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It is commonly accepted that muitiple inorganic layers separated by polymer
coatings are needed to achieve superior barrier performance. U.S. Pat. No. 5,320,875
teaches the importance of a plasma polymerized siloxane monomer and an adhesion
promoter in addition to generating the plasma in an "oxygen excessive” mode and
depositing the coatings in the "plasma reaction zone" to obtain improved barrier
pertormance. The best barrier coatings made by this process still have an MVTR of 0.23
g/m® day. Da Silva Sobrinho et al, (Surface and Coatings Technolo gy, 116-119, p 1204,

1999} report a microwave and radio frequency combined process for depositing barrier
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includes a substrate, a polymer layer overcoated on the substrate, and a diamond-like glass
layer overcoated on the polymer glass layer.

Processes include any method of fabricating these assemblies.

non

The words of orientation such as "atop”, "on", "uppermost" and the like for the
location of various layers in the barrier assemblies or devices refer o the relative position
of one or more layers with respect to a horizontal support layer. We do not intend that the
barrier assemblies or devices should have any particular orientation in space during or

after their manufacture,
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atomic percent hydrogen, with a gram atom density of between approximately 0.20 and
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50% to approximately 90% tetrahedral bonds.
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and low pressures (approximately 5 - 10 mTorr) result in superior moisture vapor
transmission rates, The coatings are deposited on a drum electrode powered using an RF
source operating at least 1000 W of forward power. The vacuum chamber is configured
such that these operating conditions result in a very high (> 500 V) negative potential on
the drum electrode. As a result of ion bombardment from having high substrate bias, the
coating formed has very low free volume. The drum is typically water cooled. A silicon
source such as tetra methy] silane (TMS) and oxygen is introduced in quantities such that
the resulting coatings are oxygen depleted in certain embodiments. Even though the

coatings are deficient in oxygen, the coatings bave high optical transmission. Nitrogen
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Exemplary Barrier Assembly Structures

FIG. 1 is a schematic view of a disclosed barrier assembly having a coating 100 to
reduce or prevent substantial transfer of moisture and oxygen, or other contaminants, to an
underlying substrate 102, The assembly can represent any type of article requiring or

benefiting from protection from moisture or oxygen, such as the examples provided above.
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Substrate

Substrates having moisture barrier coatings can include any type of substrate
material for use in making a display or electronic device. The substrate can be rigid, for
example by using glass or other materials. 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 flexible plastic materials including

thermoplastic films such as polyesters {e.g., PET), polyacrylates (e.g., polymethyl
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deposited on substrates. The type and amount of intermolecular bonds are determined by
infrared (IR) and nuclear magnetic resonance (NMR) spectra. Carbon deposits contain
substantially two types of carbon-carbon bonds: trigonal graphite bonds (sp?) and
tetrahedral diamond bonds (sp®). Diamond is composed of virtually all tetrahedral bonds,
while diamond-like filins are composed of approximately 50% to 90% teirahedral bonds,
and graphite is composed of virtually all frigonal bonds.
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.. These addi tiona .
will pass through the film. The polycrystalline structure of diamond films causes light

scatiering from the grain boundaries.

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 ¢an 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

barrier and surface properties.
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oS 2 RS o SR80, AR ARICTECORTBLY. e,
Al-€) $ip0 Y, b, qhemrdsbh@dbilese f@akiondl groups may be ascertained by
analytical techniques such as IR, nuclear magnetic resonance (NMR) and secondary ion
mass (SIMS) spectroscopies, The carbon content in the film may be quantified by electron
spectroscopy for chemical analysis (ESCA).

Not all plasma deposition processes lead to plasma polymers. Inorganic thin films
are frequently deposited by PECVD at elevated substrate temperamrés to produce thin
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
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s o S B B0 30 DL 2B Bt
(60 habhRk 3p@tter&X IR Blnd). Bk @Wips were attached to the jaws of a home-made
vise. The extent of travel of the jaws was determined by a digital micrometer attached to
the vise, The sample strips were stretched by opening the jaws by 1.5 mm thus producing
a 2% elongation in thé coated samples. The stretched samples were placed under a
microscope and number of cracks in the coating were counted, The results are provided in

Table 1. It can be seen that the number of cracks is substantially lower for the DLG film
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about 0. 20 t O 28 gram atons/cc. In contrast, graphite
subgiagiial agapnt f drfgen rom 10 to 50 atomic percent), unlike diamond which is

essentially pure carbon. Atomic percentages are determined by combustion analysis.

