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It is commonly accepted that multiple 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
performance. The best barrier coatings made by this process still have an MVTR of 0.23
g/m2 day. Da Silva Sobrinho et al. (Surface and Coatings Technology, 116-119, p 1204,

1999) report a microwave and radio frequency combined process for depositing barrier



References relating to flexible barrier filnms include
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A third composite assembly for protection of a moisture or oxygen sensitive article
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.

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 to 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.



after their manufacture. The term "overcoated" to
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The invention may be nore conpl etely understood in the

follow ng detail ed description of various enbodi nents
w@boowles7rTnvent i on in connection with the acconmpemnys1nge6/027540

drawi ngs, in which: FIG 1 is a schematic view of a

di scl osed barrier assenbly; FIG 2 is a schematic view
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bo rdoment, The MVTRsS of barrier coatings ited

oG § B Lschr D SORers Pl Sy ShATGRaUB ALY (5 TR gevics that can
incofRRstd kRdodtSbnBseiY F- 1249 at 50 C. According to

certain enbodi nents, barrier coatings at |east 100 nm

t hi ck deposited under high self-bias and | ow pressures
(approximately 5 - Torr LQ superi or

noi sture vapor tr&)rgﬁé?sﬁ‘érﬁ?%@éﬁh‘?@ coatings are
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were less than 0.005 g/m” day measured using ASTM F-1249 at 50° C. According to
certain embodiments, barrier coatings at least 100 nm thick deposited under high self-bias
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 methyl 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 have high optical transmission. Nitrogen



the resulting coatings are oxygen depleted in certain
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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.



FIG 1 is a schematic view of a disclosed barrier
assenbly having a coating 100 to reduce or prevent
waewshestre al transfer of noisture and oxygen, PCT/U81066/027540
contam nants, to an underlying substrate 102. The
assenbly can represent any type of article requiring

or benpefit] fromprotection fromnoisture or oxygen,
For Gt ey %‘%e_q%%@mﬂ cgs%wﬁaa\f?%&sa BoS@IR: OX¥gqnAd RgipuEe can
seve?él}é abeald MRirpebrURPbAN RN SRBihuf Eiéei % #(ﬁ) caﬂﬁ%&ﬁ&e

. and noi sture can severely degrade t r pertormarice or
significpet ddvantagesdn dhvise péréoromacd. ng 100 can provi de

s O R U VSR G o hufoGed BuRr A RREY ST 10 favine
mul@sis Q%lf@fs}’fnécﬂe(ﬁ&ﬁ‘élt&ﬁaﬁ&g bLO & DY ffyersmaée130 &1 polymer layers
alternating DLG or, DLC | ayers 116, 120 and polyner

114, | $arateqting anqugepyine sebsinlg A- dlded isd sejematievieutaf a disclosed
lami?&t%d bhir{Sr a%ellnﬁlyal @%@@%H@tlﬁgg% g mgded frgxl%lta?t%ﬁgaﬁp% 9i§e§ent

am nat ed” barr1'er ass avi ng m
typefmﬂpol&me?ﬂagéﬂsﬁ%ﬂ a:ltamqgf, dﬁérﬁﬁfrgﬁolﬁrﬁfiﬁﬁy@ﬁ ll'p@ | MU%?% golymer
r or exanpl e alternating. po r layers ,
layess g hiP BGIoFTiRS o) By Ingabsaie ] H cndbisiergmals, lavers 136 and
140
P SAISLBSLEBE S tfmer, And [ s SRR T35 nDUBEoteifor
secohd {xpef palynzan diffgentdram therfirsisgpe of padymerc ohay highly codsslinked

rls Y S L S Ltk BBy B RN Ay
130,li2 86 SmbEKARRAL, 5ths aVill 81y AleLmRINNH @GnRRLOM oASSERAR Y
130, in one enbodinent, is thus an all pol

: . yner
asserplily plthguah icemnstlsolineludnotber tipessafilaxers. aBachraspyp of different

igt I | el ther types of er
pols Bty 2 ok 36T bE k5 2 bRl RS RS B e
114 and tid)pdra adfeebtonds aptylay ramdshd aebidblyrgn BlFnd anblafgmber of
q(se g., 114 ng 116), are referred to as a dyad, and
dyadsp, &¢ °é‘§§‘i‘1%¥1‘3“ SYATIoNE PG obertionahigEers betwepn the dyads, expmples of
whi&'a?@gid%?deﬂq)%lo\(@” ous types of optional |ayers between
the

yads, exanples of which are provi ded bel ow.
As desduhblies 110 ondihdD dBGndade amychunder afiglternatherorafther layers.

Addfg e TieRamfY RO e ab e apeniLeny FtEraRg

impérhidtisnebSMIRIY LM FAStErel Or AKNABRtanTRARS. VTS ofthoRldd Sultiple
contam nants. Use of nore or nultiple layers may al so

layessangy alen/kalp spves e apesnsuete dafstsovithimilietyers. nEhd mymbes of layers

