H GH | NTEGRI TY PROTECTI VE COATI NGS STATEMENT REGARDI NG FEDERALLY SPONSORED
RESEARCH DEVELOPMENT This invention Was made with Gover nnment support under
contract number REPO1- 63GE awarded by United States D splay Consortium and
Arny Research Laboratory. The Government has certain rights in the

i nventi on. BACKGROUND The invention relates generally to protective

coatings. Mre spect fiisal Yy EBR fRRLLOPEAL RLpeApr ot ective coat i ngs

that are used in optoelectronic devices pt oel ectroni ¢ devi ces
that are susceptible to reactive chem cal species normally encountered in
t he envi PoiredENT e gREGA RI? IdICE ¢ tHRDERABL ¥ NP AN S OREO0d RESERREIH poperti es.

Quite of 718 -al.es, especially polyneric substrates on which these
devi ces irr%{} E@%@@muf actured, are not atomcally snooth and have surface

spi kes that are hundreds of nanometers high. Al so, the exposed surfaces of
t hese devhisesverdiynbeassordt chddCangmdamagedoduniagednai eabibed ®r@nd/ or

t ranspor £Q0,..Lhese surface defects may. often limt the rformance of
t hese de{slzl?%ié:g‘gdﬁg#] Z%ﬁ é’“%cj“é‘u & g)é%’%fyoé%{“’gﬁﬁ'r“f ‘"?CﬂAf‘Hgkﬁcé‘?Fi“gbﬁﬁ "HY¥ni ng a
cont act bkt eeanecodesandaicatghode tanidvaitiohol es in vari ous functi onal
coatings could help the perneation of noisture, oxygen and possibly other
del eteri gugmkeiiaghs. It would therefore be desirable to have coatings
that are substantially snooth and defect .free, having | ow perneation rates
for chem cally reactive species such as oxygen and water vapor arid are
chemi cal The risgdngivantelates eonerally yio uped:cihe Moaahs. T Oviote\epesfidatthy igat i on to

protect ANHISNEARS Y BLE e K AR Bl G S Sheh SRE dong), Favers or

Optical and optoelectronic devices that are susceptible to reactive chemical species
normally cncountered in the enviromment, require protective coatings with good
barrier properties. Quite often substrates, especially polymeric substrates on which
these devices may be a manufactured, are not atomically smooth and have surface
spikes that are hundreds of nanometers high. Also, the exposed surfaces of these
devices may be scratched and damaged during fabrication and/or transportation,
These surface defects may often limit the performance of these devices, Defects
could lead to a short in the device by forming a contact between anode and cathode
and pinholes in various functional coatings could help the permeation of moisture,

oxygen and possibly other deleterious materials.

It would therefore be desirable to have coatings that arc substantially smooth and
defect free, having low permeation rates for chemically reactive species such as
oxygen and water vapor and are chemically resistant to commonly used chemicals for
device fabrication 1o protect an unencapsulated device or protect other functional

layers or coatings in a device.
BRIEF DESCRIPTION

One aspect of this invention is a composite article comprising at least one high
integrity protective coating, the high integrity protective coating comprising at least
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One aspect of this invention is a conposite article conprising at |east one
high integrity protective coating, the high integrity protective coating
conprising at |east one planarizing |layer and at | east one
or gani m norgani ¢ conposition barrier coating | ayer. Another aspect of the
invention is a method for depositing a high integrity protective coating.
The net hod ¢ NpL1.S| the SL ps of grefarln a substantial |y honogenous
resin bagﬁﬁpg]ﬁﬁﬂP$ 5 apdg ‘ﬂgdﬁbo PR GHIOTEER SR PR H bt c¥HBE sur f ace
f or depogiytt. on; dep05|t|ng the planarizing | ayer conposition on the
surface, curing the pianarizing | ayer conposition., depositing reaction or
reconbin r oduct reactin C|e on the planar|2|ng | ayer, and
15@936?1

changi ng Pﬂ@bbgﬁb3§ﬂﬁfbﬁ“dP“Wh§ & padlting f i ghstsesiie poiecsNamber

during dep@si!iar ﬁl@ﬂ“}f}@kﬂh@ﬁsﬂﬂgﬁ@Li@{)d POH@AMIG £ AMRestillPRoRBELIGE coating
| ayer. A further aspect of the invention is a device assen% conprising a

devi ce, %piN. dasd FHeagying abyebfcopmraron.s peyidied ai tdastaone ecazsftaC@ rfer
protecti dﬂ%tﬁi@l@‘hhggpmg%v%@%umbﬁﬁﬁ @ang <%§ ﬁ)%(;mfogach e SsurBEPEG s

advant ages of resént invention Wl etter unders gpmhen t he
foIIomnn@dﬁﬁvaklé@mdegmmﬁpﬂK@nCKBO%@%ﬂtmmvmlnngF@nbmﬂnmaUhena&cohpanylng

draw ngs; Lllaﬂ'y\hl‘sﬁtnf Js' 5@ tﬁ@a]’; Ach ﬁfn% F?’Qz ﬁngh {nuhi% Hlt%r wmlrﬁmﬁ?olilxg f(])(l;u[[ the

dr awi ngs, wher el n: grap i Call rans ance %rough
i dent i ca}lcc@&rhﬁtfwhtvé@ ﬂhawcﬁg dragdoni dummpdcgammn cmﬁqnmsam orgmibdarargetic coatirivs

Wi th ande SRRt d.iG RGNS/ Adex MRt ching.

A further aspect of the invention is a device assembly comprising a device, at least

one surface of which is coated with at least one protecting coating.
DRAWINGS

These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference 10 the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

FIG. 1 graphically shows light transmittance through identical substrates having
organic-inorganic composition barrier coatings with and without refractive index

matching,

FIG. 2 shows schematically an embodiment of an orpanic-inorganic composition

barrier coating of the present invention.

FIG. 3 shows light transmittance spectra for an organic-inorganic composition barrier
coating of the present invention with varying number of zones and varying zone

thicknesses.

FIG. 4 shows schematically a first embodiment of a composite article with an organic-

inorganic composition barrier coating.
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FIG 2 shows schematically an enbodi nent of an organic-inorganic
conposi tion barrier coating of the present invention. FIO..3 shows I|ight

transmttance spectra M an organic-inorgani c conmposition barrier coating
of the present invention with varying nunber of zones and varying zone
t hi cknesses. PIG 4 shows schematically a first enbodi nent of a conposite

article wrid, ar’sh@wa»ﬂh@nénn,@ﬂﬂ%nk&oﬁp@P@%%ﬁéﬁ@ P Edif osﬁgq\%tﬁ&? with b 5
shows schematjcally a second enbodi nen a conp05| wth a
organlc-lHbﬁ@édPBUE%WﬁﬂgﬂPNBﬂ“Bﬁﬁﬁi@%ﬂmsat|ng FIG 6 shows schenatlcally

a third enbodi rent of a conposite article wth an organic-inorganlc

conposi ti BrG.bar shoss Qﬂ%@x‘hhﬂ&ﬁ yFd @hird cﬁh{?‘(\ﬁmn@rdfaa (,%P’kéﬁlO%ll rgg{c CE&'1 © I}ggﬁ)ﬁsgpd

extinction coefficient wth Vvariation i n oxy
feed gas CREFRISGOREPHSICPINBRASILIE] @rie ®htns calculated vi si bl e Ilght
transm ttance spectra as a function of oxygen nole fraction in feed gas

during depsit i vaRhn & SRS, can RSl vie ortion of a bare
substrate obtained Ui ng“ oplt : Ct\é\’ﬁ Cp]r] O(?LI %l?ie&ttmgt?on LOCWIU&IH with vatiation mn

oxygen mole fraction in precursor feed g gas during (1(31)0‘:1'(101”1
» ) . o et s 1] . N N . N
FI1G. 8 shows calculated visible light transmittance spectra as a function of oxygen

mole fraction in feed gas during deposition.

F1G. 9 shows a perspective view of a portion of a bare substrate abtained using optical

profilometry,

FIG. 10 shows a perspective view of a portion of a substrate with a planarizing layer

obtained using optical profilometry.

FIG. 11 graphically shows water vapor transmittance rate (WVTR) through identical
substrates (a) with a bartier coating of organic-inorganic composition and (b) with a
high integrity protective coating in accordance with one aspect of the present

invention.

FIG. 12 shows schematically an embodiment of a high integrity protective coating of

the present invention,

FI1G. 13 shows schematically a first embodiment of a composite article of the present

invention with a high integrity protective coating.

FIG. 14 shows schematically a second embodiment of a composite article of the

present invention with a high integrity protective coating,

FIG. 15 shows schematically a third embodiment of a composite article composite

article of the present invention with a high integrity protective coating
P (=M
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10 shows a perspective view of a portion of a substrate with a
EII Snari zing | ayelro obltoai ned using optical protilometry. FIG 11 g[)aphl ;:al |y
shows water vapor transnmittance rate (WIR) through identical su Etra_ teﬁ
(a) with a barrier coating of organic-inorganic conposition and (f) \If]\ll a
high integrity protective coating in accordance wth one aspect of the

I DYam ' nbodi nent of a high
resent i pgeiien peStpAdashows schenmatical ly an e
!Dnt egrity protective cl(;%ati ng of the present invention. FIG 13 shows

' ly a.first, enbodi ment of a cor.rposi.te_ article pf t he present
??\ngﬁt Io(r:ﬁlbér %llﬁ‘“ée"h CeH e e giet yriseet daenten cwidt bagterfbG mﬂ(#c}ﬁx?g&m] y t

. . . s 0
schemat i CidrkMaferSRAANG MR IEM . OB GRTRIR -‘t'%ﬂzglr;}wl ,pj&%n%fg cté)HgWg of ¢
invention with a high integrity prote]c{lve coati'ng. =¥l : ol
schemat i cHBMicanqridmel cenbesdioreher ofmphy ‘woppsinbigadic bh&l@ c6amosi te article
of the present invention with a high integrity protective coating.

' ' resent invention will be
CETA LD OSRCTL T Ty AN TR e PSR TSR ML
barrier clateRgEsPecighr in @“gardoai}mn:g::co'fmi@r@ai'l'absg-afcﬂélf SRREGHORPARILI RN, © or
sinply " QEgaRk %i)i:(ﬁ&rmin% 196”1«[ ic:%\r/m%ﬁ%?'etnlt,r!%%bh as oxygen. water vapor, hydrogen

sultide, SOx, NOx, solvents, etc. Barrier coatings engineered to affect light

transmission only to a small extent are useful in extending the device lifetime without

degrading the overall device efficiency, thus rendering them commercially viable.

Desirable barrier properties are achieved in the coating of the present invention by

using an n)x'ganicﬁﬂorganie’: composition and desirable light transmission is achieved

by matching refractive indices of inorganic zones and organic zones in the coating.

One aspect of this invention is a composite article comprising a barrier coating of
organic-inorganic composition, the barrier coating having optical properties that are
substantially uniform along an axis of light transmission oriented substantially
perpendicular to the surface of the coating. “Substantially perpendicular” means
within 15 degrees either side of a perpendicular to a tangent drawn at any point on the
surface. In a prefenred embodiment, the substantially uniform optical properties
provides for a coating with a substantially uniform refractive index. “Substantially
uniform refiactive index™ means the refractive index of any zone in the coating is
within 10% of any other zone in the coating for a selected wavelength. The barrier
coating preserves color neutrality by exhibiting substantially uniform light
transmission.  “Substantially uniform light transmission™ means at any selected
wavcelength in a selected wavelength range, the transmission is within 10% of the
average light transmission for the wavelength range, in other words, the barrier
coating does not substantially differentially attenuate wavelengths within the selected
wavelength range. The barrier coating is constructed with zones of various
compositions. The oxygen and water vapor barrier properties are enhanced by the
inorganic-organic composition. Optical loss duc to interference resulting from

4



Light emtting and |ight absorbing nmaterials and el ectrode materials in
opt oel ectroni ¢ devices, especially in organic optoclectronic devices, are
all susceptible to attack by reactive species existing in the environnent,
such as Oxygen, water vapor, hydrogen sulfide, SOx, Nat, solvents, etc.
Barrier coatings engineered to affect Iight transm ssion only to a small

extent ar b X he device Lifetime withaout de ng the
overal | d@vﬁégg gL %légll\gn@?/ﬂg% %gsthr éﬂqer \‘“t“HE’n‘de]S?‘r%P@qdi’ onelvglgﬁﬂ'b‘/

