholes
di scl oses in US Pat ent plication No. 2005/0051763 an
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hi gh cl ari tyydhties GARAERBFacdk@@R{M filmproperties to enable a
125-m cron-thick substrate to wthstand the heat involved in OLED

fabricat2®n and to allow optimal light transmission fromthe device.

;B& ib:(rjri er[O‘iﬁft i ABLIOBR i@@s%a%llt,i tR %c?o%e%oriwoﬂgd%é@@hc t)Miad’li‘éation No.
2005/0051763 an organic/inorganic nanocomposite structure formed by
infiltration of a porous inorganic layer by an organic material. The composite
structure is produced by vacuum deposition techniques. In contrast with the

25 aforementioned techniques, this document 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.

30 [011] General Electric Inc. discloses in EP 1 164 644 a 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 fo allow optimal light transmission from the
device. The barrier coating comprises silicon oxide compounds which are applied

35 onto the substrate using plasma enhanced chemical vapour deposition. The
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35 onto the substrate using plasm enhanced chem cal vapour

deposition. The 3 barrier coating prevents degradation of the device
from oxygen, noisture, chemcals, and electronic conductivity while
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packagi ng rials. For exanple, US Patent No. 5,916, 685 discl oses

a nmultil aye\cﬁm}:bé;"’\t‘?2 ‘er lam nate conprising an exterior polyneric |ayer
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about 0.1 to 10% by weight of a polyner |ayer in, which it is
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barrier | aygktiblfs Pﬁé gbﬁfmér?d‘%ﬂ%?ﬂé?@b@éﬁ%é@ %ron%QQWi food ga%kaglng
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an encapsul gdrien jayesr TIh@baﬂmﬁnﬁ%ét&%é\feseé‘Q@&éﬂb@éétﬂ&r@\*&éﬁiﬁfoﬁr &te of
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nul tilayer 3Bauh GETi @g iday ewat ao% hsalperiash, angd, & ClWWn@niFLbWh'ﬁ)lf@"t L&D

and/ or oxyg&%ag)ghﬁg ility, and at |east one sealing |ayer arranged
to be in cont h a surface of the at |east one barrier |ayer,
t hereby dbvering defects present in the barrier |ayer, wherein the

o LRt O3B AP, HRAIRS B0 BB IR o, cousting
per meat i on @‘fcamumur;estaumiﬂms QﬁlyWfsté.hAﬂUijethQ)fCiﬁbept&eﬁt age@dtitionnis to
provide an alternative barrier stack that has improved barrier properties and is
inexpensively fabricated.
20
SUMMARY OF THE INVENTION

[014] According to a first aspect of the present invention, an encapsulation
barrier stack capable of encapsulating a moisture and/or oxygen sensitive article
25 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

30 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 barrier layer.

[015] According to another aspect of the invention, an electronic device

35 comprising a moisture and/or oxygen sensitive reactive component is provided in
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the barrier layer. [015] According to another aspect of the

I nvention, an electronic device 35 conprising a noisture and/or

oxygen sensitive reactive conponent is provided in 4 which said
reacti ve compehéatd reactvye sagwengnt i amangechwipiuanaensapgdatiore bagiegstack

accordi ng té?:c%)gﬁné itdﬁ*eﬁ%ﬁ%%&?cg‘;of{t%iniv@ﬁﬁ ion. [016] The invention

Is also direc 0 a net manufacture of an 5
encapsul ation barrier stack according to the first aspect of the

i nvention, rising; formng at .| east one barrier lLayer and at
| cast  one’ J83B] ol rentiths ' fef et (S Hanahbd Fhe & Madietlle ofen
at | east gnmcapsliaion | Baeier cOEBKI S€sordigXithidthe Figdty BBpestabl etheoimemtign,
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present (0wealingmixture] w8l pehetensngahepsedlingl aixtutatover ttherataisst ime
or chem czﬂqlﬁé r eact Iﬁth noi sture and/ or oxygen to plug the defects
present in er IgYeT {RqerVaCUEM. Thi s approach of dealing with the

probl em of defects typically 20 present in netal oxide barrier |ayers
can be inpl enented inexpensively given that it can be integrated ]
wi th exi stilBd7hbr othe Peesenigayentiarbia based oy teefipding that sappling a sealing

properti es’l?%‘rewhf&}‘xec%rﬂ ﬁse%&lana&i'vé%é iél@é‘ttoté}?wg%&%aﬁglﬁ'} Her can

| ayers containing nanoparticles result In I nprove
bet ween baraficetivélgyredsce dioe rate ahevhiclymasturacs oogeghnesrmaatey ithe davsier

t he nanopart.i cl F stripngent 25 applicatiqns,. a plucality of
barrior Fi IRSTof s inaR sk (ooare ssina i yef el iricatipf gnethods,
reactive nanepprestat dsvertivnbetilised reaciehirerepartilgh thay ithef @dsorbs or
I mper meabi | i t?‘/q" This sol u‘gl on to the &raobl em of defects tj n i nor%am C
barrier fildigMicallysiggsbmtadmpiptyrgeani/ReASYFHILEC PlUg the eferishpresent in the

model |'i ng, paphghifRs TheWapbRichaof ‘&%‘éliﬁ%%ﬁtﬁ &RBNbrobfm 8GMHeMcRY typically
ultra high barrier performance is that the organic 30 defect .

decoupl i ;9@, present inhineted exxdde dagigr layers ran heénplamented dnexpansively given

distance 4.t it can be integrated with existing processes. Apart from the improvement in

barrier properties, the inventors have also found that the use of sealing layers

containing nanoparticles result in improved lamination between barrier layers

due to the high surface roughness provided by the nanoparticles. For stringent

25 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

30 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

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



between the defects in barrier layers. [018] In accordance with the
above findings, the encapsul ation barrier stack of the invention
conprises a multilayer filmhaving at | east one barrier layer with

| ow 35 gasSLp'ée{Qﬁ?e@fb%/ha bgrrieshayeit Theasgaliogdayeratomprises eeadiive diaywpariicles
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noi st ur e antfaurghothedearriet siacklvia defeatsdimgentiaithe parmardayen  t hr ough
the barrier stack via defects present in the barrier layer. 5 [019]
"Defects” in the barrier |ayer refer to structural defects, such as

pits, piphoHep, rHeeeRr aﬁktﬁeab@m@f FayerbRiaday BtruSedl aéfedtd, Wirh as pits,
defects are known to exist in all types of barrier |ayers that are
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oxidation), or through physical or physico-chem cal interaction (e.g.
capillary &3 &90361%%01(081‘%@4 6?‘)ydrophl lic attraction, or any other

non-coval ent interaction between the nanoparticles and

wat er / oxygen) . Reactive nanoparticles may conprise or consist of
metal s whi A28l e Reantivel neowaAdisietareier dadnanonadielea, canable afeintarscting

whi ch

o & IV ACEINER A BEn! SR8 L S EcA LB by
i ncl ude ﬂﬁ\an’eoxiﬂamn)ﬁoomlmsugh physikal ot ZhhysRoachientidal deraelampe g, capillary
t hese netal s be s | ec

transition FROH ?dﬁﬁip %‘ya@ﬁﬂ'@daﬁ'fﬁ?&'%ﬁdfjﬁd"”yﬁtheiﬁ‘o%ovat{?"ﬁ IfRaEon

for instanasstwéénl ﬂ?ellnaﬂadpﬁﬁudlé@rar@twét&r/okm)l VReAGVeP dahbphRiB|d¥RYnay
al so include or consi st certain netal oxides which are capabl e of

i nt er act i nGFANRISBI §00%ist gharedals whigh e regctives ipwrrdg uater @RefQidpygen.
Ti®2 , Al203 . m&ladR whidtPar n%%?ovér@dr&?% m”"ﬂ‘?e Vg&ttv\fg?ser@so%c:l&@ metals

and Li Mh2O4. In certain e oxi
t r anspar abtfrarorziocpi & fdt(HIPA) taysbe e&seédSamﬂmwf@r@@ rrgertalapnclude those

consi sti ng pfr GAATHYD, 9 38M7%.e14 SHETAORbr LA Thd A'AlcFall By B Shtected

from Al, Mg, Ba and Ca. Reactive transition metals may also be used, including

Ti, Zn, Sn, Ni, and Fe for instance.

25 [021] Other than metals, reactive nanoparticles may also include or consist of
certain metal oxides which are capable of interacting with moisture and/or
oxygen may also be used, including TiO; , Al.O3 , ZrO,, Zn0O, BaO, SrO, Ca0
and MgO, VO,, CrO;, MoO,, and LiMn;04. In certain embodiments, the metal
oxide may comprise a transparent conductive metal oxide selected from the

30 group consisting of cadmium stannate (Cd;Sn0Q,), cadmium indate (CdinyO4),
zinc stannate (Zn,Sn0O4 and ZnSnO;3), and zinc indium oxide (Zn;In,0s).

[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.
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zinc stannate (Zn2Sn®4 and ZnSnO3), and zinc indium oxide (Zn21n20H).
[022] In this conjunction, it is evident for a person skilled in the
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J. Phys. Chesflids §6 appai 566- 5(523005pr 5X8MHi) Al2Paransk ke are raawyeaiowards
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used. In a study carried out by 20 the present inventors, it was

found that carbon nanotubes (CNTs) can serve as a desiccant. Car bon
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car bon nanot ubes II;“%/Iacapl

ry 25 sucti.on. I s_suggested that water
mol ecul es nERfPeBr Glgs; Wﬂﬁenﬁﬁ‘ﬂ%ﬁ?i? dﬂﬁlensﬁr\sucﬁ‘m E3TRAN RRROHEESe rsingle-
nanot ubes, LARIELEY niifl- wangdtc@r@éwﬁéhoﬁﬁesrrﬁé@ba (BedT b sti@) ¢ Bébfout by

oxygen and water nol ecul es. Wile the quantity of carbon nanotu

may be naQithegsasenirinvenioio ihwas mdethah@ﬂrbonmaf@mbﬁdﬁﬂ’fﬁ)uaam serie as a
| nventors E?é/s?ccfa%‘tméa R nhRotRhas (dafhehd Wse B YO Sstfate¥eRion liquids via

sui t abl e.
capillary action, particularly liquids whose surface tension does not exceed about

200 Nm™ (Nature, page 801, Vol. 412, 2001). In principle, this would mean that
water molecules can be drawn into open-ended carbon nanotubes by capillary

25 suction. It is suggested that water molecules may form quasi-one-dimensional
structures within carbon nanotubes, thereby helping to absorb and retain a smali
volume of oxygen and water molecules. While the quantity of carbon nanctubes
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



30 exanpl e, carbon nanotubes may be used in | ow quantities of about
0.01%to 10% by wei ght of the nanoparticles present. H gher
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ayer is br e and there rovin rrier properties

G hor sui ( ADNE RHIGH oGS PSRN BB Aere| B8 HRIBEIaT I blersbed and
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earth elenents, silicate glass, fluorosilicate gl ass,

f1'uorobor Oi;bglnfat étr‘igraﬁutal‘li‘lku%é’t%ﬁ%ﬂls' Gin %?rltaﬁﬁnoﬁé‘#ﬂﬁlelémméy ) 151681 fhelude

gl ass, cal alumnum siTicate glass,
f 1 uor osi 1§ aatreactideaswtalsiguehi alsmcoapbr dﬂatlmjm,cguiduamatalberdemneralsmmalays

nitride, silicon c rbi de el g hE‘?C\m ni tr{I .net al ﬁHlflidest aqd

a mxture ot O%F 5% BR @9138?’ %fmu It JOpUMPHIPTYIe: Sare pafn GleRatsyslicate
conpri se sefibéd) gl Uorysticatd aydgzg fladfabordsifidate W@I@mﬁio@mca@@hs@%alcwm
nanocl ay particles, do nqot bel on he |nvent|on [ 026] Wt hout

wi shing to %'@ag%lﬂiﬁs%faﬂ%%rﬁunl'%‘éml sileie Glashralaive ehupingim Hugrosiigate
barrier projgsd 'tﬁﬁnlﬁﬁﬂcgﬁ)i@éhilﬁifﬁﬂjrﬁycé#ﬁid@g zﬁc@ﬁiﬁm M€ siREon carbide, or
different types of nanoparticles. By studyi

absor pt i 8dy/silisge | Bitfidshamaetebr sulfides, ogndi fof em@ﬁure t ppesombination thereof.

nanopart | C'I?r?cap'mmd(t:@nggﬁﬁi Plsefac% @@L oicﬁg‘rp(}@o a%‘%fn'g%y%ﬁ‘s haying only inert

nanoparticles i f onge
barrier ef frmm@artms,\mt:h ag nanoclay particles, do not belong to the mventlon

[026] Without wishing to be bound by theory, the inventors believe that strong

25 barrier properties can be achieved by 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

30 may be used in the sealing layer, or a combination of reactive and inert
nanoparticles may be used.

