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MO STURE BARRI ER CQOATI NGS FOR ORGANI C LI GHT EM TTI NG

DI ODE DEVI CES FI ELD The present invention relates to
wharositedssgoat i ngs for protection of noi sture aPdr/vg2008/053265

oxygen sensitive electronic devices such as an organic

light emtting di ode device. BACKGROUND Organic |ight

emtting diode &@ ED) devices can suffer reduced
out put or pref BARRIR & OABBYed FQR wat er

vapor and/ I en used
to encapsulgj;\tg an?tléﬁtgﬁéﬁtlﬁﬁﬂﬁ& @ﬁZﬁEﬁ%?%g\gﬁ ces,
but netals typlcally | ack transparency and gl ass | acks
flexibility. Efforts are underway to find alternative
apsul ation materials for OLEDs and ot her el ectronic
devi ces. Exanpl es of various types of vacuum processes
r r |
Th? 8?65?1?%8\{%?%3 trélﬁe;& Qeoagrgérrrc%étrl qto{ r%l[ygjtlgﬁhfe %18}5%?%%%% oxygen
sersibr ddraonignigeicod suehheamoaapdight emitting Bedadtvice.
evapor ation, electroncyclotron resonance
pl asma- enhanced chem cal vapor deposition (PECVD),
BP#H@GB&HE@DIy enhanced PECVD, reactive sputtering, and
others. A need exists for inproved encapsulation of

Orght B Pt e ol FEbaG e i B g e o B B8 Grgture

fai RS whB® E%@écﬁto&bﬁ@rt VapBI %(ﬁ&\/dx@lgén N&EIR aA§ glabicl hfiid B8en used to
transistors (including those nmade usi g zi nc oxide

engapadyte aadprqieraibe difs oICOREDalesicps, banaet p@ﬁl;haelaak treesparency
an%J gfaXSS l!a%)llqscf?&itgiﬁt:}-ls Eh’k}ts a1% n'c:ierw %X Q]{‘ng,tl lolg uhjatl%n materials
SCripbes an a r ous anDn

forf L. BBl avd &hbm‘lec&tﬁﬁ&fd‘@ﬁce@ B lehFvatals typaaf Vacuurn processes
dep03|t|on utilizi n% silicone oil and an optiona

areophedgb thecutans iR eabiFd lissra@pator frformwIqaHRS (herricr coatings.
Thgéﬁa}ﬁaﬁgdé 4ok il Ilaﬁ%ef K MBeath é”%?éﬁaﬂ[)f? tﬁérnﬁ?.( X&%Bra*i?l%félg&mn-

nol s ure or Xygen sensitive artic
cycdobadicsenince plapnocalssictdchdnabalivepdii d_moﬁnomfﬁﬂ(b‘ﬁbhmnagnetlcally

di a -li1ke fi.lml a er for protection of a noisture
en%?”%iggg 5 EHSHYS Shut P@%@Pgﬁﬁ@nﬂevice i s descri bed.
The process includes formng a plasma fromsilicone

A ﬂ’éehaex@ﬁsﬂﬁﬁ irﬁprﬁ%@éhc?%[dﬁﬁﬁ%ﬁf offagieiktlohleichick§llsaness OLEDs,
fromthe Flasna conbi ni ng the anor phous
t

orggingrhatpvioltkie devices (QRNY), anidtasganic transistors, and inorganic electronic

devices, such as thin film transistors (including those made using zinc oxide (ZnO),

amorphous silicon (a-Si), and low temperature polysilicon (LTPSi)).
BRIEF SUMMARY

This disclosure describes an amorphous diamond-like film or coating formed via ion
enhanced plasma chemical vapor deposition utilizing silicone oil and an optional silane
source to form the plasma. The amorphous diamond-like film forms a moisture or oxygen

barrier on a moisture or oxygen sensitive article.

In one embodiment, a process for fabricating an amorphous diamond-like film layer for
protection of a moisture or oxygen sensitive electronic device is described. The process

includes forming a plasma from silicone oil, depositing an amorphous diamond-like film
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noi sture or oxygen sensitive electronic device to form
a protected el ectronic device. In another enbodi nent,
W@ro0aneisss e i ncl udes an organi c el ectroni c devPCEUS2908/053265
an anor phous di anond-1like filmlayer adjacent to the
organi c el ectronic device. The anorphous di anond-Ii ke
filmlayer includes siloxane noiety and has a
layerfremr{B plagma, gqné&pmbntmawe@@mpm §tm¥si likerfilg lpygrevigt a
mo%m%%lr @2%6’{[{],0 éesél@ct%%ﬁ)coc?évtléqu f&?rp ed é’f%!tt%%‘csde@lce
vacuum c er having a powere ec e an
counter electrode, a radio frequency pomer source in
In adaglodrreimbalinconectiide irwilltd@s tahergaowel@trosiceleyicoded an amorphous

t hr [ ance h|n et wor.k,  and silicone
diegn I i TP T 0 TS PGS fie it 1D RRgHROuS
dlaﬁ{@ﬁhﬁ& filhNafR A NEdcs QTBLH TSty aBd RROS ﬁﬁfeﬂ(nfe%rof greater than 1000

fabricating an anorphous dlannnd-llke ilmlayer on a
Angsfns.at e i ncl udes forming a radio frequency pl asma
fromsilicone oil, and depositing an anorphous

in SHRPS Gl SRR g chmvr

haﬂh@ alposuicd cidytobeatdd eoumesreletroly, aundie fitoadyipowchsource in
foll ow ng detail ed descrigplon of vari ous enbodi nents

clegiricalgonpesfiontyiBhthe Rowered sdacirede thireughtandmpedane MsjGhag network,
f a
on ) B0 Lhra g Bl oty REETRLLGn Chitio
barrier assenbly having nultiple | ayers nade from
In anatlear ratbiod gneauor rhoass fati falmiradng ak embaylens diamengdiky figm layer on
| ayers; FIG_.3 is emati c |ew
o syt Sy e dofA sy sl eup SRR g depositing an
amBAINS IR ARMoRl ERe Y 14fer Fon S @wsaﬁ&m@ﬁ Eigsahte.
enbodi nents of COLED devices encapsul ated with
anor phous di anond-|i ke coatings; FIGS. 5A-5C are
BRIEBIEHCRIGPTIONON I HDBAWENGS of OLED devi ces
encapsulated wi t h anor phous dianpnd like coatings

GS. 6A-6C are diagrans of third. enbadi nents of OLED
Tha éwl@é%re S RSSUPRICOTPYLE M uﬁ%ﬁtﬁ% insthgifelfyrag deteied description

of Qs %Qﬁ)odﬂeﬁt df thS iR efti FGh ABhctign Wétﬁ%ﬂfa&%ﬁfﬁ%h}lhg Brawings,

system for app yi ng anor phous di anon
in which:

FIG. 1 is a schematic view of a barrier assembly;

FIG. 2 is a schematic view of a barrier assembly having multiple layers made from

alternating amorphous diamond-like layers and polymer layers;

FIG. 3 is a schematic view of a laminated barrier assembly having multiple layers made

from polymers;

FIGS. 4A-4C are diagrams of first embodiments of OLED devices encapsulated with

amorphous diamond-like coatings;

FIGS. 5A-5C are diagrams of second embodiments of OLED devices encapsulated with

amorphous diamond-like coatings;
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coatings; and FIG 8 is a schematic diagramof a

sanpl e nmounting for anorphous dianond-1|ike coating
waeleedixsson. DETAI LED DESCRI PTI ON An i on enhanR@HUS2008/053265

pl asma chem cal vapor deposition process utilizing a

plasma formed fromsilicone oil and an optional silane

source can be used that |eads to flexible anorphous )
FlgSapdrid- pricidiagramyef thipd eqbedingesin of{Y<ER dovises engprsuiaged with

' ( jer performance. Excellent barrier

mmgﬂ%%%?ﬁ%ﬂﬁggg%ﬁQgéﬁgghieved fromthese barrier filns

formed on a substrate in intimte contact wth an
FI16l 8¢t & didgraut ofl d pasngp depasition sesiere fayappRi)g phaphaus diamond-like

conditions. The noisture vapor transm ssion rates
O of these barrier coatings deposited using this

process were | ess than 0.015 g/ n2 day neasured using
FI68 M £Fschehdti@liapRnfiS0] K8H1€ABLAEHARES amagjhbh§ﬂiaﬁféﬁﬂjlﬂk@ foating

at | east 1000 Angstrons (100 nm thick deposited under
depyisgiensel f - bi as and | ow pressures (approximately 5 - 20

mlrorr) result in superior |ow noisture vapor

] SSi| . The anorphous di anond-1like film

Dﬁﬁ§ﬁﬁﬁ9§§b§§§?ﬁﬁ§§ are deposited on an el ectrode

power ed using an RF source operating at |east 0.1WcnR

. Ont i

A D R B B el P PR formed
frohi ghede o8lGMd\h opegedl islencpotiertchmbe osedithe ledds e flodble As

B g Bhe R R R A B D b
petfOantE Ex¢Oll I BarribN BerfdrBfahE QLR 1eaRhROIBLAIth &R Vafthr fliSis
desired. In many enbodi nents, a siloxane source such

formedwapgowbsteade 1 infimgiveconiact wih pneleodedsadilizingyadintfraguescy (RF)
h that t | i | f d i :
Pl e B0ner e bR Al AR o B VR TP e baricr
codtingpaepbdmsind\iys pddiss wanalesdibeh 0101ppaness wasetd using
such as oxgga;, ni trogen and/ or anmmoni a for exanp
&R

l e,
ASIM Fp2 1946 e qeatighafe Basdcraeativgstat &ss 10§P|Aawétr§1as (100
oS E SN S B GSTRRA0 e PRt 20 mom

resolt i€ gieringlow @oivhire adpoo manohissidnrdtesonal process gases

can be enpl oyed, as desired. The anor phous di anond-1i ke
be .used for

T e SR SURTE T Bl oL R bR
poRBRUuSRE QR sdufle ¥AMRL At 1§t @PIW Eem? of forward power. The vacuum
chamber is configured such that these operating conditions result in a very high (> 500 V)
negative potential on the electrode. As a result of ion bombardment from having high
substrate bias (e.g., 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 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.
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el ectrolum nescent thin filns, photovoltaic devices,
thin-filmtransistors, and other such devices.

WEb@sosns c device articles having the anor phoRGI/US2008/053265
di anond-li ke filmlayers or coatings may be used in
the fabrication of flexible electronic devices such as
CLEDs used as a conponent in displays, solid state

The pgkinbeys amendrikg gp Hmdpyganpiccontingisnay by useddpijemioys types of

o t
clobf e Uil Lo e AN el FOE Mo RO B S For LAl oreagic
elepmslhnmhesbem thindilmas, pthse)fvultala dt:"mcéseﬂnmﬁlmmuﬁlaotsu aed cbthart such
can ilize the rot ect ed electro eV|ce artic
deyese f%‘%amﬁ dpee it ESf}a@gg &9 4%1% {}]Ié? yers or
coﬁ%§ m gge%\éé(ﬂnoﬁ@ fabQ\/Qlcm (ﬁyff‘e&fble El@g@r&ﬁé 8§V1cé3 %CI%SQBEEDS used

. These anor phous
as @I pmtpmbnt m«bspﬂa)tsmdlaiys@arts llghtutgmtsug@ge caganbetrasetors;oorganic

late, th I d
(OB RSF SR SABRG RIRTRISH Ly BB ab eyt Bad o
ligRSn2d SREET A h@rftiaERGRR D udd fiN& it 108 o LMBEI @ RicCh &M GBBze the
Due to the superior barrier performance of the

prodgasedod] oeieonr @Wlﬁksedefspﬂlbﬂdl hepyin glthdee oelt plagss, MP3 players,
PD(%1 g?%'ljeafgﬁqoﬁsb% tgllglgerg S iidar& PQ% 51%15 ht%ﬂﬁoar%f &Wand the hke

vapor 'on con suc evice
be produced at a Iomer cost with better perfornmance.
Thddeaanic@pinous plddnyorelrliker flhelagers or beatimge baymiey &edlﬁdencapsulate the
Iy |1 h I h
e AT SRS A SeraBbe o e SRS b ah ve

usORAL VS R R gika Qﬂatﬁfgatﬁ% bRBrroriP %\Hﬁé Rgue fo e sup erior barrier

transesteri B0 e term 7 al'so 1ncl udes
perpdrasmec dEtho antoephops Hiarrend- hkTEIfémtleym bcapthgnmoduced using the

ncl udes bot h random and pl ock ,cop The e
desc b BOIF e PR b DLy ot AR QOB BHa s devices can be
prodReEPs S 1bw51eébsp&itu MBS peffdBndRem " crosslinked” pol yner
refers to a pol yner mhose pol ymer chains are joined

t oget her by coval ent chem cal bonds, usually via
The tass Ipohipasgraiess éttmré@pqiym@rﬁ 6nd sopalymersr a vae! hast hsagpolymers or

colgq1 i gﬁ%“{hat’%‘lagr l‘m&i( %da @%F%?eﬁle% %‘l’gbs, c%lext¥u51 tiy reactlon

acteriz by SOl & Svell

momh&ngg re%S,&fh@l@es&frlfﬁltl@p Athe Wffrhﬁ'tlﬁl}aﬂérv &Rb inclitks pewkiita alepos1ted
‘visible light-transm ssive" support, |ayer, asse K
polymege Jing &rresARCIYMAE inHades hogorandomapd 301005§§@%m§r80if ¢ term

"cHEME ?glxﬁ%? ﬁﬁluﬁ&e&ﬂﬂ %r&&lﬁ&%&hﬁ&h?&o&l’lﬁié cfséb‘?y%éé.' PlEierm

port e spectrum Tvis out 20%
”cmg&i&hecé‘@o@mergefeﬁetomthﬁhemhcse pdlyenct ehams’ anyoiptrbtogether by
coga:l%glc ?mllchlg?pnglglo}ésnuﬁ e\tlg rcfc’osgllonlg’ﬂ':gbr%tol%atlllesa I01rI grm&llos', teo' form a network

polymer. A crosslinked polymer is generally characterized by insolubility, but may be

swellable in the presence of an appropriate solvent.

The term a "visible light-transmissive" support, layer, assembly or device means that the
support, layer, assembly or device has an average transmission over the visible portion of

the spectrum, Tvis, of at least about 20%, measured along the normal axis.