Desi r abl eddpgritingr ﬁubsipxar'ﬂiyesmaﬁmnamﬂlame\d inded hent@ald. ng ghet hRgsipiesent

i nventi Onu%xnlilsslu[} an orgCts iC- | ni c. conposition and de5| rable |ight
transm ssion 15 a I Hi A¢ug 813 ‘Et&?ﬂ‘ﬁ ergR R eiNdess i oS ipfheiosingani ¢ zones
and organic zones in the coating. One aspect of this inventionis a

conposi t enasptbdber@veapieigen gnca ofans hepoieaat i@ raincer g@g]h@mgsn@r SARkC
conposi ti arrier. coa qgﬂaw ng opti cal propertles that are

subst ant i gf?‘;%“‘u"m P’@)‘t“ Host %ﬁ"g‘ ‘éﬁ W gpy g @’ﬁt: usigiEls 8 idevico o enect

subst ant Icﬂh(hwcﬂér ReNdipakndfiert AokH 8ot %ﬁxs@’ihet L@l &1@& / du%lfé))ﬁgﬁtnt ially
per pendi cul ar”, means within 15 degr ees elt er si 3r pendicular to a
tangent dEURYGR %lng?thbblfﬁ‘tm'@n tihereduef it cle, mtxml“fanq)ﬂeiﬁehfcmd e«udmngs: ent, the
subst ant is@bdt¥netimivi Ry 0RL:1 Gy L &8ROV L des fo ng with a
subst anti al | yn uni f orn% réeai rg@te |t€é]onﬁg‘s‘et>ﬁ§"“§ t‘om Eina aﬂe?ﬁdﬁ{?’fvé%’r? 4l act i ve

i ndex" meEASTsHENT & 4 detst \ﬂéomtnﬁ)eneroéntameimiﬂg alt mcdshebcﬁw@bl fgcdn§ it hi n 10%
of any oth&t ARG, g for.a, sel ect h. The barrier
coati ng pl)r eser veslbltl:% IE?@]ﬁggﬁ Qm UE “*&ih‘? ngfjri ?JV ‘é‘gthi HEy Jﬁﬁef orm

| i ght traﬁls‘}ﬁﬁeés\l\'é)\mtﬂgﬁub&t@ntfmabé yin uhe f\OmmeEtcgh{n tm@ra;smrg@;h@@on mg@ans at any

sel ect ed t t ed vele th ran thetransmssmn i's
within 10\(%:“(? glhg%a%de? a Conembﬁ‘tm‘”? AL s %brf’xf“éi‘#)?et e *witllePd¥igtionitenge, in
ot her wosdssjratcheithbartuin @odtd 00thd QR &seROTnvERtRS ggﬁtl tginlq%tgh@g ‘ﬁﬁ*‘g&n@l@a' |y

hs wi.thin the sel ected vvavelengt range. arrier

at tenuat e _yay ﬁgﬁpg t

coating 18" ¢8 HERWASURE  CEHesthar Sogy fasudl ‘é@f?b@gﬂﬁlltbrﬁbe vislee bgfygen and
wat er vaparelogih 'I@Lflolpﬁlﬁlﬂﬁm)b &8ncth &S W ANGR I 0B Yok 1Ee t{:n@orﬁém | Gl gani
conposition., Optjcal loss due to interference resu Fom drffering
refracti Y& YindicHghigransmétanen dyouh varbsus wcthpdsmtmoamtmg oﬁm@’aﬁ@m& by
deposi ti Agyrs: f ref.r The desired
troem s V{‘Tctﬁ?ésltmziﬂg(‘é@ﬂlugg g‘r'tﬂi)utol Hhuﬁc, 1%‘8{ ITSFL mé’c@ Wétthl R @ggwb’fndf’énes in
t he coat Prgghed gt Q@ﬂm“t 010mgzmd:eunxges:conmmfsntdme(h)rrp@'n@ant sHRIsT r mance

ar anet e || Therefore it Sir bIe t hat an
antl ng Bg%dﬁe,é?\qf?l Eﬁ’dt& d& cﬁz% &?hﬁﬁg Bt‘h‘éﬁ"‘dﬁér“’f@r BEe paphivee e?/s does

not conpnlmﬂesalwwealxgm tcrahe etfieiconeyt duehd Sreddn@htveaRSOr BRRRMLOt her
factors., Therefore it is inportant that barrier coatings be substantl ally

trans parlém“"’l'l' f‘l‘é‘ "Erith thg d—“’é‘i‘st‘f%f”iv&‘“l‘y‘ tr dosply snbstantelsgraabpasewitrig the t ot al

t ransmn seikidie @f\\@&mdteﬁ@g’cabout 50 percent, preferably at |east about 80
per cent, and nore preferably at |east 90 percent, of light in a selected
wavel eng{,l % The sel ected wavel ength range can be in the visible
regi on, the i“ﬁ F &S 8itBh Pray Ve R lnststsr elyploteagr Olﬁbﬁtthsmtwlbyns

t her eof . trdraparexaiiiol@nid zBndThhd ROIASAHROBA B SY tmﬁl';,%x @g%&' er
coating }of thg ‘F)resent i nvention, |light transm tance 6 € axis of
Iight traydig de oW"i‘&“‘b‘n“@at"ér ORRER ‘85%1%r1bawvtvva\?\éilr@ksgpmemmrt g vi si bl e
l'i ght weaelengebm. r BYilOR @b ter ters FI G
1 conpares the vjsi gl £ IllgjbglﬁtﬁI )t”?tgﬁémr@{}?gﬁc@dtsﬁ ougpggpglu ‘“*9’?‘# n@i

barrier Baebay of on é@mId@}‘)l\ mﬁmgatmued COMAFOSE tand nwith tah gast ufrﬁifxﬁ@@tqlve i ndex

mat chi ng,(i@#e. fra ex matched harrier coating o
or gani c- |Onlg)r“§; n&gm ghed 0S| %md F‘( By EROT ARG IO 0% dRSnihasi 4hopy Igr eat er

t han 85%/fwiay)es M&qubdcbmmvej engivih Wighbhand a6@EeREBR1EL 1&‘@@111!1}%&?{/]: erence
fringes tbr the barrier coating of the present invention, Therefore t he
barrier coating of the present invention is desirably substantially
transparent in the visible wavel ength range. The barrier coating of the
present invention consists of at |east one substantially transparent

i norgani ¢ zone and at |east one substantially transparent organic zone
havi ng | ow perneability of oxygen or other reactive materials present in
the environment. By low perneability it is neant that the oxygen
perneability is |less than about 0.1 cnB/(nRday), as neasured at 250 C and
Wi th a gas containing 21 vol une-percent oxygen and the water vapor

transm ssion is less than about 1 g/( in2day), as neasured at 25 C. and
with a gas having 100-percent relative humdity. Referring to drawings in
general and to FIG 2 in particular, the illustrations are for



t he purpose of describing an enbodi nent or aspect of the invention and are
not intended to limt the invention. FIG 2 shows schematically a
substantially organic zone 12, a substantially inorganic zone 14 and an
organi c-inorganic interface zone 16 The term "substantially organic" neans
the conposition is over 90% organic. The term "substantially inorganic”
noans t heReRuR; sl“;gg, 9 0 nj hough, any nunber of zones
can be preseht%’ s ”t)ﬁ i %;mgga%d b h%a 'I”e%i‘é(t““tit]%thcd Igﬂb@t)&htulbdpl y
organic zﬂhe?tl‘lzofénelf de%ubsmamt mml “)bgi'm’ldﬂomgaJ@]b&t 20NRe 1dhenlisn %H!lt%"n%t for
reducti on; Iy 0X r reactive species. Typical thickness
of respec}tn?t\}]élggu tsh'wz’in heip ¥‘3 '8?9 |c z DRES ‘i‘%‘\“‘é‘h&@odﬁahﬁmﬁt yorganic ni cron,
Typi cal tmlmklri’esszulm‘mmﬂﬁpexﬁhgMﬁ‘g sustemd @l d; m‘h@%?@ﬂﬁ 1&1%(9{]1% ow!a(s 10
nanomnet er?sm% m | oret ers. ”Typl cal thickness of°res tt Bhsi ti onal
zones 16 1% rWaﬁBh“ﬁ@}‘é‘”ﬁd"%”ﬂﬁm ninegifethe cemppnitionés e\rdudx@i"/imrga;mt hehe

subst ant i @ich y"@bgamniHyZ QNRaakdcd Sn Qs URLT 9 osi tion anot her

enbodi nen the substant | arl Y organi cmgo(ﬁe]qié% & oF 4% o)r‘?p)bs’f’?‘lcd’t‘r‘ct hat
varies actblghnany apekereaisones EfkTEbQDnEulHlmfﬁﬂbﬁlhﬁfuﬁﬂh@déltmGE t\a{l) a
subst ant i @bbiyn QN 92862 ORES 132,44 rrier.coati ng are of

conposition. In gﬁoj& e /qnjfs)éalzlrlr}én @lﬂ%c’? g4 ”f()\}\b‘mb‘f Uit ‘br‘ééﬁi‘%,b 9dtfes 12 are
of di fferféﬁlﬂbtl@an%m(wmn Ohmamnencemdﬁﬂnmivc,sﬁcbx@q supgtiant infkh¥ssi for gani c
zone 14 iggkun Qsiti her enbodi nent, the substantially
or gani c zrognrg 1. ISL b(%m ISI?BNBI““”“% fc’”éhl P’%)a‘?“:“@%‘%b‘r s & ralgeong hTMklﬁdss of the
zone. In i@nbmdserof emmﬂnmantxbstzajtnhllgz ub@t@ml Ahky 1@r[ga1ra)| Gm?ogﬁl“?e?s 14

barrier ar conposition. In anot I ment aft | east two
of the orqﬁgt%{l {‘:'tglzsonﬁ% 11%3;%“'6% ‘”d‘icf"?%f“éﬁf‘d%%‘ﬁ@@é#‘t‘ﬁﬁ@ﬁﬁ ioShenowptecdiorent s may

i nclude ti0ansbmerral Izaresniihbat (R &LRgHENS Al ani ¢ nor
norganic. |t shoul d be lc) | ear %OI gg?%?’ d‘fs (ﬁtu”t‘%lé' 1zones are

subst anti al | 4 *5\
not | ayergMPyf O’%on‘é”s“’ﬂﬁ]%o‘fm?féi}@cm $h¢ nabstcbmtaﬁﬂangcesc ._/offchus 1saa£@at| ng of

t he presentipbdN@NtHaORaGReR QLAY | nterfaces whi ch
conposi tign of. fhe cogtl ngxchaﬁcge\s{(gélgésu(yttpgmlﬁ gh&}ﬁﬁ’ & 8‘1’5‘&”?16{ led t hat

t he corrpé‘él?‘f‘inﬂﬁ BIOTEIE: Fapesi B} e gabimigr dogignat SEeRSS AbinhysiNE.Y In

nonot oni gadthdt kiR 2B, > hereof. A nonotonically
varying corr;)osf]t | {)ﬂr{{?{}g qgﬁdgtqgﬁé&%w & “mla“’ﬁg?qblslgr‘“b@é‘% lffﬁ&"bf:‘”t‘ﬂ‘é’"[b‘?’bsent

i nvent i oH! one @idimetiots ‘-tlbﬁﬂﬂﬂﬂg&u@&uﬁ@&ﬁkrm it OF WA & SRRLLNGS W th

varyi ng S, a0 organi c_zone thickness. Transmi ssion
spectra g ‘?‘hé&nﬁwoldﬁ %I he &{?X}m%g}' giﬁe‘i‘“’c@éf it fh g ofap t‘hnnmlmumisvdnwon

oxycar bi dreosswhstthxmmc&b loy 1B¢ g@y. C iZ QR@ LBt WRER ] )
oxynitricl gbst ﬁntl ally inor ganﬂ c zc’mes1 Qn?qu\{\ﬂqﬁ%gélpmg lg I'F 2:”6‘h

oxycar bi /ooékg StARTT &l F‘K/‘i‘Bﬁd&n‘i’ c‘“‘ﬂ’ériéﬂweﬁlin@enhtwt ®0cmabdigichi sdmsoxyni tri de

subst antival 1hienREGRNLEnZRES - (7) car bi de
subst ant j Z]I |y organi ¢ zone bef’\/i/eecwwcat 08}91 mn{ggl I |ti§5‘ ‘“’BE?/%FFP ey

subst ant &g “I"IHW’]Q’&HIf@”@“oh@éhf(ic‘l)ﬁ anithanisubstanaial13Q0pani ns# bitGeRtgy car bi de

subst antihalohYicONGMIL Gl FL J Ll th three 30 rimsilicon oxynitride
subst ant i aléllyml nor gani ¢ éz)%r@ Jl)?]((ig%()dqgé%%/z‘ﬁ’éﬁﬂ’ﬁ’s‘fof g’ty srs. The zones do

not have distinct boundaries,

Thus, a coating of the present invention does not have distinct interfaces at which the
composition of the coating changes abruptly, It should also be noted that the
composition of the barrier coating does not neeessarily vary monotonically from one
surface to the other surface thereof, A monotonically varying composition is only one
case of barrier coating of the present invention,
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that the transm ssion efficiency of the barrier coating is affected only in
a small way by increasing the nunber of zones or by increasing thickness of
the organic zones in the coating. This invention thereby preserves good
transm ssion efficiency even with thick organic zones and with multiple
organi c and inorganic zones, which will aid in inproving the harrier
properti es1®h db&seakhngionAblenRanE b n this exanple have 10 nin
transitional zones bet ween t %Asugstgﬁfla PVQ%FE ‘“Wah&“@gﬁer%ﬂrrarry

i nor gani c® Heynu:suwﬂabn@ed@abnng domposideonsccot ak 8hbwnsn FGOSStot he

t hi cknessy@afi8r 06 ARk Gritl 0 al s and conbi.nati ons thereof.
These materials aré& tlg/]pflgéh W‘ {chgsgtcl) ‘““‘%}‘{‘“ 3@8%11“3%‘?‘e‘ri“?)r‘%‘%%?t%"“@?
reacting bﬁesﬂmﬂsﬁé@vegxamduaﬁmbdﬁnmﬂwhe&o@mkwoh&€@§ubﬁﬁﬁ@@%ﬁﬁﬁhﬁ@?e

