WO 01/ 47704 PCT/ US00/ 35416 Chem cal Vapor Deposition Method and Coati ngs
Produced Therefrom Governnment Contract The United States governnent has
rights i wohi/¢77ohiventi on pursuant to Contract No. DASG50- PEF/Cs@uB416awar ded
by the United States Departnent of Defense, and Contract Nos. DM -9661724,
DM - 9660598 and 4 loece Foundati on.
Field of the Inven ?agﬁ%ﬁﬁgpo?lﬁg%ﬁ?g%&;%g ?@#@E%@%{/&%ﬁoﬁd nmet hods for
enpl oi ng chem cal vapor deposition to form powders and coatings, and nore
parti cul c.ﬁm(ﬁmeﬂt(%@*‘frﬂ@tn and nethods for controlling the deposition of a

material to surf to formcoat.in and
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certain ‘El i c (51% The success of nethods |ike CCVD has, in part,

i ncrease ¥P's and desires of engi neers to find new techniques
and pr OCp&ﬁﬁ@fth@ﬁiveml(Ld allow the treating and coating of still other
substrates and the devel ortzrrent of coatings suitable for new applications.
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reference, disclose nethods and apparatus for CCVD of ns an coati ngs
wher ei n kavirggigerovainchasctaisticser medi um are m xed t oget her to forma reagent
' ' relsthenlgnltedto create a flanme or the mxture is
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have enabl ed a new Ica s and provi new ypes of

coat i ngssuceéssiul BPARIwiGS BipEBéckd misScmndsts BpEcy deliqatepbstidi@sanditb fornPedaeings No.
5,021, 401, which issued on June_ 4, 1991 to Snyder et al di scl oses a
process anskpaviiers hayingimureredareriormanse chapetaristics foraertain apnlisationpel Bon du ct or.
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substrates and the development of coatings suitable for new applications.

The chemical vapor deposition processes that have been so successful include the
combustion chemical vapor deposition (CCVD) processes described in U.S. Patent Nos.
5,652,021; 5,858,465, and 5,863,604, and issued to Hunt et al. These patents, which are
hereby incorporated by reference, disclose methods and apparatus for CCVD of films and
coatings wherein a reagent and a carrier medium are mixed together to form a reagent
mixture. The mixture is then ignited to create a flame or the mixture is fed to a plasma torch.

The energy of the flame or torch vaporizes the reagent mixture and heats the substrate as
well. These CCVD techniques have enabled a broad range of new applications and provided
new types of coatings, with novel compositions and improved properties.

U.S. Patent No. 5,021,401, which issued on June 4, 1991 to Snyder et al., discloses a
process for the fabrication of nickel-oxide insulation on a superconductor. The

superconducting wire may be a niobium-tin superconductor. Purified carbonyl is contacted



ni ckel sub-oxide. Several different superconductors are disclosed as being
coated with nickel-oxide to forman insulative outer |ayer. The thickness
of the niwdel/4ad de coating is between 1.5 to 20 m cronsPCrUdoSwEBVeEr, it
is noted that this technique nmay not produce a sufficiently resistive
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plastically working the wire to provide the desired size. The stainless steel has sufficient

chromium such that when oxidized a chromium oxide film is formed on the outer surface.

The outer ceramic insulator is then vapor deposited onto the chromium oxide film. While the

chromium oxide film is from 10nm to about one micron in thickness, the overall thickness of

the insulating oxide is about 3-4 microns thick. The chromium film is provided to increase

adhesion between the stainless steel and the outer ceramic layer. Thus, the methods

described in this reference provide oxide coatings that are several microns thick and the

reference fails to describe how such oxide coatings may be employed as an insulator.

In addition to the above described oxide insulators, other materials have been used to

produce insulators on electrical conductors. A Japanese lacquer coating for a conductor is
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coated conductor is designed for use in extrenely small coils such as those
found in electrical watches. Wile the coatings taught in this reference
are i ndeadovhiro{as little as 0.1 mcron thick), the matpeiake/isssd to
deposit these Japanese | acquer coatings tend to break down at raised
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reduce the perneability of the polymers on which they ‘are coated, as well

as i ncr efisiibidjty (verigilitytic kome spications) and avmbartbd torggs tramsporti(bxigegycadfont he
outer surface of the packagi ng. Th ri Lart nmethods of .produci ng these
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cont am n@gionn Ahesemégionsdllowatheftilaag@riofffoxygem qndckaerevapod resultingiibh t he f ood
or beverage, U. S, Patenpt .. 5,085,904, whjch issued on February_ 4, 1992
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Novenber outer shof@de dfrhe phekaginge Thalprionmtimethods of producing these barrier layers use

vacuums, CVD and other complex or environmentally unsafe practices. Moreover, the
adhesion levels between the polymer surface and the barrier layer have been low creating a
risk of contamination as material may flake off the package and mix with the food or
beverage. .

U.S. Patent No. 5,085,904, which issued on Fe})ruary 4, 1992 to Deak et al. discloses
barrier materials useful for packaging. A multi-layer structure is shown including a resin
substrate, a layer of SiO vacuum deposited thereon, a layer of SiO, vacuum deposited on the
SiO layer and a protective outer layer of adherent plastic resin. The resin substrate may be a
polyester resin or a polyamide resin. The silicon layers are all disclosed as being vacuum
deposited and therefore the methods to form these coatings require vacuum equipment and

have other disadvantages.



Eur opean Patent Specification EP O 385 054 Bl published Septenber 5, 1990
both teach a nethod for the manufacture of |am nated packagi ng material .
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deposition (CVD), wherein the activating energy source and/or the active

deposi t i dhe galyses igrelngteddirm the Epyp eensishiag pf pelyaridgh dobyethytaneitgaphibalateo
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direction di fPerent t han t he heat produced’ by the energy source, 1t is

possi bl emethodsothat evetinteerent ldisad veangages ipelnding cogammatiph due thepos adhesiontamdoccur
wi t hout da ing the substrate. In CVD, an energy source (thermal,

el ectrorﬂtj’ga c, flame, plasma, etc.) provides the necessary energy for
the coating SRHAE Ihive ERAG R&EE P¥ceh SRR sHBTy FBh 2binBlnatisgdst 0 coat
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O

and/or the active deposition gasses produced thereby are redirected and redistributed, to
control the material properties, decrease the gas temperature or increase the substrate area
coated by the deposition' material. In addition, by directing the deposition gasses, vapor
clusters and particles in a direction different than the heat produced by the energy source, it is
possible to control the substrate temperatures to allow deposition to occur without damaging
the substrate. In CVD, an energy source (thermal, electromagnetic, flame, plasma, etc.)
provides the necessary energy for the coating precursors to react and thereby form the
material used to coat a substrate. The energy source is directed toward the substrate, to heat at
least a portion of the substrate so that the precursors may become activated such that
deposition occurs. By redirecting the activated materials, the method of the present invention

goes beyond conventional chemical deposition by allowing a more efficient distribution of the
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appropriate tenperatures for formng the coating conpositions, whi?

.voi ding overheating and damaging the substrate itself. Furthernore, the
redirect edoguaswes are nore thoroughly m xed, and theref oreT/ps@visdes a nore
honbgeneous coating and heat distribution on the substrate. This is
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conbust i @ectfdnddtBamitsl wid@imgs.he necessary environnent for the deposition of
el enmental constituents from solution, vapor, or gas sources. The
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pressure. Because CCVD generally uses solutions, a’significant advantage of
t hi s t ecdimobpigye withoutteay costlyafutows, vaaping carmebctipmphantrna Agasesult, thepaitiab and

stoi chionetries, which eases depositio f copplex filns. The CCVD
t echni qu%’stﬁgh“eaﬂ’é{\lgﬁ%ﬁﬁﬁgé%q‘%“ﬁ@?ﬁg%h?é?‘?%cﬁ‘g% 08 é&ﬁ‘ﬂ’é@l@? ayAGUNiRaseH ser TM

as descry [ ' : Is ' filed

8/ 2/ 96, ; no%’ dﬂ%@%ﬁfﬂ%{e%%d&n&@ﬁ@%& éﬂ%ﬁégﬁqgﬁg%%}%\gﬁf p%%lgﬁ}%é;%?gns Nos.

09/ 293, 8tmbustidn A%Ae PPB/idescdthOBRKArO&Firoamkntffot thed dépdsai@Oofaderiéntalsi onal s of

U S. Patent Application No. 08/ 691,853, breaks the liquid i n‘iio m cr.on or

even subRORFERERS SoReeplaios, VAR OrTEAE SEIER: e ProgYHIOrT e gl sypkyeddy 2

i ncor por : "

gener ol 1515 i HS) EEEACh ORI Lo DO R S BB for e Nl S Rnditions
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entrations and constituents, a w de range of

By adj usting_sol ution co
st oi chi o%r@}ag?bé"gf%&ﬁn%lanéﬁ%éliff%d’d’&ig@%ﬁoms%i ly. Additionally, the

CCVD process i it ds j f
the. dopos ¢ e TP 0o LosgRrflifes KRIRRS 4 aRinant M AElEBF 1T: LEDG 8
appl i catihatit alfoW¥RaPid #hd/iplRChangse i dSphhs andRtdidttoraemicewhichrases@épbsitidre
CCVD process is not confined to an expensive, . )
of complex films. The CCVD technique generally uses inexpensive, soluble precursors. The
Nanomiser™ as described in co-pending U.S. Patent Applications No. 08/691,853, filed
8/2/96, (now U.S. Patent No. 5,997,956), and U.S. Patent Applications Nos. 09/293,867,

09/293,028 and 09/293,030, all filed 4/16/99 as divisionals of U.S. Patent Application No.

08/691,853, breaks the liquid into micron or even sub-micron sized droplets. These patent
applications are hereby incorporated by reference. In addition, precursor vapor pressures
generally do not play a role in CCVD because the dissolution process provides the energy for
the creation of the necessary ionic constituents. By adjusting solution concentrations and
constituents, a wide range of stoichiometries can be deposited quickly and easily.
Additionally, the CCVD process allows both chemical composition and physical structure of

the deposited film to be tailored to the requirements of the specific application.
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i nflexible, |owpressure reaction chanber. Therefore, the deposition flane,
or bank of flanmes, can be noved across the substrate to easily coat |arge
and/ or cov@bex778urf ace areas. Because the CCVD process i BCTvosod/dsmiet ed to
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carried to t substrate w thout actually pointing the precursor gas
source dift8¢ Iy at the substrate. This secondary stream maybe conpressed

air, oxygen, Thd pREMinvdhEG N hashYIHTe8LibovE BbdcHBEPAdvRhABES oftRES@FonS
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for formng the coating. he conbusti on source usually creates a
mat er i alhdat Hromahe hoisgassas,or thdmergyrsbuma,t afict embedijrent, asdeanderystrenagietion

fo | t f Wh t | d t hat
e G v HEBE<A e R SORLIOAS B ou B shiesied CAHER ecBpbe FeToB O Eagssi 1 co
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re-aime eposli on paraneters rates, precursor ensi ty,

etc.) chabgeate Witkidut dveualigtpeidtal texpetirad gay sdubee diegitly acthejsabst@ e SThiot
require energy to formpart of the powders or coating, or is _not used to
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w thout directly cooling the ener %y source itself. In npst cases it _is not
powders or deposited coating. When the jet includes constituents that form the coating, these
constituents are to be directed at the combustion source such that they reach the temperatures
for forming the coating. As the combustion source ﬁsually creates a material flow of its own,
the combination of the jet and the combustion source forms a resulting flow of somewhat
cooler deposition gasses that are directed at the portion of the substrate where deposition is
desired. This “aiming” is a simple process that once set up, does not need to be re-aimed
unless deposition parameters (flow rates, precursor density, etc.) change.

