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PLASMA ENHANCED CHEM CAL VAPOR DEPGCSI TI ON OF METAL
OXI DE Background of the Invention The present
w0 posniisesn rel ates to plasma enhanced chem cal PeBPS2005/017747
deposition of a netal oxide onto a substrate,
PRI ASMAFNMANGER SHEMBURS v GR DYt @I TRSNAST MET@L OXIDE
are deposited onto gl ass substrates for a variety of
appl i cati ons. For exanple, in U S. 5,830,530, Jones
Bagkerqund of thedlawention vapor deposition (CVD) coating of
sentconductlng Sn2 onto a glass substrate at
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m&@@bﬁd@ ontors dbsirat® paulash,a ]ﬂ@ﬁférshbﬁfat@ CVD net hod for
l aying down a tin or titanium oxide coating on a gl ass
substrate at 630 C and at atnospheric pressure. In
U. S. Meta] gride dipms %dﬁ?@t@tﬁd@mﬁa&laswbﬂrﬁmfm a vaniaty oflafpdications.
Fc?%ﬁgr?lg & ‘5%@8,?8@ M Rks gelscé‘lfl glgt?c% }t/aléo\é)%er Fle]&os%tlonx(c%) coating

he tea ace
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22rrtorr) In U S 6,540,884 dle et al.

B &catiavagsrherie @t:e@@tm@phm%msﬁum; Simdard MeCutlyyin U.S.
EORTHE Sgoes G BRI P R o AR SRe (B on

glastseussufa% 309 Ctahgmt Rt)mdsﬁﬁéﬂd ptessaRut ter depositing a
nmetal oxide |ayer over the reflective netal |ayer in

the presence of an oxygen scavenger, then 3) heat

t r ealftilhg- 6436.46db Shicgaki ftt@l Algerribes o negimddor denesitimgal transparent

elec%rocglildu%tlgeﬁl‘;f%{% Ig?l ﬁ@ goeﬁ% rJhear ﬁgjﬁ&%eoef%é)hotqn e@ﬁ‘}ﬁ mverter using
ma/g’-ﬁéﬁﬁh @pttttemgmhaéﬂhl tavdo@hmm Zaftbyn or titani um or

m xtures t her eof in U S. 6,603,033, describes
the gar ation of organot [ tanl um precursors that can
4451 640884 SidiHe gl cdesprabeis @diroseap B Peedusinigtanchectrically

co%ﬁ@%@t%w b SeetinghRe olost AsPE Lprl G SFaS g™
refl€ctive metal layer onto the substrate, then 2) reactive sputter depositing a metal oxide
layer over the reflective metal layer in the presence of an oxygen scavenger, then 3) heat
treating the substrate to 400° C to 720° C. The metal oxide is described as being an oxide
of tin, zinc, tungsten, nickel, molybdenum, manganese, zirconium, vanadium, niobium,

tantalum, cerium, or titanium or mixtures thereof.

Woo, in U.S. 6,603,033, describes the preparation of organotitanium precursors
that can be used for metal-organic chemical vapor deposition (MOCVD). The thin film of
titanium oxide was described as being formed on a glass substrate that was heated to
375°C to 475° C. Conversely, Hitchman et al., in WO 00/47797, describes the deposition
of thin films of rutile titanium dioxide onto a variety of substrates including glass,
sapphire, steel, aluminum, and magnesium oxide, at temperatures as low as 268° C, but at

reduced pressures (1 torr).

As the art suggests, deposition of metal oxides onto temperature-resistant

substrates such as glass can be carried out at relatively high temperatures without
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375C to 475 C. Conversely, Hitchman et al., in WO

00/ 47797, describes the deposition of thin filns of
WO 2a0511e3856 t ani um di oxi de onto a variety of SubRCT/HEBS5/017747

i ncludi ng gl ass, sapphire, steel, alum num and

- , . :
O B RS EB P S ELAIoRe: Ehpe it Bewe i teapflited o
degesivs intetal oxale amed aplastid sibstratat ddreowee rfat praeticabsiasdrantt would
es such as gl ags,can _be carried out a

substr at t
fuptBpiahe qaféve,blﬁ FYFATEYERH) St dRPas!ti P ey reaplrgiciessure. It would
5 e BB SO Gl ph Rl SRS Bl SEAOHG i
5  substhaé ated empbtatee below the iglass aradsitical tempamans of thie subsitatk,
further be desirahle to carry out such deposition at
preferabbhit MSHSHMesPheris PESsIFe. It woul d therefore be
advant ageous to di scover a nethod for depositing a