Organi c c&g}‘r | i cal | rise carbon, hydrogen, oxygen, and
optional | y ot dgr%ntuﬁgru% %é(rréﬁf e 55‘&%%& Ve WP, 3hi FRoglepon siyhdode et c.

dependi ngsubﬁldtlh.ﬁlyt ymﬁ‘ﬁalﬂi I@@»‘Ct(la)nt\ﬁlth ot Akl gilfBAC ‘b&z@&n@xd&h s{a ﬁéﬂ:l& in
organic c(% 00 g in the coating are straight or branche I es,

al kenes, hégne FRGABINGD S8 e Fifiaers ox et histessnbethikizl ema)lgamdemcqe(b})rratr cs,
etc. havmgwumw B SARREN 3k QBiaL R ofiy PRk A
conpri se g e, nitride; “car bi 9(,%”( gﬂ;@»ﬂﬁhﬁ g)(r%‘b‘}nﬁ‘“a 'S @mf”ﬁl P%éff

el enent s ’f‘“cG‘o'u‘ﬁs“’ feapppxynittige subvrAnWAz anzA,mbWJ}@!s (cTBueamyi daxﬂ;azasnarmt al' s of

G oups 11A43hd Wdsmand, ¥ ] petal s ne enbodi ment of a
conposi t% article of tneﬁf)(’r“gggr??%{cﬁ?/gﬁ%l rting &5 %fﬁ%\m? Y F‘1 &Small vy | east
i

one bar ri%rMEEaTinS rerguker o spos ed bwnnamdxesaeircl@nae; duné aganiefzoass gl enent or
substr at @28tk tq’rp,eq QERAS [ In_anot her enbodi nent of a
conposite ar tic e of gﬂg?‘éégﬁ\ﬁ *t’ ‘r?\g/(‘enﬁ(ﬁ BiPd EOSTRSIN ‘ifﬁi LB even ¥ty east one

barrier dask |0mgml<0/ ‘W‘«“ adqi S‘pﬂlSHlﬂtlpm apalieasd iwngansdrdReaviabn ORIl §idjpan one

el ement 20,f;th pOs| In a third embodiment of a conposite
article 30])of\11¥%§qulgE§ necebn?ﬁhh SOty h%\uﬂ artierepgiigss intthis examplsne

barrier bow Ilﬁgml(llceﬁua)psui'caice?mafl’zcchetﬁ&&u@ﬂ@ntﬁmgs&‘rﬁ’&g a8l sﬁhﬁgﬁﬂxﬁl 20 Of the
conposi temqﬁlhgl e 30. In another enbodi nent of a conposite artic é

nes,
| east one efenment ©'s an optociectronie elenent. In a further preferred

enbodi ment of a conposite article, the optoelectronic elenment is an organic

el enent . %rhdltmecoehb@dmnmm@mofm D CRAPAST {cRodl HeClifcknbg Qr%t Qﬁ;lqﬁ%t rﬂp' e
el enent rnen | € ‘r{: g umni ne cent elenent, |In another enbodiment
conposite ar 1 & e B‘&‘d’é‘? ’é*@t“f’%ﬁé“é‘lfen%ﬁf’@ pgtegialshiet bipefpneicienel enent .

| n anot her x@.ﬂsbmﬁmmnt produ@® TP esctife AhdnG] €pdig! a ric substrate
and an actlr ve el epent, which is an ;e}r gse}aln!r cp('L eejt&?ﬁ G dbﬁlgLs}c/gErﬁmtBI §rrent.

bstrate surface, 'Organic coating materials typically comprise carbon, hydrogen,
oxygen, and optionally other minor elements, such as sulfur, nitrogen, silicon, ete..
depending on the types of reactants. Suitable reactants that result in organic
compositions in the coating are straight or branched alkanes, alkenes, alkynes,
alcohols, aldchydes. ethers. alkylene oxides, aromatics. ete., having up to 15 carbon
atoms. Inorganic coating materials typically comprise oxide; nitride; carbide: boride;
or combinations thereof of elements of Groups [IA. 111A, IVA, VA, V IA, VIIA, IB,
and 1IB: metals of Groups HIB, 1VB, and VB: and rare-earth metals.

In one embodiment of a composite article of the present invention, as shown in FIG,
4, at least one barrier coating 10 is disposed on at least one surface of an element or
substrate 20, of the composite article 30. In another cmbodiment of a composite

article of the present invention, as shown in FIG. 5 at lcast one barrier coating 10
7



The conposite article may include additional elenents such as, but not
limted to, an adhesion |ayer, abrasion resistant |ayer. chemcally

resi stant |ayer, photol um nescent |ayer radiation-absorbing |ayer,

radi ation reflective |layer, conductive |layer, electrode |ayer, electron
transport |ayer. hole transport | ayer and charge bl ocking | ayer. Another
aspect of ntJ r de e barrier coatings of
organi c- i ﬁf)‘" g“éﬁp \éelcz)rzrl%gg °t1'0 dgp‘%ihggm 1[] ﬁb%f%p“g%‘fl tqgn’éqt%‘é’”ﬁt"é‘é‘s‘”&‘ﬁﬁpr ovi di ng
at | east @nellgurdmloslimhbnt depasijidsoe ar tdﬁp’ﬁ}smtthnﬁ, GOAGHIAA0R s sBERRTR nati on
product s gL a(g n% lE)e(:reﬁs an tPe surf ace angi ng the conpositions O
the react Ant S Pae ™ RPOPATHE GoadRE O carpprwates d‘df’*t"‘n@“‘t ’Wiéﬁ@kﬂ‘«t@ﬁt o forman
or gani c- i obthgamingogeaktdgim th at | east one substantially organic zone and
at | east one subst anti ally inorganic zone, and performing refractive index
nodi ficatjon east one .inorgani ¢ zone by varying the precursor gas
conposi t | i(?n mq hé“ r e’f’l?O PP Of ndeKTBROS R e Mty gﬁnr"@“zé‘ﬁé plemsgt delj st ed to
provi de aorﬁud:isttamtct elbdngnini faofuAh Bef e gl ‘éﬁtbb@iﬂ%t & 9&911 i @4 tﬁ:lc?ft 4 ight
transm ssign through the barrier coating. A bulk material or a su strate
having a %8??1%1‘3@’1?‘0?1“%%& # Sri:“t‘ypiflé‘awllﬁy Insowe smhgtllempi ete aommqmst ructure
conpri si ngtigleplhdr @hbdi¥e a STy et te

Non-limting exan(g1 tesl (é]fgng, g‘ﬁﬁ“ﬁ‘?éi’ ellr ncFmng%'ue%[ cfrpﬁtmgqﬁ !ﬂ‘ élH?mﬁ’t ass and
a flexi bl‘é“‘?ﬁd“rlfﬂ@rﬁ pePpresiccuritishe apeeleeNarie Idumm ixga ephamaés@s]@te

substrat e gptgrials that benefit fromhaving a organic -inorganic
conposition barrier coating are ngardc polyneric materials; such as

pol yet hyl enet crephtl ialate ("PET"); polyacrYl ates; polyear bonat e; silicone;
epoxy resfirothg I‘i“ﬂ’é‘ﬁén‘wntbtcpémablilqeldl(:é'pmyrdﬁea|m$qum:| yestree msdct as Myl ar
(Dade by d&iilg el ) e such as Kapton H or
Kapton . E (mae nggﬁog}tSlﬂgntl H&HB fﬁ?w,&&? }08&8& eYe1 gegal ugi Chem cal

| ndust ryrﬁo . Upilex (made by USE I ndustrr es, Ltd.); polyethersultbnes
(" PES, Efec"ﬁy’o@u‘rﬁ“t“ét‘m)my petuget: Mditiomilodersethsias o) tbtemo( haded by, &Gener al

El ectric ,GRepaniher, %ﬂﬂ'lstﬂdXs‘?EtEWt' ﬁ()&“@lp{}hh%l FRSs “EEEP{C gh%tloﬁgr coating can be

fornmed usi ng one’of DN’ e ues, HEEERManced
chenmi cal J%é?p(b?dléiépb@lwﬂmrg nlyadrrailﬁtrmwﬁnawcplrm,n@nenhmq@ﬁuCn@m&ﬁl - vapor
deposi ti gfl,e; rﬂl&fu%%‘éﬁs 1t61§v”é? i rdeppsition, expandi ng

o]
t her mal - pl’asma cheni Cal - Vapor Q%gég?”t‘"i‘ r‘r‘/e‘ §‘b€t}t"'é%= bgckipeliger ve sputtering,
el ectroncycl otron- resonance pl asma- enhanced cheni cal - vapor deposition,

i nduct i veélnpiles wspasd oplths m&encharfrcedn@hednt@ad epvrapmz feke pasict icomingangd
conbi nat i,pn; : f gardin eposi tion techniques is
general | y ﬁg\/\ﬂ%ﬁﬁgﬂ wnl&gg wévg 33" COF %r""é’kali’fp‘lt‘ﬂ“ diprpdding ghiebitde can be

deposi tedn@nuranwut)t a@msbrymr @@mnit)mnatac@rnn of r@ba®ias: geNRLAl &dfdam si | ane
(Sillig) ani c teri a{‘h such as net hane or xylene. Sili con

oxyear bi a@t‘”‘“ﬁ‘” tg g'@&%“l TRHENE IR PR g ehdrearedaty B isiontie reassrhane, and
oxygen och@ibaniariaf thddppyitien e xhe: oplhicGR%: L@ﬁX%@*{tH gdxgrtﬁf %wgt%nrebe

deposi ted fromlirlr asmas generated from organosi’licone such as
Vinyl tr S “F’WP I‘éﬁ@“f \m”NB?“d tat Feaslt ﬁDRy‘StthammU(yTE(ZEgam(, zone, and

hexanet hyégiviiih OxaReiLHNPSO o d 18X o /h

oct anet hyT cyclotetr “asi | oxane (D4 ﬁ%hx S§ ' @1;191 dbl(“ "§N)‘ "“éétrF o

deposi t et a %““ptoé?s}mm@én@r«at»bdhtf\’r«omixai «mhtiot: urrcemﬁc adnw”rbeﬁumxtt]asrld ate and
amoni a. tn%h@xlitc%(%ﬂp%tr\ﬁ%'l9n§n Qi[mri c,ﬁ'mrﬁlt@xy) th chose gjr?g aln a desired

coating conposition. The’ cholce of parti BB ”‘W“t“ﬁ?‘ﬁ“t he
through the barrier coatmg,

A bulk material or a substrate having a surface for deposition typically is a single

piece or a structure comprising a plurality of adjacent pieces of different materials.



