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FLEXI BLE ENCAPSULATI NG FI LM SYSTEMS Fl ELD The present
invention relates to encapsulating filmsystens for
wWeb@enswm c devi ces. I n another aspect, this iPUEO$10081087668
relates to nethods for protecting an el ectronic
devi ce. BACKGROUND Nhny el ectroni ¢ devi ces such as,
for exanple, organic ht emtting diodes i:C]_EDs)
or Gant ¢ phaldvSiTiaE ENG PEATINGS FILA SRATEN
transistors, |norgan|c el ectrol um nescent filns, and
FIk % ganic solar cells (for exanple, CIGS (copper
'ndi um gal I'i um sel eni de) solar cells) can be sensitive

t 0 trhe pexy@enveation LSS 1o B clisaRENE film st htemafdyic@tronic devices.
at nosphere. Research has therefore been undertaken to

In M]@r@ﬂ’f‘éﬁ chip suveatipbielaiet Rowshedsdosprstes e pmclgpternig device.
el ectroni c devices from oxygen and noi sture and thus
i nprove device lifetimes. There has been some success
BA'L(EK@RQ@NM ating ri gi d devi ces on substrates such as

| as ca A conventi onal
gl aiviane/c?ﬁegﬁr ’EE? %w éﬁ»sfm gztalﬂaﬁe oF g lglihsmatting diodes

(OLiEb'é)S BF%B%HO%V%!‘[QI’C Lvicdy@Bah)! drgarilt k&hﬁit@rs%g@nﬁr e
fabricated on a glass substrate (the "nother glass")
clet@@umoseant films$,end snmgamcf padatdetn(foo nxaynpiméJIGSE(Dom@@ indsum
.hown her gl ass 102 in Fig. 1., The nother .
ealfiRCiePs) e LR enberiritis e Ghiken S pororER abpenig the
amBfnDSnRARpRIE eﬁbééﬁrcji%ﬁs {HeRdfoRtRBPLiSder@k &Modéh 86 %ﬁ@b?f)k(ulatlon
adhesi veI)3 The gl ass cover sheet 104 contains etched

mofinlk end sYs0B1S tairethctainstianis deviges fredamy qn d1q heisturc and thus

im R&ag‘e%ﬂ % %8)1}6 Tli‘ﬁer%%hg O&%%H&CG %pénggﬂsu%tlgé r%]lge({]e (geéfﬂces on

orns an a eSIVG surt oun

subsﬁdteylsﬁhhadsg@s&@zlmﬂﬁa@mh{mlmmer gl ass 102. After the
adhesive 106 is cured, the encapsul ated OLEDs are
sepdr eanaentiangl glassatrmaless Qldiln gnerpsdptiiose forsrampleals illustrated in

FIgIOAERG Ty ulipR OEEBC L ARGt PO B SRR SR lass™)
102; mOWe?w &dr simplki)f{imigﬂ,g):mgﬂnw@LEEcmgris thg?gﬁ rr:Shbtmeao‘tltreri gasa 102 in
Fig, gefj%o EW #5110 %G%E%?Lat%dwﬁgh€£ S8 ERY5E Shgst ?@wﬁrﬂg,g fh

ad SRl 106 Qfog @Larhfle! PV cUlrlifepfoRS ladh&BRCITRL §l‘§s§’\éotvgr sheet 104
encapsul ation and to provide thinner and”lighter end

confemi cebed patietd 08 EcticephayesdBiccaft|1f) (fom coamaplaspad) , The
a flexi

t he present.ipvention provj
sl Sa OB pirg Y Fhr S5 i bl rfur o M5 sppieg pgraunding cach
inc{?ﬁﬂﬁdlﬂLEl'D 1109 of e BHthadflesi M., NFtedthd Ridsiival MPisicuRid, Bk
encap(seulated OLEDs are separated (for example, using a scribe-and-break procedure on

the mother glass 102 and the glass cover sheet 104) into individual encapsulated OLEDs.

SUMMARY

In view of the foregoing, we recognize that there is a need for flexible
encapsulating film systems as replacements for the glass and metal caps currently in use in
order to lower the costs associated with encapsulation and to provide thinner and lighter

end devices such as OLED displays.
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flexible barrier film and (c) a desiccant on at | east
a portion of the flexible barrier filmor the

w@lessses | n anot her aspect the present invenk@¢oIS2008/087668
provi des a singul ated fl exible encapsulating film
system The singul ated system conpri ses one or rmre
flexible barrier |ids adhered to a carrier web.
fl e%ﬂ@ﬂ@, igng jagect the rresept m%&thnaaro‘adﬁq ellpEble eﬁa%nsulérmg film

sy FoppipR TR BBl By, (57 o cBOE bh A pRftion of the
flemibpdratti@rfilof, athdh&) bldesicdneot atr lcasen pbitiom adithd fiexible barrier film or
%%gesive. The flexible encapsulating filmsystens of
the;adBe§i¥Renti on are ready for lamination to an
el e r i .
dev?{%éﬂH(ﬂ'l(% agﬁe‘é{ ﬁl% A)@%sgl\ﬁ/tl 1@??%%5 ro(:\g{ﬂeos?d %ﬁéﬂlaﬁe@h@;ﬁfﬂ eQ@itdpsulating
filmdystiernadbo tsmgylawdl syitaat centphiscsereps nodre Appibld egri¢rials adhered to

desicc a esi.ve.in the device ! ricat'on :
o cifhieomae PruRfere idietirael (o FRrbRlATaURE o spyighesive
on AEIRA RIS thOAebleWariE@eimt AR @?@dedl&ah% @flbast @portion of
t hi nner and |ighter encapsul at i ng systens fo
theeflaxghle baririgr Gy pe s, adhfrﬁl‘y?et anot her aspect, t he pr esent
Ielmelg“pé I(f)‘l%}lq(‘t:) R %\éapcsutc’atlﬁﬁ %[6185 85 ﬁlﬂ'[%)r Vseéllglm? sae readg for, larmnatlon

to & SlbQiEdni Ad & i @ARTdxemP L, @msrg@mc reycroiceletice (ﬂ)EDQi)GcW a:@émce
and (b) adhering an encapsul ating film sKst em of the
fabrigglen pidbif vetagpislypunipaie éhostien of maply gdhoAesiantand @dhesive
are encapsul ated by the
in @h?‘g%ggﬁbﬁc%gﬁﬁ?% system In still another aspect,
t he The éseibte ennarpmtaltmg fimoystcias amkthik enkshaf ofithk ingntion meet the

bl e enca n filmsystens.
ﬁﬂdﬂaﬁ @rc%l}l 3835@3% cheappEing WobER Pl’eng crﬂfqn%ﬁ dqvigpes.
dep%%ét'aﬁ&h@@z?sb@&aﬂ% p%eﬁtln‘lf&ﬁ%ﬁ pPoVRRL tal REL S oitlgl*@tectlng an
| exi barrier I'm and (c) depositing adhesive on
cleatroniedstica Pormithnd o@mphmf(dt)axobtimgbiaaubstmte €orhpnising one or
t hod co rovidin

g P EinidFCS (ERTB) b HeEine G sBiPRBHEG R bakh Bt fe invention to

theRbitt@Nsuh thAiehd drdrPhdre RRECIbEE dbVikes ar@BibapSulated by the
depositing desiccant on at |east a portion of the

eneagbrdatingell INDESERY- PTI ON OF DRAWNGS Fig. 1 illustrates a
\(jloggvl? glth c%ﬂ)?ige %}E@%?& sselﬂ St%ngﬁ‘golgﬁsgrggglg ﬁlgklﬁé ﬁgmble

en@p&ll@lﬁﬁmﬁlrﬁ fi8tenily ehid rﬁ&hd@ bditgp@ses Qat)qmmtldmgsu fﬂfﬁlble barrier film,
view Fig. 3 illustrates another flexible encapsul ating

(b)fqepw%%@@rﬁcw oy lgaps Aeprrfien ofide Algx Bl sharespilng a4 depositing

addsRWon at least a portion of the flexible barrier film. Another method comprises (a)

providing a flexible barrier film; depositing adhesive on at least a portion of the flexible

barrier film, and (c) depositing desiccant on at least a portion of the adhesive.

DESCRIPTION OF DRAWINGS
Fig. 1 illustrates a conventional OLED encapsulation using a schematic side view.
Fig. 2 illustrates a flexible encapsulating film system of the invention using a

schematic side view.
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Fig. 4 illustrates a flexible encapsulating film
system of the invention including an optiona
wWpeoveside | ayer using a schematic side vi ew PEI/GS2088/087668
illustrates yet another flexible encapsulating film
system of the invention using a schematic side view
Fig. 6 illustrates a_singul ated enca sulatln film
sysﬂﬁ”fﬁdﬂuf’(tw&eslaﬁ@@ﬁlt flgmibleepeppsylatipg ﬁﬁ% pYSgre 8 ﬁﬁdﬂ?@ﬁlon using
i capsulating filmsystem of the invention.
as@%ﬁgﬁﬁ%fﬁldg?rates a flexible encapsulating film
sy s Fégrdafludtraecsianflediile emca@mﬂam%uﬁilat sysgnaof ok B eusommchiding an
SCh mat i c. sgge view. Fi illustrates an apparat us

opiesR arﬂﬁqcym Y& F9IR&} mhé%@%él&gm% ng film system of
t heg%\seiﬁﬁét&'fbsgf%{ %t@er%Qﬁ)@éﬂcﬁ S%'lé&iﬁl%\ﬂlﬁlvg st%-rcﬁdtﬁgaventlon
DES PTI ON Fi 2 illustrates an e

: nt of
usifg exclizingmtiesglzpsed at i ng f|In1systen1of t he |nvent|on

FI exi bl e..encapsul. at film 2 |nc

(1 X ERERR et phseri B gd Ui 166 igfengion

por 'F'i%"l Plustrites £dofhdr RinguleddrnBipshilatiAy Z@R systhif of the invention.
perip erﬁ of the desiccant area is surrounded by

adh&ig. $allp@tcs Pritexidilh evdapeul s filo pyatoreehibd invigahon hat
dhes aug@gket around t he desi ccant

f
endgpathde R L Bl B e OB G o St e 's |

adh@iged 111@stﬁte&tah31bpataﬁls f&rﬁdpbgﬁmgazi flvgble, cnagpsaREWS filh system of

flexible encapsulating filmsystem3 in Fig. 3, the
theggradiop asivgg sshgmatsipicetiely cover the desiccant 310.)

A release liner 212 protects the adhesive. The rel ease

liner 212 can be renoved prior to bonding the flexible
DEimHﬂﬁnDESGBﬂFTHNNsysten12 to an OED substrate. Fig.

ilu t.rates anot her,. enbo %pgé of a flexi?]e
enc % a1 VSRS RO e P TIEHElS sRgaprtiagRS Tepexitpmef the

inveR&éid SFlleﬁBle%céﬂshmnﬁg’ iR %ﬁerh% AL 114,801k b8Pk 205 with
encapsul ating filmsystem 2, but it includes a

depeaanelhli area p@yen ofithe flemibihbardesiilor 208, ﬂlﬂcOperl@hgfy & the desiccant
arc e A LRAET e R 2081 S Bt Re 206 Senafipid Syh at it will form

an hdexivel-“gagkeeapsutldahé B&idciaht 1BKSR@ThS flekiBR e@dmﬁlaﬁﬁg Sf%em 2 is
IS on augortlon of the flexible barrier fil m505, and

adhaed Qessiubstzate. GUEErRasively, as shommi igAlestble ensapgiasisigfmsustem 3 in
Ont i | ! . '
Fl%qgt h{hggéﬂhésifve §d?seca£ CS%@PeL[eﬁy( ‘8&%? ??eﬂnﬁe%ée'ﬁ%;lb.’t) O’R %%ig%sg Lﬂ‘tnér 212

rrse

prdtéugs e Iaelsesvse amld rdeﬁseqmamlﬂa@tiebbmoaw pricrto bohdimd e flexible
erX|bIe barrler filmused in the flexible

enaReHpEnR Bl wigton P ie ey EBmbgfate.he

Fig. 4 illustrates another embodiment of a flexible encapsulating film system of the
invention. Flexible encapsulating film system 4 is similar to flexible encapsulating film
system 2, but it includes a protective layer 414 on the desiccant 410.

Fig. 5 illustrates yet another embodiment of a flexible encapsulating film system of
the invention. In flexible encapsulating film system 5, the adhesive 506 is on a portion of
the flexible barrier film 505, and the desiccant 510 is on a portion of the adhesive 506.
Optionally, the flexible encapsulating film system 5 can comprise a release liner (not

shown) to protect the adhesive and desiccant.
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i nvention can be selected froma variety of useful
constructions. In general, the filns are sel ected such
W bp/08deeyy have oxygen and wat er transm ssi on PEE/ES2088/087668
a specified |level as required by the el ectronic device
application. Preferably, the flexible barrier film has
a_wat er vapor transm ssion rate (WTR) | ess than about
Floyi at 38 C and 100%rel ative hum dity;

a
y
C P Bl ater ARk AEfhoaRRithe thedip e TlGiRl ofthe
invichtaon ednchetselkcfRd@bn ghaftdtd @y usiful28nErendnd OA%enahhthev@ms are
hun di gy. I n sone enbodi Hent s, the flexible barr.i.er
selfirdyteldha VBPXYRESNE REFTABBHPISYOB G Y7 iyPadogtevel as
refte&oaned ém&lkgde%de\éﬁgl?&gfgg] PYefQLbISVER 8% BHAG film has a

about” 0. 005 g/ / day C and 100% rel ative

waltd Rhtirttbanstiiseibt rath @RI TR Elefahin &out 01005 ginid/liade.38P @ and 100%
exanpl e, inorganic filnms prepared by atom c |ayer
relgteyedsintidion, mérb @rafedablyy kpothah hbsut 00005 tean?/day atcIserd amd 100%
vapor deposition, and the like. The filns, can be
relathartspedientmat poerqbly. Wepbaalmyt 090A0F bt/ gayeat 68° CEDA 100%
to he encapsul ated .and t he intended end_.use of
rolpRs Ko G o PG ¢4 DD eefng B et b L R offes
| exi [ i d I k.ol or [
B G DRRLLRS o 4 (FOTRGSl00F SAPHE PLAANEE, i s
0.008 QAL LRk b FAKR Uy descr ibed, for
exanple,”in U S. Patent No. 7,018, 713 (Padiyath et
al . UsefBlfbxibledwirndrdilmb trcdudsafariceamplic] imergayisi fdedsipyepared by
¢ i nc udeda f.I.exitHI e ?ul(oeﬁ)ortt. over toat ed with a first .. d
atogt \AYST d9PRYLP AT ™Al PY PSS e TSt e ClFPITet Vipobicnositign. an
thel INQI dRRBITmE A b&frad sPHRhSorTPRGIAIPEndHg dporl BBy pcUITOED to be
second polyner layer. The flexible ultra-barrier film

enqeppulptad endiheaxtpadad andane of dsidDrat e | ess t han about

19 OQS/O:FCCIZ r}gl lay, at 23 0C and 90% relative humdity
(r% Usét't support nmaterials include organic

pol Bowik iuscfirbfl &iblalbarriy €imasorapri seahbrgh it @mheit idd yate
(PET), polyacryl ates,. polycarbonate, silijcone, epoxy
Flexghde wira-bepiigrfime cpmEsing iargsnae/owppieyny Elayers are described, for

cxREHKSALRS, RGN T APREGP Iy Syt B0 g s

typlcablgendiyd echufl Babik supppt @alcoAxéd(wittde fibyy planeg dyagand further
Chem cal , I ndustry Conpany), .Upil ex (made by UBE

ovgFHRHI] FItBAYO Pt Hofe mB&Pa?’é%/‘%érﬂ?EW% isRsy e iy second

polzeH{@r 1Q8P) ThePBIYSIE NRF-BHHEr SUEnatvat 88 MBARsHKsion rate less
neral Electric Conpany), polyethyl enenapht hal ene

thap BNt 0.005 geéntigdyentd3 “&randPely oy ihemdith&®Bupport can

tb ? aﬁggﬁl} glgpp%ﬁfrrllaﬁ%(riia% Slcﬁlldg%%a%icfﬂoll%gr?cy ringt%rigls %{1&8 25
polyethyleneterephthalate (PET), polyacrylates, polycarbonate, silicone, epoxy resins,
silicone-functionalized epoxy resins, polyester such as Mylar (made by E. 1. du Pont de
Nemours & Co.), polyimide such as Kapton H or Kapton E (made by du Pont), Apical AV
(made by Kanegafugi Chemical Industry Company), Upilex (made by UBE Industries,
Ltd.), polyethersulfones (PES, made by Sumitomo), polyetherimide such as Ultem (made

by General Electric Company), polyethylenenaphthalene (PEN), polyethylene, and
polypropylene.
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tenperature (Tg) greater than or equal to that of heat

stabilized pol yethyl ene terephthal ate (HSPET, Tg =
wW@kwansedss 0C) (wherein Tg is determ ned usi ng PCT/US2008/087668

differential scanning calorinmetry (DSC)). Preferably,

the support is heat-stabilized using heat setting

anneal i ng under tensiqgn or_other techniques that w ||

di s doapupertsn ibakage ofip fiesibia plpgigdtim Inwingepglass transition
AR LG AIRST LSS MR DS AR R e
(HSPED] Tg zaboutt7/8eQ’) i(tvhqsremf@ Blketerhmsd asihg dgffe&attﬁul sd¢anaing

A W T e -
un&e]‘ Qeﬂ%gm dt Ry @@%ﬁﬁlq}géﬁ&%ﬁﬁﬂ dﬁs&tur L%% %ﬁﬁnl@a%@ Wh «d gﬁe&@the heat

nmost preferab | east abo I'n addition
stabldnzHS}?EEmppnaefre wheul tlEu;ppmrt B nohconstteined hHithe support has not been

heegts%};)g (? gh?rw E?ﬁf%]r:a ?gﬁ% %ﬁ%erjfl?ﬂ_%lg polymethyl methacrylate

(PMIVYA QT%E mes eCy I@IBFB/ﬂ‘éfe@'eﬁ)lﬁ @M%upﬂlicﬁ“c fraslal By Q@t least about 110 °C,
pol yet hyl ene napht hal at e $ g = about 120 00,

evq;umgwwﬁgtahw #neast fovt 13Q°G a@ﬂ@mst pferaigy at least about 128 °C. In
add] 911)1¥ %’0 Iﬁgi)ﬁ pl}% 1ar|eg n:ppgog\égkh-lr(% o_her%%gt-stt%niﬁge%g@h Tg polyesters,

ere et on

PMM e lab§/l deetr 0N ANPAEK= 179 °€ ffphalefdi @Ry diitie (SMA, Tg =
fl 1l%rgtcl%,pgl ybnlg’gs (f O§S exanpl e, QNE e(t n)ale—rI'E t}ér poel(ymar &

115f CherbtthybmoprplpidletaéPENeT g fdbauatr 28t °6Y) mriggxyamthylene (POM,

Tegribet 1y Qoo oy pontthdes byt abe S5 Ghout 195
po Q)nereﬁi%lr]}{e%ﬁél (EEEK( AR abbgt f451&~@ ﬁ@}lary%?ﬂléﬂ%éibﬁeo@%EK Tg= 145
out 195 0C), pol yphenylene oxi de 0,

°C)[gug:h Eg)ﬂmrolaa@nms) (;folrfahlyleteh BYNE QN PHIE, temlsnn@rmfut

C PAS, . Tg = 220 0O,
he g RaP TP e os S End 5 Fthfz%@eofg . B%‘%t)éél%glgii i de
po%%)ﬁtbg%agggg’?%ﬂ E%cl%g?ﬁsgg@) hpeat def | ect?;r&le:\cTg Ch%butgﬁ/@ OC)

ion tenp of
polg@ylatERARpHE +d Q0 |°6)1$0Waekf@1q”(é‘89k iTgl= dwst $9876), polyphenylene

ox@?ngﬁééﬁg%a E@R&@ i“b rpgﬁj}gqﬂ?e&ﬁﬁ ;’E)T]f E-E% SEPET 1gl’lﬁ_‘aheat
poBASIEIHRAP QT API 6O hOR:1HA o RAPESST, PORLAIIIBNES,

i's parannunt supports nore expen
polyamétciraids (RAY, Tee= ebrpit 3§ 2dC), Bobfirardel{ly =t dbeusi(f)fEitanias
out 1mm nore

po@Pé’EI Cknﬂ?@@ﬁﬁd{? Q%P%ég’?lgloégg%?gb 25 mm The support

c an FQﬁaﬂﬁhgm&I{s A ﬁqﬁtevl@l co'sﬁ a%@ﬁi@po?ﬁﬁp Jii PRt $nadt RE PET, PEN,
upport can have a visib i ght transm'ssi on of at

HﬂPﬁﬁnddb@wab’iwdeﬁEPﬁm mﬁﬁerrﬂ“dhé’E]T argk P layenmost Ipsgfenred alror
appqlecagigrgsnv%erg YartRP ]lpé/rifor}glafalcel 8 %aelgan%funta s{lrf))pno?trsmmade of more expensive
materials may be employed. Preferably the support has a thickness of about 0.01 to about
1 mm, more preferably about 0.05 to about 0.25 mm. The support can be light-
transmissive. In some embodiments, the support can have a visible light transmission of at
least about 70% at 550 nm.

The first polymer layer can be formed by applying a layer of a monomer or
oligomer to the substrate and crosslinking the layer to form the polymer in situ, for

example, by flash evaporation and vapor deposition of a radiation-crosslinkable monomer,

-5-
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oligomer to the substrate and crosslinking the |ayer

to formthe polynmer in situ, for exanple, by flash
we@upos@vi on and vapor deposition of a PCT/US2008/087668

radi ati on-crosslinkabl e nononer, fol | owed by

crosslinking using, for exanple, an electron beam

apparatus, WV light source, electrical discharge

follpsyedrbat C@%Sbnklag HEPESaT i, g\l GsEon ey pPRATERS. LY dightsource,
ele‘c‘fﬁfgalbcﬁsdh {firamé of 8@1'6% ﬁgtagﬂ%eéfé p%rog%né &ﬁcfgﬁ%}g%rb

I goner so be appli rate I'ng
ImpronyE by C@ﬂaﬂg thoatppog. Mat hmismsumfnla@nreo kchn dle@be mgplicti os the

suigkairara GreetoagQe i Gpmag® s i) COntgAlor SRerpie gravure
rolpé&ﬁﬁ% Mggay%aﬁﬁg (fQPéxa@r%@é’%lecEGﬁatﬁd sr dy cf&'tlﬂgf)fheh%}{@sﬁhnked as

can a e fornmed by applying a r conta ning an
set@lut gfmver Trhr: ﬁpsm Ipphyererilayes odnvasit bafodmed by applying a layer containing

an BE%@S)'H-%D qD fynbeﬁ e r Vt Q %&‘ gg’“é%]%p glg}gsge{p\lf)ﬁgcg ay% t%lsfeln%i)%qﬁha éolvent

Pla8mR %Wﬂz@ud)@ma% aRabt Beployal #Sis Wils prfvRlca! pAPmEli €M@t Efhving a
tenperature a glass transition tenperature

glagWemte pt athelpvaged eapartature, withae glgss HBPRIPN thpgerature greater than or
eqlga\llg bfl IXSP]EL”I"1 el\/fos{)[grefegag) p% ﬁrs{f‘gg?l%pliefc' %Né/grr 1g$9mpe¥i ‘tfyl f?asﬁ

eva@fo@&ﬁohlank{ lvagorl (ﬁp&llﬁid}h foﬂl@ﬁve@ $aRPsslinkass Siawa S fobeghrmple, as
t ent

d Nos. 9 (Bi schoff%, 4,722,515 o
GS(cHgﬁei 1n q Sgﬂgteg@éoS( 4/,685172? §B1é9ho‘ﬁ) 4,742.95x (Ham), 4,842,893 (Yializis
ot ) %b%‘?%’é’%ﬁ%%‘b%gﬁ?#8%%?“%“%?&503%3‘%%@&%aw I3 800
(Stapwaet ] 1461 5I38WSkiw at al)), 5, 54(5%61@}18\31(&'@&)45% ,908 (Elhr;l)rz]aawa et
oL O3 AL G ok 6731 PO e bRt R G2 o

puMQh@@P%@%I\H})I{C%I{ Ro W&W@@?@Qlﬁﬁa WV T&hholob s Onc. Sim D. G

haw and ngl ois, "A New Vapor Deposn ti on
Sh#y euéds G.dranGoa, i'AGN @aN@pordmpo@mﬂoy rPemceWéfm ‘CoatnghPaper and

ol ST R ) SO EFREER 088 by g e

M.f®@ rLa\fngﬁH ‘Ress HigGpdd W&@E@fonaﬁobeﬁlgiltm@m At Ehin Films:
Soci ety of Vacuum Coaters 36th Annual Technica

Angddpriatq e Pedctpof dasim §9e10YEh Annpal [ ccimicdi anferarceMrogedings

A9 ShURS I SR BROELL BV ORI 808, PRI bt

Imfieet etteyBaﬁel\MpmibﬁoaMefashz’éachlnﬂm lu@bty'ﬁfmﬁu@rﬁlCoaters 37th
Conf erence Praoceedi ngs 1994{9
Ann%lrﬁﬁcgm%hanferE%ﬁ?gﬁre?@d@ga( 948%%&1 Sha\wsM Bpehrlg, M. G.