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

35 One exemplary embodiment would be the combination of TiO, / AlOs
8



single type of material. For exanple, different types of reactive
nanoparticles 30 may be used in the sealing |ayer, or a conbination

of reactive and inert nanoparticles nmay be used. [027] In accordance
wi th the abdaoparteleseuth ﬁgrhoayéanwpe@oﬁrpw@éga ofcowiititaliveoratists may be

car bon nano

exerpl ar'y. crpoannd it et sEE6taRon Bhla bk SPeRRRof Ipar BxSHBlary
nanopar t i cl embuadinterdatheoquaraity blimesal oige namgmmi:leqmesentas bebveert 508 o
may be use @)dtlopt Esed ﬁ‘ﬁ?ord ngjﬂﬁl i H&%ﬁ r exper i nment at “
In an exenp daY et dhe yarHR; efcaspo PlgsyEor oxides © metals
nanopart i §Ire@mn>gbe@w1tatomd)aw@ﬁn Rt eandéi%@] ‘lde'%eﬁbYdeeléiBHpié herio,
quantity of carbon nanotubes. For oxides of netals havi ng

| o
at omi ¢ wei gfRNORaGEes rean b¢ eaad B GrBGInation éﬂ@ﬁnﬁ?@onTﬂﬁﬂowbeS with the

nanoparti cl | ETfoTolnh 51?:5]9'[ u

the wei ght@élgﬁ??tﬁoﬁggﬂ%ggﬁﬁyg%gé ?gzlﬁe@ EEI ng be weélnﬁgg%a}%&m's’
1: 10 to abduat rotmitedidherede. | imited thereto. 10 [028] The

encapsul ation barrier stack of the invention nay be used to

encapsul ate any type of noisture and/or oxygen sensitive article,

such as 1|e|[0281onThedeM¢ax{m|£atithug>lﬁrrlémed&k amdtrreea%eirmenrrmw ihb@ Used to
for exar‘rp e For nc S at | g el ectrol nescent evl ces t he
qual ity of STGERSUIE AN TR QnmARIHTe (3R CXYEEN ASNSHHSa BricS, Sighias

i's particul gettyohiBPeEYiess, d-ﬁﬁq&s fodasn Ale r%@c%%éfﬂr@ﬁé Ofbrbékéﬂn‘fﬁe For
stack is used as a cover subsirate over a top-emitting

t he encaps@rEapsHiatiagalesteplgninagaent ﬁ@\rrca&u_tE@qyﬁhtyea‘ lioht tfagar’mtted through
di spl ays, t | ri S e

quar i 1y of e Beapslia®id Marhef | ehi °Is BarbiY SRlorRITRS ypep, the
subst ant ﬂ&leryca@egI%Jdedbam@r [@éﬁk] isBemsed zam a heverbeubsirﬁquov@'rranﬁop -¢ritting

{1 anspar ency 0. it M Sfear R ket 8rB B e 3y o Fpsrthrouoh

conpri ses rtasmaﬁsttr@l efcAldtraPadieer &teek $hoald abt kaase tthéquuHh?y o®light
nore preferably | ea%ét han 1/5, the characteristic wavel eng

li ght prodd @Syt the &ledtolyminesserievire P%ﬁuest@awmﬂradﬂﬂ

this context, 25 the characteristic wavelength is defined as the
wavel engt h at which the peak intensity of the light spectrumthat is
produced26\[029F eBased giruthe chnyet refputareent, Rbe sizecefr teumanticlezmay be

devices emdlisag YiSSRUP &1 9BY widl Jptes! PdPIMAS B maintained. In one

embodiment, the sealing layer comprises nanoparticles having an average size
of less than 1/2, or more preferably less than 1/5, the characteristic wavelength
of light produced by the electroluminescent electronic component. In this context,

25 the characteristic wavelength is defined as the wavelength at which the peak
intensity of the light spectrum that is produced by the electroluminescent device.
For electroluminescent devices emitting visible light, this design requirement
translates into nanoparticles 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



transl ates into nanoparticles having a di nension of |ess than about
350 nm or nore preferably less than 200 nm 30 [030] As the random
packing density of nanoparticles in the defects of the barrier layer
is determ néar%wmn@Ser%@@I%dsl’ﬁ% thadt theoainepadicleshean assume include

nanoparti cl v n
shapes and %eélgél %’o %%é??ée %(%ghieﬁ@ﬁé?hm%:‘eéagl | néﬁgqﬁggp@g Qa@%g h-' the
barri er oxichsel (aiyr@d sﬁlé”[mdSISammImpeies,l itegamanpyhave pdieseaier iof between about
uniformsh na f i or 9 nore sh s. [Poss e
Shapes t har T A toaiB R« 7 fansih R SoL BB nfh ancdh sspref TG oLRafe dan 5.
rod shapes,pitidolt piiteglthsleapes or any irregul ar shapes. In the case

of rod shaped nanoparticles, they may have a di aneter of between

about 10 nmto 50 nm a length of 50 to 400 nm and an aspect ratio

of nore thgg ﬁ l$l bb‘rtdb?Ottoli fqﬂg LOREBRL: it@3tlioh . tﬂ@éntghgwﬂébgﬁre

efficient int action betwee e reactive nanoparticles an
wat er vapourgrepag@ies andetits mgatemaammdwmgehapemneath@ trnmm;rmrt lagleesthe

occupying t S ave, sui bI e shapes. t hat. 10 Xi.m se
Che Sur f acd EHPREHETS Rlp Rl i ds e, RSP RRvh Shietle, shakpsp Bt Wt
oxygen. Thiraaxieass tHehslrfddecaranbpachh coas MRy chetadeditd rtﬁé Walehﬁé(;ﬁ)iﬁ and
| arge surface arﬁ_g[to vol urre or surface area to weight ratio.

one enbodi rYEeN: Hais MeaRsaihat dhe Nangperticlas, May: Befesioned \Xféﬂ&Wﬁ a large

ratio of befupes a'%@é)% vbIUFEé Joit Qurfé’ééoé‘rteazﬁowgéhg ratid 18 dr%qﬁhbﬁgrnrﬁgnt fhe
can be achi eved by using nanoparticles wth different apes, syc

as 2, 3 or neswpadidgsehave asﬁalﬁf@@e @geajé@dwlgbﬁr%tmbo‘é betvp@@'z]abaub‘l narélg to

i n which t %ou?%gpglwlgc Lr‘ﬁf‘s (%r{t ' 64 a%ﬂ bﬂr&ﬁggm lﬁécrfbﬁ)@éticles with

seal i ng | ayer [s su use-as

pol ymer s}5 difidreatshagmesy sacls aéé} |3vcatrheref méfmermsnapes abaldspgbed abeast
one pol yneri sabl e group, and 20 which can be readily polynerised.
Exanpl es of polynmeric materials suitable for this purpose include

pol yacryl atjg32pol A aghderani »dmchnabmedme@afe/ bR ute@ Thiiy beOXsEtPfh the
and pol yur et hfne or any ot her yner. For strong adhesion between 2

successi ve S68HRY &ayara F%”m%lsutt%b'SdcﬁéHﬁeﬁﬁ’ethm'ﬂ ¢raipelude; palymats swch as
substrate, HdenHQl JFREDINEM rﬁeﬂgm%?é‘ﬁé{u}ﬁ a‘ﬂ'i’@éétto)ﬁegﬁ%icf rﬁ?rf%‘tﬁé %u%f},fhd

sealing 25°| dyer contai ni ng e nanopartiCles 1s typi
coat i ng 2havhieh casrbevreadily polymerlsed Examples of polymeric matenals smtable for
this purpose include polyacrylate, polyacrylamide, polyepoxide, parylene,
polysiloxanes and polyurethane or any other polymer. For strong adhesion
between 2 successive barrier layers, or to adhere the multilayer film onto a
substrate, the polymers with good adhesive quality may be chosen. The sealing
25 layer containing the nanoparticles is typically formed by coating 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.
30
[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.

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



di spersi on cont ai ni ng nanoparticles mxed with a nonomer sol ution,

e.g. an unsaturated organi c conmpound having at |east one

pol ymeri sabl e group.  Thickness of the sealing |ayer congr|5|n

bi nder wi t hagestarilpyvelbog fewdparatrusiens overeinsi surtage ekthenbansier dayegelrothis

about 2 nm ﬁwgpﬁgp %efﬁgt\éeéglngn}lgé qgethgrﬁernﬁ%tkﬂ?’gﬂ cJ)Ho% egasperso’txhlrcr)T,ﬁghethe

enbodi nment s s arra
contact w ténddpsubationr ebassmerf aamax;lofarehéplugged er Whageprotﬁmoma:\mbb, would

manner ¢ hatNERVG AGEHES 10 PoRaM S Apie! sPriaid Ebiess BYERr e%s A fvelled.

surface of AR cBaforirl chbati®d or defosiBibn ehéthel RECHPYIsBE, Bl elg. fohklicd \Aap:our
entirely the pItS present in the at |east one barrier | ayer,

| evel | i ng reRRASIHLOF SBiINoFRATHE AtpMEC @Mera@@t)éﬁlonw%apﬁeérlasg@éepowpn
this mannek, %ﬁ@ﬁé%gay& Phgyé}er neat i on of corrosive
ﬁ t he tlonesbarr

gases throug encapsul a er’ stack are "plugged", while
protrusions which would otherw se glve rise to poor |nterfaC|aI

cont act bet b er r e A con Qrmal. .coat |

o deposi & | ither RB6 EeRHE S Redlior ahfing e et | SRLRs S8 ThiiByer
spi n coatlpn@m mayTbordpai)seralﬂethéil l@airriéﬁdnaw'laedehaw pdepeablitpto water
may al so be used to . formthe s |r? a %034'{HI The, barri er

Tt er il L@PBANURTPIgERHE BRI I8 PTESSeFob EXaHeIINg Heer material may
Filmmay comnpsse Aitaky Ridial odes 'c%raﬁ‘ﬁ’éserlh&‘ga}‘\(lct gow\@r@%rgﬁﬁm bdlyMers
to water vapour and/or oxygen in the bu ase. Fof e

barrier mat&id gpmiRationsniperent. Impaesemh@ﬂ@nerﬁxthﬁabarrwrmg?er@l is seiected
i norganic g t e

one grrbodl %&Qﬂ”ﬁ? mg%r gﬂgg (Pﬂj?g | %Rﬁél I%e%gesgg{lql’ro%1 E@dlj 0{’%0%%3205,
oxi de (| T®andrAACN, TBeGBickSess oSaB:h#rleﬂ'ia@r mdyd2e b¥R@Son 2826, to BH @amd [n

. The thick fab Q
o o ni 0 BERREE riirefaRTof 8 Halo PR R, L B e Darpastr laver

used as t hesihed thered@iity oftheatatdial depehdyidryit®fsizdledradeimgle, although
depends on its size. For Sxarrpl e,. al t hough nanopartlcul ate A1203.is
a

reactive t d¥aiRaTiigiiate AlOp il Eackystowarde waternaitiHk laver of iizféy Whigknhas
nanoscal e %f@?&h%%ﬁ@%&a@%m@r@%r@dé@né@ I;J@fﬁ{e Qém"eei%?%l' &i Fefctivity

20 with water, and can thus used for the barri‘er |ayer
certain a@pmﬂtwtetm@ndmaﬁhu@qg|usedtfheﬂ@rh@rﬁgumsron barrier stack to
have good nechanical strength, a substrate may be provided to support
t he
[035] For certain applications which require the encapsulation barrier stack to

have good mechanical strength, a substrate may be provided to support the
multilayer film. The substrate may be flexible or rigid. The substrate may
25 comprise any suitable variety of materials such as polyacetate, polypropylene,
polyimide, cellophane, poly(1-trimethylsilyl-1-propyne, poly{4-methyl-2-pentyne),
polyimide, polycarbonate, polyethylene, polyethersulfone, epoxy resins,
polyethylene terepthalate, polystyrene, polyurethane, polyacrylate,
polyacrylamide, polydimethylphenylene oxide, styrene-divinylbenzene
30 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

35 substrate may face the internal surface that is in contact with food while the
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mul tilayer film The substrate may be flexible or rigid. The
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pol yacrylate is known for having strong water absorption properties.
In the absence of a planarising layer, the nmultilayer filmmay be

orientated [9B¢] tTRé HahferseMidtng 4 airfle béEneraa & SOUPIEE withl 4 @etahﬁ%; layer,
(0]

surface of the substrate, for exanple. [037] e barrier effect
singl e bar rlicera | e alipH ayew t 5 é‘dgé%{ﬁl Apgeanipg that ith % "'Lbfn@?rn@f Gpalrs of

paired la rner/ éalﬁgd'lée)e\@ c éﬁ‘l@? |Bh rdS}Hf‘ii}% lﬁlé?gil barrier
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SO L oL oA ot R S REN 8 e M 858 crhoihen, ccr
barrier layer is stacked on top of each sealing layer in alternating sequence. In
other words, each sealing layer acts as an interface layer between 2 barrier
layers. In some embodiments, 1, 2, 3, 4, or 5 paired layers are present in the

25 multilayer film. For general 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

30 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.

