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The present invention relates to encapsulating filmsystens for electronic
devi ces. ®Oro@vss6(¥r aspect, this invention relates to merhisdesHngress
protecting an el ectronic devi ce. BACKGROUND Many el ectronic devices
such as, for exanple, organic light emtting diodes (OLEDs), organic

phot ovol tai ¢ devi ces IQODVS , orlﬁani c transistors, inorganic 10

el ectrol um nescent fiVFREXIBRE ENGAPDUIATENGFIEM SY YEEMSexanpl e, CI GS

(copper indiumgalliumselenide) solar cells) can be sensitive to the
oxygen agﬁgg@ﬂsture present in the anbi ent atnosphere. Research has
t her ef or n undertaken to devel op encapsul ati on net hods and systens to

protect el ect rufd freddavinCafion o9 Xy &RApaNAlingiiIat Bs@niTor &18¢ifonidgvasee. devi ce
lifetimes. There has been some success in encapsulating rigid devices on

15subst r dhasothearped, isdgsengion ficlates smethogdsefos prategigg an clectromc dgyigent i onal

gl ass-to-glass OLED encapsul ation, for exanple, is illustrated in Fig. 1.
Typically, multiple OLEDs are fabricated on a gl ass substrate (the "nother
gl ass") IBRCKGROUND for sinplification, only one OLED 100 is shown on the

not her glass 102 in Fig. 1. The ther glass 102 is encapsulated with a

gl ass cover sHYa ﬁrﬁe&trq%q 1 S?‘ggﬁhggie??%mﬂlﬁwr&‘&?iék%“&g ‘go cured
epoxy adhesgi : h 16 - p At G; ; Hockets 108,
whi ch con%Er{lf%’ Ocli%-si %gaﬁﬁ%llgyﬁvgr%ggga\rfégéfg%cgé) ) gl‘?'tﬁgst’ g(gﬁgasi €e 106 is

t ypi€al | elditopemsestestfdinst draltinorganiosolr egllsdditesamplegaBk®{copperiodindi ng each

i ndi vi dual ., OLED,10 t h th I 102. Aft t he adhesive. 106 i
cured -t USSR el enlmeerpes a3 1 O o dappEre grahgnhe

scri be- anghi&R aknpRERA RS apéh KRURG B hh vilask el A2d ARt hRagufision COVer
sheet 104) into individual encapsul ated OLEDs. SUMVARY In view of the

f or egoi ngnethedsraad oysteme ta pratect dleeteonigdeyigps dpni oxydeh @rd blosstemeapdwisat i ng
film SySti%l%Bovaesde(Il%g ll]? %n&ntﬁle;eq{astbheen %Hn? Sssucams:I inneﬁc%l S (fé”%{%fg eraty Eievqtel yoni n use
in 300r der {QIGWer The Costs assocrated W tH en%apgtﬂ at oIy %n%l t provi de
t hi nher andsttdt@uel as glass with glass or metal caps.
A conventional glass-to-glass OLED encapsulation, for example, is illustrated in

Fig. 1. Typically, multiple OLEDs are fabricated on a glass substrate (the “mother glass”)

102; however, for simplification, only one OLED 100 is shown on the mother glass 102 in

Fig. 1. The mother glass 102 is encapsulated with a glass cover sheet 104 using an

20 adhesive 106 (for example, a UV cured epoxy adhesive). The glass cover sheet 104

contains etched pockets 108, which contain a desiccant 110 (for example, CaO). The

adhesive 106 is typically dispensed such that it forms an adhesive gasket surrounding each

individual OLED 100 on the mother glass 102. After the adhesive 106 is cured, the

encapsulated OLEDs are separated (for example, using a scribe-and-break procedure on

25 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
30 order to lower the costs associated with encapsulation and to provide thinner and lighter

end devices such as OLED displays.



end devi ces such as OLED di splays. WD 20091086095PCT/ US2008/ 087668
Briefly, in one aspect, the present invention provides a flexible

encapsul awpregoYasbeyssyst em conpri sing (a) a fl exi bl e bar PCEUSRINBHBTEH) an
adhesive on at least a portion of the flexible barrier film and (c) a
desiccant on at least a portion of the flexible barrier filmor the

adhesi ve. 5In anot her aspect the present invention provides a sinqgulated
f1exi bl e encapgigfht ePorspeRtsihe peasent TRengpmgiovidcs d f@g@ﬂ%@ﬁC@W%ﬁ”ﬂ%ne or
nore fl exihl j.er Ay a Ll . q arrier
lid corrp;&:ygt glgl é%gjgprrfgﬁ]ﬁ (g&?ﬁfég%gaﬁ?%&ﬂ% qﬁ]% (l El%rs}am aoﬁ%gs&?tvgeﬁ%ﬁblgtb F1ih§ast a
portion diexitiebidriexfimhenddcyd dasiccalton aatdst(acjortoesthe dlaxiblcoburdtr fileast a
portion 0[1 the flexible barrier filmor the adhesive. 10The flexible
encapsul 3t¢ AYFiVFm systens of the invention are ready for lanination to an

el ecironi c dewi | T oni ' By a
4 Vlh%ﬁot@l&oz{sggé\}é@?ﬁ%ﬁggﬁ%v}@/ﬁ%x@%i& %1%%&%&d%¥ib}?@eetfc i

devi ce fabricator and steps of applyingthe

desi ccantfilemeystdh eBiovengutate sy sthav careprisgb ohcart inore fidxane barfieelifld abhietsddo

encapsul ating film e nd. t met hod of the inventi.on et t.he | Sneed
Tt e anteepgs bt v eSRle PGet F odRRBS (D hoiibts GEFEHERR SPT & st c
devi ces. on at least dipotfibn BN TRKILASPAFES ﬁﬁﬁ]%n@%_@fa%fsici:ﬁl\{%ﬁtai RAstRIRYHESt a

met hod of protecting an electronic device. The nethod conprises (a)

provi di nghaflexiblsthasices fdormythsidigsisne or nore el ectronic devices, and (b)
adhﬁ(g I'ng an enﬁlaé%elililib% Ier?c%pgelillét?% SRt %@1 %Is. otf S fn@grﬁpotnl 20 retaﬁ%%og’garﬁ{#aﬁ%% ate

such” that the one or nore oni evi ces are encapsu

20encapsub ahiclegtrbit @Sy s {forexample, anlofgiid ¢1bctihid deticca OB by hllevipes esent
i nvention_provides nethods of making flexible encapsulation fjlmsystens.

One et hdaPE@RIANE 8dvanieeprdy PidmHgteathe pleRt off arbang thedesicean ardydhgeiesi ti ng

desi ccant;, on. ideq%gcaﬁogs{ahi['on of the flexible barrier film and (c)
deposi ti ng adhesive on at least a portion of the flexible barrier film

Anot her net hodl'edigibils escapsylatdppfilavsydicng aadfthexethbé obdrerinemtibh mget the

depositing adhesive on.at |east a portion of the flexible harrier film and
(c) ?ﬁepoﬂeﬁ? Hythaadifecdifnep gl}t@a?élf’a%su%&% PHYERY 20{ ﬁ@cgﬂmg FVJESS- DESCRI PTI ON

OF DRAWNGS yet another aspect, the present invention provides a method of protecting an
electronic device. The method comprises (a) providing a substrate comprising one or
more electronic devices, and (b) adhering an encapsulating film system of the invention to
the substrate such that the one or more electronic devices are encapsulated by the

20 encapsulating film system.
In still another aspect, the present invention provides methods of making flexible
encapsulation film systems. One method comprises (a) providing a flexible barrier film,
(b) depositing desiccant on at least a portion of the flexible barrier film, and (c) depositing
adhesive on at least a portion of the flexible barrier film. Another method comprises (a)
25 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.
30 Fig. 2 illustrates a flexible encapsulating film system of the invention using a

schematic side view.



Fig. 1 illustrates a conventional OLED encapsul ation using a schematic side
view 30Fig. 2 illustrates a flexible encapsulating film system of the

i nvent i orwo0mgsedschemati c side view WO 20091086095PETIUS208888Y 668
Fig. 3 illustrates another flexible encapsulating filmsystem of the

i nvention using a schematic side view. Fig. 4 illustrates a flexible
encapsul ating filmsystemof the invention jnc]uding an optional protective
| ayer using a BE&nbisiracsingghayifleniblomeapsubating fikgrsyse@sofylag inyprgtomasing exi bl e
encapsul atd i stem of the invention using a schematic side view

Fig. 61 Iaalgﬁgﬁgééegae;%g%hgul ated encapsul ating filmsystem of the invention.
Fig. 7. ill ustFigt4dluanatheflesblrgutaisedties fibpsydtahiofithefinventioy shciding at he

i nvention. Fi ill List rates a flexjble encapsulating filmsystemof the

. 8
i nvent i oerf@%%d’é?)t%ﬁle?t P¥G UsiRe @Sy ticiica €% hemat i ¢ si de vi ew. Fig. 9

Il 1ustrates a_rFigP?ﬁfu%Més $Q%néRe! ﬂéx@lﬂe%néa!p%h@ﬂéﬁ GARTHL AfhE RS chiibn System
of the invention using a schematic side view. TAI LED DESCRI PTION | SFig. 2

i |1 ustratwsmganscbamatdi snvicnf a flexi ble encapsulating filmsystemof the
invention. Flexib encapsul ating fil msyst 2 inclyudes a flexible barrier
{11 'm 208 i t h et BLSHeD yngHe G st uites FER 4Pl B dnaiper 111 m 205
The peri phery b, 1.heus@afs aRetRtr AifRatb® er?c!d?é’&éiﬁféqqnbé&s@ﬂmmf fivéRon. The
adhesive 206 is patterned such that it will form an adhesive "gasket"

around t he dediigchitustpates pflexibicracdnseltipg &l npsips of diciingendpst em 2 s
20adhered_to a b t Alternati.vely, .as shown in flexible
%" ?’Pgsu%‘al?lﬁgngllslys Eg)muéng %gﬁeg}altlgtgldt% VIEW

encapsulé?f he"'ddhesi ve 306 can conpletely

cover the desifiganillusttiey arfappata@sfor hppiging 2 ¥R x{plOtapsulitig fashgsicieof The
rel ease liner 212 can be renpved prior to bonding the flexible
encapsul 40§ HyCRiQysiest shematiosign ViorD substr at e.

DETAILED DESCRIPTION
15 Fig. 2 illustrates an embodiment of a flexible encapsulating film system of the
invention. Flexible encapsulating film system 2 includes a flexible barrier film 205 with
desiccant 210 on a portion of the flexible barrier film 205. The periphery of the desiccant
arca is surrounded by adhesive 206. The adhesive 206 is patterned such that it will form
an adhesive “gasket” around the desiccant 210 when the flexible encapsulating system 2 is
20 adhered to a substrate. (Alternatively, as shown in flexible encapsulating film system 3 in
Fig. 3, the adhesive 306 can completely cover the desiccant 310.) A release liner 212
protects the adhesive. The release liner 212 can be removed prior to bonding the flexible
encapsulating film system 2 to an OED substrate.
Fig. 4 illustrates another embodiment of a flexible encapsulating film system of the
25 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.
30 Optionally, the flexible encapsulating film system 5 can comprise a release liner (not

shown) to protect the adhesive and desiccant.



Fig. 4 illustrates another enbodi nent of a flexible encapsulating film
system of the 25invention. Flexible encapsulating filmsystem4 is simlar
to fl exi bWe 2emaspwal ating fil msystem 2, but it include®PCa/yse@smslsose | ayer
414 on the desiccant 410. Fig. S5 illustrates yet another enbodi nent
of a flexible encapsulating filmsystemof the invention. In flexible

encapsulating filmsystem5, the adhesive 506 is on a portion of the

flexiblelﬂﬁﬂgkéﬁﬂﬂﬂﬂémscs and the desiccant 510 is on a portion of the

adhesi ve 506. I 5 can
ﬁ%% ‘tﬁ@ﬁéujn%r ﬁhﬁ‘ﬁ%efd 1ﬁ¥ﬁ@h&1ﬁ@t%69a§%lﬁﬁﬁé;glﬁﬁ S;Ls'?érﬁyéﬁ fin

conprise a release [1ner ro Ive an desi ccant .
WO 2009108609k Can bﬁmwémaﬁ&&aﬁb@@fhisefu%nstmndﬁsl i general, theélrhd axi bl e

barrier filmuysed in the flexible encapsulating filmsyste
i nvent i or?eLeaW ;%Clg e beveraseen v W@Fptr%&)fsnwgwﬁteé Bha pheg qdﬁﬁ%etl % n
genes al , [LhGrddity e BlcbuSft 3@&1@9&1 lﬁ@eﬂlc}nh Fhre fe Yy, MAVE Y 8RR R WAL £

transm ssion rates at a specif l'evel as 5required by the electronic

devi ce appitéCalipbPransRiigier ak (WVVTR?lefsé #xh Rbsutwagosi gin2fdal mt BgesC andvad®@y, vapor
transm ssion rate (WTR) | ess than about 0.005 g/ nmR2/day at 38 C and 100%

rel ati ve rblativehtiniditypmerqyrefeestiy|lyss thamsbhotih®@0Egui2/@y08S ghn@;0el at 38 C
and 100%rel ative humdity; nost preferably, |ess than about 0.00005
g/ n2/ day rakatig8h@nihty; m@@%wfetaézbi, \l@s thamiabiowty).00005 deyrbioifi’ remds]1000he

C and 10050 epiivh i S b diagt 'f?“%?slﬁh%gﬁ% s (\g’@ﬁé%daya? ‘e c
and 1¢-00%; Fﬁl e%ohyg 065" g?rﬁll/Ei%(y at 50° C an'“dsl rthl 'hla ?dlglat?r eggﬁ les§ thgﬁ ab&gtl ude,

exanpl e, 1 norg pr epar e eposition her mal

evaporal|Gmb5éﬁﬂﬂﬂ@;&kgggCgﬁ@qb@%gemgggﬁmgﬁg95|t|on and the like. The filmns
can be transparent “or opaque dependi ng upon the type of OED to be

15encapsul at edJshd ftehibl¢ baremdizidnsenduds dodxatripte, GEDganintngapricpdr@ gani ¢

Ml il ayetormcllayer deposition, thermal evaporation, sputtering, chemical vapor deposition, and

the like. The films can be transparent or opaque depending upon the type of OED to be
15 encapsulated and the intended end use of the OED.
Inorganic/Organic Multilayer Films
Some useful flexible barrier films comprise inorganic/organic multilayers.
Flexible ultra-barrier films comprising inorganic/organic multilayers are described, for
example, in U.S. Patent No. 7,018,713 (Padiyath et al.). Such flexible ultra-barrier films
20 typically include a flexible support overcoated with a first polymer layer and further
overcoated with two or more inorganic barrier layers separated by at least one second
polymer layer. The flexible ultra-barrier film can have an oxygen transmission rate less
than about 0.005 cc/m*/day at 23 °C and 90% relative humidity (RH).
Useful support materials include organic polymeric materials such as
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
30 by General Electric Company), polyethylenenaphthalene (PEN), polyethylene, and

polypropylene.



Sonme useful flexible barrier filns conprise inorganic/organic nultil ayers.
Flexible ultra-barrier filnms conprising inorganic/organic multilayers are
descri bedvof2009/8x@apl e, in U S. Patent No. 7,018, 713 ( PRdirystensmsreas . ) .
Such flexible ultra-barrier filnms 20typically include a flexible support
overcoated wth a first polynmer |ayer and further overcoated with two or
nore inorganic barrier |ayers separated by at |east one second pol yner

| ayer. The fl elicsuepqt eaubayands efra faxible phistin Hipe haying 2 ghish raRsifitdyi ssion rate

5, P ASSSERUTRL R 3,0 S0 4R T
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epoxy resips, silicaone-functionalized epoxy resins, .polyester such .as Ml ar
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equal to that of heat stabilized polyethylene terephthalate (HSPET, Tg =

about 78 agpn nanepisfarably af lsad ebeuwtrh2ASH, urd mostdir¢fermbbtileast shoah iy, In
cal ori met ry. ( DSC) ). f erabl t he su rt 1s. heat- {14 zed using heat
ot 10 g sk isett BieR R ppd rinSHRE S b e MRS bR SRAES i e

shri nkagepMMA Gtyatnd/ fadbnitie (BARE TEERI0! 43 At @Ac/hRMpE iy dfige ¥NMA, The
support is not constrained. If the support has not been heat stabilized,

then it plrléf'€namllyctimdencanaplthglagatPdiN, tligamnalicuad 2O FCp pblyneyrhgthyleet My at e
(PMWA, Tg.= 105 JNore preferably t upport h a lg of at |east about
110 C, e\gi%%rﬁg?%%ﬁeggrpab{%wéﬁapﬁﬁ’%ﬂf‘emt ?gz@tb&lta%d C;gost preferably at
| east abgyillycHeBetherkbtdnd OB TR abSutHIPECT), polyaiRsthetc-RUPPRAER THE! uge ot her
heat-staE)ijié)}l}i,zede hirgh %g pol yes eras, PNNA,)sp?y}?g}ﬁe/ achyI ogl?tri ieQ(SAN, Tg =
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polyarylate (PAR, Tg = 190 °C), polysulfone (PSul, Tg = about 195 °C), polyphenylene

oxide (PPO, Tg = about 200 °C), polyetherimide (PEI, Tg = about 218 °C),

20 polyarylsulfone (PAS, Tg = 220 °C), poly ether sulfone (PES, Tg = about 225 °C),
polyamideimide (PAI, Tg = about 275 °C), polyimide (Tg = about 300 °C) and
polyphthalamide (heat deflection temp of 120 °C).

For applications where material costs are important, supports made of PET, PEN,
HSPET and heat stabilized PEN are preferred; PET and PEN are most preferred. For

25 applications where barrier performance is paramount, supports made 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.