I«
I e e
Polyt@86dnd Rahyptopyléded ]FlhntSdestFa.tesl\/hRadTrEph M9%y; OBSI Affinito, P. Martin,
M. Fso,g‘rpm %ﬂ%{]ngfig hﬁ&e&ggg}l&lﬂﬁ,l | ﬁgﬁlhjrgmed%{)tpa gplyrner/rnetal multilayer
ﬁlrﬁ@ﬁjr o‘ﬁﬁédl D[Sphcajtlibh’n TR S&l(ﬁ’l’lrﬂ§2?(79r3 41% ('l 99'33 injdqgﬁ)l) Afﬁmto

finit E. OSS C. A Coronad o,
M. LE Ctmsasﬁ f3 AECmron@keeﬁMelGraﬁnEI . Gicenvielt prd P Mthtﬂr Polyrner-

Oxide Transparent Barrier Layers”, Society of Vacuum Coaters 39th Annual Technical
Conference Proceedings (1996).
The smoothness and continuity of each polymer layer and its adhesion to the

underlying layer can be enhanced by appropriate pretreatment. A preferred pretreatment
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Oxi de Transparent Barrier Layers", Society of Vacuum
Coaters 39th Annual Techni cal Conference Proceedi ngs
W@E 2®9636095The snoot hness and continuity of eachP@UU§I988/087668
| ayer and its adhesion to the underlying |ayer can be
enhanced by appropriate pretreatment. A preferred
pretreat mentregi men enpl oys an el ectrical discharge in
regimen pmploxh aie clsftrigalsdisahatpedn thequescpee ofra aiabledeactiye or non-
I
roe G B (O o B oy B is Rl B, iclcori
baratet'rﬂfscﬂmge @ qmmeqﬁmrie ptissab disgledrge)c dmﬂlcalprmatmmmee
or flame pretreat A sepa esi tion
Proitagiaenin SRR SRR Laar?rw FEvogha G e
ﬁ&é‘t&&h&ﬁ’iﬁéﬂﬁ h TY6fyniBYaydt £y BRo BE utiliZ&0h8) MPufrlying |
°0 hde% l'yi ng % ?}g Pi’yrrpr oa\yg [ n%’eroayer1 ladheélls onl.1 Tﬁgmg et
to iathewd mtﬁrkaymndhﬁsion.l Hyeadhesinn pemdton leyeaoph be, far example a

separate polynmeric | ayer or.a netal -containi
serSn DA M JYBF Ot mi-apn S S Rhefees e ol el el oxide
me@dl nTEH&br @¥tNbiyitdide. THE a @RS SR érQﬂa @R tARMness of a
have a thickness of a few nm (for exanple or 2 nm

few pmgfaspxamplen for 3men) daabdse SO mins kad catf batdidkerid destred.
d es 'T%g geﬁlrea nh&%lcaf:co%oq%'t}oégaﬁd ?lggkﬁelgs 8 %g st gfﬂlgme? tlal}’er will

firs I'npar
deppond i pm ag ehel rPag aad ok tdﬁa@raq@up PO He. suiﬁbt&t t Dhecth R B Sss
preferably is sufficient to rowde a snoot h,
preé%rﬁ@@tls $ @egupﬂoawédq dSmpRtErdaferi-fisg sy efatsdAtviTiFh the subsequent

firy AR BAR BB b G eop B EpofEl fﬁgv%ﬁél%ﬁﬁ% Do BRRT LBy have

a tinokr{ckoof aafearmhefor 2xanpld, haj 3 hm) abadhout 5 niitionenes, and can be

.and.can. be thicker if desired. At |east two inorganic
thlaﬁﬂ'%rm?‘gyers separated by a polymer |ayer

F LSS ST ArF2 LS ok ok oo

haying t Hguyéaténthaoorecq@nitodhateh f@,PE(TD It}fgpl@d'lle lierdorgtanifiest polymer
yer is. utili

layPElabStan Blg et EarpEa bl ohS Teeray Pt g igutlized). These

layQAfdah eéspb@w@ry be re&@RANE aé PRr GaR itorRaie bafic! RY&N, “s88thd
‘second polyner |ayer”. In some enbodinments it is

inosgasiebaraer leyeat and e@éoridwmhg@m leygar it samq erplegdimante it is preferred
th Y'thsékéo ln%réahgrgantlé’relgsﬁe% ?r% IVYS?bl 'ﬁggﬂ t%a{ng&%s \)en%r(ﬂﬂ{bntﬁl inprganic
BHarri er §ayers and polyner T b P

baﬁh%ﬁ layed ,antl Polydthr gy cf3aday 5e fprdsapter 8esﬁ1b&,t1ndadllﬁgtpobm l&yers that
greater than or equal to that of HSPET. Preferably

do H@WW@ P TeagiRatakihgh Bb?q%t%a%of SiSBEor yaftrablphpy s cach

oo URI I ARBLEESaT IO £, BN S5y  URE B b
haangl a fgrgeegperehar adqpalonltlyat oy HSPRAL ymEmotcayreferably by diys
polgglvelr Pa%er or lgye%s ﬁa?\gigé a gag?eattgaglanotmatpo%MA.

The inorganic barrier layers do not have to be the same. A variety of inorganic
barrier materials can be employed. Preferred inorganic barrier materials include metals,
metal oxides, metal nitrides, metal carbides, metal oxynitrides, metal oxyborides, and
combinations thereof, for example, silicon oxides such as silica, aluminum oxides such as
alumina, titanitum oxides such as titania, indium oxides, tin oxides, indium tin oxide (ITO),

tantalum oxide, zirconium oxide, niobium oxide, boron carbide, tungsten carbide, silicon
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The inorganic barrier |ayers do not have to be the

sane. A variety of inorganic barrier materials can be
weppboswes Preferred i norganic barrier materi abGI/US2008/087668

include netal s, netal oxides, netal nitrides, netal

carbi des, nmetal oxynitrides, netal oxyborides, and

conbi nations  thereof, for exanple, silicon oxides such
carfiglesalpmsim gitiida. AlisPRItA betparitiilcaaluminym oxynitade. hicon

oxfrﬁggi%sb(ﬁgﬁz BX d'et ?ﬁ}%%urﬂ Q)g}%b%ﬁc}g Xtitglﬁgm yﬂor%(é gt?(? combinations

rumtin m oxi I'rconi um
thepeafd mdlmoﬂm cmrdeomihdm oXide, aiursianini ckéde dndngatbémtioas thiccbef arc

Si | conc%arb e, mnumnltrld& silicon nitride,
cspseidh PHTEFS Orgam& AR Gl AGieKaRlg of @ special class of

cer@YinbletidR ’thaQ Qﬁ@ﬂe&ﬁ%lé&ﬁ&ﬂ BhdReRL WRHOKY Pﬂfpbld&vlectlon of the

titani um oxyboride, and conbinations thereof. |ndium
relative pospargonssifl cacloel coxntadiegonatitumitn L]}heomrgmlahd‘rler layers preferably

ations, t.hereof  ar iall ref
are P B BRPPIGS BT D T ran b Bl itphas sputgring Cor
exdTRSI6] Athodk 86 plaRir BAIRTLE sﬁ[ﬁkﬁh% adwal A@laﬂ?a@ PARBEE@IEsputtering or
electrically conducting with the proper selection of
duglyeC r@atabhewgm@mmuﬂ@mg)o¢Va@awloe I(ereraraple, resistive or electron
bea Q\g’%ﬂo%alfegtand EIQGeI‘gI nﬁ)lﬁ n%ech énsa o‘Zg%oif ?esm&%g oF ?]ﬁg {r?eIIl?er %poratlon
1ncIIIRﬁI@é lohicing aad fplaStm@ hsdscd pefokitioh)) @hérﬁmﬁl eafd@sition, plasma-
cat hode aqr planar nagnetron sputter.i ng\6 dual . AC pl anar
P

enhragerbeicatcd pararelepaion. piaiae apdthedike: bt pfﬁé@fﬁ@efﬁ%morgamc
f
baﬁ{éma Els'al 'P%?orm@é( aﬁﬁ%gﬁd[tf%ﬂné f8f e )gfrﬁrgd;rg r&activ€ glglﬁfghﬁg aﬁﬁhanced

ron neam evap 1 on enha
bamier pepesics igvedrcer bbmaﬂm]ﬁmﬁm m&mmncalayﬁns foraled dblymgngh energy

deRRiioR R PO DY REEHo %\%%aq"%grgwg%{ﬂaques such as
coflRRAS @ BhiHBBds Ry i@ ochRSbuR! B BARL ¥ if Blicved

i norgani c barrier l'ayers are formed using sputtering,
that the cehampl propegaes tirovducsp diie @nldmgsmg?sphams e vioey atitler substrate

: t h
il iy R GROBRET bl BB oG EB ARG GecQmefiton. The
smaSthB tah @ Comehue) P 85 @Anb1@ahi0 Wafric® NS Hind LA bR s hECh
as conventional vapor deposition processes. Wthout

ungislyig leperrean by colpaised by pretricatmeatsi (aregamplgt plasraa pretreatment)
suc%%qgos% %e?grl%gﬁ 556\%%&1 éjrg&e tﬁ tﬁ@ﬁrs @&9@”15' {}é} speci es

I'neti ¢ energy,

| eaq“lhe gldrgan&?c bacmefr lay@s do fnbﬁl@i’vle@@hﬁﬁe the s@nedhickatss. The desired
npacti on.. The snpot hness and continuity of each
chqrw@algc@mp@mﬁan png thigkpgasofeash inoseantiasiiedayes wildepend in part on

theHAEGL 'a%{dl 0g dc@@ogf;%ﬂ?eg%hr%}eﬂ%tﬂ?&ﬁﬂ% Ea)ﬁrepé Sif@b ﬁlte%l oﬁ)ﬁl%l

exanpl e, as t ose escrl
prc@bﬂws fqm thh bareibeassooklyt dht hieorgams banpiot layrers prefy@bly afbieufficiently

inorganic barrier |ayers.d ot have to have t
thigh 54518 g Cowoa%g"fla éwtrf@r?@ﬂv 2‘31“ 5@ awo%wﬁeahatélmbbamer assembly
and Bkigked %§1§taﬁfng€tﬁ§ stbﬁ%[ﬁ\@ﬂl vl %Hef dBlred a¥&te w\hhbléq{g%ﬂd

in part on the nature and surface topography of

trangmoiesidty amgyfl¢xalidity. atrdfcoably the phigsicel dlicloptss (jaalopposed to the optical
thickness) of each inorganic barrier layer is about 3 to about 150 nm, more preferably
about 4 to about 75 nm.

The second polymer layers that separate the first, second and any additional

inorganic barrier layers do not have to be the same, and do not all have to have the same
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properties for the barrier assenbly. The inorganic

barrier |layers preferably are sufficiently thick so as
W@ 200p@8@omnt i nuous, and sufficiently thin so asP@DUS2008/087668

ensure that the barrier assenbly and articles

containing the assenbly will have the desired degree

of visible light transm ssion and flexibility
thigknesse A HREICty RESISRYS Pelymet Hiyekmassals £3n bp @@ﬁl@ae@ oPrefrared

c
socl Rinl LB AERR Al 8ol AL ARRES Bl B rep Lo 8 frt
polt@zﬁmu}ay%ﬁtMerraHhﬁame;emﬂld ngﬂ?ydray myerstalnmplﬁleﬁgydta@
e firs second .an ition nor. gani.c ier .

ev4PRALIOR aie VARRT deaputamofaten gygﬁméh Hipgy st do fossripechahye with

et AR ORI X A StrcfimVAT el s bsSESAMLRRLY
reE;Fayer naggﬁ1a cg% beq%ﬁpeoye ° Pré;er?ed second Sor
cxpuoply.rdasnizayetrcambet) palfgablyclsade empknxyed meort todoeht@bof e seccond

with re ct to f.i rst r er abl
Pt L EDRG Pty omPoy il Ehis el Piefghdpotymer
laykt @{SIH?I&H AP0 Hicn@ Mn ?ﬂ@ ol ERAan e RAS bilrfRB tdRlktpWRdf B underlying
crosslinking in situ as described above wth respect

eyetiok s o ajkneswoipfastls e prasie  smooth
deftect- ?eesa f%%e glrcgser s %ﬁcle%rt norgarﬁgc gaﬁ%g la%ecf can be athed Typically

thefs@wﬁiitpdl)yhlﬁf lager 9@ Cayath Iﬁ@} yavRra lb@yﬁﬂhlckﬂfm tﬁﬁﬁthé ﬁ@st polymer
chem cal conposition and thickness of the second
laygp| Eﬂwama&@e?acaﬁemya%wwﬂwea 8eave f thielnesoef abgut > nm to
bR AR SUhAGE hoRAALARNILsRLy L he under | ving
ayer € second polyner ayer t hi ckness
pr elesaind @mb@dlmaﬁtm the badrict msspmbklesdewa aSplmttectti'Ve polyrner topcoat.
defect-fr ce to which su
Thisppaoat canayarc &rg iy fﬁﬁprhlrécpo lﬁap gﬁ‘o&%ethﬁcwlate

mo%hmedrre bRY&Fedbr h@ﬁﬁ &1% fRRY B@Yfer @a;lepvml 1hBkRBR Sicrylate
than the first polyner ayer For éxanpl e, each second

mopoingrsgravingyeefg gmygtchthae oacquril kihessl [M$PIEDbeng Sspematly preferred

about .10, m cronete and.can be thicker if de
(fof Rl s SRS ooy R e thed o Bisg pd o o §er ayers)
andP{lh@E2abMCacPRht MinohRACRAIng alMj Srda@P ERAPMEIA Béng most
referred to as the "third pol yner |ayer”

profeyresk i If flosarsH ethe ﬁ@tdnqéﬂnyrl laves capho applisdasmgmearetioas coating
rnefth rds ?&(.‘?1 a{sq‘ofl Iagat}ng (Eq’ oRY gﬁeéra%)é%&tl cx\ﬁt{nﬁgﬁp %3%3; édaﬁﬁg t(tg)lr

avil ng equa

exdﬂﬂ[ﬁb @éctﬂdalaﬁa’ SRy beatRSH &Ednadrbsshﬁke&f B %r(&@ﬁlp&)(@ivpﬂaﬁiation
those nentioned above with respect to the first and
M%Séﬁ@ﬁf‘drat&s RenkBird palysres Jayshis f9’€ﬂl%ﬁ by flashsvapeiatian, ypror deposition

ﬁkﬁlgt}ﬁ\é' rﬂ%o‘rﬁm}-gs gés%ﬁ%@c{ %l%os/g Q\gﬁ%@?@t{oqge AR%tind %eé:ond

pre erre esired ayer can
polappk laydrsusi pgtreameanduch nathosodtscribedratovo dor Sxminpla,splasrna

iy S By IR, SR oL RO Sy
ThE @@stu‘eﬁgllemfcgﬁébn%c@ﬁﬁ)ln' Bl @lﬁck‘&'s@@f thE AirdEy AR ElaydMNvill depend in
parrt gn Ithae I‘Ila(t)lﬂ‘e and surface topography of the underlying layer(s), the hazards to which
the barrier assembly might be exposed, and applicable device requirements. The third
polymer layer thickness preferably is sufficient to provide a smooth, defect-free surface

that will protect the underlying layers from ordinary hazards. Typically the third polymer

layer may have a lower thickness than the first polymer layer and a greater thickness than

-9.-



10

15

20

25

30

Most preferably the third polymer layer is forned by

flash evaporation, vapor deposition and crosslinking
W@Roog/osporer as descri bed above with respect ROI/USZH08/087668

first and second polyner | ayers. A pretreatnent such

as those descri bed above (for exanple, plasm

pretreatnment) preferably also is enployed prior to
thesgpagknodymelaydier iayersd Hov Fyaraicd thy Byird PrRemerdayqr eppy have a
thi&lﬁ%gg &@bpﬁpﬁpﬁstb H)&g 16%afo%e%25‘,%%a Cglfl b% ﬁﬁcﬁeﬁj i (fé:sired

pol'ymer layer w epend in part on the nature and

sur Baoertepoditiaphyycaf suffident maebky o figotdgayie basjer ldylees and the

hazard o which the barrier assenbly m ght_he .
sugaGeed firg i aponf eakiner é@é@r%e%@%_r Il’aevﬁ@rﬁl{iﬁélq*ﬂléf high fg so that
theRRY B s E Wil Hé\g‘eld(sﬁh?@c?etﬁ o R ?Eﬂﬁ)}érﬂé f§tutt1§ﬂr ﬁésﬁll%ﬁ abPlication.

provide a snooth, defect-free ace that w

Fopeastaecapplibeianndesible lrght traysprsenty vehuor divsadsteimaned bis averaging

Typi ly the third I I h I
theiiPecpRibrinor | RENER 20 iy PO “El e Qopyei more
proféraelne kasttBant 418, sRGRERB®! yner | ayer or layers. For

exanple, the third polyner |ayer nmay have a thickness

MidgilapgydtitmswidhnGred pob@ioms cr onet ers, and can be
t hi r.if I . Barrier assenl | have "
e s e A
barsidbsdatiag Suengh thodesdes@itd d €T Papak WaET,01 Y40 Schaepkens et al.).
preferably have a sufficiently high Tg so that the .
bar Filgw hgkiaasardegiqompraiien Safricr e9aing cpape e by depositing
BGPTSR U G AL O T, A9 i
thedehavasupply fayesav ehagjinpgtht hdenpaecaithe tanatgspesicoresilts in a

bet ween 400 nm and 700 n of, at. | east about 20% nore
copingrar gt § gg{ﬁeﬂ @%@90%%1&@%%5319@%5& erred.

Ml UsbRY Slbsfrhte Watdididinehad %%a%’ﬁb@fhéﬁ@rﬂﬁteﬁ%l@ QhcrHsef ul

flexible barrier filnms conprise filnms having a

polyethgtedetemppihslatd @ THaralyaerylatestpohygabaoste asliconesapoxy resins,

.d i bed i.n U.S. Patent No. 7,015,640 (Sch {

s Tl oy TGy bR eoaba Voo BageFRE T SuPont de

Ne@atd 8L LR Polan e decHss K Htdr KhpEAE {h &0k ) du Pont), Apical AV
reconbi nati on products of reacting species onto a .

(madeost Kanegatigi CnemicalMadystngCempanye lfe\x«s(wda py W B nslystries,

L g PRSI LA Sy BLohO LR BERER B (e

by @eheab Eict8ictCurepang § ol ydesl dhlengihiisd ¢nat(BENR i yotilydene, and
i ncl ude organic polyneric materials such as
polyBropstens enet er epht hal ate ( PET), pol yacryl at es,

p.0| gﬁﬁ‘éﬁﬁ@ P@Jtl F.Cﬁf.ngiaﬁﬁ&gs’ of TRAENs dFGdsMRe thicikness are organic,
sili'cone-functionalized epoxy resins, polyester Suc
inoaganhdy loacergmbcdiateyialE. These neiteriabrre dgidddgmencsokoO@cdmbination

g ;0?1?%&@%191?%33 fﬁ%f?té g A% a@ﬁ%&&%ﬁé SR e (ganic
codtRBRAMYals WPidafY cORBAS Q¥bdBEydBIUS bk &S, 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, etc., having up to 15 carbon atoms. Inorganic and ceramic coating materials

typically comprise oxide; nitride; carbide; boride; or combinations thereof of elements of
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Ltd.), polyethersul fones (PES, nmade by Sum tono),

pol yet heri m de such as U tem (nmade by CGeneral Electric
w@vpasspys pol yet hyl enenapht hal ene (PEN), pol yBEThysmng087668

and pol ypropyl ene. Suitable coating conpositions of

regi ons across the thickness are organic, inorganic,

or ceramic materials. These materials are typicall

Gregudid.di ed Ve Yo InaMlbh 1ps @%HB'sméwSr@eférpphfgﬂw,dﬁ@a and VB;
an$PECLGTH ARLILFG 48 T, tsﬁféor? @Jir%ldteQFi SURS AL Lot al @6 &rate by
g mat al's typi cal co

gani ¢ coatin ri 131/ rise carbon,
rechydbiragen pf phayrgengenaratedofpdrn ciladd (Bildi) hed ambrpanicehaomalf sich as

such as sulfur, nitrogen, sjlicon, c., .dependin
meflige P?iﬁ%‘_ﬁ%fgﬂi‘@&&%fﬂr&de s F%Sﬁtp@%*_iﬁ%m@ g?r}qr%tgﬁ from
sildél%, &E%l@ﬂé,%ln& 8%%'0&:59% dnld phd}Fy 1 GRYxIAI Sﬁ{?glll kY@L a6 can be

ranched al kanes, al kenes, "al Kynes, al cohol s,
de@isdehirdeslasstds eessra@t Kxoneorganosildes s percorsatsi s8h aet c. |

hayi ng . b ons. | ' d '
ey el oSy EEpRMudrR i san AR fEm iR fane
(HEASSN 8 o&%&tﬂ?ﬂcy&bteﬁ@ﬂmxﬁﬁ’é (I&R.Ssﬂib@ﬂ ﬁi@tﬁdeocfanQJeQﬁgéﬁit%d from

of Goups HA, ITIA VA VA VIA VIIA 1B, and HB; '
plagmpsgencofteddrompdang i@, amry@nia ghlgmysim gryicarbongtridg cembe deposited

frogle % @ﬂag’ma ggl{etrae[)e((? H‘B%led mic’xltlllrle%?gl nru?rlnq?ertr% enang%mcrjl%)n?g Idtﬁgr
on a s@bstrate by Teconbl nati on of plasmas generat ed
corhbidaliGiisl cER€aclabisndy Bdchodtn @ ¢hdih @ dIBit&RY doating Sotaposatson. The
nmet hane or‘xylene. Si.licon oxycarbide can be deposited . .
chaieph tHe RaitgLlagEdeirae duwithinihe fiknel thagttisarie A gaded composition

of %%g%ﬂtﬁo%n g:o%fh?ne%%bcg{ag@}ég %ecogmfogl?iong £ € Phctants fed into the

oXyc e SO can Site rom pl asmas
reagn ehathlsa duriogtiherdgaoton oCreagionarpeadircssan Sorns thelroatsng or by using

OV%rEt r ae;({ég‘%ﬁi I ar@#{é’%&@%g}gg% hyl %ISSSIOL oxane
oct %ﬁﬁﬂ@/ﬂhﬁkﬁ%@iﬁybﬁ%h& PR ER @ar(é@”f}om %xl,dt g0 rﬂml{‘i'ot J%Q@ld (080 nm,

be deposited from'pl ashas generated from sil ane an
prederablyifeom Abantil A nm ©xapoar KON, iadé npanpisécradp doint gebut 10 nm to

f f m xt. | ui
abqus AP Frb MR SR A e Conss T B AL TGS oo 2t Hipege the
trafi@Yisfi6n 6NRSR thrbOgOBk 3LBktiAtcd Gfdh8d ré@RkibAth GATRARLMIsOBA being

The choice of the particular reactants is wthin the
less thiapjagowf2Otnseceat. prafenably lessdhapodgut hpersenti and ragre preferably less

i 0 ' c [ t bt .
GBS0 AR R0y B RIS 0 b S MBRRY b
sudhhs pligpRsinhatitd@¢hemhattapon dpgasdtiont(PECY D )pfadid-frequency plasma-

coating qr by using qverl a}p i ng deposjtion zones, for .
enhapgehehemical-vapQieds PRy BeR diF %‘éﬁ?wgp%%ﬂaﬂdhé@%alfpéasma chemical-
oL P AR ESPOY R Gy o0 oon
resoanee ptasfnercabincedl chemiablowtpoi Oeposition (AROBREC2AD), mahuctively

cols BEtosl et ] §, 0005, FO8LH NS LBEEKSTS: Liindass
thereof.
Multilayer Films Containing Diamond-like Layers