. i m._zed, h
con BB o S 3SR R e P B oo

factom§.her factors. Substrate

Substrate

Substrates having moisture batrier 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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polyeinfhaphthelers (AN SDHROONIS135° C.), polyetheretherketone (PEEK, Tg=about
145° C.), polyaryletherketone (PAEK, Tg=145° C.), high Tg fluoropolymers (e.g.,
DYNEON™ HTE terpolymer of hexafluoropropylene, tetrafluoroethylene, 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.), polyphenylene oxide (PPO, Tg=about 200° C.), polyetherimide (PEI, Tg=about 218°



i ncl ude ot her heat-stabilized high Tg pol yesters,

PMMA, styrene/acrylonitrile (SAN, Tg=l 10 O,
waeywengfial ei ¢ anhydride (SMA, Tg=l 15 O, PCT/US2006/027540
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0.25 mm DLG Layer Di amond- | ass is an aror phous
silicompifb e sigpifieant pmewiof ﬁgsﬁnsmd stsubstagial gmemtiafgarhbn makes
thesesfi rﬁsclﬁghlgqgan?ﬁ(ax%ﬁ%na ?l?}&llbi%x(ﬁnﬁ' slasﬁéldm)nd l'i ke

ese rogenfree basis,

t hBia&ndnﬁl Hite gleashinIUMseadydene adadetyif fighi @dnsaiRHRpréferties.
silicon (typically at |least 25% and no nore than 45%

Dependirperponithie ComPpRfiaets ieghindiimsanayrhaye frgreased Hrpmiasiount

i
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subs?apﬁ%li)mlgl A fl%ﬁspga | E ot Izﬁag}i g(g)rflnlp%gé more preferably

fronCAIROFIE R o abdi SOMhh. fTHe'&tlff&ibn%Eﬁic'iéﬂl@ bEBB efilm is as follows:
transm ssive properties at various frequencies.

70%esmemissionifer spetipiaren ihmkl f@meerreespands t meexthictiof coefficient (k)
orcb ARG OR G TEH S0P S bty b, ™

vva%r@dmﬁ thin ﬁlmnhab@gJ §1g1215’1@arﬁl}ﬂ dlﬁ’e@bﬂpibg&‘ﬁ@s f6naRE amBFfhous
|y from about 400 nmto about 800 nm The

diamé?ia 1@&%?86?1 filrp of thegiressnt isvention dup (torthesariangemaent 608 -

intermolecular bonds of carbon atoms in the specific material, have previously been

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 films are composed of approximately 50% to 90% tetrahedral bonds,

and graphite is composed of virtually all trigonal bonds.



70% transm ssion for a one mcron thick film
corresponds to an extinction coefficient (k) of Iess
wo b@n/065702 i n the visible wavel ength range bet MBDS2000027540
nm and 800 nm Dianond thin filnms, having
significantly different properties fromthe anorphous

di nd-like glass filmaof the present invention due
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i : i |y 50%t0 90% . .
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is cafpplated igmandasvmotentsrof ths weighichnidshieksan bf ahlayerfalir €he term

" arbom. whereas dianond-|i.ke gl ass contains a

&t sy%%l?aﬁqf?rﬁﬁo ﬁﬁﬁ%ﬂwlwﬂaﬁﬁf &é‘?ag‘?ﬂ? E@?FB_%?F@H% §2MSncl udi ng
si AinaPhousidIBR-Masg16438s Hagdadlike 3e&iusd if sakﬁngw to A6
gram atomdensity (GAD) of any material "at anbi ent

foreggying playsical progertiapthat arg sigilayte diamondsit bas mampeftho desirable

. Tl il ) » b 0
perfth BRI roplies bf il R Ystnhs SRl b B AELs [y b0 & Mg
kg/mo?) (hidIB elgetaionlatsiniy/ityq ofidin €0o 40 ek bRy adeAsdobitic@int of

. di nd-1i ke gl ass affords excellent resistance to
ffic“&f‘?’g’g §¥%BP18f0-?)a a{zﬁf apial HarspaizacYeE i ve range sfvavdamgths (a
typicg?&ﬁhfcﬁo% §oe‘fﬁ&i@ff'('ﬂ cﬁ{aﬁgutfﬂeﬁg%egqgﬁlgﬁlﬁr@& fh AL 4bf ?@%IS%B bim

and thickness of a mater erm “gram a
rangglef ers to the atomic weight of a material expressed in

b e TR et s S0 roRertes Pgids iy oy SRbiions, make ther
less yneAeial thes ambBaAthods GiafloRHIRE glals ﬁlrﬁ‘ﬁ[’lﬁﬁ%n b RS ggga'lij‘%gl%(/e

.the desirabl e performance properties of dianon
grainggrusiurese prddterminedy ¢lestpinoalckgscano 0T heogradtdukddrias)ye a path

' | ' i Stiyit ft 9to 10 3 . .
for SN S Rleck BT MR i 0o Qe ot acine
radiafion) Ansurph@idiedndt ileNERRIIBBENOIAMEE a @rath Steudh@B IR Rfermined

wavel engt hs (a typical extinction coefficient of about
by elpefaneBisesconys and 10thne Well stitrsl ta@pplinstions Bh@eirctinic radiation

will pass through the film. The polycrystalline structure of diamond films causes light

scattering 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 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

barrier and surface properties.



range). Dianond filns al so have sonme properties which,

in many applications, make them | ess beneficial than
wa@eaphyes di anond-1i ke glass filns. Di anond fPECTES2006/027540

usual |y have grain structures, as determ ned by

el ectron m croscopy. The grain boundaries are a path

for,chem.cal, attack and degradati on of {he substrates,
andPSPASteRA] camppnan ey Hrobide gu¢ RMOTS %ﬁrymgmﬁf not already
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. creating a dianond-like glass film various additional
incoppAiibla aiEx.c dhe aiditionoipBeganaday be esedlie enmureresistaponto

