OLED STRUCTURES W TH BARRI ER LAYER AND STRAI N RELI EF
Background [0001] Organic light emtting
wdevispessssi odes (OLEDs) are light emtting devPCEASA08/032645
often made from el ectrol um hescent pol yners and
smal | -nol ecul e structures, for exanple. These devices
have received a great deal of attention as
alternatives to conventional |ight sources in displays
as well as other applications. In particular, an OLED
mMOLED STRECTAIIRES WITH IBARRIERVSA YER(AND SERAINRELIEF
and structures in displays, because the LC naterials
and structures tend to be nore conplicated in form and
more limted in applicatg refP2] OLED- based
di spl'ays do not require a ght source (backlight) as
[00Atke d €t gamic lightkmsittireydevictl/Biodea(@LED s)airé Liglurnditingdlevices are
| igh ource nd as such are ch re conpact while
ofter S g e Ban R PO RS e S oo ORI b S tor Sxample,
r . .
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alicPuate 4 BRE SPUA (¢ hopigrilsant STVCS otiahaks Rrsus e dE
maﬂekiﬂllstaﬁa s@0Guled &nd 38 Be FRMIESNHINGET iR TR élfd?hr idinore limited in

i npl enentation. One issue to be conside en usi ng

appc@&Dmat erials is their susceptibility to

Vi r ntal, contam nation. In particular,. posure ..
oo ity e i B e o JigB Sophl iRl B e in L
disleyL DR HMU e b@elﬂ&@n‘c@i‘h@@ﬁ%lgt sBBEc8! drfdl asafich 4B @niRh s Wbmbact

conponents of the OLED. to the former, the exposure

whileremwsimng vispde weded aovigeygangsaof conditioss. Miedveghinlike LC displays
emttin apabj.lity he or.gani c el ect rol um nescent
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[006XPOSVAi€: OL EDR@rdve@cs 1ide sBBicalforcBipIafthdcinareBhNeausféwith at
in OLED di splays to these contam nants can over tine

leagt grappenetits relgeankedsahone, thereage ear@in eigisleratines arsidfmitatjong ghat
of ,the QLED device, Accordingl. Lt.1s bheneficgial to
can $picg dpetepessival Srapetion CHEiITuR it FniRred ek QLED
matefials iBthef isadcepth iR 16 ¥RMSehni dht L R htaAMiAEdh aln particular, exposure of
contam nants such as water vapor and oxygen. [0004] In
an QHdHy displayite watez gapm i osyEARreen be delstesions e the argagicEmterial

i spl I fald hi i gid. gl
and 45 8 el PR e B "R B Bt s sl o
vap@figiRBoxyipemeMeredide the liglﬁtte?xﬁttﬂl%sdagﬂbli@ dfthddbrgumigde the

OLEDs, on a |ightweight flexible )
electroluminescent material itselt. As to the latter, for example, exposure of the reactive

[

metal cathode commonly used in OLED displays to these contaminants can over time
result in 'dark-spot' areas and reduce the useful life of the OLED device. Accordingly, it
is beneficial to protect OLED displays and their constituent components and materials
from expose ro environmental contaminants such as water vapor and oxygen.

[0004] In order to minimize environmental contamination, OLED displays are
commonly fabricated on thick, rigid glass substrates, with a glass or metal cover sealed at

the edges. However it is often desirable to provide the OLEDs on a lightweight flexible



substrate. For exanple, it would be beneficial to use
thin plastic (e.g. polyner) substrates in this manner.
wontwrousssat el y pl astic substrates, such as PCT/US2004/032645
pol ycar bonat e, are unacceptably susceptible to water
apor_and oxygen tiagn. Wile.t
suby A g e o v R P BB 't it Aol & Pebiansgappstrates
in thfé‘{ﬁaﬁﬁa'eﬂ erﬁﬁmﬁfatély gﬁ%ﬁ’@i&@ﬁa@@ khdleds JoRNEFdnbR, 'Lﬁééé%ﬁtably
and oxygen, the ers fornmed of these materials are
sust%mbmolvyrat@wapbt md axyden permentoen. V¥kdathe use 6 1amgjahxe layers such
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hérefore Ts a barrier structure that Overcomes at
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| th OLED
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substrate and the OLED structure. The barrier |ayer
shogtatrmings desdribpd pbaeent s cont ami nants from perneating a
| ayer of organic material or the OLED structure.
Illustratively, the barrier layer includes a gl ass
Iayer that has certai n c&uRaRA s added or renoved to
rove its flexibility. [0007] In accordance wth
[00&ﬂot e pcaoxdarnst witbrapsapmplstembadiment, ?enrObEB@tmamlreumcludes a

strucgture.incl.u ntiall.y fle Lble str
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barrier layer includes a strain relief material. The

fromtperhenting|a laYer iof peganis maierielor &@E%Ewtma@r@tlllu@wéwehn@e
barrler lﬁ%ﬁr 1nc(iu ees %%r% (fayer h%(.) g s]cgI nlfnac?)g}?progeanqc edci[/)m grolr Iregﬁg\;ela%o

m ng- a

1nqﬁ@%ﬁmsﬂ@@bm@@s prOV|d|ng a mul ti-conponent glass |ayer
between a substrate and a | ayer of organic materia
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betwetdr! the SUHREARNHNd Gh &S trbmt Or bhkﬁoﬁ?l@ istru€lire. TUEbarriBf 1a§ér includes a
Descriptions of the Draw ngs [0009] The exenpl ary

stragghisbien matetial. The stsais reliph suiasiabadyaniagaeushehdsst e@&ﬁqmg axis of
Orlegl%ttl%h.l ed