Diamond has the highest packing, or gram atom, density (GAD) of any material at
ambient pressure. Its GAD is 0.28 gram atoms/cc. Diamond-like carbon has a GAD
ranging from about 0.20 to 0.28 gram atoms/cc. In contrast, graphite has a GAD of 0.18
gram atoms/cc, The high packing density of DLC affords it excellent resistance fo
diffusion of liquid or gaseous materials.

DLC coatings are diamond-like because, in addition to the foregoing physical
properties that are similar to diamond, they have many of the desirable properties of
diamond such as extreme hardness (1000 to 2000 kg/mm®), high electrical resistivity (10°

to 10" ohm-cm), a low coefficient of friction (0.1), and optical transparency over a wide
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as SH%; §§&§eh gndihaiamsthyidisilosgng. cRReE of iﬂﬂmg@ inalysi nittegen gas (No),
amnitidid QO8)), 4Ry dN2dne (N, Hy).

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
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
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vol£HliRSNt hatsRtk MShdiHers ﬁ:@fﬁlg%%‘ﬁ'&ﬁ'ﬂ‘? ’preﬂs’llrécf aP’I‘ef%}rl%gl (ﬁu\é\lhgacrylates

radi ation, Mst preferabl g the polyneric
hav¢ g meé@ulay eriélé in Qe eangeof abouwsr 50 vagmut défasort ipoafembly about

b o
20035 A5 108 s BTG At RleS A Sotuf B P avia oo o
moleEfari WeiSit GH IR RhMee §’§acr¥‘ﬂa{et‘f\métﬁa|n§1 drbigARe %M{l fliRe range of

nmononers bei ng especi al preferred. Preferred

abokltnlép 1y alequy HBE éénolh/émethéacmﬂate ©oovas mees praferably ebeut 286 g@about
600 r ef r ab

t bout | b
A e T S
molyciiilai&vdiéhttri@eé ai taﬁo@fe d.) %oumﬁ()et@ wbaiit 3080 Q{Hleétﬂ’artmght or about
acryl ate functional oups fJ%er mol ecul e Tn

400 ﬁm@:quﬁﬁ@(}p gmo ){@ Yagrygate Brogbpo ciency can be improved by

0001?‘?@%%%P%ﬁ&%ﬁﬂ%ﬁﬁ%%?%%g@%%% B RRe ot o

 (methetyiias ngtdilose @Iam cbﬁlbitﬁlﬁdn alithhoedresultifmbesul af wei ght
about 400 to about 3000

rang r rati 0s, .
qegméew Km%é)agﬁflafs% Saifbahexawgial dissdele, ghooethyl acrylate,

phergf Wg&hgi égﬁ@&@@%{%@%}@%@%ﬁr Iaggflgdbg&ly?%ﬂgfa'te @é;o%oﬁ%'ﬂ be

meﬂpace,ﬂﬁc resthdeeyi ampiae, |1ﬂﬁied}tl€ﬁcmljdzté i IhayCadrolagl beta-carboxyethyl
seryELNRST habes, used alone or in compination with
nitrophenyl acrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl methacrylate, 2,2,2-
trifluoromethyl (meth)acrylate, diethylene glycol diacrylate, triethylene glycol diacrylate,
triethylene glycol dimethacrylate, tripropylene glycol diacrylate, tetraethylene glycol
diacrylate, neopentyl glycol diacrylate, propoxylated neopentyl glycol diacrylate,
polyethylene glycol diacrylate, tetracthylene glycol diacrylate, bisphenol A epoxy
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Fata"arPyrc&ts@c Fixeredzled pakyrsHe W@Yﬁ%ﬁﬁﬂb’n‘”ﬂ%}?‘ﬂe % refractive