. OF i t4Qn,q g T i tianal
xR S Tn0se VALRIPEARA, o A e
adhesionp dhe iadditibhaf titahnt teadotadenhbke (dhessen &9 Well hydiafubion tand

the substrate. For exanple, it may be desirable to
barrief,PioReiti®enhance the barrier and surface properties. The

adghbdeQnaho s RTROMERYE]STRY, B tontidere@RSa %rn{nté’f; }gla%ﬁx]a polymers,

hydrogen (1 f not already i ncorporated), ni
whidh| aan e depositadl barthe dss¢rably msingofor exgpmee, a Gipoesource. The term

T TG T
prectu@b¥ AbRsHhak iDeHRdSs Fﬂ-ﬁ@ BB felrRraired | RIQENSS: thlecules are broken

particul arly useful in enhancing barrier and surface

dowp b |seereptésselegtrans @resrtip e plasen i faws fifek radical apdeiasi Tfese free
i) S By OSBRI BB Due

to the @sn-speifieityt of thetedafidroproeddeestin bothathe aaeplekegid thé @hbstrate, the
conductivity. The aiddi tion of sulfur can enhance
resuligR olyaRer frime aredughly srpssfinked and amerphenssn matven hEKe elass of

a5 300 U84 5o 3 O R I P e 1
Yasifdey fRlesmapPelgmeripaiopies sademin Pleschun., Dewd¥mds(il 9&5); R’ Abestino

enbl % using, for e , a or squrce. The term
(eSS BRI Trpln i Plefinedprolithes " et amirtgmeoh vork
(1998); ahd 8B Bi&RrhA® BAEY POSKIAB 1Nk P SIYmRF SR TR cRRC T ESver,
in the %gs phase at | ow tenperatufes. Precursor

Newn¥ord 998 are broken down by energetic el ectrons

2 S350 B L5 B o A5 G2l TR Gsnce o
hydrectrbarcandasagbdrasebul SurRbibiatehdpstisheas CHNHL WH) SiiU8i-CHs;,
Al-C, Si-O-CHj, etc. The presence of these functional 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 temperatures 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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to the non-specificity of the reaction processes in

both the gas phase and the substrate, the resulting
w@oeioyoes77di | ms are highly cross-1inked and anoP@hosm06/627540

nature. This class of materials has been researched

and summari zed in publications such as the follow ng:
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I
B P R ARl oo BF the lithony) b B ona
hydmgmﬁcabm& sPlasmppdymeefinm of thenpnegwu invehiibmare subdtaramlly sub-
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orgahﬁ: 4686 M filtas cfb%&ﬁhﬁﬁ% Gi1iRh1€ f0# R AN PleSHE Bx FSentb lsAREH Phttdhl
anmoni a n some cases, the Ofganic

pref%r@bﬂwﬁbm 1 |§r(@hé<m dipxide has @r@é@mf%)sandsmo% wosferabiyrbeldve 1.5 as

[e ces
o 0 R AR DS 1 3T 6 5 A RS
contéritdgatdedst ¥bdut Q0V4 @idrracee breféreblyiak Mﬁ%oﬁtTOFu@Hetﬂ@fb the
n xtures where the gxygen flow.rate is ten tines

Orgaaxc Selﬁéamw@s@wq hihe ﬁimwaps b deleeigd Py H& ﬁE%Céracoiélé%ﬁlﬁaWéh the
{

presfifte B FETL ol €550 &7 by Qo G Cama by Uiy B BESH

spectrhsc@py(lS'M)l on is differentiated from ot her inorganic

deposi t hin. fil t he ox en to silicon
PERARAS T Codlives o7 Pl is (bR MRS P g ke ant
compaﬁrlsbﬂ € BﬂhkaﬁlmsW@DG%oM§s %Feemﬁ&@hﬁl}‘ fe%lsﬁa%@ HrBi8n SaRy under
as ESCA is used for the analysis, the elenental atomc

applied wpessi ariiaheret strenses arl&mgﬁ(ymmarmfﬂcaun efitherfilen. This property was

oSR3I AR SRR LA el 0o

process cbh@ﬂtlbns iihOT a2 6f Boaisls @ telocand 75 was thidk DB dbating) and

carbon-rich, depicting their
sample #1 prepared accordl%g to thegcondltlons described in Table 3 of Example 1 below

(60 nm thick sputtered SiOx film). The strips 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 the 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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# 1 prepared according to the conditions described in
DLOhbyer 3 of Exanple 1 below (60 nmthick sputtered Si Ox

fi . The Ips..were.attached to the jaws of a .

hobg?‘ﬁl?&'afgmﬂ'sfé@ cHffer S&H@Wazsgw fosthe prrgpeemeat pheasbepaioms in
the spedifit M 'ﬂﬁ"féll.blﬂal[%

_ e gl B
D ey (PR s oD

bondsatrigobyl graghiterhontiuépPrand datiahgdral diemehd hoadsi(spt).i Pidniund is
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90%Vieti €heG RN BbRES, anth@rapiateik tEmBoRARE Mt all Arid@al Bonks. IThe type
can be seen that the nunber of cracks is substantiall

and argQuit of Bpndstie detentinedyom Rt anduyilept magnsitic keronandesNMR)

qmcﬂL”DSt three tines that of the sputtered SiOx film
contrary to the generally expected result that a

t hiTh& erystallinity\and tiee sitsre loff tHerboadpigedtiey carlsurddi@ihifothe physical

rack. DLC layer Di anond_and DLC differ significantly
and gheripa) PEORETUES, o4 s ReHRE o e dnCrplalipeiwhereRe T e -

lai . i . '_ . i
s IS N0y sl o Dl

substagfial)anzovat o£hydadesur(flomd] Giediichtiroivd®rdent) 3ynlikeiamumbiwhish is

eﬁw@%w&osed o%mgi ﬁ%ﬁ%hé?all tetr&%ednal bonds,

DLCis§ .
B e gog Fergoed B FOmpmgrgy anlysis.
b oDekmoral ehs @il Bhdse packinzQ Gpgﬁﬁfjat@ﬁl, aérfskg #GAY) R bny material at
anmount of

trigonal bonds. The type an onds "are

ambigat esiuFe dif GOR R 28rgramwterasiec. nlligmenidike sadoamesa GAD
rangﬁ‘@hfﬁ)m aB&E 0" R 10 0.28 gram atoms/cc. In contrast, graphite has a GAD of 0.18