30 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,
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15C), high Tg fluoropolynmers (for exanple, DYNEONTM HTE terpol yner of
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5, 097, 800vi( Ehayw a*AN HitRS é@eﬁ%&s@%ﬁw Depositidé Q. Cehamngs: al . ),
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Vapor pos ion ocess Paper  an
| nt er nat |Impadwe\faeBume@adpeﬁg:s@ﬁmieealﬁmeﬁ(rﬁ@%):mty of Vacubm Shavysanth M G

Langl oi s, N "A {\I% hH| gthSpfeed P}r)ocesds for Vapor Dep05| ti ngk Acryl at e Th| n
Filns: nnual Technical Conference Proceedings (1994); in D. G. Shaw, M. Roehrig, M
Langlois and C. Sheehan, “Use of Evaporated Acrylate Coatings to Smooth the Surface of
25 Polyester and Polypropylene Film Substrates”, RadTech (1996); in J. Affinito, P. Martin,
M. Gross, C. Coronado and E. Greenwell, “Vacuum deposited polymer/metal multilayer
films for optical application”, Thin Solid Films 270, 43 - 48 (1995); and in J.D. Affinito,
M. E. Gross, C. A. Coronado, G. L. Graff, E. N. Greenwell and P. M. Martin, “Polymer-
Oxide Transparent Barrier Layers”, Society of Vacuum Coaters 39th Annual Technical
30 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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20An Update", Society of Vacuum Coatcrs 36th Annual Technical Conference
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Coronado, G L. G alﬁ G eenwel | efnd P..I}%BIVH tin, ol yner - Oxi de

Tr anspar dRETHEPF e F&?’@Fﬁ‘s e%%?@ngpt@fl Pt sTonax ks SgffRcRhnual

Techsi cal t

cont it 15 0 Gah Al e LIRS I PR lho b il RN E AT G T ayer
can be erhanpede ytedpper @qlheslane T[hﬁ edln@wtnrmqmotlm kayef@nr’oedfOpleeetmlda,tment WO
20091086095PCT/ US2008/.087668 r R‘ ngk g trlg It F eﬁt] | n t he
presence SGPUACONY %}Cela¥eéé?6f‘|“\1/e OH™ % &4 1%%”\9 a%lf‘ Sbﬂ PELGT

pl asme, ghaw Mirflehngeal Oﬁﬁﬁlﬁﬂ& dl'h%“a'dﬁé% prohRtiBE ldyleE mRahavEs thqidk%@mffge or
at nospheri c pressure discharge); chenmical pretreatnent or flane

pr et r eat rfewtnm Hoseprande.d eidhes) torabprioHonm.omd] cayér: tlvwke@hfdﬁayemave a
different 5co 98449 than.the hi.gh Tg, bo r obe utilized
at o%&an under In@} ndge% ({1Chen%lcal Compomgon alTfher Cié%/{g? Ogc}h%fgﬁs%pgﬁ%‘f’ %&hesl i on

pronot i ondehaykin paﬁrbnbtﬁe nitofe @&aﬁﬁ‘a@, topo G &IHr @ltRe APPYAEMhE thidkirks or a
nmet al - cont ai ni ng. | ayer such as a |ayer of netal, netal oxide, netal nitride

or netal RXGHIbL S ﬁc’lqﬁlétoalérﬁ?é@P@r@nwpﬁhﬂ?feétnﬁ?ea%facﬁﬁywhlﬁbéheasuﬂoﬁﬁ%lﬁlﬁess of a
f f éigp
d:\évi P?d( %tllﬁ egﬁﬁgﬁr?ﬁeﬁl%ﬁ %@#pg%g? ion [r?élth'%ﬁﬁs nesés}gr()l%l t he °f 1}alrvét

pol ymer |atheknsislolf adepeand(fornexpapte, Gror 8men)natbew Sandrencttacend@pbgr aphy of

t he uppo& K ?g thlckness preferably is sufficient to provide a snooth,
def Xt - f rBERF fe¥89t 0 whi ch the subsequent first inorganic barrier Iayer

can be appli eds¢ |EQ% t&c%(ﬁfépéa%ic Eéi'ﬁerfl%ge% séf)‘a{a%&% Aﬁéﬂ?ﬁle c\@¥Gerd@blyhi ckness
of a few nm (for exanpl e, t 0 about m croneters, and can be

| St hi ckerhavingdeBg gredter than or e@\tal tethst OﬁHQPETDdyglaaﬂ}chdaapp ithesr ﬁﬂs‘agcéymels epar at ed

b I f t h t hat of
reper) typree 4t ke bRt St e S e ol B g TRHD e

enbodi menhyors &4 dsROBVAINBE SFBiréd tlaaar S Ffirk@Egahi beridriARM) “sctbse | ayers
can respecti vel ¥) be referred to as the "first inorganic barrier |ayer'

"seddnd A0ongaRigRAIrer lyeriand ‘beopad polymer layetorla spor yrbedimepgsit is nrefegedre
embodi menf & thése 11?01@5@& g&%&dl g%\’gtaret \L]S\%I%I [r%1§51+)ear1&acﬁ{lotl1a§¥ andy © vi si bl e

i ght transm Ssive on i nor anl arrler ayers rrer | ayers
can be priasgstiayeks geisiolader lhyuah Uﬁib‘@rbwnyffeﬂ‘esﬂreﬁy ﬁfcmdﬁﬂgaﬁolﬁﬁemlayerh&me a Tg
greater than or equal to that of HSPET. Preferably however each neighboring
pai r of idedrghnye? haersakr thagysequylgo &@b%%ﬁ%@%Rreierekﬂmowmﬁ@ﬁ | ayer or

layers neighboring pair of inorganic barrier layers is separated only by a polymer layer or layers

25 having a Tg greater than or equal to that of HSPET, and more preferably only by a
polymer layer or layers having a Tg greater than that of PMMA.

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

30 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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25having a Tg greater than or equal to that of HSPET, and nore preferably
only by a polyner |layer or layers having a Tg greater than that of PMVA
The i nor gai0i20098s095er | ayers do not have to be the samePCAUS200808T669f
inorganic barrier materials can be enployed. Preferred inorganic barrier
materials include netals, netal oxides, netal nitrides, netal carbides,
nmetal oxynitrides, netal oxyborides, and 30 conbi nations thereof, for

exanmpl e, @rhide shnyrpyastrisechlices mfride chprompifinda glwurimexyaitrede, sibicedt uni na,
titani um Qxj i ' 1 ndi i . i i, 6l i n

oxi do. (110 e, DR, ATl ol Fonibu RS, S OO BBIMIAL T, e,
t ungst en thacdf. dediusi in cxade,\MDica0 0 BHOMTREGT 61182 BAB LABFIGGB s alidrealayre al um num

nitride, silicon nitride, boron nitride, m num oxynitridc, silicon
OXyni tri ﬁpe%%ﬁﬁe%mmrga@& ba_ﬁ?%%ﬂﬁ%%é%?waﬁﬁ){? Werekyptaide, and
combs nati @ngnik hEA&RAs thhdn bR S0 0Ky LG, With R prihTLIBUIBVHHe. and

conbi nations thereof are especially preferred i'norganic barrier materials.

1TO i s anrckxanpiopoions ot gebickimantad senstitucht eFlaninorgantcdrairadr daytehapreaablpecome

el ectrically conducting with the proper_.sel ection of the relative

o opor 1 i PR asRe aBnghinir oS! RGLART MRl aRe fy shotcebRp R oy or o

pr ef er ablambe, &aﬁds&%rqﬁéﬂagniagﬁ&mnos Scr{Fp Ues e bRAnk@addctth BRitRking sk ng art
such as sputtering (for exanple, cathode or planar magnetron sputtering,
dual AC pluahaf 1 magnosionspetdring). sivaphuaiion @ reempih resistiug peelegron

Sp“ié erl nt%)am e‘%"S‘&%é‘& Tk (3}; Orenﬁéﬁc%elagaloése ?fl r%gilst\i/\% ocl)’rele%ltr%ﬁ l;or an egi‘a(l) bo? 1O
evapor ati on and“ener gy enhanced anal ogs<of resistive or Srectrdn bedm
evapor at iigsluding istdbdagh dr@iplieaassittdplcpsdittord schcaiied varpaspdditioh), plashmen cal
vapor deposition, plasma-enhanced chem cal vapor deposition, plating and
the |i ke.cnpiced shemisrlypgr denesitiqnr Rjatiscanshe [iks. Maytdraterably theiraiganisi ng
sputteri : r td u L 0gy. i perties
ave. beerpimid bR e SR e e e 1Rl Ry |
5deposi t itarridrgecdpeirtigschaseibéenasbssppud tvaen thy icagpaic édet 6 fbowet byenkighenergy

tecnﬂi ques such as conventi onal v.agor dgpgsi]tgi on rocesEe.s. W't hout being
boutd by 4°ReBHON tephnifiue gichas Rttt iRE COMARCE HhIQMEE AN RD FERYIARS S¥FR 2ue to the

condensi NGn@RBhES/aBEF ddpbNBoRprdcB&es UREHBAL ‘t%irV% bindHSah&ry kit Rekli&veaner gy,
| eading to a lower void fraction as a result of conpaction. The snpot hness

and cont ithatithycrdfaneaghoparbesgmnidue twathe cendehsipg spand antgngdhibs sadmstrae t he

20underlying | ayer. can be enhanced retreatments (f xanpl e asna
or ot r eat 1R sTeRERnSaT pridue L adBuUS MR Boarer g R pT R ISt
pol yner |sayRkhness and cohtiuity\ el iroraid baficd [ay@ afd 49 aMkidAay ehdt 0 have the
sane thickness. The desired chem cal conposition and thickness of each

i no?Qani cingdartying tayeagasybagnhpnagd perdctiaatpents (foncxampln alasme ragftrasneithce
]E opogr aphy /of,; £,8¢. &‘e@gr?lfédydbiilge WK SR g, %&hé Bt §8§Jn{e?‘f'a gptical 25properties
or the barrier “assenbly. e inorganrc barrie ayeré’ preferably are

sufficiently tTiedkorgeniadatrier R esaidtiodiousto handttewhine chiclktcsy Ty dested as to
ensure that the barrier assenbly and articles containing the assenbly wll
have t he He¥iaberrareyitew ad thickndsp ef pachhporestn baiiss layer witldeprakingiart qniy

r et er ablito kG RMI1AR HRSHHNRS hAmn AARRRAM - And BE ARAIGE] ofillupkness) of

each inorganic barrier e about 3 nm nore preferably
25 properties for the barrier assembly. The inorganic barrier layers preferably are sufficiently

thick so as to be continuous, and sufficiently thin so as to ensure that the barrier assembly
and articles containing the assembly will have the desired degree of visible light
transmission and flexibility. Preferably the physical thickness (as opposed to the optical
thickness) of each inorganic barrier layer is about 3 to about 150 nm, more preferably
30 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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30about 4 to about 75 nm The second polyner | ayers that separate the
first, second and any additional inorganic barrier |layers do not have to be
t he sanme,weandosdseryst all have to have the same WO PCT/US2008/087668
20091086095PCT/ US2008/ 087668 t hi ckness. A variety of second pol ynmer |ayer
materials can be enployed. Preferred second pol yner Iayer materi al s i nclude
t hose nentioned above with respect to the first pol yner Preferably

t he secoﬁhl%msy mervariglyent sgeondapbynacrdpecr aﬁmrlaéﬁcambefqna%weévi’mf@a@d on and
vapor del%%éd ILQJ 159%@%1%8&% kYL Rntihed bty uﬂ?%%%&stt%?%e%&v e with

5r espect | rst ayer pretreatnment suc hose descri bed
above (fqrolmarmj'ee Ppﬂfaahl& thxr mcomapasitpm'ej laperedre ayind g/reapplmedlgz faxpl oyed pri or
to formation of a second ayer. The .desired che nposi tion
and t hi CHERTBI {156V DEE AR wadRyesrosstinkigg &r §r4gs qe S‘a@ﬁéﬁ‘ OY§Wirt on
the siat urg, f@eqo%w fiRefo mepa féftreat%nvméﬁrakmdge db¥BEd Shove [RE second
pol ymer er thlckne s pr ef rab I's sufficient to provide a snooth,

10def ect eﬁiameles pkaﬁla@ prdtmamﬂnc)kprafeabbsdewsrwnplmmdgmm o foamntiar of aaseeond: an be

PP kras g Tt ThF oSS B s toR g it oS Sl el Bl msd wrer

| ayer miMam‘()? lag'eltsh)lllglﬁéFétﬁi @fpaptl@lihe Ratiid 4nd sﬁﬁ@ééttoﬂ&rﬁﬁ} SRS eierlyaRd can
be thicker if desired n sonme enbodi nents, the barrier assenblles have a

prot ect i \A@yq@s(sb e sccopd pelymer By thickngss peaferehly 1b@ufiﬁéfe@t foendoyide asmppid, "t hird
ol ro| Vol-ati.l i | e rretha r re use
POYETE" G e Yieeled WERR! ol Rl IMAfonen St B IRR ML Sl PHVREUNOL

Tg gr eat ahe Eé@aﬂd p6lyagH &Iyelt & lhyas mal hiGPEbwae thigkrespdan el firstyatfraer ed ( f or
exanpl e, those nentioned above with respect to the first and second pol yner
| ayers) am@rtyvEpagiamriasre weeyd prlemppliyeranay haygiadhicknesy ofployt mm ffan PMVA

bei ng ”D%%oapﬂﬂ%cﬁhﬁégm &Ligﬁﬁkqggk%ﬁgﬁwhgard pol ynmer | ayer can be applied

usi ng conventional coating metho as roll coating (for exanple,

gravure roll deabmn @)xlbodlnsqntsamedmaﬁérmgseQﬂWES hamwm}bretece{z@pdlymst t@bcaatspr ay
coa¥ ng),.. t.hen crossL §ed usi n

for d atio
pre rabﬂ}nﬁ 1BCRd icpy o AR to a8 Jtisy “thigd P@Vﬁ@al%@r fl II@QQBZWSM%WIaR?apor

deposi ti QRoRyiekrs ﬁr‘ésp%ﬂeﬁgd ﬂﬁl ued nﬁh@ﬂﬁﬁf‘i&‘dl RS 1@9&%&9%@1@9@% Wr%rllater espect to
the first and second 25pol yner |ayers. A pretreatnent such hose

descri bedneivovas (iong el ggpdagsr thdnasrequplrte thrae af FSREY bemefepeddlly mekoreil s
enployed rior t ormation qf .the third I | ayer. The, desired

chom cal. (irgepEr SR fhediehbiS b7 ihel f o esonf AP epend
in part ondtvortiNaine @crzl'z\ﬂ: BURdA&S hidhee H%ngyat@fth&mpmﬁ%imglrﬂ&tl ayer(s),
the hazards to which the barrier assenbly m ght be exposed, and applicable

deviGe r dueficrredreHidgsiremh gherthird golymer layer can be applied using conventional coating

methods such as roll coating (for example, gravure roll coating) or spray coating (for
example, electrostatic spray coating), then crosslinked using, for example, UV radiation.
Most preferably the third polymer layer is formed by flash evaporation, vapor deposition
and crosslinking of a monomer as described above with respect to the first and second

25 polymer layers. A pretreatment such as those described above (for example, plasma
pretreatment) preferably also is employed prior to formation of the third polymer layer.
The desired chemical composition and thickness of the third polymer layer will depend in
part on the nature and surface topography of the underlying layer(s), the hazards to which
the barrier assembly might be exposed, and applicable device requirements. The third

30 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
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30pol yner | ayer thickness preferably is sufficient to provide a snooth,
defect-free surface that will protect the underlying |ayers fromordinary
hazar ds. wWopb@iskepst he third pol yner | ayer may have a | @@@rUSRI08oORT6S$Ss t han
the first polynmer |ayer and a greater thickness than WO

20091086095PCT/ US2008/ 087668 t he second pol yner | ayer or |ayers. For
exanple, the third polyner |ayer may have a thjickness of about 5 nmto
about 10 tht sqcenepelymer kyer @dayde Foficxraple; thedhisd pelymer layer mpp pavegy

asserbl | gﬁigl%@éégo?a@ﬁg%iﬁﬁl %'Ebogé’{)ﬂg Ecr&ker{e&oﬁ&%ﬁn%et%ﬁ‘ircfé%ﬁ?/ di@ygrs and the

substr at I'rs secon ynmer layers prefer ave a
sufficiently MHBahlcrlgssoblidhabvdi hefibant mibeaes awbianiobdrtiehayes suf thieci ent

barrier properties_for their, desired appli.cation. For_certajn plications,
visible mugﬁfati %%ﬁ@raa%r@n%g}onﬁanﬁwr(lmrg by Rt a i RORY highrig Bt
percent ttﬁ@ﬂ&%ﬁ%‘s&lﬁtgg WIBTHASE Bu AR 00 ARD S 0GB Rbr ﬂfe_itac%esilr iRt 20%

nore preferab at st about 60% are preferred. Miuinlayer Filns with
G aded Cdrpesitiih epslichi@sh ersitls Bghtltrahbmxérslyabas (Tras, detdrmecd bypvesegingi | ns

havi ng a graded- conposi.ti arriger coat|j such t hgse cribed in U S.
o ent. Al Bgen TRHBRpuhddisRar B4 fid b hfek Tyt g5 mor

gr aded- cqf¥pRAILlY ANcRBABIUEH0%QRE pRREredn be made by depositing reaction or
reconbi nati on products of reacting species onto a substrate or film

Varyi ng tMeltiieeatilne wihgptaded &pegodtionshangi ng the identities of the

reacti ng speci resul i [.Scaating t.h h a graded, conposition
ool ", SPE i et Gt el i RGPRL Aol S e e U SRR O

pol ynmer i daffidrebhtitdgSsushiahthase pakybidinlesepaeamNd. Hal1316a0 (BEbepkdpokyaor yl at es,
pol ycarbonate, silicone, epoxy resins, silicone-functionalized epoxy
resins, pol yedtibps kaying mgraggd-gompapiing hsyrigr coptingyeanmsripadgdyndspptifee 8z Co. ) ,

lyimd - i 20( mad
by KanegaFiae hasst i enahpiiRE arns SRS o EaRle or OB Phl Tee
Ltd.), pchyeidtaesupplpnass ¢RESngingde idyntBiesbf thewgactipgkyeidseedunts dea such as

U Lo (e by, Concral BLect g SRIBAIY. ofRLYg! I enenapht hal ene (PEN),

Useful substrate materials include organic polymeric materials such as
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

20 (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.

Suitable coating compositions of regions across the thickness are organic,

25 inorganic, or ceramic materials. These materials are typically reaction or recombination
products of reacting plasma species and are deposited onto the substrate surface. Organic
coating materials typically comprise carbon, hydrogen, oxygen, and optionally other minor
elements, such as sulfur, nitrogen, silicon, etc., depending on the types of reactants.
Suitable reactants that result in organic compositions in the coating are straight or

30 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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Sui tabl e coating conpositions of regions across the thickness arc organic,
25i norganic, or ceramc materials. These materials are typically reaction
or reconbwoapissePsoducts of reacting plasma speci es an®CaUS2e8/98B68 ed ont o
the substrate surface. Organic coating materials typically conprise carbon,
hydr ogen, oxygen, and optionally other mnor elenents, such as sul fur,
nitrogen, silicon, etc., depending on the JE!% es of reactants. Suitable

) P
r eact ant <OonBt Ae It IV4y \oh g¥ .oV Il dnbbend it angtals oherupatiiBg \dB.andt¥Rii ght
or 30br arh%ﬁ?%egelahﬁ'ﬁ?e%al .ﬁJo|§ggﬁﬁ le,agilrllié/o'ﬁec%rbi@é ga?lht%l (%poﬁ!eg%g%d§§llbs§£t?%gs’ .
al kyl ene oxi des, aronati cs, et%., aving up to 15 carbon atons. [norganic
and cer amcooncloaitiong fiphisaras gbserityg froal dikane (BTHL) B¢l apxdargetic material)euchcar bi de;
boridc; or conbinations. .thereof of elenents of = WO
2009108609% B WS D8/ VEFHBRIER ap PR depasitad fiognplasypes ggparatedifiom | g and