indBk %S% 51! 3*1839@& a]‘g@fafe?éﬂbl? Ethg 18 ﬁmkﬁa}s%ff'aﬁbﬁ 75

can e I'nclu e Cross meric layer,
nmeo gboutv?lﬂﬁ yﬂ‘n aidre pﬁefcmblmaboutri@ﬁ (3121 7%, mm 1 Hcny lrodh & coiréspending
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refractlve |ndex and in part upon the desired
optical characteristics of the film(e.g., on whether
t he Altetoatisdipatedalsdon thi polyntea ltayy}"sFiecrlode wiarckls haFog allgpgreater

0 L7 Sl F P K
theg 05 81 bl SIS 8 Bl A g BF Ry asr s telE o Rave
emﬁlo&@d rVBfahH%blé RESIMEE 18R dtin &mﬁbl%' %ﬁwg bolmérs A9 @spemaﬂy

préferably will have an optical eSs of about
prefﬂnddo Paftfemblyzth@ ahq:rpaummlspn@ﬂ@yea bbs/a A matm‘bbanrtbmt thd°MI\/IA

moRROHIerdRY A 8 KB Goo a0 ny REPER SR By bR a2l C.

andlﬁaﬂsttp?ef@ﬁﬁlﬂft at 1dd30aH0M 204°tCe rE@Ebl‘dﬂ}ﬁﬁﬁ‘f dafh§ncfn@érs Hﬁﬁcan be

polymer layers include materials havi n%i &
useltta foroy thiscjadr lmiudawlaf@th@ne MEHEEs (P v@N ?yT@Fabout 34°C. and CN-

o AR RSB PRI SafPBbR sgomt arim

(e.LOSBIFOE ScoMiBereibe b aildble fr@ﬁ@faﬁbmeﬂCO Prrgéﬂmbw ¢ bwe
al t er native gol ymer | ayer greater than that of

dipprREythritl nsnigpey B se §-» §RT§99@pora¥ner%lbt ava%blﬁ ﬂfos@omer Co.,
Tgéé?r?gé?l g?%oq'?fp/ g{nfyf %g%teg%})éﬁ]tg&g%}bﬁ%% se é@% al'l y pr ef’ err eé’ clally

availabletens Sttaterd@m, Be=about 95° C.), di-trimethylolpropane tetraacrylates (e.g.,
SR-355, commercially available from Sartomer Co., Tg=about 98° C.), diethylene glycol

diacrylates (e.g., SR-230, commercially available from Sartomer Co., Tg=about 100° C.),
1,3-butylene glycol diacrylate (e.g., SR-212, commercially available from Sartomer Co.,
Tg=about 101° C.), pentaacrylate esters (e.g., SR-9041, commercially available from
Sartomer Co., Tg=about 102" C), pentaerythritol tetraacrylatés (e.g., SR-295,
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e from Sartoner

eth é&%rﬁhur&%na@}dat&ﬂeg (SR8 eReoginyeraillylieatiabledras 'Sggm@er Co,,
., _commerci al lé avail abl e f,rom

rto
Terghabaie’ COmTpis REBRLFEGHG Fyre T Y] B Becrylateg of the

rcially available from Sartonmer Co"
foﬁeég%gb{y%%gge et hoxyl ated (4) bi sphenol a

di met hacryl ates (e g , CD-450, comercially avail abl e

from Sartonmer Co,, Tg=abo (g{r g ), cycl ohexane
Otheriiniionsl Lar%rér(;P%ﬂ‘b‘SSe%‘t §ef’8‘é‘°ﬁ CD- 406,

¢ Om‘\%r‘fd @lﬁluyct axal 3%?:{ & Jo%ﬁﬁ@s oﬁﬁ'b%@.ﬂ@éd 16Qhe béliﬁéﬁziwembﬂés(io alter
'Sob orny acrylate (e.g., SR-423, co “{L&‘EH{W
or&i«h@tdv@bh@r ﬁh}mmasar dhemigal gxppeﬂrpgqnmﬂaﬂm@ the S barrier