&%-ﬁcearbon

gram atoms/cc. The high packing density of DLC affords it excellent resistance to
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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The crystallinity and the nature of the bonding of the
carbon determ ne the physical and chem cal properties
woRowes7epat i ng. Dianond is crystalline wher eaBCDUR006027540
a non crystalline anorphous material, as determ ned by
x-ray diffraction. DLC contains a substantial anount

f .hydroogen (from 10 tg. 50 atom rcent). unlike
rangdof MNHERRe e iatobonlciant ot s BaE 8156 e 400 Sanometer
rangefr cent ages are determ ned by combustion anal ysis.

D anond has the highest packing, or gram atom dens!;y
( GHoyveger, disnomdicentings have som properpicewbichein sots applivdtions,

I a [cc, Dianond<like.carbon has a GAD .
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watdh B Sy ThPrmofiths DT Mt AR Mol S0t S0P Ra 0
detesnimed by ekeotrehi mimostopy hey have many of the desirable

[ ' d h har d 1000
P o Dbberdean e ot i Fiohh shvasrion Firegorersn Tor
exardfld. i ANGAEMs noBntr M c TR Al it £ ﬁgso%ticfnrih‘%lﬁé Pie (ightjl%m%eg&%ause

optical transparency over a W derange of waverengt
its optésel barst gapris & SefeM anddhis tehsihisive el nintd. the iltratiodet 4€for. oDLC,

on B ot A R o e B b
doublesendies) eftie @dus@ssqna)pgi@atdb@&pfi&?ﬁarﬁ'—iﬁ-th%lﬁgpéﬁon of the

coatings are conpriséd of a grain structures, as
electyerpagnelin sRPCBYMe| ect ron i croscopy. The grain
bo | Of: f.or.. i cal attack and .
coq ARk SEUAIE (GBI Lok EUE Mo TG sifives ppay comrise
one ¢rmosmif aitragenodxygert, dtuodihe,®t ¥Ron. The addinsPbOtsorDeGs

. [ do not have a grain structure, as determ ned
Pamg\?‘gf@)'/ BaHIR eHJE‘WHWY%BF‘ AWH#HE PaPReTiRsCingluene@srersibility, of
the I9.¢ tE4tRRE Johalal of é&%ﬁh&ﬁd&&ﬁﬁﬁ&ﬁ@é ’51.3; o %?rbﬁﬁ tetrafluoride

exanpl e,” dianond has no 1 ntrinsic fundanmenta
(CFsplsalnphaxafluonidet (S€s)o Co&s,| Gt andabige; o b&haudditibn sf sihédncald

or R R o B e o BT R S o St
of the @BAtAIgN SThe MEkitioA P HAtoEeR fdn_ay e kel RlafaRandgstalite b Bxidlation

t
car bon- car bon doubl e bondi ng, which causes an optica
and tgHBgeRseickstriraheptductivity. foveces of Prygeofindvde oxygen gas (O2), water

ke N AT SR S
as SiHy, Siy Hg, and hexamethyldisiloxane. Sources of nitrogen include nitrogen gas (Na),
ammonia (NH3), and hydrazine (N, H).

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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one or nore of nitrogen, oxygen, fluorine, or silicon.

The addition of fluorine is particularly useful in
wendvanei7my barrier and surface properties, i ncP@mUR06/027540

di spersibility, of the DLC coating. Sources of

fluorine include conpounds such as carbon

adigesne adiediothesirbice SURmICd6R DY Uil P nBr® syefeersricture
and %&p&ﬁ%spl:& Glﬂﬁ?kd]ﬂrﬁﬁ g tHe%%«EP;FcP ke E%}ﬁ rﬁlﬁ’é{N‘c}ﬁJ will be p[rﬁserved.

ransparency and 't her mal coat 1 ng

addltl on of nitrogen may be used to enhance resi st ance
Pol Ci)é' dation and to increase electrical conductivity.
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Voldtifizgife (HERRBath Hﬁiﬁoﬁﬁr@éx@ﬁie@er&@ féﬁ{ﬁe ihelaf J Fl%cés@ @vﬁﬁ

carbon concentration, the density wll be affected and

volatiligablseaserlate mnopte@pbeermg espeoinlly h@fmednd‘mfencd( énethyabryates
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200 smbbaw)mt@theﬁ prefried @neﬂmeﬂaﬂegaﬁave%1mmh@fa@iwf&mees
of the, %Lam)nd |'i ke carbon network wil %éeserved.
molgsplay wgteht ko Be émmhéf Horphae fimefiend srewy prehmp ule in the range of

o450 481608 88 AYE LRGeS A o0 o st
400 g/ayode/(rhétbmeniaip gtdup. Fhisinatet ¢meth)atyiates bay s ﬁsedanmghér

ol b BB SR b b SAoB BB 108) it Seid b out
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usi ng conventional coating ds such as
000111115 Iﬂlle wa@nt n Qal(ugu]grly peafevest monarhers @mzhmdengmuﬁmcspnaiy

nctERRRE b ey 35 bRBRBlR R ol P R GHonel 5
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for rred by flash evaporation, vapor osition and

phengxysdlay] %WM@ CFnaeiig hsRes)aerlads SwbpY agplgiee isobornyl
meth}(&{yf‘dtté lobt%ﬂ@cls}ﬁ C%%ttg])lﬁ%ééjl@El&laﬁ%qmre&rﬁgt% RSl glji){))%%’[hyl

use in proc
acrylate, tetrahydrofurfuryl acrylate, dinitrile acrylate, pentafluorophenyl acrylate,