35 [038] In order to protect the multilayer film from mechanical damage, the
12



barrier layer is stacked on top of each sealing layer in alternating
sequence. In other words, each sealing |ayer acts as an interface
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el ectrol um nescent el ectronic cqonponents conprising noi sture and/ or
oxygen sensherbicalsanses IMEMS). wherein the el ectrol uni nescent
conponent is 15 encapsul ated within the encapsul ati on. Exanpl es of

such devices include, but are not limted to, reactive conponents
conpri sedli[§401 gali OLELYeppleatiansydhe Bevhpadaiia basjer sthak geay beupsast to

devices ( O3Rh arfy BhrbFLQ oREESL N80 R A ER) tHREEGR RN Rt of the OLED
device. In one embodiment, the encapsulation barrier stack is used to form a
base substrate for supporting the reactive layers of the electroluminescent
component. In a rim-sealing structure, the encapsulation barrier stack may be
25 used to form a rigid cover that is arranged over the reactive layers of the
electroluminescent component. The rigid cover may be attached to the base
substrate by means of an adhesive layer, the adhesive layer being arranged at
feast substantially along the edge of the cover substrate for forming an enclosure
around the reactive component. In order to minimise lateral diffusion of
30 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

35 flexible encapsulating layer which seals the electroluminescent component
13



20 [040] In OLED applications, the encapsul ation barrier stack may be
used to formany part of an encapsul ation for isolating the active
conponent of the COLED device. |In one enbodi ment, the encapsul ation
barrier stag@ainst (ngclipseostkatrate. Inbldsecasm syucht an eocapappibtg iaygr ey wrap

reacti ve | ayer s ofn 06 El O ALUGLPESERAThos GARAI et Nofrorm 2. oraximal
4 f3ilhe; et Yoy 25 R

rimsealing structure, e encapsu 'on barrirer s

to form a reéegiapsutation’.tTiet shapeof thegentapeekitinh dayerdiotis genfoayerns tioé shape
the el ectro]J i’ﬂm nescent co one?t The rigid c v&; mai be atta]ched to
the base sUb3F dPEOHE R0 f@ﬂ,ai?aé(mgem@apaﬁs req dhe (plecirolimingrgent
bei ng arran@@ﬂ?ahentlt@@%terﬁsép}%UWd aht Yn@kABspdtgtirRdageef the cover

substrate for formng an enclosure around the reactive conponent. In
order to minimse lateral diffusion of 30 oxygen/noisture into the

encl osure ¢ I ni InYi6n Ci_RMR N t'éctg@d ] t ;
covering Ia%ﬁorwpﬁeb'}aégﬁégwgnl\ﬁggeg rray% edEFra e ‘l‘ﬁg%g}\eﬁ?gngfﬁ%rmmg an
t hi ckness oéngdpsuativapsariat istackbacedrdingstaathe ifveslipnl mMhamoetred comprises

enmbodi nent , en sul ation.barrier stack i,s used to form 5 .
Flowibre oot af RRRY RS LAy eE anf ke CottS S alit el A & sealing
conponent|( laJengaitaiis rebetiiasancpditleat steps nviohving mgsep%w@ﬁbraand the use
encapsul ating | ayer around the surface of the

el ectrol uni e?&ﬁ@aﬁﬁﬁa\%ﬁﬁ PEETeERlY Farmisc autedndesniagisim dei prpserven dhe
shape of theaenGAPsHiR héﬂoﬁa"}ﬁélbgttBW&dSOﬂ{é)ﬁiﬁstﬁfé éﬁ@/of fb?(nQQen.oﬁ'héQ?e of

reactive conponert, |eaving no gap between the el ectrol unihescent
conponent tierpceieapsaling dyeampnprisasnawpsgl apiohtnerisable choymjuntheith a

present i nyr‘?ﬁci?;ﬁrhiélé Jl%}{éé’%@ﬁ 'y foﬁﬁ}%%a?@n@ RAPO 9o 04 8%%%@59“@%% §ealing

encapsul ati on rier acco he”i'nventi
conpri seds mhixtuiengnder Yaeasin tméorbaarsealing dgyar. dhd renopestitle disgpersion may
sealing | ayer. ns reactive

As the seal ing,10 | ayer contaj
nanopar t i ol QNP BEMPRTGE{ES Y RESH: Byl ePbARE AITERE TRi¥eNtoThenat feast
seal i ng | ay®ie ofgdHiekeraht ynaameired sURSsIe SRR GGh BE &RREME Keltthes,
reactivity of the nanoparticles towards the noisture and/or oxygen.

The step ofaldebydasand gycalsdey xamalger conprises nixing a

pol ymeri sabl e conpound with a nanoparticle dispersion to forma
sealing m xture, and polynerising the sealing 15 m xture under vacuum
to form 204048] ngNaagparticieisemay iz aynthesisedi kypangiconvemijonal angihiodeknown

MREARRTLR 0 e R e e
ket ones, and Interface Science 8 (2003) 127-133), sol-gel processing, sonochemical
processing, cavitation processing, microemulsion processing, and high-energy
ball milling, for instance. Nanoparticles are also commercially available either as
25 nanoparticle powders or in a ready-made dispersion from Nanophase
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
30 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

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



al dehydes and glycols for exanple. 20 [043] Nanoparticles nmay be
synt hesi sed by any conventional nethod known in the art, including
vapor phase synthesis (Sw hart, Current Opinion in Colloid and

Interface SAsMceorsamimie) sueh 233garbep| ngeotupes caidiqeghor dresstibras anay
processi ng’reﬁggﬁs@l&nﬁa?? a%'ii%fcéf'@ﬂ’tpglcﬁﬁ&‘e %'lgérhq(ﬂfﬁ%cﬂé@sﬂgh R uminium

hi gh- ener gy i ng, I nstance. nap cles are also
conmer ci al |oxide aandabitenieim hexidasni2ly mahofesyuirec Isarfaoadactivationi sirme these

ready- made di spersion, fro nophase Technol ogi es Corporation, for
exanpl e. Prrbaﬁlgﬁ)@ftéﬁ]?/s %‘f%gl'@ga CBENHERE to  synthesise commercial ly
obt ai ned panoparticles such as NanoArc(r) synthesis. [044] In one
enbodi nent, surface-activatjon of the nanoparticles is carried out

30
in order tdOfehovEneoRPlmeRigAPS {oIRPeR] stidade ANy h@arlropabmasiseble
that may ifbgsher SyHdbik Hb%?n@fg'cgrrr% pr)‘ebeaHlWé“édigﬁ éﬂgﬁef@éwé%iéﬂﬂ/ Bfiring

oxygen. Surface activation nay c Ise treatin nanoparti cl es
with an aciaf,heéahetding nyany athellcoavedient suring aeethgdlr ochl oric acid or

sul phuric acid. The acid used for said treatnment is preferably a
dilute acid. Treatnment conprises inmmersing the nanoparticles in the

35 aci d 1or[0d46erinoshe Entdariihedt, Ipplyacrylbmide 19 ubed it polyineatior binding the

nanoparticles which ¢ be 14 easily contam nated such as .carbon .
nanot ubes ARTOBSHEUAR. kUG BFESTRRYMEr BNGEE BaY i ASSENPY 4t AT esmanic
the ot her hphbntHanaPas Llpkfoxgetarns (AUOH) Hndrathorehd il (EG?.?IH'GPHbr to
oxi de may not require surface activation since these "nanoparticles

have high ffiaiace endpgy. dstilndion Tiethsoljanapastisles Potpuseplingy misture,
any readi | gl wiEh ioF 3R %e?ﬁ'?ggmure 3}%931 ofBRPBE Garisd obf Ht'iAblahce,
readily polynerisable via uring or heat "curing or any oOther

conveni ehf sonificationetrtayd.belcdrodé] ouh foneakenbaslt rabmtut POI yecuigksapiride to

I s used as I for binding the nanoparticles. Acrylic acid
nononer poﬁ&“%’%ﬁtﬁ)@di ssol ved in polar organic solvents such as

2- met hoxyet hanol (2MOE) and et hyl ene glycol (EG. In order to obtain

a uni formdi I bution of the nanoparticles in the sealing m xture,
sonificatigﬂzﬁ tfﬁéugéfé@ﬁen@am@a arkarhay thegdeyice daihs encansiiatedaseri as a

For i nstanggyt da SREUI{ bEAYd, BP it TRy B8 diP4ddifich&Siriciredhal 833¢IuddP s part
30 mnutes prior to polynerisation.

20 of the encapsulation, such as a flexible substrate. It is also possible that the
substrate is part of the encapsulation barrier stack, comprising a thick barrier
layer on which further sealing layers and barrier layers are subsequently
deposited. Otherwise, the substrate may be the surface of a worktop for
fabricating the mullilayer film and as such does not form part of the

25 encapsulation barrier stack.

[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 spuitering, 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 methed, tip coating,

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



[047] A substrate may be a part of the device to be encapsul ated,

such as a part of a circuit board, or it nmay be an additional
structure that is included as part 20 of the encapsul ation, such as

a fl exi bl e ranespadcles, ps well @Bs@rbﬁéﬂ&ﬂoé‘-lhﬂﬁatcaﬂhbe wmap@n'etedsaipa@twrth
of the enc e ne FHRY Kk

on whi ch fﬁﬁ?ﬁ%@%gja}l p%&ﬁaéfe?’s an barr:aeﬁb%yég’r%sllmasfeAQﬁ t¥%§ k) ?&éne
deposi t ed. dimkees ndcejing pargabstC at &€ papnhethdegsdesasm bé ealav.\oratemalong
for fabrlcam t he Itllayer filmand as such does not form part

of the 25W% Q%Q%Pﬁftl f*'barrier stack. [048] Once the substrate has
been provgded, it can be coated with barrier |ayers and the seal i ng

solution. The barrier |ayer can be forned via physical vap
depositi on [fally. iﬁﬁ@WEP'reo?\a@'&Uﬁ?@iﬂ%&'yeferle'rwa'@aﬁd?& Ed t@rbe formed, a

el ectron 3%1}5%%5@8&?%%%!1?%!3%@&@8 v b AR} ‘Hﬁ?en%d 864 p sgﬂutlon

spinning or any conventional coating processes | uding tip o
coating prdBessesrdpo49] establifean ajewetingi amamggmest t:orrrmflctlng] Suhe,esswe

ori nting, - Veburt GNET Rskhading BEEbaDentthdle 2 vE Rl Yah o SO Be et

convent i ofdakittc tad ibagriere itateidal Add ahemxhde;ezmdg neflation tépeating over several
nano- parti les | . as ,carbon nanot ubes be c apor at ed
along wi th iriich ol e iniEResd Rimbe of i%@rﬁa%fedp%@%%@% fime” thengealing

type of pargdigm |sdb;5‘§ll'e$:i i PrEfBgRA N 0RdC ﬂbr k) e %‘Nné’ﬂd?f?bf the next
grades can be evaporated along wth nano particles. 5 [050] If

mul ti pl e b&amerlayeapyeigt.| ayers, i.e. paired |ayers, are to be

formed, a substrate can be repetitively coated with the barrier
rraterial and sealing solution in . In order to establish an

al t er nat i hd0at1} aniterctite sealing shdgaen'decmssa'rsma\/eabeererfoﬂna@céro;aiimhal steps
seal ing | ayer, bstrate be su Si Vﬁﬂ){%c oat ed f

th 1t h
Che by i oy, bl o E S BIeTE n® SoRFfTERGL B e FHRaRSu S hattebtak,

sever al tlsmléﬁ adnthiel fotrhetumbeaotgds@wb@f m@ Iinesemi AT cbatimg d=ortsa@imple,
time the s n solution is applie erabl Uchred
prior to t B%nM?FrBhd@P'atyﬁé“@ﬁéF&qu"ﬁaJTﬁ lé'ﬂei’r PR the sneapsylation

After the Wﬁén’“ﬁaé‘@%@é\rr t'hbedov'eﬁ}‘@éi’oéé%vﬁrrﬁéénthfeoé%ed%a%%f thé 8B%er
may be taken to cor;}) ete construction of the encapsul ation
barrier 20 da&y be further protected with a protective coating via deposition of a capping

layer (MgF/LiF coating).

[052] These aspects of the invention will be more fully understood in view of
the following description, drawings and non-limiting examples.
25
BRIEF DESCRIPTION OF THE DRAWINGS

[053] lllustrative embodiments will now be described by way of non-limiting
examples only, with reference to the accompanying drawings, in which:
30
[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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such as the formation of a glass cover, ITOIlines and | TO coati ng.
For exanple, Passive Matrix displays may require ITOlines to be
formed on the encapsulation barrier stack. After the cover has been

forned, the elpddkd|Su2AackiGf2Bhnd §Wer 280 denict biaripus tinglerpeotedena df the
i th t ect td ' [ L i , F/Li F
Coati ngy <[ CLAPHERE Slel yok ot Ifha B QPR HviodY T | VPTT

understood in view of the follow ng description, drawi ngs and
non-limting l es. .25 BRI EF DESCRI PTI OF THE AW .NGS [ 053 ,
Pl ust rat i ve SURSEFIGNCoS0Rt 2, BIvESS dvk SRS Joraap HEF AN S HaRsHiption
exanpl es gnbarriewstdekr ef erence to the acconpanyi ng draw ngs, in which:

30 [054] Fig. 1A depicts an encapsul ation barrier stack according to
one enbodi nent of the invention. FIG | B depicts a conventi onal

barrier stackigsyorFi&C } r -'gecgk § L:@?
encapsul at i on[ Q]?il:é(r%' gta:{{clﬂl:ﬁi%‘%%@%%p%tgg fg?gggglh u stsarrgltn(\a’% t‘fg of the
[ 055] FI G PayieF| @opgsiesndf Fabrica2ieddeptapsulatidro dmriiapséankst asingna chlcium
t he encapsgériﬁt?iéon barrier stack for encapsul ati ng an OLED devi ce.

[056] FIG Ws a process flow diagramfor fabricating an
encapsul agion 5 barrier stack. [057] FIG 4 and FIG 5 shows a setup

for carrying an jnvestigatjion of the barrjer operties of . .
fabri cat ed eniﬁ%@uh@i @nsha\?’?i@? eptigal dmagesqo 405%@?5 egeapsyiatiory barrier

[058] FI G &aske\SabREAOR! CCahdIDTRER? eRbodurdithiRbi8Rire €ncapsul ation
barrier stacks, Stacks A, B, C, '‘and D, after exposure to noisture.

[059] FIG 7 shows 70X magnification SEM i nages of 3 encapsul ation

v or 15 SR8l et SRR SR BTy o

made accadfdstagks é tohe mareeatcarding to the invention.

[060] FIG. 8 shows the morphology of the 3 encapsulation barrier Stacks A {o

C made according to the invention.

20 [061] FIG. 9 shows an embodiment of the encapsulation barrier stack of the
invention comprising a capping acrylic film. The encapsulation barrier stack was
used for 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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20 [061] FIG 9 shows an enbodi nent of the encapsul ation barrier

stack of the invention conprising a capping acrylic film The

encapsul ation barrier stack was wused for quantitative analysis.