[0008] In accordance with another example embodiment, a method of forming a
barrier layer includes providing a multi-component glass layer between a substrate and a
layer of organic material, and selectively removing at least one component of, or
selectively adding at least one component to, the multi-component glass to change the

composition of the multicomponent glass into the barrier layer.

Brief Descriptions of the Drawingé
[0009] The exemplary embodiments are best understood from the following detailed

description when read with the accompanying drawing figures. It is emphasized that the



description when read with the acconpanying draw ng

figures. It is enphasized that the3 various features
waneswassspecessarily drawn to scale. The di nEnBCOMS2008/932645

be arbitrarily increased or3decreased for cl alrl ty of f

' ' i it§ s 98 S s ect i onal vi ew of.
e e n adrab 8 L TR R IGrR aavebe bty

inceeadrsldirdeateasefldfod clhrifyi of disBussiona f | owchar t of a process
[ cordance with an

. rrier er .in _ _
10030 i o Gurh forpbttaIof e O ETS S e perespepmiasith an
exatipverbodimad i er layer in accordance with an exanple

enbodi ment. [0013] Fig. 4 is a perspective view of a
[00B&)r r iFég. 2l iag dlovicharh of @ priwessef forhfingd bexRAMyer in accordance with
enbodi t.. [0014] Fig. 5 is a perspective view of a
ane[;(gmp?ee?rmﬁﬁ Nt 1 accordance with an exanpl e f
(o] o ST [ ective view of a
T e b el B o P R P REG Rt ¥t 8 o

embodigelitrent . Detai | ed Description [0016] In the
for purposes of

I Qwi detai |l ed description, C
[OOIeﬁpl gh‘%atﬂ iq%% P%rﬁﬁecﬁéf? V}eu“fﬁflt AT 1k dnprcordanpowithenesample
embdidiaémsSi ng specific details are set forth in order to

rovide a thorough understandi ng of the present _
[00f4iv ebig diis 2 plrveacere view ofial Hartier layep ar sstbrdagc@Wwith Aa Ckdlfple

b%r%il&@ry skill in the art having had the benefit of
emtﬁe present disclosure that the present invention may

00 FiaCb iceperbpcidelewss TR BN fromth

[ ?gegi lfgi C dﬁ?eélbllﬁg 1gli scl osegﬂﬁﬁé%}%.r E%@%@ﬁ?{%tﬁﬂexamlj ©

emb@éié%ernf[-pti ons of well-known devices, nethods and
materials may be onmitted so as to not obscure the
description of the present invention. [0017] In the

exanpl e enbodi nents pepslel BRAclish&i N, structures for
QLED s are set forth in significant detail. It is
[0018b1 g, thenlloveng dettitad deiriptios, foe peippsarofick plasdtioatand @ot
the invention

limif;a{s.f&l}dgeg%ﬂ%%%r% %tdgr];xg{tlﬂ g‘FaBégg tﬁéﬁ%&ﬁ c-ggalfsm@téq sef frth in order to
providescihpiouh @nd@stahdihg 8f tRHRREATRvERiol! BEWSREY: 3RPYE apparent
to on'feohravien)é%r}gilngfy s?(riTlJi)i%dtlhge arr’g thzving had the benefit of the present disclosure that
the present invention may be practiced in other embodiments that depart from the
specific details disclosed herein. Moreover, descriptions of well-known devices, methods
and materials may be omitted so as to not obscure the description of the present
invention.

[0017]  Inthe example embodiments described herein, structures for OLED's are set
forth in significant detail. It is noted, however, that this is merely an illustrative
implementation of the invention. To wit, the invention is applicable to other technologies
that are susceptible to similar problems as discussed above. For example, embodiments
in electronics and photonics are clearly within the purview of the present invention.

These include but are not limited to integrated circuits and semiconductor structures.