The term "amorphous diamond-like film" refers to substantially (i.e., greater than 95%) or

completely amorphous glass including silicone, and optionally including one or more

-4 -
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conpl etely anor phous gl ass including silicone, and
optionally including one or noreadditional conponents

W@ 200803588 f rom t he group including carbon, hydPOOER008/053265
ni trogen, oxygen, fluorine, sulfur, titanium and
copper. Ot her elenments may be present in certain
enbodi nents. The anorphous di anond-1ike filns nmay

addiiprad icAmp PRASESTS %&dcffo%ﬂtﬂﬁom)m@l%gi qarkpng hrﬁrt)gfr—na Ag@gen,
oxféom ggu%}#i{ ?\Iﬂﬁur {11 an, dé(?pg)gfm Q)c;[fr?%r egér?génlfﬂnw He bfé@gnt in certain
embbwﬁmablTh@MyomhbmhmGQMH@ﬁkeﬁhﬁ$yw&cammﬂmdmﬁﬂhﬂgdﬂMDnmtognw

TR G TN B soonalf PP ghe BB NG o GHTER " g ha ead

to MH&d of Hla@r%d&fs@ﬂhﬁ%d@/ﬁlcﬁl%ﬁﬂ h%s@%&a&t%dﬁh@ﬂ hgvﬂi’? \ga?fel.engths

interprete mean "I ncluding, but not limted
of from 130l resemetetsenmi) s@80thaincat ed, al | nunbers expressing
feature sizes, anDunts and physical properties used
Speci flcatLon to be u
As élgeci)gerﬁlg FOFsIle Iaﬂ lu%H]Sgt Are %358 tl)]%/a]% WIS éﬂ%ﬁﬁi %asglon and thus
shoudd Bel IntSrpAGRIO Ghdag I ‘Ynclutﬂﬂlgi%ﬁt hardingigddad . t @. t he
contrary, the nunerical paraneters set forth in the
foregglng specification and attached clains are

Unlgsp ptheriag indistadnall nemhery ﬁ?‘l?lfe%ﬁeftfeﬁ*? AUFRySiER oM PWYs, and physical
' t
prcgj%scieﬁ Zlgedlol:%lqt fg}ehﬁﬁaﬁ&y cltjufhs e kAl rd%%to*&{ L o @g mo(jhﬁed in

art utilizing t e teach I'ngs disc
all estagices bylthe tasren‘i‘aﬂaaun ’b A cobrdmghe ninteas mdmagaelso lhe contrary, the

nuli%gﬁgag 'p?rgﬁﬁ'te?g's#g wih fithe fﬂiggo?ég spsflég'%ligoef@ tacge(f Qm% are
apﬁoxﬁ’r%ogg tHAPEhnARYy H@Héﬁ@l ubBh theldd@ed lﬁglﬂ&r{ge&u@ﬁﬁg bedbtained

his specification and the appended c
by $hqsg skidled frothprert"ugitizing dine' teachmes 'disvédscé hersmpas's
enbodi ments having plural referents unless t he

cont.en ctates in this, ...
THE R Bl B TR o ARES L My winin

that Sange &g al {oys BoRUeyrd .3, m p17s, 5 80808 4] a1l 3)dind @ny adge Within that
unl ess the content cIearIy di ctates ot herw se.

range| i cone, silicone oil, or siloxanes are used
I nt erchangeabl y and refer to ol i goneric and hi gher

As%?%@ﬁl#hf\%ﬁp%\ﬁﬁ%%on%h gge"éé) gn({éﬂvcﬁaﬁlgls Ghe Eﬁlgﬁl%yfo?ﬁls up i, bR , and

I's in ently selected from
“thkY dnwggrass érﬁbecﬂyl):ﬁﬂs Ihy‘hng plosalCetaraplts, ufiEss 102 69eent] cidaklyldictates

C6- C26),al | e an al so, he referred. tg.as
oty SE et i (s etifigaioh ey fo inas Sighs e raha? i
ge@rm}ﬁaﬁp@gﬂé& mtég;eﬁgeqhaﬂ&ng “HhfRbr @nliss BelcoWchtcithE dit@Rs

val eénces
otherwise.

Silicone, silicone oil, or siloxanes are used interchangeably and refer to oligomeric and
higher molecular weight molecules having a structural unit R,SiO in which R is
independently selected from hydrogen, (C;-Cs)alkyl, (Cs-Cig)aryl, (Cs-Cye)arylalkyl, or
(Cs-Cye)alkylaryl. These can also be referred to as polyorganosiloxanes and include chains
of alternating silicon and oxygen atoms (-O-Si-O-Si-O-) with the free valences of the
silicon atoms joined usually to R groups, but may also be joined (crosslinked) to oxygen

atoms and silicon atoms of a second chain, forming an extended network (high MW).
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silicon atons joined usually to R groups, but may al so
be joined (crosslinked) to oxygen atons and silicon
W@e@aB03588 a second chain, formng an extended PEL/VWB20KS/053265
(high MW.FIG 1 is a schematic view of a barrier
assenbly having an anor phous di anond-1like film |ayer,
or coating 100 to reduce or prevent substantial. )
F1Gy B s gohemptigiicst Qfradbagtir/asyendply Bering ap agprpdpus diamond-like film,
, | 3 .
G 0F S 0D1p kB0l PR, LR UOELE B B By EhE ShEPLGygen,
or sthbs¢anadn@inarts,eb aa underlyingl@ibstgte be glattromg devichB2e Tht assgmbly
fromprotection fromnoi sture, and/ or oxygen, such a
can W@r%%?ts‘??ﬁ PP FPRNTARR GETFIOBIGSICYICE EBKAHP TSRS e
pratR R frofPmofRit hdof ¥B83n Muckh G RktGredndrIRL & sensitive
devi ces, for exanple, ‘oxygen and/or noisture ca
exaepey ployiddd gbade Foheirainpepésorfredartrenioror ldispbtyi degices fiok example,

ox iyt ot Foer S8 Re Bh e nE i E Sl imennd tous the
codth® BURERBRMSIUi@TRAS hivetdebd T dchR¥QRrfolfiarkeat i ng 100

is deposited onto one or both sides of a flexible film
102. The flexible film 102 can be formed of any usef ul

In segpeembedingets, s apernheus fismendslide fime lyen er eaetiog 189 &

. , . V
oo} g LGS STEPL RO Ay LTV A LFR
foramed o Boy asedtilanaed sudteas pdlymd@Danddsr ragthidic thivgerfdleXih bdre of
theji!glgm é— i%jep‘i\g\gzltql, %{:}é&%éé(liegf?%{lg% G egf‘o\é’ H%g?s?eiiiogllqigldjglceentftol leir‘;ﬂer, the

am%g%%ﬁ?&ﬁ nb Rt ke 0p! &C&rﬁ@ﬂ{e%e‘iﬁ)\%g? gpaflexible film

can have any shape. In many e ments, the
el ectronic device or flexible film 102 includes a o
Winbrthe bleotaeniodewte orcflaxileld fidm 102 ceillnstvitedjasn slandratenent, it is

o SOB98 R Rp36 B R SENBTLL hy

embblitintyl 8¢ cBdébrbaicalcoRe BPTIBxiBRITiIAOIIAhcIa8E A&t pleddr or structured
surfaces that formthe surface topography. The

surfgpsheriog s syifasrtanograpty . fThisrdiscbepuecsilope agepeigdpugiform layer of
. ‘ . - '
ook RN pe PR pBORE SR £ourh iR BB RR By vepica

surifdva R tHad rANYS burtits toigraphe aTley arhdyphouk, d&onGEE filMB00 can be
I n man%iﬁerrbodi nments, .the an anor phous, di apond-]j ke
any pyeiylthigkpcsn TH M8y $MherRgies &hs H amerpheps diargendlikping 400 can

ha%?a @Q&n@g%%gg%&% sthal 500" séro?lgpongggqeaﬁ%’ tg%pn%,ﬁ@@ %‘h@ﬁfﬂ?ns. In many

rom to 10, 000 strons.
embothiattintsetitcsin anfveplarus dmorgriddie fdimati®nchn lhiakea thi¢knedOi@ a range

rop L OSSR ShPBro. S BBl PREOP sy, Fopoo t

10080 Angstroms.

In some embodiments, the an amorphous diamond-like film 100 includes one or more
amorphous diamond-like film layers or an amorphous diamond-like film layer formed by
changing or pulsing the process gases that form the plasma for depositing the amorphous
diamond-like film layer 100. For example, a base layer of a first amorphous diamond-like
film can be formed an then a second layer of a second amorphous diamond-like film can

be formed on the first layer, where the first layer has a different composition than the
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changi ng or pulsing the process gases that formthe
pl asma for depositing the anorphous di anond-1ike film

WO 20081103589. For exanpl e, a base |ayer of a fi rBE€T/US2008/053265
anor phous di anond-like filmcan be forned an then a
second | ayer of a second anorphous dianond-like film
can be forned on the first layer, where the first

seqogg &yehds seme pmbedigintsed fipt amorrhrus fiamonpdike fdmdayer is formed

f
o R AU LE Sy Bptliohy STRORETIES Sy formed
fropi asieorend] drdesilase plagondn ather pihbodinttnsmeviderd mkle afmdrphous

diap gy a Y RS B Ai0d O DI A SHIROLE create he amophous
dwgkﬁgqﬁgfhh#ﬁ"ﬁllns | ayers of alternating conposition

are forned to create the anorphous dianond-like film

100. One aspect of this disclosure is that the
Ong abyxict of té@ @ﬂOSdeqal@ Shat itlmwsubﬁrat%efoadmﬁl@u@f the amorphous

d- | m.f
iR o o AR AR B3 PR PGB Fimb stusog the
delﬁﬁltﬂ)nﬁﬁ&bﬂsi AQ;f a fckihISof Ay B BORAb&HABRNL, tHhesul@stfilnh Btensified and
filmis densified and its density can be controlled by

s gy be ol didearEnion PRPRHETRDS EUkaTE i on
b@%&}%ﬁﬁ%% to %%ﬂ% ﬁ‘ogﬁﬁg Bf he cc‘ig%cr?sqtgr%’afngc%’gﬁ% cﬁeﬁﬁ&?&-ﬁﬁ@glm

ous di anon m ov atures or

ovéﬂ@ﬁrfh@@ﬁguumhy tlof topbygraptubsitthasubstrhte. Imanyhyesniadiirents, St is
it is inpartant to conformally deposit _anorphous

ImPRTERR e ey ly |depeAmaraRo s s 3B ksl ayst e surface
tolﬁgf:bi) ?;ﬂta?t'iétﬂ'argy er Stk ?ﬁldaJéq}ec? %ﬁcotn i E@%g@%r@hﬁe pressrice of the

I'n"the pr sence e ion
ionshomhtzcdmensbihk istrfaaefmaethbtyde plosddposigng peariass ingproved, leading to

L ved, |leading to inproved cover a nd

impiE R MGS borEre Ay b be Qb AR R e Bbeseon the

suffi® s @abgarpE the substrate. 1on bonmbardnent is
achieved in this disclosure by nmeans of an asymetric

el ectrode systemw th the articles for deposition
Iorpb%@ddmﬁnttlh echpoird e thivdiscpsuse by (esnielsardspancied dogtrode

sys-gh? v&?t%y 1c e% %t 'PB{%E aéec%)& frﬁl % vﬁ/epe\ﬁ eﬁ%%‘ﬁloﬁg rEigscmt‘%)ed

ovvere er ar ea en conp are

belgw) Ul’ld-;@dyﬁlh&m&e:ittrm&é is obtunadegahikigg ﬂl@}ﬁ)ﬁlefedmlaﬁrode of smaller
vol t ages achi eved at the operating pressure of 1-10

aregipdich cappate @ Hi grayyled shambry watl %he Begagive ﬂ%%’?’@%ﬁ‘é‘@g“
aclﬁévéd*yt $heV oglefa"ﬁﬂ %y&s%fgh%omd& ¥&n HNEn @?ft 190- P08 S/SRs. The

to be acc Iera d t owar the su strate [ ace,
prdsetmélotﬁ this goltapkensses therposvivb asrdme tic Pésntde tewbsdlerated towards
|S|n attri ut of thi gwdlsclosure is

theply i Eieg e R to Hesdicin CpEbaimegt BEAE g surtaoe

A surprising attribute of this disclosure is that the electronic devices (e.g., organic light
emitting devices) are not damaged by the presence of a large negative DC self-bias voltage
of several hundred volts which leads to intense ion bombardment. In the case of
fabrication of other microelectronic devices, particular care is taken to prevent the devices
from getting damaged by the ion bombardment. Not only is it surprising that the organic

electronic devices are not damaged by the ion bombardment but this ion-bombardment
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emtting devices) are not damaged by the presence of a
| arge negative DC sel f-bias voltage of several hundred
wa00B8403888 ch | eads to i ntense ion bonbardment .. PATIUS10688/053265
case of fabrication of other mcroel ectronic devices,
particular care is taken to prevent the devices from
getting damaged by the ion bonbardnent. Not only is it
wag figuid;tq bp gravids imreycdripeipiuEe karaer nesiermane i diesanaeraheist
FoFTats the i on bonbardnent but this
dllon-%%%€§¥bnentmas found to be provide inproved
noi sture barrier performance of the anorphous
FI6i 2nonsbhemkec fielvof aHh@inakdi sirgersisseerhdy il t0 haveng ofultgple layers

l.ami nated barrier assemnbl 0 havin ti.nl e | ayers
o R G e AR g ARSI AHGRAL 18 o PRI layers
114 a8 Rotddifhg shAhdafding hvsHalc dra¥REdnid Wvicd 182 A0}, 8GE b Behematic
an underlying substrate or electronic device 112. FIG

viedy oz lamgurtexhfeariier ashamblpfl36 hieing mattede byersireadedome pli¢rpating

430 havin l[tiple | ayers de fromalternatin
aiffiie SR P pyamtt B s Y iRy B oL BENR 40 936, 140 and
poldhicetayats 139, P39 proRe tihgaweﬁrweﬂ?ﬁ],g shB&iraader Qedtsomey ddvaseer3e. In
134, 138 protecting an underlying substrate or
thigpeemedayerabif ad Hgare fc?mm%ieé o Anpiepe af apbineriad layess 134
S r
and 138 B CoBHORAIIY B or VAL Sl U s RBL R i BEvge of
polyaley. ey kiighfyerestinkadqlirheas tiay e usypor die lppdry,reaampeyf which
hi ghl y crosslinked pol ymers may he used for the
arq pyersd belQunpn @gogphas ﬁ@ﬁlﬂ&ﬁgﬂi@ﬁﬂm C&_@E’e@éﬁpe%ﬁd Rhe assembly
136 TR SRD f (ATRE o ort (7 EPLyRALI) SAABEELANO Y polymers
inch8Un@mdorpB6EYs, diamordrhike fikh (©gs 1bf angbl Mngars rdfercddudiang dyad, and

anor phous di nd-like fi e.g., 114 and 116), are
the iz den BeBge drupberngivptie eb ahity Nk oides of
op@dhal Y ERtvdend@difads | dxa®Plbs B $RidhNEE PRRIAAMHRME types
of optional |ayers between the dyads, exanpl es of

whi ch are provided bel ow. Assenblies 110 and 130 can
Aspaehlipgd 18 a9d h3theraringiide pnyeyrabar od akerefiteeer athey deysrs. Adding

Addin re | Aay | lif.etj 0 -
0 8 L DS L TR XS e Bl Mpcriowncs

to G}GRMoislIrS lod beher ont@hinerits Ot Amaerant sultiyde lagtrsmdyealso help
or multiple Iayers.nay al so hel p cover or encapsul ate

|
cofEPEEREPHY R idRTeckeViTHY Bredayernd h nBer of laydy eysbeseipcts, based
upSFRERLAS infASAAHRAN oPAILE kAL Ml ementat i ons or

strates havi ng noi sture or oxygen
barrier coatings can include any type of substrate

Subsitagasihabing anoistge arroxyedi rgriencoetiegst qao midudbeanydgpe dfsabstrate
ma elirllgf %orr%tsee i an igg ah ie%ict%ni]; Qevie& a['ﬁ%'sﬁbs?%te can be rigid, for example by
using glass or other materials. The substrate can also be curved or flexible, for example by
using plastics, metals, or other materials. The substrate can be of any desired shape, and it
can be transparent or opaque. In many embodiments, electronic device substrates are
flexible plastic materials including thermoplastic films such as polyesters (e.g., PET),
polyacrylates (e.g., polymethyl methacrylate), polycarbonates, polypropylenes, high or
low density polyethylenes, polyethylene naphthalates, polysulfones, polyether sulfones,

polyurethanes, polyamides, polyvinyl butyral, polyvinyl chloride, polyvinylidene



10

15

20

25

30

using glass or other materials. The substrate can al so

be curved or flexible, for exanple by using plastics,
woreahesssor ot her materials. The substrate canP@EUS$008/053265

any desired shape, and it can be transparent or

opaque. I n many enbodi nents, el ectronic device

substrates are flexible plastlc material s including

diffuesidprapd pely ptiylene midfide;@nd hermesay didme puch(as cgllulogapdeyivatives,
| at
poR AR A 88 bl ol o BB BT Sl s 1y

pol yet hyl enes poI yet hyl ene napht hal at es,
Otlpmrlsyist;ahlé ma@si,alspfot t)hetshﬂeﬂtramjhéludeshlomtxﬁﬂ{uureetthﬁn%yinylidene

flufg tli%// ;PN bR i &Ihl% l@% IsH GpaIgiRer (E(TFE).