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, tetracthylene glycol
diacrylate, neopentyl glycol diacrylate, propoxylated neopentyl glycol diacrylate,
polyethylene glycol diacrylate, tetraethylene glycol diacrylate, bisphenol A epoxy
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vol atilizabl e acryl ate nononmers being especially

preferred. Preferred (neth)acryl ates have a nol ecul ar
wowiogiots7rn t he range of about 150 to about 600PCTDEE06/027540

preferably about 200 to about 400. O her preferred

(et h)acryl ates have a value of the ratio of the
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| t | t l ..
whetief Sl gl it f Rt e etk ik & i aRElepne
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pent af | uor ophenyl acrylate, nitrop acrg}l at e,

index- qﬂaémdy%tqﬁhouhb 7 Mmefe@bbhwﬂbhv@tanwhﬁ@ﬂ skneps af about 75
nm é{ %Jé)g Z(gf Ilgfg,lrrlﬂﬁr ?pgg Pa%h él#)%? 5‘6@&5% bt gbﬁ}rp defc%rrespondlng

enhe glyco |acr

phyhf:z!tl&hlhkﬂl@ﬁl ef @ioﬁc 60 nai tﬂabhﬁtClBy)lrﬁﬂ @nort qorep?exablyl abm%t @I nm od about
d| acryl ate, tetraethylene glycol diacrylate, neopentyl
gllnycol di acryl ate, propoxyl ated neopentyl gl ycol

P RO AL AL i Ty e
thareqraeqyali tact]ne;t oA HSPET, 6\ haxen eﬂaltdrnajlvn'ex)b@amymea@r@s can be

em}{l?)(eﬁgt\%?tg}za&eggangneﬁ hﬁarogrp Jgabl%hgg]ﬁ/ l acggl%ers are especially

pref%frbmlfé%r%l REORRBRIVE bBkek By8r hds'd Bd greater than that of PMMA,
hydr ox Jisocyanurate triacrylate, pentaerythritol

morempirefera %lyaet g Of)ﬁég@sl: abrus ¢ BT ., mimrgpgeferﬁb}mﬁt igaghapout 150°C

end G prefiiatty 3h By Rev At & Mot IRl ol can be
useRy fomnahis (Ddfy,er ammdmm&msactﬁaee@fg GNVES| Bpyabolit #4°H&rand CN-
curable naterjials can he included in_ the crosslinked

983p75qulp@pt %O |Gaylgth cgmgmrm@lﬂ V{aﬂél@lﬁ@fogn Sgrqrysr Co.), isobornyl acrylate
AT SR Lo s s e, The
dlpdmt:idry’tﬁﬁtm penthavryatet (po8Ri308, cc&ﬁmmtallvelvalﬂrd:ée(framcSaqumer Co.,
Tg—faI% 92)9 %& %S%ydq%%%tggpl% g&l C\?fl{ﬂp %tpfgqrpg L er | {léqsﬁ{i% commer01ally
avallft YroRBS QonSdr ¥ FeaBbutwse Oy dlaﬁln'léiﬁ}ﬂQm%aﬁ@te@x%hér&‘ﬁtes (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 tetraacrylates (e.g., SR-295,
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Fabry- Perot stack, the crosslinked polyneric spacing

| ayer typically will have a refractive index of about
wa®7ves7about 1.7, and preferably will have anP@OpUB086/027540
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correspondi ng physical thickness of about 50 nmto
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C. )d&g}aﬁ)r%%( )qll}i’lé’ehtdﬁ)(h &&Wlﬁ@%ﬁé{‘ﬁ% 23 (ﬂ?—496,, coﬁﬁh&%ﬂy available from

nrercially aval | from Sartoner . g =about 9Q

Salﬁ)merélm,@gﬂbowtl mp%e )bisebmaﬁl mﬁ:th@prghagﬁ(@rge S(I% ., commerc1a11y

0S8 co rc al | fr
avalgblg e PE DY Dbl MRl R0 SR 214,
corﬁﬁe&mlly%@ﬁﬁﬁﬂe erQWEB@mﬂWal@\ﬂ%ththiteOS"r @ﬂnﬁitﬂa’(ﬁ'drydroxy
Co., Tg=about di et Ienegly lrl | at
cth b gy RS TDIcr Wb o SR 105, SURRBEMAY PRNATSRP b Saiomer Co.
C )
ey TP 8, . A ey ol eyt o
forg%in dg@vakeut 101 C), pent aacryl ate esters (e.g.,
SR-9041, comercially available from Sartoner Co.,
Tg=about 102 C), pentaerythritol tetraacrylates (e.g.,

Otﬁgr 6@%@’1@8@’ % @daﬁ ndY, aindaPleathémm Sart omer Co.