[0018]  Fig. I shows an OILED structure 100 including at least one barrier layer 102 in



in electronics and photonics are clearly within the

purvi ew of the present invention. These include but
wanesnassski nmited to integrated circuits and PCT/US2004/032645

sem conductor structures. [0018] Fig. | shows an O LED

' I [ barri;er | ayer.,,102
accBlHEC IR gt doandle cHboltal, A SANaRIR1 S Fei el i lipthddrer of
matbfidl, issitable for atd neDVEDI|displdy pligatidns OfhidRiRHTAR |ma_F be a layer of

-tablefg‘&?ﬁsein OLED di spl ay apg- _
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.S p ications. This
Sul@ﬁ Jhgigral, petranspagat angdrsusehly dskiblenfar theiintepdadpurposes of

[ ' exihl.e.for the intended
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et her _sul fone” ( PES)
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may al so be conprise ot
layére of thdseumatesiple mayfearsed Iin vaeioak gﬁcbémﬁr Eombihgione! e, g
f these materials may be used in various an
W"L‘ﬂ%g:‘ff fg%m?m‘?fg?ﬁe&%w{ ‘%M@‘}ﬁrﬂ@ 19a s pdratagpously Bergbly,
i bl e, wever
Hol R WAL ST o AUCRPEUBILLBH Sy RN
charagfegisicadly dma@mp‘abhn&rmbfﬂe ChraAT )ea@%ib&tﬁﬁhbl Yo witzl_the »
t ab bl A LED a ications. To wit,
periRRiaaR ea Bt VOlCR ATCUUGr Oy JERU G e erio g sovebuigis of
. i r . 3 n (0] :
S S LAY s RO 0 QBB B8 b
layend 82 isodispyisyd oeertilar substrate sterbahdd Mt?&r d03 hasegtaiMsshefitial
bstrate. The barrier. |ayer 1Q2 has certain )
chap BB iortd LA Se el by v Brelios desribed below.
- i Sar ]
o0 s sk ) 95 g S, LT 430
layegil @ dsmadoranene eldetrolvaringseentloagemic [29&'s 1@harealispoodover the

confBt 380 AR s 1B S0 S eiecind el ficaesed over
the dr2¥iE 18P THe GLEBS AR G0l ik drh Yhd (ﬁ(g%h? ?Agﬁfstqﬁ)g}/ﬁ{d &b ﬁgwered

organi ¢ layer. The OLEDs are for e’ organ
via tha pentgctigyers Htdanal )5pShemetirialsachbéea footht acganicelyess 1003nd
en.for the organic |ayers

the Gt R ers 105 Al B a8 MR RThamGen Hoafbedias QLD dagration, are
welltiiRiwn thone kkifBd idthehfteAl kg, Q&R &Rﬁés@kﬁsa‘?&alﬁ&ﬁi devices are

wel | -known to one skilled in the art. such, det ai
omiiggd somsde nppebseirslthe dlnstrative icodedimmantnni tted so as to

t e the illuystrative odi nent s.. [00214@1'
10023F o REFERP Toxer R G i B G STt B Yerer aver
102,iisleptidrdl disposddeverthe 's@donh%ﬁﬁtﬁctjl%fer 108. BRE la%ﬁikénlépciall}(

di sposed over the second contact 1ayer 105. This laye
prevpip dfd peiramestion of contaminants through to active layers 103, 104, and 105 from
paths other than through substrate 101. Another optional layer 107, which is substantially
identical in material and thickness to the substrate 101 may be disposed over the barrier
layer 106. Layers 106 and 107 may be used separately or in conjunction. Moreover, it is
noted additional barrier layers that are substantially identical to layers 102 and 106 may

be disposed beneath and above the active layers 103, 104, and 105 to further mitigate the



prevents the perneation of contam nants through to

active layers 103, 104, and 105 from paths other than
woOhomgssssubstrat e 101. Anot her optional | ayer PE01S2004/032645

which is substantially idensical in material and

i S, .QVer .

Do o s SRR ey B A SR OE Bleggoved
flexgbipity. dtlestsatively] eithenopesordiotioof bavtierdayes 103 nd H06"Qt eebstantially
¢ addit'.ogﬁl .b%rrlri er layers that are substantiall .
rarfSB%rﬁP% e yigioeegion (4600 v dher ey ehengthsdn dhes approximately
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wavel engths in the range of approxi ma
skillgdgndbd aht el y 800 run). Finally, it is noted that
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color filters, antireflection coatings, scatterin
vapey anedeoxygemm slde matenial ichossy dorsthe barriet bgersichyracisristically Erevents
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are chosen for their Dbarrier properties agal
can adyaresly irepnast theionganicleserc4asr thecentastdgers Hidandxiogest: both.

1002312, TS0 Rho CRRF o ghShat it babRof by m0gand 106
are & dgmisitedihofPeyBafultiBordPorRK RS S FSNBRH IIEME balfMEYefs may be

the material may be chosen for its ability to prevent
Mg Meigd i bimippbasesibeateglass, pbicirhes betratatatin eitiorermely one or

] ; e i.c layer 104, or the cgntact |.ayers
morl FRAGhchiXon 0 S8T 8 S cPonds foiteE B e mppiifUaARd the
phyditd] pedgettids\of tIRNHAE BRMtexamPR SMJdiBEnt] BY Phict %%eénﬂ)z and
106%06 are a deposited inorganic nulticonponent gl ass.

BYC 2ibikprss infes 19age ¢leppiayaisly Nl ApprAinaelyok000 nm.
o0} ok 5 B B B
impowe its flexibditp,ordttesackhodr iiBpadt iesi S &t dodbid@ntd these

hysi cal properties of the glass. In an exanple
char iChre/ht Suchrfbie glasy foche hasesrfor tobarsianiquedieiehasste ome or more

i j ' tel 0 t
con BRSBTS et o foster
desigblsiexitdligrantjor ek 0@ ifpact MRG0T A RN eBAR Fle@blOphss

0 . . . .
maytbe treated to improve the permeation resistance of a thin layer at the surface.