11B; 5 met afgn 0 fme@ﬁé?ﬂé}’&d%%?en &VBran@Rh Hyg yIRAdo ik &R kyPRbfeSsof@h be
| de ted 3

exanpl e, silicon carbi an be depos onto a substrate by reconbi nation

of pl asmakpgetrd faneplafmengsictataelr¢Biokginosih dorgrprosugsnms, suctadser i al , such as

nmet hane ar | ene, Sil.i oxycar bj.dc can ited from.pl asm

gener at e&etf%%l?ﬂxg?ﬂqnﬁkij,zir)ﬁgtlﬁg%@?a’[hﬁlh@%%%éﬁwg@?’l I ﬁ%m%\th?ﬂl%bsrﬂgﬁa;plseenz oxi de.
Sili con C(I%@DSND,QE oRlaBR Iy cRECtERNSSINE €041, 'Sﬁlmoﬁ!n@tﬁﬂgéa@%%p@ki@&i frs@m
organosi | i cone precursors, 'such as tetraethoxysilane (TEQOS)

hexanet hyileings igoneipied (lanD8ENS aneramenity AdiminkazenysabPVDSI cande deposited
oct afret e 6l oL Str skl esans, ( DLur S Iisan gl bidde.cR0 R depgst ted from
pl asmas generated ff¥om st anc and anmoni a. um num oxycarbonrtridc can be

deposi t edcodddinapiohoPlcagims gRYGE@heEnftd Oblam ddlosirdd Eoingabthfosition et r at e and
ammoni a. Ot her conbinations of reactants may be chosen to obtain a desired

coating CORPEST thegnrtiopis reqssingse's ofithimbephillsiof theairtivagach ardsd PAMIREHA™ t he
skills OloftRiecdiihl SaNG. out AL IE U ARIRARE EoRoMiord 3¢ ufiGRLclll RAMRRNOD! 2} ned
C or t eact an

by changi ng the nposi tions THEd T nto the reactor chanber
duri ng t head@phambeiodurofg the detosvion pf echatds plodudte tanfotrinehe omting gr by ukiyig usi ng

| Sover | appi depositjion zones, for exanple, in a web process.
Coati ng t Fg%ﬂ%’égg‘?p@s?lﬂf}izelé?st Iexepple: MY Pe6FSabout 10 nmto about 10000

nm  pref er abl yeddinpviabaits %Qy;?l?&l%?g%ﬁée)ﬂéggelﬁg& ABBL NS AOESouR 186G @Rl ¥ from

about 10 nmto about 200 nm esired to choose a coating

t hi cknesorefemblydes about idnpe deatdue 10¢tms ndmslshane po¢fetablyhfirorn hboutdh rioh &
substrate, s as reducti.on . .in light transm ssion being 20 | ess than
2bout | 50 HeRtAReR P apa ARyt ool abl PR sl ey dppane

pr ef er ablyank@&Sioh AN gRAugh tIREUBSRte, shBIEasORdLADNTRYigheriRpiRbBEIgNe of
many deposition techni ques, such as pl asma-enhanced chem cal - vapor

depei t i dess(tiPECUD! 2¢ pefrent prefsirbie lpspihas reous AR antcsnt, embriotapreieaity less
LRI, s O T AR R S S T
such as plasma-enhanced chemical-vapor deposition (PECVD), radio-frequency plasma-
enhanced chemical-vapor deposition (RFPECVD), expanding thermal-plasma chemical-
vapor deposition (ETPCVD), sputtering including reactive sputtering, electron-cyclotron-
25 resonance plasma-enhanced chemical-vapor deposition (ECRPECVD), inductively
coupled plasma-enhanced chemical-vapor deposition (ICPECVD), or combinations
thereof.
Multilayer Films Containing Diamond-like Layers
Still other useful flexible barrier films comprise plasma polymer layers (for
30 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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25 resonance pl asma- enhanced chem cal - vapor deposition ( ECRPECVD),

i nductively coupl ed pl asma- enhanced chem cal - vapor deposition (I CPECVD), or
conbi nat iwe0eM8s@sf . Miltil ayer Fil nms Contai ni ng D anomrdT/isk@siosnses s Stil |
ot her useful flexible barrier films conprise plasnma polyner |ayers (for 30
exanpl e, dianond-like filnms) such as those disclosed in U S. Patent App.
Pub. No. 2007- 002045 |. Flexible barrier filnms can be made from assenblies
i ncl udi ndirat rolyserlayes, Imthis gssembly) hadiestipalpaner daper sownagsethotrssubst r at e,

and a se | . .
2009103605000 ATt UCRUEHEL BERECormRodeltBr s tdong polymer difforent fam they o
first polfyserolyrayennd the sosgpd petnadr cambrissta hadnynmolyaad Suek cempositt pol yner

| ayer is co sed of second | ymer different fromthe first polyner, and
t he fsecor?dS%ﬁ’g?Prﬁ?n %ﬁﬂ?i ééexaéﬁﬁ?,ﬁs%ést&ém@fy_m@d&wrea?ﬁse%t?ci gn Q‘E‘serrbl i es
can § ncl Ullftrdh Ot ARk URSITIRIR o § dRAMOHIENL AYRTovaNGKEPBH AL ON L he

5substrate, and a di anond-11ke carbon |ayer or a di anond-T1ke gl ass

over coat gelymertlimerpol yrer | ayer. The term "overcoated" to describe
the position | ayer with,respect to a.subsitrate or. other elenment of a
bar 1 er assently Erbrartisd; [ETRE s By Ting! & Bufr Pie FbBt T acENgP ot ner
el enment, RukhodlenRAESSSBIrtibYasGably OteeUStol tBe By blidtatsp BRtsuBétRitO6r t he

ot her elenment. 10The term "di anond-1i ke gl ass" (DLG refers to

subst ant iahdrylesaeng dwp hettnecgssanty rcphiagroug kagither Hislsublitrade ethpoheneldmsnt. i con,

o gPL | onel ) e B O BRI Do FRTBR LSRR GF o, Lo,

. Lt
t he group i ncl ng hydrogen, gen, oxygen,
and coppeimorfhdisiglak aivhrdisg c@borbehd¥ile®anind dptivadllyinoldipasticeiicte The
anor phous di anond-1ike glass filnms may contain clustering of atons | Sto
give it addiionalqoamgaciyp seected tfronythe soypmngluding hydpgernp pitiagan. (Y& | ong

Snge o SRR, 09 AT LT 00 RERLRRE KBS BRD oo
to 800 nmmbodimentheTheamorbowsthadennd-kke glashitints rid) cOntaietvserihg obatomsor phous
11 mor coating, Somprielnd, aperoxi at el 50 Lo, 90,8t 0T percent, car bon and
densi ty Qe BemcRARRIETBSl:Hirfhy Athian ChrARREQXI B R Yodla R 1A at oms per
cubic centinmeter, and conposed of approximtely 50%to approxi mately 90%
t et r ahedrvadvelrmgths of from 180 nanometers (nm) to 800 nm.
The term "diamond-like carbon" (DLC) refers to an amorphous film or coating
comprising approximately 50 to 90 atomic percent carbon and approximately 10 to 50
20 atomic percent hydrogen, with a gram atom density of between approximately 0.20 and
approximately 0.28 gram atoms per cubic centimeter, and composed of approximately
50% to approximately 90% tetrahedral bonds.
The barrier assemblies can have multiple layers made from alternating DLG or
DLC layers and polymer layers protecting an underlying substrate. Each group of different
25 polymers, or combinations of polymers including DLG or DLC, are referred to as a dyad,
and the assembly can include any number of dyads. It 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
30 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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The barrier assenblies can have nultiple | ayers made fromalternating DLG
or DLC | ayers and pol yner |ayers protecting an underlying substrate. Each
group of WDRhevsm9s525 pol ymers, or conbi nati ons of pol ymeraspevsiossosg DLG
or DLC, are referred to as a dyad, and the assenbly can include any nunber
of dyads. It can also include various types of optional |ayers between the
dyads. Assenblies can include any nunber of alternating or other |ayers.

Addi ng ndtsitlgpleptéc malpripldncduding %Ih@ém@plaﬁ*ﬁéilmséﬁ@hwlye@t%&gfg@iamﬁﬁ, sture,

or ot her L @(ﬂg oy (1%? @xﬁel%oﬁgﬂ%ﬂ&%éthmrﬁa{ﬁy@ﬁ wall a2l SO hel p cover

or encapsulat ects w ubstrate can al so be
curved orpolypexpiiéres, Higlh oeboangdneitpyolysthpgngd, pslytthgleas ngjttleaiatomt eri al s. The

substrate can be of any desired shape. Partjcularly preferred supports arc
VO 2009106 f@_@w Redseibey HHPBSaPeYBEsnes polarid YY) txrﬁlepﬁwweﬁ
t hergropl ac%idrfdel;%(%lgﬁg?l%%e @lﬁhﬁ)‘i’i‘dﬁé %lﬁ& ?Jél?etﬁa f%lhe SNAAP! 8d thfrhbsct BRhY d&hydsat es

(for examnpl e, net hacryl a , pol ycarbonates, polypropyl enes,

hi gh or lwelluldendirtwtipsl, pelyhyidemedyinpdd heatzbydzeleeambpily batzakemle.pol ysul f ones,
pol yet her sul f gnes, .ppl yur et hape | yam des, | yvi.nyl butyral, polyvinyl
Behi or 1 de, *pol GOFRyN BRIt e il b6 e R PranE ioe PVl ang

t her nosetyihylld¥Be HU&IdA®P6Rndd(OFBEAEDF)Y éﬂ%}éﬁ%h]@%tﬁﬂﬁb@&hﬂéﬁé Ybpolgiger
benzoxazol €, and poly benzoxazol e. her suitable naterials for the

subst r at d ECAEExdehd ericoteteludrpethpleneedppliena ERYE), deeanited othy ec-vopolspser

( CTEENDF) t hyl sschlorot rifd uor oet,hyl pol yer CTFE) ,

SO one BT B e Pl bR S e T bk

et hyl ene-tpti ok tiey 1 ddc@polyyiee (PK AL B lytpaklyefok o cht {PTEE)pps hyingh¢ene PCTFE) ,
perfluoroal kyl - tetrafl uoroethyl ene CO{)OI

PFA
D vt arr dosde GV RV Sehe TpBHRELS A8 Dy lrereney knube afsormumennol yvi ny!
fl id = .
TR HepyCobYner | A RRHAL A BRI RBLIUAL R ORNC CIRBGRUNIRE |
t er pol y maerpolidiér (THY) ymity atarbtriffuorietinédney PEREE], Be#Hkjoropropylene-vinylidene
e R N
tetr af | UQEQAT VS @RARERd: TG RITRE b &1DRSy RePOIDITBEVCT FE/ PFIVE) .

Al'ternative substrates include materials having a high glass transition
t enper at ur e ( TAferbatrveisebstraprsefidndbingtchels hgving athigt @hssl traneition tenhpugathesat

setting, anpegal.n nder .tensi o ar. of her techni.ques that w. | di.scourage
Shi ko TaDEyeD PtaaE il HedhaBlig PbehRG b R B it s BiS T he
support gy oftk t&anRhEAhRedill difcouRe SHPRAILE uP3S ateist BRERaN@MiliskidRi | | zed,
then it preferably has a Tg greater than that of polynmethyl nethacryl ate

(PMA,  Tgempsratye wheit diesppiast aimoycansaigeg pdithe wimpor hagneifbeer h¢adast about
1100, X T35 FLFUEAbE, B o PR PR O B Maphal e 01 =
t er epht haPaMA( HZPEBP C)otMe ppsfehBlitesspppRdiat 8 Tg of at least about 110° C, yet
more preferably at least about 120° C, and most preferably at least about 128° C. In
addition to heat-stabilized polyethylene terephthalate (HSPET), other preferred supports
25 include other heat-stabilized high Tg polyesters, PMMA, styrene/acrylonitrile (SAN,
Tg=110° C), styrene/maleic anhydride (SMA, Tg=115° C), polyethylene naphthalate
(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,
30 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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25i ncl ude ot her heat-stabilized high Tg pol yesters, PMVA
styrenelacrylonitrile (SAN, Tg=110 C), styrene/ mal eic anhydri de (SMA,
Tg=115 C)wopotwmssiyyl ene napht hal ate (PEN, Tg=about 120 ErTI/ysedoposiciet hyl ene
(POM Tg=about 125 C), pol yvinyl napht hal ene (PVN, Tg=about 135 C),

pol yet her et her ket one (PEEK, Tg=about 145 C), polyaryl etherketone (PAEK
Tg=145 C), high Tg fl‘uor%pol mers (for exanple, 30DYNEONTM HTE ter pol ymer
of hexaf INP&BERYNA eride (RPQY. riaFprbirt 889 hy). éakyethsrmida (LT abayi=d8olt: 149 ©),

I b zab ) t Tg=about 175
0, pol yarp Sy Trmg PSP Gabel oty PRy R PR bk B35 66 o
polyet her L da (PEI. Tacabout 218 G- pol varyloul  one.( PAG,  T4=220. ) pol
ot hg_r jsuIHO&i’g‘ﬂ(algﬁ@,dé @é&@%&&%?%@f 1&@?%4’_ Sy $ratér51§g%éeﬁ9<n93fé o,
pol v3 m de(ulaTanpLyIAARR: Chmidnt ALY PRIA3hART Ao BEAbolel b gkt RRoRP of

120 C). Preferably the substrate has a thi ess 50f about 0.01 mllineters
(mm to dbdumml nm nore preferably about 0 05 nmto about 0.25 mm

D anmond-1i ke glass i s..an, anor phous carbon system.i ncl.udi n .ubst anti al
quanti by of s PREBRSTIHE SRS Bl LR BT BPR S U A A % kTSP spar gD |
these filgrsilicon aad byicagRi<kRiBRs BRARIORd-11kB Yrchettiesalin HRASHINZ) ¥ 6 & BRBen-2
substantial anmount of silicon (typically at |east 1025% and no nore than

45% oxygerec bRRig, theicqsiet lewsirB) Yoararlon, opubstantiplrangount ghsiheanuttpielysit Idaston wi t h
a signifi t un f o n_and substantial,. nt . of rhon es
ol 1520 e Rar 4R S0 ARS The ST B0h RN hot ) nEBRInR T

gl ass t higilidohlwith aEignilfidxe atovat dRdxygef and ghtbstahBilsMonst ycapadpaiitdses.
Dependi ng, upon the conposition, the thin filnms may have increased
transmi sShess filmp highby trpnspargpt apdrficexibde fundigeliedes. ~ However, in specific

i npl enent at i onRs; REAAL iy]: whe, i -l Lek) is at
| east 70%t raglﬁlmtsogfg\%glg% Sgry i é’%l ong%'f{ %@ﬁﬂ (?I}al?(%hgﬂgﬁ&l\%\%{\agﬁeo%@%% from
about 25M¢pendingabowthe@0thpositiandherdrie fipnefey ableyinticasadalnasmhisdi®® nm t o about

800 nm qu e>§t iartlcgi.on fcoef fi.cient of I:l)LG f ifl mis as tftol I oys: i7 %
trahdm sHIBRPTHGYAL JarpHs HFRAIPRTICY HIQKeYerIPriRssHic SRRt ienarine ip P on
Zggf L Im C ;ﬁ(gﬂlglg gﬂlﬁrgr?i%{atélﬁ dfc Ii@Bn thild id M 1Ehe 789 SR RiNRY e pRagkinkANge bet ween
substantially all wavelengths from about 250 nm to about 800 nm and more preferably
from about 400 nm to about 800 nm. The extinction coefficient of DLG film is as follows:
70% transmission for a one micron thick film corresponds to an extinction coefficient (k)
20 of less than 0.02 in the visible wavelength range between 400 nm and 800 nm.

In creating a diamond-like glass film, various additional components can be
incorporated into the basic carbon or carbon and hydrogen composition. These additional
components can be used to alter and enhance the properties that the diamond-like glass
film imparts to the substrate. For example, it may be desirable to further enhance the

25 barrier and surface properties.

The additional components may include one or more 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

30 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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In creating a dianond-like glass film various additional conponents can be
i ncorporated into the basic carbon or carbon and hydrogen conposition.
These addwoi2eevaiss@®snponents can be used to alter and enlaemasS2q0808oOperti es
that the dianond-like glass filminparts to the substrate. For exanple, it
may be desirable to further enhance the 25barrier and surface properties.
The additional conponents nay .include one or nore of hydrogen (if not

al ready iadBevi¢ybr Biceasdition aftibgpamm tendsée prwncesadhesion ap pel gp difusim a@dpper .

O her addi,t.i onents may al so be of benefit. The addition of

hydr ogendd;%{r‘%%g)?éepse&? e formation of tetrahedral bonds. The addition of
fluorine is péartesediamohy-liks edatidrial nmeyn habaisidyrdabasra form afi glasma palyencsd
properties .of the dianond-1jke glass fil including the abiljty to be

di sper sed"hifh Gt %%@Hi& '%qt_be ﬁ%@gﬂ%&u%%&&?@ n§ p%swraae{ﬁh be used
to eﬁhan()?larsﬁra;p%w&eista@ R B3 LR AR edrRId BRiRASE] BLRGE FhGRl t@;eg}%ctl vity.
The addition of sulfur gn enhance WO 20091086095PCT/ US2008/ 0876

adhesi on.pridvesca duinpiners infthe gasgiasmattlen denpaatersha Rosusdhmsiwonlcasrabebkenas

diffilsiop and barri.er operties. These di anond-|i ke erials may
be. consi dBP RISt FIERP RIS RBF PHEPE.S RRTCH CA HePEOpbaT e 1o ¢ he
assenbl y rb!éi'cél@kpedfi@ re@é&%ﬁﬂie%pbﬁra‘{eaﬁ@facéﬁ’w eed toﬁk‘tﬂy&@rﬁéﬂh@i' ﬂlrﬁlg’fmvtﬁpbﬁger "is
applied to a class of materials synthesized froma Bl asma by using

pr ecur sorto yemespscifigity héthgaeachpaprocasscs ovbatle hsezaapbzse gnd Preessuibsteade, the
nol ecul es_arne. braoken wn _by. ener get I raon resent in.th | asnma to
For R 1 r oa= U bR, AR O BRRE R TR OB} E8RLs, iR

subst r at ensutidlabss el réseadhé Darduytiirdrized impublichtionsguoinbdthe Blbwingt He
non-specificity of the reaction_processes in both the glggés}phase and the

subst r at eV asufid” Ps@a Folymgyizabens nécadgmigd’ress dndai N Y ol iRndk éegostip

anor phousgii « [:S. G i be r

cunmar i 2060 e B Psppkan. Bl cqRlREL B BolpRSre. HR R ERIEC R

Pol ymer i 2a99®nartd AcRddeneanfandss Qsada,, ‘Pdemva YPoiyndrik6a) ProRedesXyBstvarp ( Ed) ,
" Pl E;ma 0S) ti&& Treatment & Etching of Polyners,"” Academ c Press, New
Yor k? (199HW & .92]3i ederman and Y. Osada, "Plasma Pol yneri zation