When the material expelled by the redirect jet does not require energy to form part of
the powders or coating, or is not used to form the powders or coatings, the jet does not need

to be oriented directly toward the energy source, but can be directed slightly above, below or

to the side of the energy source. This results in a pressure differential that bends the
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desired to limt the tenperatures that can be attained within the energy
source. By adjusting the flowrates and the velocity of both the redirect
jet and Weopsizomry flow into the energy source, the tenper/asuvis4w t hin
the flanme remains high enough to formthe coating fromthe precursor
s ol ut i oreneygizddegassds|wittioveldieéotly cobiéngd heRASAY bhiRcd RIS URSiosBtRed § i@t ed to
y the ecursor_activation energy zone. |In addition, the interaction of
t h e air /%&geql o lﬂaﬁ dhe epsrrsigy thaterbeattaingf “@Wﬂbﬁlﬁ EACTEH SOWC cBY adjugting t s
own, suc v, i on
gasses e r2fhelch T Ind FISLebBUMORARR 1 loihe i ael o BERAED ",
directi r@utdeeﬂﬂeaﬁpmnmmmmehe ﬂhﬁie r@mdihehigh %hdh%fﬂl tp Prih e o@ﬁuﬂgmomubést r at e
After reaction of the _precursor, the resulting species (deposition
mat er i al ECHLFonsolysion) whtleailbreduqing the tgRperaes theﬁulé%r@tﬁlé herm? orbytdeul ts in a

super sat tha I, second as stream
acts to @l ?&r?og atcﬁg&%)e {glyizg# gggg(ifﬂ id ?’l?eﬁ?e ?19852@3 ﬁ%asr]%taéda]?e % phase
cluster so@fd@ \Aﬁﬂuclaaﬂe@%ed RIchir@F ith BEnAsich WS a YIaRRY reshlessin & Sorbes ﬁaben%sypst rate
surface, which decreases the time for cluster growth. It is inmportant for

many ty;ihs hoff d&poatmngasseethm‘bmdaq:rnasm&thd&mmratumran@pemna’stuasgmémts and
(sub-crit.ical nuc]eus.size til. hi t he bstr t hat
Sbsor pt 1 GfreRnaEB0 ioh Ablerilstp U Ghirelnorion 6F e iuiots AR IAMOE o0 f o
provi de o} S5 Jray be
desir edsgrgaﬁg(glre{h\%?%/uhﬂi% {p}éi&%’ﬁ (:)Jsgtll on t gﬁé}%ﬁéglﬁ %Sutﬁhy ﬁ%g%{ Vegg?)g :V£

pr oper t i @sssuik) which meiuwes in achpérsdtemted oiapor thathﬁlﬂlshlmdlyrmdensenl“het dfeeondaresent

i nventi on reduces thﬁ di ffu i on/.reaction r éﬁl edi ect source to
t her eby gasérrmiaﬁsép B PREG G Pt orchors TRt g2 phrss

qui ckl y %Pthe HBACIAsER S 1RQAbitle %ﬂﬁ%& | Hécr&%e%]ﬁ‘nl%
substrat sur’ ace e resu t| ng coat| ng I's hence ep05|te at nuc ower

t enper attithe $or cliperfgrowihi, & ishnpurantfod nashy types Gﬁmthgﬁiol thaintasn thdsposition
deposited at high tenEeratures because t he hlq eed. gas get shortens the
travel oﬁP§§1§$1@%V%’Pr( eridisalnuslpus siged flugiens) untflges Elgsth%%‘%hs pig SO shorter

travel bﬁ{)@'ﬁ?ﬁ a0 Sorh £ SurPd b\ Bfkiond d&@%‘%hﬁtj %agﬂ%ﬁﬁ&E§M%ﬁ ﬁg Q/ﬂ%es COA4INg

constitue Fom coar seni ng or agglonerating erefore

deposi t est diffusign.t esogfescapet (i.ascatabyses) itGChdibe dusired o lbn verylitla drfﬁishmno
powdery aqr gral ny, a condition that can occur wiith |9 D deposition

t enper atQft@a th GW#WW%P@W@"%WWR&SP in&rfa@%dﬁgsc;% nu‘g"t he gas

boundary %Aefe}e?glgvegkg uld BERHG 0/ rEBfof R né)?%%&lfr?%afé’ﬁtn%c%ﬂr Lligulelpd a mor e

uni form ness on su ates’| unusual™ shapes nd rough

sur f acesmaintain & ldvvr@@crshetbtteﬁlgeramm Ahatr/shdpt acised & @dclde posli dowan ceVey i al s
can range in state. These WD 01/ 47704 PCT/ US00/ 35416  speci es can be

stabl e glasesnd dizgsb ceatinglconstitnents toghe srbatrate suisesienThevesuling coptingistheace

saturati c‘l)epos1ted at much lower temperatures. The film is maintained at the same quality as those
deposited at high temperatures because the high-speed gas jet shortens the travel distance of
the coating constituents to the substrate. The shorter travel distance and the diluted
deposition vapor stream prevent coating constituents from coarsening or agglomerating.
Therefore, the film deposited using the gas jet-assisted CCVD remains dense rather than
powdery or grainy, a condition that can occur with low CCVD deposition temperatures.
Furthermore, a high velocity jet can help break up the gas boundary layer thereby increasing
the deposition rate and providing a more uniform coating thickness on substrates including
unusual shapes and rough surfaces. |

It is important to note that the activated deposition materials can range in state. These
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poi nt as nol ecul es or growi ng clusters and even stable particles (powders).
For each material, the process provides for the formation of materi al

t hrough ohewmi/eab4 change within an energi zed environnent, pangsedssmier api dl y
changes the environnent through secondary gas flows which may contain
deposi t i grcieychiche aalsle @hssag] Gapord balowdBpie Sittitation pont, Vapste abdw theif Saturation
materials. This change in the energized (or |ocal) environnent can include

di | ut i ngpainieas peleeides o srowingilusters anchevenistableparided (pewdetsp FPawdeh or

deposition material as it.leav he ..enekrgized. zone, The.djl.ution.of the
ot ori ol MBI oes Plvile Fonile kRS PEAARES iR choi b il 100,
30% 60%n AP erRHOAMBHE BhPthen TAPAIPRNSARBE BRLNGROMMEE tRbul&cBRILY LA 1S
measured wit.h respect to the différence between the energy source and the
subst r at Bow§whichenaphgsinggin dépastimnameleygndionaddésiopakdapesities §erposddr framéng)al s

at aboutm700 C ta[ﬂd he substrate %#@mi)erﬁtur.e i S about Odﬁ’ .and the
redi r ect™ASHRS: AL dhangs Pe PER € tHh RO ca inetide dgpting e ng woul d
be 300 Gdf? ofd@osRRWmABHA o?@_@&liﬂég:hé‘g(g\vg& ok @¥PosHRI maEral af HfesNes (1 €at er,

but woul'd not under normal conditions reater than 100% tor coating
appl i catémergized Zzbme. dhedifjiutiedofithe imateaial by adEny additiormh mategiabiiatlemredaect jet

dependent nt l, r delivered t he ener sour ce. For ., nost
appl 1 cat et Hle D% @ SRE wven gealen o TRPITGFES B S 0 B TEHRLE  The
resul ti ngesmt&ryih rdsPedres e RFRLAS TSRS Re i%?é?gyﬁé‘m&&' An%%@&hb@t?atep Pf}%’ef S or

may be used to forma coating. The chem cally CThanged material could even

be all @anplglifthe enegysoyoe yiekisgassos hetmetdrialsiah e A00E endthesbbstrane e or
co-deposjited with gn interstitial or matrix material. ot her, net hod of
Fedi r oot erpere Syt 1l Gk eelto Pouina Recado gposCu et e age,
The ener gi Bfln@ARaRAbSIRCE /696t %brisy R THid otflb e bl 908 sANSPA} 4 op! ati ve
to the substrate. A vacuum source i S placed af a point’such t'hat the
flane, pgresten bor woeldtnod inddh @orreal eogditisadiecgreftenitian 1 00% for ¢dating tfislicatids. As

with the grevi ous enbodjnents, the result is an energy or conbustion
sour ce t Rhe energized oelosaligedicavirement ieolaourspelepenseniaondhe agiepl PAYET does  not

directly,overheat, the substrate, addi 1.t onal. advanta } vacuum
sour ce, e(sﬂvg Wg %yftla% ?netr%ﬁouécaedilﬁr el )ralégf apgjxlf’%ti‘%g ?1}65 fa ee%ittei?ig o?é&?bggmgflrorrﬁlor
oXygen) theendey sadee dThOrekilng SRAMRIASFor@Bd FOH e prodlisScan bewdBEdtbd ahen
materials that are sensitive to the presence of oxygen are used. It should

further pavdest ednanbe used tadetin ¢ evnting. fhe phq;ni@al%ad@ég%maq@ri@lmld st beet