eth&[b%&ﬂ&?a@hofde'tﬂﬁe&%ﬁo gﬁlei; @H’F’E)Oﬁ@or@t?artédve"%ﬁ}l'l&?espropylene
pol yi m de, enzoxazol e, and

po
comlymebﬁiab,eoolmhhzeotrlﬁuptoaﬁtyéemét’éiFFE),eeffmorqdhlexl-

tet*aﬁﬁ%t}p%@tg?e@lg EgP de C(?%%Q%Eo@'ﬁ%ra ﬁo%gétﬁyllegen&’fﬁﬂ} olyvmfhdene

fluBtiliy {PAITBF ¢ PbI9Y @ rﬂudrt@r(pwwbtem&m@M&lﬁex@&a&s@)@pylem
et hyl ene-tetrafl ugroet hyl ene copol ymer (ETFE)

copqlyiaer (rTgu“-éldFB)t kfladiecogthyjoprdnea ryméim@ﬂﬂepl)ldene fluoride
RGOS b BISBT DS BICRE hosstuorpmppfne vinidene

ﬂuﬂﬂdiey&cqiol}&]ﬁérl(HlFBé\f hy), m&ﬂ@&%ﬁylenpqirmlmel doglelyener (TFE/P), and
fluori VDF) , pol oride (PVF),

tetgaglpiproet lﬂnsae ogeyact @)? ﬁiw Sy Féﬂ’@\é@pm yITer
( TFE/ HFP)

Otﬁ&%ﬁﬁiﬂl@ﬁfa&%ﬁﬂ%@ﬁ% sﬂ@s’éﬁfé 1H91E1@@ﬁfé{%)f§ ARGy 88N & mples of
fluoride terpolymer (THV), polychlorotrifluoroethyl ene

rne(tat?{miﬂ)e sufpetaé lnspbrd@ppplpﬁyl elver, nigkyl, ichieneuih| G rdotth indium, iron,
zm&)%gil %;%}nugnrégl Df:e)s gﬁ ali afloys%lp t%te thl)s?r%% inBL3e Xllloeyrgeof these

liste@ nfeadld. uafoaed @uhﬁﬁﬁrlpeﬁﬁém&ﬁﬁf&tahwr EHRbstEAPRISYIFR The metals
<§TFE/ PFMe). Ot her suitable materials for the substrate
an

metal aboyveeabs implemeated Wi fody or flexdipilegeast forexample. The
rneft 21 Me?al %H&? gub%%rgtleé Qa% 1Hgl%dg g@&&&nal %{ake\ﬁ%[s su@ﬁ gé( ? htetal coating on
¢hro nc, and al um num

apEl@M@lfﬁm of met aI al | oys for the substrate i ncl ude
al l oys of these I isted netals. Another particularly

sui t.abl mat er i for t e subst e is steel. The
Altgaagive S@%Hat%t% udamaé?f %%Wl%%a h%ﬁmgé%é HeRHLQH teﬂlprctﬁﬂrrg (Tg)

barfrféf prdferbB) SifENda6. 88 biled, B TRh & ttiHiCadRE e HdePRh&bn, or

I’oy substrates can incl'ude additional nmaterials such
otlas teghmgue thatowtli hsgoonga sipoikpgenp fa dtrivasiihe dicatastdbilezation

iRt G ‘bSPTIR Corayel [ B s apids Bt S eitg
stabBi2bd, Shabit picF@ably Wat 0 Tghedler I8 thiXGbf ARSI MEthRe hte
(PI{/I%?AS,I "19;;102 rdegrees centigrade). More preferably the support has a Tg of at least
about 110 degrees centigrade, or at least about 120 degrees centigrade, or at least about
128 degrees centigrade. In addition to heat-stabilized polyethylene terephthalate (HSPET),
other preferred supports include other heat-stabilized high Tg polyesters, PMMA,
styrene/acrylonitrile (SAN, Tg=110 degrees centigrade), styrene/maleic anhydride (SMA,

Tg=115 degrees centigrade), polyethylene naphthalate (PEN, Tg=about 120 degrees
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ot her techniques that will discourage shrinkage up to
at least the heat stabilization tenperature when the
W@ uppaeIsss s not constrained. |If the support haBCHU$2008/053265
been heat stabilized, then it preferably has a Tg
greater than that of polynethyl nethacrylate (PMVA

Tg=105 degrees centi radg) Mor e referablg t he
cendighsis) tPohpx yBethy lage ( @sﬁb%éa degroesregtigiade),

pof§ S pAGIenO[PR, 1E8BLUEPS oD ARBLERS PR A RRstone
ot et et
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he%a%lzl\lhkrdpr HeCRE 2 BEDLETRAC Jand %{héf[e%@ %%Ibghtcl Ayl d o

15 degrees cent’i gr ad et hyl ene
cerrt@p:htehajoastcert(oﬁahl (PCgEzzbout 1152)@@@@@5 e@mgeerdeb,gloaddpha-methyl

syBiT i) VT syt el FaSapbtherspygentierade)
fludRgE gsl%ﬁ pgr agedns &g&%@taﬁ%%d@?rﬁ@gmr&r&féﬁ@@o Te=330

Tg=about 14 degrees centi grade polyaryletherketone
degrwntlgrgée)m@yaé@me éESIde"ﬁgT@anb%S delgre@h cqtglgrade) polyphenylene

e DYNE r
oxrhe;(:lgl?(?u oag‘r&étzzyq% de re’es eefnt §?HT g/lrpo é’t ggge andTg about 218

de@tbydeanigraddgpelbaylsulfdfe o, dps226@ ﬂégrge’s&ﬂﬁi)rgrade) poly ether
charbonate (PC, Tg=about 150 degrees centé&rade

sullffme)[P p a,l?@tn}-%AS degires gantigrrseh molifamide sTg=dbout 275
defiEo-d8aE) P@S&f@%éf%lr%;’é@??rd%%s%?ér%i%%iQf?re%orl%%%halmde

(heaeddflegtian &mp qifO]IZjbrdegimex emeig(dd€DOFoT gppl33ordegiceematerial costs are

IMPIAN; o I‘r %Lagoggs m%% ({f;-ﬁ%ﬂ?glr %‘]ﬁjeﬁiﬁ Ia%esggg%?y Hfﬁg'e%gﬂl'fe orgagglscations

Whgf‘aegfa@ﬁ& feeRiha R4 ararﬂ@ﬁlﬁewib bitiind€e 6fRbre kYTRPRUNaRESs may
? % =220

degrees centigrade), polyarylsulfone (PAS, '
be dmgtoyed. Ioemetmy@m&rd@memm lthe @tdtmnlcsdﬁﬁ@rsebitmaswhabm of

S AEHIARRELA Dt Bl o R

degrees centigrade) and pol ypht hal am de (heat

Ansigph@gtdighoddenie fin b2 18RS ce®bh isgitad &ﬁolu(ﬁ@g a substantial
applrcatrons where material costs are_ inporta
quaisy B ¢a8 qﬁa@élcer OHgpEoncad opEBennE &bl |d&rrmq,nd -like properties. In

theIBé Rifd o Xﬁ?&geﬁ‘ﬂ&'o F)ﬁﬁE tR%g %‘%’[%a%t bAr i Q%ﬁs%ﬂ@i%?ount of

afanou ADr e expensi ve
siliowid etyplahlsy z[tﬂyasb% %)Tﬁlid)ryceﬂhord thaB@ty osfrpad Mhe nhigue th@bination of
eIe tronic de e sub trate has a thickness of about
a fjrly Digh $PQypte rlﬁcqwrt £SIEREHIN AMOHRL obpXEsBFRd 8 SBRStaRtaAl
amb@n@FUfbof &e%esmmgﬂgltﬁh%@&g ahd KExible! ({Hll'lkse SAhks).

anor phous carbon system udi'ng a substanti al

Amorphous diamond-like thin films may have a variety of light transmissive properties.
Depending upon the composition, the amorphous diamond-like films may have increased
transmissive properties at various frequencies. However, in specific implementations the
amorphous diamond-like film (when approximately one micrometer thick) is at least 70%
transmissive to radiation at 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

amorphous diamond-like film is as follows: 70% transmission for a one micrometer thick
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quantity of carbon, silicon or silicone and oxygen
that exhibits dianond-1ike properties. In these filns,
W@Ro0a/1685688 ogen-free basis, there is at | east SPETHS19081053265
a substantial anmount of silicon (typically at |east
25% and no nore than 50% oxygen. The unique
conbi nation of a fairly high amount of silicon with a

filrgjcgripsroadnto aarratingtiass cosiicie (arrd leps Shast Ghinithe vistbumevelength
t fiims highly t t and
ra@%exﬁﬁﬁggﬂgﬁﬂﬁle%d dpse, films highly transparent an

gl'ass). Amorphous di anond-|ike thin
films may have a variety of light transm ssive

Dignapklikd £kns, Depegsigndicapbnditeent propedics from, the hmorphous

e o Y et fSelonsr gt R e HrRnRne R Mtermolecular
boHIRAERon frPRGHS {RcifRhAERN! Akt BRNISRY RIRIRIGNS. The type

di anond- 1 i ke I m (when approxi mately ornie m croneter
and hﬂnokr)t oif snt@nmdl@caléﬁtr mo% ftrp detsrmigsd Vg infoaredidRanndnucitar magnetic
ths fro bou 50 .n
resgigine OB antifh CalRt s P ARn b SRR TR 408 e o

carBBRYbn 0 QrifdNal 'grfaphwbmfd@t(sp;z? afdRbhh&irgnfiarBén EHENAP g;
di anond-like filmis as follows: 70% transmn SSi on

Digmeyibis ﬁp@pewétOé virtupllyletlitetrahe diet basisnwbile diagend-like films arc
corgﬁé%egﬁ)g 'aﬁ%‘\o/%?}ﬁa{t}%l# %b‘?ntto 9l te héd?aci}(?h&sagn&) ﬁrgl%gfé%ls cgﬁlposed of

range vveen
virDiagrai drigdnkebdrds s, haV| ng significantly different
properties fromthe anorphous di anond- |ike film of

t he esent dj scl osur ue to the aryr ement and
The fisiHT A b BERaQ ot %&fiwgwfa%%b%s%ﬁ?@ gafRg the
phySadaf ﬁhdajzhenh@é'l%r(ﬂfe?tYésQ)lﬁﬂeydéﬂgﬁp sigs6hd Qeéijystémﬁe @v}i&%asat'ﬂg

amount of internol ecul ar bonds are determ ned by
diamwindd ke dil(nl iRp nandryaedlisaglasspgnerpious esemahes detdvRined by x-ray

. t Car b d t t b t t | y..t .
e A e P A ST N
suls&@@h! anclint 8F hahedbed cccih]l@dmﬁ@ hondmg(sHR3h: Dianmond is

conposed of virtually all tet rahedral bonds, while
di anond- like filnms are conposed of appr oxi mat el y 50%

Digrgorghlazsitle highesy P%\qklllﬁ)ﬁ*%lty,a)ﬁ @ragn ajon dasity (GO Rp o8 ary wpterial at
amt%Le%l{ ﬁr%%;Ju}fe q{slGAIR elgg ?R‘R g%&s(%hgnqu'%ﬁ%tugld alrrwntdyhk%%ms have a

ure of 't ng 0 e carbon system
G Ad@ targin gnigorh hboytyA) toa(] 2@agdnchems/calln powpst, torghitohat h&AD of

eposi t I s crystalline whereas the
0. 13.%%&&9@% i g}%h.p@dgnﬁ Sﬁnsa;w? @%@qnﬁgﬁﬁl fl}llgls%ffords excellent
res?s%fc@ ROY$rEBh OF lighid &%a&%h@ﬁﬁleﬁﬁ% BYanX afoRYdensity is calculated
diffraction. D anond i's essentially pure carbon,
fromwcmsemhnamﬁtue ’vwe@t fiid timiako pdsaif Iasn?aem]bﬂteauatrn éigrarn atom"

f non-. r onents, .including silicon.
Ire erm%o [[116 a?ornlc welg a rna errl'g? expressed 1n grarn g

Amorphous diamond-like film is diamond-like because, in addition to the foregoing
physical properties that are similar to diamond, it has many of the desirable performance
properties of diamond such as extreme hardness (typically 1000 to 2000 kg/mm?), high
electrical resistivity (often 109 to 1013 ohm-cm), a low coefficient of friction (for
example, 0.1), and optical transparency over a wide range of wavelengths (a typical

extinction coefficient of about between 0.01 and 0.02 in the 400 nm to 800 nm range).
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D anond has the highest packing density, or gram atom
density (GAD) of any material at anbient pressure. Its
W@AD8163588 28 gram at ons/ cc. Anor phous di anond-PERES2008/053265
films have a GAD ranging from about 0.20 to 0.28 gram
atons/cc. In contrast, graphite has a GAD of 0.18 gram

atons/cc. The high packlng densi ty of dianpnd-Iike
Digmeng lntsorwshayg seme erpertics vdtiehéemesy apilfcadpnsnmeke them less
ry rial
ber o on AN SR RN s DAL AT ERE ol gain
strivdrinek e slsteahinad ffmtemctra]h mlaib@copgmhe gamrboahdnﬁes aef epah for

to. the onj ¢ wej terial, expressed in
¢ %ﬂ’ﬁ?]ﬁﬂt&aé, IE:H ‘iﬁ%?d&%P? R thﬁs}l (jaECS of AUpqRea %‘?:‘&Pé%‘cnmc
radlﬁloﬁdgh{dtﬁ{bug Qlatn%df lﬁ{eefﬂﬁi c[H%s RBYEHES gfrzﬁﬁ @ﬁ’@&fu‘ee 8 &éﬂéﬂfmned by

are simlar to di anond has many desirab
elep@ort ongrastopy pndpethins wlloﬁlt@ﬂ mrmpﬁca&louhwasreaxetqtlamsradlatlon will

dne ( eally 1000.to0, 2000 .2 hi gh :