Still other useful flexible barrier films comprise plasma polymer layers (for
example, diamond-like films) such as those disclosed in U.S. Patent App. Pub. No. 2007-
0020451. Flexible barrier films can be made from assemblies including a substrate, a first

polymer layer overcoated on the substrate, and a second polymer layer overcoated on the
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transm ssion of light through the substrate, such as a

reduction in light transm ssion being |ess than about
wQeopesoent, preferably | ess than about 10 perPRPERUS20881087668

nore preferably | ess than about 5 percent. The coating

may be formed by one of many deposition techniques,

such as pl asma- enhanced chenical-vaﬁgr‘deposition

firgt PV layen dinghrstpaihe fhofies nelymesa iy eds chanpssdiof gdgr
el P ’ . ) ‘

pofyfRERhd | eccH Nt on Y RARH SRR AL TR EARHE diffrent from the
firdt polyudhr e drte@sdiconepalphiet esrmprgses a plasma polymer. Such composite

el ectron-.cycl otronresonance pl asma-enhanced
S ERBIF LN VAR UIEEP LS 6:%%3@%@@%3)@% RELRYTeRsft on the
subx4R! Sl PhidHBR SRE_AGEH laﬁ/@{i‘é% £E&mPAR ke GRROSIdréRed on the

(I CPECVD), or conbinations thereof. Mltilayer Films
pol@omwet &iyai.ng Di anond-|i ke Layers Still other usefu

(f o SR P R AT 1 hiPral areBs Y Hsen et ' substat
or 8ih8£¢1emet Jfa ekridr aBRHMBNY, réRR:to ktDlaydMais béHE Gtop e Fdbtrate or

Fl exi ble barrier filnms can be nade from assenblies
othienelicmigitn futanos npeessagte condighpyussto cpbenthe pullstigigror the other element.

ove ted on the.substs d nd._.pol yner

ay are v oo R EReT oo Rl R RRADR B SRl et

amafHheubiMss ihbladingcatbop@hy Biticoh,ayié optiSn g ipelséidg ofic 8r more
first polymer and the second polyner |ayer is conposed
addjtionpl sampprenioiclasiad fenm thersayp Meldingdy drogess nigegsaxygen,

c [ :
M, e SR, 0 ¥ COMRE LRARAR LSO RA M Shain
embodistenast hecanpophone dianayndrlike\ptass didime chagrrohtam clustering of atoms

substrate, and I anond- | i ke carban | ayer a :
o gvg Qﬂrrﬂ%gegq@%fﬂﬁ% dercatial &Wdﬂ% Sy ﬁ%‘f lop jayge ordering
thal 8d & HiRro QY Rla6RAL6allihRy Qﬁlﬁ%rdaﬁ adi &1 gc%'ttgf A8iafbn Baving

l ayer with respect"to a substrate or other el enent of
wagclosgths eff frarm d8finhyometefsénm) too8G0hrenl ayer as bei ng at op

t he substrate or, .t her. el, but not necessaril .

cont P ot A heraiosd” SEE) i P pmaTGp Rupim of coating
coBpBSTBRhpprdkithat@y BY IH0@EBALC pérkent 8hidss and BhfadxinRidy $0 (50

substantially or conpletely anorphous gl ass |nclud|ng
atogre borseridy deigen.coith a graen ofpm denalty 9f batweadippepxamatebr0.20 and

it O . .

iR s AR R EILE SSRUETHE nd ERMbARE sBlHBrimacety
50%tb fapproxinhdtelpionm teabiebdedipoads. Ot her el ements may be

present in certajn enbodi nents. The anor phous

di afBRberickessgnhies qenihake malfidolyens made donppliGrpatisg DLG or
DIR! QB bRd BbYfet | tirl} f 08 [ Rach f different

3BT POV B o Sp TR ARG PAHEL B P gy ofdifferen
polyhets, beeshnbioations rod polynreacinoludmgdd G loir MG, anhicfdrrodan as a dyad,

ngersel scatter radiatjon a%lnq : :
and the assembly can include any number of dyads. Tt can also include various types of
optional layers between the dyads. Assemblies can include any number of alternating or
other layers. Adding more layers may increase their imperviousness to oxygen, moisture,
or other contaminants. Use of more or multiple layers may also help cover or encapsulate
defects within the layers.

The substrate can also be curved or flexible, for example by using plastics or other

materials. The substrate can be of any desired shape. Particularly preferred supports are
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wavel engt hs of from 180 nanoneters (nm to 800 nm The
term "di anond-|i ke carbon" (DLC) refers to an

W@amp$0es fil mor coating conprising approxi neCEU§2088087668
to 90 atom c percent carbon and approximately 10 to 50
atom c percent hydrogen, with a gran1aton1den3|ty of
bet ween approxi mately 0.20 and proxi mately 0.28 gram

ﬂe@tbkﬁﬁa%ﬁnaéwlﬁzln@&ém%@@wpl%ﬁa f misbed pekycsters (for cxample,

PERE AR or iR, BRI A, O E AT
polty cnomh eraationgy Bty ciy 4. eyl cantippo

| ayers pr ectl an under ng substrate u
polgpuiganer.grobistic s s ol R @PIYffH} iﬁwga? olyvinyl

chl'toﬂgé,gnggﬁ%n‘gﬂd%@&ﬂ%e @rfdeporlfé‘ﬂ%;l&?éjsuﬁf?dea%@thgﬁﬁ'&et AR such as

can i nclude ‘any nunber of  dyads. can
celhllew® den'wti]@e nodyiimodis pbljfpesie@bnwazcnin,adndlpa%ebleMmEe n

e e b R A B P R S N RS

vinyNa&RamRdride %bﬁol&ﬂi@ﬁ(@mmm Sethy2eX )G tri TRIrSdthifI8ne @polymer
ot her contam nants. Use nore or nmultiple |ayers may

(EGT'ED), h‘élb’kﬁnééﬁﬁéqﬂucfoeéwmgupglw@eﬁ 61 Bdt)s flugnirited qthydenc-propylene
cogog%/r% rS(gEﬁF @o%%?oro uofoeﬁlly?en%?PE%gEﬁr V%Hlo Jaui exi bl e,

PRt 8r Pal s, The

tetﬁlﬂbﬁﬂol'eﬁhty&né a0pdigmei (Pcm» ﬁﬂﬁﬂefr@ﬁﬂu&hﬁ@ﬁoeﬁéﬁ(mmml paiywnylidene
preferred supports areflexible astic materials

ﬂuPlﬁ‘?ﬁ FHINY- polayimppileasided PVE).rgtr ﬁoe&fs‘/ phsrhezatleprepiopyiene

co B . B R ok Rl G BR v ghaTE o
terpavinde(idi Yy pptylcmet*d“tyﬂemesthyhﬁé Vit hiyiE e hexaflapiophalydine syinylidene

RO SR s OAE, RS SRS .
tetmhb%'ewlén@%eﬁwr&h&%M@ SSHO LR EERMIRRS, sul fi de,

and t hernoset I'ms such as cel | ulose derivati ves,
pol Wlteirdéye pdjs;ratm; delible mratsraatohaingn higp@lay;s transition temperature
s for

(T R SRR ihir beige bRl SRR B Roleh eie o e tension.

or bihbotetiteq &R pRlt WIB discédreid Mphkage up to at least the heat stabilization
et hyl ene-chl orotrifl uoroethyl ene copol yner (ECTFE),

tenefteﬁ@m@n’ehenttb@ FUEDPTIGY BRitcRysteriesde d pibleysrpor( gy been heat

sta%olgg e%tl? re ﬁ%fp}ﬁ RAS %E lg?&*’ér?l%%{ﬁ%%?p%%etﬂ& I%tg_gﬂ’lacrylate

oro roe ene
(PMMA I Igacrloa‘f @yl Vetd @%fduwlp&tersmbmehzmpbg yfranea(sPEdb)lt 110° C, yet
ol yt et raf| uor oet hyl oene (PTFE), vi nyliden

maps DiHrHY ePgpitpbogd i)y ngnd 1?113%@[“? Fﬁ\f/ﬂx)ast about 128° C. In
ad 1_5]%@'_'1}:%? L6y ﬁ&l?etﬁﬁ)&% {epéfﬁlﬁﬁ[a‘?@éﬁm)? omet PridRYred supports

1ncﬂuiteroaﬂidr hoatesedbhlyed heeh Ex péﬂyaﬂem,ri?MMA ogrend/ayylodenle (SAN,

e by SR Ry | HB VEnp | T daneotyeditene haphie
(PEN, Tg=about 120° C), polyoxymethylene (POM, Tg=about 125° C),
polyvinylnaphthalene (PVN, Tg=about 135° C), polyetheretherketone (PEEK, Tg=about
145° C), polyaryletherketone (PAEK, Tg=145° C), high Tg fluoropolymers (for example,
DYNEON"™ HTE terpolymer of hexafluoropropylene, tetrafluorocthylene, and ethylene,
Tg=about 149° C), polycarbonate (PC, Tg=about 150° C), poly alpha-methyl styrene
(Tg=about 175° C), polyarylate (PAR, Tg=190° C), polysulfone (PSul, Tg=about 195° C),
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fluoride copol yner (HFP/VDF), tetrafl uoroethyl ene
- propyl ene copol yner (TFE/P), and tetrafl uoroethyl ene

WO p®p0$aoy onmet hyl et her copol ymer (TFE/ PFMe).  PCT/US2008/087668
Al ternative substrates include materials having a high
glass transition tenperature (Tg) barrier, preferably
bei ng heat-stabilized, using heat setti ngﬂzanneal in

polypbrsryqne exids PPOr Testabont 2048 iER}E@h@fimide ), Tg= about%18° 0),

ot AR BIR R b atrat Bob YRk S FRY e RTRERbu 25 O

polyamsdeimidegBAL I Tg=tbeut 20 PO, tpohalmd@c(trgbﬂmut Bl(éiﬁtC) and

iliz then it prefer ter than
poltYﬁﬁf?alaml%oﬁhy ﬂﬁ@ﬂ%?ma&.f 35@@ apﬁﬁ}%w];?w%ﬁ Sylpragg) has a thickness
of MHu@ om ehiRfAOLY (S 5 ‘dQ&R fltmﬁaﬁlo?e g&féi’éblf‘tatiézlg @.Sgs rgﬁgH bibout

yet nore pr ferably at | east abou
OZﬁtmltn preferably at | east about 128 C. In addition to

h t | yet h t ht hal
ot nOiEH ke S B0 BB PR P Bledl R b gl guantity
of §ili6dh il cﬁ@lgé’rﬁﬁfa%ﬁnbﬂ%norﬂ%ﬁ@ﬂ@bé&@léé/' Rthékiflifs (ocﬁ“i\hydrogen-
10 C), styrene/ nal eic anhydride (SVA, Tg=I

9,
frepg&%tthﬁyt i lwatp}ﬁm afrhoe o(spbMantiy ﬂ@l@gmttofﬁﬂ@om)(typlcally at lcast

X rret h o abo 12 0]
25‘%2 ﬁ%(\g | % f na %g enO\/%IIE’V X ﬁl&%’n&f ’a fairly high amount of
sﬂlp@rh W&hh@igﬁm@hk ehone of BEjfgé,n aﬁ@-a@hb&tﬁntibﬂ BmOhnt of carbon makes

li;}l | et her ket one éPAEK Tg=145 C% hi gh Tg
theﬁm %%ghlyﬁéﬁnmf%@n {5¥pleunikagta)t ) HTE t er pol yner

f I t
ot noTA QLR ARM M S BHERE A P! Byn i ive proportics.
De@&ﬁin@ upqmahgl cahpdmt-ldmtﬁtythmsﬁlmsmm l{alg -Tmbeustd rsn@ysive
| at PAR T | f PSul
pr%@ﬁéﬁa ‘fa%gls UG ’pﬁ]é %‘?agl ﬁs% U @en Ot it iz
(W@n aﬂ%ﬁlﬂﬁﬁ@ﬁf 6d8 rﬁlﬁr&ﬁﬁlck) 17591r aQoop %ns@ﬂlsswe to radiation at

pol yaryl sul fone (PAS, Tg=220 C), poly ether sulfone
sul{spESA T gt abween@2RET@N, abpai 3p8@mnd & atiode8(PAn and groabpieterably

27 C olyimd —ahqut 300.C) apd.pol | am d
froft abgtt 4 e oSBT tiordso Bt 48 py BERG AT ¥  Fottows:
70&URSkmakRNnTesa dnd M@k Bk @in aRdpordds @ afrbxthdciBh 86 ficient (k)
to about 1 nm nore preferably about 0.05 mmto

of &w@m 0.025n the viobkgrivavglongthaaggealeswien 400 noarepg RYLsm.
C a r ?@%}ﬁé%ét e&“ahl%ﬁh lﬂ]gh gﬁlséﬁ %gﬂ%é%ﬁ%on g??érté%eﬁis can be

1ncpfpll)@z&éd Ings thelblasﬁ: b&ﬁ)@n bt bmon @Iﬁi Iy dnygtnageaiposieien. baﬁm,addmonal
there is at | east 30% carbon, a substantial anount of

corpenesFan by psedhio aftenind eharccBopropagicn aptcaliapern- iiguglass
AHRER 1 RSP AL 00, 8, AU
barsebsaidntfaat papores. of car bon nakes these filns highly

tr a[}%g (ﬁtlona?ggmi)lor(fe)l(lltsbrlngy 1 c[] Idle korele {rrarllsorg of hydrogen (if not already
incorporated), nitrogen, fluorine, sulfur, titanium, or copper. Other additional components
may also be of benefit. The addition of hydrogen promotes the formation of tetrahedral
bonds. The addition of fluorine is particularly useful in enhancing barrier and surface
properties of the diamond-like glass film, including the ability to be dispersed in an

incompatible matrix. The addition of nitrogen may be used to enhance resistance to

oxidation and to increase electrical conductivity. The addition of sulfur can enhance
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Di anond- like glass thin filnms may have a variety of
light transm ssive properties. Dependi ng upon the
wewposiopd on, the thin films may have increaseRCT/US2008/087668
transm ssive properties at various frequencies.
Fbmever in specific inplementations, the thin film
when apprOX|nater one mcron thick) is at |east 70%
adltqsa)ﬁs rhihg gfdigion of Hiniua fepds Wrenbanrstadhesien asywel] ps diffusion and
s from about 250 nmto about 800 nm and nore
bmﬁgg?£§9%%§ from about 400 nmto about 800 nm The
ext Thedel diamaemabfikd maeritlsofayMeGohsidenct as asorhoof usna pélymers,

transm ssion for a one cron thick filmcorres S
which Cgﬁrge)@epmtﬂi 8h thegspemiy e fey cxmpl %»sasvaﬁ)ﬁawuesgeorzlﬂ}eﬁm
"plhfifa fUISIrL % WIS clhol BPOARCREL P RRCAHR T AMhBHDy using
preauicdt inonathers amtherges pbase ahlowetcimpesutyros. aRrecursertrooledides are broken

basi ¢ _carbon ar carbon .a dro C 0Sj.tion
doR Ry EnGRER Do Srmem 48 Aot ol TP SR SRl Ssidad e free
radid¥® spricRR@Edct gisthé BigstrhldQueth@adedd th Pofin@eR thinl fifln growth. Due
inparts to the substrate. For exanple, it may be
to he son-abtceli¢ity ¢fithe rraetiampraersecstin @Oﬁlath? e phaselans fibe sebstrate, the
resgftl%%é)roign%r fhrIlh ?u(r)eahg %hlzrl sgl 1{1&&?@ rﬁlrl]%lb %/115 I(I)l?tgll Udfhlg Dss of

mardrial Oge eerf ie@@wﬁa ang uhﬂmfanzéd ﬁlmlbuéano@s shiR elﬁe foﬂbhﬂfg H.
addi ti onal conpaonents nmay al so be of benefit.

Yagertsi tRlaymaPolipariagiion. phetdemesPichelne o Nesit Y ok (6985) R.d"Agostino
d ,
(Ec}?gtr‘lfllg%ﬁ?b@]:)oysﬂgdgléfsf uﬁaaﬂ&t%gﬁ{ctiﬁr%rbqu a){ Q¥ 'P&% deftic P f1ress New York

I'n enhanci™ng barrier an sur
(190npad H. dcdermb i end Y aOpatd; “Pladoea BblgmsrizdtiomProcessasdi Higever,

t bility to be dispersed in an inconpatible matri x.
BkTﬂi’%déb%%on of nitrogen may be used to enhance

resirshRRGE thle %ﬁlyﬁ@fé ﬁ’efbe%ﬁ%r%a%d DEGRAS tefl &RL thitk@hresence of
conductivity. Thé addition fur can

hydnabahere antheshanceon duratidnali gvoupsfsuch ass@HuHe 0l Si€, Si-CHs,

AL%?%S@??FQdQGS'on as well as diffusion and barrier

s°“These di anond-1ike materials may be

consjodgM PrhsAs depdsaidh bcdbAI6m 1B YAHRIPDIyndts Chhot@mid®in films
deposited on the assenbly using, for exanple, a vapor

aresfprguertly dapesitest by PEEY B eb@atydréubstrm tepperiabcstte psoduce thin
1no?éa%§cs ﬁﬁlgs Jr%fl G{ ﬁrﬁhi)hgé(sns% Ego%l 51?90{15)?18%,as%lpcloﬁ%%dgyahﬂﬁ hifh nitride,
rsor ononers Th the gas phase at 1 ow

etct opel anpeesurcireyics afaytel 8edivith ifdrgaic pketrsoBwictbys silane
energetic electrons present in the plasma to formfree

(SlFlamILdaﬂm@%é (WE:). THeg@ercrss. tha ATRREIC COPWENEY DresaRiin she
pretcﬁl%ofsqp AL i ?ééon_a@fjfeécﬁ tﬂe%r@é?l 15(191ré @itﬁ] afl e!cé@ss flow

Due to t ecifrcity o e react
of pzxygcees §d$on lmch ditlins mh:@rgdu;eqb ihagecnalydrdani e:tlsanteﬁtyﬂchslmxandn e

L ng rf )ﬁ]&]{ea Pvélel‘e?;ﬁﬁ ggggeglggo%gatec {sc‘gesnstlrlnlesntiflgtd ofa[ﬂe TMDSO
flow. Films produced in these cases have an oxygen to silicon ratio of about 2, which is
near that of silicon dioxide.

Plasma polymer films described herein are substantially sub-stoichiometric in their
inorganic component and substantially carbon-rich, depicting their organic nature. In
films containing silicon, for example, the oxygen to silicon ratio is preferably below 1.8

(silicon dioxide has a ratio of 2.0), and most preferably below 1.5 as in the case of DLG,
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materials has been researched and summari zed in

publications such as the follow ng: H Yasuda, "Plasm
warlogngiopz at i on, " Academ ¢ Press Inc., New YorRCT/USBBY/987668

R d" Agostino (Ed), "Plasma Deposition, Treatnent &

Et chi ng of Polymers," Acaderri c Press New York (1990);

and H. Biederman and Y. Qsada "Pl asma Pol yneri zati on

anpihs sathpgontept is et lepst aRawy 198y kPrefeoady. thergasbemeanient iy deast
abcﬁf?'zwea{n%hﬁ?s\fﬁ egrocg%gwa&d%gﬁwsa to themdue to the

presence o0 on and car Bonaceous functi onal
gr olpg” mhgﬁ&r@-rﬁ suKEI:ﬁhalQb-ltwcSty-pé‘s ofSiarlfdr3-cadon Gpnds: trigonal

PR DO PR R fﬁgﬁ%%@éﬂ SRy 0N P emapetof
apérB%%@é]% 5,46 0054 {eﬁgh&ﬁ‘al oD Ale éﬂlﬁéflﬁﬁﬁ? A S tnﬁﬁﬁreeof the

enperatures to produce thin inorganic filns such
botmg phibie sadioh idetermins ithd mhywicelkdndechemidal pl@pem6$ of the coatmg DLC

s GRSt APE RPGPUS e e SEPB s gD e AR an g Firogen
(ﬁamqodogmla ¢ldEi%). - I n some cases, the organic
onent resent In the precursors is renmoved in the

a ﬂaowa g theHl @ ceatingsan baiusadirEhosg addityes exayespsaprise

onef‘ or rno e %f%xt}/ en ogllgltalr gf?rrg tr]lE%Iy’IC O(I%I sglic:ogianeg?#f\%g%f ﬁuorlne 1s
paﬂﬁlcmhﬂp @Semn@reﬁhﬁxfmﬁlgcb@ygamnﬁlsaﬂﬂadeqirspdrﬁed; ﬁmlddlﬁge@lspdmblhty, of
of the TMDSO flow. Fil nms produced in these cases have

th%laLG XOYERE- tIPUEGeP PE ﬂﬂorﬂéﬁ inblugs cormpaiind suqlsrﬁS@hrhog tefgadluoride
gastulﬂ h%!akllu&qa]e @Poi( 6!58 tgi: aﬁH@FpQ mﬁé a OI ) of silicon.and

descri erein are antia lometric
oxygentth eicrDLG@bgary tend:mmqm@m tha npltusuu bstispatcnay hryd therrnal Stablllty

arbon-ri |ct|n the|r or ature.. In fil
of {5 g: eﬁda}t@ f nitge Kuprhcaise Wee“g&%éfﬁ“%n% tp pggigtion
and ﬁ)tlhé’rehs% e@é'c@rfl&'l @&{d\ﬁc%'t}p%olar&s 03 bi{if%grinéih%ﬂ%eﬁ‘ 8%s @)2) water

ratio of 2.0), and nost preferabl low 1.57as in
vaaisghafol, BInG,hachld)gtm peroardbofogoat @‘iﬂlllqosl patfetabhsinclabosianes such
% Prefer ar bon_cont en s at st. about
os 500 Skt R b sAGRE SERRE Qhnilide Sion B hirdE8 bas (o).
amGRAld (NIS;) CoRta Uz aeistapt i al 1y two types of
car bon- c%r bor@gondsq tr?gona raphi te bonds (sp2) and

t et Thpeddiivesananbmiacopatded igisathe diaplogdilieanripy seattaghed to the
sur%a?cg;?ﬂlwr?%k ylfglg d&c{dﬁté\%% ; are ﬁEg@P&?@Qh@g{ﬁg ﬂﬁamﬁ? qikﬁ matrix they

ma§atLiRpeaatRrohdia théﬁdaen@hy shd'at staneire hﬁmmabs@uircgo[ﬁaﬁenelsls
of the coating. DLC is a non-crystalline anorphous

essapiiadly] aacﬁens@ﬁea@@ﬁtng‘wgk yl@%g@g@ﬂ likg caém?har%ﬁtenstlcs (chemical
1ne§)t¥195r599éﬁane(s§,r&%élr%r(t)&ré&, @tES.”‘ﬁCthQ SIGEN doncentration is large, greater

than 50 atomic percent relative to the carbon concentration, the density will be affected
and the beneficial properties of the diamond-like carbon network will be lost. If the
additives are attached to the surface atomic layers they will alter only the surface structure
and properties. The bulk properties of the diamond-like carbon network will be preserved.
The polymer layers used in the multilayer stack of the barrier assemblies are
preferably crosslinkable. The crosslinked polymeric layer lies atop the substrate or other
layers, and it can be formed from a variety of materials. Preferably the polymeric layer is

crosslinked in situ atop the underlying layer. If desired, the polymeric layer can be applied
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Various additives to the DLC coating can be used.