[062] FIG 10 [966LFIG. gaphows theegtaphcal Copduoienaaces. vBNME iy @ocapsubation
25 encapsul Bérlr%'?s k%i[?rEﬁbchk shown in FIG 9. [063] FIG 11 shows a
graph of Transm ttance 'vs véel ength for the encapsulation barrier
stack shown in FIG 9. 30 [064] FIG 12 shows the scanning el ectron

m croscopy (S j eg.0f barrier stacks D, _E and F. 6 FIG, 13
Shows t he” o agioet PR Ashorabe L ed SESBieormants cuni 35 Bhrtanatecks D, G
barrier stsagkgHA, C, D, E and F. 35 17 [066] FIG 14 shows the graph

of Conductance vs. Tine for encapsul ation barrier stacks D, E and F.
[067] FIG 15 shows the Load Strain perfornmance curve for barrier

stacks Db G 5 and H DETAI LED 'EF@PRL%BGE @ﬁ TIB 1A shows one
enbodi nent of an encapsul ati on ' according to the

I nvention. The encapsul ation barrier stack 100 conprises a

mul tilayer fil onur iLsing barrier |lavers. 103 and sealing | ayers
105, The " bar (PRT FAGerE s3478 Q1F PrfioglPuids #7 rtebs0ghen Fumidh §a% 100
moi st ur e.10l &cotrbiingbéo rthé eidventicd. Theréerapsalgion bARicrostaak N1 MO devhrises a

defects 107 ich extend through, th t hi ckness _of the barrier Iaier
103. Pi nhol BUllast Uy 104 CQMPHSBighaR 8y Jayerss 193 and faaling) layeisedps. The

limt the DBaficelayeps 108 MRREGR phRabfity tP¥Rfgerdand¥Y fidistard 1t WALRS noted
vapour can pernmeate into the barrier layer vi'a these defects,

event ual | y thet astier teyers el Gheaptain apinbalebdefeicts 197 awhicn@xtand thyough the
i nt o cont acg,; W t ISt g V]

st rat | viiokeds oS R EHAEY, T 19 BRIEENS defocts bGfin.bth ofner tpes of
reality, 16t ftewctusgdekefedts simitdherkdrridepedbamanch cddsbarries lams casaokggen and

20 may al so be present. [069] The.sealing layers 105 conpri,s

Feact]ve naNBRENAREcath BaTnEass s g SRrPhea Havkiesp Jalggls: eventually

and/ or oxyggaversitgr ey drjapediaiont barrRer sBeki 8Ad Ofoming into contact with the
oxygen/moisture sensitive device. For illustrative purposes, FIG. 1A depicts only
pinhole defects. In reality, other types of structural defects such as pits and cracks

20 may also be present.

[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

25 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

30 121. 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

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



oxygen/ moi sture through the encapsul ation barrier stack. In

accordance wth the 25 present invention, these defects are at | east
partially covered up, or in sonme enbodinents, entirely filled up by

t he nanopar piogressively t permesiei Hyougly eihel@shepig@ojayer G129B aedi subsequently

and il anar  ReaEdh e e 14" 12370 bhd Padndile Bler, 388710 Taon the
121. Al t hougibstirate daniwheretzm oxpeddmbisture eenkitiyedevivavie tymdallyi lveated.

hi gh gas inperneability, pinhole defects present in the barrer |ayer
al l ow nmoi sture and oxygen to perneate through the barrier layer. In

the figure, pionry FiGef eCt Gepitls iyet hAStheRT Ehdbdimmy®r 9f 143bafrRr stack 140
exposed to the environnent, so noisture and oxygen are able to

per neat e t hAeRGHINGHE ther inveptiomydiereindhecaafiayer iy iés camprigesseng barrier
can 35 per r ' | ' t

and t hen Tg%treg%?gg@? @%M& péésérréelg ela}l Eﬁﬂgh%ﬁ“géggﬂ&ﬁgﬁﬁeaﬁgfﬁzﬁﬁw 140
and subsequierthkey copepmssst @ bhseugibdiate | 841 [fay supp2@hgathke adokikyee film. A

| ayer 1252 {0 reach the .sybstrate 12 re an, oxygen/ npistur
sonot tive dlgnRadfd YR (AT bhast BRIk taf RRCSIBTAE, Tg and the
anot her qubeditiar fith Bibiacludet tetimprovedthe estachatgen thBendlogsi filem and
wherein the nmultilayer film 142 copprises one barrier |ayer 1

) 4 ¢ | 43 and
only one sethei Hepstaer A1%iB0lg PFRsE VST 7 QGFPVdﬂY@eb\_élF}r" itais %”FHEQ'_“?L% can be
further conpddSe? aBpheRpnsubd! faketrifhkrt BarfdtRBgLirémenishe mul til ayer

film A planarising layer 144 is interposed between the base
substrate 141 and the 10 nultilayer film 142 included to i nprove the

cont act betwe h LLaver fil sups i .
paired | ayer mgcgg%gﬁéégﬁt ﬁHbﬁlman% o%ﬁ@”en#ﬁc%iﬁbguu@gédggﬁér stack in
appl i cat il6nshichtthel raalilsfer ifigeptlaminated ronte qunily energide of @7Rjbstiate. FIG. 1D

f oregoi ng enbodi nent s, show a ncapsyl ation barri stack.i .15

whi ch the raIENS b el AR R oA . BBt A i pmifidted to both
substrate. ditiés ol B badougbgrAteUBheapAaNaticy BarrRtkiddial 80 icBmitised @ substrate
multilayer filmis lamnated to both sides of a base substrate

Encapsul at i B et is eandwighed bebveashiwg suitilayeyfilae, thad and162adMultiayer film
sandw ched . i i .

A e REANESRGH S TUHAMKSid bR R ind St M LedMRByers 15,
seal i ng RayMuliilayes. filpd NG22 i ¢apprisds |miBrier deygr issels 21 dealing elayees eEach

and 2 seali r c t] er | rranged i .

alternati ngSeeabn: Byt drmapelil ey Tegle e fFhididne seaiing layers
i nterl ayer foahvkemtanyyet lestnvekrranyay basgier layarsi Is thistadboainient ssadlingdayers
layers 165 are in direct contact with the substrate 161, thereby serving as planarising
layers. By forming 5 paired layers on the substrate, this embodiment provides an

25 encapsulation barrier stack with high gas barrier properties.

[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

30 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

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



165 are in direct contact with the substrate 161, thereby serving as
planarising layers. By formng 5 paired |layers on the substrate,
this enbodi nent provides an 25 encapsul ation barrier stack with high

gas barri ern@neiastiedlaie mpteryy offthe sergdayen iTbe BLEDRI isarsinger difectlfion the

i nvention c | e f ' |

and oxygen @gggﬁ#j@q ef\%’cs@ﬁs%c apasgﬁ%fl%d &Eﬁgﬁ%%é%éﬁ%e@ F%‘YEH %gﬁéﬁ\ée 209
| am nat ed osgrves tc @uhens it glagsotoueer2 1utastheatrcdpsatation Bérries ethdlo thereby
support thef OLED. FI G 2A shows an %Ecm%#at ed OLED conpri sing

el ect rodes IR PEGRRSURAIQRLZGUNS {ge n a rimseal ed

encapsul agion. In this enbodi ment, the encapsul ation barrier stack

conprises a base substrate 201 and a nultilayer film 212. The base )
substrate 201 [9Z4] £iGndBethaws ﬁnpﬂ‘@rrﬁmbq><|hagaé1¥ in iwhigh the epeapsulationy barrier
barrier | ay. d; : [ I 1.C hg :
barrier | ay%%cggg. t(?%i |rr]1§]10 é&gfﬁ edg%g %%{ ?ﬁgtgﬁgﬁgggé\qeém—l%?gpgﬁ%g %(r”e s not
seal ed by tlaminatednbydpearencapisatatiomaberrieal stack t(abhaegt iihghdyaper lanfihaeted if

' ' i £il d .
enoapsul at S ingbe bt e blkss Aeris T fretp iy aGr siack gomerising
adhere the rgidssmutdluper 2ikQ L2t witeotaps Wubkirate)barid emulilay@k, film similarly

thereby form ng an encapsul atjon around the OLED. 5 [074] FIG_ 2B .
shows anot HAMBRRSHIORERT [AYefurth SBREW, pgstw%rﬁe@ ngi']@verssegékwd its

the inventigufetfs 2R8I WY Me AHRSHABEGate HRISIHISTRE R ED s bAcdulated
| am nat ed by the encapsul ation barrier stack (although it may be

| ami nat ed idndefeeatheitie. muRilgyes ddmefmeaning Ithalsincokdar fpes thehdight emitted by the
encapsul at i r o] | S| Pre) I - L

o Pt s SEEREEeBkRgefo R el S oo B paremt
barri er NlayEnre a0dtilaperdikinc22disheitashed todht ibage IsapsirateZdpmemnd oftrsn adhesive

def ects 207 e filled with the nangparticul ate terjal._.Th ED |
ercopsul at 278 Suekn iEleeniootin SRIB8 As o T B A B fid | 2B oigoidth of
for the |ight @M tddeshe ihaypiChIED it othe railliamttey oyeesntirhBe "sddle] aveEh is

film 222 shouyld be sufficiently transparent. 15 The rrultila%er film
222 is att a%ﬁ@&ﬁﬁt@”t’ ne'gsh dhans tn thigknessyofnbsrkass subsitata s dhe encapgulation

when i npl ergpiibPstatk "AESHTIRY, ?@te&h%éi% Eit’ ﬁlgt%ﬁ‘b{o#g {arﬁcei c%?geﬁ h&rough the

width of the rimadhesive I's'typically in : e
cent i met 2@ rijpdbesivei would én sycib ateaseibe sybdtamiipdly longer thae tramseersesdiffusion

of the bas f&at ; lon barrier stack.
Accor di ngl ;St!}?ql@el?‘%le%&?ab%:t{]}lgfe&ﬁﬂ%?l%\ﬁgta@(. vapour and oxygen through the

[075] Other than rim sealing as depicted in FIG. 2A and FIG. 2B,. In the
following figure, thin-film encapsulation comprising the attachment of an
25 encapsulation barrier stack over the OLED, hereinafter referred to as ‘proximal
encapsulation’, is also possible. Proximal encapsulation is in particular suitable for
flexible OLED devices. FIG. 2C shows an embodiment in which an OLED
comprising electrodes 214 and reactive layer 216 is encapsulated between a
flexible base substrate 201 and a flexible encapsulation barrier stack arranged
30 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

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



20 rim adhesive would in such a case be substantially |onger than
transverse diffusion through the encapsulated barrier stack. [075]
Qther than rimsealing as depicted in FIG 2A and FIG 2B,. In the

fol | owi ng ferpansulated rint plage e9fcapsOLED, dAckdingr PoRrmacsidical diupsejswvellery,
of an t e

referred tg%%gﬁ\?éjlr.%(t%l ?IQQ{rBhE ﬁ'ﬁﬁi}éﬂ?yq d#a dgugc%s?ﬁ%% fol?%%ﬁ‘rp
encapsul ation is in particular suitable for fI exi bl e OLED devi ces.

FIG 2C shows odi nent ,i_n, whi ch OLED ¢ risin ctrodes
214 and react AGETY A8, OBTRe Statiten o Phriaon, REMlp anorbadafiis HRRE stack
substr at esmmdﬁaoﬁh@m@n%ﬁr@an@whaﬁ PG, BaNpcﬁ‘gfcﬁb@QéﬁeafrrFaEU%@bwate is
proximally over the OLED conprising nmultilayer f It will be

noted t hat mﬁéldeﬁ*ufqn fosping fhe AneaBsUGHPRr baTien staek. e?Zhér%St!’@ﬁ%p‘é dasma
the OLED dey, an7 aé%ﬂ,i %ggbnf rllegba?r]%:a r atef fjv@(r‘ngﬁrg'%t% E.B?rt?rhng, thereby

encapsulation o encapsul ation arrler
present i nienmingnaibartigr layene&oscliremileda seatng lsoludidnacoraprsing stlumma and

It will be t on 1 n rt|

%0 encapoa LEBARBAMis Sttt BRETR D MRl isdifidh, iR el forming
jevel | ery0 a seairig selutiehallse selaﬁmg GomwlanQWﬁghﬁco@t@d dritodhe barrier layer,
subst ances,, for ex rrple The scherre of fabrication of

t he encaszPéte?(%'ﬁ'p M 8 @ I pigcdsto faﬁﬁf@atm eheaITiRy &ver grdissaling layer
shown in FliGregeatbd¥8l WGsteBeRMthedl nﬁ’EBeF%b%He%tt% tb@talrpécmblﬁ ef flm with a
form ng the encapsul ation barrier stack. The substrate Is

treated andlesiygteRIiEt Arenauly: far BXARNS. armullilpyer fxurracmﬁémgoﬁm palred layers
sputtering, i

o uton ool pEaaRY tne RidchBfof REIGH Ry AR EUAGTYG b BpRRl s ines
acrylic agitd fmn‘orf:'erpamlduﬂam, It her Bbyoef euotﬂmghat) ib isealbo ngossnlb!et nnnother
The sealin S tion i b flight coated.onto the barrier

for exampl Emopdinigils) B #8% g Fliet 8360 REeda v st dne isiragr The
and seal i n%daﬁmgrlayersaatgp@@be@laﬁgrsuag hereiae Whidte dnitihes qie tsbﬁaée io® the
obtain a multilayer filmwth a desired barrier praoperty

exanpl e, a SHstrafewreby P@N%rmaﬂe? L0 tmprlegirgtaydich c@mq Dfpétﬁi@i pathways

t he magnet rfgpth%qH;,&,%ﬁbﬁg)fmstW?Qog‘( &ht coating to be repeat ed 5
times 15 to formb5 paired | ayer. ¥ Is to be noted that it is also

possi bl e20i n ot her enbodi rrents to forman initial coat of sealing

| ayer over th r t.

mat eri al whi cﬁ)ﬁrjroaftﬁgwsae rface O;orﬁ'%ﬁ iﬁﬁﬁﬁgtrﬁg ﬁetfﬁ&@ﬁ@&e{}%ver the

coveri ng deheititayeorilm e fsubsari #T© oddting. dotede nrapsiutkdiopabaniay Stack is to be
used in Passive Matrix displays, only ITO lines are required instead of a complete

coat of IOT. A protective liner is subsequently formed on the ITO coating. Any
25 suitable material may be used, depending on the intended purpose, e.g. scratch
resistant films or glare reduction films, such as MgF/LiF films. After forming the
protective film, the encapsulation barrier stack is packed in aluminium foil
packaging or slit into predetermined dimensions for assembly with other
components.
30
[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.