Processes, " Elggy&lly, t%é%’&l)ﬁﬁ&g hélORPdrganic naturcBRh&GRILY to thBBR]RRIOFTET S
have an organi ¢ nature to them due tor?he presence of hydrocarbon and

car bonac éydsochrhootand nabogarcoapsfug clamabgro@pidsucttia CHeH HSi CIT, Sigy.-SiH3 s, Al - C,
Si-O CH, eﬁc (If}lctf al] plasma deposition processes |lead to plasnma pol yners.
| nor gani CA]'[ 1$11' 14 “%oar ¢ frequently deposited by PECVD at el evated

substrate tenpestaliylfena ®ppEiasy pRCEREN chd QY fladth£pdlimeEs. Ih6Bads tAABIRNOUS
silicon, silicon oxide, silicon nitride, alum numnitride, etc. Lower
t enPler at wrefipdusads depositay b BEGYY atilevitddrapsfee tenmeedwies oryodusshhias s | ane

inorganic films such as amorphous silicon, silicon oxide, silicon nitride, aluminum nitride,
etc. Lower temperature processes may be used with inorganic precursors such as silane
(SiH4) and ammonia (NH3). In some cases, the organic component present in the
precursors is removed in the plasma by feeding the precursor mixture with an excess flow
25 of oxygen. Silicon rich films are produced frequently from tetramethyldisiloxane
(TMDSO)-oxygen mixtures where the oxygen flow rate is ten times that of the 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
30 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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(SiH4) and ammnia (NH3). In sone cases, the organi c conponent present in
the precursors is renoved in the plasma by feeding the precursor m xture

wi th an ewoes®/@beyd 250f oxygen. Silicon rich fil s arePpraseasasfosequent |y
fromtetranet hyl di sil oxane (TMDSO) - oxygen m xtures where the oxygen flow
rate is ten tines that of the TMDSO flow. Filns produced in these cases
have an oxygen to silicon ratio of about 2, which is near that of silicon

di oxi de. anHakhrenrrdril sopeqnt £ 4t feasrbout | (e d Prierably, Biecadgp spatgnt igpt kpast

sub- st oi Cal‘BhQ %5&% hlﬁagé}gfe;abﬁpgtq&{sgg&jug25(%(rponent and substantially

carbon-ric epi cti elr -organi ¢ nature. In filnms containing silicon,
for exanple, teCoxytgmn contamidubstantiallgttivo tyises pif edrboabdaybdrebamds  triBorf{adi | i con

di oxi de has .a ratio of 2.0), and st efera low 1.5 as_.in the case
of DLG Vs ORTERSGt NisobE) %g%%(g{,%@ Gne EFSFoBaREERt ['s a | oast
abous  10%,,RahatRY oY td ?tﬁ/z g@&%@&h%&%ﬁg‘rhé : glsn%?%hd%%uég%&nd nost

preferably at | east abou coatin ontain substantially two
types of twadingn{ tlxarablom detardsne the pypmel agd elpimita@ poepredtses(of PR coatidg. DLC

tetrahedr.al di anond.bonds {sp3). C,S- conposed .0 ppr oxi nat e 50% to
00% ¢ ot  AnBAPHT PRTE heh SRy IR, SRR Reu bRt HEnShefing. of
t he car bqiofet®loonBothlte)ycpdtngl cal and chem cal properties of the coating.
DLC is a non-crystalline anorphous naterial. DLC contains a substanti al

anount of hydr\Gyens eddigresito thoDEQ cortng eangesrusedt Thesvarddivves marempess t o t he
DLCgoat ighd £ AR LTSy, T05S6. Aildhld ¥PSLIRY ARTRIES H9aDRaCl More of

n
nit rogen,onoxoygen i'con. on uorine is

par ti cul glaktycults Bf uskful in @haaciag bgrieakid &ifaadpropurticadacipdiapdishesibilitynefl udi ng
di spersibility, of the DLC coating. Sources of fluorine Include conpounds

such as dhf D&& qostingf PensessRf fuoriag inclysercomprindsrsueldns erebqnaesytluatses. C1Fs,
d CAF1QcpR K9 3N " aal d
an QCFJ‘?ulﬁHq‘z;e&éf%rfaE 3§F6h,' ERD cg;@g QA4XY {2).5 :@gfapﬁltt@rlﬁ}gg@é%ﬁﬂi tend to

i nprove the dptical transparency and t’herna e coating.
The addi taxgperofo the DiGje@natingyendeo uspdvt theaphaziamns@ststyand ehdrmabstaldityi on and

(01T ease, el cclil gol copiuet v Ly, Sources of oxygen. il ude oygen gas
7o 1 2y EG, ulapasoaun o5, SULS Q0 ande g silecare,
(N2H6) .  vapor, cthanol, and hydrogen peroxide. Sources of silicon preferably include silanes such
as SiHy, Si,Hs, and hexamethyldisiloxane. Sources of nitrogen include nitrogen gas (N),
ammonia (NH3), and hydrazine (N,Hj).
20 The additives may be incorporated into the diamond-like matrix or attached to the
surface atomic layer. If the additives are incorporated into the diamond-like matrix they
may cause perturbations in the density and/or structure, but the resulting material is
essentially a densely packed network with diamond-like carbon characteristics (chemical
inertness, hardness, barrier properties, etc.). If the additive concentration is large, greater
25 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
30 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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20The additives may be incorporated into the dianond-Ilike matrix or
attached to the surface atomc layer. If the additives are incorporated
i nt o t he Wpanmdel9ske matri x they may cause perturbati oRETIUS200808THeNSi t Y
and/ or structure, but the resulting material is essentially a densely
packed network with dianond-I|ike carbon characteristics (chem cal

i nertness, hardness, barrier properties, etc.). If the additive

concent r atswérpongeut@rlgle@ag%@@%pd@Stqh&ﬁ relhceptingi(or guarepat crpalatoe to the

carbon ¢ QGE ){oﬁtgfmg? ’cogltﬂ%_ (?(?rr&.Lurnélewlblle&tr&?atﬁfséﬁ&;cﬁgti@ ,dt[h%)lgl ??013 ??}%Hl] gélﬁé,

properties o anon ke carbon networ
addi t i vesoatangil¢, adthedolta \Neadiatidacelost joroficeablyathe s lyinfeeie lawdr lis falihed bpnl y

the surface structure and properties. The bul roperties of th
di anond- 11RE e&%{npsadwnn@%ﬁgp%ﬁmn_aﬁ Cmsé%‘g?%ﬂ%(  BRBOTHG) 49 f8reTIo8Y 8P ed i n
the gl tiV@utizblatitiplodhf RBASHSS 1ASTEMRLY 85 AE 1 SR ARERLAR

crosslinkable. The crossfinked polyneric layer lies atop the substrate or
ot her | aywiailizalrid a¢rlylat@mobemém beeg chpamlly prefeired.yPoferrmdt(erxctlahaylafsef er abl y

the polyneric |ayer is.crosslinked dn situ at t under | yi lLayer. |If
e P oa” Mo S ok v gt R elrditeint o 18 b DB b as el Bdtbh) ob7eos
usi ng comensd ia@élﬁ!409.0®ftﬂe@@ré}&&$m@§et§)d§ﬂ3bla&3§s HaQk b vERBlF 1 afi®bf ﬁhéa_rfm e,
gravure roll coating) or spray coating (for exanple, electrostatic spray

coat i ng) ,melhadacweghl tp ticorinakar e acty bt arelgilabgroyds pavinaltate Uy rangdioat i on.
Most, pref er ab h ric,layer is. forme fl e t vapor
bl t ¢ Gognt0:b ABaR PO TR G SO0 e plosda0 R YR bt o b
(et h) acr4poad@o R RRIBEGyRfCerbiEf Blubgthtéd(metBRchylat&UeR ba REDaERgherwi t h

vol atilizable acryl ate nononmers being especially preferred. Preferred

(et h) acryPlagwar weight rangss|os &floss fofvexagmle.iahont00rtg gheutF00Q Brlgculps gveight about
600, nor 1 :

(et hy acr R SRR, Modh ot gt AnaRpit 4050t SR PEERIEE cnbs 5 the
nunber ofimpesvyel dlyeodlimg thic sagdorg rRaugs1lpdr profered manonrerd ineludange of 10about

150, t o about..60Q g/ nol e/ (nmeth)acryl ate group, .nore preferably_ about 200 to
abolt 400" P#mCEPf?a#rg&%ﬁ@%&gﬁﬁfa%@Sﬁ #ape o FoRIbiniteR (lmtmra@ilﬁy}f%%%naéan be

used at mr%tﬁ{ofdﬂéltigﬁéﬂ(ﬁéth Bies IARPESh Xand Rl d?e?orylfafér etﬁéﬁ@ﬁlﬁ ac@ﬁ%{t 400 to
about 3000 rol ecul ar wei ght or about 400 to about” 3000 glnol’egnéthYacryl ate

group. Caaeheryctiyl kaylte yyaanthyb(menpavgdtchisobwoyli avgylatheisshopmdr t
ol S PRSI haSh e AL uach ool (R gy ot e
(et h) acrathaeSetrgbiefofaguR@layrRet, dinigil@gdrylagl fentelltpaptRhiyicrasky! at e,
phenoxyet hyl acryl ate, cyanocthyl (nono)acr yf ate, isobornyl acrylatc,
i soBbr nylnlﬁmhmﬁﬁl%md@t& 2-phenmemethyl @arlgqeaz-ehenow@tbﬁlyneta@quf;m &.2.2-auryl
acryl at e’triﬁﬁ&%hl%ﬁ{)}? ?ﬁglgt%alay)llate, diethylene glycol diacrylate, tricthylene glycol diacrylate,
triethylene glycol dimethacrylate, tripropylene glycol diacrylate, tetracthylene glycol
diacrylate, neopentyl glycol diacrylate, propoxylated neopentyl glycol diacrylate,
polyethylene glycol diacrylate, tetracthylene glycol diacrylate, bisphenol A epoxy
25 diacrylate, 1,6-hexanediol dimethacrylate, trimethylol propane triacrylate, ethoxylated
trimethylol propane triacrylate, propylated trimethylol propane triacrylate, tris(2-
hydroxyethyl)isocyanurate triacrylate, pentaerythritol triacrylate, phenylthioethyl acrylate,
naphthloxyethyl acrylate, cyclic diacrylates (for example, EB-130 from Cytec Industries
Inc. and tricyclodecane dimethanol diacrylate, available as SR833S from Sartomer Co.),
30 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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acrylate, tetrahydrofurfuryl acrylate, dinitrile acryl ate,

pent af | uor ophenyl acrylate, 20nitrophenyl acrylate, 2-phenoxyethyl

acryl at e, wo-2ptvensondget hyl net hacryl ate, 2,2,2- trifl uor omerhisRo08/087668
(meth)acrylate, diethylene glycol diacrylate, triethylene glycol

di acryl ate, triethylene glycol dinethacrylate, tripropylene glycol

di acryl ate, tetraethyl ene glycol diacrylate, neopentyl gl ycol diacryl ate,

propoxyl at ed réEBHIKPIMAETES or dcRalyma layerp inqusdenyatenas Brenh TEiZaRaAS at e,
tetract hy[h &1{3 ﬂ8't 'o? SuBi %&ﬁ&fﬁ???ﬁ{mﬁw%@%ﬁ%&%t&% éa%tb%

1, 6- hexane |rret acr ate trime propane triacryl ate, ethoxyl ated
trinmet hyle(mhplwedpart&atﬂrzlablermdmmxs maolfmyrhaueably higheldhydl phegraopespecially

t late, t t hyl | at thritol
tri oryl THEBTbnERHTEHY Get Tt PP ROET APHT BiyEeIheacy PREMMaycl | ¢
di acgyl atrﬁére&)fr&%raﬁim% &f atﬁgasg-g‘&uft i PP %@&01‘%%5 1€t lkﬁb@ ab&lﬂqSOo

tricycl odecane di di acryl ate, l'e as from Sartomer
Co.), 30epdxyosapreyirable a‘RlBXﬁ@b@lB 0006 (E,sp@nallyrma&t‘nedemnbmrs, thatrdn e xt ur es

thereof A v f other, curabl e mat rlascan e l din e

r ossr1 it soRitalh LSieB e Eh e a5 Mol ety bRty enc,
acryl oni tandlN-o8RAr gHakbktroBs Ct B@t'h%ﬁ}me%lbﬂy Bedila¥R fToth Shitéhsr €@, isdveriel ymer
| ayers include materials having a Tg greater than or equal to that of

HSPET. A a\szarlatet(@@r @Xareplﬁei?ﬂqéﬂﬁ,\ﬁenpmry 4 aﬂeakablen fgors S@ﬁﬁmerecenﬁgo%}@dt 88°
Vol af il ?Sb qgﬁltgl t ates (for exg ?éygk% mﬁ%n?lrgsaizgﬁa%lee gr ECI ally

preferre YerRatd vé ' po a er er than

t hat of F;Moﬂemembr Egpal&fw Qa‘btty epoxhfad®ylart bleadsd wﬁb@@tenbl(ﬂﬁ eQamp!l%I CNpr e
preferably at | east about 1500 C, and nost preferabl at | east about 2000

C. :Esgeu 2030, sermesteiaty wombhis fore Raromer(pe Tesabqut & o frt hi s | ayer

i CN- 983,
rclude BRIRRT ARk BheR-ALar (GXalalf: RYESnTEab L il R O 0
_a_c r: yl gL te Egal’gognoegﬁarrﬁlgeabcﬁﬁ%‘bﬁ)hrd??hgslrmiglaédlyhaamaatgeﬁbmﬁanmm S@rmmgrR ! glgg
cg rci aﬂowﬂ%{e‘)ﬁlly 354)@%#68%9%%3??13 ‘Fgcﬂ %PQZL@)O&S gg%@}ﬁe@gk’?lacryl at es

bl ended Vﬂlac}ﬂyﬁ{eycf&r&a&fﬂ%r SRXAPPEEnm A %8911ab¢@mr§ahehle1/cevq' Labdye from
Sar t oner ., Tg=about 950 C), ditri methyl ol propane tetraacryl ates (for

exanpl e, 19K @3Fenwecnytcsadr ﬁoammrnpiblsa 9@431mc®antemrdty a&allablé'@:oabout 98 O,

avai | Aol S FPORT Gar danirousg0s G paY Pb Ty AR ERB g sl

di acryl at@n{rh@tiaBy av@lable ﬁ&gaﬁomgp@asrewr%%owmm)l ﬁéﬁk&rﬁhﬁm Saktamey Co.
Tg=about 1010 C) gent aacrylate esters (for exa SR-9041, comerciall y
¥

avai? abl e(fqrreemm Brfdd, @mnmerpgaﬂdamelﬂabi@ﬁom)smpem ger.ligrebaus[103° C),

t ef r a‘;"_;r geL B&faﬁ%@é r%@t [%nﬁ e?carlgé%%{ Sial%adlé( Rak) A Ead:Ligffy Sar t omer

rracr
available from Sartorner Co Tg=about 103° C), ethoxylated (3) trimethylolpropane

triacrylates (for example, SR-454HP, commercially available from Sartomer Co.,
Tg=about 103° C), alkoxylated trifunctional acrylate esters (for example, SR-9008,

25 commercially available from Sartomer Co., Tg=about 103° C), dipropylene glycol
diacrylates (for example, SR-508, commercially available from Sartomer Co., Tg=about
104° C), neopentyl glycol diacrylates (for example, SR-247, commercially available from
Sartomer Co., Tg=about 107° C), cthoxylated (4) bisphenol a dimethacrylates (for
example, CD-450, commercially available from Sartomer Co., Tg=about 108° C),

30 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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20(for exanple, SR-444, commercially available from Sartoner Co., Tg=about
103 C), ethoxylated (3) trinethylol propane triacrylates (for exanple,

SR- 454, csoneeviseldsy avail able from Sartonmer Co., Tg=ab®aT/USR@ 8037668

et hoxylated (3) trinethylol propane triacrylates (for exanple, SR-454HP,
commercially available from Sartomer Co., Tg=about 103 C), al koxyl ated
trifunctional acrylatc esters (for exanple, SR-9008, 25comerci al Ig)

gval | albl EXEMPly E&rkwm@érmaﬁvqwa%ﬂ@ fr&zeecnyc Inﬁuﬁr@f)mc@ﬁ@ =gPaut 308"
Tomabour TR nSBIPH R R RS CRIRRNRL fol ¥y YL S0LE RfhgRghipTer -

conmer ci alvhﬂatﬁe/ﬁbhlaﬂﬂrmnfelr ()l S@Fhmsm I27IZ?0C) aEﬁgrimdssmftthéLfb?egB)ng mt:ﬁmoqyla&tsed (4)

bi sphenol di rret acrygt%sg éf or ex CD- 450, comrercially avail able
from Sar tfeRctgsrylatpy obfhs fere @gg@gry cycl ohexane di net hanol diacryl ate

estess (for e’@m&nﬁl la%'{‘r%de(‘dﬁ%%{ar@ {rlo¥ %a%YcaBa!rﬁQJ 18ydrs. Oﬁheﬁ%ﬁg‘aﬁ}%rba@er,
Tg=about 110 C), 1sobornyl nethacrylate exanple, SR-423,” commercially

avai | abl dajfarmrwlfearmdnphe s@ch Layélfgambmd ctbltﬁm h@)¢ todgdhé sangh. a/?srvyﬂl@tyeﬁ (for WO
20091086095PCT/ 82008/ E)xagg)éo 5%3 omerci ally avail ab from
Oytcc | ndBSEPTESHTHET ma SaCtSlB £ apeoves Rrdered @Ofgfnﬁﬁa&%%{ﬁaé?%? e e

I SOCyanUfrﬁét@lstﬁlbt@PdS)Mh@st ﬁle(afl Qltri@safRta® carblded GBstalCRRFGdsahledal ax@oriabd,e from
Sartoner Co., Tg=about 272 O), acryl ates of the foregoing nethacrylates and

met hacr ylae%ﬂégmbfnatlh@s til@lf@@@cf@fr@iampiw bidices oxigGptich mabilicapdimsinimcixidks one or
SUCEO I nors%@l?as alui 1%Hnra| & {aa u?ﬁlg%laﬁs SHCh a8 LR gan%? d?untl) 0x1de§ 1nI 0@3’(? 1hdwr1neth mul tiple

| ayers are us 01 nor gani ¢

barrier raids(ad} tﬁﬂﬂuﬂﬁbx@&ﬁ)lzﬁ&cﬁﬂumB&&feﬁﬁleﬁhm m&gmtcﬁl dmawm eﬁngmtnerl al s
include netals, netal oxides, netal nitrides, netal carbi des net al
oxyni tri dgEdid sreiligpn sapisisy flyminun pidride bicAn ittids bersrynide, lymitaym | e,

silicon f}?&'ﬁﬂﬁﬁdé Qﬁf&o%xyﬁhﬁ éf%aborﬁﬁH ﬂ&@e%fc%ﬁﬁlgielgﬁ%ﬁgé‘%édlﬂﬂd} bo d tani um

oxi des s as titania, UmOXI tin oxi 'umtin o (ITO)
t ant al umanﬁlcdmblmnom)nhemnf obadohey tinmbeide Wil ckéde, blokromnum ak hic ded tungst en

carbj de, silicon carbi al um itride, silicon nitrid boron nitride,
al u numcemaﬁlppﬂ@ere@? fﬂieceéﬁe%%l(}rﬁr? 1rad OB DPRGHECTigS. ?E@ 1£Bhi um

oxybor i dGxafbicaHalFQXYIAL Io@leeraﬁwmg&ﬂpﬂswbangeao%r&&fmcam%ﬂ&nchhg oxi de,
silicon oxide, alum num oxide and | Sconbi nati ons thereof afe especially

pref en- edNutInthlegpampec stleetionexf theartckativa bsopottiods iof canh eéeme:tml@ooﬂlt@@m p@hqz aI cl ass
of ceram.c nmat.e

t hat b |
br oper - SATUERTERBIC HYE et IS TOPUHORE B GmolagrIah Bt SIS AR vent

The i nor gatnequeg EmbRYyed ay@e sﬁ,lm%@ahm gq&memﬁ uttsltl (fbfee@ﬁm‘@hmode
preferably are forned using techni ques enpl oye e filmmetallizing art

suck) as Smlanar mggnqtioprspetierme).«vapeeteyudor example, resmtlve or electron beam

evaporation), chemical vapor deposition, plating and the like. Most preferably the
inorganic barrier layers are formed using sputtering, for example, reactive sputtering. The
smoothness and continuity of each inorganic barrier layer and its adhesion to the
underlying layer can be enhanced by pretreatments (for example, plasma pretreatment).