aerythr| tol triacryl ates (e g.
SR— %«ﬂipus:ﬁmmmnaﬂ tdym;s agaitings|can b @ciﬁegéqa%/ 1@;@ssembhes to alter

B

ﬁhfnr QULPRyERBR obtthgs 05:19 iRl fol @dariple, \ﬂﬁlbb)dggh&trenbm@lve
trimet hyl ol propane triacry | ates (

condivhie tayatsioy etogtipdest(F 8., f mtsa ﬁlﬂl@ﬁéc}gel@&“sta‘r@ ﬂ%?é’&ﬁf 0&%@5=

oL, B B R M BBl o o,

anﬁq—%%ﬁgltnai&ﬁm;)nagdetwam@m _gitipcobtingsar finst photqesankic

commer.ci al | jlable trom Sa
emulsions; prismatic films; ho%grapﬁlc fqms Or 1Mages; a({heswes such as pressure

sensitive adhesives or hot melt adhesives; primers to promote adhesion to adjacent layers;
and low adhesion backsize materials for use when the barrier assembly is to be used in
adhesive roll form. These functional components can be incorporated into one or more of
the outermost layers of the barrier assembly or can be applied as a separate film or coating.
Optional layers can also include "getter" or "desiccant layers functionally

incorporated within or adjacent to the barrier coating; examples of such layers are

16
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t
R B BYEL 30 RSB o
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have to be the sane. A variety
energy, leading to a lower void fraction as a result of compaction. The smoothness and

continuity of each inorganic barrier layer and its adhesion to the underlying layer can be
enhanced by pretreatments (e.g., plasma pretreatment) such as those described 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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of inorganic barrier materials can be enpl oyed.

Preferred inorganic barrier materials include netal
woziodess77vet al nitrides, netal carbides, mnetal PCT/US2006/027540

oxynitrides, netal oxyborides, and conbi nations

thereof, e.g., silicon oxides such as silica, alum num
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e
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inorganic |a f.ornmed b h n 0Sition
coattgth B i sqebue) Bty e s b sTees R SR Rl then
croskIRERA uGiae SfoS Hedingls, IQVﬁé(cﬁﬁlﬂier %Eté’éﬁ@fﬁh&l@ (e.¥.aplagma pretreatment)

dep05|t|on processes. Wthout being bound by theory,
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comggﬁ {h&;g“?{@?‘dg??sgsogﬁl‘gért%é O%F E&lghfégla?f r &zﬁfde&)gﬁc? o Hrfor¥nt Bature
and furdeki| m;m geph of @sulridedying dnme(s), tlerhazditde te whizhhixebariand

contin y of echlnor barrier layer_and its
asseELEHE: B GROsEL mﬁléélpplgﬁaﬁge Cfeavsrreq%nw& e rﬁh&ﬁe@@abgplymer
layepﬂfféléhgﬁ prefEsblf & sgfﬁm&{t?&ﬁ%vﬁfeeat W‘@l@f&t—%@ BurBRe that will

hose descri bed above. For some applications, It may

protb@ tkewidedlying leyprafromrordinerydppads.ance or performance of

the barrier assenbly, such as by lam nating a dyed

filmlayer to the barrier assenbly, applying a
Genﬁkﬂ'ﬂ%hﬁﬂpﬁ@ﬁﬂ O6athiy éfeayewy f ace of the barrier

assenb ﬁ@mor including a dye or pignment in one or nore

of ThaeohmeslavgrscanpdedompedRikappiyivg piayer ef 2 mosempr ¢ oligomer

to 3L GKEe BPAIREoE L RISHE Bl B Ber TR S B
evapdﬂéttcﬁrefnd vaport d@\bsmbﬁbf fradédt®inkiressHpleable mnnoﬂhe falloavedrby

crossh qr?é] Emﬁga,r%orngayns ed agl(e):lectron 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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conpl ement the properties of the barrier assenbly,
particularly where the barrier assenbly transmts sone
wo e@guestcd es while reflecting others. The bar rPEF/US2006/027540
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G. L. Graff, E. N. Greenwell and P. M. Martin, "Polymer-Oxide Transparent Barrier
Layers", Society of Vacuum Coaters 39th Annual Technical Conference Proceedings

(1996).

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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coating (e.g., electrostatic spray coating), then

crosslinked as set out above. The pol ynerl ayers can
wa@bk@o/obe7d or ned by applying a | ayer contai ni ngPErUS2006/027540

ol i gomer or polyner in solvent and drying the

t hus-applied | ayer to renove the sol vent. Plasna
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edi n 1994 in DD G Shaw, M Roehrig, M G
D“B‘éﬁ@faﬁ‘gﬁ‘a% rl%'?1eehan "Use of Evaporated Acrylate
CoatIigngss 4 schermdt brdskleeo‘ﬁuﬁéla@ew of a Batlpest ©LEBrdtvice. The

Pol ypropyl ene Fil m Substrates”, RadTech (1996)
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FIG. 5. The front or light-emitting side of device 200 faces downward in FIG. 5. Device
200 includes a visible light-transmissive barrier assembly 210 having an outer indium tin
oxide layer (not shown in FIG. 3, 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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FIG 4 illustrates a preferred apparatus 180 that can

be used for roll-to-roll manufacture of barrier
w@s®enii7res on the invention, such as those shPOEUBI006/027540

FIGS. 1-3 and described above. A nore detail ed diagram

and description of a vacuum system used tomake the

barrier coatings, is shown i at. No, 5,888, 594.
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LCDs, and other electronic devices, aside f
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chamber and RF 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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an anode. Light emtting structure 220 is fornmed on
barrier assenbly 210 in contact with the outer 1TO