L e e R T T T S
scdtt@¥ih € 08 the st boindhfibst i on (for exanple, 0.1), and

opti cal transparency over a w de range of wavel engths

(a typical extinction coefficient of about between
In gregtingaiceroorphoysifligmendeblee fil.tvgrigwoadditianghepsnancaivsae be
1ncolaJOF§[e@ nlslf(g %ﬂsgao\é?lc%%ﬁﬁpgo X gltstlo 'e nlx@é g@% 16%%?1% onent%can be used
to gltcaand dﬁﬂalnkethfelﬂr(b]iértldﬁlthﬁmhbjarﬁoﬂphﬁus.diambﬂl(ylihaﬁﬁn grnpam; to the

structures as determ ned by el ec ro cop
clegiropif dpy ehenbeirais Harexampley R ipagibeclesimiao frihel %at}f& the barrier

an@ﬁﬂﬁ@9?¥ QpiQf the substrates, and also cause
scatte ﬁb of actinic radiation. Anor phous

di amond-1i ke filmdoes not have a grain structure, as
Thd ed@tlmilai edmpynaitssoty tmlutﬂie onostmoys ofdrydragent(tinst sledady
d to. a Ii at.ions, wherein actinic di atj.on w |
incB et} SiuBRB iRt A Bty 27 saPh, ORE" Eldiel Fytwonens
ma9faldi REIBEAndfit] The £&RIEESofl HydFdgeh pRIrh&Ed R férmifiloh BEtetrahedral
grai n boundaries. In creating an anorphous

bo@ﬁsaﬂ?bﬁ addifiqreof fluatincyapirsadadduicfilon anhanemgdaerinr gnd ayrface
gl R RALER D NEPATLE R BATBRLI Qs i

incenipatile nidiex . prhepdditiof ®f hhalget ity drukphoushah@redsigatdcke
filmi arts to the el ectronic device substrate. For

oxidptigimind tojipcragyy clgstrifakeandpeteyityo The pddiiden @fwwAiiE ean greance
ad BRIl ?ﬁe ANt @ MORRNth eBSancd Q@he?ﬁ{)ﬁ g'\x%'ﬂaa!s fﬁ%smn and

conponents may inc ude one or NMofe o rogen
bamader paghyrticecor por at ed), ni trogen, quorlne sulfur
titanium or copper. O her additional conponents

These amorphous diamond-like materials may be considered as a form of plasma
polymers, which can be deposited on the assembly using, for example, a vapor source. The
term "plasma polymer" is applied to a class of materials synthesized from a plasma by
using precursor monomers and/or oligomers in the gas phase at low temperatures.
Precursor molecules are broken down by energetic electrons present in the plasma to form
free radical species. These free radical species react at the substrate surface and lead to

polymeric thin film growth. Due to the non-specificity of the reaction processes in both the
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may al so be of benefit. The addition of hydrogen

pronotes the formation of tetrahedral bonds. The
W@odstdxsss of fluorine is particularly useful iPCT/US2008/053265

enhancing barrier and surface properties of the

anor phous di anond-like film including the ability to

be dispersed in an inconpatible matrix, The addition

gasophass pRdie nubEHtch heysedineopdnaislasrase highhr@esstliked and

ol %ﬁgi ol d to increase electrical _ conducti vi ty. The
an ?c‘zd | [l gn olﬁ'gsul fur can enhance adhesion. The addition

of titaniumtends to enhance adhesi on as well as
Tygdichliyyshesn pbasoha kpatymims hprecnn&rrgémnattﬁtwe eheamrduqaﬂmdhspresence of

X R R
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‘pl asma polyrrer is applied to a class of materi‘als

by epalytiesd tscbdigiiesomch a@llhswaleblym@gnqtﬂg regnogenpes DMRypmdrreeandary ion

By G Sp AT Do o S B R Ty G RO B etecron

sptrSdop9 Msr dhicse hndlysid (BS(Rlasma to formfree radi cal
speci es. These free radical species react at the

substrate surface and Iead to polynmeric thin film
Nog plb ptagma dgeositipn acqssis-legseeiriasaianpgners Heoneanis thig dilms are

L S

termmz{tpﬂes tsprioduceathinr i@orgayioi fdas Isych atsmmplﬁdmssﬂ"aop,cﬁﬂyamrosdde,
have. an organi ¢ nat,ure ELSQ them due to the resetge

siliGOR PIRds BBTEIAMY NGBS LOBIES RTEL S IEPCey S Ty %th

1nogg%qc %rs&k'suc‘ﬂ asGilamd san@lardmondl F‘@I;C}Hn’ somle” cQseré' the organic

presence of these functional groups nmay be
Comp@@nt picsed ithihegneduysorcialrernensidrin theggaguechy fesdinR the precursor

nucl e net c r sonanc L { NVR d secon ion
iy 8%%%"% it e BB RESEARER PR ne
tetlfah{eﬁiylmyllcb@n@l EDISO % ?é’n Rha6lcE MMcRBE bi)%%ﬁ%)év fa®d is ten times
chem cal anal ysis Not all plasna deposition

thag Pf)%]ééré\é@Spefth tFélﬂpﬂ Iﬁgmp.eg@m {hees eascy hryegamkeganHippilicon ratio of
abg 2n§/h1;£?1€fs fLL8 G gn%LI}/lC(ﬂleg8§ld ed by plasma enhanced

vapor deposriion at el evated substrate
terrperatures to produce thin inorganic filnms such as
Thaemopihous d@irlonddike feinllayoof dis disclogirt isatifferitiated ﬁprn other
alum numnitri t enperat ure rocess

. de
inoggAniGRIASTHR fepos st f&ghﬁc @Sb?ye G PEEID 19 SEROB 0y P el s A by the

ambuftfF c3FISRRhA s{UNERY charhBeSREREASRS filrh AVRELA I face analytlc
Corrponent pr esent I n the precursors iIs renoved in th

tecphigsersudbyas i€ mgised borpheaatysox, the elemental atomic cornposmon of the
film may be obtained on a hydrogen-free basis. Amorphous diamond-like film films of the
present disclosure are substantially sub-stoichiometric in their inorganic component and
substantially carbon-rich, depicting their organic nature. In films containing silicon for
example, the oxygen to silicon ratio is preferably below 1.8 (silicon dioxide has a ratio of
2.0), or below 1.5 as in the case of amorphous diamond-like film, and the carbon content
is in a range from about 5 to 50%. Furthermore, the organic siloxane structure (i.c.,
siloxane moiety) of the films may be detected by IR spectra of the film with the presence

of Si-O-Si groups by secondary ion mass spectroscopy (SIMS).
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m xture wth an excess flow of oxygen. Silicon rich
films are produced fromtetranethyl di sil oxane
W@ IMBRIBsOXxygen m xtures where the oxygen fl owwCHUS2008053265
ten times 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 dioxide. The

Ong sgy priessof amenfious diakrongs ke, fileycontipgs Qrijlms dha énchdgrseloxanc is
the'éﬁ‘egstgl JS Qh {‘r]%ﬁfl ﬁé&%&sﬁoﬂ% Ojth%P REAN IAqn ﬁ‘ocﬂsadlam?nd hke film

eposite e oxygen to sificon ra
coetthngs bl inseramtl 1k¢yis1taht€to&:mmlmtg eﬂ)ﬂlelcmd@f) apdied sgtds@x aﬂ&rent stresses
aracter p

ch esent_in_th . Wien a surfa
arigjpg fropy I@a%%ﬁmeqﬁ dhesfitay ?% sezz\amgrnhl%sglﬁ nmﬂe film can be
forﬁ%?la}lgfeﬁter Hf"&n%ss%srﬁﬁh%lthe@ PG bﬁﬁf&?@iﬁh& isQeh &f f(‘irrb?(a leMrom

obtai ned on a hydrogen- free basis. Anorphou
10010 wrdH0a0 Angetrdm$.m fi |l ms of the present disclosure are
substantially sub-stoichionetric in their inorganic

g RERARE Ry Req 1R B4 Rt R R Bk Baprich as SERIEL hfiGyferably

cros¥lafkabie, Tﬁeh@o@lh@&ﬂpdl?méﬂlé jat 2@1fﬂ1dfs&'tdlﬁthb sutiptrefeayrakey layers, and it
bel ow 1.8 (silicon dioxide has a ratio of 2.

caeg fwmed Gogsa vaiathef wasealss Prafrsitn mo@r@m%mk grosslinked in-
slt‘g 51{0@1&%681%!1 ggﬁgﬁ]@fep qf d&s%g SRE Ipbrgmdeﬁc fi‘a;fe? pgeLd %p%@e&lpgﬂg

I nor e ni c si’l'oxane truc
cor(xienﬁonal sodtganehody satly hs @il dob&ng (d grpgravayte bell ceitiag) @tdspray
y IR spectra of the fil th the presence of Si-O
Coaémsdag SiECU AR ?%ﬁnﬁa&n%@éle%é@éw snemplmétravwlet

e
(UL RACy R IR BROE 8L BRI Pk 950 8 lon v
demoséiiang cmsskndmn@of amnn@meroetshbscrfheti s the Amexe ptpasification.
i d-1i fllmcoatlnsar rently resistant t
Vol BRI i eyt R SR 2t T R0 i I HHEs Bk e, v
voRtili2bkeforfhlcshObridrORiAR Q%;e@i‘?ﬁly' b%f&fed P%f@ﬂréd"@métﬁbacrylates have
addi ti on anor phous di anond-like filmcan be forned

a ngllecaldeémetlshteﬂx Hegergs qfwbnutdtSIQéo apdu$A8, warhouer0G fo almut 400.

OBt b B RTE DR AR i Ry BE R AT e e
nullaaéxrof%rﬂa&s eiretibRd god s Peemelcalleln Qfecrsﬁ%]d dtkadbhitel.50 k6 @bout 600
crosslinked polyneric | ager lies atop the substrate or

g/monlpémethagrerlate capup. pr aloah 2@ tor berEtP & ¢/ Bel (i eeiatogroup.

¥
Fldcs?%lg% %}é‘th&fhﬁ u a%{o J%? ﬁpfﬁé}{%erﬁﬁylg?%%r Vlgél htstan%efs or ratios, ¢.g.,
abale 9060 edabduln @O(lmﬂnyléenllaﬁwb@hemr abant 408 tarabbmtékﬂ)ousi ng
conyentional coati g rreth ds such as roll .coati
g/m@e/&me&@q&gﬁaﬁe@r@& Ogiing ¢ %@yn@f c d?lpé‘bv %ﬁ(g:o?gn%the support.
Paff cﬁ&?l&?éf&%&m%ﬁ&ﬁé’rs %deﬂ%lﬂfﬁ&%nﬁ RS ANERs USED Ftone or in

for ex ul travi ol et
combination w1th other multifunctional or monofunctional (meth)acrylates, such as

hexanediol diacrylate, ethoxyethyl acrylate, phenoxyethyl acrylate, cyanoethyl
(mono)acrylate, isobornyl acrylate, isobornyl methacrylate, octadecyl acrylate, isodecyl
acrylate, lauryl acrylate, beta-carboxyethyl 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, tricthylene glycol dimethacrylate, tripropylene
glycol diacrylate, tetracthylene glycol diacrylate, neopentyl glycol diacrylate,
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(UV) radiation. Mst preferably the polyneric |ayer is
formed by flash evaporation, vapor deposition and

W@ e@ss03iseki ng of a nononer as described in thePQr/ESMNE053265
specification. Volatilizable (nmeth)acryl ate nononers
are preferred for use in such a process, with
vol atilizable acryl ate nononers being especially

propoaTeedagopamd mbrcpb dieprrin pabic e Elyeal gy, se ety lene
gl))ggfo%?ér%]élgb, %)ﬂﬁh{)ﬂ%‘ﬂ ge%)ggy a%% atgr 5106 Qxa%ggf(ﬁ d@r%%ac%late,

about er re
trihetay o) popyhetriesryhay, &th’i)xyhtdalemﬁfetltyﬂtﬂ pr@tano tridcrilite, propylated
| ar wei %ht to nmber o]f acrylate functi onal

.rmge S
trigpthylg p%ﬁnm gyipte “il?( thydrypgeD PCYé‘BBliﬁ‘fe {igery{ate. about
perﬁggyﬂfrﬁmltﬁé {eh§l§éh hﬁ%ﬁygé&gﬁte Rip hﬂﬁ@}k’}tet%@gcﬁyﬁlté@Rﬂbm

400" g/ nol e/ (et h) acryl at e’ group.  Fl'uori rat
cyf(lwshm'ﬁlatey&can €5 1N INB USTRAES INSI . gépexy molyétel REXX 8069 g from

Raﬁ%ﬁgg gp%r%@ | OSd 161}xtlgr8% ered_)ggA gigrq%{%gﬁi)g%g%}gabqe materials can be

1nc€lﬂdé@|11@ﬂ{er&é§3hﬁ€erd)ﬁoi’§rﬁer9ﬂ% e. goatngngth@[fsfwﬁym@mhg@ﬁe be
i nproved by cooling the support articularly

aciytosfteite; end morioree ther¢adcl ude mul ti functi onal
(et h) acryl ates, used alone or in conbination wth

Al%hﬁ?% ais%? {hegjlaghnequa .{]?lEHJ. & %}a?%ﬁ haV ngta Tg greater than or

?acr at es exane |
eqedl IttoohyiemﬁHSPE’D ryvatiey op hlmmmtm%}maeneyb@tlecan be employed.

hyl I b yl
v %@Egﬁ%y{onﬁé?ﬁﬁﬁ%&ﬁ% SRt b rovm gt éfeeeasfo%@afemgferred
Prqutra}f gatﬁg alté ¥¢é ﬁ%éfll F hasbe?ﬁ“? I%&%fep MGLBQWf PMMA Aote

t et rahydrofu acryl ate Itrile acryl ate,
prapemblafal Tpoiop Ih@n‘ydboatt M detgeges memtrgwhaeyw mare pydfatably at least about

15§ RSN Rttt R ry T DEretly B AP D dFyPaBtisaac:

Esgécyaml préficAed WoabMerstthdt@bRBL QORI 6 Ifar%o{hlmawlﬁé1aa@urethane
riethylene glycol dinethacrylate, tripropylene glycol

acrdlaaﬁtsr(? a - 96&t%@bw|8érd@gmeymugmda@nwca{ 883, ﬁ@opmut@p

de%I X en 1%1‘ta§0 rbégat e ylic glg tla% §ea %g{ go)s 1sobornyl acrylate

(e. g.@SRaﬁ)‘éhydrﬁﬂﬁercgillyCa@hﬂawl@ﬁbml atn@meb sl 'I%ﬁ@ﬂ)ou@\SS AeX¥es
di acrylate, 1, 6-hexanedi ol dinethacrylate, trinethyl ol

ceriesisiehal ipgntageythritel Benteachdxips 2SR yrially gpa fe from

Saftbh@cEy! T‘% abog{r ?tg%éf?%esgr i )%g%ﬁﬁ{%olgg a%f’a‘?é%rbq?nded with styrene

triacryla ocyanurate
(e.&.r CHGT30SAB0 cconpacicadly wt hitdbl ofrotrSaaomygt @b e Tg=about 95 degrees

phen | get hy acryl ate, napht hl oxyethyl acryl a
oot M é%?ﬁhbf olprapng el il g P Gégahy Ricailable

Rt i G I St Sl G T SO
SReZib, b@nmﬁmlalbed/allablt frencSatshdr Glog dl grebyutd OD clegrayesentigrade),