skills of the artisans. A m xed conposition of the coating is Ootained by
changing the 9 conpositions of the reactants fed into the reactor chanber
during the deposition of reaction products to formthe coating. For

exanpl e, when the coating on a surface is desired to conprise silicon
nitride, the first reactant gas can be ammoni a, and the second reactant gas
can be siNahe; £ ol £s of react ant gases are varied
during depoglgt“ln-(l);ﬁ 75 mﬁu Mﬁh@l&g@ﬁ%%ﬁ S t‘f‘ﬁ%’“’&@bégr%@ AHEEHS S as the
coating i lriuroixmw ﬂuﬂﬁﬁh&mygen is used as an additional precursor gas. and
the nole fraction of oxygen in the feed gas is increased fromzero, the

mat eri al urtace. sfr mSLl con nitride to silicon
oxynitri d]gglp%mﬁ“e C%“ggﬁ (ﬁm u&%f‘g(aélf %(dﬂ Ahat Hengldly hf"é‘n{m‘@%& 2j YEpEgses,

oxygen strarﬂtgs\mtuomepd»sanm riatricog@nting &b endaposidate @t enbdl. CRAPASi tional
increase in oxygen nole fraction,

and stru ccur . .t.h

resul ti né&}gl ('%y ICP%(:'t P}\}gﬂ f5a&y \ﬂ;}Dbl Polyatyiesapohsirbongine sdicons, eporst hi s
exarrpl e, wehy adiqomertxrmd@mlmdlgfwb%’fcmﬁ@ Jody ACPLAYEH MViaY ﬁ@’dc ;%If'%um)' e
cfracti oq,)m 2 >c[onstrt eqr}Ej reactant in the precursor =

variation a refraeriy é%"wl’ﬂlrﬁ‘«/‘éﬂla‘tﬂIbﬂﬂii'lhibkyéf@ntorrdfémhd@bylcmn for a
pr ecur sorPanOIP@sdal 150N (1hAGd b i BB ARTRRER if the
substantial | gganl C zoney)o zﬁdl con olxil%ggbﬁé%[ @Qm ’?%} ? 3%?&‘3%% ve i ndex
at 550 rd’ﬁ( bdbfusiries, |§‘Ch)seﬁ0b’ﬁfhtnhe“@n‘at i(PRES.Y hemda substmibinal; y

i nor gani gopRRerdfiasi kiGon, 0 r , gen nole_ fraction of about
0. 25, |sqalygo (I:Ileplf)m fed sijc)maw blqﬁ]e ?’é’f a&éwf‘%{ ?‘?"Hb‘exc‘b‘flp?w&n i gani ¢
zone mat CREShEepafhtbeia@PENYex of the substantially organi c zone of
silicon oxycarbide, resulting in a barrier coating of organic- |norgan|c

conposi t iTaB caiidh: stbst L, Ui ractive
nmeasur ed optcl ctaljl% ‘b!r*&gf)ﬁei?ﬂlhggulx P ‘?La{):ﬁl\[g]' L ax'of éﬁd]ﬁw&e?&ﬂ’?}h%[ﬁl%‘?m“

coef fi ci EMtance d’é‘fm(idrﬁfyrllganﬂ@mmW&r ssadﬂce}n)(aaudzegl mhﬁa—vﬂmb@g cBxMien nol e

fracti onygqht I8 ignel Lipsonet t hj s exanpl e,
dependi né‘gﬁﬁ@sgﬁi‘%’éﬁ%&g C??‘ggctr oar%"r‘-‘ﬂ f HB‘CB{é&’Br g%‘r‘”f"é)éde@%@@é:
2

ref ract i Vermmpldeased chmicdkpgsi tdepgsition sgandrhgBéRA t@kpMRtin8Selbép. 1. 8 to

1.4. Thu tlng pro ondi tion, which results in refractive
i ndex oféw ‘%’s‘ff‘“& hor GAR ‘]e'ﬁé‘fcéffﬁ AeRiEkaaRy tdeRpsigen.origdwitvebat eri al |

the int ecdrexicehqmrsanpd:n Hatigt®! chémigl- J@GHQ%os’ih&W fih £ anth ﬁl’mhx'(:)hse‘th&egil SO

i ndi cat eﬁiglpan §| nc‘il gn coefficient 0:0 does not ange enough to
si gni ficant ¥ ’é\f’fbc g b H?‘bl“ioﬁnteb‘f’“ﬂ‘l“ght& eerreotlyh kogien i andr gadile | ayer s
for thickndssles of inorganic layers used in this invention. FIG 8 shows

visible |ight transm’ttance spectra through the barrier coating for
dlfferenltmo xv.9en . k (f Lfons 0.0 (a). 0,25 (% 0.5 (c¢), 0.75, (d) and
1,0 (e) in predifst "“‘f‘béﬁ st P dieedad (1 Agrumsss by edcopbingtidn pf opert i es
such as mefifractd.y gtion coefficient k. In this exanple
visible Tigh ?’ %‘“’r“aﬁ‘stérﬁpg ’t?)éqngi}ﬁ c%? ﬁﬁ%&ﬁ] (AT IS PP ‘ﬁcé“q‘hr‘i‘;n’(}j‘é@""é‘r e achi eved
at aboutxﬂm%S ONNBE Dy h8ider @gtic ofi t L he f.ractive i ndex of
the i nor gani ¢ _nat eri :aI%dleBgs(i ted n’rﬁdgﬂcpﬁ b g’r“a‘)'g%s ”%%H%fffiio%“ ches the
r ef r act i@ MudaRd ok yEdreootipaniaed pmpgrcnakvxdiepd%ai1¢(Ed()xycﬂlb@cﬁﬂélétﬁéarﬁ6@0dl ment

of the e r t ween..t he substrate or elenent with
t he coaltQ {Lﬁgﬁgﬁ hml(u] BﬁlLI%qs rif%m‘%gdq q‘m “é‘é*%‘ﬂ%‘ﬁ(%@t%%@rse speh g8 g¥iadual change

fromt hé”ébﬁpd)‘-shm owrbrsn heﬁdﬂhﬂb\l@sﬂkfm,t(fm%ub}&ixbﬁafcﬂxvilﬁsxﬁc‘)l\@r'ﬂ?mr\/lmd)he

conposi t t he oatr n Such a transition prevents an
abr upt éﬁgﬂ“g‘ {dk@ dp?ﬂ WQ%E\I)“OW BmRY géj‘a‘f’&ém%}ﬁv“%él%k Adymigeran nat i on

of the G’(Ba@cllh‘gmlmebgr dﬂbuaép(ﬁhahgﬂm@fa tN@nGOakhdH el OFRASA 1L AR,k S,Achi eved
by the gfadual, tanmt anc ammomap Gbhiar combinations ¢ tion.

ther combinations of reactants may be chosen to
obtain a desired coating composition. The choice of particular reactants is within the

skills of the artisans. A mixed composition of the coating is obtained by changing the
9



A further aspect of the invention is a device assenbly conprising a device,
at | east one surface of which is coated with at |east one barrier coating,
t he conposition of which varies across the thickness of the coating and has
substantially uniformrefractive index along the axis of |ight

transm ssion. Such device assenblies include, but are not limted to.
liquid cryshpbsi€inSRIraus redct @i 1@Mhiot P JeAeY! o0 onsj.ve devices,
integrated circuits andléoc one('nts] ’og] Tt ?‘ﬁaﬁq‘q@’bg’gcﬁ“&é’ 1“ SPEHY! OThe

devi ce as‘é’éh%?‘y"ﬁ‘é%ﬂ%bhfﬁﬂi@ > epadfegi ce d| sposed on a fl eX| bI e substantial y
transparent substrate, said substrate having a first substrate surface and
a second Bathsiahpte wiieh fiRE Buat@l neASH:RNE KL [ be| ng
coated with the barrier co(éitl né } ,lh““ r(egle%molcﬁ)\?lg‘}?ﬁgﬁ SH'HH“%

coatings OF! tHEpt g¥erin bwwqrm dﬁé\ieﬂ ﬁfanyc achetant ggesqn baellaudi n?jhcbel ng
robust / agalpst & prpﬂ‘gper;;cqul alt € )i desirabl e opti cal
properties and g?{%’g easily n%lsnrst %S%Jdﬁg’egg%fjh% "l gjéﬁ%ﬁtf% ‘éd\?b?’m%&:ge of the
met hod of CdgpEsieniadihofenotdedmeteent asi thy emdtingris bailthat Ifickygmalluest goncur rent
control of, g@ii di f [ rties of harder coatings by adjusting
t he dep05|nt| or%lg]gllrl rrgcqgrs g# {;a{?“rl Zﬁ éb‘éfi”hdg ‘b“fyet?‘hé“ﬁf‘eéechit Eient i on

woul d be lﬂg‘éﬁ‘lﬂ?ﬂ fasn bavor tﬂ)emmmatl klla;gﬁnuhomﬁlmém o0 draakesanshn GREQEhiGSd Oui C
devi ces i [;ICJ] §e tﬁ%nl c,l | ht -em t Q devi ces and organi c photovoltaic
devi ces. MRS éhd “@}‘&C“a‘ﬁe F BRGHMnt Bei mrgamngpsdbererscade

mat eri al smuygemptdﬁeltectdmmtandev(tlﬁas thee aBRSsdd |arkdl OF 8R31GsiARG Qe Get roni e
devi ces, Bre all. susceptible to attack by reactive speci es existing in the
envi r onmeHt'™ “E‘h&:W‘%’*‘sSB D Latease papoecremele frptipe, ondlihyin stnétace def ect s
such as spid¢asodtiehtRAl Rtwelef ?ﬁérﬁt o0 i P URSE nal |ayers
coul d affect .the perthrnance of these ev}d?éﬁé %*e%cet%”dexﬁp%‘fé&ﬁio\’?e
properti é§4¢ Fb‘/eﬁ\}é”r ¥y hegeolgrizbac log Wacmixsqmmomteaetxunmendwlpec&msar e

achi eved FID. 2 skAR hBYaRhtid e REGSRMidLVER | € in, the term
"high integrity prolt ective coat 'lﬁﬁﬁ% “]&(T \%% m”atmgd]éf’ W'W%IFZ 45t | east
one pl and® °zu’Hﬁvlﬂ“;ayeian‘laps%tsoupd\«éck lt}@ canmhmaszm(lcme 2O, 0 30k GxuRpleg aNine
conmposi t k@RALNT BFeahRAS i hetrof hISIn ention is a
conposite artle % co*rrprldsdlaglbi Sﬂyﬁﬁ (ﬁ%‘ﬁ?& MYS}L&I@%@@{ ‘C\O‘él‘LT:i g™ The high
integrity! ﬁbwfebt’llvet%e(bam iting Lwamwathmezastlbqemeam anaphigb %né ayeflicdpd at

| east on i n o Slt Jier coating |ayer

Or gani c- ?h%{r}gglgi gt h]ogn)ﬁge%l tnﬁ%nqn;p artt ar ?fdg?:ﬂgés %4?%6*%@ B¢ b‘é&‘ tht tPef er ence
US Pat enthilRppi’(t mam ofithNGnorkiMi8 Z8ndedich i€ RettaS i e of {P)QQ W{lﬁmﬁg by
refer ence., ﬁb?]hgment s.,of the resent i nvention, tinizing

| ayer thi Ic?félﬁle“séém?g ! XYeRHyde. 6?“”“5%(]?1 harigrfenbnee! @r@diabomti 2200 ni crons.
O ten thaumbc&ﬁt&fnl\Zﬂtmgtﬂsﬁx‘fhﬂﬁl}bﬂh:@%ﬁﬁ%ﬁaétﬁzehﬁm&he range of about 100
nanoneters to about 10 micron. Very often the planarizing |ayer thickness
is in the e of about 500 nilometers Co about $ microns. The high
integri ty or o‘%@%t i PeAse |‘H’é”“61f PR ise sERRCT vy dirftel o fn)i snd upgtiation al | y
snmoot h amdﬁﬁﬁaﬁt(a,mt bRlidofesled efterd UBGH: Ty f oughness"
R " is def tef? as the m%egral fggﬁemé(hgolfhunuy“ g%ﬁ%ﬁ ?1%‘ P Sﬁ)ﬁhess

ga qa%wsgwlg\ygmgggmpm In this example, depending on the oxygen

mo]c fraction in the precursor feed gases, refractive index of the depositing inorganic

profile

material varies from 1.8 to 1.4. Thus, by selecting a process condition, which results
in refractive index of depositing inorganic material close to that of organic material,
the interference amplitude can be reduced significantly. FIG. 7 also indicates that the
extinction coefficient (b) does not change enough to significantly affect the absorption
of light through the inorganic lavers for thicknesses of inorganic layers used in this

invention.
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| ength. The term "peak surface roughness” R, is the height of the highest
peak in the roughness profile over the evaluation length. The term
"substantially snooth" neans the average SU thee roughness Ra is | ess than
about 4 nanoneters, preferably | ess than about 2 nanoneters and nore
preferably |ess than about 0.75 nant"neters and the peak surface roughness