L CE NDTWNE Y T e
coéé cg:é%rl oﬁﬂ%oﬁeé %C,Y(ﬁﬁhth@ﬁﬁlﬂ 6&1@&9[ Mithtagic coatings or films;

comTerC| aIIy avai l abl e from Sartoner glo |
flFgerdtardanil 12V &tabilizexst @brafﬂ@rgre@;staph@r ha@cﬂc@@bmﬁ@m s: Optical coatings;

:%qggggélgaacg 3{1]%6%1?% {’}ha@%‘ x{ 1@&0&019% fﬂhﬁgﬁt‘lcﬂggraphm
eﬂ%l‘?ﬁhﬁ‘ﬁﬂsﬁmﬁé‘ ﬁﬂrﬁéﬁmﬁd@ﬁ@ﬁmwﬁl&hs drayepss, a\u’!hesn’at suTh s EEEsSe

ded to the barrier assenblies to alt |
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 one or more of
the outermost layess of the barrier assembly or can be applied as a separate film or coating.

Optional layers can also include "gefter" or "desiccant" layers functionally

incorporated within or adjacent to the barrier coating; examples of such layers are
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or inprove their physical or chem cal properties,
particularly at the surface of the barrier film Such
WEYRN 81979 coatings can include, for exanple, vi@iBtBo06/027540
light-transm ssive conductive |ayers or el ectrodes
(e.g., of indiumtin oxide); antistatic coatings or
films; flanme retardants; UV stabilizers; abrasion
dERBbEL ﬁ%})&{dﬂg@@ %fenﬂpﬁlﬁfch%r%;.’»’_()@@ldo%%lSQQ?tahH‘QS;
anti-fogging materials; magnetic or magneto-optic
26eab00gs2-dyl. f Géttes Jayptsanclgdalafers withmhtsiiain dhat pbdosbrat deactivate
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. AC . t [ oati ng; I f. h, .
oA S o8 0 5 BB O MERTRL 8048, oo
("UBSLy, tdaedlirh bxidepaAfdiniigh bkiSe, iRsiiemtoxklehbooatchrbide, tungsten carbide,

2006- 0063015- A1 and, 2006-0061272-Al . Getter |ayers .
sifipn erdfaide. AERPRUYg MiFideatilporapigidenbrron piEfe abrmigumaxyaEtide,

S{HE O, KR EEARe SHELTuE HORQ, B Bickbrice, and
capbinativals theastdr Sndinl tindexidy) eilioon oxide, dlmaingant:ddbaid ¢odmbinations
| ayers. The_inorgani¢c barrjer |ayers, when nultiple .
th@{?@ﬁﬂllea%s@csaﬂarpée Hed nogpnifoRarfigh At Relpe k ds apgramiple of a special

ar : [
oIS e b el PAIR in BRI XLy, Bl i the proper
sdlentibn déthertlativopiogesionsref aich slenrenthd sonstititeat. Tlar fnbrbesic barrier
nmet al . oxynitrides, tal oxybori des, d conmhi natj ans
Ia’@’??éf‘@]&?l{ ﬁé@‘?‘ﬁ?{""t mﬁoggﬁa%ﬁmg spﬁelfﬁ?gﬁﬁér OFIfER Us1gg anys
eﬁﬁﬂo?&?in%%ﬁlﬁ%etﬁiiﬂﬁk BA sudH ds3Pir r%x(!e%g%aﬁl%ﬁg oxaﬁlanear emagnetron

titanic, indiumoxidés, tin oxides, indiumtin oxi
sputteay)) ¢vaparatiah (me.oxisiddye @i dledronbrrmevdporatidrgbehemical vapor

P P SR T i M ST b B Mg BamigE Rggrs are formed
udthg §rh@Bring Wi rBatTe Xyt ink d Bnhartbll b&@Rr BreyBitles he been observed

bor on oxyni tTide, zirconium oxyboride, titanium
whsty o inadganialager is donviaddryi aoigh shesgie 8¢nositivaiteshnique sost afe,

sili.con oxid al um num oxi de _and ,conbi nati o t her eof
SHET Pt p RPEY QT PO AP Bopy aitopgh il vapor
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materials that can becone electrically conducting with