These additives nmay conprise one or nore of nitrogen,
W@2009@8609% | uori ne, or silicon. The addition ofPET/Us00$1e87668

is particularly useful in enhancing barrier and

surface properties, including dispersibility, of the

DLC coatin Sources of fluorine include conpounds
usigg epnveational seingapethedsuyeh aeroflgpating or gxpple, gravure roll
colRTbL SRR R RITol rdmle:siGrem gt en IR o vsine
forteaampiet olv@viole (OPY) rakdtionr armp @r&fmblyam:lp(blyﬁlbﬁalayer is formed by

tability of the coatin The. addi tion of nitro
eVlﬁ‘g%r&“% Véﬁ%%é’@“%% f %@“@’&g&f RASNOGHT &k Gesgﬁge({mt}/o%
Vo'la[ﬂﬁl %é %n@ﬂh%:hﬂét% %on%%%& :pi/éféﬁ‘ed 1%9H£e01%~°su8{ Bf@égﬁnwuh

i ncl ude “oxygen gas er vapor, hanol
Vohyﬂzabgeeﬂrﬂewcxmmersbmng espeolly ptaf@md pl?’reﬂesrbdi (Ihyth)acrylates

|l anes. speh i H . Si2H
ey RGT SERET iR 8o T ut 1) ol ton B moge prsgisebly about
200td SRAEN0P AStheNR: ferRATRLBIBad NER)Y ha @AV Els B Reio( 2kt )

. The additives may be incorporated into the
modigcakap M ght kethqaumbgr ofacatlata dweationd grwaossm matesulstin thcorange of
abo(:}ﬁ)igb to a‘t])cquE ESO %%?o'lé/ Lm%e[ﬁ% Ffat'e E-l? orgglglr c epr ?:fer abou(t:“ 200 to about

400 Bendleatthyacanste groupt N@drﬁfa&;d (hiéth)hdi?lafe@ Sslalrh bd: ﬁ@d at hlgher
material is essentially a densely packe rk with
modgey s Might kngeapiaHOT Hetr et dbqut 409 &Ch@?ﬁu& %.@00 molccular weight

or %‘33’31? UGS RSaboll mféﬁplep(ﬂ{e&ﬁ)ﬁéryﬁﬁé)@%ﬁ% ééauﬁegf%%lg%é;f cahfig

trve concentration iIs ater
impidoeed by perlmgnhe suplpatt Perttcolatlp@reﬁfanrdsrbmmmnere miclade on,

he densj be affected and the benefj ci al
m‘*ﬁ)ﬁlf?ea‘ﬁ%tf‘}nﬁLé“Y%%aPW@t%ﬁ UHRIRNC % & eYPHBANIG LY IR Pihchmuftifypctional
or h%ﬁ&mn&tﬁorfahen@tngﬁyuaf@ss S@Jheasqfegafé%@ dfa@rﬂaﬁ@ e%wxfya@@l acrylate,
atomc layers they will alter only the “surface

ph@tovcmcihy]lra@rﬁaid cmaothyll(H@nOFEhlefldmllmhontyfbecIMae@ lm’oomyé
e R oclaErd s Tae e setiatry AP AT Rl S cibgvethy!
acrRufd, It&fahzé@ﬁﬁ’alryle&r;aa@ dhRfiRrRBNMe Cﬂeﬁ&ﬂhbfﬂ@ﬁ&lﬁ acrie,

crosslin nmeric iayer lies atop the substrate or

nitgphety! ery s g moxxeﬂﬁéﬁcmaw, Grihsaoxyednil mafhacrdaty, BE.2-
trliﬂPotrgIl;l tﬁki%naetﬁ)géﬁ[a?@ ld¥etl{1;ng1%eﬁ%ﬂ1 "f?{ac?ylllt@yt% th??ene giyfcol diacrylate,

Ccr OSS

tricligd by cdl dém@bhyrprartd, mﬁr@seénecglybdb alaa@mdte actisitindene glycol
conventional coating nethods such as rol| coating (for

diagsdatp neorgyghalye! ﬁ@PWl%%é%r?Wl%?d %eﬁpayylcgia%qlﬁigacm e

o TR S BACR L0 5001 By D s

diacgyditat i, @hexadubdibl dm&aﬂelcabdtty, trihetlyddypmerane tdiary@atel sthoxylated
.formed by flash evaporatio r deposi t.ion and

iR PRRF B B OO O B0 GRS Hay ot s

hyd@k%thylblmhﬁrﬁwlm%fey béﬁt@er?ﬂ;\ﬁ%'f%a% b, e%glﬁﬁlﬁgtﬂyl acrylate,

use in“such a process, vol atilizabl e acrylate

namﬁlniombyl laeiytaje.aypleciiattylater(Efrexpmple, PBelf3drframg Cytec Industries

Inc(. gr% m&glrochc%Bee dimethanol diacrylate, available as SR833S from Sartomer Co.),

epoxy acrylate RDX80095 from Cytec Industries Inc., and mixtures thereof. A variety of

other curable materials can be included in the crosslinked polymeric layer, for example,

vinyl ethers, vinyl naphthylene, acrylonitrile, and mixtures thereof.
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have a nol ecul ar weight in the range of about 150 to

about 600, nore preferably about 200 to about 400.
wa@edensqoeef erred (neth)acryl ates have a val ue BET/URB08/087668

ratio of the nol ecular weight to the nunber of

acrylate functional groups per nolecule in the range

of about 150 to about 600 g/ nole/ (neth)acryl ate group,

nor él@fr@p@@ g@(@a}ﬂf@mhemtyr@e@j layssinclpdematerials having a Tg greater

t
thefl TR TR EOAGSHERS B ALRHFr SO OBICRer maerials can be
ernphiygéSVotatlha;thl@monf)merseb(ailfoﬂnesulabmhlgm 0Q polynadvoaric eBlﬁHéihlly
| ht bout 400 t b 3000
prﬁ‘go S ﬁ’ﬁfﬁﬁj %& W?éﬁ@vegﬁ%wﬂ lezs%th%ﬁ 8 kfl@f&r?aé?réh@}/thefa# RMMA,
e le"gc(ﬁ%lt 1 dagk %Bﬁt Fllé)pﬁo &t mé1d cpﬁ'éfgﬂéb@reiﬂeast about 150° C,

pr ferre nmononer s i ncl ude mi tlfun t1onal
and mestprefcraplyastdssst atsat 260°dneEgpecially poafbirerhmboomens thiat can be
tifunctional ,or non ti onal

us T bkt b Berdhe HRRRIeafobie Xibie, GN:68, Temabout 84° C

an&CNJ%BetI%%Ehbo%@ byl @t th BIBMeXY Al Wil @€ Foat Sartomer Co.), isobornyl
anoet hyl m)no% acryl ate, isobornyl acrylate,

acr’w ?%rr@na B&cP44, a@@memalbfd@f@wblaénom %@rﬁmqrﬁm&gﬂabout 88°
a(ﬁré/ %?]etr%efhn{;o"i%?l%aac]rﬁa%s ?ﬁtog ?xea?l?pdl ,m ?chg%t éfflaﬁ%ayal @bR from

uryil- acr ‘e "acr

Sa@@fﬁérﬁ@d) uvg%b&t% @%pdx§taerylattb§ wlelp;mwkh ﬁfitfer{é gbeexample, CN-
2-58)henoxyet acryl ate, 2-phenoxyet hg nmeg hacryl ate,
12658, sompnerqigl &V@H@qlﬁ m(%eémea&wﬂa aboyi%et fpldine
: I t eqflyGo
i P Bt o O B SR orh By gple fpm
Sald(i)rﬁeli'@d) aTg=abbet 9$£)hghleﬁnyh:ng lgiyeol didegtatasl (Airexamplep&Ri230,

cm%%%c%} ygallvgl a%g?r)qg)( %og%é% %%b&? 9 S‘nflitle?g ngtyf)ene glycol

dlakgngt@@fomﬁﬁiﬁe HRoes, c@hﬁ&%r&ﬁh% §Va11*§b1%9ﬁ§ﬂghrt&n@n(@6( Te-about

di'acryl ate, 1, 6-hexanedi ol dimethacrylate, trimethy
10pr©p aﬂeaatcrylaicreyﬂesst (éQr cxbimpley BBt 11 crqrmatmgalllglavpiab;tmfu@n

s g B ool 853 Epuiebuaehyist B fRREF spanpie. sr25s.

cothfdeRG41) AlaBablP %hﬁ%rbﬂrﬁ'ﬁr'doow ab@@YBAEE pentacrythritol triacrylates
phenyl t hi oet hyl acryl ate, naphthl oxyethyl acryl ate,

(fog geamnde.iRad #4:i camarer¢inby availahlsi feom BaetomatCe. ¢ Bma@ytlbw" 0,

o PSS R LTI SRS, ooty

av&tRbkYfr@s Syttamer RXBRefouf 103NQyéthexllated 63)rttigsthlytpropane
and m xtures thereof. A variety of other curable

trigeptlaes dpsexawlo oR- fh%‘}%éenmwr@hlév eyadlabicifipee daisomsiter-i c
TEARE 105°QF), Fﬂ%@ Lﬁtgd ffuB¥ton8l &Yt e ('tfoﬂ“&eh{piky KR0SH08,

acry onitrr m Xt ures thereo er nat
comaieemallyl avaflabsle fdoen PaatoymaziCa. é@@#abodtri@Bﬁ@h dippropylemd glycol

haying a T eater.than or ual . t hat ,of HSP
dingilater Yol Shatos, EORBRRRlY Failee 208 Siprise Co. ¢ about
10&*@) ﬁé((ﬁ}énty\l/g yabl dih&phts (75? @95@151% gmaﬂc%h%&b'id@“%éﬂable from
pol yirers are especially preferred. Preferably
Salttcbteera(m ef gratbiovel (501G nashoydated (4 dsspheriny agiraethaqrylateafor
exarnﬁe &5 MVAdrnrnermally available from Sartomer Co., Tg=about 108° C),
cyclohexane dimethanol diacrylate esters (for example, CD-406, commercially available

from Sartomer Co., Tg=about 110° C), isobornyl methacrylate (for example, SR-423,

commercially available from Sartomer Co., Tg=about 110° C), cyclic diacrylates (for
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nore preferably a Tg of at |east about 110 C, yet nore
preferably at |east about 150 C, and nost preferably
W@roobes®ds about 200 C. Especially preferred noPOnES208/087668
that can be used to formthis layer include urethane
acryl ates (for exanple, CN 968, Tg=about 84 C and
CN- 983, Tg=about 90 C, both commercially avail abl e

exFPRIpn Il B Brrommmyciplly pudlsblenyom 43itsn Iati@stl(lﬁdeﬁc e%énaﬁhoet 208° C)
TR AT Sl A B S SHEIE B compgians

avababdlfrem S%ﬁ@@Co c’cﬂgqqfﬂrout 212°\C)aavcay logeb b€ therforvpGag thastiedcrylates
.. 19 abo \ y acrylates blended with
an‘fo{’f&?ﬂ]éﬂ‘éda(t?sd} s Oéng R0NE30580,  cormer oi al | y
avay ﬁ@hzﬁ lé}re?@ngﬁﬁg 8ABEr fBre m&%aﬁ@ ricP ﬁy@s’ The inorganic barrier

d|tr| nmet hyl ol propane tetraacrylates (for “exanpl e,
laySR %&1 mubipleswhadyeys e abd¢daldd @of haymtshe therseme CA\ yariety of

mogdf Pt sy St B  PEarl aBeed f bFick el metuce

me@ﬂ?s meloRRRYt mdR0hifldes, Instaldat it &N et W& Phitrilie@Ghathiadx§ borides,
for exanple, SR-212, commerci al I y avail abl e from

an @nm@n@tmn@éherequfﬂa l@@@mplmos_ih@n oxyéqﬁtsadws)ﬂﬂaqae alggtigymg oxides

sucg aluml%n‘?%[gmu (gs SPCI]?_%%I%I p%lrl]l aozlxr\{@ 9 11 P)(lldesr Wium tin

oxide VTR tayttahiire Sx(d% Oilroehﬂlﬁ’fpbﬁde I, oxi‘d%[l‘ﬁ@i'oﬁ icablide, tungsten
avai |l abl e from Sart oner ,...Tg=about 103 C),

carislst HEeqn Gapide| ahtmluna@rtytrai@e@h%mﬂr&@ahw@ nittigte, luminum
ox%ﬁ{'ﬂ.&%r 19371: &ﬁﬁﬁ%;@oﬁ i mg/g[?g/ ? | aArt QR LM S P?%%;? Qflm 693300r1de

[0)'4Y; propane ates
anc( émnblemmm Itiesre SRIAG M toooniey, Gilebh yxﬂv,aalhmhium éxiderand

Sart omer aboyt 103 O, tho lated (3
coq ﬁnﬁ%‘?Wb?{F%ﬁ%Bgﬁ‘P@W Y 85 lé‘%rg@*?l’& ag;@gmtgl s. ITO is an

exahplé 8 EiEpe S0 OTHRY & Rdn¥ic %Yaﬁ‘éﬁﬁ@ihﬁt EmUTe e Eféeﬁlfcalgoconductlng
Tg=about™ 103 C), al koxylated trifunctional acryla

withshepwperf S@tecamanﬁlhe Tel SR 0Bortionnmferach alemental amﬂsabieet The

. from Sar.t oner e, abot 10 opyl e glycol .

inogedls OB or o AT AT s vuthB! SRI Y off AR using

tecﬁﬂlﬁh&sa@hlﬁoflé&mtlﬁﬁﬁﬁ@Hﬁfall@ﬁng arl @u@m@@buﬂ&ﬁg@‘or exarnple cathode
neopentyl glycol diacrylates (for exanple, SR-24

or plepgranadngirpy SpUftgringh Peaporasion teémplea@swtm?gefaﬁémnonb@m

cvibih R o SRR Lol MELRE WSO &bl e
indtganic Dgrablaydrs RFofhed wyned Gruesanes feli axaipbs) @dactive sputtering. The

diacryl ate esters (for, exanple, CD-406, comercially
SmQQBNFAIINE CPRENBAL Ferhepotganic bygics kgt andiigs adhesion to the

unécl:ez 1'3%4& ARHH %ﬁﬁa?ﬁagt? By ?Fe%a ﬁ@k&%x%ﬁpf&zgpa %gretreatmoent)

aval rom r toner
O, Toy pb]lymed layersydanbe sorfriedrbgneqphtine; a BBer (iﬂ%ﬁnonorner or oligomer

o RIRGEL S SAPAEEL 2 L S LASHRL 11 55, KM
ﬂaélﬁ&%}ﬂé‘tﬁHBfi‘ﬁﬁd {dpoRAENds iR dffa@hdiSXAH TR Ss1infhb1S %norner followed by
cro(;;)lglnk?nrgcllls?ng, ¥0r example, an electron beam apparatus, UV light source, electrical
discharge apparatus or other suitable device. Coating efficiency can be improved by
cooling the support. The monomer or oligomer can also be applied to the substrate using

conventional coating methods such as roll coating (for example, gravure roll coating) or

spray coating (for example, electrostatic spray coating), then crosslinked. The polymer
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avai l abl e from Sartomer Co., Tg=about 272 O,
acryl ates of the foregoing nethacryl ates and
woreGobagaoyd at es of the foregoing acryl ates. OptPONESE2008/087668
| ayers include one or nore inorganic barrier |ayers.
The inorganic barrier |ayers, when nultiple such
| ayers are used, do not have to be the sane. A variety
laygrs Gan glsg Reifernisartyi applyieg @ fayar eongrminggn @#5%9@& polymer in

f r LR I cl
L0 Ll DRTARRUDIURILL ol ORLEL I LA Al hvin
ma@>aysol Herdnghdsyedritit alill pxopidy 4 pelsmer o thyeohdyinad gkam state at an
t hereof, for si l.i.con oxi des such as silica,

el ea@taﬁfw%&ﬁed‘@gﬁ%w Hansijiom{CHYCrYIE grRatfintan G &qual e fhat of
HS@’ETt 'M@ﬁ _P%e)feﬂaﬂg' Hf@p%ﬁnqé:rsl?eetfé dke Q&H%SO% ARF] 'eUziBotrétﬂ)n and vapor

oxi d nt al' um oxi zi rconi um oxi de,” ni obi um
de@sltdxa fob@vwbscmobﬂlnikmgtzw mgz&tfelnemambﬁr de descrlbectmrU S. Pat. No.

U iR e VPl (RERT AT B S  PPERDS cviatiss e

al. }OU QPa@XY A4t gI4chey,| (X’hdlfzi%!)"wlm pxyRers des 0dd G%Bbvlémal) U S Pat.
ybori de, and conbi nations thereof. I'ndiumtin oxid

NOsﬁJOB% A1 Shirdst alal U RamNx 597 2A0 (%lm’fb@trﬁéﬁ,l 9, ﬁsPitthEpe%ﬂ% 138
(Sl}%%z%t%% 5) %% S:ﬂ;{%ﬁgﬁ K Il{(f M%d (pSth\ere? glg £ §) Eﬁ# Il\ioe. rsa'%%?’o% z(\13u1ruzalx)ifal ct

al. )Tm $rPad Mo GRS, SraLbesaital. )siUSStHalt q% |6)[23(1§939L(Sha\{/1 gt aM)tahd U.s.
roper_sel ection of the relative roportions o

Pag Aonbay ﬂ%{%uah@éw 5 i Nor a5 60 Cohmorsas o pin published
PClIa%ﬁlﬁa‘rb 86/9@@7@ @ci.ltla 'V Pe IﬂSlo RS elrﬁp ¥in D. Sha and M.
era y ar e

orned Ing tec n|q es’ enpl oye
G. mahgioﬂs‘tfall\lewzwm)r DcpositichPascsfut Ceﬁtlngg)a@éDzIndd%ﬂymbreWebs"

6th‘(’1%?a?€a$s%a%;v% O oL P Do a0 S SURBGHEN: G anglois.
SPERAPLoWSPRS 'vfab&nmeﬂasﬁ;ng%@% THie Fi uﬂgeAn M%ate"

preferably the inorganic barrier |ayers are forned
Soasiyng Vspuemdrdategs 36tb mrmxalﬁfﬁcamcale@mtfemeceslmm@mgsgl993) inD.

G. i BT M- 2y drnaR DS by PrPes iR Ry o tpapve the

Bafiah Pb@pe@tﬁé@aifmalweopmhv RTINS BV 4duRm C¥ASR3th Mh@mMRechnical
pretreatnment). The éger | ayers can be formed b

Coafspinge RQOC@eqhagSeCrwa) & Rofohkaw, d\ﬁ Roshgigndt G. éatlalélsyand C.
Shgelﬂ]gf?t AL %f %%ho%tgﬁ %chﬁ!ﬁ' %%a{l gsbto wgoﬂ%ﬁlefs%ﬂbé F@Poly%sﬁeé and

evaporati on

Pohy@ﬁ@iylexﬂem&i Smbmaxaﬁ" Raﬂa@bha(tmw) mps\sﬁnlﬁk@bn\@rﬁ@mnefoss C.
fol | owed bé>crossllnk|ng usi ng, for ex
Cognade porhEpEEssnaplharacugn d@qulqe@ ﬁt)lyg@drr@éal r@}ltélewr flgs for

opﬁl‘% ﬁ@ﬁfcg&o@p@ AR fqrmsoz@eas agl(i%adshean%mcls AfRab! WeE

I ency tan be I mproved by co g the support.
GrossnGnar Coronadd, §orie Gra:ﬁﬁ,rE AN arebevadppld Rt Matthe "Polymer-Oxide

PR R S 03 LR RS
Conference Proceedings (1996).

Amorphous diamond-like films formed via ion enhanced plasma chemical vapor
deposition (PECVD) utilizing silicone oil and an optional silane source to form the plasma
as described, for example, in U.S. Application No. 11/677327 (filed February 21, 2007),

can also be useful.
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spray coating (for exanple, electrostatic spray

coating), then crosslinked. The polynerlayers can al so
wheoobosaesl by applying a | ayer containing an obPCTyUSNS/087668

or polynmer in solvent and drying the thus-applied

| ayer to renove the solvent. Plasma pol ynerizati on may

al so be enployed if it will fﬁrowde a polyneric |ayer

havilhg temg jageghoys diagond-liks fdme yefesdo sebprmtially (that iy grepter
thaft ag{)ﬁt%% o@@&g&;ﬁ% @%@%ﬁ@%g@ggﬁ%@ﬁﬁ@légﬁﬁ%ﬁ op‘aSHﬁi

nmer S
mcamng arenerdndoy aﬂdilashal&mmpon@ﬁs e canidrora o grdep ﬁ&htdlm.'g’lcarbon,

hy BB PSSP ORS. TBRIIE Nl 0 9 PG SFb: Sl may be
plre':> aft-i 1n D aift el%ggdlﬁl%ﬁts( l1"’159')arno&'15h%us Eﬁﬁnonhkhke‘hh%é %na%%ntaln

Yializis et al 371 (Yializis),
cluw;eﬁng Phatomisido gfye @ﬂ&lromsra(l&a\dﬁlebut at@ e;ssd:ntlslly Paid. ofMocdium and
lon%trglggze;f Eﬁlgé%\l\ﬁ:lg%d tol%l)cf%orlrg%craggs?% S%I%glgfsast)ogdv S @ scatter

radP{on H¥Oin §5}Va4}éQn§t‘ﬂ1§ of BaW %tnaﬁbmkbersL{nﬁ) t(P 860 nMO.
5,547, 90 Furuzawa et al.), . 6,045, 864

( Ly Sﬂg:og@, SdlCO)le ol &, sﬂpaqnes NS . us@d 'Q@qclg?(glgeq@mql @(feréq) oigomeric

an 1gh9r rg(]_]bec@arow%‘%h% a%lere Le]l%sggae fuc%urgl) UnltD %%1(]% PI? W%EEF R is

mdép@idleﬁﬂj? B@&té@ﬁoM@yﬁﬂfg@ﬁm({gmk}ﬂ,a(C\! (T@ﬁﬁfl Od(lagl‘zgﬁrylalkyl or
G Shaw and M Lang, ois, "A New Vapor
(3

D.
(C@(Sp&kxla@h Bhese samalsgpe Géﬁw%fg PR r%ilﬁamlnefﬁw@pd include

e BT B0 VRO BR800, ISR
theSipléred aerg:jes&dfmualMapﬁ gibep Hut mag alde by fjaheal ('Et'dsﬂhnked) to
Filnms: An Udate ety of Vacuum Coaters 36t
OX Y A elietmhtct st PHYE dEaRGEN CLIGYSY. nqt\ﬁorﬂs (high
M Shaw and M G Langlois, "Use of Vapor Deposited
Acryl ate Coatings to Inprove the Barrier Properties of
Met dht pmetbhbins dnamoﬁdrdlketfglfmdayevfammmmkmre depdBit¢chon an electrode

oo it SR BT E & e Oor e di o Ay T vacuum
chankise® i9don f%a&qrsaémlamles@ @k@aﬁ@%hdﬁﬁ&ng Rt very Rh (> 500 V)

Sur f ace ester and Pol ypropyl ene Film
negyilys Ppigneal on thml%tmde( rogeiesuli of ign bombpigintest frpm having high

‘t%%%‘}e blas er e(%l ?Pe 10% H@I{C%;{lﬁgf ﬁ%gﬁiﬁ rﬁ; § g?y\?eHr ’rlT%W %‘rg? volume.

The BIeb@@de catﬁmielw‘a‘aaérl d@ﬁled Meﬁlr&m Ilndnﬁly| dﬂfﬂooﬁﬁﬁent&& sﬂ8xane source
1995) and.inJ . D Affmto, M. E Goss, C
orBerizedgilicone gl iy introguogd incesiigies such iapt ﬁlq\n%%% plgsma

fornfe)alcx % ﬂi&l%?ﬁﬁ%%nugﬂt' ﬁq{a% fii hloiygiﬁransé@gﬂoﬁt )&n9f

Vacuum aters echm nfer ence
adBfioced @skifngsofck9 gases, s;&nimammmgsn duangnmcb:nldlok emfrmdnmasfor example,

L T I A
moRRY RNRbpStkib 8HEHhS AMbETokO dfaRfoMH 1R i3SV or coatings.
Combinations of additional process gases can be employed, as desired.