Itr, is lEegs ¢hag «ha refer than 7. n ometers
and nore Preferabwa’;b\flg‘rgisCMR 2 H%-(Ig%ﬁcg%b Fers t%§d§1§tlé‘f‘lﬁ)f)l§1°i VFORERE P 1 e

means t he'HEBELXBECpBIoN hdetﬁ@@toso i(®), IOé’s’s(l't)harﬁ abho0trs, l@iﬁ)/aﬁHQl,ORé)elrbr abiy

| oSt han, 49/ 85" Req aRd N | 12. Figure 9 sh
ont cal prant 1 ometty oo Gt Fufh ERetd putehaiprate” G i Gunenvd shovs

an opt i cahdgr afapdl @Premrtwnphmff“ cofrt B Subigs tjaéixﬁp sundige gip frdhsmi®l@BJikHzi Ng

| ayer in a ne aspect resent invention. The high
i ntegri t;}ﬁg@gp%c ﬁ@e‘”‘égact %ﬁl&%f ‘th’éh’b‘r"é]'tséht‘i PRV ST BREeRchalgefaction east one

pl anari ziindjcatagethaanil a«bizzloeastmdmeo@ﬂ]@&ﬂbﬁmhﬂoﬁlgéﬂhﬁd&%@?@@hﬁ&e?nlhﬁar rier
coati ng, nation | ow perneability of oxygen, water vapor and

a
ot her é’g{]ﬁc\bfec‘%lﬂté?q S %thqr‘é% ffackiye Wﬁ‘é\ @ifir possrEtateBY depwitpér neabi ity it
IS rreant t hat the oxygen perneability is |l ess than about 0.1 cnB/(nRday),

as neasudednatheR SnGodimaen of hhcapgzaénfi@mﬁbﬂl RAGeddn v,g,,l“ +he ,_g,%[}w rTéygen and
t he water nsmission rate.is |ess' than about x day), as

measur ed °5i méag Wdfth tﬁﬁ&"%“ﬁrh‘“ o ating is s Tr o susbriberibere & cagm«hell barigdi ty.
Fi gure 1lrogr sehoaglokitiont@we WAL 6F th¥ 3PRIrald ARTLLLANER w%é)ng‘igxgtho through

identical substrates (a) with an organic-inorganic cO Frier
coating ARECEY I eaptigehSyeh ¢ Hewsdiang yf«\mnm »er:zthl v obmagonn@m dougoepidance with

one aspeegtd afitithe R m A shown in Figure
18 were obct alnl’ll% ugf}ngﬁgtéilds?\ég%m%%ﬁnwg et ect tm a}?’f}rﬁz{ﬁ@fﬁﬁaﬂﬁ ?ithg/ (neday) .

Fi gure 18<)‘§W6\N§ﬂﬂwaftlma isudbstvedbe thei grinlual tigle bﬂtlﬂ@ﬁé@b@opt&hﬁ%’;ﬁd{@ coating
i n accordance with one aspect of the present invention, formed by the

conbi nat Wofir@kr adpek , n
or gani c- i nor ga]nl éxcgﬁﬁg]sbﬁﬂﬁ%ﬁ arr |dé{r1@%81éc?¥1ﬁjg> I“évgﬂ‘s"’%ﬁg%é‘c%%elfg‘m\‘iw R t han

a sim | aP&sEBEceE afavhick hs oetsd am@r d},asﬂ amel ngﬁﬂbzﬁlllgom%iﬁpbﬂﬂon%ﬁ"“ er

| ayer coghiciOvaddd el 03| t rti t he present
i nvention, a }s?ﬁ‘"s? ?‘g&e \r/T\})C?ﬂ gg{:& ﬁ‘t éfé?fjl “ﬁ 0 E’cf‘ﬁ\?@“@ﬁbﬁ UAGOWAs a | i ght

transmi tieined gindat elong hianu8566 ingﬁn BB mtued Suey @henralsfeniaRg tndiglareen about

400 nan t nan rne In one aspect of the presSent
i nvent i gil;nm a?%ﬁ()t 1}}%%??72'11%1 |49k ‘i@Bhﬁbii&;ﬁt GREBEPEYISEss Phetofresponsivhe resin,

In a furddve«ItSasp@GttcLbéizdLht@ apd eSRneh® b RdIRy d}twpz%sﬁg%/s%xﬁss an epoxy based
resin. For exanple, the resin could be a cycloaliphatic resin. In another

aspect ofy,d ngg(%e@% |nvent| on, the resip is an acr%l i ¢ based resin. Sone

epoxi es i npart SILY 00 GOTRRHE A detith ABinped onf o flegkbmpibstaninity eased

resist ancmsxbmmcm&mh‘teamﬁiddamgﬁ hiahg MYk £8kY,03BRSD AW LG Laprication
or transpp tlon Si | oxane portion of certain diepoxies nmay be easily

adj ust ed F?jil"l_%ﬁ%ftf‘ff(’aﬁld Lﬁ?téﬁ‘(:mtﬁg‘dt‘;@b%b’{“f Aifecedewiig ented with the bamier

coating of the present invention.

The barrier coatings of the present invention have many advantages, including being
robust“against environmentally reactive species. having desirable optical properties
and being easily mass-produced. The fundamental advantage of the method of
deposition of the present {nvention is that it enables concurrent control of optical and
diffusion properties of barrier coatings by adjusting the deposition parameters. The

barrier coatings of the present invention would be useful as barrier coatings in many
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properties. The planarizing |ayer conposition may further inctude at |east
one flexibilizing agent, adhesion pronoter, surfactant or catal yst and
conbi nati ons thereof A flexibilizing agent hel ps nake the planarizing |ayer
| ess brittle, nore flexible reducing cracking or peeling and generally
reduce the stress the coating applies to the underlying el enent or

subst r at eopifyai aslbeshen Q¥ QﬁPt | ro i on betvween the
substrate on the coating . &revi%rgrppau ﬂE “’éhfé’él Eﬁﬁ SPBHpgefedtfshast an

organic si"l‘ﬁ‘ﬁ‘eI’Eﬁféipﬂ’“ﬂﬁ@ge\ge@ﬂ binds to a surface of a substrate or el enent
and also to the subsequent filmapplied over the substrate or elenent. A
sur fact antighebmstihONRT 13N bSHLIARCRE0AL ating allowng it to
el a Sub%ér s amineen erlren HE( )é ﬁﬁtt&{?ﬂ[ QXc{ ﬂmuﬁl%dvﬁﬂl%%aolgﬁ%g ¢ nore
uni f or m cHAtSCRgEsPeqinlys iy pilg cllanonmnoaspieatwmfes tahe a P seSeRibIE RV Rt A

pl anari zi pg.d\aYe Jon y,..0 The curing may be radiation
curing or iernﬁj’("°'i[c?:ga)?‘p((ra)‘ﬁ to CPP é}g@nﬁ”fmé? ”E)Wg §eBr EoOXygeR. oeCa PRt €6 t he

present Nh‘\kéh@!il adly, swdicd ckaﬂtm:meﬁmsemﬂdcmgndi poit HERVE Qhelinbeilib G of her
can al so

curing i ncl udi dride or am ne curing,

enpl oyecrjm‘ ‘alggm ?@‘é%qé"%ﬂ ‘eg'ghg‘dr%&"m‘@w’l%ﬁl@*% Hé"lﬁﬁFﬁarﬁ‘?&llzbhgnMayte&re to
tailor i tmommocp;endi oesrcofn@rihecadmlv@acia M Gatal ¥t t.o the layer
conpositi on not her .exanple, W absor}bers candeggcxagl% %q’?e%gdrmtect

under | yi né"1 é SPEPSY iMEPBPE.  Sil oxi me additives can be incl uded to make
the Il eveling | ayer nore scratch resistant. Ant| oxi dant chem cal s such as

G ba Gei gy ssddr panox the nees edi@mifg. & Lso.be added to prevent
yel | ow ng\ of .the coating and ugjn e1r / 93“ str t?[?m@ ﬁfclls i £ ﬁ& t35">*€arrpl e of

subst r at &R AF dfast t’ﬁ‘aﬁ’“@éﬂé‘ﬂhtm?m dmuhalwlwhgo at heaghondbagnictiviogheicect i ve

coat i ng bR pOLi I A BOLMABL &Rt erial s; such as pol yet hyl eneterephthal ate
("PET"); Fyacry | ates; porycarbonatc; silicone; epoxy resins;

silicone- functl onal i zed epoxy resins; polyester such as Mytar (nmade by El
du Pont GPENEWEEr & Bitriyventiopoisyd rodwositc hrtags K&}nbﬁmnb Ohigkapitegit (made by

du Pont ) proARitcelcofel nﬁfftﬁm% ﬁﬁ%@ﬁgﬂ thm "4% a (tdlustru;gcg%drgggny l'i pi | ex

(made by USE | ndustries YRS
Sumi t orro}“"“péﬂ‘&/@tlhe’ﬁ Rt dezesueimoasintd ¢cmmc(smde>ahyu G@ﬂﬂfgaiaygl eggahg Conpany) ;

and pol ygfhy, n e " PEN'. P+10 t hm exanpl e
cycl oal i pha‘tqlngng~ g@mlpg}él ﬁ%“a're gﬂFSEPiI'_‘AZ‘ “C” H J§TereReXMS6 P atapyR600 and

Silar Labﬁpbymmdw ph%'i‘l:ﬁr(nﬁ eploixly 1§llhstelno>ﬁadaﬁbouhs|@d%lyl Jdbing eﬁfaqglngs of WV
GE

curing a w UVl -6976, LIVI-6992 G ba | rgacure 250
U\/9388C gﬁﬁ&cﬁmcma of The present Invention, tlhc planarizing layer thickness is in the range

of about | nanometer to about 100 microns. Ofien the planarizing layer thickness is in
the range of about 100 nanomieters to about 10 micron, V ery often the planarizing layer

thickness is in the range of about 500 nanometers to about 5 merons.

The high integrity protective coating of the present invention is substantially smooth
and substantially defect free. The tenm “averg ge surtace roughness™ R, is defined as
the integral of the absolute value of the rou ghness profile measured over an evaluation
length. The term “peak surface roughness™ Ry is the height of the highest peak in the
roughness profile over the evaluation length. The term “substantially smooth™ means
the average surface roughness R, is less than about 4 nanometers, preferably less than
aboul 2 nanometers and more preferably less than about 0,75 nanometers and the peak

surface roughness Ry is less than about 10 nanometers, preferably less than 7
12



Non-limting exanples of UV sensitizers are. isopropylthioxanthone and

et hyl di net hoxyant hracene. Non-limting exanples of thermal catal ysts are
King I ndustries CXC-162, CXC-1614, XC-13220 and 3M FC520. Non-limting
exanpl es of surfactants are OSI Silwet 7001, 7604 GE SFI 188A, SF1288,

SFI1 488, BYK- Chem e BYK307 and Dow Triton X. Non-limting exanples of

f1 exibli zing,Ra804 S and 736, cyel ohexane cli met hanol,
Cel anese TCD a colﬁfﬂﬁﬁfEPW%RE§A§§%hdh§THW8?“R%i Qﬁﬁ@“ﬁﬁ@’@§@*‘m“
Non- i m t‘i"ﬁg“e‘karmphésr of poitihdefeaddi teisy dsinwidb 6] @ARNBERASLhIAN&s than

C ba Tinuvin and

anti-oxid 28 L r ganox rbers
| evel i ng g@éﬁ%ngﬁé glﬁ%&@ﬁeﬁpélB§K§§%P“ @%?@}WﬁH@PWBﬁBF@%ﬁn@§t@h gener a
and to Figbme 1l2)‘=ii'm'0pan tice ulnar Figtie 10 | oot rat bpmnsl bkt NRoPYEROse of

ect of the invention and arc not |ntended to

descri bi or
limit thg%ﬁg‘é%%‘i"g}‘r‘" V#ﬁb‘u?‘é”l hGREr 18 ARgwaATICE A Thyong appaghof the ety
prot ecti vevaahl ng i n accordance with one aspect of the present invention,

I n one enbodi nent of a conposite article of the present invention, as shown
jntegrity protective coatlng tOis disposed

in Figur At | east o
on at | egrsht%%h)a GEE f@@““&“"ah“‘?ﬁ“&dﬁn‘ﬂw dFessbdeniton inplpdeont kehe @enposi te

article IBOurikmgamairhed #n1Redbi®BlanicforBaiORRRPh oxfi[) Ll Gofhot B Present
i nvention gure 14, "at least one high integrity ptotective

coating iﬁﬁgHY@bBWEW”éﬂrﬁ neERebilgn ofsurrate Weter moper thdhmtlonecattarent O
subst r at enat@hlOprebhe i€ WIRAS I Endiit 'B?llﬁ pkﬂn@'ﬁhm};rﬂqq ﬁ@ﬁtqh%géox%ﬁml east one

conposite article 130 of the prese nas s ure
barrier 88&%&#6”&10“§n@@b§h@ﬁﬂébuaﬂ@he@ska@nemsWHEMﬁHPd?mmi®h6mank 120 of

the conmpeshth®id bi & 7@11]4:.3390:%1“ oxygen and the water vapor transmission rate is less’
than about 1x 107 g/m*day), as measured at 25° C. and with a gas having 100-
percent relative humidity. Figure [T graphically shows water vapor transmittance rate
(WVTR) through identical substrates (a) with an organic-inorganic composition
barrier coating and (b) with a high integrity protective coating in accordance with one
aspect of the present invention, The WYTR measurements shown in Fi gure 18 were
obtained using a system with a detection limit of low 1x 107 g/(m*day). Figure 18
shows that a substrate with a high integrity protective coating in accordance with one
aspect of the present invention, formed by the combination of at least ane planarizing
layer and at least one organic-inorganic cotmposition barvier coating layer, has a lower
WVTR than a similar substrate with only an organic-inorganic composition barrier

layer coating,

tn one embodiment of a composite article of the present invention, a substrate with a
high integrity protective coating has a light transmittance greater than 85% in a selected

wavelength range between about 400 nanometers to about 700 nanometers.