: | 1.i.pl I / i al b d
oo ozl Hh B B RIBE SRRt SOSHASAEL Bhibe SOU-BSRTRI R RS, L
vacuum cigififial of MafeeMRa@riMO 01/ 47704 PCT/ US00/ 35416 enbodi nents, the

multiple jets, vacuunms and CCVD nozzles are easily adjusted to produce
Another method of redirecting the energized gasses is through the use of a vacuum

source. The energized gasses are directed in a first direction at an angle relative to the
substrate. A vacuum source is placed at a point such that the flame, plasma or heat of the
energy source bends toward the substrate. As with the previous embodiments, the result is an
energy or combustion source that is hot enough to form the active species coating that does
not directly overheat the substrate. An additional advantage of using a vacuum source, is the
fact that additional oxidizing materials (such as air or oxygen) are not added to the
combustion source. This is useful when materials that are sensitive to the presence of oxygen
are used. It should further be noted that in addition to multiple vacuum or pressurized jet
sources, multiple CCVD nozzles or energy/material sources may be used to increase the rate

of deposition. As the CCVD process does not require a vacuum chamber, in CCVD
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the desired resultant deposition gas direction. As previously stated one
particul ar use of the deposition nethods of the present inventionis to
form t hi wéoi/m704 nsul ati ve oxi de coatings on conductors. FOPESEBHGUCE OF S
can be used in electronmagnetic conponents in the formof a wire, (such as
t r ansf or embaliments) the muttiple jets, vachmmoind<CCYDBlmygles adfeeadilyvdigustddrio praxbreduct or
or wire i s wrapped_or otherw se nfigured in closely packed stacks or

.CO

wi ndi ngsthe desiredasliaphdrpreities gag ¢iEechifi-ckness of the insul ation that

I sol ates each WAl : QAR Parar S a
substanti al i%}%gﬁet%%ﬁrytéﬁ%&g?@%%ncy o?afﬁghggﬁﬁrfm%ogé %hg ‘?S%lg t he fact
t hat t heinvemtion is seeforindhal filar, @sulative pxidd chatirtgh en icosductdre dThese comductirs tde

wi ndi ngs doq?a,not car% el ectrical , current, and theyefore _does not produce
magnet i 0§ 558 in RoFImagIerE CoRROMRISIR A Orgot arfare, (F1Sh PR IPRNOTECE: CHS: t he
magneti £ 0, r Lven size
IS incr elgis){é)gg.S sé%ﬁmﬁi%ﬁé@y%tgf ?/' I aérileégltlia‘l aﬁg&n@%&v&ﬁ %e?%ﬁ@eggé(g@%eﬁg%é of the

t hi cknesgndigutdden cioselypatiand stueks ar windings efif these contpotiems,aBe thickness sfithe |

di aneter conductors, however, the thickness of the insulator has a |arge

i npact omsulpiionethpy isplates gadr layerer adnding fromsadiacent layass er windingishenes are bei ng
produced snal l.er. and sngal | t he.need .f or..hi gher .effici Y. M _niat ure

Bl ect r onuBnaRyal B0t o Rt ofieicnbuSr BE Bhves Tl M e Sl RARRITHE A T Ve
coat i Ngssegfiohdl reaRCOHREE by théSiul Y Furyh SLheMHAEAR dock AbfcdrSdidchiidadn, whil e
al so providing the el'ectrical resistance between adjacent w ndi ngs and

ot her coeypentand the@xforkedden sof producs magnet¢ Sux.uBefeducing thetbicknegsifitheat i ons as

[T, In d dugct [ | at i th | . cabl
Cross scEPTg S PONEHIGReEn T RaS T Teelunaved b an ACuplEes by de
coating GAaNBerBIsey| F6elfivEIQdMES dlaiRidr iR, tHeTedl bR bf HRIAHRASS of i | €

i ncreasing the overall breakdowi voltage. An outer coating of a thinner,
pol ymer -inswittar hasgminwafiedy Imdyvibes ysingeathllaliametpr esinduttersphowever,dhe i ng t o

tect th i de f by asi I ddi ddi ti onal dielectri
et er | al HEREN e BRUEQERER ArbedTehc e ey PEOBAETSh 18 EHEsBous
silica ofpgResfs -areﬁk@ﬁggmaa&e%@nﬂlﬁr MEsrhBlealthd/' el FHABXRERFHMELFMinlANE been

used to produce Iow cost insulated wring ‘in the past. The nefhods
descri bededtommignetihdevisas contimued (rincieasa | Hieglinddppinsulafive gogtingstdf thext renel y

VOl 1 agedbretssh BIVoBER Rp Ve gy et Estoth HOLEAd e b e

| ow vol t afl@é)ll)' | . gnetic devices), usable
br eakdomln%gi\glto tagéetgéén%@ﬂ%cgﬁ%gﬂufgg%@ 51:%65 I{eﬁﬁ? 9 WD 01/47704

PCT/ US00/ 354 10xids imsulabds@re dleoveseir] in tibde agplieatiosrag welll indreassd codduetds0 nm)

conti nuous coatings nade using the . ) . :
cross sections relative to the overall cable cross section allow higher currents in the same

conduit space. An oxide coating can be provided to reduce the total insulator thickness, while
increasing the overall breakdown voltage. An outer coating of a thinner, polymer-containing
coating may be placed on top of the oxide coating to protect the oxide from abrasion as well
as adding additional dielectric material.

One type of coated wire of the present invention is amorphous silica on copper. These
materials are relatively inexpensive and have been used to produce low cost insulated wiring
in the past. The methods described herein, however, produce insulated copper wiring with
extremely thin (less than 0.5 micron) insulation having high electrical breakdown voltages
(over 400 V). Of course, it should be understood that in low-voltage applications (such as

many electromagnetic devices), usable breakdown voltages may be much lower (5-75 V). It
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met hods of the present invention will have breakdown vol tages of at |east 5
V. To formthese coatings, the wire is wound on a supply reel (as is
conmon i wowt/gr7emnuf acturing). The wire is routed in thePe@T/@sENISY160f t he
energy source of a CVD coating apparatus, and then to a take- up reel. In

t hi s maniseotabldybowkeves, thainevier veryrthinr(iessithay 56 mat)edntiiutous aoatizigatade ying ithep| e
coating apparatus. As the surfa % of the copper will oxidize if togQ high
of a ten@@ﬁ%aﬁw ¢ grésgatdnveation F havsyeaiionn \OlnsE ot leat iV o o dormn theseduce

heat tr aéb%Iiﬁ%s Hﬁ&ﬂ@is%&&%ron f;@ﬁgﬁ@&i k&é’ﬂ@%oﬂ;}no%%‘xﬁ{je Wafa i) OFRE wig! €1 N
i nvol ves Wres having a core o W tenperat ure superconductitg nateri al
sur r oundgdoltyd & the &tneityodf the piegy Wurde cTRAEVDABatiig dppatfisi shdthppey a takees,

t hese conposite wires can be provided with thin film oxjde insulation

usi ng t H& feekii lndlis neoyes, e wisesendescontipiapsiyecated withy wlptivelysimpls cedtingd
wires, tHgaLsdl recho CRRBUONSA Dl 3380 NEEChn 3FE (BhSmMSE T lnd "
form ng anar passrves Fre3| st ore and capaci t or ;1 on ¢ uctive

subst r at 8 coMbustitintsdutk iefediradted toakducethber trapeicf fcthe @Bpgepds al | ow oxi de
coatings to be fornmed on pure conductive materials_(such as copper), while

reduci ng t he &seennditype offcopted virisdiesed bereinmyelves witehhaviegyoereOf ks e t he

|t or corteEReR RSOt RHE AATRBARR LIRSS of GUBLE tihcs, 45 wih
t echni quasidi c%f)ﬂﬁ%ii'ésbﬁﬁse ¢oinRite eivds 6gh Bé frovidad anth thiadlinG akide instiSion

09/ 069,679 filed April 29, 1998, 09/198,285 filed Novenber 23, 1998 and
09/ 198, gusing the sefirgst efiyd? methods desgribed hergin. whi ch are hereby i ncor porat ed

by reference. terl . o i S rein are
et ol f o aeinguftonTB Pk il dhe el RCVE Pherfilsiifosth RERREHE S 1 2

co- pendip@flyfr foﬂﬁir%%alﬁp Eéésﬁv%& (redistbiy-and Qﬁfﬁ&ﬁ&sﬂgﬂ chrduelvéiibkirated), A4 998 and
entitl ed RESI STORS ELECTRONI C PACKAG@ NG. In"the formation of these

resi st i veithrather mategials, thiededireshyethofls pliese oxidloceatings tobe formed oapurgas, vapor

or solutions..It is.prefefred to .the |l.o t copst precursor,. which still
IR O AN AR R N, N i A A L

be |1 m tdRghatk @fat Qﬁg@ﬁ/@%@tﬂlﬁ;@{&a@ﬂ& béfrkal ﬁ:e??Ts'P{?etc%Hé%théﬁ 28l ShAonitiRbthvRnS:

Ag silver nitrate, uor oacet at e, ver acetate, silver

cycl ohexiatepturingetat &, merel deiled destiptidinefkthe patsive depuiticil tediid Quies BRCI¢sciSH@! 35416
Al alum num nitrate nonahydrate, alumn | acet.ona

triethyl igicoracading S hatarimantica a]SSlgt- 83}6&33%1&’%]@ pﬁg%>99688°2§§ dfsdum
bi s(2- November 23, 1998 and 09/198,954 filed November 24, 1998, all of which are hereby

incorporated by reference.

Other material that the redirect methods disclosed herein are useful for depositing
include electronic resistive materials as taught in co-pending U.S. Patent Application No.
09/069,427 filed April 29, 1998 and entitled RESISTORS FOR ELECTRONIC
PACKAGING. In the formation of these resistive materials a wide range of precursors can be
used as gas, vapor or solutions.

It is preferred to use the lowest cost precursor, which still yields the desired
morphology. Suitable chemical precursors, not meant to be limiting, for depositing various

metals or metalloids are as follows:

Ag silver nitrate, silver trifluoroacetate, silver acetate, silver cyclohexanebutyrate, silver
2-ethylhexanoate
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et hyl hexanoat e) nonohydr oxi de Au chl orotri et hyl phosphine gold (1),

chl orotri phenyl phosphine gold (1)- B trinmethyl borate, trinmethoxyboroxine Ba
bari um 2ve0 hyditexanoate, bariumnitrate, barium acetyl aceponase/Isydr at e,
bis(2, 2,6, 6-tetranethyl -3, 5-hept anedi onat o) bari um hydrate Bi bismuth (I111)
ni trate Aent afiyshimine nitkitsmotahydrhte] Jludireinhydepdxetmhat, tristhytaldminum,ni trat e
tetrahydr at e, slg@eiink SecZn@bXive, hexAMAAL io-propeRide Uiluhiduim bidet hyl hexanoate Cr
chrom um (11 |gmﬂhgiﬁ5§tepﬁmgm;& chrom um (111) 2-ethyl hexanoat e,

chrom um (1 | Ia%mor%{yjif l]gh(mgﬁﬂ el %nog@ﬁggpgﬂ{y old ghromum (111)

acetyl acgton er, E) cop ) nitrate
tri hydraE ) tmue / Boe 8‘¥1 te hydrate Co cobalt napht henat e,
di cobal t®Hct a(, (I’EF hexa rat e Fejron (111)

y
nitrate nona W a etylmtpr{atq h}ﬁdraéeehlgi tﬁﬁra{r@ % :Snl&ffpéﬁﬂe(lnonwp)b@m%t e
hydrate, indi #e11) acetyl acetonate Ir di hydrogen hexachloroiridate (1V)
hydr at e, Bi ri dbismmibl (IIT) nicate peéndabytoate tismutt dHEc2rethyhongdatet r ai ri di um K
pot assi u@d et headintdem nitrhte 3strahydtate,tcatimion 2ekthylhexanoate
2,2,6, 6-¢gt raé@ﬁhyfmygleqﬁ%&a@a@é onato potassium La | anthanum (111)