In some embodiments, the amorphous diamond-like film, layer, or coating is
deposited onto one or both sides of a flexible film. The flexible film can be formed of any
useful material such as polymeric and/or metallic materials. The amorphous diamond-like

film can be any useful thickness. In many embodiments, the an amorphous diamond-like
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as described, for exanple, in US. Application No.
11/677327 (filed February 21, 2007), can al so be
W@2@Ps60The term "anor phous di anond-1i ke fil ni'PCEU§2088/087668
to substantially (that is, greater than about 5% or
conpl etely anor phous gl ass including silicone, and
optionally including one or nore additional conponents
ﬁlrgérﬂé B %rqlfﬁ?&swé ggera&u phanRO0nasgoRarBERcatty oY) Angstroms.
[ agn, t ani
I bt SAEB oK OE0 an SR Bl il A 1%  Afhncss ina
nmgaﬁ&dinﬁﬁmﬁnSQWM)An@mthUSrﬂmaﬂunmtbQB@OﬂMh@ﬁ&mngorﬁonlLOOO
ﬁ?@@fln clustering of atoms to give it a short-range
to ABgYIOfSe essential |y void of medium and | ong
ranges fhAghbaEmERRL thk gﬁ‘gnﬂo haL§ Hi‘ﬁm%ﬁd I8 f®m includes one or more

crystallinity which can adversely scatter radiatlion
amlgphions) dml(beﬂélﬂ{gtﬂh& lgfers orom Mphmmaimh@rdslllémﬁlym tageB8®omed by
pm Silicone, silicone oi Iq?ort5|loxan S are g h
chiprgi g U gega@ﬁyf%ﬁ%ﬁ Pisahas forin R IR 107 dRepSiingiihs amorphous
diatRIn@ A aTIMWBY @ N Fo Bl a@siié, @Shab@lbly Bito fa fBilst é%ﬁét‘fih@ﬁs dHithbndlike film
SSOin which Ris |ndependently sel ected from
cathlgququ@@d-. an (l@p.a@gy(mdklijr 0@ @squng)amoyphous diamond-like film can be
for(q d 8(1%@ A a?rle K ht’ere e %9@ Fa 8? Péags:qag%/llk oxlé %oer;slrgo%ﬁa)nctﬁar} tha second
layeh almm‘énﬁfenﬁioﬁﬁﬁeﬁﬂi Iarﬂ}stﬁ‘dnhdrplmns Al endylglesfilad Yer is formed from a
(-0-Si-0Si -0 %@mnth the free val ences _of the silicon
siligersail plasaeandidga pisgeond apoghhoup diamond-liks filg lapergpformed from a
sﬂﬂc&é“&ijax{d:&gﬁé hia&‘ﬂﬁ&ﬁ n §tBerCMRRITm LS &'ho% L&é%ﬁ\} ﬁgﬁmnd-
0 second chain, formng an exten e net wor
lik&Mms [Eyers affvitgrhatiig aingositida lardkidrhed to dregtetts anforphous diamond-
ﬁrtlngs are deposited on an el ectrode powered using
like {iRE source operating at |east 0.1Wcn2 of forward
Od%”ﬁ%mmﬁb%m%ﬁ&%BHh%DQﬂQ&% ¢s configured such that
t hese operating condltlons result in a very high (>
500 Usfuh8gebicvernaotidms ical alominchelcghbonrmtieoathugsasilicon-

result of ion bonbardnment m, havi n h substrat
cofiRiRe oglinsm AR Bkt C e Rrrgre B pRSPS b fion as
disbRSed! Esr¥exh@plel €. SV PhidAENO TR FIKIRe cEan. be wat er

cooled as desired. In many enbodi nents, a siloxane

soufebosidh estingspay iseddersin, iconai abildast 3 stammstgeteprben, and

o 5l RS EAASR S -1
perepitioxgget, aﬂmemzﬁ)satom peﬂsmdt Iyt ganoBadh dasteinuticlpecaciggscan be

gases, such as ox nltrogfn and/ or ammoni a for .
Claé%%fi%‘l‘ " amophioya” o0 SRetiRes dpgcarigd smemRhaypt Fasbr coatings,

"gﬁﬁ%llalﬁpsc a‘EianSSi é&&bé)l{i J&Qﬁuﬁg 52+ {1k AGnd-N1€e ”moatgf% ard df:}%?éiing on their

roperties of- the anDrp ous mond
physidainhdytens cd praeatdsn §slicofamwbianabg omngings aradﬂuallqudljrmeric
process gases ca be enpl oyed,. as desired
coatings that contain in random composition silicon, carbon, hydrogen, oxygen, and
nitrogen.
Such coatings can be formed by means of plasma interaction with a vaporized

organic material, which is normally a liquid at ambient temperature and pressure. These
coatings can be uniform multi-component coatings (for example, one layer coatings

produced from multiple starting materials), uniform one-component coatings, and/or
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In sonme enbodi nents, the anorphous dianond-like film
| ayer, or coating is deposited onto one or both sides
wW®2009/08dogexi bl e film The flexible filmcan be POFIEW08687668
any useful material such as polyneric and/or netallic
materials. The anorphous dianond-like filmcan be any
useful thickness. In many enbodi nents, the an
m%%yegwe@r@&au(&ﬁ@ﬁ@nplﬁk%m%ng A erafearbonHickpegalgnd silicone
nw%%ﬁﬁ§er t han 500 Angstrons, or greater than 1,000
rons. | n many enbodi nents, the an anDrphous
di al‘fizmekally,kthe todting paorcksay aswa pllasmk aeb& 1east and eapoezéd @ganic
1,000 to 50,000 Angstrons, or fron11 000 tp 25,.000
magHal EUUHRINESH [Gap e £LoBpaN Y Yoereigdh eAY?Q’Qle?fﬁ%rgalFlﬁ g is
caRBRAS BRMRingliN g vAALABF RROHSEN AN ({1‘3@ Pfa¥ |T'Hese vapors are
I ncl udes one~or nore anorphous dianond-11i ke
dirbagdtosvapt a ambsamanp hoasuuti éntbeadinl dukes spaderor limy eon\feommd vacuum

uIs t he gases t t formthe, .

ehi e Bkt B Elage piod albb Roh i BRERBhAS s KESTadefifd i
préf@}iﬁlﬁl negﬁfvegxélﬁpée@ as @ rEABe b rexﬁése@ td b tfdio BORIRBP YRS
di anond-1i ke filmcan be formed an then a second | ayer
Voléefgeaslgetfmﬂmﬂsa rﬂtﬂSQ Rerige peermseired weheutitha eeed foresof wintred

d| f ;’2? exam ];]I [ple usf%é atdagb\rl]é@lt-erlﬁ]c% npl%%éa{ llélreocon &Qﬁ rﬁromaa fnast SQyree and a

vaired hfghﬁh@lec@ardeflglﬁt apaiPhHeus smlwm&eihwlsﬁoiademlﬂ 1ﬁ)ﬂﬁ6ther
is formed froma silicone oil plasma and then a second
Stra FPAGUSS Con hipyHEE- PPR%W&Sldﬁp@sawprpgem Wé‘éitsfliﬂ@rﬁ“altﬂayer

cor?s'txlubt‘{&{‘@ftﬁé Lo g Fﬁé L any erpéfaa ﬁ?lﬂfngt%hﬁ nts,

two or nore ano ous IanDn
dlrmmﬁsllttastanm thacsrip &asﬂpml@rmlimmd dnad anrlﬁ‘at‘rﬂedliite or interfacial

ano nd]ike film er. Pl asma Deposite
1ays5? g%%ﬂ#@ém{%@wmm&? b VAT 1R FYSF?’HE ﬁga%g&ﬁlents result
in @k $BntkAdUgEn ARNRE NI ER nﬁm%ﬁgéneng bdadtineNEOoRy G| bmmgs with
coatings, or conbinations thereof that are prepared by

grqdh@lsumbd@p olsinggEom mepmitlwnds:empomaon exdaspke, Uiifortd, @®atings of
Pat ent 6,34 Kohl er. . Carbon-rich .

On%@&{%f“ﬁb g '?fsfgﬁm?ﬁgfré’inrf‘ Ca%?{tgﬁﬁ H élin% Sé‘&@f‘s ¥gongha vaporized

hlgh%&emamlgamrgﬁﬂahwal $ugh by diak@mflsiidRa@doifit om per cent
carbon, 0.1-20 atom percent nitrogen, 0.1-15 atom

per éemsr@a(gfg@wanmlm ap awmlwmrwﬂmﬁtrlmaw desprilied in
0 SN, ST RN e PRRL e 5 BT Wi

conﬁpﬁilh@ @lcast gﬁ@@d‘thlbdﬂént GoRlstp@ste solrc€Ldrbanowed@tinfegst during
"di.anond- | i ke" coatings, etc., depending. on their

forgiatien eh C%@gc“ﬁwlé%ma proosdhat 1Se%aPa@F of éﬁﬁvﬁ%& thei apardzed
or Hﬁtrhé{ alaft%aﬁ'ﬁéj g{;de}’at@d)b Hh G008 'rﬁ&ﬁ%BME GRS

n ran n1conpos I on SI on car ydro en
desmxipgkhcremndhat is, the plasma can cause the vaporized organic material to become

reactive, for example, as a result of radical formation, ionization, etc., although such
reactive species are still capable of condensing in a vacuum to form a polymerized
coating. Alternatively, the plasma can interact with the vaporized organic material as the
vaporized organic material condenses on the surface in a manner such that the entire
thickness of the coating is polymerized. Therefore, the plasma and vaporized organic
material can interact either on the surface of the substrate or prior to contacting the surface

of the substrate. Either way, the interaction of the vaporized organic material and the

_23.



10

15

20

25

30

nitrogen. Such coatings can be fornmed by neans of
pl asma interaction with a vaporized organic materi al,
wawki0esdoss normal 'y a |iquid at anbi ent tenper aR@r/ES20081087668
pressure. These coatings can be uniform
mul ti-conmponent coatings (for exanple, one |ayer
coatings produced fromnultiple starting materials),
plagip pervides e crcsivp soranet e atgantrsmatariel (G eirmplealpsy of methyl group
0
froglas? écﬂlg to( ng%?féﬁggkﬁfon?fﬁﬁrﬂg%ﬁgl%#g %t@%l .of the coating, as a
mmﬁhnépabhmnzﬁhmxmdaﬂwngﬂpme§§s&§am@E a plasma and at

east .one vaporized organic naterial containing at
C”%@é?ﬁ“@%é”%ﬁﬁb@ﬁ@ﬁt wherein the vaporized organic

mat etﬁﬂhéll suht%bl%%’s‘ﬁh@b&he@ﬁ’l%‘%ﬁah&@m'e&l foilsamEUM Ll b?ﬂ%r films,

than about 1 Torr (1 Pa). These vapors are dlrg ed
thin envhflexibledtagsstanalires glmssaand@aﬂsrdepcmmeﬁ en aipelyoutrar filspace

or in a conventional vacuum chanber). This substrate

iIsin close proximty to a radio frequency bias
Desleglirode and is preferably negatively charged as a

result of being exposed to a radio frequency bias

vol Dggiecans; igalufl¢ a@tﬁtﬂais th@ﬂﬂé@@b@@é@aqmggtea’raéerp Mgsigeans useful in
the 1nv%1?10£ CEII‘P ﬁom TISC negrl}l] g%ﬁ %Petrlsdl thap i e %1%%% {:‘U’nd?rsamntgerﬁ

n-ric ream source

coratfition) Vol ozreehchd With Watee idredy Mﬁﬁbgﬁg iofr@ra MhEprlok fipitytlof the
such as dlnetT¥IS|onane oil in another streamfroma

OFé%@om?oprg@aﬁeée ) %%@@Bta‘éa@ HROFOSPPI% Hefntivais ey g sl fhyssact as
é[ e r%&égic?%tﬁ%%ag&ﬁf%%# {ilgﬁalrgf{d, 1{12% %"Cﬁ?n&ér. Eor sdtne
apmlmﬁbﬂsytrsmﬁpaveanéestdaaﬁts maydt pagastariyastiual | y
TG 45 S ey P! BARE "GOR0Sh Eofor ORP e FHRET Hiium,

socﬁﬁﬁ%t BIAEANSEIRR. T84 o dbReuRRALID beshel QRhiPBxide.
uni form’mul ti-conponent coatings or [ ayeréd

bamluatomdgsbamn bxigeauiubg likey. @tganpnctehizrgd soondimatiopeompasds such
d co Qﬁ on a des red. Unifor coatkpq§ of , one
as, -4nd g FOrEE PR E5 8 45°%) asna,
s uc bre'f&r@r @RMcardh dlcﬁld\é aasthzedahtivg %rg@h@ﬁ@iaaéom\pdﬁm such as
anic liquid, such as dInEtl%|Sl oxane oil. A plasmm

th0(5¢ 315019§<@r1tp O 2096403302, BYQS87/83438 6c andhBAT rARﬂhC@ﬂO&lsN@
US@?O?@?@ﬁgb%e IIﬁblé’éPl%-reE&&% Y i e@é%fé%hﬁo@%%é{é&%ﬁ e o?treacting

['east one vapo
withoréd Sidigmavink e@sfrccongteCoNP olnaiitalfreautios e Mat atodsture-reactive
sources are allowed to interact during formati on of a
orgagigtefal coppoupgd sgraferablipp metah gikoxigde éaﬁaﬁtﬁm@d&w the following
forfflid-vating the vaporized organic material. It can be
gener at ed usi ng wel | -known nmeans or the point source
descri bed herein. That is,M(GB)plasma can cause the

wherel OM 125%51 Ig %a or}lfr Hag SI{ glﬁyl érgul?,ea%%ﬂgnyl group, an aryl group, a
cycloalkyl group, a heterocyclic group or an acyl group, and n is the valence of M. Such a
metal alkoxide is usually present in the form of a multimer.

This metal alkoxide can chemically trap water by reacting with water according to
the following formula:

M(OR),+xH,0 — M(OH)x(OR),+xROH
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reactive, for exanple, as a result of radical

formation, ionization, etc., although such reactive
wepmehs®9are still capable of condensing in a REUSIVNE/AB7668

forma polynerized coating. Alternatively, the plasma

can interact wth the vaporized organic material as

t he vapori zed organi c materi al condenses on the

sur ﬁéégovﬁ by theaferarlaghee. theanctehalkerids feacts pitkgstogroduce an
alchA& [E(S?ﬁ,t AR ESthRANNTBINARL is g&%r@%lgra%?ﬁﬂjgf ﬁbﬁ@ "R aﬁcﬁﬂol ROH

vapori zed organic material can inter el ther “on the

hawitig b ®6#ingfpointof $6MAC bAiry ndié peferhisly d80 @K initge.t he
surface of the substrate. Either way, the interaction
of Eramplpef ihe QR srayaindudaanerkenyl girypsHepresaetyloxy group, 2-

e b
ctBIRINES ey Ry T T AL LA LA R B PElBh Sy
grapnsofteagior g arou ahl @ -soagldodealloup groupoamaidyolic etkotylgroup such
coating, as .a_ result of polyperization and/or . |
as BOTHEXY HRYh dSObPHIcoRK gipyp end e{fﬁesrterme ST cATBHPRIREE ring-
cortinle L RN LS TR Rap SR Fap Dy 98 and
phéroaxithylexy gmepst pinttiony griupssch antdrtgiugd shatepy gidupandd-@, 1,3,3-

BT Shib o A TR RS Bl %, BBl tons
grduP&uéNYEFBI XY A6 AHTRAO1 288y | REREIXY 260p, ;Jartysgfye%ﬂlylé&afhonomethyl

irreversib (under anbi ent conditions) absorbs or
ctheway tesoun, polyartseplener moyobussthcnaxyi arodr s pohgtetrahydrofuran

roxi,mty of the OED tq.b r.otected, The desjccant
R REPLEae i = el B LRt SretitofiRlgay gowr
and g afttogtn-codth@didedkegaptoupBtieh asad-pgaslidedcdi &pgErsedy pfoup and
pol¥neric bi nder. For sone applications, transparent
mogphglinpethexy #YPbe particularly useful. The desiccant

canrhe n%i%‘é@{eﬁréad’tﬁz@ %g%}‘.ﬁc nr?@t%%%on@b%ﬁd@&eso%@%dh%??g@ebﬁ provided,

cal cium rum s assium an e
forcaambple, an ghatamirsile hy@asscoprrcoeasinbe, Thaplitocnrae dggroscopic

bari.um oxi de, boron oxide, or the like. Organomst({al lic
CORRPI AL REI O (0 SHBARBEC-EHEHY ey getis Ml shppaund, (b) a
(mBthkatlyla@Nd) 2b&BEYy13rMP- I 'ﬂéliﬁiﬁg@? iz&B18 nﬁJn%ﬁleE%nHﬁ@?a

Pref erred desi ccants 1'nclude ture-reactive org C
photepaly meormunuisiamuc As ased rosie, the samo$mdth)acridmeans acryl or

006/,093702, WD 2007/ 084386 nd, PCT |ication No. ..
el AJHBINT A BT ?ﬁqfaieﬁi)gé{lmg O gaaEtre spmposition
int6 @ TPAUDEN bisd E@RALhE fith. reacting with water and

removing the free water by a chem cal reaction. The

moi dhapepeemataivke @opine-ccasByabreeprpovtidompoprefag blebryd is
typ‘rflcaﬁ?ltﬁaolm gtl)olﬁ?)éitg Gbdut R %\?’[%a%gd t0313{ tﬁehe%tiﬁeoclol ﬁ’gs{%%nf or mul a:

As for the (meth)acrylate, either one or both of a mono(meth)acrylate and a
polyfunctional (meth)acrylate can be used. The (meth)acrylate preferably has a boiling
point of about 160 °C or more, more preferably about 180 °C or more.

Examples of the mono(meth)acrylate include an alkyl (meth)acrylate such as 2-
ethylhexyl (meth)acrylate, n-octyl (meth)acrylate, lauryl (meth)acrylate, stearyl
(meth)acrylate, isobornyl (meth)acrylate and dicyclopentanyl (meth)acrylate, an alkylene
(meth)acrylate such as phenoxyethyl (meth)acrylate, polyethylene glycol (meth)acrylate
and polypropylene glycol (meth)acrylate, and an acrylamide such as N,N-
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MOR) n wherein Mis Al, B, Ti or Zr, Ris an alkyl
group, an al kenyl group, an aryl group, a cycl oal kyl

W@ 2@e086095 het er ocycli ¢ group or an acyl group, PGRUSI008/687668
the valence of M Such a netal al koxide is usually
present in the formof a nmultiner. This netal al koxi de
can chemcally trap water by reacting with water

dingethdpinegmeth)achdate aarg@y Hgomse kg, A-pWradrena-NNe 0
d he f I b
i et D et " Dt O an-
aI c @hebolGhictiamd (iRethjactyletcmedyabe @ldkdxo aketoi @hmoeftleer stizingth of
T B s B B % b B o
heXdE&iol gﬂﬂb(ﬁ?ylﬁ’tg ﬂdﬂ%néa%lglﬁ(gﬁ@hja&%/ﬁaﬂ!g%%02$15Mhedlmethanol

group s as ‘n-octyl oxy gr et hyl he
di(gretipsryldec y bobyythgr ougsh)abieylaty Bmhws @olyefhylamy lgﬂ}@bydil(myth)acrylate

A A T M R e T e

SIISAPDASE ENMITMEQXM TN WRd FINVEORS r(GE@M CeipoY anﬁzﬁijohgo(meth)acrylate
choIesteroxg@group, an aromatic ringcontaining al koxyl

su@lr?@@powﬁhet crytesa gndrigihanx meghisgpylatpheny| pr opyl oxy
gr 0%& %ng ? I;ie B%%eﬁé%( t}r}{egtﬁi(% atg g@%e%xeggﬁﬁéycr%g%uﬁe Btl’!c%erred n
Vletwedifr fogxatii ity did tthain 3 RiRa e XY tl@l’@lttm pradipd byaiedl IEyhmpEs of the epoxy

nDnoaIkyI ester-_or nonoether-o roup such
(meig1ageslstednnjuderal FYRGER ERRE- é%@@@&@@@%& R3PDPE-15008
pr%lﬂ}:é/(f)% ﬁb@’yécﬁ‘gﬁe m)nggtﬂ}\yFer etsﬁj%(ﬂf&{d g# SHil-Nak C?rnura Chemical Co.,

propy uty eroxy group an

Liopdnytt leA ¥ ARyAID & Serées praxdtuwoed by Wippeh Heayaky Cor, duip, Egamples of the

TR LB LT B LA o

pro%iu@é/d' 5PN O@(@kﬁpl N’ OYiko 27 9¥es BhQ WK BNigo T SQ{%S‘ ﬂl‘@(ﬁfcl@@ ¥Y Shin-
group.” The noi Sture-reactive organic netal conpounds

Nalavumn Getict §\0e [gdn ARONWNEOV 1980 Scfier prestaneg bg, T(MnG@SEI Co.,

LS B P L 0 B SRR by RSB boAle R oy

Arif@ivnet CHe@nit8akd.| Eﬁi :FHIROKE UESahicsGRoRRENEy ThE Nifpon Synthetic
(meth crylate E a carboxyl group-containing

Chewiophindustape., #ﬁh ryl Sqeiey rpdaced Roytldpenl a8 &léﬁe@ln UN
Selll& aérb@l%c%? by'%selggﬁl?gﬁgﬁ[cg ﬂl’d ;, Itftg g ?&%?g%fl\:/]l)@ﬁ]ﬁr%ne%gmduced by

les@bmmnﬂmmmg ahdh EEM gOO(s Ryl CedCyMRPPoh Soda CoY, tha
filmformand curing the film_The proportion of th

e
noi d0epountofthg Rlyyingtiniet (rﬂ%twpryé?éﬁﬁ@aﬁ%ﬁ i ychyresput that
the (feth)acryloyl group in this (meth)acrylate occupies about 0.05 mol or less per 100 g

of the entire composition.

The carboxyl group-containing polymerizable monomer partially reacts with the
moisture-reactive organic metal compound to form a part of a polymer by
photopolymerization and does not cause phase separation. Examples of the carboxyl
group-containing polymerizable monomer include an acrylic acid, a methacrylic acid, a
(meth)acryloylethyl phthalate, a (meth)acryloylethyl hexahydrophthalate, an ethylene
oxide-modified succinic acid (meth)acrylate and a B-carboxyethyl (meth)acrylate. Among

these, an acrylic acid is preferred.
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typically fromabout 5 to about 70 wt % based on the

entire conposition. As for the (neth)acrylate, either
W@a®90860pHt h of a nono(neth)acrylate and a PCT/US2008/087668

pol yfunctional (neth)acrylate can be used. The

(rmeth)acrylate preferably has a boiling point of about

160 OC or nore, nore preferably about 180 OC or nore. )

Exarpr agouit afiee crsbrphatonpentpmnepeiertigblamopeng) blended is

) nol8} 5&}‘ f%ﬁ %

prefEEbI RS W 0,100 SBaRS03oh ALK, S oMb AT HoBi0 ot
bafed®hhhambishat-ecactisob@anig Imdtaebmpaand/| at e and

di cycl opent anyl (neth)acrylate, an al kyl ene

( netAﬁ)f%‘gtgﬁ PRPEPQIENiZ I%Hé%%ye%ﬁw?ee ﬁ%ﬁtrfer%aeqlweabat, are not
linRRl Y& taB¥tb AL ¥5QhodABLED RGN, BLiReRPC1 PRI KPHORYIb BIRBAy1]-2-
LA YRR RL Y LURLREENS 2 0, PBLNERORY e

ycol )acrylaté, and an acrylam de suc
maphiakieb prppand- hdenedih) t@orgih athy] cther, pewayl dmuatipH ddetahéenzophenone,

N- pyr.rol.i don NSNdj et hyl.acr yl am de an : :
e PSS R BRI P A GBI o et sty thioxanthone,
2,4(61§~hﬁatﬂﬁbyﬁz@?mimﬂy@ﬁo@@ﬁﬁd)x&& @%cid ERDaREe nhie, produced by
strength of the cured product, and exanpl es thereof

BASI0 Lidé-tametlykganzely phany leflaosyphespbing waidcdbuier dRéHLotrade name,

i h l, at nanedi ol di th)acryl ate
e D RSN P R en o PR RS g
819, pedducad by ICaLGeige ) 2atsy dpyyBinteylhyerepl@hypedpan-1-one (DAROCURE
di (met h) acryl ate and_pol ypropyl ene gl yco
118, tiede Ayaermypdiced by Ciba-Crigne Ydi2chsrenyationy whendyethydeoxy-2-

prhhRELARENCn ooV Al A FURTZT 1, O1haeRi1 R,

met acrylate su as e

acrfy ot dxyaihoyy ahenydiizi hydek r@r@opytdtdngrac i Jlyditoe y cyahahrgyl-phenyl

ketteﬁ%?'ﬁﬁ%‘?@#Eﬁ@ﬁaéﬁéﬂg@;%%égéq%%ﬁq@%@@r bt tbioprapylphenyl)-2-
hy&%ﬁy-bﬁﬁ&ﬁ?l?kﬁﬁﬁyl -He, ﬁh@&%%ﬂéhﬁ%@ﬁyd@&zﬁi%gtymg-1-one,

Exanpl es of the epoxy (meth)yacrylate i ncl'ude
2-riripBA-2-hdghodind(4Bh Ry | 8B@PP BP0 B (RIGAE W RE O0frade name,

rp, . i. Ser i.e r.oduced by, Shi n- Nakanur
pregdt o PHhaieif), &he R Rl R RS - B DRI RER (putanone
' R ak: ; tducdxanol bayydFRt mamethyl-1-[4-(1-
(IR(N#@? ﬁa éEchri%l’ a?%&?r?éel" hddgu%l_EMVEFE)a E)C,}A&%}é)tr’i egdfﬁg BLEtI\I/lR;IIEIIQ 4Gt
metipylggbplcnyHpispaeceel gomnotES SoHRE KNK1 4, itigée wrga hirediceghbly

| ' I . -
Lo 108 R R ANERY RN TR g S
andC@crylolthdnzopKAYARBABL &30 096, t4QI0QamadpBRRd B #ss UCB). The
BEAVSET 500 Series. produced by Arakawa Chenical |nd.,
phetppolymerigatiop a0 i Izs@fefﬂb&deﬂf%é ihyn FHEUINGQS gBeHt 0.1 to about 5

WML AESd G DBEBLGAbn | ndustry Co., Ltd.; Ebecryl Series
proguced&%y ngceFlUCB; Art Resin UN Series produced
by Negam Chemical Ind., Co., Ltd.; DI ABEAM UK Series

adhtgegieed by

Adhesives that are useful in the encapsulating film systems of the invention
include pressure sensitive adhesives (PSAs), including curable (for example, UV curable
or heat curable) PSAs; hot melts, including curable (for example, UV curable or heat
curable) hot melts; and the like that have sufficient barrier properties to provide slow or

minimal infiltration of oxygen and moisture through the adhesive bond line and into the
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M t subi shi Rayon Co., Ltd.; and TEAI 1000 produced by
Ni ppon Soda Co., Ltd. The anount of the pol yfunctional

w@ pwvg@ey yl ate bl ended is such an anpunt t hatP@HES2008/087668
(rmeth)acryloyl group in this (nmeth)acryl ate occupies
about 0.05 nol or |ess per 100 g of the entire
conposi tion. The carboxyl group-containing

enqsgpylated peab| I@Vﬁﬂﬁ@nﬁknﬁmetqdapslyemé%:enegemdtlh eppadiments in which
a gggﬁs%ﬂﬁr?ﬂ{e%ﬁ?{psﬁﬁugﬁ Ql%ﬁ 'bsca‘ﬁEc% %QI{TP&HQ %aﬁrﬁéﬂhgﬁm Qﬁ%q.