ProREtipt &g dpe tosiBe senRjesping SPevins ABYIRE pl/de splitiera Witk sregfer kinstic

I ' t. i nQr iL.£ bagri
< FR0L) B o SRR PR o et LBy o Bfogpgpy nd
oc@tiﬁm\l‘qlobﬁmﬁh Sir Pethid theﬂ Byasind elpdbysesh fonthd h@ieﬁlﬁr&jﬂ@ layer can be
metal | izing art suc S sputterin e.g.,_ catho ar

ergxp%q%rby,péggf@{mgﬁs tje g &asme? pretreatmerglt) (such as thoge descr?bed above.

For some applications, it may be desirable to alter the appearance or performance
of the barrier assembly, such as by laminating a dyed film layer to the barrier assembly,
applying a pigmented coating to the surface of the barrier assembly, or including a dye or

pigment in one or more of the materials used to make the barrier assembly. The dye or
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sputtering), evaporation (e.g., resistive or electron
beam evaporation), chem cal vapor deposition, plating
and the like. Mst preferably the inorganic barrier
woayeresame formed using sputtering, e.g., reagrivRR006/027540
sputtering. Enhanced barrier properties have been
observed when the inorganic layer is forned by a high
_energy deposition technique such as sputter]j nlg . )
pigmenisan ebsarb in ovker reeresgipcied edgiong b shestpepirys, including portions of
vent i.onal, chem.cal_vapar —~depasit.i I
R S
confaae etk piopapies bf s barr disembly, pirdcwlandensiage bpeiet sssembly
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suchasitobyuged td display pasduseidentifivarion,tbrisytapoe infermharimt S
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dissohwed ankspdispersesl ipks, @ud d 6¢ficonls swsfemtshe spectrum i ncl udi ng
portjians.of the.infrare ultravi.ol et or visibl .
Dbt paaeatyies 874 S v AR oluder Briuty Rdied the
mpéda@pay@@ﬁagelee%mfe apPRedd@fifid &InvaSRABdhtin® aetitod lsaeH 35 roll
where the barrier assenbly transmts sone frequencies

coating (eeg.r mhvwe rolhgoatingberssprayheating (4 &r clegigstabic gpeasisopféng), then

treated.w th, for. e lL,e,. inks ar other print :
oropsi Rt @i TS o & TaPlsph e B8 preceatment)
may BeRdelifrieatd RAnadi eithétdpefatipdfyddidiBdyie@NThe desired chemical
advertisenents, warnings, decoration, or other
compesisiorand dhckngay ¢fghe topeeat molymess laygn whlk denpsd dn pert R thatnature

o S RO R MO e A BTy D

jet printi ransfeér prin

asserEBly efiphtassexpoded] artppplitdtdetevidd reliRgnenttd. ERGOILARINE polymer
printing, stipple rinting, /| aser printing, and so .
layqr hicknesqprgiarahly s THeipaido providae Erepthel recisyidpgedhafgrill
[ i.datively drying and
Pro%@etg?gﬁ%éfy%%%%%% I\% |}r11 g&,ﬁs'di spersed inks, and
100% i nk systens. The barrier assenblies can al so have

a protective polynmer topcoat. If desired, the topcoat
Gengapl, freshnmiques fox Gaatiag abbayed® usi ng conventional coati ng

metRRARHGNa A% B e foﬁﬁgtl %g ngg(lﬁng alay¥r 8Y K EfnbRlet or oligomer

coating)” or spray coatin 'ectrostatic spray
to toosubinag and tresslinkingstht laykeid fosh thy, polonerdxr aitpl eg., bvflash

evalr:}grg‘iigé gmocpvapﬁ‘r Eépeots{ti%%to% r;gdi t?dngérbssﬂlnﬁﬁnrfgn%a&tnreg %lﬁrc?x{r]etd) 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
cooling the support. The monomer or oligomer can also be applied to the substrate using
conventional coating methods such as roll coating (e.g., gravure roll coating) or spray