In one aspect of the present invention, the planarizing layer composition comprises at
least one resin, In a further aspect of the present invention, the resin is an epoxy
based resin. For example, the resin could be a cycloaliphatic resin. In another aspect
of the present invention, the resin is an acrylic based resin.  Some epoxies impart
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A high integrity protective, coating of the present invention can be
applied to various types of substrates. In one aspect of the present
invention, the conposite article conprises a substrate. The substrate can
be transparent or opaque. The substrate can be rigid or flexible.
Non-limting exanples of a substrate include a rigid transparent glass and

a flexibl g, Cy, e, h integri rotectlve
coating cg)npbbNd «Qﬁf‘i,cpg z%'ﬁﬁﬁ}/ Jﬁg?p@ ll;lnkm(éll‘]bsst‘ t’%[‘t’gd‘bcl" tﬁﬁ%ﬁ%&&ﬁl‘é’ﬁ‘é’é"

opt oel eet HBhinmydbkle diay vmrhulghng ri’alegmnbiy (prmnmmrm@ncogm%ge Qorddieopr esent

i nvention pt | S ent or opa A high integrity
prot ect i v%a(’qﬁ%}a?? &1841&‘1%27(’6“% ?\%“?tﬁ‘\[/ ll“{)%[\ “Hﬁ)}n“}ik&l“l"‘lb ShOIBPé“@r sl . A

hi gh i nt egroptyicpr ot ecti ve coating of the present invention may Et1S0

provi de mechani cal protection to underlyi ng substrate and coatings. In one
aspect of rf g, h int tective coating
significantl tﬁ? e \é?ﬁ% ? mﬁsI lgggn‘}“) Bﬁ(ﬁ %’YC‘%’TSF“E} f Ang ‘é‘l%‘\lfé‘ﬁééée@urface

r oughnes stith%lb!eImw1<abomut@«ﬂﬁt oranodpdtend cantiRaaks sidoRCo rRUghngss 1s | ess
than about es the surface defect density, Werein

t he nunberg’t'g% e 9* it *"d@‘Fé’i%‘%“‘(‘é‘&l‘&%?&“ﬁaﬁf‘&bwc Heobkupdwingfradkinghoigl ass
transiti qmchegrpﬁdt atine 81y FedhcPPleXeaELNR 84685 arhdal | e coal i ng
can be de(P ht ed on ta%) of the hi gfh intbegfr?"tvﬁpro&)e@@%ln(&&cjﬂgzt &m%@%[{‘ this

i nvent i or®" SPREA ghn AHbesgn E’W}S’Mt‘éhlsllmél%’eaﬂimgnﬁrmfemtiimgul&txdt&mnce or

el enent fiomsGrdamaans, ) SUESEAHEl SRR L LT, S LROEL T

et ch- stop‘&F%fy‘é'ﬁd‘f By ﬂtshéd@bﬁ’dacﬁubvmftoamlmmt suc hl sasmlﬂ[@sﬁml]ms fildal | one
nbod tect th t ti

ool anar 2 o sy r el ek A e R et tisarr framorsy of T
or gani c- |Thm;@famé,crtl¢®wpgsl m ot baubitete 60alkchiRgs and 1@&@91%&&11 EQM&M“ Rrotective
coal i ng Qm%ﬁl%l RL&s g“% mxegh on cart be used to rel ease the stréss between
a top inorgan ¢ I'a AU Bt Eom pl astic substrate. The other side of a
substrate with a h| gh integrity protective coating can be coated with the

sane or di ftiiémenberasmici ngtlxtq)l(bﬁhtancﬁltftvh&a ﬂtxﬁcﬁ‘ﬁf%lgleéigmn;ﬁﬁﬁu@ﬁﬂ{a G cOf
coat i ng. Rgon & enbadj nent . of nposite article of the present 1 nvention,

at | east ‘one cl SheHtE 1%, bggrdier ’8‘&@‘8% or e‘l"@ﬁtﬁtwﬂﬂlﬁ apdotdelingitiedi nent of

a conposiliecd! tinchi, ashBa GPthegi-efhl ARG, Q'ﬁ%nx hdlafloRT: 195@%&&1&‘3}0‘?@@ nt In a
further enbodi nent of the corrp05|te article the opt foel ectronic &l ement is

an el ect FOMnt PHES SBIES B1eshgnims. |ipcladioe Hé}?\’delﬁb@dlﬂn‘em cwing ke elemposi t e
article thelgpioel ectronic el enent is a photoresponsive elenent. In one
enbodi ment of the conposite article of the present invention includes a
pol ymer i }aubst rate and an active elenment, which is an organic

el eet m unCRBYERRIN Bf dkeroratad wrip Kherabemizany Syentosubst tapepegiss. ngoa surface

for deposidnhae, £ YR GallA hsy B 3443918 ol | , tructure conprising a
plurality ofﬂadﬂ acent pi écés of dc%ﬁ t?&?’eﬁ?&l & “é’mglo“ A A0S R,

V absorbers can be added to protect underlying UV sensitive layers. Siloxane
additives can be included to make the leveling layer more seratch resistant,
Antioxidant chemicals such as Ciba Geigy’s Irganox hindered amine complexes can

also be added to prevent yellowing of the coating and underlying substrate.

Non-limiting example of substrate materials that benefit from having a high integrity
protective coating are organic polymeric materials; such as polyethyleneterephthalate
129 Y s RITAWS o 2t e s . . Po N .

("PET"): polyacrylates; polycarbonate; silicone; cpoxy resins; silicone-functionalized

epoxy resins; polyester such as Mylar (made by E.I. du Pont de Nemours & Co.);
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The conposite article may include additional elenents such as, but not
limted to, an adhesion |ayer, abrasion resistant |ayer. chemcally

resi stant |ayer, photol um neseent |ayer radiation-absorbing |ayer,

radi ation reflective |layer, conductive |layer, electrode |ayer, electron
transport layer, hole transport |ayer and charge bl ocking layer. fn one
aspect of n t t hod, f ar depositi a high integrity
protectlJghggggéﬁﬁglf%kﬂ%gp}i?pkﬁﬁon mEgebY f Eﬂgngréﬁ&ﬂrgd’Q“@gﬂ§tant|al ly
honngenodsmﬂésﬁmlﬁégedmmHamanthnmuh@yamnﬁﬁnpmﬁkuhoUBEpngmqupgjag | east

one surfac 0S|, de the planarjzing | ayer conpoSition on
t he surfggzwg% g@ﬁf&hglﬁﬁé B §ﬁ§¥%2Wﬁ@mpéyé¥W€6ﬁﬁB§?tWQEﬂgLﬂhﬂbhémhspect of

t he presdniGemwﬂnﬁL@npCbh@a@@pm&lﬁHQﬂyﬂhn%qﬂhﬁ&@&J@pggn;ayer can be either
bat ch node process or roll-to-roll node process, can be selected fromthe
group co Ko § coa Wi re-wound_or Mayer rod coati ng,
di rect a2§h§¥¥pﬁ p““”nﬁ?qaib g”h@““%ﬁﬁ@hHFﬁ“&d&%Pﬁd EBPﬁ%@ EFdri2AY, hot

mel t coathRig4xadk LJNR’()(ED@]UI%Q}, Lk dyeloaNgiatie Qhdpok Ol Bhne€Xt r usi on, air
knife coating, spray, rotary screen coatlng, mul tilayer slide coating,
coext r usingd.. Y, rograyure coatin

coati ng, ph@3ﬂ458\£nﬁ %nggh‘ﬁPB”p%Héég%b%¥%h @”ﬁré@%&%gﬁn@ﬁmlash
evaporatﬂunuﬂkﬂﬁﬁnﬁuhﬁﬁeﬁwgnmt‘the i nvention, the pl anarizing | ayer
conposition conprises at |east one resin. in a further aspect of the

pr esent he resin an oxy based resin I n anot her aspect of
t he presgﬁﬁgﬁhvgﬂ m“p¥%éﬂ és$ “W?ﬁgﬂba@FyPPB“%é@B@W%%@VW artheethidt hod of

t he presdnhdhﬂvﬁmﬂnmmnaay further include the steps of adding at |east one
flexibilizing agent, adhesive agent, surfactant or catalyst or conbinations
t her eof t narizing.la ' osition. In still another aspect of

t he presgﬂ¥'Pﬁ%@ﬁ?ﬁ%“P%h898Faﬁ§ d?ﬁgg g F’H@Hﬁﬁ%ﬁ?YSh“Hag>6é1@ .ed. The
curing nmeC-Ba20 add a3 BO3XUMri ng or thermal curing. In One aspect of the
present invention, aid radiation curing is ultraviolet curing. The method
further {peludes the steps. of .depositing reaction or reconbination products
of reacting spe '“%H’ Fhal SPARES inFy Ty el wetaio0 le H6Rdi 65 SHE! $8dnposi ti on
of the rﬁﬁm‘h?n‘sslwdamm ﬁm BERGHOGn g RIDRobi NG deposition to form an
or gani c-i norganic conp05|t|on harrier coating layer. The Organic-inorganic

conposi t rier c at| may be fornmed by one of many deposition
technlquggﬁlgﬁéhé°§”WP ﬁg%éﬂﬂéﬁbeﬂ*ﬁﬁéﬁ1@aWIW%%dg 2 tep B%4. cvdahgeaPECVD" ) |

r adi o- fr@quﬁnmylmka&ﬁaenbanmﬁmophﬁﬂhﬁ@kn%ﬁﬁﬁﬁmﬂépﬁﬁLtE$P€%bﬁ$PECVD )
expandi ng thermal - pl asma chemni cal - vapor deposition sputtering

i ncl udi \ tteri Jectr n-cycl otron-resonance pl asma-enhanced
henlcapgvg?gﬁhﬁ%thM&#LS%(Fg%ﬂﬁééwﬁ)‘“$ﬁﬂbE%VVéV9°@@Um&&ﬂﬁﬂ%@hﬁsenhanced

cheni cal Civapognoedosidk@bel sHEPROYD:L) Tin®in GRAERALE gg@th hereofp[ui tabl e

coatlng<ﬁ QEO .i%ogz for the organic-inorganic conp05| i on barrier | ayer
across the Y are organic, ceramc or inorganic materials and

conbi nations thereof These materials are typically reaction or
reconblﬁhﬂewnmpﬁdduﬁhgsﬁﬁmh@ap&kﬂgf@hﬁ§ﬁﬁn$9@ﬁbﬁ§1ﬂﬂgnﬁ$ﬁugﬁ9%%ﬁﬁed ont o

t he subs}rate sur f anic coating materials typica rise carbon,
hydr ogen:'® 6¥¥§?ﬁ‘”a "C%@P%oﬁa@P?“%W*ﬁ#ohﬂﬂbpféf@ﬁEnBSQHGUQN:a&:suﬂfur

ni t r ogenpicBddd &OMmiClie in di N4 h table
reactants that result I&\gfgﬁﬂlgﬂggﬁp%8|ﬁm$¥99§uﬂﬁhh%ﬁ IHF d“% stralght
or br anPHEECIRIGCAPTIBEIN prpidaRes With kynaspectalf dehebsyt abeeatpdes, et hers,

al kyl ene oxi des, aromatics, etc., having up to 15 carbon atons. Inorganic
and cer afvke 6986d; £ I . xi de: . car bi de:
bori de, or conblng?Tgﬁie%&§$§ggxgt%ﬂﬁtxh QB&#§%¥9ﬂb§“rHEW“P1 BT VA, VA,
VI A VI A atflgat joacnblchn&emmmb@cm @10}1@5;?]151&81;0%(1 MiEat Rag o\'%@m taded o
rare-ea rt.har ect of. the i ion js a device assenbly
conpr i SF)E]gn %‘eﬁﬁ%eﬁ [“ e]ggt o@% L()h]#’f’?ige‘"fﬂ?le&ﬁﬁch” PRO1EFABRPAEH at | east
one high integrity protective coating. Such device assenblies include, but
arc not limted to, liquid crystal displays, light emtting devices,

phot o-responsi ve devices, integrated circuits and coat ponents of nedi cal

di agnostic systens. The device assenbly may conprise a device di sposed on
a flexible substantially transparent substrate, said substrate having a
first substrate surface and a second substrate surface, at |east one of
sai d substrate surface being coated with the high integrity protective
coating of the present invention. EXAVPLE]