1 3eb1gylené/ gl%ol cF 1acry hie (e \g/gl @[{ 2&61 to]rtnh ercu?fy available from Sartomer Co.,
Tg=about 101 degrees centigrade), pentaacrylate esters (e.g., SR-9041, commercially
available from Sartomer Co., Tg=about 102 degrees centigrade), pentaerythritol
tetraacrylates (e.g., SR-295, commercially available from Sartomer Co., Tg=about 103
degrees centigrade), pentaerythritol triacrylates (e.g., SR-444, commercially available
from Sartomer Co., Tg=about 103 degrees centigrade), ethoxylated (3) trimethylolpropane

triacrylates (e.g., SR-454, commercially available from Sartomer Co., Tg=about 103
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acrylonitrile, and m xtures thereof. Alternative
materials for the polyner layers include materials
wha0Bnepss8 Tg greater than or equal to that of MIPEI2008053265
variety of alternative polynmer materials can be
en‘pl oyed Vol atilizable nononmers that formsuitably
polyners are especially preferred. Prefer ablIHP
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nearentyil gbadbdlawtatﬁsc(ognSReI@I bgmammlalbfkﬂvsll'&blo foSaSartomear Co.,

g R s e i P A R O

456 %hin%réﬁdﬂ? avéilaﬁﬁfﬂr&ﬁ Suﬁt&hbﬂ@é ”Pg&tb@@@f()@ &efgﬁe%s G@M%rade)
SR- 399, commerci al | avai |l abl e from Sartoner

cyctobapoudingthaebiieeslaseentiry et ef D- %m@@mlw@gﬂme from
SaRonelerdG;(gr ﬁng fabou{ gf (P %re(eg %Bdgra :a%éﬁr%yl é’%e?h 1€ rlaétgz . ¥ SR-423,

avai'l fom

co@ﬁﬁtm@[}a&i@)labld ifrolat SarRinhy (. IreRBOG tetdegaey yndigesle), cyclic
SR— 355 conmmer Ci aI ly avail able from Sartoner

dlaewla%e I8 2 b comgesdal e evilpble Siow) Cytar dadipirisaelne., Tg=about

e A e

comemtalgt}aaiajlablé fidnbSdridnemn € og| Hcabouti2AC rdgbat ecdnéigepde), acrylates
R:tz . Conmer ci aII vallab fro artoner Cﬁo

of %_%g%gmh%@}ws% )of theirceomieacaresst er s
(e.g., SR-9041, comrerci aI I y avail able from Sartoner

Op&enal 1F@TeEAULCIEEL" SR8 R Sd&RREADTALR) funRRMLAE [ﬁ:ébﬁfo'rét@d within
tetraacryl ates (e.g., SR-295, commercially avail able

or fidjaepnSer the henricOeeatinFgexabwids of 0achdlegere exs ctsembegmaab‘; Patent

PR Nk s dloghh Lo AR A P18 e P et dvers g

maBt@ Rl LBst (bestbidyidasitvate@ixhoxy had esbidcdnt layers include layers with
trinmethyl ol propane triacrylates (e.g., SR-454,

Mg HHehal ARPOp o4 W8FqtiABIcaVHPlom Sar t omer Co. Tg=about
103degrees centigrade), ethoxylated (3)

Op&lﬁhmﬁﬂ‘ﬂ ﬁnﬂﬁaﬁé’@ Fgelﬁﬁﬁ%l B8 S‘fof Exdinple §5TL4~1‘§ leag'gigu ?ptifglsﬁlrns,

commercl ally aval m Sar t oner Co
or stegteed fibentlihg mpd@l filal denxydhadee tbr ek arhpilecd hght&lxtracting film, a

| ate ester e.g., - 9008 rciall.l avail abl e
i pEh PolRes B Sindyirad Fim canachon bRshdund pisraypithircd
(mfrQI-QRYd§ PR nBEY &Rh adbAGHY B8 RRs, (R 1&hsletsSR

In some embodiments, the barrier layers include one or more inorganic barrier layers. The
inorganic barrier layers, when multiple such layers are used, do not have to be the same. A
variety of inorganic barrier materials can be employed. Preferred inorganic barrier
materials include metal oxides, metal nitrides, metal carbides, metal oxynitrides, metal
oxyborides, and combinations thereof, e.g., silicon oxides such as silica, aluminum oxides

such as alumina, titanium oxides such as titania, indium oxides, tin oxides, indium tin
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508, commercially available from Sartoner Co.,
Tg=about 104 degrees centigrade), neopentyl glycol
waelp@enydssgt es (e.g., SR-247, comercial ly avai | B&I/ES5008083265
Sartoner Co., Tg=about 107 degrees centigrade),
et hoxyl ated (4) bisphenol a dinethacrylates (e.g., CD
450, commercially available from Sartomer Co.
oxiflg £3FO, tasgupeqyidse Sire@pyn gK il iobryte e bar carbide, tungsten
0 f r
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R-423, comTe IIy avai | fromSatorrer Co
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co&@mgtlons tﬁ@eg@‘aﬂ‘e e%@ﬁﬁ& %ireff&lré’d 1%¥?ahﬁmaﬁlé‘rrn9ﬂ%rgﬁ g0 is an
I ndustries, Tg=a egrees centigrade) and
exampls of Qslbﬁ;pmhi olays of deydnpicinseyanthabtan tecome elebtaicelly eonglucting

| abl e f Co. ,.
withgas Bome” SPathRF wade B rapufieps SiRary FltEla foistent
for egoi ng nethacryl ates and nmethacryl ates of the

Tht @ic2@mi1Barfier My @b 88henGptdrpoatedlinpehsasanblyNplctdgbly are formed
"getter" or "desiccant" layers functionally

using geshpigpes @aplay edhinihefilng glegdlirng a6 sudheastyantiigring (c.g., cathode or

Pl e PR B s o 0RihE ERELOBRb Bsosion

chéerichlerapbagepositivnollatthg dndyks BkevMdst prfenblsgltise ﬁlbganic barrier
absorh or deactivate oxygen, .and desi ccant |ay %
layprscare HEMed yeing SORtKINgut-8r [P VS Ao Misrgtivay, they can be

forlRAGdnY @tlfye%&_%r tlog%v%n%ﬁ%hn hﬁ% & §%afl: ?fh Hon&l iHY barrier coatings.

encapsu at’i ng or exa rier |layers,
optical filns, or structured filns. The optical film
Enbanred hatrgdproptisics bxamsice ,ob@rvetdg\hhenethc nmganmglawn isformed by a

ffuse a pol.arizer. structure
nighgartigacpe i wBFIR b SFsEbE FEOPIRT i T iy echniques
sudchaﬁtc@h@&ltlﬁﬁﬂrthéﬁnda[ VI defisRoVgRocelics| Withbeteing Bbusa e
enbodi nents, the barrier layers include one or nore

theppo ftgahplicvisd that e qnégz@eé propisetics mer dperip chaepndprying species
arri@)[\égts[he %@%{;ﬁtgwwégl né‘ aﬁgﬁl&iﬁ&c e?l)é %’f le‘gaﬁg Y5 S?OW%QIOKP }ractlon asa

ani c

resB o€ todpsctioaT iesnerphmyeshd d?fnaﬁtﬁty eicbalcm mog@am@babﬁélr lagdr and
mat eri al s i ncl ude netal oxides, netal nitrides, netal

its aghasioadg thandarly g #icr FidcnhaBecs| DYGRGIMERSS (© gnfasma
pﬁ@?@ﬂéﬂ@ts&lﬁm% ﬁlt]g‘er@égg & ove Si | 1 con oxi des such as

um num OXI es suc% as alumina, titanium
oxi des such as titania, indiumoxides, tin oxides,
The hdﬁriﬁnattsbmbbid:mn(alsb'ﬁ@v? a praetiak ol yoer dtmcozu' layewnif drsired, the

o R PP SR S Py DRSS o v
codIREQB. gNigkdviueterol loIM ) UdPray coating (c.g., electrostatic spray coating), or
plasma deposition. A pretreatment (e.g., plasma pretreatment) may be used prior to
formation of the topcoat polymer layer. The desired chemical composition and thickness
of the topcoat 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 topcoat polymer layer thickness preferably is
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oxynitride, silicon oxynitride, boron oxynitride,
zi rconi um oxybori de, titanium oxyboride, and

W@ 098108558 ons t hereof. Indiumtin oxide, silicRCI/US1008053265
al um num oxi de and conbi nati ons thereof are especially
preferred inorganic barrier materials. ITOis an
exanpl e of a special class of ceramc materials that

suffigignpeduaade p spepihe aefogt-Esrutiacs that wilk profosbthgpagatying layers
' the relative proportions of each
ﬁogﬁ%ﬁgﬁ%g aZg&:)drﬁ's,tituent. The inorganic barrier |ayers,
when incorporated into the assenbly, preferably are
Tht polyedtr leyiersgrah de Hiointpdeby apphtigy & bhyemoftahmofiarhenor oligomer to the

talli,zing.grt such a utterin e.g., cathaode or
sul et g utn et Bt R D0 it Bifine fe by fesh Slaporarion
and 8o? h'gy&,it% 128641506 -BRUNRYFAL HAbh R follGRENbE &bsslinking
vapor deposition, plating and the Iike. Most
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apiy I e RN OF Hetiog GoaliBE FiriciBe” BIL AT e by cooling the
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barrier coatings. Enhanced barrier properties have
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S . .
elegfé%@pagfc&y%colqgg\@r b{#g%% 8@2&(‘%%&#%@2 8@6@@@‘& &EbiM®ove. The
polyatey eaytisanalalsofbe fore@dd byegpplyitiep st codmaipihgae eigsmer or polymer
. W thout being bound by eory, it is believed that the
in YHYRE _é“é‘ijg‘mltﬁot@? fgeogled QM@_ e e FeleFe Moreprstarahdy, the
: r Aet | :
pofflch HyBR A% (i BY PR & Pollibl it SRR B60ed &Y
crosglmkacy inesntu. The snoot hness and continuity of each
inorganic barrier layer and its adhesion to the
under | yi n ayer .can be enhanced by pretreatnents. ..
A BRGNSy RHEF RS R e PhSLE AL EaPi g in .
Pa@ bRV 8.883594 Nantdieibn @58 B IpkRSss; Biiridl 8RcMBN& @n be made in a batch
protective pol yner to?coat | ayer. |If desired, the
pracepeusl apdoynegsciibaddiclevam the Exppbleed usi ng
conventional coating methods such as roll coating
Oré%i@ lectgcftﬁl%’ Y& Feds %{ltl.?h gsc@iEﬁqgeviéP, P £ 9t g%%ni(:%ragsistors are often
ectrostatic spray coating), or plasna osition. A
seipitdicne akygntan( enddsturcpirasemainpheimpeiahn@mvypheey Haebodiechts of the
prior to far i on of fhe topcoat polynmer |layer. The .
prejeidisslpo s £ &emeﬁm ioBAhG°d _Ekaé%'ﬁ gagmiGfl Yapgr deposition
prdcBRAR& I RR Y TBbrphdY EliaMohll- 1S RENFhek RaRAE SuRBiol Risture vapor
nature and surface topography of the underlying

baiirigy perfajnant én he partlsul aemibridehenthendiphosediamese ke Yarrier

ol RS 0 L PB4 TR R

de%rﬁééifoﬁﬂ ofldefite p&fRhRYEIRIBcRIBIhE desiRftREtprédcee 18 Hkéne

hat will protect the undertyln l'ayers ' '
embodiment, barrier coatings are deposited directly onto an OLED device previously
encapsulated with a protective film (e.g., polymer film) that is in intimate contact with the
OLED structure with at least no substantial degradation of device performance induced by
the deposition process. In a third embodiment, barrier coatings are deposited directly onto
an OLED device previously encapsulated with a protective film (e.g., polymer film) that is

not in intimate contact with the OLED structure with at least no substantial degradation of
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fromordinary hazards. The polyner |ayers can be
formed by applying a |l ayer of a nononer or oligoner to

W0 b@8aedsst rat e and crosslinking the | ayer to fPRPCTUS1088/053265
polymer in situ, e.g., by flash evaporation and vapor
deposition of a radiation-crosslinkable nDnoner
foll owed by crosslinking using, for exanple,
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flash evaporation and vapor deposition followed by

cotempkfddnki ng in-situ. A roll-to-roll manufacture (web
process) to nmake barrier assenblies is described in
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Th%ﬁ%&%ﬁal@aﬁ%ﬁ R dwicHdaGr 2iRe ‘f%{at&lt @%Raﬁ%%ubetwe n the cathode

odi rents of "t he present closSure in he Use
an@ﬁmﬂh<Asnnehhaﬂn&dophasﬁmnomﬂﬂﬂdaDdvap@mlq&mﬂsnwm@n

cleRlitigret 6l may Sianad of Exulep b TRResEbr e kRGO,

5,63094partd &Hir@fndﬁ&@?ﬁ&&@ May REHMBIIYIS iféAR Psbslitieharge) or
barri er coatings are dep03|ted directly onto a bare

clecir@Dingisvion énagitine eltarges dayiersrandsisosoamrisabradeigraatettidlorl he

rnagerrragg or tﬁe gn refrnq trérgrniag&é Irl%%% %%glﬁ?t%dgg)?r} Ide 8rggrrrcgtglgmgtegals The

hgldte@m&idg&dgﬂné B@bﬂ MaP REQf Abludl ERIERY betdayRi€ Chaliat iding a
encapsul ated wwth a protective film(e.qg.,. pO'%fEY )

diffareniporganig EL snateyial dixamples of dhn %rg@meLfrn@tﬁ@aIQLIE de the following:

Valgjtrrdléﬁ&lrltreg rfNafl Mdculd eﬁgtrerlglg %ﬂ%%ﬁ%b cBhted ﬁgﬁtae%{ti %33 grners and

evice perftornmance 1 nauce epositron pro

smhh navlédnids dppummy mntoatlbgrmkﬁzt pimaty, ogsrashepriheipg sThicadganic
directly %

EL material can e transferred to a receptor by laser induced thermal imaging (LITI) to

make a LITI patterned device. The OLED devices can include passive matrix OLEDs or

active matrix OLEDs. The devices can also include other components for use in driving

them such as conductive leads and antennas.

FIGS. 4A-4C, 5A-5C, and 6A-6C show diagrams of various exemplary embodiments of
barrier assemblies. FIG. 4A illustrates a device having, with the construction shown,
organics 302, a cathode 304, amorphous diamond-like film 306, an anode and lead 308, a
substrate 310, and a cathode lead 312. FIG. 4B illustrates a device having, with the

construction shown, organics 314, a cathode 316, amorphous diamond-like film 318, an
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an OLED device previously encapsul ated with a

protective film(e.g., polynmer film that is not in
WO piosreases cont act with the OLED structure w t hP@EI/UBM88053265

no substantial degradati on of devi ce perfornmance

i nduced by the deposition process. In further

enbodi nents, the barrier coatings can also be applied
anqdy ang deagh F20a¢ substraic32 gl acethadg deadak2d. BHpotG tlblsghtﬁf a device

L carr [ -

e B el FRE Bt 320 o AR B phous diamond
liks fibs 38Qtam amnde amd lead)a32, @ sebecite 384, a cdthvidckrad 336,andedntact vias

r_.deposited qn gither. sjde of. the anorphous
338 oo 9o 00 a0 ahegm&g{ FORPECtNO tHivesatiods 4rd paaderlsadpor other

clebBod RUIRG RF ckAMPIBALSLABLQiveRBnQHERNIG LIRSS Bl cFing.
devi ce, ere the barrier filmis an anorphous
di anond-li ke coatings, a polyner barrier layer, or a
Floofdiitastiates aclevisn daving rwitle thareonghvetien s vddanics 340, an

| ayer.g,and . .po r_layers. y conpi nation pof, thes
oS 7 R B T S PR e i BFE 5. g
an@ctaidNedd 35 5 bubsatier3s2f aidneshtidc dc-8BF4t FBG.SSB URBrass a device

gl ass or transparent plastic. Alight-emtting |ayer
hayng.ariththggangrustiet shoasyu argeais 8Ae. Rdhestyg 398, aicathade 360, a