35 EXAMPLE 1: FABRICATION AND CHARACTERISATION OF
21




for the infiltration of noisture/oxygen. 20 [078] After the
multilayer filmis forned, ITOis magnetron sputtered over the

mul tilayer fllmto forman ITOcoatlng. | f the encapsul ation barrier
NEARSHHAT BARRIER STACKS SWIEH SSEAMNG) lEAYER) COMPRISING

required ing 9fX|BEC1@ Sof | OT. A prot ective liner is
subsequent | g. Any 25 suitable material may
be used, depending on the intended purpose . g. scratch resi st ant

fil I duct fi Ff Af t f
t'hem;p?[)tg afg &te.%isb Enc!cmgﬁl’a.tialﬂbamer kéA ,El ”E_gs pggkegr{"nng

al um ni unsf oi I[oso]acslsagn rl!lleﬁfatﬁrbl éxa’rﬁ;bl@ mr@@e@ﬁémmeéhdépemﬁbﬁrﬁarh@r stacks
assenbly with other gnents. I%079 S ecific exanples w |

be descri be%ﬁquC@mpuwe ﬁeqqﬁl&nﬁagpa ’ﬁlelsdﬁt Bresading I@xerd@%r@rfﬁbaaated Each

above as r Cap

barr i er st adke e AR B T e D AT B e OB ving
ENCAPSULATI specHRRRDER STACKS W TH SEALI NG LAYER COVPRI SI NG METAL

OXI DE NANOPARTI CLES a) Synthesis of encapsul ation barrier stacks A B
and C 5 [080 As an illustrative exanple, three different

encapsul Pi rier stacks each conprisi ng di fferent nanoparticles

in the seallngl y i cat ed. .k on
barrier stacks V\T/gr garsr’égg%gc%%; di ng toP@ﬂ&Qrfb tetﬂﬁbﬁ ﬁﬁiﬁ‘@@ati on:
10 Stack A 1. B@emmr@; Ryer PoLyu@jﬁtamﬁ[oepdwﬂngr(lBBm thick) 2.

Pl anarizing layer - Plain acrylic polymer 3. First Barrier |ayer -
| TO (i ndium tin SxFs Bﬂmeﬂ;é%)ﬁrng I@?éfndiwﬁltl*ﬂﬁ)ﬁd%}n oxi de

nanoparticle 155g gﬁﬁgmﬁparrl %Blérj'r}ﬁfﬁ"&)?&gga%%lﬁ(“% 1. Base

substrate - Pol ycar bona I m (1
15 5. Second barrier layer -I1TO
Stack B
1. Base substrate - Polycarbonate film (188um thick)
2. Planarizing layer - Plain acrylic polymer
20 3. First Barrier layer -1TO
4, Sealing layer - titanium oxide nanopatrticle
5. Second barrier layer - I1TO
Stack C
25 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
30 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:
22



2. Planarizing layer - Plain acrylic polyner 20 3. First Barrier

| ayer - 1TO 4. Sealing layer - titanium oxide nanoparticle 5. Second
barrier layer - ITO Stack C 25 1. Base polyner Substrate -

Pol ycarbonate film (188mthick) 2. Planarizing layer - Plain acrylic
pol ymer 3. StacktDBarrier layer - ITO 4. Sealing |ayer - A um nium

oxi de and Titani um oxi de nanoparticle 30 5. Second barrier |ayer -

| TO [081] For cotpdassostibsiiat®nventional bBpCarosaiefiim S’tf’a‘-’dk'n thick)
i Si | t
Fobri cat od. - stack Bl Ber, L AYET | oL BEITRERRE BRmdtr .

Stack D 15 Base 3Sulmist 8aerier |§>pérycar bonat e- rrlcbm (188m t hi ck) 2.

Pl anarising |ayer - Plain acrylic polyner 3. First Barrier |ayer -

| TO 4. Second Pl 4na19cONAd’|RRGETING Igxesi n athﬁ"i 8ciyit pRbimers.  Second
Barrier layer - £TQ ace Prepgfstion of Substrate 10

[ 082] Pol ycar bongtees?tt?@gtéféa{%ler gge transpamcﬁt and can be cut into
preferred dinensions. Pneumatically operated holl ow die
punch-cutting equi pment or any conventional slitting machi ne can be
used to sl i Bteph@: ﬁmlrﬁacaﬂepartaéiostdﬁﬁubstraha into the specified or

required 15 The substrates are rinsed with .

| copr opyllUal cARBAT ROuHGhraoE S SRR RS reni e RERArEP L g P8 e gl ipto preferred
macr o- scal ediatkigidred de@ﬂlcﬁﬁlr%pérbﬁaéhbﬂ@ﬁﬁjlepédrﬁih ~cURtifd Qﬂﬁbment or any
bl ow-dry, the substrates are placed in the vacuum oven at a pressu

of 10" 1nbaforventigaghbaldiing BiSedN REi usegrte i tmyguﬁarbzxma{_t@suwrates into

| mredi at el yypafd ﬂelgjetf s, the substrates are
transferred (?%rch ﬂ%ﬁaﬁdr gg?gnlgﬁgﬁ%hanber (e.g. ULVAC SOLCI ET

Cluster Tool). RF argon
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 technigues as follows. Sputtering was used to deposit the metal oxide

23



plasma is used to bonbard the surface of the barrier filmwth | ow
energy ions in order to renove surface contam nants. The base

pressure in the chanber was maintained below 4 x 10"6 nbar. The

argon fl ow bairier i kygo ertomthahelararipingerayer. 26nbetanged 200aghedot sputtering

optimal tr nt .t t i dht 1g.putes . s d . .
dependi ng gﬁkﬁﬁlghgu\}rvggc@ééﬁ #udd?f?'?% rjﬁgi‘? 6@@?’ nﬁf&é(?éjcq%iﬁ%fﬂgﬁsgf Int HBS bsgygenng
subst rﬁt e vtleshniqgej admets| ,Ea)rﬁraifrty|aic:aM{c édewpmioylmaay?mSwmn%@ depasiest! from an
onto the pol ycarbonat e supstrat to formap. interface

ol anar i i n T SRHCoanBgnE ). SHiEihen CxVEaE BA L oty A De PRI dareate
Indium ti g Gxigdd HasmaCidireaid HWHRES ths RBEESIEPY BRRASBRRSh BRE @R ion
sputtering techniques as follows. Sputtering was used to deposit the

net al oxi debombangargntder payigh reskingtdansiy axide dlmgPlasys helpsiial inaieage the
‘ et . q ot \ i

parri er fi 1esetiify 80 ind BE0dbAl dhelfed, UARND Rl MBS (fAE ShpiBicbites for

typi cal | y ambew desirableaykeclogy.| In edde fosdéemasif demsanfilmen vathant édtroducing

magnetron, and then oxygen will be.introduced to the St 0 create

5 oxygen bl e EEHEFens o FiabdWEREEREr 2 BT ESLloGon iRl 20
oxygen i Q0 eWosiyged s afgeh iendidborBaK the- glonsd Baeier @Ride films. Pl asma
hel ps to increase the reactivity of the oxygen directed onto the
growing filmsurface and provides for nore desirable rheology. In

order to depogag7id | i ' UGH S| | | ASLE
stresses, a hf%ﬁﬁ']f ﬁﬂ%%c&dt@éﬁ?g%‘”f{aﬁ%cﬁé %@%ﬂ‘?mg% |”§§v82‘§e¢d§§’3 f} éé I%%BEVE
eV) oxygen smidtesingoprocessed. of e lihhlr emittesd dpyolivengpuittarinigemedxli iette intense

087] The inu f back control .unit is.used cont r,ol he
oot vae SARLhRUBe RERAT PO e ioRidhl ol frer B4 RrulteFing rate
_maéI al i n1sr?1d hmeemg?pl el pfesémee.nﬁbiisgtﬁdmgatmceémaﬁ ds@dOttmge clontroi the
| ndl cator o t he net sutterlng rat e an t hy oxygen partil .
oo o Peos ATt aieasE GaRIeE alb cuB e At M o hrasbales. Gy ising a

hence achi eitiAlods FeddHRk R unitMsho SRR hYissiBY M8hilEt, Feproducible
continuous feedback control unit froma plasma em ssion nonifor,

repr oduci blfémsfardieséiablelbairies prapeasties were pbigieed.i es wer e obt ai ned.

20 Step (iii): Sealing Layer Coating [088] Comrerically avail able
nanoparticles (e.g. #44931 NanoDur(r) 99.5% al um ni um oxi de

parti cl e80 f3tem(ixrdgdiingd ahec Wuatingi es) were pre-treated with

[088] Commerically available nanoparticles (e.g. #44931 NanoDur® 99.5%
aluminium oxide particles from Nanophase Technologies) were pre-treated with

plasma and added to an organic solvent, such as 2-methoxyethanol (2MOE) and
ethylene glycol (EG) for dispersion in the ratio of 1:1 2MOE to EG. Propylene

25 glycon monomethyl ether or Ethyl Acetate or Methyl Isobutyl Ketone, Methyl
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 fitanium oxide dispersed in Hexane diol
diacrylate, Isobornyl acrylate, Tripropylene glycol diacrylate can be used (e.g. a

30 colioidal 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
24



pl asma and added to an organi c solvent, such as 2-nethoxyet hanol

(2MOE) and ethylene glycol (EG for dispersion in the ratio of 1:1
2MOE to EG Propyl ene 25 gl ycon nononet hyl ether or Ethyl Acetate or
Met hyl | sobmrgupa@@lem@xtunemwrm Btgealing zokatieno Thampolymse geating weight may

sol vent s or d C

A tor nat i vt Do e airiol s B804 123 S HRenE P total cgmgentiation of
as al U(T n: mandopartﬂﬁ?s m the mdgdner n?Hy &t 66 hvmigfde:f ttlnis seam@lsmlntuon while
Hexane di o lacryl ate, orn r te, i propyl epe

G ncryl at o RIMBE ciaths el Ratbal et Byeitl B8R Skekio Selfines

al um num ¢gxi de dry powder, NanoDur(r) X1130PMA, 50% di spersed in

1, 2- Propanedi ol m)nomethé1 ether acetate from Nanophase

Technol ogi es) [09WUsFhemypBispiewps atklertgken pndenetirans erdrarenentr &halsey of
avai | abl e B¢ 5}3 dé:r’{lé %?(%]r% sl & WR ér%rﬁ %ﬂ‘}hﬁbo& & GSRartBLE in acryllc

HC-5607) is 4 nanopar ureto a séal i
sol uti on. TiwEymel gotionsand sginedaibd amythdaplab'epmgmertsnbsmmt(abooé frgure
30% to 50%5 For exanple, the total concentration of nanoparticles in
t he pol yner )may at 66% by wei ght of the sealing solution, while
pol ymer g¢gating weight is at about 34% by wei ght of the seal I ng
solution. 5 [09 J] The synt hesis was undertaken under inert gas

S

envi ronnent . E@CBfof tag sammients Brand G uere é@ﬁ%ﬁcmmmgﬂq they gereral
1 Xt f

coat edont o ehet i e} SRR Biich e PRIITRALE 2, BB Ing B Pyng
Each of.the sarrpl es A, B and C were made accor di ng to the general

steps (i), ;ﬁnﬁ |’1 S(EIJJO heF F( \/e 'e chylate
|nthefollo f) I—eo e psu &1 Pe §
m of Uvmunabd)meawtwabeaﬂﬁgmm@rtmfamm Sa%:oathmgengﬁbluﬂrﬁn alenuadded
50% of the se il_n%qsal ution Wﬁs added to

di
al uni ni um d8i [SPEGHON @ é"t’ﬁ'ﬂ?%\" Oa(f%\nytrlgf%py? I S@ﬁgf@lﬁpgy?ate (35%
obt ai nabl e Wél%g%'\@ﬂl@ﬂwblé)froﬁﬁﬂéﬁbmfﬁ@ﬁ 8 Bschrogi€d. 5 GrdPbidanic

sol vent of 2 1:1) ratio was added to the mxture
Soni fi cat i &®h\antche- M%@r@ﬁl Grals 1} ratie Way arded buther pixtuise Sonification of the

prior to depgaidk! Whs AP cBrRY bltSfor a3 ASu BY& to deposition onto a barrier

20 oxide layer.