[0025] In an exemplary embodiment, a glass material in keeping with the description
above having been leached of or impregnated with at least one component provides a
barrier to water vapor so that its permeation through the barrier is less than approximately
10-6 g/mz/day and the permeation of oxygen through the barrier is less than

approximately 10-> cm®/m? /day.



inmprove its flexibility, or its cracking or inpact

resi stance, or a conbination of these characteristics.
wo0esabssst he gl ass to be chosen for its barri 8CT/US2004/032645

qualities as to one or noreé6contam nants, and the
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carried out by nethods described in
exchange or diffusion doping, or by plasma processing such as 1on 1mp1antat10n The
material chosen for impregnation of the glass is chosen for its ability to alter the material
characteristics of the glass. These material characteristics are illustratively flexibility
resistance to cracking or impact breakage. For example, barium (Ba) may be used as an
impregnation material in the glass materials referenced above to meet this desired end. Of

course, this is merely illustrative, and other materials may be used in this manner. Finally,



treatnment of glass substrates, by J. Gegory

Couillard, et al. Journal of Non-Crystalline Solids,
wa2205429%8434 (1997), the disclosure of which i BCT/US2004/032645

specifically incorporated herein by reference.
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[0033] Fig. 3 shows a barrier layer 300 in accordance with another example

embodiment. The barrier layer 300 is disposed over a substrate 301, which may be a
substrate of an OLED device such as the OLED device of Fig. 1. Illustratively, the barrier
layer 300 is a nanocomposite material useful in achieving the desired resistance to
contaminants as well as the flexibility requirements described above.

[0034] The barrier layer 300 is a heterogeneous material that includes a glass layer 302,



photoni c structure, or both. [0031] Finally, at step

205, it is noted that the processing of the glass, and
woOheosfoaksss cati on of additional |ayers and el enearAISDEN/032645

be repeated as desired. [0082] The barrier layers in

accordance Wt h exanpl e enbodi nent s ovi de certain,
WhiERHeY HiF TR TRRIEY S GSOES TGrh S ERERAT rdable
maﬂgﬁaltte gxéveﬁpdhb geﬁﬂea%n bPgaRf 9§®?%nﬁf>x%§éﬁ'v&it}fi§ﬁ{e' hii@fve

or exanple, by relatively straight-Torward techniques
limi§ retf¢rencedabpye vanlodhk stem-sclicsingichaphentd 30Peprovidy abyequisited

o A LB ke B O, RERE LRG!S L K1GM, 0
gla Q18R ey 1RG0 SROPMiRhobOrokITENE oliRE RS, ARG or A1,05. The

material's. | al’so noted that graded film
stragmerabiegingietansente33adrs berpdiciadly ¢nibeddesleyiands ofi 2 tatetiel such as a

Suiﬁ@g@;{sgd@?ﬁﬁg;ﬁgf [0033] Fig. 3 shows a barrier

dance with anot her exanple

[008310 O iARRteristl BBy DRE kirSih-reRAShg AORehtS afd %ﬁﬁ@t@al%_"rﬁﬁdcﬁnly
substrate 301, which may be a substrate of an OLED
oriagiéndi ingheslager 2 provddiog Blxstieity todheglags lgyer 203, and thereby adapting

|| tivel t.h i ! 300, i . .
the hervE ol i A A dsBh p HiR exiiple T dieneet fiegprags of
incl8&d £hRHGPMEPbE §RsAEpHRARAISH %ﬁaﬁ[ég%ﬂsrz]éﬁ hdee diteRbRbf bifidhtation.

requi renents” descri bed above. The barrier |ayer

In BYCver, the hevansgeoddebbyrthedairidr laylenenablas|thrleasrier ¢lagasteristics

l,ayer. .302, 8. which has ,strai.n-relievi.n enment s. 30
nectft] SONE QTP At SHbstingelgrdiliof o St dndhg BERpIaver 300
caub@Rt 8 dtkcHiy R Rvesibtahdtto REEIRBRAL IaRhgf loMBingE oF tie Darrd tayer if
oxyden within the quantitative limts referenced

the afsain eclienirig reatetial hos p@priicnler pely of grientetinsnbe soBpeenis afdhe

corfbRRLE b BF P PR By b Sl 5 L s, o
indBAARTy! &Y t@Ib1O6f NE %a@tg)l,ii ne@vordl fFb e Fidsislit ERp&sed over

glass, SiOx, SiNx or 2 3. The strain-relieving
the sinfansrand aieds fayer drnesitedchyaydcyummsectased suehy asrhpgtierfngor

terial h. itabl I I | ay.
chefBsLipfa B (Rt bR 80 o e eving
[0086]e MAHotheR ELarHID Shbolinddnk ¥{ 4 strdlartlicvild Riti@dayd? i§ Si®wn in Fig.
| ayer 302 providing elasticity to the glass |ayer 203,
4. A hatrienlayetidfOzgegrdinggo this ewhediment inglpdes aabstreie PO b withp first
Al .directi Dtk ' . '
iy S P h Sy 2 S PR LR, e o0

reliéff lay@V0B aViee rafh fetief iapérs BhvebdeR divdllédinto discrae geguens, and
the structure provided by the barrier |ayer enables
thus previsigrargregtercdegrasof strpigplief than a continuous layer. The regions are of

defined size and geometry, and are thus not random. The discrete regions are separated
by gaps of non-zero width, preferably less than 100 pm. A flexible layer 404 is optionally
disposed between the first and second strain relief layers 402 and 403. Additional strain
relief layers similar to 402 and 403 may be repeated as desired, with layers similar to 404
provided between them.