25 The polymer layers 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, followed by
crosslinking using, for example, an electron beam apparatus, UV light source, electrical
discharge apparatus or other suitable device. Coating efficiency can be improved by

30 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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20or planar magnetron sputtering), evaporation (for exanple, resistive or
el ectron beam evaporation), chem cal vapor deposition, plating and the

| i ke. Moswopnrefwss@bly the inorganic barrier |ayers are POTASA00848TeGS
sputtering, for exanple, reactive sputtering. The snpoothness and continuity
of each inorganic barrier layer and its adhesion to the underlying |ayer
can be enhanced by pretreatnents (for exanple, plasma pretreatnent). 25The
pol ymer |1y sancalsp breformedray apR)y a9l 1§y o GORAIMAIE QFLORCHBRPIEMCHI o] | goner
to the s f Situ,

for oxamroerpyt Pl BATSELAIAeiRE LRKEE ARl biGmp RO Rtizkdbn

radi at i omay dssbé¢ akiplolyed ifonwiligprovikdo Ialpov;enhrta),layaardlaﬁhg alglazgy stsuemg anf or

exanpl e, an el ectron beam apparatus,. UV |light source, electr di_schar ge
appar at use? g HBPCra e éiﬁ?heapglé% (EARSItieR AFPPRIALFY gr&?t%%‘?/n garflugeto;t lﬁ)troéved by

30 cool i nggpe Mb@?@%ﬁemﬂh%é’@&%f 1a9Ers At t%ﬂﬂ@d b)ﬁﬂ%lﬁévﬁﬁoﬁﬁoﬁ% dpdrto the

substrate using con entlonal coating nethods such as ro coating (for
exanpl e, dggpauterefalloived byatrasslgyking insprator enanplagas(deseribed ampl. & PaeNact r ost at i ¢

30062 060 cbell EIEHah 3 St S5 d s hln us Par Moo 2833 (Vinligis &t 1 ayer

cont ai ni ng),an SOPAINGEL, 94, 3PO(WiikZis), .S Plav &Y. 5an6, 048 YSmsy &the ) thgspappl i ed
| ayer to renove the sol vent. Pl asna pol meri zati on may al so be enpl oyed if

it will ﬁﬂ@\ﬁn@é%lbﬂamraiblﬂ@y@t Navi #0(Shaw ¢t alt)at/eS. Aat. AYp. élléééﬁ |d
TR Ut ) B IUAERS SANRI PO B OKE2L Bi7 i AL o

evapor at iz, [asdPsaNer 6, d4afn®($4 GHy@ﬁs &tadl I) awsdPiayN@r@ssI 9$9<(81ngw| b ab) 4rd, UKor
exanpl e, as described in 719 (Bi schof U S.. Pat. No.
4, 722, 5193t Rimo,219,482 (ﬁ%%hﬂsmdj Szﬂ’@a@ 1%@3” Ql\ﬁréﬂo (Srhacpkenget yl) {0 raiblishad  No.

5. 032, 46 ‘%WJ@ Ligh NO v 7oy B € et RGP G Syt gz,

No. 5, 12K,} U3 glos, (Sﬁ‘éfwv &tapad D¢positios.Prétaskss fdi&l@oaﬁngﬂﬁpeﬂ:éﬁd P&lyawr &tchal,. ), U. S.

Pat 47 908 ur uza 6, 045, 8 Lyons et

5 u §5 h ga?mafmla § gtlw%ﬁ%ﬁewcaa%ghﬁwﬁs%%ﬁnd Ng% % 5&1@15422
(YI al i zi 9)a NEly$1igh'8 @éatm%leess?o %ﬁma@%mﬁlmmg Anno cpaaé)l i shed PCT
Application No. %\O 0/ 26973 (DeI ta V Ii)'echno | ogi es, ); Shaw and

M G Larfigicitgof VacuNevCaeps 36Depusial Toehnirab Eesfrdnoe P@aat:dm@ (@8%33); inalnd

Pol yrer nat, Vac m Coat i, n ference (1992): in D.
G Shaw i 4 Voo PO ARRAL VPG Gpst ARG oRR IS BbIoBESsi 11 ng
Acryl at c BdHibr Prop&reies sMvibRdate Fﬂnsosméty 00V aMasH (keI Rl AndedlTefibal

Technl cal Conference Proceedings (1993); in D. G Shaw and M G Langl ois,

" Us& of \ﬁapﬁerewd%rgmeémg,&él%ﬂ%tl@ DoéatShaysM: Bophe oGt angRis mide. pr oper ties

200ont or g ol S RABb Bl By WAL Righot O SRBRURE PIRERR G ) o1
and C. SheghaopylcdsE D Subitaps! R e cfe ()oa); ensmaitﬂnﬁtgﬁp tMarﬁmrpM lﬂ}rbmeCSurface
of Pol yest er and Pol %%opyl ene Film Substrates", RadTech 1996 in J.

Af fi ni t o,Cqponage Creels %Va@uﬂtﬂfmeﬁéﬁd@%ﬁaeréneta@@mer 1 msv‘%?éuum
dep?S'tedor?gegya f14at§%ha'T(w5§{%adﬁm5 2% '4?*5481‘[)@@%@%{1&@1'] @ngﬁﬁ@& ng, Thin

Solid Fil and in finito oss C. A

Cor 2hado,GiGss, IC. mmnad&, GJ\L @réeBvws| GrandePand/P. MMartm '"Pﬁkylngﬁmé)mdb(l de

Tr anspar t Barrier Layers", .SocCi et of V uum ters 3]9 F Annual

Techni cal f’c‘%ﬁrﬁ’f*@fﬂ& HBICP]-BYER d PAGSLY Of 9GE UM Toaters S GhRSENd- 1 i ke fil s
formed vi@iraen&M8RcaheRl BHER chem cal vapor dep05| tion (PECVD) utilizing

silicone oil and an opti onaI Silane source to formthe plasm
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
30 as described, for example, in U.S. Application No. 11/677327 (filed February 21, 2007),

can also be useful.
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30as described, for exanple, in U 'S. Application No. 11/677327 (filed
February 21, 2007), can also be useful. WD 20091086095PCT/ US2008/ 087668
The ter mwearzoeylisenss di anond-1i ke filnm refers to subst amCiralskeos(steas i s,
greater than about 5% or conpletely anorphous glass including silicone,
and optionally including one or nore additional corrponents selected from
the group incl ud| ng carbon, Séi/drogen nit rog gen, fluorine, sulfur,

titani um and Hsgpes ampmpbousafiznett ko e %)’Eoe%léﬁt‘nti%lﬂ}’dﬂ}af Wi greater
enbodi msr]tfléh abBt&?S‘%% %}ﬁﬂﬁteﬂ, M‘:ﬂgods %gss nlléhrfaaln (?&2%1?{%/ 5'%‘[ ngﬁ%er i ng of

atons to give it asort-ra ut are e f medi um and
| ong rangeclodldgbnagr tnb et addﬁ&ﬂha[ @npabents o¢lecrad fmnﬁhygtcmlplmcﬂucﬂmg whxibot, can

adversely scatter. radi ati on havi ng vel engths of fro 80 nanonet ers
£o 800 nrAYSIEEIHEOLT) PYEERCTGRTING: BHILE: g Uil SnEsapPES Saberg! elﬁlelhtéﬁga@&m y and

refes to f&éeﬁﬁ%eh&n%ﬁ%ﬁnﬁ%xﬂi‘efhé’ﬁ?ﬁiﬂﬁ%&rdléﬁﬁb&mké@ﬂn%%éﬁéod?ﬁﬂ' ng a

structur unit R2S1 O 1 n which dependently sel ected from hydrogen,
(G -GCs) aldh;slte;m(g@ﬁa@nss)targy‘&q 1témeremlgearqdrbhﬂ@b essontle(lmfmfimalj mbﬁayhanyil These

can al so be referr 0 an05|loxan nd i |ns of

ot or nar 111G e bl ta heb g 2o 5 AR Rots PR By R A iy PR ot ences
of the sirhiia@on Bd s@r?wh&ﬁlé}%ﬂlsl@ffﬂrﬂl%@ RarlSnh @ Pfn) tblgoofﬁﬁv al so be joi ned
(crosslinked) to gen atons and silicon atons of a second chain,

formi ng an extBheug, sibeansrokl, phsilpiangayare used lntefph@n@ﬂblb'pihdm@feﬁioaﬁmndwrlp ke
1192y Spa 100t RRILNBS A1 HGPRRLA SiMiRDs S GLEE AT RSSRANSLE, kol ng an R

sour ce oper ng a east rwar e vacuum chanber i's

conf i gur dddguadentipatictide s®noRRIreddn) oC ,cOyalkt, Q@ﬁC[g@ﬁryll {C-0ycdaryRikyl Rirgh (>500
V) 20negatij ve potentl al on the electrode. As a result of ion bonbardment

fr om havi(Gehpakykisihsicerapiake bersteriad i rolygrasnastenanerand inglyde coat i ng
formed hag,Yeny.iQhar J&%ﬂlc\éﬂlaﬂ%xgge{%eat&h§ EU §d8. §l%]313vqth\qﬁé fite 9881'1(%9 of 85

desired. Tn nany e i ment's oxane  source such as vaporized silicone
oi | is irthesitiveedoms jeuahtsubilgs Bgedupshatt ndyelsodsibinked gerpdshiskal) ior ned

coatjings arc fl exibl .These coatings have hi hotlca rans si.on. An
H g oxygen atoms ang silicon atoms ?'a secgondc ain, forming a% extende netwogll angh y

MW).

The amorphous diamond-like film layers or coatings are deposited on an electrode
powered using an RF source operating at least 0.1W/cm” of forward power. The vacuum
chamber is configured such that these operating conditions result in a very high (> 500 V)

20 negative potential on the electrode. As a result of ion bombardment from having high
substrate bias (for example, ion enhanced), the coating formed has very low free volume.
The electrode can be water cooled, as desired. In many embodiments, a siloxane source
such as vaporized silicone oil is introduced in quantities such that the resulting plasma
formed coatings are flexible. These coatings have high optical transmission. Any

25 additional useful process gases, such as oxygen, nitrogen and/or ammonia for example,
can be used with the siloxane and optional silane to assist in maintaining the plasma and to
modify the properties of the amorphous diamond-like film layers or coatings.
Combinations of additional process gases can be employed, as desired.

In some embodiments, the amorphous diamond-like film, layer, or coating is

30 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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25addi tional useful process gases, such as oxygen, nitrogen and/ or amoni a
for exanple, can be used wth the siloxane and optional silane to assist in
mai nt ai NiwWe 20098pi9asma and to nodify the properties of POE/TSWSOBBES

di anond-1i ke filmlayers or coatings. Conbinations of additional process
gases can be enployed, as desired. In sonme enbodi nents, the anorphous

di anond-1like film |ayer, or coating is 30 deposited onto one or both sides
of a fl exfilm @nfhiaperp threlncsy ebareater than sGARZHNePHEIgatsF tham 008 dngstroms er i al
such as r t T i ke
filn1can e a f%ﬁgg‘ %R ﬁggﬁﬂ%ggﬁhg%cﬁéﬁéﬁf%%aﬁﬁ%g%fgﬂggggwg%%ggggphous

di anond- |rhkge mzammmsamgamgéma@%mamem fd 230aAngsavensaott finvra KOs  of
greater thgnozao strons or greater than 1,000 Angstrons. |n nmany

enbodi ner®sV-00R&ngs %ﬁ%rphous di amond-1ike filmcan have a thickness in a
range from 1, QG040 cBRoAARAGRHMorpRius/dii b A0 PiRROh ARG 0TS,  of
from 1, 000 to 10, 000 Angstr ons. r% nbodi nents, the an anorphous

di anond- IwﬂaﬂﬁodmﬁMHnﬂ¢Mk%ﬁkanomon@memaqmpphﬁmsmddaMDﬁﬂnﬂmkeﬁﬁnmdeayers

or an anor phaus d| like film changj.ng ,or uIsing t he
o ocese qugagts RSbAHBE M mEkst e 1P forauBt BRemA ot hBoSHEF proutind

di anond- | dikRodd-like fimy & ger Ay cR%APR! £basd 1828 6f b AYEhn@fphduf Hiaffond ke FHAUS
di anond-li ke filmcan be forned an then a second |ayer of a second

anor phouspatl iba eymakd| ankbers ¢ mwmék&ybreoflaoseﬁ@rdmaor@housrtbamomdshkq alpe ﬁan 1Wner e the
fir ?(S | aygr (fle 0 %eqlrgtfla? ! he(%g R Ci%lrlsttllaorllr hahga f% 1rentsc:81§f‘1§néjltloﬁ?l %%n the IS 319({“3
enmbodi nen 2 First H% ouS i anonds ke &;F

silicone 1@ydr m ﬁﬁﬂ@erﬁﬂﬁilﬁlbﬁt@ aﬁsemmthaﬁmdl@ﬂﬁ@n@hﬁe ﬁ[fﬁnwyek iskferrhéd mmayer i's
formed froma silicone ail and silanc plasma. | n other enbodi ments, two or

nor e anorPHeNs odirarERdnd Keenrg gegend yyiipBowstdigmend-likg filgy lacyéhﬁégquofﬁoralae
f or n?d t%o Joﬁ@'bﬁ ah&gllaﬂ’fg%[ﬁggﬁm g eXI Igﬁodlééh{skﬁvdcéljrﬂa) can a ‘aﬁﬁ@o eposi t ed

Barrier atin rrier "36 1 ncl ude

car bon-rild fdmtlayegssof adtictnatog eerapdsition arg faaatlito geateahe emotphoad diemsnd-her eof
that_are &rgﬂared by plasma deposition as disclosed, for exanple, in U S
Pat &ht Nd'kegllaug, 237 (Kohl er et al.). 20Carbon-rich coatings, as used

hereln qgmgﬁpmﬂgg[hﬁgédeQ”ﬂgp@bﬂgﬁﬁent carbon, and typically about 70-95
at om percent carbon, -20 atom percent nitrogen, 0.1-15 atom percent

oxygen, and Olisezﬂlﬂfmcdm b@Tl@leﬁltrnsmﬁdratsgemlucﬁmmqumdowahhgdq sdivan4 ngs can be

Coat | ngs. CRGTIpAR RS Sh s Rparon B flfkars BEPFRIEY PiuTbROS P "

coat i ngs,diflidsed, f@ﬁ@@mﬁl@gnmtmén&N%56,9h8§B¢atolﬁaokt@hpm cal properties.
Silicon- contalnlng coatings are usually polyneric coatings that contain in

r and®dm conposi&drben-srh W@ngs,@amﬁdrhermom@@emat lesey §@ atonnpicerit cubgeand
Such SO BN R DSTHA e 1 agR LA SRLAT M v apor 2o

organic Roral nperature and
pr essur e.peldeasexy3on, Qaaltilmgso amin pacdmihfdogeimsuth c@06PoiR l@batﬁigabarngé (for

exanpl e, c?a?sgifileg%seran?gr%%lélysg carbon coatings, "hydrogenated amorphous" carbon coatings,
"graphitic" coatings, "i-carbon" coatings, "diamond-like" coatings, etc., depending on their
25 physical and chemical properties. Silicon-containing coatings are usually polymeric
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

30 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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produced fromnultiple starting materials), uniform one-conponent coati ngs,
and/ or WD 20091086095PCT/ US2008/ 087668 multil ayer coatings (for exanple,
al t er nat iwgQ 20@yess®sof carbon-rich material and siliconePGRIUSRI8I087668
Generally, the coating processes use a plasma and at | east one vaporized
organic material containing at |east one conmponent, wherein the vaporized
organic material is 5capable of condensing in a vacuum of | ess than about 1
Torr (130mpgjayerrenasises/dpiopample alierpaitiselay o aasaben-sabsetegibandsiboapgcuum
(either ip.outier space or in a conventional vacuum chamber). This substrate
isin close proximty to a radio frequency bias electrode and is preferably
negativel y chabgechlgstha coetsng proodssdsaisng peaspased at kad onadbporfzéqrgenay bi as
these coatin Lep ared without the need for

vol t age. ificantly, %
sol vent s magﬁt%&rcoese g e%%?‘i‘FgcoénRPélF'gtoW pict |Vae9¥%efi QISR BeteEal i f r om a
firss SOLUa?@olé‘HFic&ldHi’é?ﬁ nZEeh DA rik %ﬂla%utvve*r&mlwggnnes& Legrdasuch as

di net hyI sitoxane oil In another streamfrom a second urce, a one-pass
dep05| t i ghrepteddedade subsudtde B 4 yacaurmitither ayeutercspasdt omiotai qonV@ftionhlefacmani ng
h mat eri.a er of lrre ﬁ?@ ane t hat

.e., | b
(o) o BB T IR IER s TS rogi i Tl ey BRI al 1S
| ayer of Refembomdodiivay biliséd SXAREUIEONRIS &8 bscdMard AlioGRE bR YIS em

arrangenments result in the controlled formation of uniform milti-conponent
coat i ngs ‘t@dtagfaﬁ@eﬁlca@dwnhwommgﬁﬁ age a@nwedovlthabﬂd}pmGMngelgemﬁ pr operties
and, gonposi ti Uni.for.m L0 |aI o | so be
for I'T(gd from an‘QOé:re%(fil egl% n%ﬁ cdar On-I'ICh ﬁﬁg&a 119311 tregmefaoqﬁ; va tOSrOLII'C %I gh

mol ecul arvapetigidthigh glanacalaf wqtghdorgame higas ﬁlbhreﬁ &Midﬁh}}lﬁma@e 6il In and@Rrpl asma
(for exanple an argon plasma or a carbon-rich plasma_as described in U S
Pat ent NGesMAHN BETONKSAIIES. 2ANCAIasY JePRRHoR Pracadise rewls b BuitdasT or gani ¢

mat eri al t urces are
al | oned tcgg e?ggtg t ur; tﬁ‘?@ Eg%}%gﬁp%P ﬁgg%glgﬂﬁ%&&? ga)gﬁrz)gna is one that
IS capabICBmGﬁlyadbxamtthangs itHeasv ppranlily pal yokgasd, endrad artdralediatet oranaterfbeal

gen ate usi nmeans or the i nt. source 25descri bed herein.
Tha O'f‘ Ogga\éﬁﬁrﬂégﬁet Uoxang compRtie) 7 R? TP SYS RGN METES Fretbne

react I Ve’mfﬂ%rco%ﬁﬁﬁpd form@forfof Bkt Iemnrc%qip%ﬁ&ntfceat@sloe ctcANoZ @ dsQiAth et C.
al t hough such reactive species are still capable of congen5| ng in a vacuum

to form arpblayoeshirzgdhenges umgromﬂtlbeamhdzqm;msmontaheleweaishfalfomm coatings et Wit h

on' t he surE RS b FahRe bR SrRERR AT S elanboe i findPRal g

i s pol yneigiz 8dleclRevefot SigahildiqRlRSHER ARinYBPRIIS:ZAE ofl gani c

20 A plasma (for example, an argon plasma or a carbon-rich plasma as described in
U.S. Patent No. 5,464,667 (Kohler et al.)) and at least one vaporized organic material
comprising at least one component from separate sources are allowed to interact during
formation of a coating. The plasma is one that is capable of activating the vaporized
organic material. It can be generated using well-known means or the point source

25 described herein. That 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

30 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
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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
vapor i zedwonrgemiscodtat eri al and the WD 20091086095PCT/ UBRDOBL@8/P8B88 pl asma
provides a reactive formof the organic material (for exanple, |oss of

met hyl group fromsilicone) to enable densification of the material upon
formation of the coating, as a result of polynerization and/or

crossl i nkil#gna mreyidesaragrieve formef te agams maaiat (fer cpmnle leseohercthsi gt e
flexible i thin
and erxﬁgc?Ié fr%é%g)su%gﬁ hé‘&én‘gﬁﬁa{*&{@ﬁ HE giagezgl Ig%!n%ledﬁgl o(%qgé( otl Arslr% film
Desi ccantresMpod;mﬁr&atlmhnmﬁ m‘asshnklag,sfot hmmpidasorb or deactl vate water.
Desi ccant use& in 10the invention can conprise nearly any material that
i rreversi ?”(7 Y& BHHST EHt'Scondi ti ons) absorbs or reacts with water

t hergby renovi Ogne'r Emﬁa[b@@ﬂéﬁﬁe RaQH: Fihy iffude 'i'ﬁ‘etéﬁgllst %é?ﬁll%d%o?ﬁh%lm-ghe

desiccant can al so absorb or deactivate oxygen and thus act as a "getter.'
The desi dbmrmnddiked bte-standibe glibs ped glads depoaltqniohymlymebc fitter . For sone
applications, transparent desiccants may be particularly useful. |SThe

desi ccant can be a water reactive netal such as, for exanple, calcium
lithium pQedickm potassium and the like. It can be an oxide such as, for
exanpl e, cal ci um oxi de, barium oxi de, boron oxide, or the like.