[093] For sample encapsulation barrier stack B, 30 mi of UV curable acrylate
monomer with a coating weight of about 50% of the sealing solution was added
to 10ml of titanium (IV) oxide dispersed in isopropanol 40% by weight, obtainable

25 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

30 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

35 about 1 hour prior to deposition onto a barrier oxide layer.
25



[ 093] For sanple encapsul ation barrier stack B, 30 ml of UV curable
acrylate nononer with a coating wei ght of about 50% of the sealing
solution was added to 10m of titanium (IV) oxide dispersed in

i sopropanol 40% by wei ght, obtainable 25 from Nanodur of Nanophase

Technol ogi es. f f .2- : .
rati o was addé##]g&p%écofﬂqaﬁ r?@f'fh%onIQ%J:IMQE%)(eg'nw%ﬁB/ﬁcéoa%ﬂgt\gz%e&ég@?me&m a
f:ar ri ed[ f ornitrbget atrrmphew irm lgmvdebmi Th@rm@gbn fnd)amatéemapngdeontents
ayer. [094] For sa en ation stack C, 30 of W
curabl e acr ?'?tr@d“% lﬁ&ﬁgwﬂp%‘% gjlﬁé’egtl’ﬂx of about 50% by

wei ght of sthe sealing solution was added to (a) 7.5nmL of dispersed

al um ni um OXIde |n tri propyl ene gI ycol di acryl ate (35%V\BI ght),
obt ai nabl e €hasacterisatien 6 H barniey sfacks A, B g 5ml of

Ti tani um (1V) re4d 165 E]d g?f{ﬁ&gréa@m!eﬁ?m%@ ﬂ’ﬁé ERc4Y: so{%léfﬁrg%rr%rté}agks are

MOE and Ethy cation re was
t hen carri efmrfsrﬁerreGStoalaowacaudmowwaponablont ohdabesl(thermabnempmrb’amm)l ender

oxi de | ayer, tion of t n ayer.via s

Coati g war Bt HRLREr STAqHR PO EuIRE F e bl Tad8Besing
oxygen and that&dicivapegfiscrodésitied WeVWwO raEdseabdoa. Imas dlaitativeP8ialuation
| evel in the glove box. 5 Characterisation of encapsulation barrier

stacks A, B ‘du@t[t@t@{ﬂ eva@luatiopveempaniedAtent process, the

encapsul ation barrier stacks are transferred to a vacuum evaporation
chanber (thermal evaporation) under vacuum The barrier stacks are

t hen eval uat ef097dr lnmaﬂltaﬂaereveiuqfolpoperteﬁewllm shpvro in RS cdlscioomed using

sensor des b h it e o] n
quantitat i \c}éée\%rk e?é?ﬁ%%ﬁgﬁ%g? ﬁgetdt %Fgg?]ﬁrféﬁqutg% t;ﬁg{a\/eﬂac& Yt
](cavgl uat i (bg dlmehemhlscefIQa:.Ems bywa lcm FE:(I'@- feébricmtéd)r nﬁedselmslnmlelélhent having
abricate ncapsul ati gn ba t acks ri two netal tracks ,
wen <15 i fERERERs "ot TooRnlngth 2.0, BB 460ahTA gy ol sk I
havi ng di mensivess thé t\.lloce’lbétﬂfwéd1 The Sdadlifichreandivith Of AR ts@h§iﬁ@eé|érde$1t is
formed in Dbetween the two el ectrodes. The neasured resistivity of

t he sensi nd-37Qrfsht After the gepositipn Areeess; i lagshloskisysierpris dsed, togtransfer
| oad | ock
oad |oc %Méfs%maqeé tggﬁ@ow %&W&rdwkﬂfowe%&@egkﬁi&gsa%. WREPthe

dry nitrogen at rc pressure.
deposi t i 830, caiciadO dapositibnea PPOt pat sdverl pydectivas lawposisedepasitachéor the

qualitative analysis.

[098] In the case of the quantitative resistance measurement, a test cell as
shown in FIG. 5 is formed using the fabricated encapsulation barrier stacks. 300

25 nm of silver was used for the conductive track, 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 ioad 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



qualitative analysis. [098] In the case of the quantitative
resi stance neasurenent, a test cell as shown in FIG 5 is forned
using the fabricated encapsul ation barrier stacks. 300 25 nm of

silver was drgradaiipn tesd anshanalypigeot thectefectsn and awlasiiied alestricadly fas the
t he sensor n i |

e e R R S WA RoH T2l BsE81 €Sl @l ook
appl i ed on telwminaisnacd coheectedbist aaamsaam ¢urmntt$m1mb(1Keetbe@$bumee nmeter),

sealed with ass Des cca re attach to
The 35mm x WS BUETacHLEh & SaaSetsr ResSRnEs of Hop Sy UhbeRSRueF rack
present dgeistrﬁomttregamryl@e@én@@hmﬂbﬂm ahtﬁrﬁéﬁl&hllthtrﬁp@éfr}ﬁpﬁﬁa&' udheg lab
A |l oad | ock systemwas used for the entire process and the te

cel I s vere \daWapiivaieed Prnamic §l€l§l¢é Aekyzen yéth aryF-Fnaﬂab@iﬁ"llsatJSGd to take
at mospher i QhepPS%éuéﬁectﬁﬂn AheaLEl éﬁ’ﬁé’ntéﬁ toﬂ?étlﬁ%?& teﬁﬁ % ift&%als of one

sanpl es were placed Tnto hum nmber at” con tan tenperature
and huni di t3200hd80C & 90% RH 35 respectively. These were vi ewed
optically at regular intervals for a qualitative 26 degradation test
and anal ysis of the defects, and neasured electrically for the
quantitatove pogd]yThe calcitmedstpgdatini tesn prdfides glisiitativd estariefdrntation on
conductivecirack term nals are connected to a constant current

source (KeitHBHSSHINES RENRISE, Cragks eRdinanonpeesaPecay eprsigaied water
Resi st ance \gj o?@%lfﬁﬁeciﬁr'@ﬂjé’r?ﬂ@'d/e%dté/ OF thé atbstateS af8 s B%I‘?’i@r FNRINS) and

second and pl otted automatically by the conputer using Vi ew
sof t war e. AeByhufthcthsi galgiunsgngeeio dprm castmm%haéuquméch@ o8 dbet ealcium

take the I

|t erval's o BRI MEE A ETRRL S AERbh SRacp e s YL Gpnotes and
provi des1fuabchsain adrarspasdnti cdalingedreovergrdiffidal d¢otdiscarm loras sihdjn@lvea by
cracks and nano es, because the perneated water v S

Chrough t e SRBRLBRIEE s TiRE R, it ReoBY i I g B LT 08) bighresent
react with dgx{perigrirt] e steGOtorittash efvels bikiigtddsaad henRAidiRes caridevas
cal cium sensi n?qel enent. M cro-pores and sub-m cron sized pores such

as pi nhol e1sdd Tars appltalive | analygis andgafedradadian wgsamonjtersd dsing Qntical
to discern rﬁibréé?:o%&u‘f}ﬁe ?M%?ﬁg’wveré%i?éﬁ%t ﬁﬁé%l§8f" fyﬁ&%ll?‘s%(t@n%@‘?ﬁ%rs From

techni ques (e e present experinment
cont r ast Z%éhae@ageau zeltiundonoded sniits eduldabe |durepﬂmbnke¢wdefacts of the

qualitative apal ¥#ie - Fliferd GooRERH QAmNRSof BIY E8IAn YRIAPELSR! provide

qualitative information of barrier properties.

[0100] The images in FIG. 6 highlight the nature of the defects exhibited on A

25 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

30 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

35 stacks are smooth and no agglomeration of nanoparticles is observed. These
27



m croscopy. The inmages were taken at intervals of typically several
hours. From 20 the inages the cal ciumcorroded spots could be

directly linked to defects of the barrier filnms. Further, growth
dynam cs_of imagescapafiramifialrthesdispersian of theviagepadistas tratha/eealmg layer is

f t 0
T on T ont Crdforkf 55 ehaPTRRCRaNEY. stk ] cpfieed G yaRgpang The furtner
tT Eat gave 3m?asmmm ca*ndwaim bapor‘r ﬁﬂrausipmftpmpensassmgm ltoarfgdad‘onﬁt OIwuth
e egradati on .l na ow a I SLAaCKSs an
O have O et HSaeBarent systent apr slktsb g wil naxtsapis

conventiogal barrier stacks as exenplified by barrier stack D
Cal ci um sensor degradation in barrier stack A comenced at 80 hours

and the entir d0tQZldilGmBashpvisidnagys of dhasiutace i pusradingslapersy as studied
d dat
oo et | o SERITAEL ARl S B s LaNESa iy of e of i

el ectron m amr&ybazppiyrr(@ﬁwatmgagﬁbe(ﬁFMamcﬁuee shewadhat e an&)rm dzspersmn of
i medi ately after..fabr.i catl surfaces of .thes Three arrier
t

35 stacks AP PRBHTRS Aoy dq‘o PO GnVBP A0 kg glinage rolighness

obser ved.|0Tineagured7for Mages smdslts Amﬁmltflim&ar@\ﬁ@emhibﬂo% if&at 1 um to 10
nanoparticles in the sealing |ayer uni form so that the barrier

Stack Ts CoNBCHEN 90 CPRRSPAPIBHYIN plain AGPYIRAIOVTAY SRS JdeWeKeTfor barier
vat er vanorsthERNENOThe PLARSEE | RS NRIRCAAT AR QB! ,-W-,fsh Rd aki Ay be

measur enent system and di scussed wit ction FIG 8
shows i mageddentagrously taee toimprioyedbalddigs|ciyketwess tbedzﬂr@ar lawee and the
SEM and AF ub-l:;ti.’%t urface properties were conpared with of that of

plain acrylic pol'ymer coatings. The AFM picture shows that the

uni form déspersion of nanoparticles in solution A, B and C was

achi eved. The C hness,. 10, neasu for ier ,stacks

B e ar o AT 1O sk SHERR Rty bR Sk tisving el Sl Sowa bl o
wi th plain |88 ¥abscdiel Woedarfy biba diiRitative BRAlVSIRI6f B eﬁéaﬁfs‘&la@on’f b&rrier
surface is relatively rough (6.5nm . Roughness may be advantageously

used to i np¥taek SERBISsIDEBletHBARSEanse Wi Hhesibd s in aREARSMAtion bartier
substrate. S%gv\%qgér%‘?%técégeﬁ wRRGARSHIR WarfePRyE Llverd RtridaRed BY %QSnetron

structure
20 sputtering method and one sealing layer (comprising aluminium oxide

nanoparticles) was used to seal the ITO defects. The outermost terminating layer
is plain acrylic film which is normally used for WVTR measurement purpose. In
principle, only one ITO barrier layer's defects were sealed. In this embodiment,
the sealing layer comprises Al,O3; nanoparticles with sizes of 20 nm to 40 nm.
25
[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
30 determined to be 1 x 10°g/m?/day at 80°C & 90% relative humidity. In contrast,
conventional muiti-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.

35 [0105] Therefore, these results demonstrate that by sealing off the defects of
28



was fabricated to carry out a quantitative analysis of the

encapsul ation barrier stack sanples fabricated in accordance with

t he above. An encapsul ation barrier stack was fabricated wth two

| TO barri eronaparrierieyes Witth ai nanapariisulategeaingraye, $pubaeiar mgrivemaode is

and one se r t.cl

dsed to searWeed B parRder REnBEE A EE 48 rol PRER YR P ol 481
pl ain acr ylﬁlm based mimltstayes sabstnate| §f the eldfdats w\A‘tﬁFBermaﬁweehmnér layers are
pur pose. Qﬁ? nci onI one | TO barrier %er s defects were

el ed 1 n vomed eisBifin. A mordhgealbg 2R %?/'BP” ipRyEpstie papeparticles, the
hanoparti S'\ﬁéteW\Aanoﬁr b%&lérf p&fortBrice d&h Ba 1628 thQﬂWiﬁW@bgt oPkven less
cal ci um conduct angc 8al nst t| me is shown in FIG

encapsul atl’fbﬁntﬂ&)r lgr'"ér/ g¥ack. The correspondi ng change in cal ci um

(mot) can be derived fromthe graph. The water vapour transni ssion
rate of the encapsulation barrier stack conprising one barrier |ayer
and one seal i [i106]yée | sikfedateredi nedcapsiatidn x th@r-ri:ég/ rrﬁfad;ky aondiising

& 90% rel ative hum dit n S onventional, nul ti.-

ot aoks v crpdertihdtel fadgtiTZYARR b GRIRE YeehOS 1aVen ity AlFhinium and
showed peoftaanant eadbpanicle @h@uthelaoﬂlﬂléqgifé#@}ﬂ bAYAIsuMtiof0Gaic?O08fack with
relative hunidj t}/ conditio 105] Therefore, these results

deronst r at e ¢HAY W“%a\awﬁawﬁ/ﬁeﬁm dayescas ofabrigateghn el henoptigal prgperties
with a ”a”%@ééur%klltﬁégg%@ﬁ‘bl ﬂ?ﬂnérﬁié@fo’n |hhﬁet@\7 %h@rWQSFéfl%ggﬁ'PSﬁh'e%pectrum

inproved up to two orders in magni t ude as co
pl ai n acrylwas nigaskréshwil WWi\(is spayfemmetﬁ:rsttrMS ﬂhat theclighd ftearntsnittance of

three or np r g o)

| ayers conp#q%sbll?%géeﬁgacll ﬁ’?\a%opaﬁﬁa@% ab'l?hfé @tb:%ﬁ éS‘@Ep@% gééM&ﬂgP of
per f or mans erarsmibsiohdés dut hauliT QGirhgropédiay andrnatuen | ess  t han

10- 6g/ n2/ day. [0106] The singl e-1ayered encapsul ati on barrier stack
conprising polycarbonate (188m /I TQ Nanostructured sealing |ayer

with alum rExAavEIcE 1021 i t FARRICATION' t i AND andcHARACYERESATUENED OF
encapsul ation barrier_stack wth P . TO seal rag-Tayer7T TCY Searino

| ayer was fENECAPSWHATION : tH SA ER<GOR
transm ssi qiaR I'ti'?\IANO"’I'nUhESS' bI e region of the spectrum was
measur ed ‘r‘rr'géim‘r?pmmwe ter. It shows that the |ight
transm t &nce of double stack is 82% and single stack is about 85%
The reduction

[(ﬂfOTIThe following encapsulation barrier stacks with differing carbon
nanotube compositions in the sealing layers were prepared:

Stack E
25 1. Polycarbonate (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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15 transmssion is due to ITO filmproperties and nature. EXAMPLE 2:
FABRI CATI ON AND CHARACTERI SATI ON OF ENCAPSULATI ON BARRI ER STACKS

W TH SEALI NG LAYER COVPRI SI NG CARBON NANOTUBES 20 [0107] The

fol I owi ng encd@beBldiredreabed r 18r ren adienetier h miilfiwalldchgnanatbbes  (hereinafter

nanot ube cogReg t y il t

1. Polycar bonattle- (@%@rﬁr&aé@%asgoaéu g{t’roitrgﬁﬁ#%ﬁﬁ%&%ﬁl@%lﬁg@ﬂﬁg%d
Nanost r uct Lmtegﬂemeaglyngl (BT fon dibpé@NFﬁ Fthe Orafio 686 Q@L@Entd aqus asl. The
sealing layer 30 Sta o] ycarb nate 188 as base substrate

2. 1TO as bXNqiHpes &’3%? d@”ﬂ%ﬁdoé‘?' FE%* %QF%’@PP LRer ViR SAN nathe
0.05% CO“S%ﬁéé:@ﬂva%%nc%@@'kbﬁ%nHéVﬁfe 2EnlikHRmr e-treated 10 nm

di aneter nultiwalled nanotubes (hereinafter 'MCNT') were first added

to a solution mxture of 2-met hoxyet hanol (2MOE) and ethyl ene gl ycol

(EGQ for di sp taarH]% E@hgﬂfc. e MONE Prptrﬁe lalrr%Lﬂ'rt]of JBGG%P QOMPI’ ﬁ? and

wer e disperse un| acryl1c polymer via soni
The 5 syntsmdgiian \Easommdleesd‘td@mTumuéhelmnomtgaﬁ Od}ﬁ%rlumrvmqght The seahng

h f 006%
col ut! on-F 86ey Nk et Tud FolRend 6Bl iR s, of SEaiing

seal i ng 1baa§>érs wereeudden takes kn tHd gloveridewhihatig pamial padssare 6f nitttigen.
filnms of sealln 10 Ig{gers were under taken in the gl ove box whi

ch
has partial Th# 8§¥Qﬁrba viater apowr comfenty weir roatrdllsthvih lessdban 1ppm level

contents mﬁghgquJqué,gd with less than 1 ppmlevel in the glove
box. [0110] St ac as fabricated in Exanple 1 was used for the

conparison of the 15 characteristics of the barrier stacks E and F.
[0110] Stack D as fabricated in Example 1 was used for the comparison of the

15 characteristics of the barrier stacks E and F.