2- et hyl hexanoat e anthanum (I11) nitrate hexahydrate, |anthanum (I1 Ig
acet yl acét onacleomyméﬁk)mttaﬂmnmhudm‘(el chrpmiao (1) amﬂxylhgganoate chromium (111

tri s( 2,2,6, 6- §1ﬁfateehyelrdty,l chiorhiuntiegxiacarbehiyd vt apivan(Tpauetyl4detdnptel i
2,2,6,6-Cetr By (TP bapBreBariatd, eoied (IT) hitiate riblydfabd, Wapgdr@yi de |ithium
tert- butoxi dg.eNhdeagaedvdmtapht henate magne5| um 2- et hyl hexanoat e,

bi (2,2, 8,6t braﬁ'ﬁﬁ M eate %das&ﬁ a&s Shidt fblvdaate.  magnesium
acetyl a r§' ﬁh o2 moni u nol ybdat e
t et rahy?at e, %F lﬁd m x%rc r %&B t‘el V) dioxide -

. |
bi s(acet acegi’g’tﬁ i onat o sodi um
Thoxi ?ﬁaF%]Pf otridafe etg[j

sodi um

t et r aki 5122, 2, @@Cﬁcéft?‘)&ﬂﬁ? FldBmS hep tanedl onat 0) ni ob| umﬁl .
potassium ethox1de potassium tert-butox1de, 2,2,6,6-tetramethylheptane-3,5-dionato

potassium

La lanthanum (III) 2-ethylhexanoate, lanthanum (IIT) nitrate hexahydrate, lanthanum (IIT)
acetylacetonate hydrate, lanthanum (III) iso-propoxide, tris(2,2,6,6-tetramethyl-3,5-
heptanedionato)lanthanum (III)

Li 2,2,6,6-tetramethylheptane-3,5-dionato 11th1um 11th1um ethoxide lithium tert-
butoxide

Mg  magnesium naphthenate, magnesium 2-ethylhexanoate,
bis(2,2,6,6-tetramethyl-3,5-heptanedionato)magnesium dihydrate,
magnesium acetylacetonate, magnesium nitrate hexahydrate

Mo ammonium molybdate tetrahydrate, molybdenum hexacarbonyl, molybdenum (IV)
dioxide bis(acetylacetonate)

Na  2,2,6,6-tetramethylheptane-3,5-dionato sodium, sodium ethoxide, sodium tert-
butoxide

Nb  niobium (V) ethoxide, tetrakis(2,2,6,6-tetramethyl-3,5-heptanedionato) niobium (IV),
niobium (IV) (2-ethylhexanoate)

Ni nickel (II) nitrate hexahydrate, nickel (II) acetylacetonate, nickel (II) 2-ethylhexanoate,
nickel (IT) napthenate, nickel carbonyl

P triethylphosphate, triethylphosphite, triphenylphosphite

Pb lead (II) 2-ethylhexanoate, lead naphthenate, bis(2,2,6,6-tetramethyl-3,5-
heptanedionato)lead (II), lead (II) nitrate

Pd diamminepalladium (II) nitrite, palladium (II) acetylacetonate, ammonium
hexochloropalladate (IV)

Pt platinum (II) acetylacetonate, platinum (II) hexafluoroacetylacetonate, diphenyl(1,5-
cyclooctadiene)platinum (II), diammineplatinum (II) nitrite, tetraammineplatinum (II)
nitrate

: C
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ni obi um (1V) (2-ethyl hexanoate) N nickel (Il) nitrate hexahydrate, nickel
(I'l') acetyl acetonate, nickel (11) 2-ethyl hexanoate, nickel (I1)

napt henatveQ oniewhel carbonyl P triethyl phosphate, triethyl poDEpbiISe16

tri phenyl phosphite Pb lead (11) 2-ethyl hexanoate, |ead naphthenate,

bi s( 2, 2, By 6- t matheaivan KBI)-aBetylacktopatanedi onat o)l ead (11), lead (11) nitrate Pd
di anm nepal | agii um &ﬁhéthm}tsﬂaﬁeetem@ﬁieﬂ@wﬂm disiliciesdd yhaasticioatid, anmoni um
hexochl or opal | adate (V) pl ati num (I ). acetyl acetonate, platinum (I1)
hexaf | uo¥bac iy (IRcadenida @hY@HaE?mélm(W @hylhgz@n%@,t tgira-arykiag

di anmmi nePd at i shomtiginl Hitraties strourla}lnltkenlxalémmmetpl mamw{tewamethyltiét e 11 WO
01/ 47704 PCT/hépbidedioadto)stisutinmthydratesm (111) acetyl acetonate Si

tetraet hanSIdnaﬁ@m fsorpRbpuKtidd, kitdheum ]gll\élahé laGetagdtél titimbmgiiisei ¢ acid Sn
tin (11) chl opdges )Biégicaéyﬁaceﬁohaex hikani ﬂﬁ&ﬁﬁ@%ﬁ@rﬂuﬁlm n-butyl tin,

hyl .
L:atszgm;t y t'éh[qlﬁ‘éx %d%’ ;g de&ﬂa?e et hyl hexanoat e,

t hydrate Ti titanium
(Iv) iso: propQ %(lzﬂe bﬁmtgg[ %'f(!nalum(&mlso
pr opoxi d¥) bi g@ 3 0alg,j Ripite ReR HvERALEY ¥% (v 2-
et hyl hexoxi dePTOPPXIehi )’éﬁﬂt@t%l s(acetyl acetonate) Wtungsten

hexacar bbby Yttelnbﬂgmﬁﬂ)@m ePﬁ!ﬁ@thdéﬁe tungstic acid Y yttrium (111)

2- et hyl Héx an ozine2- efttylihgxanogie,| Aijc mtnatealneetahseirahyunataeetatyt trium(Il1) iso-
propoxi déx, ytdirdouinn{ (IM) R-ethyihéraadate, ircphitar GVymbiitdxide, nir¢onatm (PAnt ahydr at e
Zn zinc 2- et hydxhfuaoacstfacetonate, Rirbdnim (hepurblyticatofate Zirtonae W) 8- Zr

zirconium (I \@ [l VAiRexiaREhRBrateZdigoni um (1'V) n-but oxide, zirconium (1V)
hexaf | uor oace acetonate, zirconium (1V) acetylacetonate, zirconium (IV)

b ebent 1 nvenToAePRPEO iR s e Finy Bt TR Bip pRBp oL i pdEs
pol yner 195?&@ Qn pf)@ﬁfét—%%ufdod%éﬁlﬁt Bt SinerS0 PYIRIer 661tAiALMR %ISfoB@ hatedénhave
been wused f many yearS, as they are | ess expensive and |lighter than

their glussd ﬁamﬂdmlryears; ad they aterlessreppernsive and lighter thaorheipglh: azoretali ners can

be flexible and I kabl
xi counterpartsafn addfhsosn Bél?rr%e? cl:)on(:’fxau}ntlrg1 r(]:al%e flSxible and are less breakable than glass.

Some of the polymers used to form these containers include polyesters, polyamides and
polyolefins. One disadvantage of low cost, polymer-based containers, is their inability to
provide a sufficient barrier to the transmission of oxygen, carbon dioxide, water vapor and
other gaseous media. To reduce this transmission, the internal and/or external surfaces of the
containers are coated with a barrier layer of metallic oxide. These barrier layers can be
difficult to form on the polymers’ surface, requiring vacuum chambers, adhesives or other
costly, slow and environmentally unsafe batch methods. Conventional CVD methods, as
previously disclosed in the above-mentioned U.S. Patents, are unsuitable for forming these
coatings as the direct heat can damage the polymers being coated. The disclosed redirect
CVD methods, however, provide the heat for the activation of the precursors, while avoiding
over heating of the polymer surface.

Materials that can be used to form the barrier layers include but are not limited to
inorganic metal oxides such as silica, magnesia, zinc oxide, zirconia, titania, chromia, and
ceria. Silica (Si0y) is preferred as a low-cost material that exhibits a high degree of

impermeability. The silica coatings of the present invention are not only relatively
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Some of the polyners used to formthese containers include polyesters,

pol yam des and polyolefins. One di sadvantage of | ow cost, pol yner-based
cont ai neveQ 0i/¢770heir inability to provide a sufficient bRCTUS60/ISe16t he
transm ssi on of oxygen, carbon dioxide, water vapor and other gaseous

medi a. Tmexpasive té hroglute, doscandmive additibunl snifasenadtudmioprowidé e hizaly sihefigees

of the containers_are coated with a barrier Jayer of netallic oxide. These
barrier FHipss Spagtigriarly relptive tQ pelymets) fosprntsd subiectyaitigresds almnst always

requiring..; ' ot her costly, slow and

envi ronrr%)rﬁﬁg?wmgﬁgg%g&ggﬁec(ﬁqgnﬁ%dgg%?&%onvem i onal CVD net hods, as

previ ousl y di Brddditenh torhd inethabioaet mmtetiale destribeBabdre) thatuse ofthe CANADI t abl e

f f ' t h t| ng t di t h d th I

bei ng_ coRPBS AR roNIdes 108 Bl srndiging thevistare o BPOLRATE PoRSreRiaibe de t he
heat for | ' . ' v Qi d] r .1 ng of
tho. pol yieSoR BrinkEh b limb\RaRhE T Ckige biiet BB S MEko P ML P

i ncl ude fhetpoBiter Baifadei igby attoiporating@xgadt ondE0 A intthel plymee Surfise, théreby,
magnesi a, zinc oxide, zirconia, titania, chroma, and ceria. Silica (S Q)

i s pref eincrgasing the strgngth@f thehondbietween g oxsigan pid e pohyimgn mpdeputes. dhis is

i bi ].i t The sili ' f.th t . ti . t I
ol at vePte by sRg Ens SRR malRetet e P D S B RS e bur  can
have addifhREdio the bhRbEstioRsbitch RIfdrR (RE MétallBxide RbAHHgY. BYRREHLY Brovidihface
(particularly relative to polyners) for printed subject matter, as Is

al nost  adomesyionizag pkyged or oxygen contagning radicalsethefadhesiah bedwieen the pxide land dudi ti on