[0037] The strain relief layers 402 and 403 beneficially include grooves 405 and 406

oriented in a certain direction as shown. In one example embodiment, the grooves or



needed, while allow ng a substantial reduction in the

strain on the barrier |ayer 300 caused by stretching
WOonRo0dH438si st ance to stretching along a | ong arCs/US004/032645

the barrier Iayer if the stvain relievi ng mat eri al has

o Rl b YD SO s B3R FRIPRARLAT gfloves s
Th&élﬁ/hthéfbaﬁi/er"iwm% Q4 ﬂﬁzhddarmlemﬁﬁnhty raldn"gddﬂél adwby Yne strain

an exanpl e t he Iatter a networ k
religfi lbﬁarsandsaldmg @tmﬂs@dhr@vtecrn wichsig ppEeadignler to @b §1§§ dlrﬁyféqn by

the QRBRSHR ol Ao LR PR BT sl e Bl e Sipgeaed 0

provid® IRki tdfahe ©IBIPdeviesroall maettics, dhile malntamlng the barrier
strain-relieving barrier layer is shown in Fi g. 4. A

Promlfﬂ@lfpﬁéyer 400 according to this enbodi nent
trata. 4
[00#21{138;‘19”2@%?% %g@% chftoflitht o‘ﬁ" Flg 3 %fzs%gah%%geggi rs 402 and 403

rarn

incladingaihb Yerboxee roredty 305fahal4(l)6[ edspedtiviey eire 40Bdtrailiindy deposited
strain relief | ayers have been divided, into discrete

throgghy r@eah@éowmktbbrd@owd@ﬂ%q%s gredr aragisylas origntalien g ghown.
The' l%aﬁlﬁ ﬁeeélte rhtndrll!f)@ Yia j de -5?9 \faﬁgﬂyod}smﬂéﬁ%}g suitable for

n geomet r d are “thus “not fan
use Th GOHIEBCa[@heatfoehl,l ﬁml‘ndﬂrge bae palr Atnitdd iy pobpserahatenals mdoglass

wi_dt h, preferabl ss than Om. Aflexible
o B B 23 b R et A riaton

ORI 6] LAt a0 iifthss agebning o

scribippeathaijuas vaeeh axedvellvkm)lwnl tay)ac of eidimakyaskill on t]:(ezart

100555 176 485 HRb sz o8, el loant 4hF ety be EigefHE0 otmer
posﬂﬁieﬁ%ttt@fhs %riaﬂﬁ% Elﬁivﬂ)h q’h"e%ﬁ‘ain%h@ﬁre%ﬂﬂé\@n B &Bfrary in shape

di ment e grooves or9rib 05 are
andsdibstsionj b yresﬂnom gﬂafqra‘tww trhglgaloﬁxms 84(05 dseuen@ngles triangles,

hexfsty Ehploet St FPPOiEn b A L pie bt l§Ps i hElgrdance

witl® 5 Gthéedxagipld éﬁ@ff&m@ﬂt@ PhOBHriaia; %rélﬁ lof the’ &@hipkembodiments
which is perpendicular to the first direction, by the

of Figsh érangﬁrsﬂam ceghingbinzapefeaturgstwithathe |eyamphquembpégm@%of Flg 4,

o 5P L S RSBRTeLF RERAL I g overo v

adjadBhi 18 aglntalnlng the barrier properties deS|red
[ 0038] In the exanple enbodiment of Fig
[omlr allmthee’-lxampld cylendimero »f Figi 54@ﬁr$trk@rrm |1=ﬁ@r 6%15941@9%@% over

a sea:gﬁg gala{réea ?%errggg)éd'%G hS HF %P\i_atnrgé a)t({ersaﬂ’oq 'Sb% kg gdo\(f@é Yormed
therdid Iiike thePREtidrCuyekrofQhé exdnaple @mb@ﬂnﬁdmwﬂ Fig. 4, the barrier layers
501 and 502 provide strain relief in multiple directions by having multiple patterned
layers. These patterned layers have grooves 503 and 504, which are oriented in an
orthogonal manner to one another, disposed over or directly on one another thereby
providing the strain relief properties desired in the flexible barrier layer. It is noted
however, that both layers 501 and 502 include strain relief in both directions, as opposed

to having one layer provide strain relief in one direction, and another layer in another