TRri zatlon an oes
c au?e:fminaisaihsap@mathudeVEmahjb PSAetudthhs AR¢1boXY P0453 and

A@iq%;l& %0052% %Id)%ll ggh‘%?‘}%lg‘ssrﬁ%lrzcg bljgg i Q]gl{m r t, ncl ude an

( Wmﬁ&%ﬁé&‘e&é’d %h'%&’ﬂveﬁ'ﬂ%l‘&é& é&lf‘esw@ c(ﬁﬁ?Bél%&?s@dn%isﬁIgW'

hexahydr opht hal ate, an et hyl ene oxi de- nodi f
hydogeriatddecyab¢ dle(irrdiaht)damiylhat @daqwljasdiumdettmwetshgh as those

ais P Lh AR A s 280 b BB Bt h hutrmesngeed

c dlfé'o\lé‘fﬁ{ b#se8 613/%9%% polagsRe 1% REi8haviablhyydigam aagst
Y lto abou{p | % pr}gfergybl y from abgut 1gto ab%ut

mdk@ulﬂlj Mgl e é@p o0 g/m@lw Be1gr Ehe Best t:¢m@01@rlg aniich iygheagyclic
ole%%%gﬁl:'ld;éjol}nﬁ T 1s [ netrgl? Q {fe O\EQIB Yorgverrnlo%s %lelere]llbd{t? L8 can impact

are no

theaidﬂéﬁﬁl@ﬁpﬂﬁes olf tfhb bﬁmbﬁﬁymﬁb @efsﬁlﬂ eSpec1ﬁcally, the cychc olefin-based
2- met hy| - [4(msth|th|o)phe(¥)
pokyBep Ro inﬁblﬂfe dpaeemple. hydragepate %@é@qm EHybtaipedbby

hy@%ggdﬁltlp? :ﬁgﬁ{')}lléhmggdlﬁlk Q‘HI‘H&O &re h?/ﬁﬂ)%%}!)l(da{%d ﬁéﬂoleurn resin

enzoy ant raqui none, one
cardineludy h tphitada Ih@dl@lgenated resin, a cornpletely hydrogenated resin, or a

A A AR A e U A AR AT
In nfterfbdditn AR 5‘}5(1)19?1 h%d’l‘@é@ﬁla%wl‘@dfﬂ/ ﬁ%ﬁ’dﬁéﬂﬁedﬁﬁée‘jﬁ its low

(Lucirin TPO nane, produced by
momstm(ez)eﬁn@bﬂrty aed hgmpmtbzl@tylvylﬂﬂén ybhyrobptyiene resyi.de

E 819 by G ba- Gei . -
2 noBRagy SRR EY Sy B Gpat oy Be nelptyags not limitd t
a h%d%%endté@t@ﬁ)eﬁ@-'ﬁﬁsedﬁéﬁﬁi e Bk Ap1 & r@sﬁns%n%émlally avallable under the
E dr ox et hoxy) phenyl - ( 2- hydr oxy- 2- g ket one
tradg @@RQN o prhie (Ypsubdiaceltbrbygaldi phydepeppfed resin or
hy(girggé}agedl ester- b ed re 1n|(] or eiiancpzle, re%jns corm&ermallg aIVSHkable under the

oxy e rox

trade dostinaKyn E@Rmhgxdeepdiﬁe’sylhc &&t(ﬂn&L (1bREACHREESs 1184), PENCEL A
trade nane, f)qu oduced_ by

bz G
(ATakewa Q’l@lﬁ}cgb dysteias; 1Go. ,@tc?ﬁﬁ%gm By rlsgfahemical Industries
Co%}g%‘z, and SUPEROEE PR PN EMM kw2 CRUA QX aasdTRE gl Rt@pan-

dlsﬁmpetthmhteZesrm pplispioportbnithicatmebimgtl pdsangfdl) graopdn résione

o b 5 PO RSN AL AR 0 Bl g

Indﬁ@trfek RGAGRE aafﬁr%ro§eh§t@§ d@%yetﬂﬁcﬁ%@ﬁed’%s@ WRicHER 8Y) .
yroxy2msty hyl vi yl)
hydrogenated resin of a C5-type petroleurn resin obtained by copolymerizing a C5 fraction

such as pentene, isoprene, piperine and 1,3-pentadiene produced through thermal
decomposition of petroleum naphtha (for example, resins commercially available under
the trade designations ESCOREZ 5300 (Exxon Chemical Co.), ESCOREZ 5400 (Exxon
Chemical Co.), and EASTOTAC H (Eastman Chemical Co.)); a partially hydrogenated
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phenyl ] propane ol i gomer [ ESACURE KI P 150, trade nane,
produced by Lanberti), N, N -octanethyl ene bisacridine
W@ 2ADBEMSOSPTOVER NI 717, trade nane), and PCT/US2008/087668
acryl oyl benzophenone (Ebercryl P36, trade nane,
produced by Daicel UCB). The photopol ynmerization
initiator is preferably added in_an anount of about,
aromnaficepdafiesldicyrlonagadicnsdasid repia (B §peaple SHn capmeseigldy
avasegg{%éir?\ég%tp E?%ée ?éns\?ﬁen%? ?Igﬁblcnc 1%26 pr%sgﬁlrgﬁétgﬁgll {:ll)i))gh restt
resaliingSrone By drBSA®)ion bhie COdypgpattaiaint ses{nf atairedbgptapolldverizing a
curable or heat curable) PSAs; hot nelts, includin
COdtactipn suchrasindspgnpimdtolugpe and gp e Pupethsyreng maesusyd gbfhermal
de&?ﬁd}oﬁtioﬁ%‘ép{a@&elllﬂllﬁg tHQﬁfoP@’a%lp?Ié{frééiﬁ% & Qfé‘faﬂg%gzailablef under
properties 'to provide show or 'm’nimal I nfiltration o
thearadg elosigmdionA BEC ONeP bhABUEIN MaAaklines Ciiemlzanihdlhistries @ndLtd.));
| nto.theencapsul ated area. Low f|low, filmtype .
ancyg Frsd) fpadting Bopyhydeegeaiiqne malwwed PHIAFHTR sy @fdpe above-

deécﬁb&ftg faPtib s £OS ﬁﬁ@tﬁ’dt@(‘f&%aﬁi RATQRCITRLRRY aCAlhble under

easlily maintain such a gap. Preferred adhesives
thei trecle widg gdion UVEOR ¥ (REEABts8 Rettodwmidt ICea). ( InngncdDat®diraend, the
ARcl.ear(t 90537.from Adhesi,ve sear ch nc., 4den
ey s AU TsBpR Y ot B i AR ALp o Boch Ot R g (ause of
its (RPNt PBENGBINY hid REhsPaldMely. 0genat ed cyclic
ol efi n-based pol ymer and a pol yi sobutyl ene resin such
as Clyekieolgfizdhensawlymerndap 0oThO81Zed in THhesize gutresiloeng
cofRARI BB 4By ML LEBABLER: S s 200 10 5.000
g/rhél¥ | NPardtiveg ie@ibbdiawat, Alewbighesittak niste@idr vadigh QP (08 clic olefin-
g/mole or nore. The first conponent, which Is the )
based pplynas iefrpm-ahauetPOge Pyid8 e/ meleq dhibe aycight gveragg molgeplar weight
. oy . o Ve
oxcsBlt SBOF Lo R IRAR - ih ARCEAof FRRGholIIBHDATIAE
polyisebatytthe-bagddetsinnkgsiedrepa. ynmer can i ncl ude, for
exanpl e, . hydrogenat ed petrol eum resin. ot ai ned by
hy AL HEP G egca@éltlﬁfa}ge%mégwﬁ, @a&ﬁagsoqaﬁt-gaﬁsfifpp@m can be
blehB& WHAHRGRIMALSHIAET RLIRYIVAftis RathRN denelatdCatBut 20 to 90 wt%
partial ly hydrogenated resin, a conpletely
cytigdrcfgebasce golyesi m, blorded vatndhionat @ w80 Wh @ofyisobhylene resin. In

tially hyd [ . :
o e PR AT B e e R g wi
abdiit 309 80 Ak Bhol @St ISncdRSihr abl e because of its |ow
noi sture perneability and conpatibility with the

pol yhe streng cemponaasivhiclspdls polyiseldsheresiof istgsacially iresin
olefin e I r i.ngl ude .are not. |imt t
o e BREBER S R | PH NP Pl Rl
polsxabes nakdsyh emndid prbpaecdidpslyinbezing isobutylene alone or a combination

of isobutylene and n-butene, isoprene, or butadiene in the presence of a Lewis acid

catalyst such as aluminum chloride or boron trifluoride. Suitable polyisobutylene resins
are commercially available under the trade designation VISTANEX (Exxon Chemical
Co.), HYCAR (Goodrich Corp.), OPANOL (BASF AQG), and JSR BUTYL (Japan Butyl
Co., Ltd.).

The polyisobutylene resin generally has a solubility parameter (SP value), which is

an index for characterizing the polarity of a compound, that is similar to that of the cyclic
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trade designation CLEARON P, M and K (Yasuhara

Chemical )); a hydrogenated resin or hydrogenated
wW@giensdogsed resin (for exanple, resins comrerRCHUE2008/087668

avai | abl e under the trade designati on FORAL AX

(Hercules Inc.), FORAL 105 (Hercules Inc.), PENCEL A

Ar akawa Chem cal |ndustries. Co., Ltd.), ESTERGUM H

olefinrbarepolomenithcalinst erauraneny andsxhibits gpog commpgtighibeRe.,
ml%%g&&?&%flgnﬁat & Tesi na%gél pl&l?g%?%%g@?? g%g greé{sﬁté%-c Ig%ee%med'
Algoeas confipaned exthmpng aroregidrirgpoonedining lok gan&v@inhminhés uwseddor the

lig th%{}]itgt]?g eggeé(sg i_tl?encﬂ{a%g_oe)nt’railégﬁ gg%tgﬂ-r " d%(rgrq:paié( %Wade\qég, t. ?sa}lesin
oerflr QKL R 9@\%@}%&% 2R@BRRH T BSoRiMIESRn bR tﬂ%&%@iﬂ@ RRtRice is in

resi'n of a e petrol eumresi n obtalne
comta@oviinibe ierdapgulantCs fomattucnirelguotts gpiqalpaenmt attacked.

i sopren i.perine and 1, 3-pentadi.ene prod d through ..
FuttiaPiogs TR0 e BTesP TR E oY SUTHCHABRERANE Flspefore. W this
resBXBRBEEIn & BSdoNS aGIRRIFB lehitapshiMtidyY ddrhghitRnUndedndsie it raday

desi gnati ons ESCOREZ 5300 (Exxon em cal

spresboREzn SdloacrtEnd dre Gnericabl Gudy at the it @ASTOTAIMized. In
.East m_cal ‘D)) a i al | 1
w78 SRt SR oo hdr PR rBY ks pemeatiion oo g
thefeBteNthefpalyisbatde, redif & JnitaBleae fhei bakd sesavdithadlesivader
the trade desjgnati on ESCOREZ 5600 (Exxon Chemi cal
enQaPsYlFHNgGCOSiiopesul ti ng from hydrogenation of a
9. . : ‘ | P
S s S A A T S
(pdiystatiytesiugedemel epuladwreight oy GPO o Hatioud 2emogog/ntol ©or mbre. In
m na resins conmmerci al |

I h f | e,
anfﬁﬁ%r{q?@?ﬂﬁgn%p % p?b{ Og\até{ge)é(‘gg%éts it has it VARG VErage MRS
weldht 6F AARWSOEHEITL ale iEBRE WRE a Bher tofchihr walMt, #he adhesive

resin resulting from hydrogenati on of a copol yneri zed
en@esulatirmuronmesition dfiat iherepdrod edelsorciabeide Gibber pletchonegaerdand can

fragtio far, exa e, resin,co rciall avai |l abl e
et ity Y bR T R Rl o su”
Pet mag BERiseBlityfee }dsin My AR WIHIAS I¥BNiticstabor8Mg|td ehe
ol ef i n-based polynmer is a hydrogenated

forgudgfion o dim aliPerecisapudtinesompysdans &/ hsn defised buhe viscosity as

mesE P Gl ST i & 2 e PR e g usvelly

ha£N¢RESUHY A érage HOMERARE WelRBot dBUE BJ,000NBMO, (808D %hhole or about
average nol ecul ar wei ght from about 200 to 5, 00

50Q000 103,000 h&/meds: enbodi nent, the wei ght average

nol [ i ght of + cyclic olefin d. pol yner s
rronasBh eEbSRea el £ k8O RRRE Rl Ll nctudes
a hygdogenttad cywiit ghifinebas&episly e @ Pol/isobus/lcriez@edin, a photocurable resin,
tackification may result or the conpat| bi Iit){) with the
1 “ba

angp photeppymgrighionipiates Thehydrpgsnated yeliseletin-based polymer, and

the polyisobutylene resin are as discussed above.

The photocurable resin can enhance the fluidity of an adhesive encapsulating
composition before it is cured, and can enhance the wettability of the composition for the
adherent. Embodiments that include a photocurable resin can increase the adhesion and
retention strength of the adhesive encapsulating composition because of the curing of the

resin.

-30 -



10

15

20

25

30

In an adhesi ve encapsul ati ng conposition, the cyclic

ol efi n-based pol yner can be bl ended with the
weologhsobit yl ene resin at various ratios. GenePGl/U§2008/087668

about 20 to 90 wt % cyclic ol efin-based polyner is

bl ended wth about 10 to 80 w % pol yi sobutyl ene resin.

I n anot her enbodi ment, about 20 to 70 wt % cyclic )

ol ef The Bhasecrrgide yasay canderspapriedionynsptugries andapnibs aphatic,
aliWc?’ll% POLY 1?@5’1”1{ Y r? 1iE SRl &meTQﬁb(ﬁﬁ&Qﬂ]tg, s%ﬁflﬁgﬁlgﬁ schiN acﬂgll

I's the polyisobutylene resin, Is generally a résin
(mbhyacngdatas, polcldaiplticy(hrerigacidatest apoxy nesinseonmintbinatiods thereof can

si.de chain. Fundanental ly, such.a polyisobutylene . .
be hiiod TEatog deyreap 59@&%@6@89@3#}/ oF ths v diseadfrbeigtic aliphatic
hy@&bRBoRfeshh éﬁfﬁgﬁ’é ﬁ@l?is%ht?lfené.s?wilnﬁ’ Q&h %S&bé&“ﬁt@@ &r subgtituted

I soprene, o utadfene in the presence of ew s acl
withatabysgrospesuchses by dmkynanalkéryogrodes. or  bor on

trifluoride., Suitabl | yisobutyl ene resins. are

comEranir;omgshg pikaP GreiBosue plfuiaas Fidfrpe. but arc

MiritaNGXo & 8t theth (109ehirkibl 1),
nOtO:’ANQ (B&M?%nd JSGI%{%EJTG\:}LHF apgn Butil)l Qo%t)
acritagt, 1,1 0drsapsbiphydigotiiaghydsie andshydregsnaicd pplybhadica di(meth)
s R K PREATEL St RF oo ML KBS o e,
areSdofrlihdited k@) i§ddvainyd {méthpacep et te@haéthplphrsidt)] prihaBnatet he

first conponent) and exhibits good conpatibiljty
pentamethylpipegicliydinthagyyliies dcydhepcairay| Enghesiyite sigiglopentenyl

(m%?g%gﬁgte,stﬁ- Ride n&w{iitgﬁal ﬁ%@%c&lhﬁe{ﬂaﬁ@ﬂi-@?cl(f)c?erc%eddi.-methanol

as’ conpare aromati c ring-containing
di(orthamirglateo ixemptisy used fhotocutubld reght inehade] butgrd @otéimited to,
the charge transfer |ayer of an organic EL device,

cpexifiged basead giurrppaidiapd PRk butdicnc ol peluyeng oy ids; gtpgpene oxide,
B T E Rk REARY B hlrcfiHlofBh chiboxylte, -
cydlyguced diymethenal digladit d ekied, hydurdgehaedrbispherniohd diglycidyl ether, and
pal yi sohut yl.ene resin has | ow surface energy and
L lﬁ%[r(%fﬂ&ﬁgi,oxm’? nYlﬁﬁeéth@ng?fﬁygb%%‘Ef in a viscous
adhesiyg: GREARMELRL IHIGGRIPRORL G Ak cdfifinBRIHE Mah®nk Burable
readily spread onto an adherent and the generation of

gronpiadsutalizetl h & wivihlt adsof eoen desstanidriymne ed skillnn dobdirt thetimixtimes of
h | ass, transiti ?)n Fg%p rature and the noi sture
P %8?%@8??%33?3‘3 &g and therefore, the _
pol eaORHy WheRR ufBf dsih$ arprésaft i adBesiRenRAKalakiAs chmPdsitions

~ the adhesive encapsul ati ng conposition. The
in graeyits ot yyiveight YoedgisA wesghi|% .y Imsesnceemleddgmentsyw bthggbiotocurable

nol ecul ar. wei ght (Rol.¥styrene-g ce lLecul ar wei gh

reo By R B B ALY WFGH LT ARl PR Rl ke
en@iphedhe®ei andibenfion taghutllseme chddidindtd, éfthbipBotacurable resin
. wei ght average nol ecul ar . i o s
18 present in an amount greater than 50 weight %, the moisture permeability or flexibility
of the final adhesive encapsulating layer can be low. If a low moisture permeability is
particularly desired, the photocurable resin can generally be present in an amount from 5
weight % to 20 weight %. Such low amounts can be desirable in such situations because

the photocurable resins generally have higher moisture permeability than hydrogenated

cyclic olefin-based polymers or polyisobutylene resins.
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wei ght of about 500,000 g/nole or nore. Wth a higher
nol ecul ar wei ght, the adhesive encapsul ati ng

W@ 9poshop3 on that is prepared can have a w de PURD§2008/087668
pl ateau regi on and can maintain sufficiently high heat
resi stance and peel strength. The polyisobutylene
resin nay have various viscosities according to the

for Hwab%ﬁleﬁﬂs tha énchirisesphpéonohaagarion inidpteio RSty efther
phé% eifaThingdrd éﬁ&‘mt‘ ﬁ??[8 tc>én Bg uﬂﬁfe'%iﬁ g@&epﬂly! MEChoRE 6

vi scosity at 2 |so ylene
1n1m1b1ywﬁbcﬂnlieydi etleast @spart mﬂx’elﬁamduhas photetwablsirtsyn thaeisageuded in
Lecular mel ht of abqut 100,000 to 10, 000, 000 g/ nol e
ShsHEutNo8RE DHE COBPESIHBB, 000 g/ ol e.  Anot her

e ”boﬂkéfﬁ@tarr?) w&ﬁﬁﬁaﬁﬁhtﬁq&@ ?dchﬁieeQ&%Péﬂcl)t%n‘u&Ql to, acetophenone,

conposi t i ncl udes a hydrogenated cyclic
dledloaﬁlacmtd:lﬂnswepb-l[ﬁmmﬁthytthlpbylrmtlsdﬁuplwhgﬂé -megnhprin@propanone,
curabl i [

berfz:(]?lul DRz et%z']ree%ﬁl 3‘?%%g hoﬁ?g Ol Xoﬁéfﬂqzn%t j%ong]&nethylbenzoyl

forBfatey MRYthyl #BkabfifoRO kb oMok BBBYHESktRSR, 23,6- trlrnethylbenzoyl
di scussed above. The photocurable resin can enhance

diphheyphasphing pxigie (ermmaieesly\aeaidahdapeder tiei trage desiprasionilg CIRIN

BT 5 BRI AR ES G AR L ©

(cdnﬁﬁéxuﬁﬁy avhdlomde Adhlk @rad e dédigredion ILITIRAS TAAE, fasth BISIAG),
and retention strength of the adhesi ve encapsul at.i ng

bisd g dimehnl bawavis ehgw! phespBineioiledrommercialy; ayatfatde tinder the
o n
ol B BP0 AR R, L B0 2 RS AR X fheny
prdpans-odme éMmdémﬂlltyavaﬂ;a:’lﬂeJmaiee theltoadg dehgﬂlamOEIMROCURE 1173
h) acryl ate | oal | tic ( )acryl ate epoxy
fm%@{b it CEorbi Y daRet %fﬁ@?@&flylc@ﬁw@m Propsly ketone
(col?@tﬁ%ﬁﬁ tat)eﬁl/ab?eatﬁld%f‘@l@%@e Hg’s‘%gr{ﬁ,‘n%ﬁ IRGAIAYR D9SN Bom Ciba-Geigy
hy rogenated cyclic aliphatic hydrocarbon resin and

Cot)hé-(petyldohuthoxgipbenyiHe-hydgixys2-panyb écons,ubbydroxyaydiohexyl

bstt ut ed th h
pheg{y&g%glsleétc(gﬁglgerc %%%{%H? T]gﬁlgtlil ﬁﬁa%gegsﬁw 10n IIH&AWEM from
clﬁdreé@@“or)yhqnesmmiéhﬁblzehyde&tymmmlmganebubn@r1e(4-
not lrmted to, octyl (nmeth)acrylate, steary

doqaesiphyrd -yt lastdéoxw@nmdamm I@n@ n?emﬁthbrérfwl‘ah@‘mO(“-
thlé“rg%%%%?g%{ig;ﬁ@da&g-( néﬁaeh(?gr%ﬁl ){({uﬁ avaﬁﬁltqe 'JX% ?lgeeﬁﬁ]a?&eecgmgnatlon

acr eresin
IRGYRCI LR D BbMOCibaELdigyaCo Y Bb@zﬂtmtimmﬂm;aﬁhmor Bgi-ns
i ncl ude, but are not limted tao, isobor

morphalinpaignyDuganope £90§%%rﬁwlb R fably lwdeh@@ ﬁféé? 913%%@“011
IR?%@%%@F@?? rb [ c I 0 %g\{ly ﬁa?“?rmeltl};hi Ig\e%:/tsrié at e @&Xhlmemauy
avaﬂableayn:lblot}i/ie (t:radedlesqgn{ldol(l PF;&IHHKAZE)}WQMER Nhﬂl 7 from ADEKA Corp.),
an(i acrylo%f‘tl)e%gg&?erﬁgng &coglentlegmgl?y available under the trade designation
EBERCRYL P36 from Cytec Industries Inc. Co., Ltd.).