. . o P | ay

co R Rz, ABRERAHPEREHES 364 12 4Rh HflenP 5. Eubyge 368,
and anathodhlead 870. IFGesdiitudtatssd, dekiae hexiagphih tHeeionaarrtivhehown,

cat hqde and_anode., As an alternative to a convyentional .
OT%EEB%a’g\ﬁnc?éi}le%Vq %‘h@ﬁé@?@q 3y 2éret o @nrrarrhent fiapgpd-like

il B8 SEanodl afk RIP g@Z %fsuﬁ’gﬂra(f@ﬁéﬁ a@gﬁlﬁﬁé Rad 388 MdSontact vias 388.
p No. b5 43, be

at ent . 9,682, The sem conductor |ayers may
either hole injection (positive charge) or electron
FIGnp Actlustrates nalgatce heviopargeihelcaysrustiam shaws orgaoms 398 ean open

or ic tepial s. The terial for the light-gaittin
st ap. S ad dides A 1% iy s Smend-ee T R 4 bl ana
lead¥90) 4 @ibktr@EUDL,| MG IREGRUNRS, bR £ EatiBIe ledSH0d. FIGS bBdRustrates a
mul tiple sublayers, each including a different organic

depe haaties, iveth thegenspuetiorpshopieoigatigh #08. @n ofen edcaldl, a cathode
) NC | oWl NQ:q: I sjte | | e

13 A PRI, Sl P VR U5 RS B R g R

sulaadtest28] dn Mdlesgee U2 aapplcatidddicasd @24 KGR GCGustraidy £device
printing, or screen printing. The organic EL materi al

havigg, wigh the gpastaicHer shayvm oFgeaics dae. amyonca seqceitd8eghode 430, a

cox'éfjé‘?/ifhg?nlrﬁ&j&[}%g(cgé&bﬂd-fi& Hﬁh%@, c'obt-crtl:t A Jﬁir, Of grtlordiexand lead

evi ces can include passive nma
438 aEDbstoate 440, iav @dhesivel 4420k catlidue [ed4des can al so
i ncl ude ot her conponents for use in driving them such

In ﬁng."m—‘iﬁ, i5)@5 ,ea%‘a%ﬁ%, %gtreecq egsélernents can be implemented with, for
example, the following: the organics can include an OLED or any organic electronic
device; the electronic device substrates can include any of those substrate materials
identified above including flexible or rigid materials; the anode, cathode, and contact vias
(or other types of electrodes such as a source, drain, and gate for a transistor) can include a
metal or any conductive element; the adhesive can include any material capable of
adhering together two or more components such as an optical adhesive; the cover film can

include any material such as a polymer layer or a film such as PET as previously described
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FI GS. 4A-4C, 5A-5C, and 6A-6C show di agrans of various
exenpl ary enbodi nents of barrier assenblies. FIG 4A
WO 008803588 es a devi ce having, with the construrCT/082008/053265
shown, organics 302, a cathode 304, anorphous
di anond-1i ke film 306, an anode and | ead 308, a
supstrate 310, and a cathode lead 312. FIG 4B
forjsupsfetesandsizad waterigls sHalyasngassving motH eanddhe prgehogn diamond-like

TR g S AR 18 TSN BB o or e

ametieus étaﬁloﬁaéh,kea]hm Alsoaihh @dealjlselatin@atilproi%b@ze Wgers of the devices
LA 5 RO R D S OIS s o
dySHs2IRNEL kG cdd daMaB3Rati@ily ﬁﬁﬁﬁi% a@ﬂ‘ﬁohﬁque%sgrch s those identified

substrate 334, a cathode | ead 336, and ‘contact vias
ab®88. The vias can provide for electrical connection to
t he cat hode and anode | eads or other el ectrodes using,

.or xa ew Vi a ctive adhe ver |
in 3] SRR e S REREPRILER R B BARRUF uoTiabro iy ot
betinten ca@/@ﬁtdfléﬁ&ap@maﬁﬁ@mms sugan b@x&a&f&@m b@fora@dbesifite cddtng

a cat hode 344, a cover film 346, anorphous

thrgmethirexpmple, f shagozagaskansubpenial satione icalp mage than one half,

of Iﬁlllé é&{ i e&?o%’lc Mceaw‘ﬁ?a Iﬂﬁﬁl %l&l%ﬁﬁap?ﬁént s[flklﬁha? B Portlr?n of a device

rates a deV|ce avi ng e constructi o
clestiodremaing@Rp@ssd 38 Gonduetiacl ﬁ&ﬁ,l sueh 358 meaul oatrnperc86éhndactive

cover fi|m 36 anmor phous d|a nd-1ike film 364
oxigdaggdhen pPSéfgé thygaeh %H ngswg hat gogtagt léérf-%iscf@ﬂl the

exécﬁ@&j cRéPodeldnPa CF% d df4RE Edﬁa‘ﬁéh@e ﬂﬁﬁ’if(iﬁs 3% d(ﬂrgtse‘{\ﬁl{lgl

e constructi omn organi cs Ive 374,
en@pswdbtdieln8 26sccand en&epsmatiqm f3uBis tlaﬁmtephmeé Such that the exposed

di a i ke .fil m 380, anode an
poRioB SR Pk i s Cortith audl FoamipT a0t AR SR RS B gryim and
cotBBtivdTifa. TR dnl lrekettigheSrg@ndYdcEBnid @108 coVdréd by Athin film
construction shown, organics 390, an open space 392,

encagsHontend g sondustise phihl frang 96 ¢l catnextodh dhscxdéranrom tha devece.

film398, an anode and | ead 400, a substrate 402, an

Th%dt?llg ('t)fv e%tca sulatlgﬂ gna pt?c%?arfyelgg%lf'?% an <|:tC%i tnﬁeEb%ED solid state

€ construc

lightigyand sdg@an B}ﬁ]ﬂlcéﬁ’(&ls a’smmﬁﬁﬁ{l panaamebldhe botoat Hoder# i,
a cover film4 phous di anond-1ike film 416, an
reqyifgeeMuliipla lé}éﬁis Mt@ mfaﬂg%étc%%t%way &6 dsppritsil\aad gonductive

patﬁggol %Sﬁi%\i/\?%lgﬁrdd%§gn #<th le slugktrafé&w %E%Etﬁﬁtsﬁéd aﬂ%@ﬂltncfgﬁl

the constFuction s or gani cs
cnaipsulagpacy idddde RLEapotded 43es,plasmagrolfménmed 32ms, thermally

hous. nd-.li ke m tact Vi 436, an
e RUBETair el o¥0 ST A e ARG Do HGSY T 42,
and a cathode lead 444. In FIGS. 4A-4C, 5A-5C,  and
It if@él's@ Gossitle td @mhBiRtRNABIN SmERIIMB&s b HiBBhESHsMbduls. For
or
example, an OLED device can be directly encapsulated with amorphous diamond-like film
as illustrated in the embodiments shown in FIGS. 4A-4C, followed by lamination of a

protective film and a second layer of amorphous diamond-like film; in essence, this

combines embodiments shown in FIGS. 4A-4C and 5A-5C.

The barrier coatings of embodiments of the present invention provide for several

advantageous characteristics. The barrier coatings are hard and abrasion resistant, provide
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exanpl e, the follow ng: the organics can include an
CLED or any organic electronic device; the electronic
wa@le0Bae35skibst rat es can i ncl ude any of those suRGI/D81088/053265
materials identified above including flexible or rigid
materials; the anode, cathode, and contact vias (or
. other types of electrodes such as a source, drain, and
impreved mekstufe pRYAEPSIZSH Prafegiion nEpy Be siagledeyrs o muktiple layers, have
: I _ ‘ . . ‘
ol AL B R kon higRidBIA A, % 0B2%ed LA 18R s o
illsoaged e RIGSAC 5@ and6(ofhe batricadiwsipy aay bhapaodas flekibin and
. C include any material such as a polyner |layer or a
“gfqa&r‘ﬁ@éehs@ﬁt@@r as previously describedfor substrates
and rigid materials such as glass and netal; and the
DiREPERAMEtidh VN ED S Ji6vilibd 8 8 PRodeBCthi@ndelchirBadut bNiBgh
anor phous di anond-li'ke filmas descri bed above or
spastihEire amenppowudamprdrbhalfiln Kepositiom pragesois ragpid; 60 A/second

cciERARRTHS b et R EAEer NGNGBt 8B dgmone

liké @lrh @eposainh FroedRe ma9fpréliador st [hite dievt @espstRkion, although
alternatively include additional |ayers such as those

mulglayiers magde slsgieble inpomesasast Twvien gebangréplasap depasition process,

. | .

o BSEAEE e, PSS B! LERAIRESRIGLED BTN 1o

beaafouhé tHaotherde bfsificarstoiloedider gtréshesoioghy inf forior epogitké diatnond

. shadow mask a substantial porti.on, typically nore than

like _ﬁg“ﬁ ey hREIARPAATRS [FMmecaatiBri gy amipp! HPOLED

dexflilfé ARk il %Bélsdgﬁy irf ‘4?)346 AstRRlek ! Iﬁ?)iaﬁfcu?a,lr dRY k&ifhation of at least

el ectrode remai ns exposed. A conductive film such as
on@aametphbuodiatmoadisipatayat utdomaiartly vdoxaxe detheicsrbohenurce resulted in

. deposited through a different k, such that contact
g ARG A THEocs BB bty e S <BoreRACgres such tha
delaRn 4100 Q¥ 6fabNEinfthd MhilTnSiRPRARAGOMid O8ctidhid d@lices were not
encapsul ation film A second encapsul ation filmis

detepted Alpprsiainate stteskest Haresehie inethp emetphous diamendilikelgeatings
devi IS covered.a as portion of .the first .

et Bor i S o i Bl s By el o Rbits Salgriltbag ptiovine

codtihgd Bn 0 the ORIBELhiiidtb ehfNbrpRoGAN AN &6l ke Alnk Bhdapdulation.
encapsul ant and a conductive path froman el ectrode to

Prateiveepatings cowl inglede & cxamplenmstal fiias of cespig s aueho

sili nBﬁPﬁa% bi GibR rogﬁﬂeyﬁgrfoﬂloxfa%rvrcml& 865 VL ¥&a Qesil?c@aﬁtollailé}.
state I'ighti ng and signage applications as m ni na

Mdtit pranecnige diflms hey bejuieranghaditingdmdedayice guivoethundesirable
Multiple. layers with jnterleaved condyctors may he. :

e1e&%ﬁé@%@&gq&ﬁ‘?ﬂee@dﬂé‘ﬁgﬂ‘%%mﬁ%% PO H?‘flfﬁ- 3“@?%8??‘6’&% goatings

CaI?iﬂISd?nin%Mag lofoa P& afiRE Lol Y 0P thcBSLEB! JrRP &FamdipBodsifinond-like

film encapsulation.

One method of applying stress reducing coatings includes depositing layers of deformable
materials over top of the OLED prior to amorphous diamond-like film deposition. For
example, copper phthalocyanine, or organic glass-like materials can be vapor deposited in
vacuum from heated crucibles as the last step in the OLED device fabrication process.

Stresses in the subsequent amorphous diamond-like film layers can be relieved by
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encapsul ants may i nclude DLF, sputtered oxides, plasma

pol ynerized filns, thermally deposited materials such
wW@2008i1@35sd GeO, and pol yner/barrier multil ayeP&I/US1008/853265

al so possible to combine the various enbodi nents of

t he present disclosure. For exanple, an OLED device

can be directly encapsul ated w th anorphous

relggasigprdefonmedion] ardekaninatiogsafthase dpviers, th@éebérr%@@nﬁ%ti@ammaﬂon
ofﬁQQTﬂEbegkfﬁveéA 4C, followed by Il am nation of a
rotective mand a second | ayer of anorphous
dlanond like film in essence, this conbines
Anetliieodicthedtod applgimg prMeEt[x@Sandlesttﬁsadtbvﬁtg- @@ting'srﬁecludes adhesively

o et o885 DTRAE PR e s AR Mter ahsive o
su&lha%raaﬂie%hb%ﬂd@ﬁ hotl R8It Q@lﬁés{v%ror @&%hld‘&SP@T @EN’ rof tl?é“l@ke ora
abrasi on resi stant, providei nproved moi st ure and/

bamsiey Gbm smhatsedﬁral@mer d@@teélvn@l an 4chysive layer. dul qxalpnp@ of an

er have ood 0 erti and ¢
embBHEIR BB SRR R e By BERBRI MRy e AR R ut the
covo? fih@36. BlGabbicr &fds Hicludd heulbiRyEd fifns GaRle] 9 SxdaBYe 18 vacuum
applied to flexible and rigid devices or subst r at es.

deimisptiontof dyve appseanag flislecfc rortpmys peaueniipdly in grmytipnde @& kyers on a
glagpgll n%[ﬁ%r%uﬁ%elg ?ﬁl{sltrg%égyélte?{atlﬁk %ggﬁogglg?rglﬁg n?agy[a 4% organic
poAh®Res; an desdﬁbﬁﬁmtw.SnPitaN es Snmﬂel%ee,m*s B@mna 1cD 1101 7gher

rates are possi ble. The anor phous di anondlike film

sitio provi de for. single Ia er .direct
it S PR nd PENGU BN HiTP oy ayvide ﬁﬁgms%t REEFiGbfoaTlow an
OLED 8&%‘6 t%ao%%ansf“e_ﬂ‘é‘d LRderaRbane ech b ARTB aqgﬂ)‘i’ﬁﬂotuk @fhmond-like
process, as described above and i n the Exanples, does
ﬁlm@nca;pamlag@l tok LOuERrdeviilow rnaylmoslde seffioeesmt btmpsdluumdo enable
use i.Licone edu esses foun
long et B RS, Birdnscitop fls PHEERS BT 8T en Syitdon B he
en@hﬁ&!l@tﬁtdr filnk goafd théfb&%@fof fSdeaiveipondginds hawenas pRidel an
e OLED device architecture or topography in sone
ad{ifjenad hewist coqtinganithe sirace of Hie cheanyalefiag fibh. Atbstratgs ¢an also
1nc?u AW Ptheql'éﬁ sq}a%rrr?lgt%rlgll i wlﬁé(hegasg tﬂ{ érzdrﬁlgou%rglfxnond like film
oxane as e car bon Source reésu
carsalgdnbé ldnd kycapadlue ek sibsess asstiowvd ieF1GNAB, 4C, 5B, 5C, 6B, and
encapsul at ed organic el ectronic devices such t hat
6Cgdel ani nation or cracks in the final encapsul at ed
organic el ectronic devices were not detected. Any

A fuBiiB Jﬂvﬁﬂtagé 5 €58 §forpHouPARALBA-likk FIhPR é‘é}@&pﬁ%U@sS is that it has
di anond- e coatings described hereln can

bea damavatradd i 4 rajeioddprnimg. Piescibngnorgtoss tilammnelfidded"ﬂm
enip Tt BHEGE BruERed R et Pra iR cus i b gior cOber'

layers, is well suited to an OLED web manufacturing process. The process may be used on

both top emitting and bottom emitting OLED device architectures.