to the nmethods and materi al i bed ab the use of the CCVD nethod
al's0. or ORPISE Do D\ RRERy s REmEtfe pbegon I BERHE RS B et case

the adhggig hﬁ}nvﬁ%dﬁ,hﬁitﬂﬁitmeeém dnhRAIRhPro¥d GexpBaadser | ayer. One

nmet hod for ITylng the polyner surface is by incorporating oxygen ions
(02) into theApohymmeethedof aodifyingehedyface ofthe aslyngr istey dopirgthe kiliod withe bond

bet ween the oxygen. and the polymer | equles. This i . particularly eas
st gt HRISGES e e el FPER B She s R s s COgyRR A By
suppl i edy 4 Qint RE ABATRNSGAL Ao BYAT SudhCassOitht S oMREiRMm. OWhélPuseads bLodS. By

sinply providing sone Ionized oxygen or oxygen containing radicals, the
adhesi onpdigdoidse pollytmmidex iodpolyesiers kech gsqlolyethylanaterbghtbalate ( PH T tiecadkadd. | n

adie, i BB EIES ARGURRH OSpleBat PP (B S ToPOaph AL En g her ot hod

o 0 O ARSI R LR | SR ienatl o,

st ront i upalymer ardahe siica tiye|of dhel lammiriatd. SAS with dige ibAzed uxygeasths atkialimetals,

pot ass| uaTkalmeegﬂﬁ %ae(%alg gr glgt?rtlum are easily co-deposited using the deposition methods
disclosed herein. This is accomplished by simply dissolving the metal into the silica
precursor solution. Alternatively, a very thin coating, ranging in thickness between a partial
layer to tens of angstroms thick, of the adhesion promoter is first applied, followed by a better
diffusion inhibitor. These thin layers can also be used to increase or decrease the bonding of
inks, glues and other desired additional processing or end use properties.

The gas barrier properties of a barrier coating may be enhanced by providing
alternating layers of different composition. For example, layers of an alkaline earth metal
oxide or mixture of alkaline earth metal oxide may be alternated with layers entirely of silica.

The different crystalline structures of the several layers creates a tortuous pathway for gases

to flow through any porosity. The inner layer is typically the alkaline earth metal oxide-
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pol yaci ds, pol yam des or pol yesters such as pol yethyl ene terephthal ate
(PET), the alkali netal, alkaline earth netal or platinum bonds to the

car bon- owg@en4doubl e bond in the polynmer. The atons of theTAio@eassiet her eby
act as a bridge, adhesion pronoter, between the polynmer and the silica

| ayer s ofontdiming dayienay this atihenss bbttertie theqrolynaat thanydpes thetguee silika | Thamelative ,

al kal i ne earth, netal t platinumare easil 0- deposi ted psi

eposi 1 BRHEAlocT e akalirereth M s ¢ aca fnhselalist roseitoy 1ok dgmn

di ssol vi s :h Iked [N ively, a
very thi ﬂ%%c%g% i %b@rf%r%é& rﬁ%lttllhlﬁy??ﬁ{crgﬁtﬂr&dg Eet \é/\iég{nengﬁ%gtrldt}?ggl 0@%@@?&%’0 tens of
angst r onES:251haelkir ratid, with siith ésensnInsuohmatudti-laysr §tructtres el indidjdubblayaweshgey a

better diffusion inhibitor. These thin |ayers can also be used to increase
or decr éadbickngss FoRHAGYt &fo abapk 450 gw&eteaﬁdT%q lﬁggbfél% farysw 19 8660 3 HFpgfure

rocessi LES 10 : Lef:fAroperties of a barrier
(F:)oati ng %%@ggﬁ ang}é‘gg’“bag?%iaggﬁ%&ﬁﬁg%Ig?'%lgwgtp?ﬁgm%aygrs of different
conposi tion. Tire exaidunee tHaty@ers thefinren sabligd bfie batiet foatidp @bmprixdsdilicar

m xture of alkaline earth netal oxide nmay be alternated with |ayers _ .

ent i r el yplas ansplkpling earthypetal, p puxedhtilieqnjalkalineieaih metal oxidedermss Fopexaapleif|

| ayers ci eat: . r . sity.
Tho 1 nnel® Dpis e T 54 b MEHCENBED IR <hiBE nBRETum btcite ikl L U By QY o363 0
PCT/ USO04re béliéed Carilicrittnbogtl Wikl @irbasylighdups ad babedyl lpeiupedontainih$ polgaieysyer t han
does the pure silica. The relative npolar ratio of the_ al kaline earth netal

oxi de t osushps palypthyleneistephtiplate; pelprshenats, orpalyemidothereby snneinggahesion.
preferred muld - Iﬂgﬁéé%g&aﬁggﬁ)meafoﬁéoag%ﬁ?g%?%téﬂe&?h 8§ MyQ' si li ca,

75:25nol ar ra iag, W ers. S ayer’’s ruc?ures, t he

i ndi vi dugdiydtiyeneterepitBalateibattie) inckdassbstdbity of B Barderl @ atilly) élg., bgfinfanonet er s.
The nunber” of layers in such a structure nmay range from2 upward, 10

| ayers beracking npyetdchigvedipyprovidimg an omterdayeriof pelyimge hetweemahouhR@and he i nner
subl ayer ,of arrier coatin onprises silica l.us an al kal ine earth

rera s E PRI Bebesr bk SRolles s v e 1t i s
bel i eve | hit : ' bihd idorms. Such

m xed ogIl’ %@ﬁylgr%et@%eghilhea%% M%ugrqeﬁ% %doa%g{)]ﬁ%%ggﬁé(%%% ﬁgérgiaps of carbonyl
gr oup- cabdlgsiloxane pey herprosipcedsascin cater hayley by Aeplositivg arselutivh alf polysiloxane

ol ycarbonat e, or_polyani.de, fhereby enhanci adhesion., |If an i norganic
Dar 11 or 6aors o1 HoR e gl ey ey O RE SHAE AP Poredh progisers.  ©
pol yet hyl enet grigphihaligh sfﬁa&@ lafhindtBC i{ﬁﬁ%ﬁﬁ@éﬂé Yarfus RSl RBbAL €F
| may be y

coating, e.g., agalnst cracking, achi eve provi ti ng an outer
| ayer .of dipaissaiedbobe tthemindio may 26cladecan arbantit substate maomo whichrassurfacelayer is
Pol yesters that_ may be dissolved in a solvent, such a ol yet hy] ene

t er epht Higpasited fpproyiding yeacg catr?%@qxfé&staa%rmq%%sw%ﬁ' HGTSLRWY BF i ed.

formed of at least one material chosen from the exemplary group consisting of but not limited

to silica, chromia, ZnO, alumina, titania, magnesia, copper, nickel, gold, WC and TiN. In A
between these layers, a laminate-interface layer may be deposited for incréasing the adhesion
between these two layers. The laminate-interface layer may comprise at least one material
chosen from the group consisting of Pt, Pd, CuO, Cu,0 and carbon or silicon based polymers.
As with the previous discussed materials, these layers are effectively deposited using the
redirect methods of the present invention.

The redirect can also be used to control thg cluster or particle size of electrochemical
materials and nanopowders where high surface areas are often desired. Without sufficient

redirect with its dilution and cooling effects, the deposition species would form larger vapor
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Pol ysi | oxane may be produced as an outer |ayer by depositing a solution of
pol ysi |l oxane precursors and applying thermal energy to evaporate sol vent
and curewoevrgrecursors. In the formati on of nany | am nat BET/USOISU ng sone
of the various applications discussed above, the |am nate may incl ude an
or gani ¢ dudtersroa famianse wsdtmgs altssleioarrdydyensivs to ekpossiesetlaterial prhahighng
wear and/or corrosion i stance. These surface |.ayers gg{ be orned of at

'east  oneeHERREN aha bigher PERHIBTCOBGGRAANeR Yndssisihle ewirsialRagh &d- not
limted , t.nl,,? '

ni ckel , Tﬁ é%/\l‘,28 ag?_?{r%ﬂh,l n %ﬁgtsegéelﬁ%lws %Fséwmﬁgt?n&ﬁg?%@ﬁﬁ erf ace

| ayer rragoahng safars inharghdlogy,ion i feaminpopdwdersaitit paitiole sizeatande mndrb esairitely

| ayers. The la I nate-interface |layer nay conprise at |east one materi al
chosen f§a5HP group consisting of Pt, Pd, CuO Cu20 and carbon or silicon

based pol yner ef?’ﬁh 5%@’ 5’?&1@{ S are
effectively drg%%rseé?%‘gnch@??]% qlc%?(} g%f gls 0 #‘%g&%ﬁtéﬁsggﬁ e %(gfri]lt I on.
The r edi the ptevicauslyedissusid, bs-pehding U Parht Abphcaht;ﬁw 09316855 bititkedsi ze of
el ectrochem cal materials and nanopowders where QEih surface areas are

of ten deMiXIERIANS AV PROCESSEEHOR PROAVIDINGA WL i AND 4aTEE cool i ng

ff | 4 [ 4770
b UsooYSaRERARER, o SRR GRS b SR ER R REh el plgyh
| Nt ensi VRafich@ R NS heABERE), %hn bOedsil§ c@-‘dﬁﬁosﬂ%ﬂ' ﬁéﬁg {HeQRBiredp H‘Ietlﬁids arhi gher

precursor concentration undesitable materials may formed. Thus the
secondarthe sreselarmvananna Véldlesthe eatalysturhatetial rsuclgasqﬂstusl;m,my tee ipetprecursor
controlli coati rfaem)r hol o in formn owders the
port o1 obiting gt B Ry SOy st irnie FEb T dePoRaa even
further SYAR PGS

previ ousliagt eié ?lgg]ljes@ggn co- pgﬁgllr% (fléééa{ﬁeggﬁw.eeﬁ‘% {e%ﬁ | ca% ?gﬁﬂll{%&ﬁ%g}eg)ll%ﬁ%g%
entit| edpredmiddErRhaALle RIDIPRECERSHS cAG@Ry RREMW CLHIGIHUEC VEE uiSe AdDDe G
VEVBRANES The terials,di,sclosed in this licatio such as a cat al yst,
pl at i nunfaiRjthe °8®(%°5““°é‘ i3 gprovd ino %Hﬂ%ﬁ@?‘ gaé%?ﬁ“b@‘ <(§ redraeldessi t ed
usi ng t hend diif RGh 1%&@&?119;% dbBSsiRIES IRl se Y G4 @ﬁho&f\vabgﬁdatt& Sahé! yst

mat eri al such as platinu be i n a precursor solutioR that requires a
rel ati velhyretﬁeghuma@ma]soumewmgﬂatam derisisie oambe hohicleq dwit treghreermesr i al |

t he I I d th t .. Ta_thi d, th
ol at | nurihs %ré@@é@&'eﬁagr%éuqe@%@cﬁdg%& FyRfeR DIGHWIE PRI St T CRURIP s o
CCVD 1 agkn 2 iQhoRRI P hup o ichgté 8% gawt%laﬁnﬁmdémn%qs b 1§sJ%PeVa%d into the

deposi tion gasses In th a rédirect” Jet The resu IS an
I nti mat edompireded 20epachi¢vable with btheseurreat methvlds W t hout degradat ion of the

As previously discussed, the disclosed methods are also useful in the production of
powders as well as coatings. In order to form these powderé, some type of powder collection
mechanism may be employed. Any type of these mechanisms may be used, including but not
limited to filters, bubblers, scraped surfaces (such as rotating drums) and trap zones. It is
considered well within the skill level of the average worker in the art of powder
manufacturing to design a collection mechanism for the production of powders, and follow
from principles known in the art, including those set forth in U.S. Patent No. 5,277,705
issued on January 11, 1994 to Anderson et al. and hereby incorporated by reference.