Or ganonet al | i dD%smam@Md@amt@malssﬁwpwndﬁsorsmm@@ wiigr. Pssaegehis usefukipl - and

o SO SPRUGE L3R 38 A EL LS BB 3Ll 5,
2006/ 0937&3dit1h9&)21@@5rb98141%8@s w&iﬂhdwd?@'ﬁhﬁ@w te@@dviiit Bom the proximity of the
OED to be protected. The desiccant can also absorb or deactivate oxygen and thus act as a
“getter.” The desiccant material can be dispersed in a polymeric binder. For some
applications, transparent desiccants may be particularly useful.

15 The desiccant can be a water reactive metal such as, for example, calcium, lithium,
sodium, potassium, and the like. It can be an oxide such as, for example, calcium oxide,
barium oxide, boron oxide, or the like. Organometallic and coordination compounds such
as, for example, alkyl- and alkoxy-aluminum compounds can also be used.

Preferred desiccants include moisture-reactive organic metal compounds such as

20 those disclosed in WO 2006/093702, WO 2007/084386, and PCT Application No.
US2007/076946. The moisture-reactive organic metal compound is capable of reacting
with water and removing the free water by a chemical reaction. The moisture-reactive
organic metal compound is preferably a metal alkoxide represented by the following
formula:

25 M(OR),
wherein M is Al, B, Ti or Zr, R is an alkyl group, an alkenyl 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

30 the following formula:

M(OR),+xH,0 — M(OH)x(OR),+xROH
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US2007/ 076946. The noi sture-reactive organic netal conpound is capable of
reacting with water and renoving the free water by a chem cal reaction. The
NI St ur e-We20a%086098r gani ¢ netal conpound i s preferably &CEASa008ABT66%i de
represented by the followng fornula: 25M OR) 11 wherein Mis A, B, Ti or
Zr, Ris an alkyl group, an al kenyl group, an aw group, a cycloal kyl

group a heterocyclic group or an ac grou and n is the valence of M

Such a netal alk¥wimdaedy tBe fergailg gboye @metql ﬁﬁpl’i’éieﬁ@ﬂcﬁﬁ with watey fq piedpce an

Thi t

I et e b R 15, RSt RAABERT, PUSLERF LR M BOUERE
20091086 0R5MgH BIB2AO08 I EAE68 °C ormor&&n@ﬂ&@ﬂéfeﬁ%lﬁmmﬂmbt& above, the netal
al koxi de reacts with water to produce an _al cohol ROH, and R in the netal

al koxi de i s pricraamwiasiof the @Rcﬁmummclglﬂe%glkaﬁylére%wchWWM@ngrauw ling

poi of r f the OR
gr03§p mcﬁjﬂﬁl}gh& J"Xr%@yldg? Jgérgidﬁﬁagg%ﬁ}%gu o y roa’pé, g étgjt%hgl hexyl oxy
group, degylimxysgaglyxy draws yiddpctgtdodpcyleryrdrsiyy lanxiicgiioukoxggplipxychgr oup,

i sost earyl g)xy group and 2-octyl dodecylcg]8 group, an alicyclic al koxyl group
such as BOrREBRYY %WGHpISOI?%Wr%W I\;S@Fﬂi‘ycﬂ%lllfé%é%wdfn@up, an

aromatic | up,
phenyl procr%/lﬁg;ngggl?(gkp ggﬁl uﬁgﬁ% 1;/% %&W%rgﬁp& Qﬁﬁg}%k%g pgsuch as

tert-but yﬁhph@n@ﬂwlcgwcgnwraradmdnc(x& gro® Sich botet- bwtmmwmgrwp fpfde‘lf*(nlx!ﬁ@F oup, a

| | Kk t th
Do Loy ety R DPhe SRePes ol oRr e SRslp SRR of BeneRBrmery |
et her oxy @Gb@ fuchR9b¥QEYRARAYAEAENJTRRPPL X EEEH %ch&"y@&l?leﬁ@ﬁlonomethyl

pol yt et r ahydr of uran nmononet hyl et heroxy group, a pol ydi neth X | oxane
skel et on- %@WW giong mﬂmxyrogybupmoanbmal qiherpriggioup end ablmemrg wirRoXan  gr oup
such as 2- I|d ane; | -eth r and L i.noet hox L oup.
The mo; scTP Iy, Ga & LR AR SuAR JoRr RO O B 00 s e

provi ded,anfl @mig¥@iidoftaining alkpiaﬂtgi)@mp" aiahas Izwh@ad@fw L9 pasiytor@up anlihe
phot ocur abl e hygroscopi c conposition can conprise (a) the noisture-reactive

or ghhi c rfﬁ‘?@hm@&?ﬁ@ﬁ H&OUPh) a (neth)acrylate, (c) a carboxyl . .
gr oup- cont ai “'ﬂ% rg&h%{]@féaé@\@ cﬁgﬂﬁ@ﬁ%ﬁi co ﬁ?nfd@dﬁcn%@&’@@&%%%gﬁd&@éd[ on

initiator. use erein, the“term ns acr
for exarnple, in a photocurable hygroscoplc cornp051t10n The photocurable hygroscopic

composition can comprise (a) the moisture-reactive organic metal compound, (b) a
(meth)acrylate, (c) a carboxyl group-containing polymerizable monomer, and (d) a

20 photopolymerization initiator. As used herein, the term “(meth)acryl” means acryl or
methacryl. A hygroscopic film can be formed by shaping the hygroscopic composition
into a film form and curing the film.

The proportion of the moisture-reactive organic metal compound (a) blended is
typically from about 5 to about 70 wt% based on the entire composition.

25 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

30 (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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met hacryl. A hygroscopic filmcan be fornmed by shaping the hygroscopic
conposition into a filmformand curing the film The proportion of

t he noi stWPeReI95ve organi c nmetal conpound (a) bl ende@Ciraseqogioszbs y from
about 5 to about 70 wt % based on the entire conposition. 25As for the
(meth)acrylate, either one or both of a nono(neth)acrylate and a

pol yfunctional (neth)acrylate can be used. The (nmeth)acrylate preferably
has a boidimgthyperne(msthagylate, 2evlaz! srorphgliac, WWOM@%N&{H y about 180 C or

nor e. : . 0f i ncl ude an al kyl

(et h) acrd;}]ingt iaals é 1é1§ aﬁaﬁggh@i ﬁé%#@%g@%@ggyl ate, n-octyl d

(et h) acryl at €lhe mlyfyhctionetl (ncalouylyitemag beadddd s8@s forathapecthy lsatmegth oS obor nyl
met h) acryl at e and di cycl opentapnyl (neth)acryl ate, an al kyl ene

E met hi 2t &ired g{?éﬁ%ﬁﬂﬁﬁ@%&&%%w(@%H%&%&%F%f@?t%m}@% Witdite gl ycol
(nmetdh) ac r%ka{e%i&aﬁton&mgmgfa&y L&y Gidhne g&g)hﬁt%%&( @ RlodBO e it REY] am de
such as N, N- WO 20091086095PCT/ US2008/ 087668 di net hyl’am no( net h) acryl at e,
acryl oyl dignghietiytets, aNpopyethran(inddwrery e Ndenet o)y aleylyncaghychd dangth)acrylate

N- ( 2- hydr oxyet hyl ) acryl am de, e pol yfunctiopal (neth)acryl ate may be
hdded 2o B0 ol Mk AL e B %S HRE P B PERTT SIS examel os

t her eof igieApdea N FRIATY L, FNIGTEL SdaVIY T 28 @ 1446 T ods ), 208 %A BAE@lcth)acrylate

di (nmet h)acryl ate, nonanedi ol di (neth)acrylate and tricycl odecanedi net hanol
di (et h) auely haenoxy smpdiacey erand meathangdmpthaaceylgigeh as pol yet hyl ene gl ycol

ai (F2t 1) acr y1 v BoRERE ot RN B 6 B R BREM s Py A B
Corp.), anévanfletibiiey omt Mmpinchat f thelclircd@ praRinopbtdin®t. N -aeiplésasfehagbxy
uret hane (neth)acryl ate. hese, urethane (neth)ac and epoxy

10Anong t , ryl ate
(ot h) acrgrcHecraks iplude BLEX YRR R IIRE o30P s BhEMIE ket P RE 00K ancy of T he

BLEWER POLECE385 e BTER Boripe 1 BT RSB TIRREGR o1 | go
EA Seri ed.tpr, andiKedy ARABNR $ehlak@nuucd Gyevippal K&mku Ad. dltd. dxdmiShYARKD R

(el abr e (DS P AR D MR- BERMIER BAERIPP S8 oduced by
NOF  Cor p.5rodltee @bl gﬂ)fulc%;i KR L@%d) OSEd g1 VR SRS €] S@:ﬁ@gb‘%@gcég%y Shin-

Shi n- Nakanura Chem ca ARONLX MLOOO Series produced by TOAGOSEL
Co., Lt d.NakdaviaR@Berhixao0a, L#)0tR aNdX 60 0 0SiErice prodBEANBETOBOND BdrCes

produced oK aYA (LRTHGA!sobD e i TBERRIR S5 S5 RiSAER8, bY The
Arakawa Chemical Ind., Ltd.; SHIKOH UV Series produced by The Nippon Synthetic
20 Chemical Industry Co., Ltd.; Ebecryl Series produced by Daicel UCB; Art Resin UN
Series produced by Negami Chemical Ind., Co., Ltd.; DIABEAM UK Series produced by
Mitsubishi Rayon Co., Ltd.; and TEAI 1000 produced by Nippon Soda Co., Ltd.

The amount of the polyfunctional (meth)acrylate blended is such an amount that

the (meth)acryloyl group in this (meth)acrylate occupies about 0.05 mol or less per 100 g
25 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

30 (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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20Chem cal Industry Co., Ltd.; Ebecryl Series produced by Daicel UCB; Art
Resin UN Series produced by Negam Chemcal Ind., Co., Ltd.; DI ABEAM UK
Seri es preoroe@dstnesM t subi shi Rayon Co., Ltd.; and TEAI PCOQG2@8081s6ed by

Ni ppon Soda Co., Ltd. The amount of the pol yfunctional (nmeth)acrylate
bl ended is such an amobunt that the (neth)acryl oyl group inthis
(neth)acrylate occuples about 0.05 nol or | ess per 100 250f the entire
conposi tion. Theamopppofthe B@rkwyl@r@eppc%ﬁwgmp}v@l%aylﬁm@a@r blengerbiser
partially t C to form
B bart or SRR ot I R oAbkl 43Rl Sol] Al ROTROE,
separatldnsaﬁxampmﬁﬁmak1&h&n@&ﬂ@mmyMcgtanpmnmﬂtalnlng pol ymeri zabl e nononer

i ncl ude an acr c acid, a nethacrylic acid, nmet. h) cronerthyI
pht hal at e, #ﬁ}%@&@%&?b&qﬁwﬂ%ﬂwﬁp B §> % Uudp R afgeot

&l
OXi de- mqirﬁﬂt&ﬂo%&‘c‘dgﬂbﬁbn@%@th&%@ gﬁédb'n@t?m%ﬂgrl 4. [fil?(nfeﬁ{g}?tﬂﬁ\/%elﬂ¥] -2-

(meth)acryl ate g these, an acrylic acid preferr
20091086 09&PETindpRR8¢-0876B8In, benzoinlttkylathpulicnof! ctnmethahkdmaixbﬁtHZOphenone,

- t ini | bl end f f bout 0.1
U0 about sarHlBrty? BrPEraBRe. oo Bt o ARSI RO hsaeBioTh t he
DI St ur e-x £86tméehyHcd 26y §iphetyihoSPHTROSKIHe (IARIAPOTPONEaRNANRD PIadTBId BAt | on

initiator, exanplés thereof include, but arc not Slimted to, acet ophenone,
di et hoxyd%féslap Hésﬁm‘énetlzylhm@ylphmdetbmnhymlmebc)wﬁeﬂwIszPO -L, trade name,

nor oI|no enz ket al ,
benggpheﬁbne ]gﬁﬁﬁt %R%ﬁy OF%%?Q%nggﬁﬁﬁml ?%% |ﬁ%ﬁ%ﬁﬁh

t hi oxant r&mgprodu@‘dhwl clba@@agyc) h’Dﬁ?drozy-QrIﬁethyll- Irph&lwllhepﬁp ydodle phaRYGIMRE phi ne

oxide (Lucirin TPO, trade nane, produced
406 MBS ey DB IS GO SHOS Iy SRR RePY HCTREreXy-2r ade

name, 100705 YURASE i 0k b2 da bl FRKULPRTEAMIAADENYI Bhosphi ne o de

proau

2- hydr ox)&cﬁyl@ﬁbklyﬁlthdxyplﬂxenylL(aFMMxyLE-pn@yDDARﬁI}UJREIdid:&SIByclbhemj'bphamb

b oy et (RGTELRY vokabdi RIoE SRStV BRED0ua) TSR

acryl oyl nﬁ‘&x@zoz%emmx - Roly dr a{d% KB, @BRy-2-methyl 1
1- hydrox?é&clohexyl phe%; fS ke Y Cfé&ﬁ%{ﬁ % ytfﬁ%eyggﬁgn ﬁ?ghuced by

? bz Seij g&methﬁl @@wwgwawwmhmn&lybphﬁnylmdpmw@@ ﬁBﬁM@RE@@ﬁ tfadsmeme,
3 ot o S R e D e e BB P E  E MB b oinpbea e PN 1 ade

nanme, prqRIGACURE %@Qm@?@h%é 1produced by Clba Gelg , 2- hydroxy 2-rneth CL 1-
2- benzyl- 2- dlﬁEth£|anan 1- nDrpholln 5 EQ - but anone ﬁéA 369,

trad® narfecthplvodin @t@ylhyor@nbahmgry{)‘is SQ,tr@pmme;Lprpduc(eﬂ by 20

by Lamberrd ooty N PR Ao SRR AT AR Qe M B R B (e
nane), angdaciyydydydndeptzaphe®Ehecr(HBe; aayd ndddd prdduastebyBaieel PCBIUTRE by

Dai cel UCB). The photopol ynerization initjiator is preferably added in an
anmount ofPhakpQtyNEErization MEERT i Pipfor iy sddecoin anrecwy B G to slput 5

wt% based on the composition.

25
Adhesive
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
30 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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Adhesi ve Adhesi ves that are useful in the encapsulating filmsystens
of the invention include pressure sensitive adhesives (PSAs), including
curabl e (Woroexsnpse, UV curable or heat curable) PSAs; PAOIUSA@®I81087668

i ncluding curable (for exanple, UV curable or heat 30curable) hot nelts;
and the |like that have sufficient barrier properties to provide slow or

mnimal infiltration of oxygen and noi sture through the adhesive bond |ine
and into eﬂlﬁ@wbtezm@loéewdﬁwcﬁ, Ingyposilesiyesyc driapedinpnepdipeys in whick | ow,

filmtype %ﬁg%?eiftviﬁ%h@étﬁgggu?gtﬁhra?%eﬂ;@alf‘sgt?l?egr':s%ﬁ%glﬁlar: it 98B TS Teft in

t he encaps I on area cause t can e ntalrn such gap.
Pr ef err ed adhdxtfeasd hdledsivde indWide WMNAblabRISEA sssuch ag A RARATTH0AM 904153 and

ARcl ear’ 0537 f dhesj.ve Research, In¢., den Rock, PA 5O her
preferr eg&gﬂﬁ%’fﬁl}d\?é&]}i e e%ﬁ&?%‘é&c&ﬁpﬁﬁﬂ BBF\%%@OWPH sing a hydrogenat ed
cyclgc ol efi n-dyasesl-Roly ABhesARd i&l%'a)ﬂhés?@‘édﬁolﬁﬁﬁioh%&ﬁgﬁé{ﬁé‘aas those

di scl osed in WD 2007/087281. These adhesive conpositions iInclude a
hydr ogendtydibgeyatkd cydicefi¢fm-bamse dolyoley amt 2 palytiobutplehy resobuich hethese esi n

havi ng a wei ght .a ul ar Lght of 500,000 g/nol.e or nore. The
vt oo i 2y ERRRE et iita SrmesBens e et geber al Ty
resin W tdycli@¥lciRIbatddr R IRBETRALA pbliobutdlichdesinaais 4 WeighthRedgke properties
of the polyisobutylene resin. Specifically, the cygilc ol efi n-based pol yner
can i ncl udelecilarweighirgi1 580,000 ¢frogle eamere. Jée fusteamppeaitiviobh & the dydie

hydy &genaotléfﬂgb%egﬁgfy%{e??sm LESHD 2 SHGH WA 1§‘wgﬁ&s‘&h£e' Sl medtifey AR ?mﬂ%ltc?d
petroleumfesrn can-inc e a Bar ral'ly ‘hy rogend%é@’re5|n, a co %etely

hydr ogenaheadiegist propeftied of Beaivdyisstiuaend idsin e SpectiiealRathicicatliyolbfigtbagdnat ed
resin can have any hydrogenation ratio. In one enbadi pent, a conpletely
hydr ogendiobamerean pngludeg fgicxypple. ekegraatedpeirolsumggringbtatngd &yper neabi 1 ity

and co np?/'@r:d?d;ée%eﬁtég:’g néf%'rotlé{'l& gg{nysjuéﬁ) bug Va{cgigﬁgl,r.r Eﬁé llfydrogena‘g[edlégﬁ&ie{ui(xj)(}te§§ :r’rpl es

of the ¢ ased polyner 1nc ut "are’no Imte
hydr ogenate dndedcpepeetidhsledrogeantad (dsar, aewappitdy hyéoigamtabresnr aial | y

%1\/2’14 22: )eoplrjn%gneq%lyta E%@é%taﬁgg%@gigﬁ%%g&toéggate r%sbiﬁge}ln Eéve“gn%mgdégggﬁfolﬁr}gtrig
In one embodiment, a completely hydrogenated resin is desirable because of its low
moisture permeability and compatibility with the polyisobutylene resin.