St%#g%‘;dﬁhgﬁv@ﬂﬁ&l a plastic substrate at a tenperature
I € glass transition tenperature of the

substrate, preferably at or near atnospheric pressure.
SunmBireypresent fryehtmveaddirassesEheeep i therart byprevidingra method
addr esses a ne in the art. by providing a pethod
coem%mgstﬁﬁ atemfe &0@3&%@ r&stalc%zﬁgpwaura%@{%gﬁgﬁowa discharge or
fotRkridr M QS e Bn SRR FCRVEEz | i -
B R e S
toageethl dxadebynplasha ehimnpedechenscal vhporalepeditidn GHEEDpwnd 2)
pl asma._enhanced chem ca] vapor deposition (PECVD), and
deposifipg e metabo¥Ideonp ASPOHRHe onto a substrat e.
Optionally, other precursors anenable to PECVD of
O ERANY Sth@H 28GR &R arsbifb1 SO FHED 'TRY SR Y0¥ coati
Igl)[epos?t ed&)oif;il codeposited wth netal réé)%?des provi o}i ngcoa e may
bersgljéritially depmsitéd or colepassted evithangtekitidansoddingheultilayer and/or
substrate. Brief Descrigti on of Drawings Fig. 1
15 compogis pempesions ondhesumsedifar ge met hod of generati ng
and depositing a netal oxide on a substrate.

Brief Description of Drawings

“Fig. 1 illustrates a corona discharge method of generating and depositing a metal

oxide on a substrate.

20 Fig. 2 illustrates a dielectric barrier discharge device.

Detailed Description of the Invention

The present invention is a method for depositing a metal oxide onto a substrate
using plasma enhanced chemical vapor deposition. In a first step a metal-organic
precursor is carried through a corona discharge or a dielectric barrier discharge in the

25  presence of an oxidizing agent and preferably a carrier gas. The discharge converts the

precursor to a metal oxide, which is deposited on a substrate.
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Fig. 2 illustrates a dielectric barrier discharge

device. Detail ed Description of the Invention The
w@e@sanssé nvention is a nethod for depositing BCHESZNS/017747

oxi de onto a substrate using plasma enhanced chem ca

Vapops@eaDidrtinOthe tdrih ‘Gndthit SlidSpRPurtorrméfets 6 adAdibiGal capable of
precursor is carried t hrough a corona di scharge or

fogménger metat oxide vhen subjsepditogelasme ethanpadahemical vépoa ldeposmon

OFCTRE, EeuRRR b PSRttt Po fs il sy, dimetty!
Zifb)i Al Adetaile @i@zﬁhﬁﬁ@etﬁi&h@nﬂé‘ bﬁine ?fﬁlﬁ“diaéé‘faﬁg zlil?cfa%bmacuaﬁate

term rretaI-OX|de precursor ers to a materi al
ziecopiin éemﬂmmawtw@cdon@c aznnomarlwlam énmey] diven) ttiethyl indium,

cBy o LE P R p o PR iabRF Bt OB tes hRtpafy Bxampls of

meta€blidbs Fichile oQidEEbPiﬁhc 2 GitanAloN GndiGeE 8drfum tdnbicsum, and
tetrachl oride, dineth % ‘tin diacetate, zinc

mwelteyltlmr@qfoﬁ’at@canmler anmlﬂaioatﬂsleﬁd ma@iemgaﬂatsan(bmat-’en-omde
R B S B e B! ST B s Topetions

and n1xtures thereof Exanples of netal oxides include

oXi dgRe Rleth®dVE thd prosent inkaitidABanbe AtivdRtage8hdlY B&m@@ dut using well
zirconium and m'xtures thereof. An exanpl e of

krparm ¢arohadisshangseteehnotdgyed ilbystrated g Figa dia. uRefermngmvdm Fig. 1a, the