Accordingly, it is a first object of the invention to provide a redirected chemical
deposition method for producing a coating on a substrate, to more evenly distribute the

coating material and the heat from the energy source over a surface of the substrate.
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nore sensitive materials. Mreover, platinumdensities can be achi eved that
are three tines that produced by currently used nethods at simlar

pl ati numwapnt/iwm at e si ze. For exanple, wth 2 nanonet er PQOT/@so0msme

particul ate size, 60 wt % platinum | oading is achievable as conpared to 20%
achi evabl e wi ktis @sdvend objectaofithevivhutibe. to Asovidea rediredtyd chenminal slepositidre

di scl osed ods are al so useful jn the production of _powders as well as
coat i ng@eﬁgag?rﬁpg%ns BPIALING8E HIRNERT. 40 e OBt of&zﬁﬂﬁ%%ns?fmdéemeon

mechani s . :
i ncl udi n%ﬂbg%%% © Iril}gge(aﬂ% %¥? g%ﬁ@@&éq{?@%& ﬁjgﬂﬁ%?gfr%w gé(}irrgégﬁég %r%ggs ?gfféh as
rotating drunkjs athdriodfeczefths invehtidrsto redirst thereaergywbircsot hotigatdes ski l |

| evel of the average worker in the art of powder nmmnufacturing to design a
col | ect i RdweedrberPRYinFa¢hemieal deppsition methed using\aist o1 ligwd or gpseays mptesial

pri nci pl i . I 0, S i . S. Patent No.
5,277,70 ec@ga\lﬁ@lcﬁ %ﬁ&gglnlﬁgaélg}néﬁgﬁl%%gﬁ&%{bﬁﬁ ggrogt)ﬂrllé ée}[e}% ‘%Oﬂlécgd her eby

i ncor por at ed lys 4 Rirtieeolsiect oftieoindémidhyto rddiretith@ehdrpfovddy iackt chefidane
invention to provide a redirected chem cal deposition nethod for producing
a coat i néppepitian sigshad-uping a febohliguid ey asequsdnaferigllifcated pear the eRarg)SAvERSREQ al

and the he f X V. a surface of the substrate. 15 WO
01/ 477041!33%%’)/8@8@?%%2%02?&?‘&%}(@5%@%&%n%ﬁlg'bj ect of the invention to provide
a redirected Eheydt anbtheleghisdt bf the inveatibae fedire@tigdéirtRitodraedahichgmizal a

substrate, to reduce the anmount of heat transferred to the substrate to
reduce tmowggmthqm}smavmwcpr omthe energy source danagi ng the

substrate. I4.] r i e | i . i . ener gy
source or hot I éaiest ggﬁ}ﬂg&g gﬁe%'l'egf:%ﬁ grivgét{l;&} {I’(l) %@ﬁg%g ar&{dgag%)gssiqﬁ %Sfﬁggng ?ﬂ od
using a depbsifibn hicitdhnd in€8sRALSsUMBEAE bith cofliaéted b thead Féé@_@s. materi al
resulting fromexposure to sonme of the energy source. It is a further

obj ect of t heltisstdhanother vbjectkefithemventinn topeovgde nsulative, ithin dilmhexiide apatings
deposi tion l%hﬁd ugi ngr a jet of liquid or gaseous nmaterial directed near
the ener@yeBUFEEODYIOBhar eby produce a |ocal differential pressure zone.
It 1s yet angﬁ ednofir 86fec ifth@ﬁw!eﬂt‘f&i%'iﬂ&eés@ tREGHERALy dfMedRTagNetROUr CE I N
a chem cal eposition nethod using a vacuum source. It 1s yet "a further
obj ect odevides by metewinigahe thickmess afithe insylatend on the yardingnofthedeateivicas, while
deposition nmet hod and incr}%a,se t he su(lf.strate rea contacted by these
gasses. WPVvidlehe requied insalatign peivteep pAippRat FARMRES 894 OfRer SPRPPRADIS: nsul at i ve,

thin film ox [WalelS g Fi : Rﬂﬂ? iek favh Hekiqb) ect
of the inventfltgsﬁslcﬁgfe}tncr egs%??cﬁggfef’%fll:’l%?{el%%y 0 91&?3%%%%@??% ik
coatings on polymer-based, food product containers.

It is yet an additional object of the invention to provide thin film layers for increased
adhesion or to modify surface wetting.

These and other objects of the present invention will become readily apparent upon
further review of the following specification and drawings.

Brief Description of the Drawings

Figure 1 is a schematic of a jet-equipped embodiment of the redirect CCVD apparatus

of the present invention.

Figure 2 is a schematic of a vacuum-equipped embodiment of the redirect CCVD

apparatus.

Figure 3 is a view of a redirect CCVD apparatus used to form insulating coatings on

electrical wiring.
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devi ces by reducing the thickness of the insulators on the w ndings of

t hese devices, while providing the required insulation between adjacent
wi ndi ngs veadr/etther conponents. It is still yet another obpeTUS@i3sitve

i nvention to provide barrier |layers of netal oxide coatings on

pol yner - bas edFigheotlispnatlutiation of appaettss fot funnslineCCH¥D addbustion ptodabis egtb of
the invention to provide thin filmlayers for increased adhesion or to
modi fy s@?ﬂ%@’é‘)fvﬁg?atbw- These and ot her objects of the present invention
will becone r L . . ' f it Lk .
specificati onﬁgﬂ}fl %}Sga@mﬁ%%}ih%#?g% &%&F% %ﬁ)\%af%\% ﬁéﬁ ag\(féﬂr?\%dssaglgs%raénid s a
schenmat i eutdh tiee intekioegfia peed. enbodi nent of the redirect CCVD apparatus of
the present invention. Fi %ur,e 2 is a schematic of a vacuum equi pped
enbodi nent  of Fighe ¢ sgnilesirationypf a giisech (/D ppRpgstes eoatigg the intsoppf ap

redirect ratus used to forminsulating coatings on electrical
W ring. ?%%%@?%7704 PCT/ US00/ 35416 Figure 4 is an illustration of

appar at us f or FiigufeTeisiangll6sabos ofh usthaicapfodivect €OV deflédid beligaisedto &at a
bottle. Figure 5 is an illustration of re-direct CCVD apparatus in which
conbust i tha interieranfranedongsted tibe. t he interior of a bottle. Figure 6 is an

illustration of a re-ditect . D.apparat us coati.ng fhe interior of an
bl ongat od + ubbieuegaant 56 ate ERRIPRERS Sttt SBPo Mol i s derlor BiefpsBft covo
def | ect o RRLAG H38Q1dMEakc@Rbbe. the interior of an elongated tube. Figures 8a

and 8b are illustrations of another enbodi nent of a deflector used to coat
the interior Bigus® Blaoijedtation oharediechimeth@d wheraim 4 blbwst arat 4 vacuuh age

redirect t hod erein a bl ower_ and,a vacuym are used to channel CCVD
gases tht%§ é‘hc%ﬁ‘?%g]i éﬁgﬂ%@de%tgﬁﬁghlﬂpﬁlﬂn@a@é“’k' a diagrammatic illustration
of a two-fla Ao L . : | td -2 L& S a
re-directi ngn}:igr ay ofkj tafdl?%ll-%ﬂglt% ﬁ?ﬂﬂéﬁ%%tgdgpg g?g.o %%ﬁ?@g%ﬁkﬂia%%mg{llgg %on

m cr ogr athirdmbzze shat diracte o a¢-directimg spraly e Aotuloat dhieesubstide.ai | ed Descri ption of

the Illustrated Enpodi nents . oy .
Figure 11 is an electron micrograph of a silica coating on polycarbonate.

Detailed Description of the Illustrated Embodiments

The present invention may be understood more readily by reference to the following
detailed description of certain illustrated embodiments of the invention and the Figures. The
embodiments described herein include systems and methods for performing a chemical
deposition method wherein the activated source and/or the hot gasses produced thereby are
redirected during the deposition process. For example, in one aspect, the invention provides
systems for redirecting or “vectoring” the reactive species and/or the hot deposition gasses
generated during a deposition process. This redirect may be accomplished by providing a jet
of air, gas or liquid, (or a combination thereof) that is directed toward or near the energy
environment, or by a vacuum source placed close to the energy environment. Redirecting the
deposition gasses is understood to allow for more uniform distribution of the coating material
over the substrate surface, thereby increasing deposition efficiency and improving film
thickness uniformity. In addition, by redirecting the activated source, lower substrate
temperatures can be used during the deposition process, thereby reducing oxidation or other

degradation of the substrate material itself.
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The present invention may be understood nore readily by reference to the
followng detailed description of certain illustrated enbodi nents of the
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coated substrates, such as oxide insulative coatings on conductive

subst r at @C@RYsonetels shovole SpexifidablysFigae 1pdepiotsea dévocedthainidclodeser ragale 15
contai ners nmaybe nmade using .t nmet hods .descri bed herein. O course, it
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acti Vati%&%@gﬁfi %rmgﬁrggtg&ggﬁxgo@rl@g%%g are uﬂsog eilr?tercioénrgle&gﬁl § in the

cont ext suithblichiogzlpatsefiblyppdh asafor exangyie tisdworzid a3ssdmbie desenibed incttle above

limting. Turning now to Figure 1, one apparatus for redirecting the
ener gy, meafiongd l&)ﬂ‘ﬁé@tﬁa%ﬁa Podionogdg pssembly manipsludega dgrifienmechantsny yr e 1

depicts i ce. i . ; r or
mater i al ot kY R 1o AR R OGELOE il Bthe BICRUER, BepBALTSY o
Wi t h t heThepgitiondhdvhhnigiBaybe 4 pidotight, hepdrker, dheny e saitdtle rRyhadsforse any
suitabl e nozzl e assenbly, such as for exanple, the nozz]e assenbl 8/
descr i bei@nitingitheprggeryer material. The ignition mechanism creates a combustion zone 1

(shown here as a flame) that may be redirected along a second path by a jet of gas or liquid

pointed either directly 11 or indirectly 12 and 17 at the combustion source 10. The

redirecting of the activated precursor 13 results in a deposition of a coating onto a substrate

14. Tt should be noted that the direction and position of the redirect jet (11, 12 or 17) are

chosen here merely to be illustrative. The actual angle and distance between the CCVD

nozzle 15, and the redirect jet (11, 12 or 17), would be chosen based on the specific

deposition parameters (i.e. required flame and substrate temperatures). To this end, one or

all of the redirect jets (11, 12 or 17) may be mounted to respective pivoting mechanisms for

adjusting an angle at which the redirect jets (11, 12 or 17) act on the combustion zone 10.