WO 206101578t ruct ure 220 contains a plurality of PEIEsSR06/027540
(not individually shown in FIG 5) that cooperate to
emt |ight dowward through barrier assenbly 210 when
suitably electrically energi zed. Device 200 al so
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Fusion D WV | anp" operating at 100% power, resul ting
EXAMPLESZ | ed coat | ng thi ckness of approximtely 1.2

88 T LR 0 e SRR 0018 o
depasiting atterordsted sBRIGoE eatiicrgecambedvaeryilate bn®a dFéa;tondNike film. In
partlcszular réiBerrmg to%l(} 2, the sample analyzed included 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 ratio and plasma power; (2) plasma power; and (3)
deposition time (thickness) of the DL.G 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 results,
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MVTR val ues are lower at a TM5/ Q2 ratio of 1.0 when
conpared to 0.25. This neans that the filns with nore
we@e@ani7zont ent had i nproved barrier perfor nePCEUS$006/027540
any fixed value of TM5/ Q2 ratio and thickness, the
MVTR val ues were slightly higher for the 2000 watts
C ared to 1000 watts of plasma power. CLAIMS 1. A
CL‘Acﬁ\ﬁgosite assenbly for protection of a noisture or
oxygen sensitive article, conprising: a substrate; a
first polyner |ayer overcoated on the substrate; and a
1. sedormnsity assembhyfeor poietion af e dhadstutelve ok gt sepsitiyaraticle,
comI 1g:}%/ier‘, wherein the first polyner |ayer is conposed of
BUFP8'st pol ymer and the second pol ymer |ayer is
cogpaseatdf a second polynmer different fromthe first
pol yner, and wherein the second pol yner conprises a

pl adie pebimerdayer pvervpateche thetsiystiste; ehdi m 1, wherein

th r I [ Qi terial,_or a flexible

"8 PR LT ek RS b} BT el 2 11

fi mbkrepotherfiret gobyadr lapimy ¢gsosed of affsapelghierand thd second

assenbly of claiml1l, wherein the first polyner |ayer
polyer&ﬁgwﬁyéscoalpwd&fraéac%gﬂlwa. different,Gomdhe o polgmer, and

- aj j @s‘:aoél | ayer overcoated

Whegelrl]@% gé%%np@g!%féf}fheﬁﬁnﬁ aye g%rg%érd?@{eﬂs a dyad and

wherein the assenbly has a plurality of the dyads

overcoated, o he substr.ate. 6. The assenbly.of clajm
2. 5 She ARREPL Sl Mk o Brestaromages epieid el or
flexibRaghtetif0 of the dyads.7. A conposite assenbly for

protection of a noisture or oxygen sensitive article,
conprising: a substrate; a polyner |ayer overcoated on

th ; 1and di.anond=| ] ke carbon | ayer
3. oua S AR, & QR S R PRl R B Res 2 Ripoma
polyededi m 7, wherein the substrate conprises a rigid
material or a

4, The assembly of claim 1, wherein the first polymer layer comprises a UV cured
acrylate.
5. The assembly of claim 1, wherein the second polymer layer overcoated on the first

polymer layer comprises a dyad and wherein the assembly has a plurality of the dyads

overcoated on the substrate.

6. The assembly of claim 5, further comprising an additional layer between at least

two of the dyads.
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flexible material. 9. The assenbly of claim7, wherein

t he di anond-1i ke carbon | ayer conprises a coating
w@opisiTng approxi mately 50 to 90 at onmi c per CREIL/US2006/027540

carbon and approxinmately 10 to 50 atom c percent

hydrogen, with a gram atom density of between

appr oxi rmtely 0,20 _and approxi mately 0.28 gram atons

per™ CRBRASIIE aFEmbHt BF Profidor e mur@forgﬁwweﬁﬁw grigls,
com ﬁmﬁﬁgrOX|nately 90% t et rahedral bonds. 10. The

ssenbly of claim7, wherein the polyner |ayer

oversubsitated on t he di anondli ke car bon | ayer conprises a

erein t pIurallty of the
oy Ao PR EE Blttetnled AR BE el 8nd 15 “The alsernbl y o
cl aidndéhd-liky da06n [6QRIVbROAE] B t&qﬁ!ﬂ th&aer! ayer
between at |east two of the dyads. 1% A%:%rrposﬂe
assenbly for protection of a npisture or oxygen

o Dk SR i PR s A D g R R o

flexibleasatetiglyer overcoated on the pol yner layer. 13. The
assenbly of claim 12, wherein the substrate conprises
arigid mterial or a flexible material.14. The

0. asgqEblXnBly &f Ghif ’712Whe R cﬂarb&?d-ﬁic@é'%ﬁ@ﬁ %kogrrecrgﬁﬁdﬁr;sés a

| ayer conprl ses an’at | east substanti
coatigasmprisingagprogimaelydt? tad asirhic mnenﬂsﬁrbo%d@pmxhhg&ely 10 to
f .claim 14, wherein the d|a ndll Iassl
50 aRpiE REFORHFTES B Bh SEim oo Bt e S Spmai ety .29 an
apprbﬁl@n@él? Vo] g}ﬁﬁl%@drﬁﬂp&%ﬁf)ﬁ%ﬂt’lm&bf RE @&np@?éﬁ 9¢ Qpprox1mately 50
| uorine, sulfur, titanium and copper.” 16.

to amg@@m@te)/y 80%dttsdhedbboudsr ei n t he di anond- | i ke gI ass
| ayer conprises an oxygen depl eted | ayer having an
oxygen to silicon ratio of |ess than approxi mtely