A conposition conprising 100 parts by weight |iquide cycloaliphatic

di epoxi de (Dow Chem cal ERL4221d), | part by weight Octacat UV sensitive
catal yst (General Electric Uv9392C) and 0. 15 parts by weight of a
surfactant (3M Fluorad FC430) were bl ended together, flitercd through a 1
mcron filter, degassed and applied to a plastic substrate by spin coating.

| nredi at e,y , &l ;R0 n Yas exp edtoarrer arc | anp
broadbandbU\l/ E%ﬁpég’ ?”U o) tht' né gés{t whrch O”aé? QY W@“Cé?f&t &t aid t hen

the part W&l ibage pi qrtcan'eweum;,aﬂ(uﬂaxﬁcd of atllcR®Uhe LerREBPhRIEhhMBaLUr € Of
the epoxy n an rgani c co ition barrier coating layer is
deposi t ed" ol\q/%gfru g 'h::\“nlpsl?ld}%v gl“ﬁg‘“ F a‘g?@‘rpmm“& an é‘HH%)GSﬂbPii’@hm&G i sing
ERL4299, mmae a1 S @RS ot it e pratdl insdntibFenes Rk ElneEkliC) 6141}/9%%2@ and a
sur fact ant ittor wer e bl ended toget her, tere rough a 1

FC430
m cron f|m “836"’%2% %ﬁﬁ“ﬁ%ﬁ?1éH]Vﬁtémﬁlﬁ§¥V@LsUb§F$Hmb189 shithe coat i ng.
| mredi at e¢<ymafsncmtmmaluong, the | ayer was exposed to a nmercury arc |anp
br oadband UV' source for 30 seconds which activates the catal yst and then

the part . n.oven to conplete the cure of the epoxy resin. An
or gani c- F%giﬁgﬁ?%ﬁ%oﬂﬁg‘WF?&H“B%##tg?”&é&ﬂ‘Wﬁﬂpayé?ﬂb%dﬂ@pﬁ§bﬂ@dmawer t he

pl anari zimpges ayemhstlthQ(ANF?LLEt@asp{:\LtC@ﬁm@S;be&P i b, Sl.'th:oﬁ{ ﬁaagﬁ cfent ai ni ng
epoxy such as. Sitar, Labs, roduct 2283 (cycl oal i phat'ic epo oxane)

Oet acat lf\?“g’é‘ﬁ’%*t §i ‘\}’é“ et d"g st ekneidle Enseteitor UveBe2 Qheanbstatsenf act ant
(3M FI ooriedifid43lex ey, enbh-endad, EQ’Q}% b\e{)i’ a tL'ﬂLB file 1?chtngrglrl%d faanqg?rpexgtr on

filter, ?ggssed and applied to a plastic su
| mredi at i3S ang & flex bt orfegid PR IieRbBSe. erpvdsghl inftepray pRrevY codtth g| anp

br oad band,dWL §9]WL@QO et LRALSSHARES oM ﬁt‘ap%hld c\g/%;[pg e&gp g‘ﬁ‘galtgglfﬁ\?t and then

the part was baked in an oven to conp y resin. An
organi c-in qanlc conposition barrler coating layer is deposited over the
pl anar i zr‘h?j‘ V‘é"’r‘l”‘)EmmlEC&Mt”é}bﬁbd@l prignt m)rqrpnmrs hng Hd €ihieteptically

eycl oal i i Cet acat, UV sensitive
Cgt al yst @1?%2%12?13 o?%?’fit 1 nggé 3 gﬁ; clcle Ve coajﬁgw df the prescnt invention

may be flexible or rigid. A high integrity pr otcu;vu coating of the present invention
may also provide mechanical protection to underlying substrate and coatings. In one
aspect of this invention, the high integrity protective coating significantly reduces the
surface rouglmess, wherein the average surface roughness is below about 0.75
nanometers and peak surface roughness is less than about 5.5 nanometers, and reduces
the surface defect density, whercin the number of point defects is less than about
100/mm?*, of high glass transition temperature (Tg) polycarbonates.  Additionat
functional coating can be deposited on top of the high integrity protective coating of
this invention, the high integrity protective coating protecting a device or element
from being damaged in subsequent deposition environment. For example, a high
integrity protective coating can also be used as an cteh-stap layer for the conductive
coatings such as ITO coatings. In one embodiment of a high integrity protective
coating of the present invention, a planarizing layer may be used as an interlayer
between two organic-inorganic composition barrier coatings. A high integrity
protective coating of the present invention can be used to release the stress between 4

top morganic layer and bottom plastic substrate, The other side of a substrate with a
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surfactant (3M Fluorad FC430) were bl ended together, flitered through a 1
m cron degassed and applied to a plastic substrate by spin coating.
| medi ately after coating, the |layer was exposed to a nercury arc | anp

br oadband UV source for 30 seconds which activates the catal yst and then
the part was baked in an oven at 125 C for 1 hour to conplete the cure of

t he epoxylxg;bsntlanuwrpxougta\m ammnorcgﬁrw&o%m%' t‘hk Qnmp hf?ucxcioatb l ayer 'S
deposi ted\/@q ﬂ \é:? anarizing |ayer. Then, &o%

li qui de eVl “pﬂ wopglkdx iddé“{mlt@mem cal ERl 4221d) Cct acat UV
sensitive catalyst (General Electric UN 9392C) and a surfactant (3M El uorad
ECA30) i sinspid eg0adiafnP Vel figany o gant.c nposition barrier

coating | A transparen%(hgi)&é%c&“\%ré” @og “éc‘c‘@g Y PEP gt feAstddied i ndi um
oxi de (rrg‘)m‘r”ei iy H‘éﬁ"@é’[ﬁ@%@ltiedluomt ilhmnﬁlmt@nﬂamhajﬂamZk&@rpbs%éeﬁmla_he

previ ouslife dgaRId-BEH Lh S Lnventi on have nmany
advant ages, ?nclgll] mé%ng;l\??,rt]g?ghﬁ)sltgéﬁ glnpﬁf)’g ?’i‘ ér“‘ﬁYHp@F‘Pi"éﬁm“ﬂ'ﬁb'I"é‘?oat| ngs
of the pr‘”@@é’ﬁ‘f’”‘i Avskt iheromodbdrdog: uhm‘cui isas bleglolufiRGEdd: YelRh QL eCtyi Ve

coat i ngs ahHtheRWYLIRRLHER! o ANR: ocg)tn%ew et rﬁgbf‘thdew ces including organic

light-emtting devices and organi'c phot Si ePiaEGiEwdc clepénteisonl y
certain Phaicirsegnsdfe fﬂhebntnventl on have been illustrated and descri bed
herein, many nodifications and changes will occur to those skilled in the

art. It u8,onkhehsSBLE e under.stoad that the appended clains are
i nt ended to cover LaP msé@ﬁgrrﬁ%wo%'ét TS dntechsrgbgneptival inchdeshian t he

true spi PPMsFictsubstiaty end ino nictiviVNATdnS Ohidh WE%IO%M(AJCQ{;QI%;“E& . {g{th i S Ihe

conpri si pg taly igh.integrity protective coatlng
integrity glregftaeét ﬁ’@e%q&é‘fll ngé‘é]?‘?ﬁr‘f Togigat sur @a%fﬂldhtecv&wfgammqilms gani ¢

conposi t §laglchpiced er acaatdizt Gon@)ein2ady &kiiheasty 1308 p; anarizing | ayer.

materials,

The composite article may include additional clements such as, but not lmited to. an
Iova el O\ o o : "] (o 2 M 1 |

adhesion layer, abrasion resistant layer. chemically resistant layer, photoluminescent
layer radiation-absorbing layer, radiation reflective layer, conductive layer, electrode

layer. electron trs i
ay cetron transport layer, hole transport layer and charge blocking layer.

In one aspect of the present invention is a method for depositing a high integrity
protective coating.  The method includes the steps preparing a  substantiall ly
homogenous resin based planarizing layer composition, providing at least one surface
for deposition, depositing the planarizing layer composition on the surface and curing
the planarizing layer compaosition.  In one aspect of the present invention, the
deposition of a planarizing layer can be either batch mode process or roll-to-roll mode
process, can be selected from the group consisting of reverse roll coating, wire-wound
or Mayer rod coating, direct and offset gravure coating. slot die coating, blade
coating, hot melt coating, curtain coating. knife over roll coating, extrusion, air knife
coating, spray, rotary screen coating, multilayer slide coating, coextrusion, meniscus
coating, comma and microgravure coating, spin coating, dip coating, lithographic

Process, langmuir process and Hash o , . . .
¥ ss. langmuir process and flash Ccvaporation. In one aspect of the invention, the
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2. The conposite article of claim1l, wherein the planarizing |ayer
thickness is 1 the range of about 1 nanoneter to about 100 mcrons. 3. The
conposite article of claim2, wherein the planarizing |ayer thickness is in
the range of about 100 nanoneter to about 10 micron, 4. The conposite
article of claim3, wherein the planarizing | ayer thickness is in the range

- ite. ' of..claiml.
of about HRRaEHIR fQcRRAH oI ShPRes R-leablEné QU 1(?Sllntae{ua‘llrhtexl %&lpgc% of the
further conprising a substrate, 6. T e conposite art é_e Iairm 5,
wher ei n sRICEFTS ipsnHas.-dhoiresh saindphkghascAtregn.i fiy apnberespécyef dﬁa}irwlagt e]>c<h| FI ts
, yposite article of claim

an R val ugvbags, 1llansaPRUL zﬁ:rﬂﬁ:n&ﬂg(ﬁ %ssnh T ﬁ% é%“%?‘f‘gggﬁlﬁft138%‘#*(/@“’8@%9{“ n
5, wherein said substrate wtn sai hlb | ' g
exhi bi t s @Ay Ruitheraingleidk gs stdpamfatding 2 RanafRefl &ibilizing agent, adhesive

agent, surfactant or catalyst or combinations thereof in the planarizing layer

composition.  In still another aspect of the present invention the planarizing layer

composition may be cured. The curing may be radiation curing or thermal curing. In

onc aspect of the present invention, said radiation curing is ultraviolet curing. The

method further includes the steps of depositing reaction or recombination products of

reacting species on the planarizing layer, and changing the composition of the

reactants fed into the reactor chamber during deposition to form an organic-inorganic

composition barrier coating layer.

The organic-inorganic composition barrier coating layer may be formed by one of
many deposition techniques, such as plasma-enhanced chemical-vapor deposition
("PECVD").  radio-frequency  plasma-enhanced chemical-vapor  deposition
("RFPECVD"), expanding thermal-plasma chemical-vapor deposition ("ETPCVD"Y),
sputtering  including  reactive sputtering, clectron-cyclotron-resonance  plasma-
cnhanced chemical-vapor deposition (ECRPECVD"), inductively coupled plasma-
enhanced chemical-vapor deposition ("ICPECVD"), or combinations thereof.
Sullable coating compositions for the organic-inorganic composition barrier layer
across the thickness, arc organic. ceramic or inorganic materials and combinations
thereot. These materials are typically reaction or recombination products of reacting
plasma species and are deposited omto the substrate surface, Organic coating
materials typically comprise carbon, hydrogen, oxygen, and optionally other minor
elements, such as sulfur, nitrogen, silicon, etc., depending on the types of reactants.
Suitable reactants that result in organic compositions in the coating are straight or
branched alkanes, alkenes, alkynes, alcohols, aldehydes, ethers, alkylene oxides,
aromatics, efe., having up to 15 carbon atoms. Inorganic and ceramic coating
materials typically comprise oxide; nitride; carbide; boride: or combinations thereof
of elements of Groups 11A. IIIA, IVA, VA, VIA, VIJA, B, and 1IB; metals of Groups

HIB, IVB, and VB; and rare-earth metals.
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8. The conposite article of claim5, wherein said substrate with said high
I ntegri protective coating exhibits an R, value |ess than about 035
nanoneters. 9. The conposite article of claim5, wherein said substrate
with said leveling coating exhibits an Rp value | ess than about 5.5
rilinorneters, 10. The conposite article of claim5, wherein said

substrat e AWt tlﬂus@p@mh]*fgﬂc L%gEﬂtﬂya er*gtce g_J %Ifggtu'tnrx]s %grhg; %Q&O%ﬁghgur ed at

transm ssion rate of |ess t an about
25 C. andonff s iacegaswhishtiaiaobied \2ith wblaanteeipehigintitc@Xygpicctive coating.