e AP GReBRR IR 55T Bt SRR SR R Rk o
fIPRESRIG tHePHEDD) BRovzhR M6 dgag Yxﬁﬁl&@(@@?&&?& dor&H dlgaﬂrg@{m) — which

usi ng wel I’ known corona di scharge technol ogy a
bﬂealt&mlagasd)et\meﬁi tgzo eleatrodst®(a)iand SAGy-tto fcﬁmgthelrmtaltdxéde which

is SPBOTIPA oF S ESrE (o TSty & gBte PsFrts it 4 Weesdop dmpar
o€t th@r')e% Itfrd j@é&ﬁ@ sbstiafeSt ugAStHe Eﬂzﬁ%ﬁ@ i é’tﬂlggttagé)ugﬁrrﬁﬁﬁtamed ata

di scharge ( whi ch breaks down gas
tendpexalture dem 15{)1 2 prefavebls @ otoxceeding S@CHhigher tiwet itk T@)q)mtm to and

i.s deposited on th S (60 refer
dlm ?éegqﬁt}@wro;t%emﬁfar oxige. hﬁﬁq w0 i ﬂrﬁ%r% Ffis%rélﬁ outlat or near
Q]gk%t: Rprédsu, g:;@afn%my%gg%&v%o SghpRy. the plastic
va tageou y Intain at a tenperature near its
Tg, preferably not exceeding 50 C higher than its Tg,

pri ofhe cargerfor the precursor is typically nitrogen, helium, or argon, with nitrogen

being preferred; the oxidizing agent is an oxygen containing gas such as O,, N0, air, O3,
CO,, NO, or NyOy4, with air being preferred. If the precursor is highly reactive with the
oxidizing agent — for example, if the precursor is pyrophoric — it is preferred to separate
the oxidizing agent from the precursor, as depicted in Fig. 1b. According to this scheme,
carrier and precursor are flowed through a second gas intake (70) situated just above the
corona discharge (40) and the oxidizing agent is flowed through the first intake (30).
Furthermore, a second carrier may be used to further dilute the concentration of the
precursor prior to introduction into the jet (20). The oxidizing agent may not need to be
affirmatively provided to the corona discharge or dielectric barrier discharge region if it is

available to the region through the ambient air.
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during the deposition of the netal oxide. The nethod

is preferably carried out at or near atnospheric
w@e@sawssq typically in the range of 700 - 800PC€DUR2005/017747

The carrier for the precursor is typically nitrogen,

hel | UHe c@on@ai@ethrgd 40 NisPréfe RSB mbiBAEE IR afvartag%otn thd@inge of
oxidi zin grent I'S an oxygen cont al ni ng gas such as

ahgpt Rp20 KV istgoe bety@en dhe ¢qanp digghatged#19) 4ndithesubstrate (60)
erred e is highly reactive with
q¥ 19y H?ZTH& %ﬂgéﬁﬂn%?gfng&anple if the precursor is
pyrophorl c - is preferred to separate the oxidizing

agenthd p&muts&ecaﬁrb@@éhs&éd tothe 8 iy phRrhlly Fillfga cdRainer with
According to this schene, carrier and precursor are

PrECWIRIEO tIWQ adisadspeesanddwyaping hediead{prog wsthtthﬁa@aedex] inkot the jet
and t he.ox

aBforfe $ttsiR @A Re HRENAT et i) 4§ Bitetald w1 Wapor pressure

fol Wl RBEUFEYTE  WherS @fqiREeuestr id MbistBY- A@ilseastive of bsthNels preferable
dilute the concentration of the precursor prior to

toihold heursequeier e substatipléy mooyre-fieend ekeniiiay cagtairter.
may not need to be afflrrratlvely prow ded to the
coro e di el.ec b schar ge .
regl %Ied 8¢ Faamgr %schafggb?léo ow% %s Sélg h?tg{?aﬁhqrﬁépressure-
gl@Wbld@d@ha@bsf cdigls6 BE QA t6icaey aiitdBe f)fH&ssloTtlﬁHlﬁE%@ﬁiv)éntlon Fig. 2
mai ntai ned at a voltage in the range of about 2 -

illpsivatesthechginetia pt e distecisdrarti¢ralissharga device élh)@D grduémr)mprlses two