The pivoting mechanism may include a mechanical actuator, such as a motorized gimbal
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mentioned US Patent 5,858,465. The nozzle assenbly may include an ignition
mechani sm that may ignite, at |least partially, the precursor materi al

bei ng ej avoed4tnoHm t he nozzl e 15. The ignition nechani snPaBySEESsaLepi | ot
light, a sparker, or any other suitable nechanismfor igniting the
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redi r ectprb@ide Gdditiondl Zofibudtible aatbriaher £onbina60n 9Okt Cexydlh, giq sbhdss end, the
system may also include a flow controller for adjusting a flow rate of gas

st r eam Hueeysqyy letes exsolyesin Bihilgdhe basic embadiipentiuser ¢ %egle Fedizect jet, multiplsy

17 The stituent e t I
D RS 5P a0 B B0 e B0t APy AL et et o e
art  CCMadizgg qétaprovided MRxibality i@ tHe EVDPRYREs K@BPheiosetnseén OXYGQss mitedals Or
maybe a solid, gas or liquid material or precursor that fornms_part or all
of the cwatenigliverad thibe @gmbusttqﬁéowp ahgiff erqﬂﬁ wa@@wa?eéﬁlmréﬁ%ﬁ at@&%ﬁé%tt ible
mat eri al combi nat,

ol ut eo. ortpmed HruERPRHn AR RS, oo EGRREA ER e puRE R SRR et |
mul ti pl &g shRh8 off the Idepds@ﬁorﬁhat@hm &5 fdw PR RE hﬁﬂf&n{f%fﬁ&erﬂ %ﬁ@' hoﬂibﬁen%bhd ity t 0
use single or multiple redirect jets provides f1éxi bi lity to the CCVD

process depositibef Materintsheicouldmitbesordepenited by the conventional CVD process

because of their different properties and sensitivities to excessive temperatures or vacuums

=

can successfully be co-deposited using multiple jet redirected CCVD.

Figure 2 illustrates a vacuum-assisted redirect CCVD apparatus of the present
invention. A vacuum source 20, 21 or 22 is used to redirect the hot gasses 13 produced by the
CCVD combustion source 10 onto a substrate 14. As shown, the vacuum source can be
positioned behind (20) the substrate 14, next to (22) the CCVD nozzle 15 or at some
intermediate point (21). A single or multiple vacuum sources can be used. Multiple vacuum
sources can be used to redirect the hot gasses 13 in several directions, thereby spreading out
the gasses for increased deposition areas and more homogeneous coatings from a single or

multiple, CCVD nozzle. As with jet-assisted redirected CCVD, the vacuum source allows for
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can be delivered to the conbustion source at different |ocations and

therefore at different optinmal tenperatures. Alternatively, several jets
posi ti onadobn4a0f an- out pattern can be used to spread oupPCTHSIBSPSI ti on
materials to allow a nore uniform efficient and honbgeneous deposition.
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deposition areas and nore honpgeneous coatings froma single or multiple,

CCVD noZz‘flame-dmpinigt hechsiquassi st ed redi rected CCVD, the vacuum source al |l ows
for 19 WO 01/47704. PCT/ US00/ 35416 ..re]l atjvel i gh caonbust.ion tenperatures,
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provi deswihevab o} hévigor¢8aarhl d&poitibA gfoctdted BAPES AStHSE a SEMBUtIoNDr other
substrates that otherw se could not be deposited using other nethods,

W t hout chawergiatel ereegy soubast Witk this in thind, rezzte Heem Hemensidened to batheiontpit of

pl ati num.can b ormed on NAFI ONTM as descr| in the exanple below In
D t 1 onted AShis? BhETgT SeAsREO I LTI Bt D afprandh HHECERRS not ed ¢ ha
both pre } I ; il 1ty
ot e B R o o e PO R & s
wel | as gqpread alit,wgol 6f dibne thel YD righodi harhgrsspses ackisveamycombinayioniof thessed, t he

redi rect nethods of the present invention are also useful wth CvD or
non- vapoviteem dhege cfspabpstionprsperggseese Ihat do not use a conbustion or

consi der edt o BevEnaDh M PR sad bl et BofBin iR p R AB20

considered to e out put oma t'1on gas source

used in RmpYianadeedtaigUT polyierg aS&sin eb@IMGS, | patidul @I oxdzdoatidds, Caibdigsed to
redi rected using any of the above nethods to direct, mx, spread out, cool
or di | utimpanescoigh-tesistaare fodplyjaers e AngmparitepeciBaysecdihe presens HVERtiehss

ROt G ST o] AR BP0,
ﬁ ggé i tng Slyauebomary such Gk R ddated PolyeaiBHonda tir Bt Ifyr Windew ppiRdatieas, can be
particularly automotive, rail, and aviation side windows. Polycarbonate is a transparent
material having 90% light transmission and therefore has been used for non-breakable
windows. A recognized problem with polycarbonate, however, is its tendency to scratch. It

is desirable to impart sufficient scratch-resistance to polycarbonate so as to meet industry
requirements for automotive, rail, and aviation side windows. To this end, the coated
material should have a Taber abrasion of <10% A haze (ASTM D-1044), preferably <6% A
haze, and most preferably <2% A haze . It is known to coat polycarbonate with silica to
impart scratch-resistance to the polycarbonate, but such prior-art coatings have had to be in
excess of 2000 nanometers in order to achieve the requisite scratch-resistance.

An important aspect of the present invention is that silica can be deposited on

polycarbonate to a thickness of between about 100 nm and about 1800 nm, preferably
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I npart scratch-resistance to polyners. An inportant specific use of the
present invention is the application of a very thin silica layer to

pol ycar bow@abe417e4 i npart scratch-resi stance to the pol ycapoDuaesssiwsch t hat

t he coated pol ycarbonate can be used for wi ndow applications, particularly

aut onot i etweemabout 20D ad fouD16 0D rthe and Mmeevie THlsEr ybakioaRaheard 9 &10%aMs par ent
mat eri al . havi ng 90% | i ght transm ssion and therefore has been_used for
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pr ef er abPito 2ebyrarbonats.c Whilepohsatbopatepad sibicy aremopartiqularly prefepred sombisfion o

coat pol ! b G ' r - i t he.:.
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| nportant aspect of the present invention is that silica can be deposited
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nm preferabl 0 WO 01/ 47704, PCT/ US00/ 35416 bet ween ,about .1000 .a about
500" nm S o BT TR AT BN A O SpAESORAR Sy BPRiRara b y
<6% A hagfymahdb&RedgeRbRiafAD kich e’ Polyellitde tdtep kAR PPRT Fodifeshs ?Eévide
sensitive and nust be coated at surface’tenperatures of about 150C or

bel ow. Térygee thbcarbamdioajsisabatiespropertitre Whide suvh doatimgstmayrbef applied toethe such

| ow t enperature_depositiaqn of.silica onto polycarbonate. Wil
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rovi di - | q1:.0t her : YY) hi n
Payer s oL TaleRB Bt et DO Ui B o ARG BA B bR IS Ance.
An i nmpor d¢atdinaduaaisageovide apgraerdgamsidlientical edgmton.sFomhdexibitity, @ polyaeeici on

gases is the ability to coat interior, surfaces, As nqQted above, oxides
coat i ngsCORAMY i Plastgigrs Bt P timg 19’@2‘ &%fué%%? zeﬁ%gf‘affq‘ﬁéﬁgz%ch

as pol ye‘ﬁﬁé’slti%’r"?as{e% %ﬁ%&%&ﬁﬁ‘ﬂ% 0RO Lbh s HAvOHON ge% %Bé?ﬁ?e ARy ﬁizr bon

di oxi de Barrier properties. e such coatings nay be tot
out si de aftairhglastiwivead, Isech asiphthmbate plastéoigans.nor e advant ageous to coat the

I nsi de surfacg, of pttles. Interjor cqatings, ch as silica, not only
enhance the gﬁléls%%ﬁe f'b#lg]ﬂ’fedb‘ératﬁogge {90, %ént%%?é‘%’ﬁi‘fghl %a‘?"éf?d. ovide a
barri er agalAalinGRCISRE &lidvRtior Ofhd §t&ﬁ'1§’0 !of%ﬁfunn%lﬂﬁi ¥§Yﬁ§ér%d if8h@! ner
may contdarn plasticlizers that over time mght diffuse Into the beverage and
i mpart  abottlpll @Gt ACCVBsiepodition hezzeel2ria dpodeditd pryduoe £ flame 04 ansldeatisn been

rai sed about the safety of certain plasticizers, such as phthalate .

pl asti ci belew the funnel axis. A gas-directing nozzle 106 is shown normal to the fPame for directing
the combustion products of the CCVD flame into the funnel. The stem 110 has an outer
diameter significantly less than the inner diameter of the bottle mouth 112, whereby exhaust
gases exit between the stem 110 and bottle mouth. This method of coating the interior of a
bottle has the advantage of minimizing heating of the interior of the bottle. On the other
hand, it has the disadvantage of relatively low coating efficiency, i.e., the amount of coating
deposited relative to amount of precursor chemical(s) expended.