In one embodiment, onium salts, can be utilized because of their low level of
metal ion contamination. Onium salts include, but are not limited to, iodonium, sulfonium
and phosphonium complex salts. Generally useful onium salts can be of the general

formula Y X'. Y can include aryldialkylsulfonium, alkyldiarylsulfonium,

triarylsulfonium, diaryliodonium and tetraaryl phosphonium cations, where each alkyl and
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di (nmeth)acryl ate. Exenpl ary epoxy photocurable resins

i nclude, but are not |limted to, epoxidized |linseed
wW@R009/08500% i di zed pol ybut adi ene, pol yi sobut ene BXi/t£2008/087668

a- pi nene oxi de, |inonene dioxide,

3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane

carboxyl ate, tricycl odecane di-nethanol diglyci d)sl )
arybgreaip can De el ik oX I5p PIs B8 IPFA, 8pkyl i 80k . @h%@z, 2Mind

, [ - 30xt het hanyl met hoxy) nmet hyl ] benzene. In

(C%osﬁjéggerfgg%%?ﬁe@h%%l?ﬁ%hot ocurabl e resins that contain

nor eEkdraplcooepiots eddioaicgntiaprainelude) hit aedhot llimitedltd, thdszo

b ) t b f il t ] .
CO%%@%%@L%@%@F @X?eggﬁ%@ad@‘zﬂl%@eatﬁ% P00 _e;eﬂgﬁ-églfﬁrgﬁl nion
CaPfi OGHY WPl 50 GHMP7 @ EmPUBERA Chi. 3ANBBIOY81-110 Sanshin

encapsul’ati ng conpositions in anounts fromb5 wei ght %
Chtoida0Cor Kg+8ts fem Degsoaes @iitaTOBNEIATOR 201 from Rodia Inc., and

) I | n i ent..in a unt | ess than 5
CHRARTAS, S8 Be TP eh iRy nhef SpPelPabidnough
adhegivan a@dthe@Rtdo Dy Dk @NGEiN in tH SORE: BIXBAE] Nt s,
i f the photocurable reSin is present in an anount
phefepelyeerizdiion isiiatnes gintbewtilized moi sture permeability or
fl exggrlllrlaltlvy,t fpﬁolj[]epofllnqgr!iza 18'1? FRtidtGr ﬁn%eas Et%h%%laﬂl%uhtaﬁfoeﬁl 0.01
can B Tow 11Pa 1OW noiattr e per mBAbi ity 1's

welht V4 U atiglit deasikeeeh the Mecighoff druidabliec ¢rrRapsulaiag composition.
general ly be present in an anmount from5 weight %to
In legm%m%ts siere the gmarpfiafrhotoralymerigaiqry igsjatoriin lesybgn 0.01

We%lll:t/ %tﬁlglegﬁtzinl%eo?%a%h%ﬂse %ggﬁlﬁ#lfngyot ;oﬁiﬁﬁg Elsr A50&" R Yesired. In

r “moi st ure perne ogenat ed
soray embodiolcafswivas thd apwiuynel hoarpopeherizatduinytiateres greater than 5

resins. I n enmbodi nents that jnclude a : e
Wetﬂ%&%ﬂ%ﬂ PRt Qgt)‘i“cﬁﬁlsﬁ% PRkt ??‘Iﬂﬁ’éﬁ’{é CafaPyulaing ¢RIRPQsHIANGS
highgfihgRledifalit i ators or cationic initiators can be

utilized. Cenerally, the choice of initiator wll

depefdtianallyethstadhesiyzagan contatnhdesipaartti Egbiacanp oot adhekives are

eGSR b 6 Eh A CorraRas ™
i nclude, but are not limted to, acetophenone,

di et hoxyacet ophenone, 2-[4-(nethylthio)-nethyl-
Releagehleingll | - 2- nor phori no propanone, benzoin, benzoin

et hyl er: - | 0
pendyeletnss SE0EY bR, oSSl RERAARARIR sysiems of the
inviehfi@x@njrbecehe adiekivy Iptiot @xtantdiignie encapsulating film system to an
4, 6-trinethyl benzoyl diphenyl phosphi ne oxi de

2

OED: ihsantei Kilopsealingry kv wribeptt caeds nssde Fyamplsnaf peshul release
lindr¥% KR S QL BEPE ARl the i lfim;: Teflont™
m%#%%ﬁ}l etfgxlgyepggsp [ rlleg%ﬁ(cioﬁees ﬁgonérég%itpgwlpy vailapre o0
filmnatelrpol yuster padiethdesdlgmat filom dokkcH RV STROnks, fflionBABES, and the
l'kAG)’ bis (2,4,6- trimethyl benzoyl) phenyl phosphine
X®xi de (commercially avail abl e under the

In some embodiments, the release liner has oxygen and moisture barrier properties.

For example, the release liner may have an oxygen transmission rate less than about 0.1
cc/m?/day at 23 °C and 90% relative humidity. In such embodiments, the release liner also
serves to protect the desiccant from ambient atmosphere and therefore prevents its
depletion prior to use on an OED. Examples of release liners with barrier properties

include known barrier films (for example, barrier films used in food packaging) treated
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trade designation | RGACURE 819 from C ba- Gei gy Co.),

2- hydr oxy- 2-nmet hyl - 1-phenyl propane- 1-one
W@ ewomgnoes al |y avail abl e under the trade desi gPEE/US2908/087668

DARCCURE 1173 from Ci ba- Gei gy Co.),

4- (2- hydr oxyet hoxy) phenyl (2-hydroxy-2-propyl) ketone

comerci ally avail abl e under the trade designation
withpaalcpRroatng sychasacilipaneer ﬁl}org@arpon coating. The films described
aboy ee(a% r@ﬁ{b{é_ %Aﬁ%@%ﬁ/&éﬂdﬁﬂ%& tréa%ecf\féfhﬁ g@f%asé BItRRY%nY used as
reléas0 hinerwiti@biryicap@ptaibs. e under the trade designation

| RGACURE 184 from G ba-Ceigy Co.),

| - (4-isopropyl phenyl) - 2-hydr oxy- 2- et hyl pr opane-1 - one,
(MﬁmﬁﬁI%gggggMJR@pnyl) 2- hydroxy-2-net hyl propane-| - one,

Z- et hyl - Z-nmor phor i no( 4-

t hi ohEstohnyd phlzdyinggs.opaesirabbne physiontbr sipatateyoraleaiticblly esolate

the de ¢ E%y{ r%g %QEIS* eﬁ@gqlng?% a!a%%@% RE&aﬁ,lgﬁ%cqan{n l}ﬁs electrical
coﬂHM‘cﬁﬁ@} haPENENYduke BIEEROANBOLE FMREC R UIrYct d¥AbbBBIEcertain types
under the trade designation | RGACURE 369 from

of OERs(zicgymuds. Dixilaiedy' Theretanwthe/flenele gheapadpiiey ik systems of the

1n\&%%nzge ! C#%lvlé%a ﬁ]@elf!?ab 218161LJ %@%&%%}r }lncfl qucttd %fl‘cﬂgqgloqigte ?tfe desiccant

frobeth QHIRNPREccie yefstan lalsy pasiehl @dlce oﬂpﬁﬁeleﬁ hﬁddsroaaiﬁ from

desi gnati on EBERCRYL P36 fr om tec Industries Inc.
spatiing off the barriqrifilgyandeispaingghe OEbhi um sal ts, can be

uti I

U1 SR BREUSEIRLIEH A YR B I By on nd
maistuictse thdt che dostoanit ismotssdldtediram tha @ Hihasppaititiomarea.

conpl e alo . Gener aI |y usef ul ium salts can_be of
Exapp 658 yitaplesnpptechive layeg mat@glaé%wcﬁxﬁe PQFpas ceramics (for exarnple thin
sptﬁerédjdlﬁﬂlhﬁék ol ﬁ&%@@wﬁl kdveli ysks hd QBicH ffhnsportlng capabilities

triarylsulfoniuny diaryliodoniumand tetraaryl

(fop hm@em%mmw; Imasl}r;ﬂ%hmsep@a@dly]ahk@des,amdbaﬂlyyletgrglucppls and the
titut
ik GegBeB e PPy S OSSR sRa s b Baune

cer@iPHYSyAdid QIM)Ghattah b?év@ﬁtseléd@ﬁ&dll dortiket are not

limted to, those commercially avail able under the
trade designation UVI-6990 or UVI-6974 from Uni on

@§§§!QEMQ% ﬁ ? SP- 150 or SP-170 from ADEKA Corp.,
10 Sanshin Chem cal Co., KI-85 from
De g Waisigusanciri@T [y &ls B Ad40R g2 Qdtbd fdud Ro thcbalig asscaiblics to alter
Cl-2734, Cl-2855, Cl-2823, or Cl-2758 from N ppon Soda
or %PTOVﬁhélr physigaljor chgraisalpaopgitiess §{“6‘6%Ila53/’ apihe Sb‘ifa@lﬂflﬂlle barrier
n f [
SRR of kgl KL el DA B A i

corpimoﬁwqokabrmr clzetroden (e pi, of mtlam tis opide entistatic @atiagoarriilms;
fro

01
flame retardants UV stabilizers; abrasion resistant or hardcoat materials; optical coatings;

anti-fogging materials; anti-reflection coatings; anti-smudging coatings; polarizing
coatings; anti-fouling materials; magnetic or magneto-optic coatings or films;
photographic emulsions; prismatic films; holographic films or images; adhesives such as
pressure sensitive adhesives or hot melt adhesives; primers to promote adhesion to
adjacent layers; and low adhesion backsize materials for use when the barrier assembly is

to be used in adhesive roll form. These functional components can be incorporated into
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wei ght %to 5 wei ght % based on the wei ght of the
adhesi ve encapsul ati ng conposition. In sone
wepodsdent s where the anmount of phot opol yner i REE/DS908/087668
initiator is less than 0.01 weight % the curing of
t he adhesi ve encapsul ati ng conposition is slower than
desired. In some enbodi nents where the anpunt of
ongpiomersarfyheputormashlayesiof thet kerrigrasspmbly ey canrherpppligbasghgcparate
filfoor EOgi@mount of out gassing fromthe adhesive
encapsufati ng conposition is higher than desired.
Opt iVariald gptiohhlefeatthmshy be ariuded it therfledédd emapiulation film

Desi ¢ | oaded_adh S|ves ar e describ far exanpl e,
Syﬁt?’{n@ége PaCRHRD- gﬁf‘ °P§?Ln3( W@HFM“&E‘%@F“%WHSG exposure
1ndﬁ%lt&§‘ %@aﬂﬁl&e And' a@ét%%@tulrés Nel mbRMNIrP @XI%Hs{nle' iA@8atbPcdul®be
l'exi bl e encapsul ating filmsystems of the invention
mC'thudep topwetdetanendidétemi asgo grei condition lob Hdi degictdne prior to use of the

e BRSBE R AHURR A B SR R

treits@with ih18) Q8Rer I}})hﬁ%ﬂﬁndll&@'sU@iﬁaé&h@tfetusB@Rﬁdllsﬁl@#bﬁﬁuw th
silicones and the |ike; polypropylene film Teflon(tm

ldentlﬁmtloan@hwtw@sxr@hg@m@momﬁqematm gdnertising ersbreedinéermation,
deco tloali, I01|r 64%& 1%?%%131 i) Or% %%cﬁmlthegj canhb useg (t;“o %rnﬁ O%O[FE ¢ flexible

re ease I ner

endﬁ@ﬁlﬂat&fn POPStdn ash akOor exaifie,ecrcbh @nﬁﬁhg? &iﬁ@eﬂ prin€ihg NBdrmal
have an oxy en transm ssion rate | ess than about Q.1

trap eIy erreeSE)@‘ﬂatﬁtg gﬁ%t PENERE e XpgRPE Pyinting stppls

LR e D L REOSH Dt A AR AR 8,81 St i

theprdavsnd, so niaﬁltzdﬂe pj)eﬁllﬁ@bmﬂrhmrthﬁcbnass eSpaveastriohides could also be

| es of ase |iners I er properti
indH G DR RIS l?&?‘i“?“ér(qule%%? fmt éﬁﬁfﬂe@ Sungliindpe by the
adfidsVEBtoUsRA theidraachiBRoK A MGbIL Bﬁﬁ%ﬁﬁ‘lﬂl bk fhefBl S@RRe the
coating such as a silicone or fluorocarbon coating.
possielityidf abradiys drinbgdtotho &Ly fhcextdpselaban sysem.f i | ns
could also be treated with rel ease coating and used as
rel ease liner with barrier properties. Optiona
Mdthsd silbvigadtayser I n sone enbodi nents, it is desirable
to physically separate or electrlcally i solate the
desToe daxiblorrepsatatigebImpystens ahihe anveatipe sut be/madeusng the
S I |
fole%ghg @?gea tQpash é?i c?o%u n%t% ﬂe%?lﬁg B&ﬁ gﬁ“ er%{,t(ﬁzééﬁo%fefg%g%{?%ﬂ% on at

leasted pariion bﬂﬁh@ﬂe@ﬂol%edﬁlﬁf aﬁd( @I)'Qﬂe@ommig(dlds&bﬁd Obtaining a
Therefore, the flexible encapsulating filmsystens of

flexifle hamgeifilmoin abeys ihcliguen eoqté%rttw\@étqpamqvgr can vary in

orddpysically and electrically isolate the desiccant

The first step involves fabricating a flexible barrier film or otherwise obtaining a
flexible barrier film (for example, purchasing commercially available flexible barrier
film). Preferably, the flexible barrier film is in a roll format.

In one embodiment of the method of the invention of making a flexible barrier
film, the desiccant is deposited on at least a portion of the flexible barrier film in the
second step. Deposition of the desiccant can be accomplished, for example, by vapor
deposition of materials such as calcium, lithium, sodium, potassium, boron oxide, alkyl-

and alkoxy-aluminum compounds, and the like. Reactive metals and desiccating oxides
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fromthe OED. Protective |layers can al so prevent

flakes or particles of desiccant fromspalling off the
wh 2000086095 i | m and damagi ng the CED. Suitabl e pPOI/ES1008/@87668

| ayers should be at |east partially perneable to

oxygen and noi sture so that the desiccant is not

isolated fromthe CED encapsul ati on area. Exanpl es of

sucist Wb cEapRle: €@ Pk Bpayen brerasited BY priictiae optseelii sputtering.
SO0 TLISnG IR B L0 MR PR AU bt
dediapatdulch thae & i§ placcdxdynl eeciiclay¢asiof @, flgddly bareichfimes,

pol yacryl am ndes,. pol yal kyl ene_gJ ycols, and the like). .
Depghy B BTG lafl@?ré Tic ngggbﬁ ) %ia@!@@m C@Hrpgyéés ina
pol§r§1{%¥ic %ﬁf&?‘ &n bé '&ebd&%&l 8h AN &RS18 BAFicP il Qkiﬁg%lhﬁoﬁ-bés%

hat can prevent ‘electrical shorting. O her Optional
cofEmgtan pastivatechngudsyfrteikample, kiafesrspory webig (psocaly theugh a

dded to.the barrj. l.i : | i :
B eyt tsh PG R aaPuF Spab e B0t Ts ey ATRERY folyeric
bindBeis SHEKAEE: &hmiple a PRIAr dretfot hicltMit 4aJe 1hdMREcd ko the flexible
coatings can include, for exanple, visible

barrie fitm t Adtaeatisdy vdesiserrd didmp gen baplaeas! asrthe flexibledueer film using
f 1ndi i n.oxideys antistatiec at | or .
oy or Rl Ul BB ACY AR TG b Euh BIRu Boated with
an bl pidtechike yedcoat materials; optical coatings;
anti-fogging materials; anti-reflection coatings; .
ant 10 $usRTBPasimensathie djed step sadiingrghesivg foreg deast a portion of the
efBlq b IR0 TG S IRATHS bic B ERANEUR RRphcry of the
dedi¢cdansgrehslsagvapted byfthd adhesive] Fagesnc auicelsipplsatous,hoasver, it is

ressure sensitive adhesives or hot .t adhesi ves; )
preg?r@ﬁlﬁ R CQUBPIS IS HERVET anesre g &aﬁ&éﬁ%wq wg tHaat wligh the flexible

enéa%%lﬁ%ﬁﬁl@@s%?ﬁ%dﬁ@re&% 81 ORDSsubatd! SBe YMHRGivE Mfls the gap
barrier assenbly is to be used in adhesive roll form

betTives thef QAR tand thed desiwnpundht sdicaivelven bapmvpdedafoedxample, by
A ntoone .or nore of the outernpst |ayers, of the bargier .
pritf@ Ry s Bahe S FrnUbe Seg REFHEnpk pifigy o HoOgraphic
prif@@d hdieh soh@idng 6% a@iRkiveRanpbeaid s 0eAb IR ontpokidRTof dirable
the flexible encapsulation filmsystens of the

monapertand(er obigempisewhigh agprubsaaarntyedricd ewreilpatlly cured to

j . exposure indicators, graphics, and spacer
fo]#s}?{rhgtg%er%é@' A noi sture exposure indicator could be

i nclaugidsd ingpcary thde bamapplivdi to alid Mekibls cheupbiilatiGOfilh 5ys@in to
of the desiccant prior to use of the flexible

proferd Higsadhatiy opntilithgenegrivgaon prgemivicy| &leatiyely) igiadhesive

i bd RRY AL H 88 HhERLL the Wb of MK ZaREvO R fer film, Thi
e prél ﬁ']tee | n%g%esugﬁ) as thosé used to Cill SIE)] ay p?roéllg}:t ®
constrapntiorf ¢anatptiongllydrave ppatingmnindhe adhicgimereRor dxafptayetis construction

dverti si ng or brand i.nf ornpti.on :
can be kiss-cut to form an opening in the adhesive film or openings can be formed by
printing techniques. The transfer adhesive can then be laminated to the flexible barrier
film such that the opening in the adhesive is in registration with the desiccant. The liner
can be left in place or it can be replaced with a different release liner with, for example,
better barrier properties.
In a second embodiment of the method of the invention of making a flexible

barrier film, the adhesive is deposited (for example, as described above) on at least a
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decoration, or other information. Various techni ques
can be used to print on the flexible encapsul ation

WO 2000080933 em such as, for exanpl e, screen pri neECTGHS2008/087668
inkjet printing, thermal transfer printing,
| etterpress printing, offset printing, flexographic
printing stl ple printing, laser printing, and the

portior@f t RIGE U?@sthéémoaldtsaepr A chedpsiceght is deposited (for
AP I8 S 5y BT LS B

emboadimsdedf tha negpdap tyipadaly luatiaéd fon snakingrflesidearphapsulatiny film
the area s rroHnded by the. adhesive) [imt the

Syt bingtiFly hegdhesie Peby e paiipheay 0? {8 deaifiant s ggyexample,
sucrhecﬁé’tctﬁe LR 5RO S okh by Qikeﬁbarré‘lﬁid"tﬁe qmﬁt WRerd (A€ ﬂ%@le

by the encapsul ati on system Manuf acture The
endapend itivl gesysteoaip sdhatd ‘m)ga sfublstmtsy sdne a@aofagtr héthmembndlmnnt of the

a e de 1.0
mefiR ot i HRURR BT i af i §ebireS 1 HERSire hap be placed on
theadR @S &/ Sridino Abpdsaanith@ dchhimdahe iell@sé liferichh 8c Raddrdsar
film and (3) depositing desiccant. Cbtaining a
deffasgionpnaskdar dapepiting thp desicedniays the first st ep The
ot h st.e 0 ar.
ot egn ?ﬁhﬁgil \}ltébs h 1?[' \g?l% n%thé&l f #3! 1%\fen9%ar . %IFm %lemble {)arrler

ﬁhﬁt ﬂhe ﬁ@héﬁﬁeﬁbﬂ@o@ité@(f@ dxagpld) e ddxaribédedbolvt) oh z(tflélarst a portlon of
ampl e, purchasing commercially available flexible

the&ermlébarﬂer Fym apd ghea pglspigeant pedeppsierd §fos cpappleeds depgried
abd\%) bﬂ afleh @l o(’t?cfnr@tthe é eQiQ@ eXIn@?ﬁ%é’Jt it ﬁeal{ﬂal{ad%gigle to

€ I'nvention of ng a arrier
plabhe relessk dioamndn atdeadep psntlbﬁ of dre ahedieaotusa thparichanlimef as a
t he, Tl exi ﬁje barr.ier f] In1|n the second step.
dqﬁ§ﬁ5§ﬂ?§% obgereREng ds gisitntcan be acconpl i shed, for

exafpk entil ¥atfRR6n GEME %ﬂe&ib@é‘e&ﬁps‘ﬁﬂti‘%h'fﬁﬂnssy%&rbaﬁ%e done in a
calcium [lithium sodium pot assi um boroh oxid

batah kqddartmcmhﬂwﬁwget fieiblerencapsplatinglslid aord shh@ dompelsmg multiple
|dessu

tive netals and de cat.in as,, for
i Al e froBBa o i G tnasBr e eas S apdiite s s of
filrh @8fipliviag SRIMiHIE 1id§ Iin BARGOIW dPBSsERGest B¢k e Barfidifild€can
used when vapor depositing desiccant to pattern the

forgetdie @@tarmsub&j@rﬁ eitieb. i The barperddedragnioy ckamplpehs ipjagoll form.

poﬁ@%%ér)rlkglt Elﬁn 13 )él ?h ?01189 tl{e Ckllé%@ th%%lﬂ%? ﬁ% réﬁgrae

or exXanp or a um nu

co Py uﬁdlsas'ennz&e@all mroacksb;lemﬁehe) bagdty filen eRRB&] do@t tOprotect the
the flexible barrier filmusing solution-based coatin

desigcapt fromiampiqné ahpsghers apd efeVé&taWpieeleth?a prigr (gruss gp 4y OED, but
w1t%1??1.tnth|@ %cé(’(lﬁ@{ldé )‘E(}%gérrlgp %{Jgrﬂgé’%ﬁ%llﬁ% G@s%(as 5C1T~:’£ We% s:ep%rrﬁfe??l@ase
lintthe pol yneric binder is sticky (for exanpl e, a PSA or

hot Arlr%rna)[lvely, sma ?{ér Bl%c!csaor? f{]emb?g bgr?ltep ﬁfn? ganf ‘tl)eea{((fhere to a carrier
sheet or web for processing. The carrier web with the pieces of flexible barrier film can,
for example, be in a roll form. When the carrier web is in a roll form, the backside of the
carrier web preferably comprises a release material. The backside of the carrier web can
then serve to protect the desiccant from ambient atmosphere and prevent its depletion prior

to use on an OED, but without the additional materials and processing costs associated

with a separate release liner.
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barrier film Alternatively, desiccant filns can be
pl aced on the flexible barrier filmusing adhesives or
waQ bwpsdovs r ansfer techniques. |If desired, the BPEBUSWOS1087668
can be overcoated with an optional protective |ayer.
In this enbodinment, the third step is addi ng adhesive

to at |least a portlon of the flexible barrier film

Ty piteanqther eppbedipgnedndizidugl fhxakle gneapeHatinglids;geald be processed
and® %Lﬂv@ﬂg({ Ms@%thte r}fexﬁ)?ec‘ Bﬁ‘ﬁ@ln{ilﬂ?{;v?tﬁoﬁtsa calidrH Qlda%q tf?éﬁ stulﬂgequently

adhesi ve. r sonme optical applications, however
beb&cﬁfeﬁebabk9w%bonﬁhmletely cover the desiccant area

E % sive sy ,when t he fé X|ble

enc B! ity |Smg§ e fapsulgiieg Blin ¥t obhe invention.

Slr?dpﬁ&f é‘ltcgpsuialﬁﬁ ?&t&% d0iihtRddshered mxﬁ% Wﬁ@r ﬁcﬂ%AQ_B% 6C

esl cca hesive can be provid
adlexethpite rerhyvapld anilhr:fnge 6kﬁ:thm ques vwibci20adask ﬂeeuble barrler lid 6A,

prj.ntin of rinti.ng, .Lnkjet printing,, or
oBp b SbbPhmtiin Bt ff e Sbh a0 dnSliage. Fach
fleLIBMANEAIR] 64, 6B GV 15Rlal dpsafEReIShde IMRE 6 PFA, GIRBPEE2C. Fig. 7 also
nmonomer s and/ or ollgoners whi ch are subsequently
1lhmrat@@|a smgw@ﬁ:d coeansaleting fily sysiera of th@ ifrpmton h Singehassti ve,
n th

enca su lﬁ ]tnll 4 P??e]m ?@ 18 snn Har rﬁggmggﬁk g.RSH al‘?%% Ig llr%)évﬁer% 60, except

ﬂeklﬂbtd Bantléreld@ meg By 176thla0d51a sygineeud ﬁeldaserinerﬁsdm ew@’ﬁﬂgv&ll of them.
t he_adhesi ve can be Ereforned on (or between) |ine
i n e singpigedrengapsalg @&Wéﬁ%lar%g%ﬁ apdl [Tripclygy ree Hexible barrier
0
i AT Ol 580 "R AN BAE SRR of o hilEntion may
inckidesng ntimbor cﬁfdimtﬂabmenhdrg in the adhesive filmor

openin for rintin technlques The
P aflsrdsle Gilfes fipe GReeniahBrse o wet GUPn e gaoups.of flexible
barfr*ﬂe? KiP! £ sRALLtRlenbddsMa8HE Alth @%teﬂl%? tlquﬁ%tﬁgn Al ﬁfr exarnple 25
hesive iS in registration with desi ccant .