R b oS PRl Biecianf ey tbRe Gt haf M iofRa i ABRCkic B 130
s@&rﬂotsai bya §uﬂs{ra1eq190)c qQRE 3k ;ﬂsémefeﬁ PheRIREHAS 1(9 and 20 ypically

headspace and sweepi ng e headspace with th
rangﬁ*Srfr@n litntl80 mina apféthe(appbled THtage mmﬂm erdec ahl fbé 0kV. The plasma

P S PRSP T PSS Db P 8P

raH@éxﬁIyLH1ﬁr1th"ed%§ a€@91§dﬁ1'n¥e or both, it is preferable
to hold the precursor in a substantlally noi sture-free

and oxygen-free container. Dielectric barrier
di schbe ¢mcentraionlof tharpregirsag iin thqzttbtalagzd; mixture (the precursor, the

heri c essureglow' dischar es can.al so b
oot iy G G POREEEAY  He HREESLAG PR t0 1% vv. The
ﬂé\f/‘ YRBbE 8 prédussor & IBr’efePa‘iﬂ}F RS 1 6 thl D Scc@f af the flow rate of the

di el ectric barrier discharge device (100), V\/n ch
oxjdizing agest is weeferably in the range of 10-100 scfim (2.7 x 10° t0 2.7 x 10° sccm).
The thickness of the coating on the substrate is application dependent but is typically in the

range of 10 nm to 1 um.

The substrate is not limited but is preferably a plastic, examples of which include
polycarbonates, polyurethanes, thermoplastic polyurethanes, poly(methylmethacrylates),
polypropylenes, low density polyethylenes, high density polyethylene, ethylene-alpha-
olefin copolymers, styrene (co)polymers, styrene-acrylonitrile copolymers, polyethylene
terephthalates, and polybutylene terephthalates. The method of the present invention can
provide UV blocking coatings for plastic substrates at low temperature and at or near

atmospheric pressure.



netal electrodes (110 and 120) in which at |east one
is coated with a dielectric |layer (130) superposed by
wa2eahsiss@t e (150). The gap between the el ect r BdBEES1005/017747
110 and 120) typically ranges from1l to 100 nm and the
app! TRefolRk R0 exanspl& brk fe iDiAREVE bué@sé%n@/andm intended to limit
plasma (140) 1s generated through a series of
thaiseqns-ditesinvpation. ast for about 10-100 ns and that are
randomy distributed in space and tine. ( The
concentration of the precursor in the total gas
m xture (the precursor, the oxidizing agent, and the
carrier gas) is preferably in the range of 10 ppmto
1% v/v. The flowrate of the precursor is preferably
in the range of 0.1-10 seemand the flow rate of the
oxi di zing agent is preferably in the range of 10-100
scfrn (2.7 x 105 to 2.7 x 106 seem). The thickness of
the coating on the substrate is application dependent
but is typically in the range! of 10 nmto 1 mm The
substrate is not limted but is preferably a plastic,
exanpl es of which include pol ycarbonates,
pol yur et hanes, thernoplastic pol yurethanes,
pol ymet hyl met hacryl at es), pol ypropyl enes, |ow density
pol yet hyl enes, hi gh density pol yet hyl ene,
et hyl ene- al phaol efi n copol yners, styrene (co)pol yners,
styrene-acrylonitrile copolynmers, polyethylene
t erepht hal ates, and pol ybutyl ene terephthal ates. The
nmet hod of the present invention can provide W
bl ocki ng coatings for plastic substrates at | ow
tenperature and at or near atnospheric pressure. The
foll owi ng exanples are for illustrative purposes only
and not intended to limt the scope of the
i nvention. Exanple 1 - Deposition of Tin Oxide on a
Pol ycar bonate Substrate Dinethyltin diacetate was
placed in a closed precursor reservoir and heated to
62 C. Nitrogen gas was passed through the reservoir at
3000 seem and conbined with a stream of air passed at
15 scfm (420,000 seen). The outcom ng gas |ine of the
reservoir
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was heated to 70 C. The total gas m xture was passed
t hrough a PLASMA- JET(r) corona di scharge (avail able

wo e@snGssot ec Corp., Farmi ngton, CT., el ectrodeCEpSORQL7747
of 1 cm directed at a pol ycarbonate substrate. After