Embodiments of the present invention will now be described with reference to the

following non-limiting examples.
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Protective coatings could include, for exanple, netal

films or ceramc filnms such as silicon nonoxi de or
Whor8no03sx8 de. Boron oxi de woul d al so serve as BCT/US2008/053265

desiccant layer. Metallic protective filnms may require

an insul ating underlayer to avoid undesirable

el ectrical shorting between individual em ssive areas

ice. Stress relieving coatings can al so

i ncl ude organic coatings on top of the OLED prior to

E)ggquﬁqus di anond-1ike filmencapsulation. One nethod
appl ying stress reduci ng coatings includes

depositing | ayers of deformable materials over top of

AstshewOIERIGr 7, @rplasmaainppﬁtiom systinaddthd-a$ iised for thadeposition of the

a3 g T TR GRS e e AL AL S Dy,

vaMAGHEIN e IS NERHARiInG U0 R] 2 oS m! A& tHods tvithttB chambch §valls
OLED devi ce fabrication process. Stresses in the

actgmém@ﬂﬁt@mﬁﬁé@ o musm?mibfrtwr%@l thie Ipﬁweé@lyleal@tr@dﬁ apybthe
gr%uﬁgéc{e é’lggtrog)réglg h?%eai }geg %?cgl\l}g éﬁhé 2p eir%urfgc% 40 &%é ?(ﬂun(eefr-

cleCiedd?, d%\@y@tenﬂ rﬁé!}%éconéﬂi@fdd&b bﬁetﬁﬁlﬂet@ﬂ‘c ﬁ@lﬂhyg it0a large sheath
protective and/or stress relleV|n%?coat|ngs I ncl udes

potgr.m@@t {henpwcrss Peatiodg on whighethe sylshintsh tbe ¢rated qrpplage The
oS PAepRGB g b SR L RER ek X EDBNERaESump

(PRHENr Modet Ne. TPH&lO)dJac]aedttgfrermechaﬁudahpmp tEchsards Model No. 80). A
ul trabarrier. fil m coat th, an adhesive |

oatg val¥S Pt aolichG O'WE&F ﬁ%m th PUEPRE Y G e th%ﬁ@aré%e

vetthg construction shown in FIG 5A without the cover
film346. Utrabarrier filnms include nultilayer filns

made, for exanple, by vacuum deposition of two
Pquqﬁﬁr@aﬁ?ﬁ 4550hné|4é€ taret meteeadethioaik nyegflentconiroers Braoks Model No.

58% gi q%qeén(fég n a ﬂgit%eﬁorg tlgefysarg {ng%%tdhcﬁegir ; 0 th% Qharnber through

ani

gui@tided BbiSs wﬂarmt%rpaealreotoytﬁe ERctréde AR9tiked) @to tHe dHadber by a
Pat. Nos. 5,440, 446; 5,877,895; and 6,010, 751. Bare

mukamee plamaier HERO0 fHAPERD fip|crspaspe P8 High apiib\iilpgane source (i,
sﬂﬁ&g Sipl R0 B&%gy%qg gﬁﬁq&eﬁ iAoV AL AR eV £ Igh%n fiseful

transterred U ent conditions to a ano
me@lnsaﬂm)nﬁb ¢mb@ifnichtysidiness Lisaio) dispbadl on dobjphri@loa rcanben cloth in
rovi de sufficient. encapsul ation t

elep%]ﬁél qﬂ)@ggcé n|to f POWRRSOUT 4§ Y4ney'z ydﬁ:a g ‘816 cal%on cloth via

pair2RRdnd thiRich ithdRL081 él@tﬂ? WRET tht 9Rcu@n EH3aber while being shielded
encapsulatlon filmseals the edges of the adhesive

frobothd plasmesvitisa Wehdayasigpr ovi des an addi ti onal barrier
coating on the surface of the encapsulating film

Pneslynkfaa}crvarlvee% s 18 1sof21te the flow controllers from the gas/vapor supply lines. The

process gases, oxygen 455 (ultrahigh purity 99.99%, from Scott Specialty Gases) and
tetramethylsilane 457 (TMS NMR grade, 99.9%, from Sigma Aldrich) are stored remotely
in gas cabinets and piped to the mass flow controllers by 0.25" (diameter) stainless steel
gas lines. The typical base pressure in the chamber is below 1x10-5 Torr based on the size
and type of the pumping system. Pressure in the chamber is measured by a 0.1 Torr

capacitance manometer (type 390 from MKS Instruments).
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i ncl ude non-barrier substrate nmaterials, in which case

t he anor phous di anond-1ike filmcan also be used to
wepwapsstat e t he substrate as shown in FIGS. 4BIT/UL008/053265

5B, 5C, 6B, and 6C. A further advantage of the

anor phous di anond-like film deposition process is that

it has been denonstrated in a roll-to-roll format.

Thy plagma dsneovaired Brad4-5iMHs o firgumcy roweicapan @dvarced Encrgy,
ML RO SOV 5ol S8 L AR oo

RERERA M2O) ﬂ&etAMp?rﬁ)gmmeda&s Sictwidrle was aoelsfedinychaegiug etk load coil
th top em.ttin an bogttomemtting CL devi c
amgﬁmi%&@m% ne t %%nao%wieﬁbcoaé%gféwf E%hﬁo@ﬁ?@aﬁe matching
netdork sé}%’! 8 %u%%ﬁa%él%n@"tﬂe‘lzgpés%{a%% et 80 bh/ 1%%&8&% BYthe
EXAMPLE 1 As s

non-limting exanpl'es own in
poﬁblcsupfzil,y ta npixasire pdeposiupliog. Syder grpickb Gomwhisonssthd réftacted power

the deppsition of the amorphous di anond-1ike filmonto
SWP%%g&ﬁéhe @ﬁ@? YOG i ncl udes an al umi num vacuum

chanber 452 containing a 12"xl 2" bottom el ectrode with

Botthfh e e a1l BDA€dnitdigind Souiried ponduin€l a8l SdabRIEMmINS mm
aci ng between the powered el ectrode and the grounded

plX@ SSEQE lca@dtonrpétéemﬁéﬁ& cogted alase(2010hmaq. | agpidpde from Midwest
Mig rlf)g\glges {IG&QL@HZM{I‘S{G g%&{\%gﬁ atl ﬂ%r&}ﬁs& %pgﬁ'%\ésuion

e consi ere resu
thrsingﬁtuadm&mks il a tadll thﬁfapﬁﬁaﬁj‘reda(ﬁia&dttﬁ Gcke OmOthhehOUE@

ubstrates to be co d are placed. The chanber is
de\a ersBPesitpdiAp éﬁ%?@%ﬁl@d TQupiogs weFH Qs of deposition): /

N#W{%@U@L@PJ&PS A @% éﬂvgl\}\gsgﬁ M?%Q{opﬁ% d’;&'%’c@)A@af%@(zoo A
S

a mschanl
at héVs)élslé(X/ésltﬂd ))AM@SO@Iéa:IIQén@de) fromthe punping

system when the chanber is vented. Process gases 455

d 457 tered.t h fl 1] .
A BB s el R st D& MAAT B e kirgh i 13 i 1 glced inthe
plabgh @Eﬁosﬁtﬁﬁ%h@ﬁfbet htEPE MR detdibed bhe cehad Rhekn IMFRIGN(OLED
gun-drilled holes 451 and 453 parallel to the

cogpduite fﬁ&élgarpd and helddo thetedectinde wawtr@ns oy MaSerieh Mt &ld@emovable
tap% alo . étl? C%%oof Ql? devgée g?sfl(?vvt)l np ﬂ(ﬁ 8, Sf@l%%ggﬁnfa@l% é%l%\%%%eg,rwuh the

ane source 1 cone
corﬂsﬁﬁcﬂl(ﬁl ghoow i FIG. Bf apé 162, M4 sTChauirie phlh e6.ghcattivie 468, an

org%?lgfelféctronlc device 470, an ITO anode 472, a device substrate 474, and an
amorphous diamond-like film layer 476. The tape (462 and 464) prevents device
movement during amorphous diamond-like film deposition and serves as a mask to
prevent amorphous diamond-like film deposition over portions of the ITO cathode and

anode leads, thereby allowing for electrical contact after encapsulation.

The system, the device shown in FIG. 8 in the chamber shown in FIG. 7, was pumped to
base pressure (below about 1 x 107 Torr) and oxygen gas was introduced at a flow rate of
150 sccm which produced a pressure of about 7 to 8 mTorr. The sample (device) surface
was primed by a 10 second exposure to oxygen plasma (1000 watt RF power). With the
plasma still ignited, a 1.7A current was applied to the graphite heating cloths which
vaporized a 0.6g sample of silicone oil (DMS-S12, Gelest, Inc. Morrisville, PA), that was
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means. In one enbodi nent, silicone oil is 460 di sposed
on graphite or carbon cloth in electrical connection

WQ 008/135%&r source and i s vaporized (by heati nBCT/H82008/053265
carbon cloth via passing current through the carbon
cloth) within the vacuum chanber while being shiel ded
fromthe plasma with a Farada Pneumati c val ves

plageg 7@0tﬂ@f~‘ qaslanaglaths Resviqusly, mﬁw ﬁg@l@&mfﬁ rYiheui extinguishing the
PR ARG PPl B Bl GRER SRR E S AR {8 scom

whala thdieth manehbyk gicndivey 45750(sEé/b aMV/R 7gv adeent 88w IBfouglt drmicarbon
[ Al.drich).are stqred renotel s. cabi nets .and

Clog? %”Hz fHnYtES O YS 2BBRE TP By éoéymdﬁ iwis-amogiphgys dimond-

11k§ 'ﬁﬁh %h%cpc‘oisén%ea!roﬁﬁlsthé '(5‘19@]3 debige. tﬂﬂ?ér%@t&lopaﬁ?ﬁ)npfh% 48hfa chamber,

he chanber 1s bel ow 1x10-5 Torr based on the size
a nam];iy tq,lpléesefancﬂ hpthauypmrfgrrs ymbfpimouPdlemsvudélka filmtreuld be seen on
sure acita
he R AR (o300 DR Lo TR E ol P his il
thd GLRPDWRERE vy vasithy uﬁ@laM;E’d ﬂll'tee%s SEEFBYesh RIratidhaP! Y
(Advanced Energy, Model P RFI OS) through an
chirpgerdigs ef mltagh |an@ bﬂglntmms IfOI(tA@I vanuthuEemgpd-livo dﬁém
en%lysul'ﬁtea/%@lce ﬁ%%a{%%g otg}%ﬁ Qﬁgﬁ? HQ\% Sk {( W\é\glségcc%% < and not noticible
difSdiérice s nﬁﬂa@@ﬁ&t bstnste mecamﬁmphmgtd@dnonﬁhlﬂ(d fﬁlﬁﬁ&&@ﬁs&llated and bare
mat chi.ng network serves to automatically tune the
D d¢MicPoad to the 50 ohm i npedance of the power
supply to maxi m ze power coupling. Under typica
%Egpns, the reflected power is Iess than 2% of the
I nci dent power. Bottomenmitting glass OLEDs cont ai ni ng

four independently addressable 5 nmx 5 nm pi xels were
The admé aprtactusoandgadealuredts¢rit@don dixeplyl lawss (20 tOmaks en

R T R

to £d16 Qhgh ShALawh BBBIENd Shif aﬂ@lﬂhoh@ﬂlaﬁﬂ)ﬁﬂﬂﬂ(@tﬂl’ﬁl encapsulatlon film.
evacuated to 5 xI O6 torr. The OLED device |ayers

Afigs et ab oo ihe plasor chamabesar nearhyeglartess entisals upiéeran diapond-like

ﬁlrg cgﬁ éi b%fste%e@ﬁi]g#;? %}%}fag% Bli\lﬁlg?d(eggg Wﬁeﬁllvle 1% gg c;ev Igf §om an
angl@! (mthér téhhn thiAfiB), the OLED devAceatasOvifib A/ umchdngll by ZI‘-ﬁE()&bpésltlon

at 25 A/s). An unencapsul ated gl ass four. pixel bott
prosgss: Whey C@’fn@é’ﬁ’d@ EDASSIRREPHEACH carter] dewrice rtﬂtlagbrlﬁadlfference

ny@ﬁﬁﬂﬁhﬁé a @%Q%%Lbatch coater descri bed above and

own In FIG ED coated side facing up) and held
to the electrode with strips of 3M Scotch(tm 8 11
EX/AvVBLE e

The same apparatus and procedure described in Example 1 was used to make an
encapsulation layer on a second 4 pixel OLED device with a 225 sccm flow of anhydrous
ammonia instead of oxygen. This produced a nitride amorphous diamond-like film over
and around the OLED device. After removal from the plasma chamber, a nearly colorless
optically uniform diamond-like film could be seen on the top surface of the device when
viewing the device from an angle. Other than this film, the OLED device was visibly
unchanged by the deposition process. When compared to a bare unencapsulated control

device, no noticible difference in performance was measured.
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tape al ong each edge of the device as shown in FIG 8.
The schematic illustrates, with the constructi on shown
WO p0oBIL@B558, tape 462, 464, an | TO cat hode pad BEGUSA08/053265
cat hode 468, an organic el ectronic device 470, an I TO
anode 472, a device substrate 474, and an anor phous
di anond- I|ke filmlayer 476. The tape (462 and 464)
EXAMPERt)s devi ce novenment during anor phous di anond-1i ke
f|In1dep05|t|on and serves as a mask to prevent
A ¢4 fl b€ thitifNndeResihE We MY el { RO®LED
ATPERRRYE AT SE A udrResl LR Bl 0
detios fremehd: Bmxaajnnmnt\mbpafatedrcoemmmslwl aavVamd lél‘fh eut in ambient
stem devi shown in e.cha
condiogt 4t I%O@tow EaERIﬂﬁléIE?t‘iI% 6 Th b ;5?%@ ?(Stf@r[wtely dead.
Slrﬁﬁl@dﬁ%o&sl% tﬂ@e&aqs%'leftéd @élﬁjceq}‘é&ﬁ @%aﬁhﬁfk MRas 418 E&Qﬁhﬁgﬁlﬁbperated
| ow rate of 150 seem which produced a pressure of

at &‘16 @uql left qus iBamirignt labathtery atmﬂlteoqs dEhd dey)cegampace operational after
10.second ex ure to oxygen plasma (1000
l?ngg&%gWgFffCW§?W0WH)eBﬁ%@n& still ignited, a 1.7A

current was applied to the graphite heating cloths

ExwhviehEvsapori zed a 0.6g sanple of silicone oil (DMB-S
12, Gelest, Inc. Mrrisville, PA), that wasplaced onto
the carbogﬂcloths previously, .into the RF plasm.