Specific examples of the cyclic olefin-based polymer include, but are not limited to

a hydrogenated terpene-based resin (for example, resins commercially available under the

20 trade designation CLEARON P, M and K (Yasuhara Chemical)); a hydrogenated resin or
hydrogenated ester-based resin (for example, resins commercially available under the
trade designation FORAL AX (Hercules Inc.), FORAL 105 (Hercules Inc.), PENCEL A
(Arakawa Chemical Industries. Co., Ltd.), ESTERGUM H (Arakawa Chemical Industries
Co., Ltd.), and SUPER ESTER A (Arakawa Chemical Industries. Co., Ltd.); a

25 disproportionate resin or disproportionate ester-based resin (for example, resin
commercially available under the trade designation PINECRYSTAL (Arakawa Chemical
Industries Co., Ltd.); a hydrogenated dicyclopentadiene-based resin which is a
hydrogenated resin of a C5-type petroleum resin obtained by copolymerizing a C5 fraction
such as pentene, isoprene, piperine and 1,3-pentadiene produced through thermal

30 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

-28 -



hydr ogenat ed ester-based resin (for exanple, resins commercially avail able
under the trade designation FORAL AX (Hercules Inc.), FORAL 105 (Hercul es
Inc.), PBNOBRAsSiSakawa Chemi cal |ndustries. Co., Ltd. PCTESIER@IN6H
(Arakawa Chem cal Industries Co., Ltd.), and SUPER ESTER A ( Arakawa
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s o hyarsgesran hpislly A% £ aGeE AR e el it B 2B SPE e

per meabi | d/tnglcans ahstaaisqaticiivaynt, the weighbedrage @bRtular Waghtofat yyeicoléfiat can
be utilized in adhesive encaggulatin conposi tions typically have a weight

avelage rspekralyaperisifignt aioup A isoli000gmole 1 thyogeightrycege melegur eight
enbodi e i . . r i . b | efin-
15based %%F?/etr(rig(r%qbg g%? %lreﬁag 53%%%@%%?6%%&90?2% éegméa? g%lﬁ%w\}\%ﬁ% t average
nol ecul arpolasapatylencelesdd résinday dédonedse, poor tackification may result or the
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about 20 to 90 wt % 20cyclic ol efi n-based pol yner is ended w th about 10
to 30 w %yplt glicSothased mhpneras blend¢dwemebdie rl 0¢orB0 alit voeptlyisatingylene2@sino y0 wt %

cyol 1o ol S5l BaRsl.el YER: b hb Spfeg ot Saatiekt 948 S01t6% win
about 30 to 80 wt% polyisobutylene resin.
The second component, which is the polyisobutylene resin, is generally a resin
having a polyisobutylene skeleton in the main or a side chain. Fundamentally, such a
25 polyisobutylene resin can be prepared by polymerizing 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
30 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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The second conponent, which is the polyisobutylene resin, is generally a
resin having a pol yi sobutyl ene skeleton in the main or a side chain.
FundanentwiDI2909/86@8 a 25pol yi sobutyl ene resin can be pr @0&rsdoosps7668

pol yneri zing i sobutyl ene al one or a conbi nati on of isobutylene and

n- but ene, isoprene, or butadiene in the presence of a Lewi s acid catal yst
such as alum num chloride or boron trifluoride. Suitable polyisobutylene
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el enents typically are not attacke Furthernore, the polyisobut Iene resin
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ont 0 an adher eh ener on Of Vol ce iI's mnimzed.

| n 10addithérefore ttllitep(gylaslmtylel@@ﬁesml i9Buita®artad bidse révislof the addsslcur e
perneability are | ow and therefore, the polyisobutylene resin is suitable

as the ba¥eansekfing §pMpPeMtigidhesi ve encapsul ating conposition. The
pol yi sobutyl e i ght
(pol ystyrene- ?@1JﬁéﬁaﬁMﬁggk*é%ﬁag?gﬂwﬁ%gQ%ﬁ%yﬁgﬁgg%ouf£§%%@%%%§g/nDIe or
nor e. In(@&amgkmeneénhmdumammxwmngnppKyKS@ﬁubmhéﬂéOﬂeghnobtﬁemw&dm,a wei ght
ave cul a ht of abqut 500, 000 Ie or .nmore. Wth hi gher

ol boul art "ﬁﬁﬁ%ﬁmﬁﬁw aifiralyee ?ﬂi?srﬁ?lﬁtoﬁg@ Eohpysent Pistiigeraglcqdas Tor epar ed
can haVex@n@h@ﬁaB&BQ@bOﬁb%%ﬁﬂeoEﬁﬂh@“Wﬁ@ﬂﬂﬁgﬂxG&M&&ﬁ&ﬂmﬁ@ﬁﬂh@h@%%h% hi gh
heat resistance and peel strength. The pol yrsobutyl ene resin may have

vari ous winsgwslating sompewtiai thgt is prapheed can have a wide rubber plateau region and can
maintain sufficiently high heat resistance and peel strength.
The polyisobutylene resin may have various viscosities according to the
20 formulation of the adhesive encapsulating composition. When defined by the viscosity as
measured by intrinsic viscosity at 20°C in diisobutylene, the polyisobutylene resin usually
has a viscosity average molecular weight of about 100,000 to 10,000,000 g/mole or about
500,000 to 5,000,000 g/mole.
Another embodiment includes an adhesive encapsulating composition that includes
25 a hydrogenated cyclic olefin-based polymer, a polyisobutylene resin, a photocurable resin,
and a photopolymerization initiator. The hydrogenated cyclic olefin-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
30 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.
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20 formul ati on of the adhesive encapsul ati ng conposition. Wen defined by
the viscosity as neasured by intrinsic viscosity at 20C in diisobutyl ene,
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arc utilized. It will also be understood by one of skill 1n the art that

m x2Qr es gwodupirotuobpedadt wilt elsd hs undanstbed by dPhd afesdtill in the art that mixtures of
photocurable resins can be utilized.

Generally, photocurable resins are present in adhesive encapsulating compositions
in amounts from 5 weight % to 50 weight %. In some embodiments, if the photocurable
resin is present in an amount less than 5 weight %, the composition does not provide

25 enough adhesion and retention strength. In some embodiments, if the photocurable resin
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

30 the photocurable resins generally have higher moisture permeability than hydrogenated

cyclic olefin-based polymers or polyisobutylene resins.
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2- hydr oxypr@panet Ihyrike- (tephenyihllypavapable uhd@rmke {radendsicaitidd ARG URBI1é78inder t he
trade desj gnat.j on DAl 173 15from C ba- Cei ),
4- (2 hydrfj&g@ﬁl%@%gpsEﬁ}]ﬁe%yﬁwﬁ%zgpbwiﬁ'wgéﬁgﬁé}rwc&h{ﬁ%%q ally
avai | abl qcatnaRtcidiieavali e ugS @i deQf siREAUREG ZOBR Ef I8 fgnbeifaatdyy Co- ) »
4- (2-acryl yl oxyet hoxy) phenyl - (2- hydr oxy- 2- propyl ) ket one,
1- hydr oxyoy g MeBexcyylybhpethdxRetcone(A-byhmoer-2ipadyy) leovaricl dblydroxpdeslolchel t r ade
designati on | RGACURE 184 from Ci ha- Cej Dag . - (4-1
Sopt opyl JRERY/ RS RGRrPa s A ey piisathed ik detjgidion IRGACURE 184 from
20dodecy| @bgmelgy @o.),hy@r-@espﬁogylgﬁédyy}ph9&@ﬂﬁahn@tn?Lpr@aﬁ@11 bynb; R(4or phori no( 4-
t hi omet hyl phenyppr opane- 1-one (conmmerci ally avail abl'e under the trade
des?@nat i dedeykebRoyRE - dydroky Gnncihy rapsingyl -ans, §-methyl-2-morphorino(4-

avai 1 abi <rsE AHKaOTbARark: e AR IPRARHK 0 AERAE, EPIREST &)
N, N - oct aRe&AYURASDODifRona ClibadGeigy (@onpmeaiiBlldymethylamino-1-(4-
morpholinophenyl)-butanone (commercially available under the trade designation
IRGACURE 369 from Ciba-Geigy Co.), N,N"-octamethylene bis acridine (commercially
25 available under the trade designation ADEKA OPTOMER N1717 from ADEKA Corp.),
and acryloyl benzophenone (commercially 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
30 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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25avai |l abl e under the trade designati on ADEKA OPTOVER N1717 from ADEKA
Corp.), and acryl oyl benzophenone (commercially avail abl e under the trade
desi gnat w0 2BBERGRYL P36 from Cytec Industries Inc. Co. PCItu$2008/087668

I n one enbodi nent, oniumsalts, can be utilized because of their |ow |evel
of nmetal ion contam nation. Oniumsalts include, but are not limted to,

i odoni um sul foni um 30and phosphoni um conpl ex salts. CGenerally useful onium

sal ts carfrHeeredp ¢deguhuitaicds & qaniinclyde Rign SbRel GBS Car (G180 k)-sul f oni um

al kyl di ar QR t ik l.sul fonium diaryliodoniumand tetraaryl
phosphoni@ﬁ%@?%h@%era@{%&h al kyl and WO 20091086095PCT/ US2008/ 087668

aryl group can Bxanpidssf phetb edtiontc aatatomrdhelad:, Pitare nGhlrtited CERSHS- .
(CF1S02) 2N-, (CF3S02).3C-, (,C6F5)413- ani ans anpl es of photo
cati oni c PHIMIER Y%V%ﬁgleua@?r ﬁ_gafraéﬁ? desighatipn I \IP9P or GHigaed 8nal | y
avai 4 abl eCd%ﬂﬁ'l@rCog?S 30/8r %Fflﬁg%trﬂ BHERA C@?@OSIQIS(}SS{:SI?%B‘&MIRW Uni on

b
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phot opol yneri zation initiator is present in an amount from0.01 weight %to

5 wei ght Mlsesbinaizatiereinigitghicabe vilizeddhesi ve encapsul ating conposition.
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out gassilRgome sbPAECAtNAGT EheetrAS of RRAtPRp WBARFALPR iBAtPLIShes Hean G Han
oaded adhasas PR A0 Y sl R OGS € ORI I RS FARRE3h 15T
( McCor m cknetenddodjmeni2dibtre alsearhoure bf photopolymerization initiator is greater than 5
15 weight %, the amount of out gassing from the adhesive encapsulating composition is
higher than desired.
Optionally, the adhesive can contain desiccant. Desiccant loaded adhesives are

described, for example, in U.S. Patent No. 6,936,131 (McCormick et al.).

20 Release Liner
A release liner can be utilized in the flexible encapsulating film systems of the
invention to protect the adhesive prior to bonding the encapsulating film system to an
OED substrate. Release liners known in the art can be used. Examples of useful release
liners include kraft paper coated with silicones and the like; polypropylene film; Teflon™
25 film; and polyester and other polymer films coated with silicones, fluorocarbons, and the
like.
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
30 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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A release liner can be utilized in the flexible encapsulating film systens
of the invention to protect the adhesive prior to bonding the encapsul ating
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and moi ot ur e so PR REERG R 1 RFR R R RELIRERR

encapsul ahoistarasoethat thSHxdgrphtas nof isslaict dtvine ther@EB ehcapeulbayresrcaat eri al s

i ncl ude rous ceram.cs (for. exanple, thin sputtered al.umna) and pol yners
wi t I kno et WP RS YT He FETIAY TR B0 e T

pol yi m degytfel ¥ihRh)ARE PolyRRkYRER ¥heih BYGSn MRlWaalriuneReifl ¥pabSiieand t he
like). Preferably, the protective layer is a dielectric layer (for exanple,

an i nsul dforrrgampleapelginvidey pblymesthanes, ipohjactytranindesy pplyetkglene glyeclsy dndahe
shorti ng.

likzes). Preferably, the protective layer is a dielectric layer (for example, an insulating
ceramic or polymeric film) that can prevent electrical shorting.

20

Other Optional Features

Various functional layers or coatings can be added to the barrier assemblies to alter
or improve their physical or chemical properties, particularly at the surface of the barrier
film. Such layers or coatings can include, for example, visible light-transmissive

25 conductive layers or electrodes (e.g., of indium tin oxide); antistatic coatings or films;
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

30 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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O her Optional Features Various functional |ayers or coatings can be
added to the barrier assenblies to alter or inprove their physical or

chem cal Wwoopevash@s, particularly at the surface of thePbamusz@s/ o8ichsn Such
| ayers or coatings can include, for exanple, visible light-transm ssive
25conductive layers or electrodes (e.g., of indiumtin oxide); antistatic
coatings or filnms; flame retardants; UV stabilizers; abrasion resistant or
har dcoat 9fgtsmMoss of the guicempstdaers ofghe barrer assegblymy cAmberpriicd as a separate
anti-reflggtiqn.6oatings; anti-snudgi ng coatings; polarizing coatings;
anti-fouling naterials; magnetic or magneto-optic coatings or filns;

phot ogr aphi ¢ evarisis opSonab faasured ¢an Hel iheiadedialtivgfl@pble @nédplsuiatian filnrages;

adhesi ves such 30pressu e sensi él ve dgesi ves O‘EF hot nelt adhesi ves;
primers t¥SHEPS BHES o X%TBPIQ%IP uresngpde MBWUAHREIWS backsi ze
mat eg i al %néh@étofés }gﬁ'@g atnﬁ‘:s‘ RRI §thRfurdS 5& 'ﬁmléfulle% }SQSlﬁ@m‘dﬁ%ﬂ)r'cBula%es' ve roll
form These func onents can be i1 ncorporated Iinto one or nore of
t he out erindsded ta;peqi\sdmn tnldaabam as brthaweimihiwofcthe devicchet applte et dsha

separate or co ri ption ure i ncl uded
TP ehe 1 kg SheRaliidiim wem ) Pl GRTuRB e hict AGLASRsh S Bl o5 of
opti onal tf&&ﬂuﬁlﬁﬁlnk@@% M@l@r PRited MARILARAIY HRsSLIt6 Als ?[a§i préd@phi cs, and
spacer structures. A noisture exposure indicator could be incl uded to
provi de aderntiigpicert |oannta§011 or qlm@n@@hqum@ﬁomfadvmsmégr bradtinformaion; o use of
the fl exi ncap nfll Thefl | at film
sys%éam co(ﬁef%lra @& ’t rea e%%l vmmtwhlonnm@}(%r eflﬁ 9“65 Cag? Hsed t§|pgll%g§s&grﬂeagﬂ? hose
used to dinsgsaatiph ey stertantt 4, Catdxaplepsreunt @intiap, iakjcapdig e thermal
i nformation, adverti SI ng or br and informmation, 10decoration,. or other
i nf or mat i tE#S evamn% IqtisBHpss uEEng Afsperiintig. exasranhic Fintngestinii bl e
encapsul S, i pt.i | et
ori i ng P T e e PRARAE ahd Wi VS sph e (AR CouTHERR! Rielnpled 21 g,
f | exogr aphé adlmsnva,ttbmga,mtam spptific pond hnmtj;l;cldnase rSppcar Rtrictgres aoald tatve blel ke
Spa r str édges coul.d elncl ded, ﬁlél} , In the 3%@

a| n 1§§B Gk i AP BRORE 1] ﬁ“é‘“PPﬁ R%%‘églp taF%c“PUPlé%de I8¢ al so be
'S no ud%hwv@)@@ HiRRY thalsfol RS @MBe ﬂ&ﬁme%@fi@ Iifm 2P ket REy RItRE
surrounded by the adhesive) to limt the deformation of the flexible
barri er friossibidiydof dbeaselmydaneguo tetheH2ED b shdétcapsplafonapstami ve danmage to the
CED by the encapsul ati on system

Method of Manufacture

20 The flexible encapsulating film systems of the invention can be made using the
following three steps: (1) obtaining a flexible barrier film, (2) depositing adhesive on at
least a portion of the flexible barrier film, and (3) depositing desiccant. Obtaining a
flexible barrier film is always the first step. The other two steps, however, can vary in
order.

25 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

30 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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Met hod of Manufacture 20The flexible encapsulating filmsystens of the

i nvention can be made using the following three steps: (1) obtaining a

fl exi bl e wWarzeesnseds|l m (2) depositing adhesive on at | e®€T/Us2@8/08766%1 of t he
flexible barrier film and (3) depositing desiccant. Oobtaining a flexible
barrier filmis always the first step The other two steps, however, can
vary in order. 25The first step involves fabricating a flexible barrl er

filmor OURRwfaExamPs rAgng BaQesantheedepaiter &y spriteringras reasiigprpnuatering.
pur chasi amsgfngltééfm Yl@é &ﬁlbtleﬁsfeé @v)fl'eﬁ) kfgp&%reﬁés rg dlésm:ant ) Ilt‘teé’rﬂaHJey’ the

flexible barrier mls naro or mat enb0|rrent of the
met hod ofdetkioeanit mvcelrthhtdmsq;ﬂad@ﬁbn]ygnapédlfwm’ehgofbhas ﬂe;ablefhahmr fillne desiccant is

deposited . on at least a portion of the flexihle barrier fllmlnthe
30secondci%?5écﬁan b bBPRTSHE SN HEOT R (10 L 510681 HURoHEr FYRRRENdp G2
exampl e, r‘é&% HARBindEP Qa'?f‘t% &Boﬁfcd%ttﬁé ﬂ@)[l%lesdéﬁlfbrefﬁm%i | tiohidaum sodi um

pot assi u oron oxi de al kyl - and koxy-al um num conpounds, and the |ike.

Reacti ve qmeitum or Ia‘nmnge@lhom'es tfor @wnd)ées ke 2081940 880125 RGFI0nsSR) 086 Q37668 such
as, for examn O and Ba

Sput ter | M BRIy TEREn e Tt e SR HR: Vb TRABBER | ng

desi ccantpipdr Mtfcﬁ% (fol BRarblfs | LM br BotGAcIHNARLal be 1atifdt@E Sitto @Y HexiBlespeci fic
areas of the flexible barrier film Desiccants in an%xl ymeric binder (for

exanpl e, W@aGr fBaOAltrnativalyi Aesgceniiplowrrds be mla@ec%p@ﬂy: e barﬁd@ﬁym using be
depP ' ted R \tfe%eorftlll ?TﬁptlrgnsPe?rterc%S{qut&sl lig'dgsneggth%% Héca%{] ca %S ovef og%edlvﬁthor

prin |ngat ques or ex pray coa

t hr ough aanmlknzﬂrpr@tbam;llhyer screen printing, flexographl c printing, and the
like), or if the polyneric binder is sticky (for exanple, a PSA or hot

melt), it can IB&hip g H@Eﬁ?ﬁtéli*ﬁ@lffiiﬁ@m adding adheaive feeat Least Arpomlonof fhst i vel v,
desi ccant efxﬁﬂl@‘éa @Pﬁhf ﬁ’@gaggér tec sﬁ}é 1%2)'1%9:' @F&gfthat%e f)étjilﬁ]g Heb e

10adhe5|ves or er ma ni ques esired desiccant can
be over camlechnnnatela igsurnphdahiay thpradhesttel. \Fer kayie bptical applichtiortshhewverbadisnment |

the hird s S add adhes;j to at | east portiqgn of the flexible
bar} er fOTf %’ﬁ/ icemp e;}éoiytcﬂ%eré%%&i%m ageapwﬁfe%@eéwe ﬁu&t&ﬁt Wheo tB%iﬂF’&:'%gr y of
the desi coardsuBtiBa filis s§§{éﬁ19§£tﬁfé%d% ah fm@g&&ﬁwem RahesPRMIARL L&

applications, however, it is 15preferable to conpl etely cover ?he desi ccant
area Wt rbeadmshs/@mwl thodesioaan ThHeedhtsexd Gindbegmedpsdifait déxemptd, byn system i s

The desi dBDE PFRBTHEN S VS BhH BE DRV BB ™It TIUABRUNE ) BROHETHG
t echni qugsinsiug hisidg s@l@fleﬂbfmmhémmmp&ﬁeﬁt@ or POOR bR corhpdsiit@ins R bmtabltag , or
fl exographic printing using solutions of adhesive conponents or 100% solid
condsi t iraereness gigd/eipligomers, which are subsequently dried, cured, or partially cured to
form the adhesive.
A release liner can then be applied to the flexible encapsulation film system to
protect the adhesive until the encapsulation system is used. Alternatively, the adhesive
can be preformed on (or between) liners in the form of an adhesive transfer film. This
25 construction can optionally have openings in the adhesive. For example, this construction
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,
30 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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20mononers and/ or ol i goners, which arc subsequently dried, cured, or
partially cured to formthe adhesive. A rel ease liner can then be
appl i ed tworb@/d8b@xi bl e encapsul ation fil msystemto pr@Ceais2eisasmdhesi ve
until the encapsul ation systemis used. Alternatively, the adhesive can be
preformed on (or between) liners in the formof an adhesive transfer film
Thi s 25construction can optionally have openi ngs in the adhesive. For

exanpl e, RoHiien efghs flexible berricr fHmya thq spsond ster. oThess daricespeisidapesitad {ire

adhesi ve fi 0 b . i N NN . The

transfer efé%‘hg‘sef ése&)é(%gﬁﬂ)t %689%6%11] %rléa%ﬁ%ﬂtg%ofﬂlgﬁek% %ﬁ%@??@rﬂsf il msuch

t hat t he eogedimentiofitichacthokhsi/piealiysutilired &gimikiag flotibMichbatshiatidgfimcant . The
ymeallysu ad s e

liner can be left i | age or it can .be repl ac ith a different rel ease
liner wi t¥Stemgan gkacﬁﬁﬁ adhgpine pyrEpungs e Rerip ?féjﬁzﬁﬁvﬂéﬁlﬁcam arca (fqf cxamplegnd

ermboddi Meng,cRfhat f#e MRLMRA WA fdria ‘i‘%&\éﬁéﬁ’ hiY0n@ theTRYicBht Ahkh &t ilxgorbar ri er

film the adhesive is deposited (Tor exanple, as described above) on at
| east a \WBc@ABOR1LOSEVESPET/AISRANS ACBEESR ) pAntaduantade dflikis embriiploat bbthei er

filmin the cond ste Then, .a desi nt. i eposite for. e e, a
Hosor | bednanad R et E s b Dur B AT SARENT el e ndrcrn oF FRERLSA i
enbodi menhe dhekNe piBE RARpbSitihy MeGRbikyant hid 1he @elcdseNineRldn@ fsk&¥d »! e

encapsul ati ng f|In1sK;tenB i n"whi ch the adhesive surrounds the periphery of

t he desi clsaptitien mask fosdepossing the dgsesent. t hat t he adhesive will form a
"gasket" arou t Lecan n t.he flexi bl e. encapsul at kn emis
adniied to o SR PEPOARRRE QML MilS R B o AR OB IRl o

is’e o) me

maki ng a filhexicuddcdianisidepoditcl ok Sxdnyslt, asides@idsd aBskc) an belc@aagoktichedst can be
pl aced on the adhesive prior to depositing the desiccant and the rel ease

li ner carthpBcxiBledagierdilend $han odesirgant is aepogisssbdor sxagrines desstibehnt . 101 n a
third e 'gﬁ{ﬁt [ i - q iple
barrierngﬁﬁk] t2%%%§%2§F§§ﬂngﬁggg%?%éJﬂpfg%ﬁgggﬁ%Pg%HEEQ%gg%%ﬁ%gg above)
on at | egdicca pleatd lorer of at kestfalpextidil & thaadhceive to isnthnckléhehna adesi ccant i s

deposited, (far. exanple,, as.described above) on at |east a portion of the
adhgiivefm%ﬂ“?%ﬁgmgggﬁéﬂﬁﬁﬁFgtﬁ?d?@xﬁ?%o possible to place a rel ease |iner

on at |east a PRrtiANEBficd8 RAREHIYRe tRcSRati e RASE cdd Re¥orSn §

batch mode to create a single flexible encapsulating “lid” or a sheet comprising multiple
lids. Alternatively, the process can be done in a continuous web mode to create rolls of
film comprising multiple lids. In batch or web processes, the flexible barrier film can

20 form the entire substrate or web. The barrier film can, for example, be in a roll form.
When the barrier film is in a roll form, the backside of the barrier film preferably
comprises a release material. The backside of the barrier film 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

25 liner.