Exthplt 1 — DéboshiRalf TRNOkidenG Fatidartitharf Subktiatexi de was
formed as evi denced by scanning el ectron m croscopy
and x-ray photoel ectron spectroscopy (XPS). Exanple 2
- Depimadthyltin discetTietveasinleredin aelosed prepusgraasaserinend heated to 62°

C. N e N BB e ol OF a5 e BBy gt 2

sti8as oFas Jakewed 13 Bemudan000e sé@sE MR dutddiniRe PasSlaRrBfaheheservoir
conbined with a streamof dry (TOC grade) air gassed

wasthea@dge 7AF C5 Ahe 00l grsamikturdives passed thaenghrs BAPMAMMST® corona

.passed th t | asma j£et devic irected at.a
G ESR iRt bR ReT OB abp g lory £1° AREpiGaToink of 1 om)
difBen@lak b PoFyca®ahdtd Suttrafel tAgRir Y0, dR1sRmohOhRRRAfng of tin
evi denced "by scannln% el ectron m croscopy and XPS.
oxiideawpd Pordedeperddericet by scamhing elacinde muproscdpyland xriop photeelectron
Substrat&l%get hyl zinc was placed in a cl osed
SPRTERSGPRIoY Peser voi r. Nitrogen gas was passed through
the reservoir at 150 seem and conbi ned with anot her

EsSinf 8 M- Obegdistiio GE TitR@isELOxidt o8 20D RAHBnattHubsiens

m Xture was introduced into a streamof air plasna
generated by the plasma_ jet device and directed onto
t he Bitinjena itdieachloside wies plagedin arplesed| nsgpuser sesgrvoirrpadgiopled to 0°

d 2 f 570,000 AL 0.m
CoNaresth TS et T5ee o3P 8 Pt B ool B o
BRSO ot e Uy S b a2 e Griclo ot & - e

1

wigpagsealrthoough éheplasma jat devibeeditpgtedat apolygerbphate sebstratea After 8
cl osed precursor reservoit. N 1iroge as, was. passed .
i IGH TPHEIHES EP4 R 0T S O TR AR RRIfERF Py scanning

el RicrEERAMIotpSi trogen passed at 3800 seem This
gas mxture ‘'was introduced into a streamof air plasna

generated by the
Example 3 — Deposition of Zinc Oxide on a Polycarbonate Substrate

Diethyl zinc was placed in a closed precursor reservoir. Nitrogen gas was passed
through the reservoir at 150 sccm and combined with another stream of nitrogen passed at
3500 sccm. This gas mixture was introduced into a stream of air plasma generated by the
plasma jet device and directed onto the polycarbonate substrate. The flow rate of the air
(TOC grade) was 20 scfim (570,000 sccm). After 10 min., a clear coating' of zinc oxide

was formed as evidenced by scanning electron microscopy and XPS.
Example 4 — Deposition of a UV absorbing Zinc Oxide on a Polycarbonate Substrate

Diethyl zinc was placed in a closed precursor reservoir. Nitrogen gas was passed
through the reservoir at 100scem and combined with another stream of nitrogen passed at
3800 sccm. This gas mixture was introduced into a stream of air plasma generated by the
plasma jet device and directed onto the polycarbonate substrate. The ﬂéw rate of the air

(low humidity conditioned air) was 15 scfim (5§70,000sccm). The applied power to the