10. 1. Fhe dskembheofadsiann| wheddin ehedolyrie: laydr@feicBattd on AR Jinm@bnd-
r overcoated on the dlanDndllke | ass | ayer
like %ﬁm layescomppipatia s dsevesrrinthrassenbiydiay bty of the dyads

over@%&i&i{‘_ﬁﬁ{ﬂé S%rf{,lﬂee dyads overcoated on the substrate.

e asse y of claim 17, further conprising an
addi tional |ayer between at | east

11.  The assembly of claim 10, further comprising an additional layer between at least
two of the dyads.

12. A composite assembly for protection of a moisture or oxygen sensitive article,
comprising:

a substrate;

a polymer layer overcoated on the substrate; and

a diamond-like glass layer overcoated on the polymer layer.

13. The assembly of claim 12, wherein the substrate comprises a rigid material or a

flexible material,
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two of the dyads. 19. The assenbly of claim 12,
wherein the dianond-|ike glass |ayer, when
wapproxiznat el y one mcron thick, is at |east 7BO4/US2006/027540
transm ssive to radiation at substantially all
wavel engt hs from about 400 nmto about 800 nm 20. A
process for fabricating a conposite assenbly for
14.pr oTlsa:ztsisemblgfofaIaﬁgi 12t wherein the disgeindd tkeldss Vayeacdrhpdises an at
conpri sing: prqvidi a sypbstrate; qvercoating a first
leagf spstgitia &wmﬁwuﬁ Egg%‘l% Pgt@TOORFYC ¥¥PRoat i ng a
second polyner layer on the first polyner |ayer,
wherein the first polynmer |ayer is conposed of a first
15.pol Viezssemblytdfelamcdnehprsintire didnzpdrlikiesglass tqyes Buthef camprises

second polyner different fromthe, first polyner. 2 1.
oneiglnGiF SBRetnoHs Selesi < m the Sroe el R qeshomiogeoiyeen
fludri, SHER, @EniAMEhePIPped the second pol ynmer |ayer in an

envi ronment having a pressure of |ess than 10 mTorr

and a substrate bias of greater than 500 V.22. The

10T by TR0 MARERE: 0B BRI RN 8 B

oxypeh VeplEted 23er Ravih® ae68ydelio Eitibon eibiofifesa tie@mppixirgately 1.5.
assenbly for protection of a noisture or oxygen
sensitive article, conprising: providing a substrate;

17.0V EFLOALLAGI A Ak Ae W:hl fil th@ ?gfggrfelra ?8&&5&{% he diamond-

overcoati ng’a di anond- e ca er on t pol yner
likd glgssrlaye? 4omptisespr dymd s8d eherslimfhnag@mtityhasreplucdinpof the dgads
erfarm the step of overcoating the polyner |ayer
ovarepa Oéhtggls'ﬂ)l?? 1t having a pressure of |ess than 10
nmlrorr and a substrate bias of greater than 500 V. 25.
A process for fabricating a conposite assenbly for
18.pr ol ezassemblyfolglaimi 19t irheneommygemansadidtional layer heatwean at least
c ri:s141g: providing a substrate; overcoating a
tWop% y?r%?écﬁayer on the substrate; and overcoating a
di anond-1i ke gl ass |ayer on the polyner |ayer.
19. The assembly of claim 12, wherein the diamond-like glass layer, when
approximately one micron thick, is at least 70% transmissive to radiation at substantially

all wavelengths from about 400 nm to about 800 nm.

20. A process for fabricating a composite assembly for protection of a moisture or
oxygen sensitive article, comprising:

providing a substrate;

overcoating a first polymer layer on the substrate; and

overcoating a second polymer layer on the first polymer layer,

wherein the first polymer layer is composed of a first polymer and the second

polymer layer is composed of a second polymer different from the first polymer.

21.  The process of claim 20, further comprising performing the step of overcoating the
second polymer layer in an environment having a pressure of less than 10 mTorr and a

substrate bias of greater than 500 V,
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26. The process of claim25, further conprising
performng the step of overcoating the polyner |ayer

WO ooa1Emyi ronment having a pressure of | ess tPemuid06/027540
nlrorr and a substrate bias of greater than 500 V. 27.
The process of claim?25, wherein the step of
overcoating the dianond-Ii ke glass |ayer conprises
overcoating an oxygen depl eted | ayer having an oxygen

22,10 B (168035 bALARh 86, WiRSSin MR ARBARKINTRE&INE pbiyiner step includes

overcoating a plasma polymer.

23. A process for fabricating a composite assembly for protection of a moisture or
oxygen sensitive article, comprising:

providing a substrate;

overcoating a polymer layer on the substrate; and

overcoating a diamond-like carbon layer on the polymer layer.

24.  The process of claim 23, further comprising performing the step of overcoating the
polymer layer in an environment having a pressure of less than 10 mTorr and a substrate

bias of greater than 500 V.

25. A process for fabricating a composite assembly for protection of a moisture or
oxygen sensitive article, comprising:

providing a substrate;

overcoating a polymer layer on the substrate; and

overcoating a diamond-like glass layer on the polymer layer.

26.  The process of claim 25, further comprising performing the step of overcoating the
polymer layer in an environment having a pressure of less than 10 mTorr and a substrate

bias of greater than 500 V.
27.  The process of claim 25, wherein the step of overcoating the diamond-like glass

layer comprises overcoating an oxygen depleted layer having an oxygen to silicon ratio of

less than approximately 1.5.
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