Alternatively, smaller pieces of flexible barrier film can be adhered 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

30 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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| 5deposition mask for depositing the desiccant. The entire
fabrication of the flexible encapsulation film systemcan be done in a

bat ch nodeone0vse®@se a single flexible encapsul ati ng "I PdT/useood/08Tse%et
conprising multiple lids. Alternatively, the process can be done in a

conti nuous web node to create rolls of filmconprising nultiple lids. In
batch or web processes, the flexible barrier filmcan 20formthe entire
substrate or venothpecmbediment, midpridush Aexiblsrengspaistiag lipecould he pecessedr m
When t he r i i f film
prefer ablagagé{rlr‘g%r%egélg tﬁe ?%{é@g b%teé&?rgl%lt@n?a Eac SI %g o({ th'téﬁgut%&ﬂe:ng& film
can thenlﬁﬁﬂmmdbnanmak&cﬁ%khéﬂﬁe5|ccant fron1anbient atnDsphere and prevent

its depletion prior, to use, qn D, bu out the addjtional materials
and processi ngIp ‘gt@ﬁé@%@% £ FICAPSY) g @W%P@&éghez@w%n

Al t eg nat i g Mated R gﬁlatﬂigeﬁlﬁr? Ien{ k@;ﬂcmd%s &@ééﬂ@&m&lbhme?ﬁas b& eslhred to a
carrier sheet or we pI’OC SSI1 Nng. he carrier web wt e o] eces of

flexible ddacnede\ntlﬁmmwdﬁﬁ adlte@rveéi&mq)a eambewalmw r badh ﬂembh: anenhdi B4, carrier

web is i roll for ackside he carr.ier conpri ses
nrel eas gk eramrerh S pEialg i bR obi RSl aich: ve T o
protect th&ileshsiernd 6N 6B) 0 RhENtepRfAOSRASE Bn@ 2 R! 6VBl612Ls FeP /id on
prior to use on an CED, but without the additional materials and processi ng

costs as sB@stmfédt amguw;t@d @@pmt@grfémesezst@m thrﬂéfr invgygion. Singulated |
200910860 087
?(;‘ %-rfsag ?%? syﬁqerg% 18 51pldla5 o 511‘?%(:1)}1‘[6(‘1a tn Gc%gs ggln@ ﬁys%gl (\)/d geipﬁe

flexible ené% s cou cesse u5|n

flexible ﬂlﬁﬁb’lb Barriet hdiB TA L TBRUIC laavféardoh&ﬁud‘us rétea dinbhErR @wbﬁ@g:]wleafﬂhymbe
pl aced on a carrier web or film Fig. 6 ilJustrates a "singula

encapsul ati ng ¥he Sﬁﬁ%%%@ﬁcapwwguswémﬁ ipRigs hsrgliingtude ﬂtrﬁ%ﬂaghleahamﬁg film
" uova! didsafie SR B it ARG Bl Bms BE et ARES ) 10 6

6B, 6C canfudsasy munfleent Ababledrarierdidsi | m 605, desiccant 610, and adhesive

606, _Each flexjble barrier lid 6A, B, 6C has a separate rele ner
612 612B, 6r2&ngkrglease lujes gan bq yiet o paer gr%lpﬁgeaﬁlgfaé%ﬁ %ﬁ&%gﬁﬁ%ﬂqg film

system ofyatig ud@vmtl Oé?ﬁatecﬁeﬂhqymttﬁ% fﬂlﬁﬁs@%ﬁﬁé{* tAL {REntidd MBSt Snfe, !

23
simlar to singulated encapsulating filmsystem 60, except flexiblé barrier
lids 7A, fRBﬂﬂGEmh@vbdammbnmn@uaﬂ@meéhemsnemm@di27ﬂ2ﬂbbﬂ®¢mmgubﬁmn®b t hem

The singul at ed encapsulatin 6 and i,ncl ud

{1 ex: bl o 80 Fr wEhRe pSpompS b SDT PR s Fice on damels ARt BN B at i ng
systens gEmbbiagithyveMakORndrapd lstmdmgd@e anretolesf Mxidlk 8xirRl BdDath devicd | ds.

| SA single release liner can be used to cover groups, even |arge groups, of

f1 e%@ bl e substrate.

After the flexible encapsulation film system is assembled, the individual units,
sheets, or rolls can be further protected from ambient atmosphere by placing them in high
barrier packaging materials such as, for example, pouches made from barrier materials
similar to the flexible barrier films described above, glass containers, metal cans, and the

25 like. Desiccants and inert atmospheres can be incorporated in this packaging to protect the

flexible encapsulation film system during shipment.

Method of Use

The flexible encapsulation film systems of the invention can be used to encapsulate
30 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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barrier lids. A singulated encapsulating filmsystemof the invention wth,
for exanple, 25 flexible barrier lids and a single release |iner covering
all 25 flwei2p0esh@srier |ids, can be used to encapsul at @28ISe@snempondi ng
OLEDs contai ned on a single device substrate by renoving the rel ease |iner
and sticking the entire group of flexible barrier lids onto device
20substrat e. After the flexible encapsulation filmsystemis

assenbl edilm systeprefi the Hiyantiamd being gsrddp sncapsulats anOlBlA 898 by gtta¢ens Beot ect ed

from arrbisggttem%q@es@ggbesug%hﬂé Q& gh?ﬁkea{ﬁh'gﬁvgkw barri er packaging materials

such as, for exanp pouches na rombarrier materials simlar to the
fl exi bl e bar rizi clectroric dedar inbedaahey ean gedksitdoaiapndation fitet gktearng, and
t he 25Iikﬁ..Desi.cc nts and i nert atnppspheres can. be_incorporated in this
packagi nght BVERIe &T XABPICH BSAOHPYS e REX AT PR PBIRTON TS Y S EBIMCAR PF ng

shi psrent -shﬁ%%@ﬁgatpélemm dRged h&ieRlere PRCRRIME gﬁék‘%@in '(kdpe§¥lﬁhl%n§1 of the

i nventi on n be used to encapsul ate 30 el ectroni c-devi ces such as thin
filmtrarsimttorsackigiogdihegy @R Teh be phptchvd hndplecaiahIssitdbilnedcapsulgingPVs) or

sol ar cells.(for, exanpl e I L light em,tting diodes (includi ng OLEDs,

ol eat r o Uttt gt MR TRBo o it PP oG i Sl R TR O o
encapsul afah @en\e r%&@%@z&ﬁﬂﬁéH@%Iiblé%%@%p%&%ﬁ@i&nfs&itéﬂlwﬁb@af)plfedttbani nvention
8 being used to encapsul ate an OLED 800 by att achi ngb;ihe systemto the OLED

subst r at el@o@nigj desiicehdhe disesonie dgoec todrs anlcensulagasi candiswibdeomgidfad ther er can

use, fl exi pl e en sulati.on fil msystens. pf e j.nvent. on, for l e, as
Rl e R i U S
el ect r onigxafhld, Gethraolérgbeliffardtis Sithhalcappaakadicpigtedfin Figvampke, in

hermeti ¢ packagi ng). The system can be unpacked and placed in sujtable
encapsul @PPHherto8splle P30 melksovieh dietenginsseing film §y2 epd pesise it e thedlsvicee

manuf act : loR&S i r | exi
encapoul SFane Ff b €38Ol A dR Lah BE o A YRR A HRG b EoPf
el ect r onisystdrv iRrefetablybthc entlajls prati dogaarbohtmgidp bendlingsi qgsahtiakhy fredref

10devi ce-bearin ubstrate can be flexihle or rijaqid. | i.cati.on can be
acchiml i SIR&, 2 %fOé&ng%f,othﬁ egistrabion @ Iﬁ%@déﬁg&fl%tﬁ\gﬁg‘aw’&? t he

appar at UsndeRuGERH Odde hDencBpsuldtme TR ik GRHLAN afl@LbRN pR3Gurk @hd Be H)fiedt he
encapsul ating film932 and presses it onto the device-bearing substrate

934. O hép threhdnddmics tnerisercusgodiscala pipkrgytsheh &4 lesai idéordi¥ apsdihagn om tei | m
system Pref.erab t he . nmet ho rovi de go bong‘%)n or. bond |ines
casent | alglify By POTERAR TG B BT on B i 1Lt T BGPSEF B on of ¢ he
bond | i nanykiube ddlieoxge¥ f&ndca@biliB;. The flexible encapsulating film system can be applied
20 to individual electronic devices that have already been singulated from a mother sheet or it
can be applied to multiple electronic devices on a mother sheet prior to singulation. The

encapsulation process can be done in batch mode or in a continuous web mode.

25

-39 .



encapsul ated. Once the encapsulating filmis in place, additional
pressure can be applied to the bond lines to ensure a good seal.
Energy such as heat and/or WV irradiation can be applied to the bond
lines to induce sonme flow and/or cure the adhesive to lower its

noi sture _and oxygen perneability. The flexible encapsulating film
syst em caMeBBIMHpl i ed 20t 0 i ndivi dual el ectronic devices that have

al ready been singulated froma nother sheet or it can be applied to
mul tiple electronic devices on a nother sheet prior to singulation.
The encafdsul atAmencppsuiating filarsysentaneprisingbat ch node or in a

conti nuous welz mode. 251% g@ cl al m 1.An enca;:l)sul ating filmsystem
comprising: @  3dflexible parzier fim comprisiag a prultilayesfiry assemably comprising at
mul til ay i Saf 9‘?1%' j aorganic filmlayer
and at Ig%gﬂgédgﬁg or ggmh?l?l m?gg/féafgs;t%eb%ﬁitc(fﬁ?ﬁg%&adhesi ve on at

| east a porti ¢ of anhdhdsivexindtdedsba portion bf thefleaibde barrier filnf:ehda

desi ccant on at, | east a rti of the flexiple rrier.filmor_the

adhesi ve, ) fuft @Fc%g@?é aﬁtﬁé’omﬂq?f?@?ﬂ?mﬂgﬁméémwhe adhesive,

conprises a fM&Weﬁ@%fﬁmﬁlﬁﬁﬁﬁ&?%%bw&ﬁgl@s&z{ﬁE i Ls%iﬁ%{até ayer
u

having a Tg greater than or equal to that of ET an
over coat eHergpated withjadisk palwwoer laperdanming alilg greater thye pseq@mpar thotexf HEPETT

I t , A T .eater than or. equal . to
that of - HpEFHeEoRRLHIR AP lea RN P Bird R o rs et P B ErhORhe
f I exi bl e sedohd poBierilsyet hg\hﬁ%a H%@éﬁté&hMﬁor cqudli6 tipReapsPEat ing film
systemof claim1l wherein the flexible substrate has a Tg greater

than or equal to that of HSPET. 4.The encapsulating film system of
claim1 gher e'IﬁeteH(,eapEL'llEt?ﬁg fim %?Qﬂgf POy T6hel Y 8lc flexible substrate is

light-transmissive.

3. The encapsulating film system of claim 1 wherein the flexible substrate has a Tg
greater than or equal to that of HSPET.

4. The encapsulating film system of claim 1 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.

5. The encapsulating film system of claim 1 wherein at least one inorganic barrier

layer comprises a metal oxide.

6. The encapsulating film system of claim 1 wherein the flexible barrier film
comprises a diamond-like layer selected from a diamond-like carbon layer or a
diamond-like glass layer.

7. The encapsulating film system of claim 6 wherein the diamond-like layer is

overcoated on a polymer layer and the polymer layer is overcoated on a flexible substrate.
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conprises a polyner of cyclohexane di nmethanol diacrylate ester,

i sobonyl nethacrylate, cyclic diacrylate, or tris (2-hydroxy ethyl)
isocyanurate triacrylate. 5. The encapsulating filmsystemof claiml
wherein at | east one inorganic barrier |ayer conprises a netal oxide.
6. The encapsul ating film s%stem of claim1 wherein the flexible

barrier &1 m ddgpPransslating fikrshyemiok slajm yeyhesein dhe palymenlayer and the

di anond- | 3 : j =11 aver - 7. The .
encapsul B PRRDRy e otk 2ol BN AT bEE i L Pl
i s over cadtleddyads avgrcdayedeon thayealstated t he pol ymer | ayer is overcoated
on a flexible substrate. 8. The encapsulating filmsystemof claim
7 wherein the polyner |ayer and the dianond-1ike | ayer conprises a

dyad and gaher eip eh@ﬁ)s{daﬁfi% Ehﬁ sPRLASE 5?a§ﬂ1@ﬂiﬁﬁer%o@hﬁgi? %%pfﬁ]ftioﬁﬁq@/er

dyads overcoated on'the suUbstrate. The encap m system
of cl ai mbgtWegnwhleastdwomfilss dygdan addi ti onal |ayer between at | east
two of the dyads. 10. The encapsulating filmsystemof claiml
wherein the flexible barrier filmconprises a dianond-like film

layer. 18, Thaecenearsitiag GnE shditbmof ¥t Mviter&ih &0 AiMB heicP il e
di anond-li ke film/l|ayer was fabricated using a plasma formed from

si | i cone comprisespiarmped-Eke Spsldyeti ng fil m system of clai m 11 wherein
the dianond-like filmlayer is overcoated on a polyner |layer. 13.
The encapsulating filmsystemof claiml further conprising a

protective. | aybe eptapstlatife fim epiém ofbRiE] (whéteinRh© R {ond Sike B BMayet wak
| east partially pernmeable to oxygen and npisture. 14. The

encapsul &34ricgtelusinganlasng tormed Hom silisaseoHer conprising a rel ease

i ner on the adhesive. 15. The encapsulating filmsystemof claim1
further conprising a noisture exposure indicator. 16. The

encapsul d2i ng The kencapyulatmg Him sysaérmof clhini 1 hevhesimibieidéarnendoliiee Hlin RpEEs

spacer struct urfs.
overcoated on a polymer layer.

13.  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.

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

adhesive.

15.  The encapsulating film system of claim 1 further comprising a moisture exposure

indicator.

16.  The encapsulating film system of claim 1 further comprising one or more spacer

structures.

17.  The encapsulating film system of claim 1 further comprising a functional layer or

coating on the flexible barrier film.
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17. The encapsul ating filmsystemof claim1 further conprising a
functional layer or coating on the flexible bather film 18. The
encapsul ating filmsystemof claiml wherein the barrier filmis in a
roll formand the backside of the barrier filmconprises a rel ease
material. 19. A singul ated encapsul ating filmsystem conprising one or
nore fl exiSbl e Thgrentansulating filrdisgsterd of olasm d awherein thweimrrievtfdmeis in & bell form
flexible erylihd rises; a flexible barrier. film an adhesive
on at Ieggg% bgaglr(%lfl%%ﬁ%% r%}l‘gfpxgpgseg%rﬂeg%eq@tfzml. and a desi ccant
on at least a portion of the flexible barrier filmor the adhesive,
wherein the singul ated encapsulating filmsystem conprises two or
more f1 exdfbl e “peipgylaied epeppsulangrfiln Systemy cempising erperumene fleyitfle barrier

syst em ofy; ' : | S} : L. rel ease |iner
coveri ng it PR d ISl ARG LI RTEBB O S BR° o
encapsul at i ng (&) | madlexidebatiecfimm 19 wherein each flexible barrier
lid further c ri sesggal separgﬁe rel ease liner. 22, The sjngul ated

encapsul at i ng (P} | m?8 pEpeshiean Eileashi R@TIBFBWI’G&PX’}W barrign flnpondy,
wherein the bagks! detealeddtn GRfehl: Sipolfidh HIBPALAGE Wi |ASE HPIAELAL -

23. A net hod of "'making a flexible encapsulati I'lI'm system
conprising:  wherein the singulated encapsulating film system comprises two or more flexible

barrier lids.

20.  The singulated encapsulating film system of claim 19 further comprising a

continuous release liner covering all of the flexible barrier lids.

21.  The singulated encapsulating film system of claim 19 wherein each flexible barrier

lid further comprises a separate release liner.

22.  The singulated encapsulating film system of ¢laim 19 provided in a roll form,

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

23. 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;
(c) depositing desiccant on at least a portion of the flexible barrier film; and

(d)  placing a release liner on the adhesive.

24. 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;
{c) depositing desiccant on at least a portion of the adhesive; and

(d)  placing a release liner on the adhesive,
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.(a) providing a flexible barrier film (b) depositing adhesive on at
least a portion of the flexible barrier film (c) depositing
desiccant on at |east a portion of the flexible barrier film and (d)
pl acing a release |iner on the adhesive. 24. A nmethod of naking a
flexible enca%§ulation filmsystemconprising: (a) providing a

f1 exi bl e2Bar r il mathqgd of(%alrrd%{\;‘abwmﬁbe Epineea lines ipnsedias palgpesitiorpmesk fon
of the flexi I: ilm (c) depositing desiccant on at |east a
portion g fﬁg&ggﬁgé#gé?{and (d) placing a release liner on the
adhesive. 25.The method of claim?24 wherein the release liner is
used as a deposition mask for depositing the desiccant.
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