-6 -
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pl asma j et device and directed onto the pol ycarbonate
substrate. The flowrate of the air (low humdity
wa@ordittisemed air) was 15 scfm (570, 000sccm) . TPET/US2005/017747
appl i ed power to theel ectrodes was 720 Wand the
elé&rﬁ&@sn&% FH0OW drflthd FisBUBSEERLE t}ﬁ% bstdte Was A ffd. AFRr 15 min, a
mn, a clear coating of zinc oxide about 0.6 nmthick
cleaasodtimgraf dineroxidepbloy @b pontitiek wheformed o ipdbnabdndy sheet as

scannj ng el ectron m crosco a XPS. Durjng..
eviflepens B AP, @eﬁwry@ﬁﬁ%ﬁ@ @@%@ét awr'gg -deli%eﬂfé): s
np WaTallly ° i
polyeltiad: Bnche (BIREHE O Balheatdiflo G thBpbBE ST 150° ¢ 1g induce
crsfdlinisy . thebamtingxasteidenatd bygXRedralyisis. tZand oxdfle esatih@O@ere in

taata e HI00ASRIS FLgA0 LA M REDG BB RBB AT MAD DG Gpatngs
. ga0 Gl _
i A R R e G R R

ab&xbten tabffefabditskeent.i ¢ Barrier Discharge on a
Pol ycar bonat e Substrate Diethyl zinc was placed in a

cl osed reservoir. Nitrogenp, gas s passed through the
ExoEuit 9JPFPostion s Zinc VAR LS RIFoiia RAEALPRERAEE PRm
Po?ca%o%ﬁ%%s .00scfm This gas m xture was introduced
ownstreamand m xed with air prior to exiting the
el ectrode into the discharge zone, which contacts the
pol yBiethybtied wasplbeddriataelosth ecstivoiv. Nittazenfzamivas passed through the

11357sccm The appl.i.ed power to the el ectrodes .
reseromOe laRecen didsqoapkined WHlf’rP’é‘i’tg%rt i8R Of GEqEsa oF GYRe i aLhis gas

o) . | . .
80 gt T AL bR S S8) Ay b e
thé 6ROIrggzdHee@hich Rofifacts dscyiycastruhadéRBbstiata ihle €lobv rate of air was
Deposition of a Si OxCyHz or Si Ox/Zi nc Oxid NUItiI%yer
1135 43ccrg The apligd mesier ikthe @leetsa@quY@aSsli:QﬂoNéﬁnf 8 digtsmce from
accardin , . .
85505} DBrtfchal B0he IR 1B R YORSRAR! eAhO0N e o
foléd mgbwbﬂb&ﬁdt@ﬁﬁﬂ @s Evidwoad bakcdniigsateon snibioseshy and XPS.
with N20 at a flowate of | OO0sccm This gas m xture
was introduced intg a stream of nitragen pl.as i
Exyantde &t Repasifionrnd apiQs stz oF SH&/Zue G M@%Y%&%H%

t he
An organosiloxane coating similar to VPP according to patent US 5,718,967, was

deposited onto a polycarbonate substrate. The precursor tetramethyldisiloxane flowing at
6000sccm is mixed with N20O at a flowrate of 1000sccm. This gas mixture was introduced
into a stream of nitrogen plasma generated by the plasma jet device and directed onto the
polycarbonate substrate. A balance gas of nitrogen is passed at a flowrate of 25scfm. The

applied power to the electrodes was 78W and the distance from jet to substrate was 5 mm.

A Zinc Oxide coating was deposited on top of the organosiloxane coating
according to Example 4. Optionally, another organosiloxane layer was deposited on top of

the Zinc Oxide layer.
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pol ycar bonat e substrate. A balance gas of nitrogen is
passed at a flowate of 25scfm The applied power to

WO b@salmes r odes was 78W and t he di stance from PEL/US®OS/017747

substrate was 5 mm A Zinc Oxide coating was deposited
on top of the organosil oxane coating according to
Exanpl e 4. Optionally, another organosil oxane |ayer
was deposited on top of the Zinc Oxide | ayer. WHAT IS

WVaAN FCLABIED ISA met hod conpri sing the steps of 1)

carrying a netal -oxi de precursor through a corona

or et ngftod RoRy T e opf 8E D By R Gu HGide riclfsor trough a

pr ecur gefonk disohdigd &l a didliecieic Byrrigl @iscHRrgRNh aRGREsANLI Bdxidizing
vapor deposition, and 2) depositing the netal oxide

ont o a 28¢5 49 penvert the preqsoniy megtabexide Ay plagmepalaared ghemical

nmet al - Qx| q j A CO,

i schar SeStEeBOREd] 581 ) epbtsy 88wl 800 oo iR

method of Caim2 wherein the substrate is a plastic

t hat 2.i $hhestled afdlan bmwhercatthe metabbxidx peedisogisictusied ghrough a
by nmore than. 500C. 4. The nethod of C aim 3 wherein