The strain relief layers 402 and 403 may be nmade of a

variety of materials suitable for use in OLED
weappisioazsss ons, including, but not limted to peCYMSR004/032645

materi als and gl ass nmaterials such as those descri bed

irge gt e i RS B T e be beser detegn layers
501”51)6 51?2 L) 'ﬂia@ @Hﬁgoﬁ’eﬂ vabfe 1R@rouif bé Rad tBIQﬁ‘ of barrier

which are well known to oné of ordinary sk
layerst501 p0d 303. The strain reli ef regl ons of Iayers 402

3 be divided, into oth att
0o f i BBV eoganh orE harhes 198 SOL A S0P o Bk Rfl A  single
maR¥FiBl faf/ar, YFHenmﬁt@ﬁﬁ’lela afd BRGLSh I0% tHétha@ﬁ@f ﬁl’éfe@tlon capab111t1es
preferably regular fornms such as rectangle

The gnoangﬂ ¥ odhdich prawvide theedesied ﬁ’@mnurdlﬁwhpt@stenmcgsdo not

6.sho arrier |layer.s in accor
ol SIS e Bt meny G o REP LR 1f Sy ietsPDipg stfect of
the %ﬁ%' &n SARRAINERY & r@sﬁntﬁﬁgﬁe patt@A b f6ths RasSes, et'hél%' 1@ very little
common features with the exanpl e enbodi nent s of

Fi g.
ovedlap wittheligtdaaes of batisr émiearigbmﬂt thef grph*edSrofobasmreltaEer 502. As
tpain.r |efre| n hlroverl
sucfe (RIS Pty TRCRREAE bR Sobbaihe U SpRR A rouen
adjideﬁshymrrl er layer 501 is d| sposed over a second
rier layer 502. Each of_ the barrier |ayers 501, 502
[00ﬂ%lve THysigtizelys e hamier fapisisl and 1582 effsuijable ighass miﬁéaaISdfavmg

arobfl8 SRR BeRTPI BRI Kihing ! R IE ALk @V PhSe gass

provrde s in nu

maWdtinle Ciré Gikch By tHvay idegribed tn pbmepﬁdsﬁ evithesthtrags@bhiple EMB6&iments
patterned | ayers have grooves 503 and 504, which are

aboyei ented in an orthogonal manner to one anot her,

[0043]5 pl‘%*g[fag‘lgf"éﬁ&h%{ I Flet }eﬁéb@dlm%ﬂ? sﬁz§\9§e Igﬁg‘éetsr P@gﬁ?yéolt and 602

prov rarnre proper
havingegrobles d08rasiskowh.ditese layersiase subkdtidibwidestical tohhbsedeséribed

A S oI e S
layeit Tﬂ%ﬂaﬂi glr gm?f rsi D 1908 6@2 'éfecér;eﬁ’ﬁb ﬁlﬁ%l%ﬂ@%f er oY ?{ othé} so that

anot rection. 'S urt er n at ot
the rgadcaes &03 lagey Bot( sm}ostamiuillgf drthodosp ds ede Iambthme hotvaye rthers Q4 very

. .and 02, nd t hat dltl nal rri.e ers uld
littlg oyeden of ﬁ?‘?egr%?‘é?é & g’&“t‘ﬁ TEBQF PB@.W ifhy 05"(91 0 Eime’é gayer 602.
As E&gﬂ %ﬂeré Is HekrAd swRlatiialBRed psths E‘J}em%@a&foh‘iff coA¥sligan@Othrough

02 are provided vid a single material layer. The
adjaventedayzts.| dher sffards thhosmin frelieft hed rbajyiarr penetration capabilities

desgaglfetgﬁp Y%CAg(ggabl ydﬂ'gq:]agég;gwe% ﬁ& ]:,/ g]i?q g&z’% maydbe (P sposed directly
on AR EHeE bl §¥dr&e afl@hdGHith one or more material layers therebetween.

[0044] The example embodiments having been described in detail in connection

through a discussion of exemplary embodiments, it is clear that modifications of the
invention will be apparent to one having ordinary skill in the art having had the benefit
of the present disclosure. Such modifications and variations are included in the scope of

the appended claims.



substantially degrade the barrier penetration
properties due to the overlapping effect of the
woataseussss|I n particular, as a result of the paPCEUS2/#/032645
the grooves, there is very Mtittle overlap of the
Cl%asf.es of barrier layer 501'with the grooves of
‘er |layer 502. As such, there is there are
substantially no paths for mgration of contam nants
t hrough adj acent layers. [0042] Illustratively, the
L. bar And)LERpEpegumgompidsiBh?2 are suitabl e gl ass
mat eri,al s..havi ro dfornmed therein by scribing or
et C%F%bgk%va@%élgﬁbgésgﬁééfageugg& These glass naterials are
such |agst bhObATigERGE Bl of ivhidhinglatiésangvastiBy@thg has
exanpl e enbodi nents above. [0043] Finally, another

cergimepsnRonenis adrebenremaseh Wharain the bagieslayes substantialdn 2

L na.gr T . .
preJehit RS Tl Re e Y P S Gl N BT g ¢ e
OLeExesmicairenbodi nents of Fig. 5, but have a single
groove orientation per barrier |ayer. The barrier
| ayers 601 and 602 are oriented and di sposed over one
ano ol . . [
2 ARSI sk R el Bl S A SN, RN SR wlter
vapok bd exypear | ap of the grooves of barrier layer 601
with the grooves of barrier |ayer 602. As such, there
is there are substantially no paths for mgration of
3. COMMABINN Seuli Ul RALACERL 1] AHEER o piliify A HObASier
the 'StTain rellefr and barrier penetraﬁfon apabil1ties
layeis scdisuesdd atmath thaOIiED enaltdry, the barrier |ayers 601
and 602 may be di sposed directly on one another or
over one another with one or nore material |ayers