[0111] The stacks comprising MCNT in the sealing layer were compared with
Stack D. FIG. 12 shows scanning electron microscopy (SEM) images 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



[0111] The stacks conprising MCNT in the sealing |ayer were conpared
with Stack D. FIG 12 shows scanning el ectron m croscopy (SEM

I mges of Stacks D, E & F filns. The surfaces of E and F sealing
films are smsipartiokl dispecicrygfotee dilimen Aof QVCNT & $F nate awdformhelsave no

i or m anc i AReEBRHERRINRE B iahf e PebBRUS APt dosB S 2l B oo
wat er vapour transport properties and optical properties were

i scussed bel W1 AEhEGhentiebegitn pvapelion cesdts SaEI o shap et the
stack were pERASHIBALKMEL Bnd SPAGEF Adtadl INSPLRE! SBnifRahile HderNEverbfi Rirfer
region of the spectrumwth U/-Vis Spectronetry. 30 T0113] As can be

seen from Rrgpertigs dhariveernemdipnak riarrier rstpak cBat be éitielt cglaump)sensor
has very hi I SSd ' 7 [ . .
A e R e e
and si ngl e statiacEs Faared &baut 5 d&Hrs End BN Tmeastredna/ T iapNdgint/day level.
barrier stack E & FE_ shows .trapsparen about 85% The reductjon of .
doubl & st adiowiTs Al feeat T RS e Tty RRTS ares vagoG és ission
nat ure. TDe&atdsool B igI0SRy/AH S ddthihd Betire38bicTanoras degradat BERITS I30Nhelrs.
the filns E & F are uniform have no aggloneration and

A. C ar . |

therefore, the GNIgReNiaining AnsaPswation hartipk staskgeE ANdBE shpwedhe rates of
[ 0114] The ' ' 'QW \ UkLi,s = - W
that the ?giﬁﬁzﬁdﬁé? g@iﬂ.gﬁ)a arﬁ@%’ g%]sa[{:{c%gégh@% rsril:"é;(r:ﬁ"?.l écant 'f’/ the
better overkArtiebstackeE ant bhowses sidnificant impravesret in deartier propadlestand
The initial ' dat | on/ wat er vapour desorption rates
simlar for‘héﬁﬁlﬁ?gﬁegﬁr}f’%ﬁoo &r@é& stacks E, F and D at 15 hours
and the measured WTR i s 0.03g/ nR2/day | evel. However, after reaching
20 hours, the . Sstate wate apour ansm ssi.on 10 rate f, I S
0. 1/ o day. aHEH RV eRuT s R oy Eind B aBea el o7 ahausiotied.in Prtder
CNT- cont ai njtiekseRCARE F a8 dralaak® Spaidnled MAMBIIRS pRkapillary
of 0.01g/nk/day and 0.009g/ n/day |evel respectively. After reachin

100hr s, t hesuchan @fter 38hecrREexPasvie At éhpostulpted dhatithedime itakaolos faa water
in barrier prRARGE! {SSiFaed intb e WaFFLA HaRStIRS 81093 ALL8/¥%ared to normal
20 modes of diffusion and therefore, the initial water vapour desorption was very
high. The initial desorption/permeability results of this invention demonstrated
that the probability of sealing the defects of the barrier layer by CNTs is relatively
low. This may be due to the concentration (0.05%) of CNT used in the interlayer

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

25 .

[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:

30 Stack G
1. Polycarbonate as base substrate

o

ITO as barrier layer

2

sealing layer comprising aluminium oxide particles (Al;0; (20% by
weight) dispersed in acrylic film

35
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15 [0115] Wt hout wi shing to be bound by theory, it is thought that in
barrier stacks E and F, water vapour is drawn into open-ended

nanot ubes by capillary suction after 30hrs of exposure. It is

post ul at ed he time taken for the water nolecule to diffuse

into the car bo I ared to normal 20 nodes of
diffusion and t ere C#%?l??r#] |a%irl?a|%§lﬁ%§?r§§g)vapour desorption was very
hi gh. The init |4al (ESarsardar ta@erreabi lity results of this invention

denonstrated that th robability of seal.ing the defects of the
barri o | ayer By CRPEM RGrapppeliso Sk Hige cevtitest Gathe(15% by

concentragi on (0. Ow& ] dgﬁgrg@eébrgrbmhe interlayer as conpared to
t he nanoparticles concent ration (30%to 60% . 25 . [0116] To quantify

t he adhesion properties of an encapsul ation barrier stack according

to the inventj TJWQ%%Q%W[EF’ﬁ%k‘A@ gs Rﬁﬁlfl(%tggqnuéké}ﬂ R4 I\ﬂ%’é da(ﬂéln

test system encapsul arrier acks we tes
upon: 30 Stussd ferlcorﬁpa!ysxm bﬁmmmsthb:ksseedumgslawetee welte dél’ribsaed onto ITO

o505 basSige B 485 S SL APebOR Y BRI SRR E5 o
Pol ycar booahe @ec@@stﬁ s tiendtd add 1chOwadtioandi e Uayeardble %@@kyr(thee
| ayer conprisi rsg al um nj um oxi_de G)a@rt i cles (A1203 (15% by 5 weigh

t)
di spersed dePRA)were appleghio7g e Ht@%é?mb\?ﬂdﬁl Feastane engof the sample
fabricated dimixagPire %gﬁ\ae?&?ﬁémé‘rﬁgd diffface® e r%ﬂé‘n ﬁqbﬁlvéétfﬁ‘e argon

thick sealing layers were Ited onto I TO car bonate
test subst rmawamnlmgétmm&mtramepem tahe:appliqatlonm ephxy.

pi eces of 10cmlength and 1cmw dth and the UV curabl e epoxy (Three
Bond) were applied to a 3cmlong and 1cm w de area at one end of the
sanpl e  $5m | §0118] Theel A& Stragy cunemiort samply bagterpstepks @b, Gand H were

| nvolves t hﬁot%éc?%p]d the resuits of the test can be seen in FIG. 15. The barrier stacks D
with the plain conventional acrylic film on ITO surface, the initial interfacial failure
occurred at the interface between the acrylic film and ITO at 18 N/m and levelling
off to steady-state peel strength of about 12N/m. Therefore the adhesion

20 strength of conventional acrylic polymer onto 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
fTO 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.

25 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.

30

[0119]Although this invention has been described 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.

35
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pl asma cl eaning of the above substrates before the application of
epoxy. 15 [0118] The Load/ Strain curve for sanple barrier stacks D, G
and Hwere plotted and the results of the test can be seen in FIG

15. The¥\_€'?artr|el; gglﬁég%s D with the plain conventional acrylic filmon
| TO sur ; f “ial interfacial failure occurred at the
interface between the acrylic filmand ITO at 18 NNmand | evelling

off to steady-state peel strength of about 12N m _Therefqre the .
adhesi on 20 11 r endbhSRAaRSUIAIBR: baar Siery IcBapl ghencantdaing & moisture

oxi de layer hsd/epbyydeiNednsitivdhamicleheoRdiisirRf stacks G and H were
tested, the initial interfacial failure occurred at the interface
bet Ween t he nanos@ruukiigves fdimginibe swanged drapesubsitate,| sadamultilayen film

or bart o1 ghassalt Atk Shel ke ks 25" AR BHBLY B

st acks H andpédmezbilipecard at deadtoredbealingnlayer amanbedfto reenivs tontatunéd a

sealing barrjer stacks & nto barrier oxide |ayer i 2 .
“Tanm Thi <o ftack BF i hieeshbag Wiy Byer nheRthecovis defohoprasent in
barrier oxi d@elmaer @gdr,nanostructured sealing |ayer is

Si %ni ficantly inproved due to the sealing of the barrier |ayer's

pi ¥l es and” defWBe N 30 [0119] Al t hough this invention has been
described in terngeOfati |dddpt pAk ¥§a|ir§”§8§é Spridels h8scth® Bfano gr‘ticles
understood that nunerous variations an nodi fications may be e,

wi t hout depadisiribgtéd dherdie wipichi areasapablepef ofiteracting iwithe moisturasarsior

encapsul at 1 OGR! 18 S che B8miPate o el BRI ool gprpuan the

and/ or oxygedefeetspreset inithe bbajerdaygri sing: 5 a multilayer filmto
be1 rranged on a substrate, said nultilayer film having at |east one
bartier layer having | ow noi sture and/or oxygen perneability, and at
| east one seal i ngThaRIriay sRRUeSF CRile1] Whepdhage af [AsBondUsdame Rler

the at |east one barrier |ayer, thereby covering defects present in
the barrier ¢aferms sgbgiaatialinto the shape of the defects present on the surface of

the at least one barrier layer.

20 3. The barrier stack of Claim 1 or 2, wherein the sealing layer is formed
by conformal deposition.

4, The barrier stack of any of Claims 1 to 3, wherein the multilayer film
comprises a plurality of sealing layers and barrier layers arranged in an

25 alternating 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.

30 B. 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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the at | east one sealing |ayer conprises reactive nanoparticles
distributed therein which are capable of interacting with noisture

and/ or oxygen to retard the perneati on of noisture and/ or oxygen
through the def&cts pheskarier rstagle dfalidier 6 ayer,. wiwergin The manapasticles

substanti a Tyt e iEieEadnt Bl ofhe' Flkted BOpT B HPUp ARG P 1R opk0s
the at | east oneZiGy; Zn€, By e5rO,0a0.antindglamO.e Crob aukOof akd B.IMmQD,;Or

2, wherein the sealing Iayer is formed by confornal deposition. 4.
The barrier stack of any of Clains 1 to 3, wherein the multilayer

film comgrises @ pluridipatrief staat ist90IAXLES RNY, RFHrERN tﬁ@Y@érﬁ)parttcles
arranged in an 25 alternating sequence. 5. The barrier stack of

of Claims 1 to 4G0MPES®| A trABSpaest | vendustiMepakidec seleqted efraat thet ¢ fgroup
moi stur e and/ or %%% L Bf 8%891 iGHCSah te @2?5‘%}‘) Cgcg)mﬁ.lm-mgal%a(édlﬁ 0.),

stack of daim5 € nanopar ise a mate

selected fromt rmngstarmawfﬁgwmganﬁ Zmﬁn@b)s aad(tintemdlum)oxMZnZInQCDg])e
barrier stack of Claim6, wherein the nanoparticles conprise a netal
selected fromthe group consisting of Al, Ti, My, Ba and Ca. 33 8.

The barrijgr stackp.of TheiparGeokiatk M\?héﬁy'?ldf Ch@msanagagt whkasin the reactive
conprise a netal oxide selected fromthe group consisting of TiO02,

A1203, zrQp, zntgnapagicles thierasbvihdnaigiure wod/orexygen trepghadgorption.

Li Mn204. 5 9. The barrier stack of Claim6 or 7, wherein the
nanoparticles conprise a transparent conductive oxide selected from
the group consitt.i nglhd beiar siack phfitaine 10 cabsreda the cagapariclasdearaprise

(Cdl n204), zinc 2Sn™4 and ZnSnG3), and zi nc i ndi um oxi de
(Zn21n2CB). 10 1@5%2'%?"&3%% stack of any of Clainms 1 to 9, wherein

the reactitfve nanoparticles interact with noisture and/or oxygen

through adsorpti ﬁ%“ ;‘é‘u Egﬁ@g%&%ﬁé{ @E?é@k1ﬁ herelnmthe bar\gfc])%rneanotubhes have

nanoparticles co
a multiwall conformation.