Such device assemblies include. but are not limited to, liquid crystal displays, light
emitting devices, photo-responsive devices, integrated circuits and components of

medical diagnostic systems.

The device assembly may comprise a device disposed on a flexible substantially
trapsparent substrate, said substrate having a first subswate surface and a second
substrate surface, at least one of said substrate surface being coated with the high

integrity protective coating of the present invention.
EXAMPLE 1

A composition comprising 100 parts by weight liquide cycloalip'hatic diepoxide (Dow
Chemical ERL4221d), 1 part by weight Octacat UV sensitive catalyst (General
Electric UV9392C) and 0.15 parts by weight of a surfactant (3M Fluorad FC430)
were blended together, flitered through a 1 micron filter, degassed and applied to a
plastic subsirate by spin coating, Immediately after coating, the layer was exposed to
a mercury arc lamp broadband UV source for 30 seconds which activates the catal yst
and then the part was baked in an oven at 125 € for | hour to complete the cure of the
epoxy resin. An organic-inorganic composition barrier coating layer is deposited over

the planarizing layer.
EXAMPLE 2

A composition comprising ERL4299, Octacat UV sensitive catalyst (General Electric
UV9392C) and a surfactant (3M Fluorad FC430) were blended together, flitered
through a I micron filter, degassed and applied to a plastic substrate by spin coating.
[mmvcdiately afler coating, the layer was exposed to a mercury arc lamp broadband
UV source for 30 seconds which activates the catalyst and then the part was baked in
an aven to complete the cure of the cpoxy resin.  An organic-inorganic composition

barrier coating layer is deposited over the planarizing layer.
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11. The conposite article of claim5, wherein said substrate with said high
integrity protective coating has a water vapor transmssion rate of |ess
than about Ix 10-2 g/(nRday), as neasured at 250 C and with a gas having
100-percent relative humdity. 12. The conposite article of claim5,
wherein said substrate with said high integrity protective coating has a
l'ight trapgmivipapnee greater than /35%in a selected wavel ength range

bet ween about 400 nanometers to about 700 nanometers. 13. The conposite
article of claims, wherein the substrate is polycarbonate. 14. The
conposi t eA&PtiPeFidiopompEsing bilomhersitnintnpeppk anahiaz isigr Layeroaerprises a

resin bas@c?cl%’l%ﬂﬁ“cjpgﬁly disiloxane), Octacat UV sensitive catalyst (General Blectric
UV9392C) and a surfactant (3M Fluorad FC430) were blended together, flitered
through a I micron filter, degassed and applied to a plastic substrate by spin coating,.
Immediately afier coating, the laver was exposed o a mercury arc lamp broadband
UV source for 30 seconds which activates the catalyst and then the part was baked in
an oven to complete the cure of the epoxy resin. An organic-inorganic composition

barrier coating layer is deposited over the planarizing layer.
EXAMPLE 4

A composition comprising  liquide cycloaliphatic  diepoxide (Dow Chemical
ERL4221d), Octacat UV sensitive catalyst (General Electric UV 9392C) and a
surfactant (3M Fluorad FC430) were blended together, flitered through a 1 micron
filter, degassed and applied to a plastic substrate by spin coating. Immediately after
coating. the layer was exposed to a mercury arc lamp broadband UV source for 30
seconds which activates the catalyst and then the part was baked in an oven at 125 C
tor 1 hour to complete the cure of the epoxy resin. An organic-inorganic composition
barricr coating layer is deposited over the planarizing layer. Then, a composition
comprising liquide cycloaliphatic diepoxide (Dow Chemical ER1.4221d), Octacat UV
sensitive catalyst (General Electric UV 9392C) and a surfactant (3M Fluorad FC430)
Is spin coated over the orpanic-inorganic composition barrier coating layer. A
transparent conductive coating comprising tin doped indium oxide (ITQ) is then

deposited over the second planarizing layer.

The previously described embodiments of the present invention have many
advantages, including having substantial barrier properties. The coatings of the
present invention would be useful as high integrity protective coatings in many optical
. and optoelectronic devices including organic light-emitting devices and organic

photovoltaic devices.



15. The conposite article of claim 14, wherein said planarizing | ayer
conpri ses an epoxy resin based conposition. 16. The conposite article of
claiml. wherein said planarizing | ayer conprises an acrylic resin based
conposition. 17. The conposite article of claiml, wherein said
pl anarizing | ayer further conprises a Ilex ibilizing agent. The
conposi tearticle g&.clany}J $hereip said planarizing |ayer further
conpri ses an LYY c&any Sgatures g1 th, dneghpndinye bapn iillyseasf @ldailecilibedaher ei n
sai d pl anantini pgnk ay@lifitalohetn® ORRpkS 8811 dcalNd ARSBRkiled in the art. It is,
therefore. 1o be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.



20. The conposite article of claim1, wherein said planarizing |ayer
conprises a WV radiation cured conposition. 21. The conposite article of
claim1, wherein said planarizing |ayer conprises a thermally cured
conposition, 22. The conposite article 01 claiml, wherein said high _
integrity protective coating is disposed over at |east one surface of said

substrat ewH23 1S Thajvonpesite article of' cl fai m 1. wherein said high .
integrity protective coating encapsul ates said substrate, 24. The conposite

article of clajml, wherein at | east one high integrity protective coating
i s di sposed ovefORPOsEfstclapMRifatice of at | east one el ement of the

conposite article,
at least one high integrity protective coating, said high integrity protective coating

comprising at least one organic-inorganic compasition barrier coating layer and at

least one planarizing layer.

2. The composite article of claim 1, wherein the planarizing layer thickness is in

the range of about 1 nanometer to about 100 microns.

-~

3. The composite article of claim 2, wherein the planarizing layer thickness is in

the range of about 100 nanometer to about 10 micron.

4, The composite article of claim 3, wherein the planarizing layer thickness is in

the range of about 500 nm to about 5 microns.

5. The composite article of claim 1, further comprising a substrate.
6. The composite article of claim 3, whercin said substrate with said hi gh integrity

protective coating exhibits an R, value less than about 4 nanometers,

7. The composite article of claim 5, whercin said substrate with said i gh integrity

protective coating exhibits an R, value less than about 2 nanometers,

8. The composite article of claim 3, wherein said substrate with said hi gh integrity

protective coating exhibits an R, value less than about 0.75 nanomieters,

9. The composite article of claim 5, wherein said substrate with said leveling

coating exhibits an R, value less than about 5.5 nanometers,

0. The composite article of claim 5, wherein said substrate with said high

integrity protective coating has an oxygen transmission rate of less than about 0.1
3, 24, . -

em/(m°day), as measured at 25° C. and with a gas containing 21 volume-pereent

oxygen.
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25. The conposite article of claim1, wherein at |east one high integrity
protective coating encapsul ates the conposite article. 26. The conposite
article of claim1l. wherein at |east one high integrity protective coating
encapsul ates at |east one elenent of the conposite article. 27. The
conposite article of claiml1, wherein at |east one elenent is an

he
opt oel ectyioni crifed e GRRROSI L f.clai erein t
oBt oel ect rlonl cI Hél g(sn%ﬂg)mleg%éﬁto?ggﬁm el Ee‘ﬁﬁ%%” \deQBL%TH%tCC‘S%c?ﬁidt 31l ti cl e of
claiml. s8I HOtcRBVY peaddizdus aowite epenentsnissi@l rechl Rdmhnasaenk.  30.

2 ronie cle .
The conpog)? t@tmahm las WREEELD of B OPLORLEGLI O gas having | n%()upercent relative
phot or esponsi ve.
humidity.
12. The composite article of claim 5, wherein said substrate with said high integrity
protective coating has a light transmittance greater than 85% in a selected wavelength

range between about 400 nanometers to about 700 nanometers,
13, The composite article of claim 5, wherein the substrate is polycarbonate.

14, The composite article of claim 1, whercin the planarizing layer comprises a resin

based composition.

15, The composite article of claim 14, wherein said planatizing layer comprises an

epoxy resin based composition.

16. The composite article of claim 1. wherein said planarizing layer comprises an

acrylic resin based composition.

17. The composite article of claim 1. wherein said planarizing layer further

coprises a flexibilizing agent.

18. The composite article of claim 1, wherein said planarizing layer further

comprises an UV catalyst.

19. The composite article of claim 1, wherein said planarizing layer further

comprises a surfactant,

20, The composite article of claim 1, wherein said planarizing layer comprises a UV

radiation cured composition.

21. The composite article of claim 1, wherein said planarizing layer commprises a

thermally cured composition.
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31. A nethod for depositing a high integrity protective coating, conprising
the steps of: preparing a substantially honbgenous resin based planari zi ng
| ayer conposition: providing at |east one surface for deposition:
depositing said planarizing |layer conposition on said surface; curing said

pl anari zing | ayer conposition: depositing reaction or reconbination
products of reast LA SRRUEIe OPcLNE; RIARALizing | ayers and changing the
conposi tion of the reactants. ?eﬂr‘%ﬁ{@l l?cﬁcemr"’%]gg‘?%}”]\E/%HF%@P“‘H'&Y% W4 posi ti on
to |im aif Bingae evar ablegatnine sadimpos sdid smbsharer i er coating |ayer. 32. The
met hod of claim 31, wherein said preparing is mXxing a conposition

conpri si ngs at, h’ﬁ@@&nﬁc&‘?{crﬂﬂ%@of‘ claim 1. wherein said high integrity protective coating

encapsulates said substrate.

24, The composite article of claim 1, wherein at least one hi gh integrity protective
coating 1s disposed over at least one surface of at lcast one element of the conmposite

article.

) 2 (v ! a1 ” il P : M ; H :
25, The composite article of claim 1. wherein at least one high integrity protective

coating encapsulates the composite article,

26. ‘The composite article of claim 1, wherein at least one hi gh integrity protective

coating encapsulates at least one element of the composite article.

27. The composite article of claim 1, wherein at least one element 1S an

optoelectronic element.

9] i B Y Y g PG T T A P 1 3
28. The composite article of claim 1, wherein the optoelectronic element is an

organic element,

29, Fhe composite article of claim 1.  wherein the optoelectronic element is

clectroluminescent.

30.  The composite article of claim 1, wherein the optoelectronic element is

photoresponsive.

3L A method for depositing a high integrity protective coating, comprising the

steps of}
preparing a substantially homogenous resin based planarizing laver composition;
providing at least one surface for deposition:

depositing said planarizing layer composition on said surface;
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33. The nethod of claim32. wherein said resin is an epoxy based resin.
34. The nethod of claim 32, wherein said resin is an acrylic based resin.
35. The nethod of claim3 |, wherein said conmposition further conprising at
east one of flexibilizing agent, adhesive pronoter, surfactant or catal yst.
36. The nethod of claim 31, wherein said depositing is selected fromthe
group COQﬁHﬁ&%Qﬂ ﬁf'spig poatjnﬁ,‘QJ ~coating, |ithographic process.
langmui r P Cese™ IR LA S98P98 18R r everse rol | coating, wire-wound
coating, Mayer rod coating, direct gravure coating, offset gravure coating,
sl ot di e Goatilingeabtiader caatibhgyioh@rod@lstofaealtingGpe&ty Hirii geaking knife
over rolhﬁgga%png, extrusion, air knife coating, spray, rotary screen
coating, 't ayer slide coating, coextrusion, meniscus coating, in
i crogravure coating and conbi nations thereof 37. The nethod of claim3 I,
wher ei n sdibdgioarthagonmpashiennal teunédegnts &8, inthehpakhod: ehusbai M3k, Wwherein
is ultraviolet curing -

sai d radig;ipp cHring ng. . .
depostiiom 1o formt an organic-inorganiC composition barrier coating layer.
32. The method of claim 31, wherein said preparing is mixing a composition

comprising at least one resin.
33. The method of claim 32. wherein said resin is an epoxy based resin,
34, The method of claim 32, wherein said resin is an acrylic based resin.

3s. The method of claim 31, wherein said composition further comprising at least

one of flexibilizing agent, adhesive promoter, surfactant or catalyst.

36.  The method of claim 31, wherein said depositing is selected trom the group
consisting of spin coating, dip coating, lithographic process. Jangmuir preess and flash
evaporation reverse roll coating, wire-wound coating, Mayer rod coating, direct
gravure coating, offset gravure coating, slot die coating, blade coating, hot melt
coating, curlain coating, knife over roll coating, extrusion, air knife coating, spray,
rotary screen coaling, multilayer slide coating, coextrusion, meniscus coating,

microgravure coating and combinations thereof,

37. The method of claim 3 1. whercin said curing is thermal curing,
38. The method of claim 31. wherein said radiation curing is ultraviolet curing,

e
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