4. t he pRRAt IS Ructld0A4dcitth §n SXAID] Rh&BRAGHE AEIBAE ohaMAREr
detail in connection through a

been described in
layeli is dispssedrbenéatle ferPLBED strecthedinden teast dne oiler bhwizr laybimis
. nodi,ficati of the invention wll be apparent to one
dwﬂ%@@ﬁ&“&#ﬂﬁﬁiﬁ§“§%ﬁF? in the art having had the
benefit of the present disclosure. Such nodifications
and variations are included in the scope of the
5. appAnd¥ER saietsrelas rglitafl iBelaim Awinireid the barcisulager is a glass
fa rising: a substantially flexible substrate; and at
%3t one barrier layer, each of which includes a

gl ass | ayer that has

m

6. An OLED structure as recited in claim 5, wherein the glass material is

MgxAlySi,O or Aluminoborosilicate glass.

7. An OLED structure as recited in claim 1, wherein the substrate is comprised of
one or more of polycarbonate, polyolefin, polyether sulfone (PES), polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), polyimide.

8. An OLED structure as recited in claim 1, wherein the substrate is comprised of

one or more of paper, metal foils, and fabric.



certain conponents added or renoved, wherein the

barrier |ayer substantially prevents contam nants from
woeoosmatishg a | ayer of organic material or therOLER2004/032645

structure. 2. An OLED struci2ure as recited in claim1,

wherein the contam nants are water vapor and oxygen.

3. An OLED structure as recited in claim1l1, wherein a
9. pl upahbthyd of fdrﬁﬁné’@b:iﬂri@fla&@%fr@rﬂsﬁlg%&m@ﬁl@gﬂa beneat h

the OLED structure. 4. An OLED structure as recited in
mudi-gpmpanenjalapelayen tebvesn 4 swhsftatofd apadtive laykerped selsctively

I.SPO eath the LI and at | east one
rer AP A EgsP FAF oS & B eRbYED WinEAf1s e opB Bt St o,
theShuiltiCdoutpRnert. glAB tEtHaRgs tHewsinpositias of geinh@tcdhipdilent #hsk,
. Wherein the barrier layer is a glass material. 6. An
inteyhehagiqrd@setir e as recited in claimb5, wherein the

glass material is MgxAlySi, 0 or Al um noborosilicate

glass. 7. An OLED structure as recited in claim1,
10.wheAahethdd as sishisd inadlsim & wirergin tieedtiod lagacis ah of@ing: of

pol ycar bonate, polyolefin, polyether sulfone (PES),
layg,ro| yet hyl ene terephthal ate (PET), polyethylene

napht hal ate (PEN), polyim de. 8 An COLED structure as

recited in claim1, wherein the substrate is conprised
I1.of Anaethod avreeited indginy 10, mhksin 40OLED andtiralrdomptide®of

A nmethod of forming a barrier |ayer conprising:
the Qr@AMIGIANE - a mul ti - conponent gl ass | ayer between a

substrate and an active |ayer; and sel ectively

renmovi ng at | east one conponent of, or selectively
12.addAngethod hemsitedineslaim) ovherdin the,actihelaged includesgmonent

| ass to change the conposition of the nulticonponent

ele%r%%“sstmﬁ%et he barrier layer. 10. A nmethod as recited

inclaim9, wherein the active |layer is an organic

layer. 11. A nmethod as recited in claim 10, wherein an
13.0LED mtthed aanreeitédsinedamrd, séwrent thelaetivr pzer inclhdgser .

photonic structure.

14. A method as recited in claim 9, further comprising providing at least one

other substrate over the active layer.

15. A method as recited in claim 9, further comprising providing at least one other

multicomponent glass layer between the substrate and the active layer.

16. A method as recited in claim 9, further comprising providing at least one other
substrate over the active layer, and providing at least one other multi-component glass

layer between the substrate and the active layer.