t he netcgﬁo%gfsaléar%er%t@ﬁf‘lg%r%‘@%w BIREEYf r om t he group

consi sting of diethyl zinc, dinmethyl zinc, zinc

acet At Ghe hdiad 00146 2 dbbrelr thélSubselata®s Anyibdticithat is heated to a
di acetate, zinc acet yl acetonate, zirconium

hexaf | tpRsERBIeYI0h excpHag Bs Ty by werertpan 396 um tri et hyl
indium cerium (IV) (2, 2,6, 6-
t et r ame Ryl dRsrRa AP RELRRARS MnetaRBRiZ i
5. Tﬁe ngﬁeo% offltg:f] aﬁ]n 3 V\Eler e?nﬁ at Egdﬁg{ég - g{(llggég@étgd from the
pr ecur gorupi consgingatfdibtliyl aimct dimethybzipe, zorsacsthientjtanifum
diethyl zinc, titaniumtetrachl.oride, trimethyl .
' ndi umetteEPiBting ey iR e e RepRplcE e bRl o
The net,Bedndloabstfiateichad) @iméthyihGuArRigd PiIRYRREuhIIV) (2,2,6,6-
sel ected fromthe group consisting of air, @2, N2Q
C2, HtayanethylRSckeptanddiosate) ansbritd ¢ralanmats t her eof .
5. The method of Claim 3 wherein the metal-oxide precursor is selected from the
group consisting of diethyl zinc, titanium tetrachloride, trimethyl indium, triethyl

indium, and dimethyltin diacetate.

6. The method of Claim 3 wherein the oxidizing agent is selected from the group

consisting of air, O,, N,O, CO,, H,0, CO, N,O4 and Os or combinations thereof.

7. The method of Claim 3 wherein an inert gas carrier is used for the precursor and

the oxidizing agent is present from ambient air.

8. The method of Claim 2 wherein the metal oxide is selected from the group
consisting of zinc oxide, titanium oxide, tin oxide, zirconium oxide, and cerium

oxide.

9, The method of Claim 2 wherein the metal oxide is indium-tin-oxide.



7. The method of Claim3 wherein an inert gas carrier

is used for the precursor and the oxidizing agent is
w@e@sanssé rom anbi ent air. 8. The method of C BCTUR2005/017747

wherein the netal oxide is selected fromthe group

consi sting of zinc oxide, titaniumoxide, tin oxide,

zi rconi um oxi de, and cerium oxide. 9. The nethod of

Claim2 wherein the netal oxide is

i ndi iPnA methodiof depoaiting arestileetidsfcoatingoyite a plpstic substadte comprising

oxi de atin 0 | astic substrate conprisi.ng th

steps SRedyRgtf btninds Rl xRk PRe Sncanl A B agent thronen a
oxi di zicehnadeshargho0didiblectric Oh@RAJEEIREIRA6 6nWRKt Y plasma enhanced
di el ectric barrier discharge to convert by plasna

enhanc éhemisahyapar dspapitien thepereusobie themel exide.cwd 2) depositing the
the ne [ : [ L . [ .

oo B 280 b SBORL 0 R BBl et o
mai nt ainegcht@bspherio pessuad adshh arbisizatp isdeatetd @o atahpehdure not
Substrate is ated to a fenperature not exceedi ng 50C

hi gher em?ﬁmg{@ érg?ghirﬂhawt?r&'hod of claim9 wherein a

met al oxi de is deposited sinultaneously or

sequentA Alethd W ERiR L3RR R RRAE B4 d6 RedthE@led (BRATaneously or
deposition of another material onto a plastic

subst r acquentiglly Wie plasma ehaneeddtberbical vapondeposition pf aodiemmaterial
11. 13.0n'lg)hée lggt}cis%{)sqm\(\her ein the other material is an

or ganosi fo3RRE SRR i O« deposi t.

12. The article made by the method of claim 11.

13. The article wherein the other material is an organosiloxane or an SiOx deposit.