13.  The barrier stack of Claim 11 or 12, wherein the amount of carbon
20 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
25 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 to 14, further comprising inert
nanoparticles capable of obstructing the permeation of moisture and/or
30 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,

35 fluorosilicate glass, fluoroborosilicate glass, aluminosilicate glass, calcium
34



12. The barrier stack of Claim1l1l, wherein the carbon nanotubes have

a multiwall conformation. 13. The barrier stack of Cdaim1l or 12,
wherei n the anmount of carbon 20 nanotubes present is about 0.01%to
about 10% of t hesilicatel gle$ghtcalsiumnatiopimun csdsater eglass, icaldir  aluminum

seal ing | ayer. r

whorel s the seal Ty Elgdl Sedh RbaE Shrdly, AtcoltbdBrib” atdoumniige
nanoparti cl es, th:&ccmlaMrbtde @b siicoretrifridexi metalasolfides, cnels sprras@ure or
bei ng between 500 % g s (by weight) the quantity of carbon
nanot ubes pr esentompiatipy hW&P ‘ier stack of any of ainms 1 to 14,
further cgnprising inert nanoparticles capable of obstructing the
perneation of noisture and/or 30 oxy fgen through the defects present

in the barrier |Afer. The. batier biipek eof §laiok bftoci i mwhaeinwibe esiget ak the

i nert nanoparti Cb%ﬁo%%’gggé'@%gﬁl@gﬁtﬁéﬁ %@E%ee@ Haa Bpﬁfaﬂgc?élﬁ)r?seent in

consi sting of go num st ca, wolTasto

mul | i te, nonnor itheostileast aid bam'ealwbass, 35 fluorosilicate glass,
fluoroborosilicate glass, alumnosilicate glass, calcium 34 silicate
gl ass, cal cium alum numsilicate glass, calcium al um num

fl uorosiliigcat e ghgss, Thetté’émdfns@a?m&bbﬂeanyzbf CIRinEN1C & bﬁﬂ&:vhér*erﬁ?%éﬁnthe
nitride, silicon carbide, or silicon nitride, netal sul fide and

mxture or combPREENCANY/RE Mastures sensitive article cpePrises @ @fecwlalmmscent
to 16, wherein t@@gﬁbﬁ %mbé\?ent”ﬁ'léog@értapél §§e io$ tﬁé“ﬂan%@agf&?éh ls"Rss than

average di aneter of defects present In he at | east on arri
| ayer. 10 18. Then&rhelfi éhestcharacieristioy wavelengths af tlght7 prwﬂm@i nby the

when the oxygen |§Egé@éyﬁgocnseﬁ1 LR ﬁ@@ﬁdeééfxs? r]it' cle conprises an

el ect r ol uni nescef € average size of the
nanopartiléles is |l ess than one- half t he characteristic wavel ength of

| i ght produced by.the. electrol um ne nt roni ¢, conponent
19. The barrier i? ack ! B¢ t@rg@rn?f%\g!( Qﬁé i n% hWhREHB FAR(? Oé)@”i'%l%??ve a
length of less than 200 nm.

20. The barrier stack of any of Claims 17 to 19, wherein the

20 nanopatticles are rod-shaped, wherein said rod-shape has a diameter of
between about 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 Claims 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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| ength of I ess than 200 nm 20. The barrier stack of any of Clainms 17
to 19, wherein the 20 nanoparticles are rod-shaped, wherein said
rod- shape has a dianeter of between about 10 nmto 50 nm a length

of 50 to 400 nm2énd Hre depren stackt bbb Gidind 28 wberein 2he lymbee rbisder is
stack of any of j to el r.tigles have at

| east two di ffer%{ﬁ)egﬁa%‘ag még?"ﬁgﬁgaggggétg%asgt?oi'&:&g?'%%ﬂéé@? P s 1
to 21, wherein the nanoparti cles have a surface area to weight ratio
of between about t o .abouyt 200 ng/. 30 2 The barrier st

of any of d ai m%&tgﬂé% Ratiek slagh ofs gi‘-?ﬁhg?“ 'a g‘ﬁre'Fth%-’fO'!e’a%? a}é@ger
a pol ymergc bi “Qﬁi’mpr‘fﬁ&r@'rﬁatbh@l §él@9’féﬂrfrbﬁ|| the gfdup %@éﬂr@“bfﬁ rryg& idte,

the polyneric binder. 35 he barrier stack of Claim

the pol yneric b|mzheacrv!gml@%mq}ﬁpwdﬁnp@rw@n@nmlywmngsandlp@émretbme
pol ynmeri sabl e group. 25. The barrier stack of C aim 24, wherein the
polymeric binder 5 conprises a material selected fromthe gr oup

consi sting of pcﬂ@acr‘&heabarrlerptﬂo}(am‘radyaoﬁ@la;m@dltpeammmelnaae)uamer, layer

pol ysi | oxanes and l ur et hane e&{; bar r er tack of y :
& a3 to 25, GAENEES § HBagRt sEcreR Bn wii Ga St e AN, sios,
sel ectedifrom i rEiCUSIIN,NT, HHOL! WD, TH,OL N.ancﬁA%g 10 Si C, Si 3M4,

Ti 02, HF02, Y28, Ta205, and A1208. 27. The barrier stack of any of

Claims 1 to 27, further conprising a substrate for supporting the

mul tilayer filmoz5 28, EQF‘rlé?aétébl?h ﬁ]@fgf PHaifd2H %2§Ta y e:?'dbrﬁﬁ‘r‘?smg a

mul til ayer fI|mIS orientated suc the sealin

arranged on t he s\pstrateafios supgortimgéhe multileyesfilack of C aims 28 or 29,
wherein the substrate conprises a material selected from

pol yacet at e, pol ypropyl ene, polyimde, 20 cellophane,

pol y(1-tt$met hyl28.| ylFhe mwnamaxam@loj(@’ra’mt 128, - wheeiv ythE) mudilayamifida, is

BSL%E?L?FEﬁEeter%%%ﬁé%igﬁsﬁvbg%g 7y srsehas on go SubstAts .
an
29. The barrier stack of Claims 28 or 29, wherein the substrate
comprises a material selected from polyacetate, polypropylene, polyimide,
20 cellophane,  poly(1-trimethylsilyl-1-propyne,  poly{(4-methyl-2-pentyne),
polyimide, polycarbonate, polyethylene, polyethersulfone, epoxy resins,
polyethylene terepthalate, polystyrene, polyurethane, polyacrylate, and
polydimethylphenylene oxide, styrene-divinylbenzene copolymers,
polyvinylidene fluoride (PVDF), nylon, nitrocellulose, cellulose, glass,
25 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.
30
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 muitilayer
35 film comprises at least 3 or at least 5 barrier layers.
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pol ydi nmet hyl phenyl ene oxi de, styrene-divinyl benzene copol yners,
pol yvi nyl i dene fluoride (PVDF), nylon, nitrocellul ose, cellulose,
glass, 25 indiumtin oxide, nano-clays, silicones,

pol ydi met hyl si | oxanes, biscycl opentadi enyl iron, and

Dol YBhosphazenesys 0. il ol gl 5 45 oRCiAfs &, ARt gim s
of Clains 28 to aa{:‘angmbm;eoﬂetshﬁ’asgmmeig@gstraﬁe_r| gid. 32. The barrier

stack of any of Clainms 1 to 26, wherein the multilayer 35 film
conprises at least 3 or at least 5 barrier |ayers. 36 33. The barrier

stack of any of £] ai ”‘ﬁwé”@arri@@%faﬁikrbfteﬂ@ dT@IbInH@ZQ&ofSQ' %b?eln%rabﬁmﬁlayer

on one surface of the substrate. barrier stack of any of
Clains 28 to 32,filmHecsiangedsmh mﬁh op@@&smg Sﬂffﬁ‘?-ﬁ pethersubsyi@te.on each
opposi ng surface of the substrate. 35. The barrier stack of any of
Clainms 28 to 33, further conprising a planarising |ayer interposed

bet ween t he subsii. at eThambatrimf stack iolfaaf@rroﬁ Cfanms 21863, Timthdracamprising a
stack of any of al ] ayer
or protect | ng (HENHITRG FiGEnrmagedbpuwes T Shg e i M R e i
35, wheregn the termnal |ayer conprises 15 an acrylic film 38. The
barrier stack of Claim 36, wherein the acrylic filmhas_ distributed
therein Li F and/3f MgH® parisrcstask ofcamsgof ﬂ*\@”t?aﬂr’ﬁoe%sfla'ﬂ?@fo@mﬁﬂ@s‘ﬁ@ a

Clains 1 to 38, ion rate of the
encapsul ation bg}é@ﬁ@%‘ S%yggﬁori ﬁcggggﬂﬁ("aWUItﬂﬁout ﬁ‘TO 5 g/ n2/day or 10"6

g/ n2/day. 40. An electronic device conprising an active conponent

e 28 SN VS OBRIP LS s B BRe Bygscompries

accordi ngsto anyarpécwgliafims. 1 to 39.

38. The barrier stack of Claim 36, wherein the acrylic film has
distributed therein LiF and/or MgF; particles.

20 39. The barrier stack of any of Claims 1 to 38, wherein the 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

25 sensitive to moisture and/or oxygen, said active component being
arranged within an encapsulation barrier stack according to any of claims
1 1o 39.

41.  The electronic device of Claim 40, wherein the barrier stack forms a
30 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

35 form a proximal encapsulation, said reactive component being
37



41. The electronic device of Caim40, wherein the barrier stack

forms a 30 base substrate for supporting the reactive conponent. 42.
The el ectronic device of Caim40 or 41, wherein the encapsul ation
barrier stack fusarhyicherhjateesn etheowermg layperarat the gawapsobationl barrier
over the active &gggonent to 35 forma proxi mal encapsul ation, said
reacti ve conponent being 37 sandw ched between the covering Iayer

and the encapsul ation barrier stack 43. The el ectronic device of

Claim4l, whereip th shaeof th cov n ayer confornms to the
external shape © eT F?W'Eo "6?1% Wg‘iﬂhew PELR r ORi éhaié%l‘&f the

of any of 50 ai ”Eco'if%rl lé?er cUMeEA ol the ex@élﬁépﬁhﬁt% bOthe reBERRY component.
conpri ses a cover substrate attached to the base substrate by neans

of an 10 adhesive |ayer, said adhesive |ayer being arranged at | east
substantial ly ng e S re foem :
rimseal ed encl gAé‘gr e fﬁgoeﬁéi%ﬁgrﬁ(té éée{gcc:%%eérég%o&n;ﬁg ﬁg fo %g Wierdin the
el ectroni ¢ devi canaapsdatibomfdhenvdengiisest he acti ve component is 15

arranged on a base substrate, and t n sul ati on rier_stac

forms an encapsul at|%ﬁ°V%§/§'r‘b%(P3? a{%%&%?éggttﬁ@gb ‘t?t?t%ﬁt tbrYa't”e?é‘al%fa”
the reacipve coadiRenrt 388 i5d ddh@sh@slﬁyéﬂbéh@aé@ang’&j af Mast substantially
el ectronic device of any of Clains 40 to 45, wherein the 20 reactive

conponent is sel@epgdhs reéaﬁtqtéhaw@usr sybslrate; fag forming, agigasraled englasure
Em tting Device 4 ELERPhe %ﬁ?lﬁ%@o g¢l device (CCD), and mcro-

el ectro- nechani cal senso 47. A nethod for the manufacture
of an encapsul ation barrier stack 25 accordi ng to any of Cains 1 to

sealing layer i i alt B lechBAtsi. 0PG4 Wiref the N ang s
barrier $fack, vdrearejen ofi ar base subarae brdghe @neapsalatiog baay@r stack forms

i 1 Xi 30 abl d th I
Compr i ses M Xi NG, & IO RPIHTL) SP0LS ROTRSHRE TR TSR Fleoactive

component against the base substrate.

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

20 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
25 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
30 polymerisable compound with a nanopatrticle 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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m xture, and polynerising the sealing m xture over the at |east one
barrier |ayer under vacuum 48. The nethod of any of Cains 47,
further conprising 38 providing a substrate for supporting the

barrier stack, whereiproyigding aasubistrate famsuppediinghthd bgmier iséadk, vdterein said
formed on the subst . 49.. The net hod of C.aim 48 erein the
substrate compri SOEaR 908 oAl 8yPs Pt BimS Rl The veR0RE G ai m 48,
wherein the substrate corrpri ses a polymer substrate. 10 51. The

met hod of any of J ai wherein the substrate is degassed

at a tenperaturet®f b @vé‘éeﬁ p'@@t‘lgowﬁﬁ%’ﬂ thesebsiraie compiisgsa parier
at |east gbout 1k@pr. 52. The met hod of any of Clains 48 to 51,
wherei n the nanoparticle 15 di spersion conprises nanoparticles

di spersed in at |east one organic solvent. 53. The nethod of Claim

cthers. ket ongs, 01 deRjacleuins’ oy e 4; Bhereif Al Efisifa Herpes =

Cl ainms 48 to 52, poWereeisnbstnateseal i ng mxture is spl n coat ed onto the
barrier layer. 55. The nethod of any of Clains 46 to 49, further
conprising carrying 25 out sonification of the sealing m xture prior

to pol ymgpi sati ogq. 56Th§hﬁet'ﬂi@ﬂht§1da@§ ol @amdas W’ﬁOGWhe?@iﬁ' %Cétﬁtbsftﬁate is
is carried for at |least about 30 mnutes. 30 57. The nethod

of Cainms 48 to $BgasHReraistameeRiwery hetwere aq@@t@ﬁe@ﬂ%ﬁ&wté@ﬁp@mer
with the nanopar% ﬁ?] ?éfét%’&ohﬁg@ru?' ed out in a polar organic
e net

sol vent. 39 58. wherein the polar organic

sol vent conprises a mxture of ethylene glycol and 2-methoxyet hanol
in 1.1 nolar ragé'o. The method of any of Claims 48 to 51, wherein the nanoparticle
15 dispersion comprises nanoparticles dispersed in at least one organic

solvent.

53. The method of Claim 52, wherein said at least one organic solvent
is selected from ethers, ketones, aldehydes and glycols.

20
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
25 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.
30 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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5 59. The nethod of any of Cainms 48 to 58, wherein the polynerisable
conpound is curable by ultraviolet light. 60. The nethod of C aim 59,
wherein the polynerisable conpound is selected fromacrylic acid,

met hyl acryl at e,5&t hylTheacmgthratde oin@ldiot V87, WMheeginythet epolds orgénic48olvent

10

15

20

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

ratio.

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

60. The method of Claim 59, wherein the polymerisable compound is

selected from acrylic acid, methyl acrylate, ethyl acrylate and butyl

acrylate.
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