coating (e.g., electrostatic spray coating), then crosslinked as set out above, The polymer
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may be used prior to formation of the topcoat polyner

| ayer. The desired chem cal conposition and thickness

of the topcoat polyner tayer will depend in part on the
wiedogr/eis7and surface topography of the underl yirgr/us2006/027540

| ayer(s), the hazards to which the barrier assenbly

m ght be exposed, and applicabl e device requirenents.
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Manufacturing Process
FIG. 4 illustrates a preferred apparatus 180 that can be used for roll-to-roll
manufacture of barrier assemblies on the invention, such as those shown in FIGS, 1-3 and

described above, A more detailed diagram and description of a vacuum system used to
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206 pighides h Ripitde Hplsi-traflssssive bamer assembly 210 havmg an outer indium tin
oxide layer (not shown in FIG. 5, but oriented so that it would face upward) that serves as
an anode.

Light emitting structure 220 is formed on barrier assembly 210 in contact with the
outer ITO layer, Structure 220 contains a plurality of layers (not individually shown in
FIG. 5) that cooperate to emit light downward through barrier assembly 210 when suitably

electrically energized. Device 200 also includes conductive cathode 230 and metallic foil
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The polymer coated web described above was loaded into the vacuum chamber of

—

the coating system used to make DLG coating shown in U.S. Pat. No. 5,888,594 and
pumped down to approximately ! mTorr. The reactive gases were introduced into the
chamber and RT power was applied to the drum. The web speed was adjusted to achieve
the desired coating thickness. A second polymer layer was coated over the first DLG
coating according to same conditions as the first polymer layer except a 110R knurl was
used which resulted in the polymer layer thickness of approximately 0.7 microns, Table 2
describes the deposition conditions for DLG coating and the MVTR of the resulting

barrier coatings that were made in this chamber.
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0. (lihe effect of the diamond-like film deposition conditions was established by

depositing a two-dyad stack of solution coated acrylate and a diamond-like film. In
particular, referring to FIG. 2, the sample analyzed inciuded a PET substrate 112, acrylate
layers 114 and 118, and DLG film layers 116 and 120. The process for coating the
acrylate layers is described in Example 1.

The primary variables explored in the study of the sample were as follows: (1)
tetramethylsilane (TMS)/oxygen ratic and plasma power; (2) plasma power; and (3)
deposition time (thickness) of the DLG film.

Sixteen different conditions were studied as shown in Table 4 below, and the
moisture barrier properties of these films was measured for each of these conditions at 50°

C. The MVTR values are shown in the last column in Table 4 below, From these resuits,
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2. The assembly of claim 1, wherein the substrate comprises a flexible material.

3. The assembly of claim 1, wherein the first polymer layer comprises a plasma
polymer.

4, The assembly of claim 1, wherein the first polymer layer comprises a UV cured
acrylate. '

5. The assembly of claim 1, further comprising a functional layer overcoated on the
second polymer layer.

6. The assembly of claim 5, wherein the functional layer comprises at least one of

the following: flame retardants; UV stabilizers; abrasion resistant or hardcoat materials;

optical coatings; prismatic films; adhesives; primers; or low adhesion backsize materials.

7. The assembly of claim 1, wherein the oxygen to silicon ratio of the plasma

polymer is less than 1.5.
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2. The assenbly of claim1, wherein the substrate
conprises a flexible material. 3. The assenbly of -
claim1, wherein the first polymer |ayer conprises a
plasma  polynmer. 4. The assenbly of claim1l, wherein
the first polynmer |ayer conprises a W/ cured acrylate.
5. The assenbly of claim1l, further conprising a
functional |ayer overcoated on the second pol ymner
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lep Yo 25Ys | ess than 1.5. 24 8. The assenbly of claim
1, wherein the carbon content of the plasma polyner is
at | east about 20% 9. The assenbly of claim1l, -
wherein the carbon content of the plasnma polyner is at
| east about 25% 25
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