Trapspoisinn 18Lped gosesri e méS%?da@ﬁe g&ﬁaalaa%wa%?r%(swcwhat had
am%g&%ﬁg dﬂﬁloﬁé{-'hk% 1 IR & ﬁf%ﬁ og%sthfﬁﬁsfo 1'16{%% GCEeh(pROcess

'e maintainin t oxygen w at 150 seem
an(ilmatenaW&epsuﬂuﬁmtedfmcﬂmanipiemdgh ande3. dmEbample dtahd 2 ftiog infrared

t. t el 000
B SR iR REE PR B o OSAT-b s rane
indidaER F@lﬁé%r@@-nc%ﬂ SiLoLehMUa! T\flé QMaitieal Qbmcfélé‘ AREMmeasdred in
near col orl ess and optically uniform anorphous

theoﬁ@nrmnhtq §80emf | ramge odichtibe theawpscoee ofralicanp (SuGHD-Qf

Sl(gf‘ﬁ%? -ﬁ-hgoendt\{\%e §7vl¥elnl cr%mp%ﬁedq%e%%}/ﬂ%lé\e/ Il ]érré&) %@e \1/1?}2 ag%f Mmeasurements

forUNGRPROR (D DY fillie nAep 8sthtanBRdrB 1 O&BSSniaiRRIvaldi s@B@lmnal variation;
characteristics of voltage, and br|g$tness for th

th@&%’d%ﬁ buige widagtomdn |ab$@éb8m0P 1 B Sée bangt (205 Qv é 1Wé}cal-l) and
nSATBE AR PLERLATKL il boiaab loche] & st
incﬂcrmng et shechxgpemdras idpiactd ivith eniteapea uh dicethaplibusalizandaldEike film.
devi ces. EXAMPLE 2 The sane apparatus and procedure

E)gﬁgggggfd in Exanple 1 was used to nmake an

ation layer on a second 4 pixel OLED devi ce.
However, the flow of TMS was set

A four pixel OLED device was encapsulated by the same process steps and materials

described in Example 1 and was further encapsulated by a PEN film (0.005 inches thick,
Dupont Teijin Films) coated on both sides with multilayer barrier coatings. The additional
encapsulation was made by laminating the barrier film with a pressure sensitive adhesive
(ARclear® 90537, Adhesives Research Inc., Glen Rock, PA) directly to the amorphous
diamond-like film layer of the amorphous diamond-like film encapsulated OLED device.
No difference in device performance was measured when compared to bare, un-

encapsulated control device.
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to zero which resulted in a silicone only anorphous
di anond-1i ke filmencapsulation film After renoval

WO e@ai103588 pl asma chanber, a nearly col orl ess opCT/U82008/053265
uni form di anond-1i ke filmcould be seen on the top
surface of the device when view ng the device from an

angle. Oher than this fil the OLED devi ce was
Thys, §nﬁ>p91mﬁﬁl@%@fﬁ§%MQ%§Tﬂ$e€ B%&E& %\AEFM@ﬁQR AREHANIC LIGHT

El\ﬁq{ﬁﬁbgﬁ dIgE ﬁ’sfﬁ;\%%s“al}g ﬁfs@f&#ﬁo YRk GRAGE Bl 2HQVHIGS %pre@f’dte that the

noti ci rence 1n pertformance was measur
pradsiAMRcntiGn Threbspneticd petiadmisodimedntp ptheethan ehade dsciobat] The
A anple 1 was used to. nake an apsul ati.on | ayer.
disglpoef SRR BIOREFSISHEP HRHF PSS ol s Gatmagind el ta(ien. and
the;};res%ﬁhﬁﬁQElﬁib% i ITAR@kH %nlynﬁé @gla%s Yy ﬂ)‘ﬂew Thi's produced
nitride anorphous di [1ke filmover and around
the OLED device. After reanaI fromthe plasm
chanber, a nearly colorless optically uniform
di anond-1li ke filmcould be seen on the top surface of
t he devi ce when view ng the device froman angl e.
O her than this film the COLED device was visibly
unchanged by the deposition process. Wen conpared to
a bare unencapsul ated control device, no noticible
difference in performnce was neasured. EXAMPLE 4 An
OLED device that was left bare, that is, no attenpt
was nmade to protect the OLED device fromthe
envi ronnment, was operated continuously at 8V and | eft
out in anbient conditions of a |aboratory. After
approxi mately 24 hours the device was conpl etely dead.
Si mul t aneousl y, the encapsul ated device from Exanple 1
was al so continuously operated at 8V and left out in
anbi ent | aboratory conditions. The device renmai ned
operational after nore than 1000 hours of continuous
operation. EXAMPLE 5 Transm ssion infrared spectra
were neasured from germai ni umwafers (source) that had
anor phous di anond-1ike filmcoatings deposited onto
them followi ng the sane process and nmaterial steps
illustrated in Exanples 1, 2, and 3. In Exanples 1 and
2 the infrared transm ssion spectra yielded strong
absorbances in the 1050 cm1 to 1070cm 1 range
i ndicating the presence of Si-O bonding. Two
addi ti onal absorbencies were neasured in

-28 -



10

15

20

25

30

the 830cm 1 to 880cm 1 range indicating the presence
of silicone (-Si(CH3)2-0Si( CH3)2-0O) bonding. Wen
W@ vpasse t o exanples 1 and 2, the infrared  PCT/US2008/053265
measurenents for Exanple 3 (DLF filns nmade with
anhydrous ammoni a) showed substantial variation; there
was a | arge reduction in absorbance in the Si-0O band (
Whap spdasmed 190 1070cm 1) and the disappearance of the
absorbencies in the silicone band (830cm| to 880cml)
i ndi t [
L R T bR il S g e R (B g ion of
maptxielor Ok FEiandensite: dlagropncdgysiel edreplisiyg:t he sane process

steps and terial s .descri.ped in Exanple 1 and was
F ur THERT A B S0 MABH G S PIBEN 11 m (0" 005 | pehes

thi gk oswtam%mdda d’i:ddld'fﬁillﬂé‘eoﬁh?ﬂ SRR HLGeS A T h
mul tilayer barrier coatings. The a d|t|ona
en c a@@binatg the amaghougldiampnil ik ddmj la@r vhth ablamstueq: off ¢ yigen
Sg e% gre S nsni ye %dhgéta Em lr% 90537,

Adhé%WVS ES8AFCRVIFRE OTE TN OROER S BAPGIFECT Ty to
t he amor phous di anond- | ike filml ayer of the anorphous
di anond-1i ke filmencapsul ated OLED devi ce. No

2. di f Aelresrss apqordiag fedaigel foheraindee Nasmersaipe gnhgreed plasma

e ated control device. Thus,
forﬁ%gRﬂlfhn%ﬁ{dgo @?C[l’t%ﬁe?y W@%%EBARH ER COATI NGS FOR
ORGANI C LI GHT EM TTI NG DI CDE DEVI CES are di scl osed.

One skilled in_ the rt wl] app iate that the
" pr e SePPCssh oesHing i ﬁmbé ‘ﬁé’%ﬁ@lté%é%lﬁgﬁt%%%ﬁq?éhf%mmg a

plaeﬁlaq*fon{ls@@antege@%r c dh§SitiesRGil, The di scl osed enbodi nent s

are presente purposes of illustration and not
Ilmtatlon and the present invention is I|mted onIy
theclalrrs foIIWV\hat s clained is:

pr Y 0 BaECYH A0 PE Qa?lF‘W@; ARG %8%%b181n§mocomﬂzlée% qqpgsiting

thel AYSEphdRIdiRhHELEd 9t R cPor Mk $AdHt8reVr oQiig/tees'énﬁﬁ{?@élEétycﬁuc
el ectronic device, conprising: formng a plasm from

dewi¢ foclorre aolr‘btectd@pbsﬁr@mﬁge\aﬁﬁ amor phous di amond- i ke
filmlayer fromthe plasma; and conbining the
anor phous di anond-like filmlayer with a noisture or

5. OXY @€efros&p atdordifig @ €laini ONWEerdi@\th€ €orhBinfn@rstpecopipRiserddpdsiting
el ectronic device. 2. A process according to claim1,
or {GHBNRE the MIESTICHS PRYEE SRS BheleeiFRHC ety 1G5 st amgrnheys diamond-

1ikif R 18 eF RoPm e RHMERE ¥IBRYRE dSAE Ce-

6. A process according to claim 1, wherein the depositing step comprises depositing
an amorphous diamond-like film layer from the plasma on a flexible film comprising a

polymeric or metallic material.
7. A process according to claim 1, wherein the combining step comprises

encapsulating the moisture or oxygen sensitive electronic device with the amorphous

diamond-like film layer to form a protected electronic device.
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3. A process according to claim1l1, wherein the formng
step conprises formng a plasma froma sil ane source
waewssdisseone oil. 4. A process accordi ng to cPEI/HSAN8/053265
wherein the conbi ning step conprises depositing the
anor phous di anond-like filmlayer on the noisture or
oxygen sensitive electronic device to forma protected
8. el eét MTORTSE agoydiag to gainnl pfugberscomprisBiedlishgsing adiokymgrdayer
betw%%ﬁ ﬁ{er}n{)igt%ré:mtygbtp En3SR RRIRLIL ﬁgﬁcg Qrﬁpt‘ﬁis tahlragph%.'hs diamond-
orm ng e noi stare or oxygen sensitive electronic
likel&ith ¢eyean t he anor phous di anondlike filmlayer to form
a protected electronic device. 6. A process according
to claiml1, wherein the depositing step conprises
9. dep?@?ﬂob&@ a@&)r&’iﬂg PO 1 dvRendnd ik sfti'ng Reh3¥@hs i fRdrphous
the plasma on a flexible filmconprising a polyneric
diagronddikallhyec hmang ritlakckness infe pnpe Bem 1WO0 do AP Angstiormism
1, wherein the conbining step conprises encapsul ati ng
t he noi sture or oxygen sensitive electronic device
10W t A prdeesaBdaRdiag $o Sl PNghdrbin@hd fdrmid A¥& cdr@prise§ Mrming a
protected el ectronic device.8. A process according to
plagmafign tetrepethiybsilaee ndicprd eid) aril erosimere @f puygemenitiogge argon, or
amBSiyeen the noisture or oxygen sensitive electronic
evi ce and the anorphous dianondlike filmlayer. 9. A
process according to claim1, wherein the depositing
step forns an anorphous dianond-|ike |ayer having a
114 hi éxpresess pecoadipg fyelam dnfurtherceomprpsgobsnasige rmohgnerdayer on
thd%n%rﬁﬁcﬁfssdieﬁﬁ&ﬁﬁ LGk f&y&l. aiml, wherein the formng
step conprises formng”a plasma from
tetranmethyl silane, silicone oil and one or nore of
oxygen, nitrogen, argon r ammonia, 11. A process
12accorRiPRgS ARFOEYIRE 1 QI e IFHRFT OTHBIING ﬂﬁ@oaﬁng ﬁ&&fsﬁaeralayer
betRRkY IR mbiddes oro(fky%&? sIRBRRYGoME dBRRdadd e afﬂohfﬁous diamond-
l ayer. 12. A process according to claim1, further
like tihpldyst anyl dispposy aggcandpdlymrer layerymr thh etmeedious tiemond-like film
1 noi sture or oxygen sensitive electronic device and the
4Y&hor phous di anondl i ke filmlayer and disposing a
second pol ynmer |ayer on the anorphous di anond-1i ke

filmlayer.
13. A process according to claim 3, wherein the depositing step comprises depositing

an amorphous diamond-like film layer from the plasma, the amorphous diamond-like film

layer comprises two or more layers of amorphous diamond-like film.

14.  An article comprising;
an organic electronic device;
an amorphous diamond-like film layer adjacent to the organic electronic device,
wherein the amorphous diamond-like film layer comprises a siloxane moiety and

having a thickness of greater than 1000 Angstroms.

15.  An article according to claim 14, wherein the amorphous diamond-like film

encapsulates the organic electronic device.

-30 -



10

15

20

25

30

13. A process according to claim3, wherein the

depositing step conprises depositing an anor phous
waole@snessd i ke filmlayer fromthe plasna, the BODURIVORIB53265

di anond-1li ke filmlayer conprises two or nore |ayers

of amorphous di anond-like film 14. An article

conpr|5|ng an organi c el ectroni c device; an anprphous

16 di afwrfatigl Recordingno elyian [hdayheseinthe anembogsrdianend-like film layer
hah fEIBUY i a4 Cifom 0B & [bopBGaARERROUS diamond- i ke

ayer cormprises a SI oxane nol ety and having a
t hi ckness of greater than 1000 Angstrons. 15. An

article .accordi.ng to claim14,. erei n the anor,phous
1741 addridtios Fl‘%coFﬁhP%t%ﬂé‘élbi %ffeé%m%mgﬁl@aﬁ CEURIg AFYIgRpQmprises
an §FMh&QichP ernﬁﬂn%ﬂfo'd@ | aﬁplﬁ‘)@&%‘ltgfcrbgtlélé’ or |a§h1ﬁ‘ flith trMIRESR N

t he anor phous di anon I'mlayer has a thickness
in a range from 1000 to 10000 nanoneters. 17. An

18 :lr élé(ﬂ:l:r%ﬂ C C or dﬁ!heg t%g ?% g)gllfél c\ghpjéraﬁljing a:: Rhoﬁﬂ'{? gﬁ’lnee:i?lh‘é layer

dispbRden tAe ch ¥ &1@1‘116n@-'[1ké €il 8 1ayRf oPbdtWedr tht laMorphous diamond-
ransistor. 18. An article according to claim 14,

like Gifm trster arshibe iosganip eleqiisinyendsvicsr netal [ic | ayer
di sposed on the anorphous dianond-1ike filmlayer or
bet ween t he anor phous di anondlike filmlayer and the

190r gami #ti€lk @edoirding €o el ¢4, fudBer cBmpaiking Q@ 1AE& W thdiglit Gryer
claim 14, further conpr|5|ng6a pol ymer or netallic

dispaspdrondhe %@@QOWIﬁmn%HB? 3] &@eauaa%ﬁecqnidwlmqrmr metallic
1a¢gf’é‘%1‘§ oscA Bt B aﬂg? {9&‘?0 198e Al thE aJa.ebtfpgl{)uQaﬁ%ﬁ&%ke

en the organi ni c eV|ce an
filadmrephous di anond-like filmlayer. 20. A article
according to claim 14, wherein the organic electronic
device is a conponent of a display, signage, or

20! i gt ddgie %k@d?ﬁdﬂ% tQblal 84 8k hdrEinShe 8r%an1’8‘ eBlchrbfib @levice is a
according to claim14, wherein the organic electronic

com@meQOf&dmpbmnmgmgnuwéghangeknmpmﬁhb;muﬁ@ pl ayer,
PDA, television, DVD player, |umnare, sign,
billboard, or LCD. 22. A plasna deposition apparatus

21 CONP dr§iLIR Gectdm@ Gy bl NADEI rcmARPHigihi0 ¢1RtrBAVRIESLe is a
el ectrode and an counter el ectrode;
component of a cell phone, MP3 player, PDA, teleV1510n, DVD player, luminare, sign,

billboard, or LCD.

22. A plasma deposition apparatus comprising;
a vacuum chamber comprising a powered electrode and an counter electrode;
a radio frequency power source in electrical connection with the powered electrode
through an impedance matching network; and

a silicone oil source in fluid communication with the vacuum chamber.
23.  An apparatus according to claim 22, further comprising a silane source in fluid

communication with the vacuum chamber and a process gas source in fluid

communication with the vacuum chamber.
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a radi o frequency power source in electrica
connection with the powered el ectrode through an
WO pedessse mat chi ng network; and a silicone oi PCHUBR008053265
in fluid conmuni cation with the vacuum chanber. 23. An
apparatus according to claim22, further conprising a
silane source in fluid comunication with the vacuum
24¢n aﬁﬁ‘e"}ppﬂﬁqwsé‘%ﬁré@@é@ c]@gg 2§ ovherein;the siligeng oil source comprises
sﬂﬁgmphﬁ 568 AN c'ﬁﬁ)o %?ot pb&?%'lﬁ%g{acre ift Btectila ﬁé&foﬂswuh the
according to clal n1 ere sil'icone o source
carbonplotlses silicone oil disposed on a carbon cloth and
a power source in electrical connection with the
carbon cloth. 25. An apparatus according to claim 22,
25Whe NG dbohfafs Sl dr 9% lafm 30U A& oS CLRBARGH Wtddi0 dfssed
vacuum . apparatus according to claim
withh thetveewinnchiangbesi | i cone oil source is shielded with a
Faraday cage. 27. An organic el ectronic device
fabrication system conprising the plasnma deposition
26 2P P A p?ﬁraﬁ%ca@éd}tiﬁg td Blafth 2k MvReteindBe siffctcQfiBS%irdeds shielded
fabricating an anorphous di anmond- | i ke filmlayer on a
witradayesageonpri sing: forming a radi o frequency
plasma fromsilicone oil; depositing an anorphous
di anond-li ke filmlayer fromthe plasnma onto a
27 subsgtr@psnic 28ctrohip dodeshbacaRhdlytgmtcdmpligingtRZ8plasma deposition

wherein the substrate conprises a polyneric materia
apparatus according to claim 22.

28. A process for fabricating an amorphous diamond-like film layer on a substrate,
comprising:
forming a radio frequency plasma from silicone oil;

depositing an amorphous diamond-like film layer from the plasma onto a substrate.

29. A process according to claim 28, wherein the substrate comprises a polymeric

material.
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