17. A method as recited in claim 14, wherein each of the substrates is comprised

of one or more of polycarbonate, polyolefin, polyether sulfone (PES), polyethylene



12. A nmethod as recited in claim9, wherein the active
| ayer includes an electronic structure. 13. A nethod
wa00s@assed in claim9, wherein the active | ayBCT/US2004/032645
i ncludes a photonic structuse. 14. A nethod as recited
te ' i dj: at | east one
i e G S R DA L g
recited in claim?9, further conpri sing providing at

Iea t one other Itlco nent gl ass  |ayer between the
18. pAPEPad 85 KFottebm algiim, b Whep thesgloctiverddieg ol loast one

corﬁﬁﬁieh@i@ by re%'ngﬂl at 1845t QR co E étségg%n% (i)r?/c'réjetsg the?t

|'east oné o her substrate ove ayer, and
ﬂe>pb1d;1¢/y off thg ghass, lteaxssisane: oftthe glamrﬂonmpactrmeakegé, of Hﬁ&‘a‘ésmtance

er hetwee rate and the active |ayer. 17.
to c'&a 8aa5gmslélgﬁ%ﬁ1ereﬁ ‘cl ai m 14, wherein each of the

substrates is conprised of one or nore of
carbonate, polyolefin, polyether sulfone (PES),
19. poI éénm%matqdan@mﬁ& | where{nPe jmpreghatizinty Hemeby
sohﬁﬂ%.%h te (PEN), polyimde. 18. A nethod as recited
@f wherein the selective adding of at | east
one conponent is by inpregnating at |east one
conponent chosen to increase the flexibility of the
20. g1 s gnethgrbasteeitestinglaémds, wheretyl the imprognativads bpphakage,
pro Sghge resi stance to cracking, or a conbination
19. A nmethod as recited in claim, wherein
t he |npregnation is done by solution chemstry. 20. A
nethod as recited in claim 18, wherein the
-i ™ BFHIEE Pepetiation w;qusrgmnmnsms g iswigptangially Ackiblersubsirate

b n a. substantially
and??%%‘*gtb otk SasT i b B Bl et e
wheti¢ia plosiedribielay@dnclids asubmil eRéfnABAalawiich Bas M 18ast one axis

wherein the barrier layer includes a strain relie

of ogRtationy]  which has at | east one axis of orientation.
22. A barrier penetration structure as recited in
claim?21l, wherein the structure is one or nore of an

22. OLEDbatietipénetretiorastrebhee by Roited Bitdlalat 20, evhereiRtHeREL&RESs one

stru
or more of 6iED structure, an electronic structure or a photonic structure.

23. A barrier penetration structure as recited in claim 21, wherein the strain

relief material includes randomly oriented inclusions.

24, A barrier penetration structure as recited in claim 23, wherein the inclusions

are polymer fibers.

25. A barrier penetration structure as recited in claim 23, wherein the inclusions

are glass fibers.

26. A barrier penetration structure as recited in claim 23, wherein the inclusions

-



2 . Abarrier penetration structure as recited in

claim, wherein the strain relief material includes
woaondmassgsori ented i ncl usions. 24. A barrier PCT/US2004/032645

penetration structure as redited in claim23, wherein

t LG ions are polymer fibers. 25. A barrier
arepégﬁ’e}%dr}gélg%n structure as recited in claim23, wherein

the inclusions are glass fibers. 26. A barrier

penilt hat'i on strycture as recited. in claim23, wherein

27t he %TI_G% pgqurfao%,sgu%tprgyaspg!c{tp F1?9§1.a1r272_.3,/so/1@a¢mitb¢ St_ram

reli@ﬁ&%’ée&i% in@ﬁldé{égféééjl% erdS recited in claim23, wherein
the strain reli materi al includes a glass |ayer. 28.
A barrier penetration structure as recited in claim

21, erein at | east one barrier |ayer includes a )
28.p1 uf S Repetpiton sEYCHTesretied iR glagRgl, whereln ab lgapt ene barrier
' ' in claim28, wherein
layBAERAE 4 rathy UEANE ] BBpIEBCLR 1 L By o
substantially parallel grooves. 30. A barrier
29pentration Ia.er as recited in cJaim25, wherein ]
-anof I ASRFEHIoR Sfusture A5 et d An plaiip 484 wherein the discrete regions

incﬁlﬁbﬁtpﬁﬁhfiﬁldfléu&@a[rﬂilaiﬁkalgﬂ&cﬁf@&ves.i s di sposed over the
at | éast One barrier” fayer and the grooves of the at

| east one barrier |ayer and the another barrier |ayer

are, not .parallel. 31. A barrier .pepnetration |ayer as
30. o oA bR iqE FeRsuATh 1ok et spiied ngladiy e Whpiet Bhothck paier loyer,
haver @ﬁluﬁcﬁﬁy( 8f subs@atialBNRrAlRY 8fooR8Y id\@sibsPd W lihd % 194st one

orthogonal grooves therein. 32. "A barrier penetration
bartigrylayeragd ithecgroevesiof thel aileast oneHmrridriayen endithelaaather bareer
laéa%eer tis, %ie ss. 3. A barrier penetration | ayer as

YFELT PP A1 aim 2 , wherein the strain relief | ayer

includes a plurality of layers with grooves that are

paral | el . ] o )
1." A barrier penetration layer as recited in claim 21, wherein the strain relief

layer comprises at least one layer having a plurality of orthogonal grooves therein.

32. A barrier penetration layer as recited in claim 31, wherein the at least one layer is

glass.

33. A barrier penetration layer as recited in claim 21, wherein the strain relief

layer includes a plurality of layers with grooves that are parallel.