ﬂekubtaéaarlc@cdlds endl efsinglarcsheclnen povetrlncgai&i Zﬁélexetpib b@@l@r bwls, laan be
f.or , exa

usif e STl ororagond it bt RanttiRtt & R ReRite Vi sbstrate by

retiR O ehe @l cdRQinePMRINtHCRINg Ahe ERKE BEHUP oﬁ'ﬂ%%ﬂbl’& BarR@f 1{ds®nto device
film the adhesive is deposited (for exanple, as

subgrgisr i bed above) on at | east aportion of the flexible
bar r,i
dep ésf{% tl%t tte?gﬂlg eﬁé&ﬁpuﬁﬁ?o%ggm dé’g%m ]-bE Ilgs@ngb? (g?r% 13&1@[&11 énlts
shde&;asi rodls pa bé Aithef piloketddl feoth bindidadatiiosphdre biplatihigghem in high
enbodi nent of the nethod is typically utilized for
bargigk PHEAgING RIANTE eHER B JPREaRY ,uppmlsewtaéﬁérorrhbamﬁrcmatemls

sinif}¢ tdal?l Rk 6 15@5'1%%&&%&%#@5} g%ﬁ eggntélﬂgrs,qﬁét?gérﬁ%&;&md the

area or exanple, suc sive W |
liké.gBsketahtsaand umait atesplesescaalbt ivdogporsthe irf thesqpaok€ging to protect the

sula |n stemis adhered to a substrate). An
el ansulagem (<Y RBHTAE ALIPBENE he

Method of Use

The flexible encapsulation film systems of the invention can be used to encapsulate
electronic devices such as thin film transistors (including OTFTs), photovoltaic cells
(including OPVs) or solar cells (for example, CIGS), light emitting diodes (including

OLEDs, electroluminescent films, and the like. Fig. 8 illustrates a flexible encapsulation
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nmet hod of making a flexible barrier filmis that, if

desired, a release |iner can be placed on the adhesive
wW@210008aoes depositing the desiccant and the rel BEBEES2008/087668

i ner can be used as a deposition mask for depositing

the desiccant. In a third enbodi nrent of the nethod of

the invention of nmaking a flexible barrier film the

filrg greempé thesinyeysion 8 heing yssd tesasapiudate ag 0&@&8‘?%%aﬁachmg the
fl exi bl e barrier
SyﬁgﬁﬁfgﬁgﬂjﬁéSM&Q@%Q?%@%%%ﬁggd%%“%?ﬁ?ed (for exanple,
as desdedtdoatt cRbmt enanafacatred @ase Hexibletdnoapsofatibinélm systems of
adhesjve, In t §€$°d' l.so SSIb|e to
theggdio, fop praaRle s ?leléaegfapéuﬁaw figR SBycpgan be
shippReS) aﬁ%léc%oH&Qie(zf%@ n{aﬁhﬁéﬁﬁer ih Qﬁ%{ab a%k&’ﬁ Q%Ef’ol? Lo TR SK
or depositing the desiccant. ire |cat|on
herpicticipeckdgeng) bllee eysmlpsm Tt mrmaclfadl emdswzmeé m gatblsendgnelating

at.ch. node to S le flexible
tooélﬂé’: élﬁg?ﬂ gt ﬁtémsPl?e&e e?%cﬁré?& SHp r“?aéﬁuk?ﬁ“’r‘ifﬂ ﬁhﬁlrglease liner
carl 1h@8 be Arh@fedahil Ve ﬂ’exﬂﬂ@ SndipOE eSS SiAdNsRENIONELd dpplied to an
continuous web node to create rolls of filmconprising
eleﬁmmc gﬁ‘écer i Bee cleqiropé ddviasrio e bngapedetsd ean flgxiblefar ébgldoflﬂéi the

de%l c- {)ea% Fs@a?eapanfl%%gﬂr‘n ngl'fe of ﬁléld %@%Hgﬁ}oﬁlactaﬁ b2 b ¥ geon l%ef for

exdrﬂ@e haﬂﬂt a ecrllefrJthm dppaﬂafusa;uﬂﬁahé thé apmathb@e;bﬁedkﬁi Eig of The
the barrjer filmpreferably conprlses arele

apptcelen eller Fbrobls or el He cogapbHatingfilm 232 #nd, RWSéswt PRErthe device-

e L0.004 S5bg! ML LEATHLRL A JRSRO on i

systérhhBrefertiblg tixcinicthodnplovitateend absdiagidr pomldars essgnitadiyt feee of
ssoci wWth a. separate re

voigsaggd ﬁPW &Y $PPrFAly 183@%%%* & %P?‘LLW%W@ thergavice te bF m

en&PhulRed aBRes ﬁl@ ch&Rueahg Figh 1531H%%ce Of ddRRhal ﬂ’éssure can be applied
processing. The carrier web with the pieces of

to thi dérind liecstarcniwe afgpddrs@bnEndrgy s@hem’;hlea anger LV gradgdtion can be
f f th .
o) SR e s SR E i auftat e atfis b dSier it

moifhieane os@ge@rpeﬁheabm? lrae Kiskbe: @fcapditutiGarilingystaas dB applicd
then serve to protect the desiccant from anbient

to iadividsheleetremel dpriessébat hpvsaliragy decroningated from ammethspsheet or it
caﬁage a lP’edP :lglagétronrfc?d%q Is toh%rh%th&%thg& o? toa{lg ulation. The
ssing S associ wth a sep aral ease

endalpmﬂaudnrprams bat beddirdh eiah mdde @i vi & u@{nnﬁlb@(wai fode.

encapsul ating lids could be processed and converted

using the flexible barrier filmw thout a carrier film

and then subsequently be placed on a carrier web or

film Fig. 6 illustrates a "singul ated" encapsul ati ng

filmsystem of the invention.
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Si ngul at ed encapsul ating filmsystem 60 includes three
flexible barrier lids 6A, 6B, 6C adhered with

WO 200008d0b= adhesive 618 to a carrier web 620. MEaEHS2008/087668
flexible barrier lid 6A, 6B, 6C conprises a flexible
barrier film 605, desiccant 610, and adhesi ve 606.
Each flexible barrier lid 6A, 6B, 6C has a separate
rel ease liner 612A, 612B, 612C. Fig. 7 also

Vv%phﬁétrates a singul ated encapsul ating fil msystem of

‘nvention. Singul ated encapsulating filmsystem 70

is simlar to singulated encapsulating filmsystem 60,
except flexible. barrier lids 7A, 7B, 7C have a
chont 1 /i G aingal i1 Sty QR i ng all of them The
si ngul @f eqic¢fi¢eRsHLAGLPY Ssystems in Figs. 6 and 7
include three flexible barrier lids for illustrative
pur posés an Sillmyiveaned lestoapstibmof thg flsyibtemeriaffilthend
i nvention may include an unber. of flexible_.barrier :
o (6 Biofgteenf G 3Se® PhRdisRaR i AonuE Horts® £ of 1R adhesive.
groups, even |arge groups, of flexible barrier lids. A
si ngul ated encapsul ating fil msystem of the invention

wi-t h, Therenespsuisitiag (B systesiadickimdrwhasein|thei8exblg barrier film

single relea I ner _c ring all 25 flexible barrier
CO??%%§%6%%M§é&ﬁ%%%OE%HE%%§EEU|ate 25 correspondi ng

OLEDs contai ned on a single device substrate by

renmoving the release liner and sticking the entire,. ]

gt-oup Bie acanustiag bimsygem af gigrr shaediteeletblsbagics film is a
G Y PR BT b ol EHFLEE dffofIoayt one
orgdaeicffilnt lager. pr ot ect ed from anbi ent at nosphere by

placing themin high barrier packaging materials such

as, for exanple, pouches made frombarrier materials

si M | afpd @chfBlaking iRl s§stBATIcBim i | Bl 8RCFl RS, R BAU Gssembly

gl ass containers, netal cans, and the |ike. Desiccants
compuseis pdtexitdt subsiyhte oasrcoatnd bethiarfost pdyracrddydrmatings: Tg greater

ackagi.ng. .t t e flexibl n ulation film .
enaB 56 QR A0 PP HIRP EFnd Mt Rticufee R ER Bhged hag rgragn'® baricr
layeRGRpahleabl anlchitlomt Sy®he @551y@{er1143@r hAWENE Ter&dt th or equal to

used to encapsul ate el ectroni c devices such as thin
that pf HSPE&nsi stors (i ncl udi ng OTFTs), photovoltaic cells

(including OPVs) or solar cells (for exanple, CIGS)

light emtting diodes (including OLEDs,

ej.ect rilcgticga@ng fililsp®emafdldifel Whdtein thd fexibBle substrate is
_illustrates a flexible encapsulationfilmsystem of the
lightni8f8H 8 bei ng used to encapsul ate an OLED 800 by

attaching the systemto the OLED substrate 802 with

t he adhesive 806. An el ectronic device manufacturer

oan uskhddnexpsolaging fidmpgstbmtof ochuirhid wheyiatteerBexable substrate has a

Tg greater than or equal to that of HSPET.
7. The encapsulating film system of claim 4 wherein the first or second polymer

layer comprises a polymer of cyclohexane dimethanol diacrylate ester, isobornyl

methacrylate, cyclic diacrylate, or tris (2-hydroxy ethyl) isocyanurate triacrylate.
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the invention, for exanple, as follows. Flexible

encapsul ation fil msystens can be shipped to an
wWe@b®enswm c devi ce manufacturer in suitabl e paRKEGH08/087668

(for exanple, in hernetic packaging). The system can

be unpacked and placed in suitable encapsul ating

tooling under inert atnosphere by the electronic ) )

devi ce resetatipg filmprgemalf sl 4 Whespingaleastifag inpsganic barrier

exi bl e encapsul ation filmsystem can

l%%gag%%ﬂfgggF%ﬁgﬁﬂglectronic devi ce. The el ectronic

device to be encapsul ated can flexible or rigid and

t he deyi ce-beari.ng substrat an be flexjble or rigid.
Aigm | CHh BReRSH BR SR B Sl lf%laer@;aéﬁﬁ‘ph@slbwb@ﬁg%%m has
an bR) dcflirehYARBRPAL sl haRWEdbsAL th D ARPIRLA HBEPEEAEH humidity.

g. 9. e application roller "930 rolls over
encapsulating film932 and presses it onto the

o T e TS e
waldr €hgdrakinymishidn MRk R $haR 0000548 maAed a3 Al L009h stive

lines essentially free of voids, and allow for
humphityopri ate regi stration of the bond line with the
device to be encapsul ated. Once the encapsulating film
is in place, additional pressure can be applied to the
bond | Thweschssuitiag fitmaygoadfskah.1 Hneeigthsletiblabahtatfiim
and/or WV _irradiation can be applied to the bond |ines
compriyan s i DS IS ORGP AT RTAEIEBIDPEICE GO Eer
its noisture and oxygen perneability. The flexible
encapsulating fil msystem can be applied to individua
el2ect r'iri ancamulatieg filhay sthiavod chilim dadlyerbiaeinc Sexiylalbatred film
froma nother sheet or it can be applied to nmultiple
COrBPEPr oni ¢ devi ces on a nother sheet prior to
si ngul Af14,8Mc sdhgagncapsul ati on process can be done in
batch node or in a continuous web node. W claim 1. An
encapsufiat polgmer lapersypstenicd omphd sibsgate(ad a fl exi bl e
barrier fil b n adhesive on at.| east a .portion of
Che 1 reserBrbme e PRodRn ST o i Rl Riron ot
wheRaS the FirftQolyridt 18fer ih@nijoRxd bt £ikapslykr dnd th QcohBPolymer
adhesive. 2. The encapsulating filmsystemof claim1.
laygiscemposdseoftal sesansl polyaerrdiéerens frome { elgmgr, and wherein the

seo i BB St bt R n B Raran he 1 oxi ble barror

filmis a nmultilayer filmassenbly conprising at |east
one inorganic film|ayer and at |east aone organic film
| Byer . The ereppsulaipg fdmisustem@t claim 13yeicasin e fashpalymer layer

coM@ﬁ&%%%k%ﬂﬁl%Ehh&{ayer filmassenbly

14. The encapsulating film system of claim 12 wherein the first polymer layer

comprises a UV cured acrylate.
15. The encapsulating film system of claim 12 wherein the second polymer layer

overcoated on the first polymer layer comprises a dyad and wherein the flexible barrier

film has a plurality of the dyads overcoated on the substrate.
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conprises a flexible substrate overcoated with a first
pol yner |ayer having a Tg greater than or equal to
W@ b@p/ogi09HSPET and further overcoated with at PEEES200887668
inorganic barrier |ayers separated by at |east one
second pol ynmer |ayer having a Tg greater than or equa
to that of HSPET. 5. The encapsul ating fil msystem of
cltai m Thagieprsulptipg &lm sgsteplod c Eauaslé (fytleerjcgmprising an additional
} 8S| he encapsul ating filmsystem
l%% gg%béﬁgﬂéﬁ%éfé¥ﬁh?ﬁ%a | exi bl e substrate has a Tg
greater than or equal to that of HSPET. 7. The

encapsul ati ng stem of. cl.aim4 wherejn the fir
‘sec arsyI?@Pg| SYStiEgmpcladad wh f‘ﬁewﬁejﬂe%f@le%a ior flm
corf ﬁée@*&%ﬁﬁﬂ&@hﬁ@éa‘?@&ﬂ' Yéﬂ acrylate ester, isobornyl

thacrylate, cyclic diacrylate, or tris (2- hydr oxy
et hyl) |socyanurate trlacrylate 8. The encapsul ati ng

sten1of r ane i nor iC
bl 1 oP Sk ulg e e G e G oA AR Earton
lay@NEaRsrebatkd B8 afpolyme Ve BhPthe PoBiniBr layeh & Ricktokit@ on a flexible
flexible barrier fil mhas an oxygen transn ssion rate

sulisrgts. t han 0. 005 cc/ nR2/day at 23 OC and 90% el ative
hum dity. 10. The encapsulating filmsystemof claim1l
wherein the flexible barrier filmhas a water vapor

trans nMigsinedpsuRtiag ke Syitbarnf@lada S 8gisdéia ae wilyBér l@far
and 100%rel ative humdity. 11. The encapsul ating fi]

overgeatethehiedianondt W@Marﬂéomeﬁ% e apd wdieraiy the, flexible
bar‘gﬁ(r%gg[déﬁ ngluhh bpihg d?zbﬂ&’ss&xle?éoﬁteﬁ%ﬁttﬁéjsim Ef’%e'

osl't rier coatlng
encapsul ating fllnlsysten1of claim1 wherein the

exi bl.e barr| m co rls | exi bl e substrate:
ai()fl r ﬂhep%ucm “P& e sw faéla @rf[nf%f‘é COUBLINE B aﬁéﬂﬁanal
laﬁk§@§@&gmﬁ&k¥RﬁfoF@M@&mﬁVerCcoated on the first
pol ymer |ayer, wherein the first polyner layer is

conposed of a first polymer and the second polyner

yer s £9 a second olyner diff from
e fi glFSy}s?@pg %ilﬂd'*ymr C],’fl aviicrel Bﬁ%e %é)iamer film
Cmﬁpﬁ@%geﬁﬁmguph@§@m&@@%yner 13. The encapsul ating film
systemof claim12 wherein the first polymer |ayer

conprises a plasnma pol yner.

22. The encapsulating film system of claim 21 wherein the diamond-like glass
layer is overcoated on a polymer layer and the polymer layer is overcoated on a flexible

substrate.
23. The encapsulating film system of claim 22 wherein the polymer layer
overcoated on the diamond-like glass layer comprises a dyad and wherein the flexible

barrier film has a plurality of the dyads overcoated on the substrate.

24. The encapsulating film system of claim 1 wherein the flexible barrier film

comprises a diamond-like film layer.
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14. The encapsul ating fil msystemof claim12 wherein

the first polyner |ayer conprises a UV cured acryl ate.
wAa2098w9encapsul ating fil msystem of clai m 12P@UTESD81087668

the second pol yner | ayer overcoated on the first

pol ynmer | ayer conprises a dyad and wherein the

flexible barrier filmhas a plurality of the dyads
dber cobltcemcanrutatias Slmsyytames tbm Fhwheisenips Gla@tqndghlte. filp layer
[ ng an additi onal
waf SR B B 2 R L e STBRE 02 12" 277 The
encapsulatlng filmsystem of cIa|n11 wherein the

el B L L, TR 22 L5 8 B e

m(wQﬁ%gkadhgexgy | 1 ke carbon Iayer i's overcoated on

a polyner layer and the pol ynmer |ayer is overcoated on

a flexible substrate. 19. The encapsulating film

S of cl ai in th I .

oV or cotereumEE Ao R B BT a0 Fsiss e gwgises
water @RevandtaMbemeialokide flexible barrier filmhas a

plurality of the dyads overcoated on the substrate.

20. The encapsulating fil msystem of claim19 further

ri-sin onal. | a t f

t:%ll: dys C?Se%c uﬁﬁﬁ%tfllm SX%%%H%?.{%‘%% reln&%ﬁe es?cc% V\gllp%ses an
orghnwhetaicroitpouhd.exi bl e barrier filmconprises a

di anond-1i ke glass layer. 22. The encapsulating film

systemof claim2 1 wherein the dianmond-1ike glass

| ayer I

Ber TR QBRI QR I R ARG RU R poren.

encapsul ati ng fllnlsysten1of claim 22 wherein the

pol | ayer ated on t nond- ] i ke

i er Frisulatie @f&&ygﬁe qtﬁgfe Sigenihedet %@nt is dispersed in
a pBBRMidrRbifdekm has a plurality of the dyads over coat ed

on the substrate. 24. The encapsul ating fil msystem of

claim1 wherein the flexible barrier f|In1conpr|ses a

-like fjil.ml 25. .The
Syt onf et oalesie R it F o & i AERae Readtipiys Fasises
prod&e faRitiveatirsbiwesi ng a plasma forned fromsilicone
oil. 26. The encapsulating filmsystemof claim25

wherein the dianond-like filmlayer is overcoated on a
pﬁ. y msfheI e%%gsulating film system of claim 31 wherein the adhesive comprises a

UV curable pressure sensitive adhesive.

33. The encapsulating film system of claim 31 wherein the adhesive comprises a

heat curable pressure sensitive adhesive.

34. The encapsulating film system of claim 1 wherein the adhesive comprises a hot

melt adhesive.

35. The encapsulating film system of claim 34 wherein the adhesive comprises a

UV curable hot melt adhesive.
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27. The encapsulating filmsystemof claim1 wherein

the desiccant conprises a water reactive netal or
woreahssd de. 28. The encapsul ating fil m syst eP@DS2008/087668

claim1 wherein the desiccant conprises an

organonetal | i c conpound. 29. The encapsul ating film

systemof claim1l wherein the desiccant is

t¥0ans pHikcacapsguting fidmaspgapaficlimg whoreh dhestdbasipg comprises a
| A @ggﬁ ' : desiccant is dispersed in a
ha%é ;%%%W% |ﬁ%@?$ 1. The encapsulating fil m system of
claim1l wherein the adhesive conprises a pressure
sensitjve adhesive. 32. The epcapsul ating fijlmsys
ol ol cscapsihng i shgemal Saod %Witﬁ%@hamws th
the’ddi@Pl g pressure sensitive adhesive. 33. The
encapsul ating filmsystemof claim3 1 wherein the
adhesi ve conprises a heat curable pressure sensitive

esive. 34. The capsul at.i f.ilmsystem of cl.aim
oor o1 TR iy Be SR B SRA sB% eeriieS Rsafy ot easta
poden of B RREAPSMrRL fif. fil m system of claim34 wherein
t he adhesive conprises a UV curable hot nelt
adhesi ve. 36. The encapsul ating filmsystem of claim 34
reifa th dhesi COMPLi .a,hgeat curable ho
adhesi TS A RRRRRL K SRR Ry A s e IR B IE) 1l
suchhBitet suridu@dadib@siiplecry 8f theidekiesant.nan the desi ccant.
38. The encapsulating filmsystemof claim1l wherein
the desiccant is on at least a portion of the flexible

bayri I [ e
ot m 5 s euiting HIR SEREART b o e P horprlctey
covdrs ghiardecicers t he periphery of the desiccant. 40. The
encapsul ating filmsystemof claim38 wherein the
adhesi ve conpletely covers the desiccant. 41. The
encapse Aicigufatih S QB el 1M AcrWRGREALIdRS is on at least a
desiccant is on at |eaSt a portion of the adhesive.
poutidn of e aglhcapsul ating filmsystemof claim1 further
conprising a protective |ayer

e
1ci?er than

42. The encapsulating film system of claim 1 further comprising a protective layer
on the desiccant, wherein the protective layer is at least partially permeable to oxygen and

moisture.

43. The encapsulating film system of claim 42 wherein the protective layer

comprises a dielectric material.

44. The encapsulating film system of claim 1 further comprising a release liner on

the adhesive.

45. The encapsulating film system of claim 44 wherein the release liner has barrier

properties.
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on the desiccant, wherein the protective |layer is at

| east partially perneable to oxygen and noi sture. 43.
wabmoeswapsul ating fil msystem of claim42 wheP@&l/HS10b&087668

protective |ayer conprises a dielectric material. 44.

The encapsulating filmsystemof claim21 further

conprising a release liner on the adhesive. 45. The

e apstheancaputating,fidmsyepme claimilfugher goamaispgragoisture

.per has barrier properties.46. The

exéﬁggggﬁfé?ﬁng filmsystemof claim11 further

conprising a noisture exposure indicator. 47. The

encapsul ating fil msystemof. claim1 further.

conpr iﬁ?erﬁdlcﬁ??é‘ra&iﬂg Sy€pRas Ffaéli“rl%ftb?re@mpﬁlémgﬂﬁ‘é or more
spRBCaRRHating filmsystemof claim1 further

conprising a functional |ayer or coating on the

flexible barrier film 49. The encapsulating film

system.,of claim.l erein the barrier filmis in.a .

1 © sk Phide HES i 0 Fitnd ihor copttyisipe Tutional layer
or EGUIRL bf &% AcHiblb dagRr Mheri al . 50. A singul at ed

encapsul ating fil msystem conprising one or nore

flexible barrier lids adhered to a carrier web,

reif the flexibl arrier. |id.c rises;. (. -

PExs ol DS B O S o T IR iRl s o o o
forp0drd the badkside @f tHeebakidreilbedonipeised 4 tdasandteiia). a

desiccant on at |east a portion of the flexible

barrier filmor the adhesive. 51. The singul ated

e A0S AL LA E MLy LA AR MO BHEL b fEoxible barrie

si ngul ated encapsul atin |I%1syste conprises two or
lidsradherdd tei datréer by whereln tis flekiBle bhlneerdidnguipaised

encap%ylat'n% filmsystem of claimb51 further

conpr i @ AACROLPATIHUYNS rel ease 1iner covering all of

the f@XbPh@ARALIohK IdabiUSporfich offlhE RRLMEMARGilm: and

encapsulating filmsystem of claimb50 wherein each

f | exi Hicgaldasic¢ast on atdedstin pheronad tipr fleelslc hagwp litrae the adhesive.
release liner. 54. The singul ated encapsulating film
system of claimb50 provided in a roll form wherein

tye bmigﬂmd émﬁmaﬂ TRt ATV HESD) Rhér8InQRS Singulated
mat eri al . A nmethod of protecting an electronic

enqy@wlgt@g;@lﬁpw'sm gemprises two or more flexible barrier lids.

52. The singulated encapsulating film system of claim 51 further comprising a

continuous release liner covering all of the flexible barrier lids.

53. The singulated encapsulating film system of claim 50 wherein each flexible

barrier lid further comprises a separate release liner.

54. The singulated encapsulating film system of claim 50 provided in a roll form,

wherein the backside of the carrier web comprises a release material.

55. A method of protecting an electronic device comprising:

(a) providing a substrate comprising one or more electronic devices; and
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(a) providing a substrate conprising one or nore
el ectroni c devices; and(b) adhering an encapsul ati ng

w0 20001080083 em of claim 1l to the substrate such BCEUS20D&087668
one or nore el ectronic devices are encapsulated in the
encapsul ating filmsystem 56. The nethod of claimb55
wherein the electronic device is an _organic electronic
devi cdDb) gdhering ppcRerpsepting oy gy séem pEglapn & to the substrate such that

| - - : v

theFRE AP it EpleRort RSB ARTRICE I ol BhaR) b .

| east a portion of the flexible barrier film and (c)

depositin esi ccant _on at .l east a portion. of the. :

b b f%%tg?ﬁ? af G 55 Sareinivg CHsAbA doTiCE isnyArEic electronic
deditk ther conprising placing a release liner on the

adhesive. 59. The nethod of claim58 wherein the

rel ease liner is used as a deposition mask for

deposi ting the. desiccant.,. 60. A neth of maki ng .a

Faxi b Setiaes ¥ blesrsytulion Sy LR gompEine:

provi dangravidih@% ek B FiéEiInt, i | m (b) depositing

adhesive on at |east a portion of the flexible barrier

film Ghdeositingeadbesivd oratdesst & peititon of thet flaxelde bargier film; and

portig f _the agdhesive. .o LNE et f. I.m
Fur  nap Senss e ERintEn abfeus Ao StRf Bl Yol i

adhesi ve. 62. The nethod of claim6 1 wherein the

release liner is used as a deposition mask for
o@_gposi Thent@ethﬁ(é ofjglaing ¢ 4 Atrther comprising placing a release liner on the

adhesive.

59.  The method of claim 58 wherein the release liner is used as a deposition mask

for depositing the desiccant.

60. A method of making a flexible encapsulation film system comprising:
(a) providing a flexible barrier film;
(b) depositing adhesive on at least a portion of the flexible barrier film; and

(c) depositing desiccant on at least a portion of the adhesive.

61. The method of claim 60 further comprising placing a release liner on the
adhesive.
62. The method of claim 61 wherein the release liner is used as a deposition mask

for depositing the desiccant.
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