A flame can actually be used inside a polymeric bottle 130 as shown in Figure 5. An

elongated, narrow, flame-producing nozzle 132 is shown inserted through the mouth 134 of

the bottle 130. A second narrow, elongated, gas-conveying nozzle 136 is also inserted
through the mouth 134 of the bottle 130. A flame 138 is produced at the end of nozzle 132.
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I[l'lustrated in Figure 4 is a bottle 100, the interior of which is being
coated by apparatus in accordance with the invention. The stem 110 of a
funnel 10B0bs4iTaserted into the bottle 100. A CCVD deposPCT/oRoosszw e 102
is disposed to produce a flanme 104 at a |ocation below the funnel axis. A
gas- di r eOpémngniizih ¢hed §¥6 coavestgymozater idélard shommadifdcting gdsan adiireetiér ng  t he
conbustion products of the CCVD flane _into the funnel. The stem 110 has an
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el ongat ed, gas-conveying nozzle 136 is also inserted hrough the nmouth 134
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conmbust | aRiny RPuGtien.of the flanme are directed to the interior walls 142 of

the bottle to deposit the coating, e.g., silica, thereon. So as to be able
to maintain Anotherimpprtant interas coatirtg applicationepr rerditsict appardbest is iecoating the

o R SRR I G DR 0k ol 5
suffi ci emhie ¢ Biatube] @ bl satddpith Waﬁﬁﬁ gé??ﬁi%ila?fto fnaesHRktih FigResh AL34 to

al |l ow gases to exhaust through the nouth. So as not to overheat™ any
par ti cul Samenozzois aid reRiirecting gdsaozzie 464 aferjointly leamiell bymstibg oprobet ared t o
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or anot higbe.OXpparatub aepresasiteticb copaiost whed £Bi2shainted orbhaxie 174 andFidguerebpan S a
tube 160 being coated with apparatus very simlar to that shown in- Figure
5. A f|dediripawierdnatshognraiae thetube duipgyleposition focensuie uaiferp gpgingarednd i ed
by a sting.qr. f reci procating the nozzles axially through
t he tubeﬂﬂgélﬁ.én%qg% %63%5?1%%&?’8 1tgg’e re-direct nozzle are oriented to

redirect gaseBlusiQedicriging 76 ec-BirastappHdiut bihdsed Mechaplcal héshsdbr t he tube.

S\PP\? ;ﬁt @a@;piglrg%gggigt?onb&'ogugf c|>fr a 8EJVD ﬁa(.arlws 12:3L07 gir&?gdn;x?eﬂlchgro?lg}? )'c(lltt(lab6117842 tgnd
the interior wall 184 of the tube. Struts 185 extending from the CCVD nozzle 186 carry a
cone-shaped deflector 188 which has an exterior diameter adapted to leave a constricted area
(distance X) between it and the interior wall 184 of the tube 182. Gases produced by the
flame 180 are re-directed by the deflector 188 to the interior tube wall 184. Typically, the
exterior cone diameter is between about % to about 9/10 that of the inner diameter of the tube.

Other types of mechanical deflectors may also be used. Shown in Figure 8a is an end
view of a vane 190, while Figure 8b is a cross-section of the vane 190 taken through line 8b.
The vane 190 has a series of concentric foils 192 and a central cone-shaped deflector 194 for

deflecting gases from an axial flame to the interior wall of a tube.
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el ectric nmotor (not shown) rotate the tube during deposition to ensure

uni formcoating around the interior wall 169 of the tube 160. Illustrated
i n Fi gur av@oi/¢770£- di rect apparat us whi ch uses nechani cal PEBRUISONI5H16
redirecting conbustion products of a CCVD flanme 180 directed axially

t hrough a t ubBluBated in figre Oiiltustratesra tubd 2001iB4viaEh & DEVINBEzzISL02H1HAIES a

ext endi gﬁ fromthe CCVD nozzle 186 carré%/ cone-shaped defl ector 188 which
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shoul d al so \tl)\léltug%%tg(gnpﬁgt {(ﬁst;éarrg?g% , ugrilhd%gﬂ&%gé\?u éf?&%‘élrg? 5% tdﬁgc% glrrlgate
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nozzel s produce a pailr I'anes recte |n opposed
di rect i offsme-pradoc&bidpoe tyward theparfatd ef the subishrate 250§ wherelnf flarae-ptoustedat e 250.

A non-flame nozzel 254 directs a spray of fluid 255 through the region
material and material caried in the non-flame spray 254 are both deposited on the surface of

the substrate 250. The two flames 252 need not be directed parallel to the surface in all
instances, and other oblique angles may be used with respect to the substrate; however, in
certain instances it had been found to be advantageous that the flames 252 are each directed
parallel to the surface of the substrate 250. As one example of this deposition substrate, the
flame producing solution may contain precursors for platinum and the non-flame fluid may be
a solution of Nafion® in which carbon particulates are suspended. The resulting material will
contain carbon and platinum particulates in a Nafion® membrane support, such material
being useful as a gas diffusion/catalytic membrane of a fuel cell.

To describe certain examples of the systems, methods and materials of the invention,

the following examples are provided, simply shown here as exemplary, as the redirect
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between the two flames 252 and ant the surface of the substrate 252. The
spray 255 re-directs flane-produced vapor toward the surface of the
subst r at av@804770her eby fl anme-produced nmaterial and mat er P@l/usewssdio n t he
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i nstances, .and ot her obliq angl es y he used with respect. to th
Subst r at BVingadBRd umdersteql e eRmpieE g}%&&bbqlewm of QEfinars Skl ip gt should

advant a j he-surface
o the. aopare K bLBesC bR e o En e g b e A St koS
fl ame praddeemed walalltwithin theyscemedfahainyestoom: sors for plati num and the

non-flanme fluid may be a solution of Nafion(r) in which carbon
particul ates are suspended. The res Ceaterial will contain carbon and

pl ati num partj ISR | aegﬁo : C L . bei ng
useful as a g%lgdﬂglae?(@gegﬁ (t:gt?%fln &I; ag)f(r)rge%oa%ln (%?Mggfi%fw%% ?%&gg@étﬁ?@e
certai n wxafophed by firdt ldéssslyitecy® g Ptaeddh @027 Samidolwene r Tiad resuifing svdutionread them,
the foll ow ng exanples are provided, é‘i,arsrpﬁiléﬁmsgh wn here as exenplary,. as the

r edi r ectMxedViiiogigaomess UBEGPIGAT toghe Lhe/ ) pent 4 iFt i on
are usa e ] It Vi d
il R R R e e e B et
shoul d ben @bhethepohygmide substeate, Withhe d¢position gaotehperatire of ¢80 deleessC, justiat

met hods, and such applications are deened to fall within the scope of the

i nvent i ohe sebeiigist lhe redirech prpasatanel figure 1 meas uget, wild tha§CVd? Hame enterding
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3.00m /mn., using oxygen as the carrier gas. The CCVD apparatus was a

di st anceflofe dppraxinetely 7 dnant frenpthe pase aféhe e amt e end ohithe refiyeobiube rasgas

t t 180 d t t bstrate. Th di t.
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flame a strate. The redirect air jet was direCted into the |ast
secti on the rédiectyCEVD gpparapint heddritationagy reldtbvero thepnbstiatat Bleyinitial weighf oHm t he

base of the flanme and end of _the redirect tube 1.5 cmfromthe
centerli 85‘61?3“1&‘%""‘[‘51 %&k%?ﬁégf@dﬁ (‘f‘felgg‘g?ﬂg“?r pgﬁlﬁlow\%ﬁg,ﬁbpﬁtl@g“@ﬁ 100psi at
a rate pfg h')i {bﬁem?f, QBRSdd YR8l bR HEBEmbRY, adPthFinMilIRE, spBerdifte open

m ¥
at nosphere w e redirect CCVD apparatus held stationary relégtlve to
t he substanduetiveloetingipassad thesésyvithoit peelieg Fobdhe pelginvide s@Bire©85g and t he

final weight ’?lfu;[ r%ﬁirgggg gllle;[rrlliga d%{f)ostitkllgn rgtethgggﬁév%galsvﬁseen employed for producing

membrane electrode assemblies, such as those disclosed in co-pending U.S. Patent
Application No. 09/316,855 filed May 21, 1999 and entitled "MATERIALS AND
PROCESSES FOR PROVIDING FUEL CELLS AND ACTIVE MEMBRANES.” These
membrane electrode assemblies include a co-depssited layer of Nafion®, graphite and
platinum on each of their major surfaces. Although platinum is the most common catalyst,
other materials such as iridium, thodium, osmium and ruthenium may also be used. As these
co-deposited materials have different deposition temperature requirements, the redirect

methods of the present invention are particularly suited for producing these membranes.
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23.6709g. A tape test for adhesion was perfornmed on the sanple, and the
metallic, specular, conductive coating passed the test w thout peeling
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have al so been enpl oyed for producing nenbrane el ectrode assenblies, such
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parallel to the substrate and the redirect air jet at right angles to both
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fromt hem'glaélli‘at%elghenogj B hﬁﬁ%hf ﬁ%gﬁ%ﬁ H’?ﬁ%&%@ﬁépﬁaﬂ’p g%(lt)ﬁ[ Sﬁl%d %?tlr?o% S %%IEE It:‘:ed at
I 00psi  ahe gubisttbR. AfhefhbAdhddefdhatRART I NARIOR® sBstfes.med for 10 minutes
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a Cu su_bstrgﬁg‘. er&@aggnf’t ar@(ﬁﬁﬁ@ﬂ%mFB' : g O?fg‘rc)é“ts\{\’g?tgg%l’e‘ir ?g%eﬁ{? g

Pt -cod Ié&l&%‘larlhi Sstfgtﬂ'i&i‘ﬁy ﬁ%@@isﬁﬁﬁﬂ?tﬂfp P& 98m] Y@ﬁeﬂeh%e%s’ﬁﬁﬁlg"!oh{ﬁoﬁ?’?g

of propane. sol ution was vered to the CCVD nozzle at a rate o
3. 00M / mvas themsiixgl witly d86g aSpropanec dthis tutpasvasHelvaai/D thp C0\AD uszzla st a
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12.7 cm from the copper substrate, with a deposition gas temperature of 180 degrees C, just at

the center of the substrate surface. The temperature was also measured toward the edge of the
substrate at 150 degrees C. The redirect apparatus of figure 1 was used, with the CCVD
flame extending parallel to the substrate and the redirect jet at right angles to both the CCVD
flame and the substrate. The redirect jet was directed 7.7 cm from the base of the flame and
the end of the redirect tube was 1.5 cm from the centerline of the flame. The redirect jet was
comprised of a cooling air and a 5.1% wt solution of NAFION® dissolved in a 50/50 mixture
of water and isopropyl alcohol. This mixture was supplied as a redirect jet at 100psi with a
flow rate of 5.0 ml/min. The deposition was performed for 7 minutes in the open atmosphere
with the redirect CCVD apparatus held stationary relative to the substrate. A more intense Pt

color was observed toward the edge of the substrate where the 150 degrees C temperature was
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the center of the substrate surface. The tenperature was al so neasured
toward the edge of the substrate at 150 degrees C. The redirect apparatus
of figuravaowswoused, with the CCVD fl ane extendi ng par al PET/US@/ISh
substrate and the redirect jet at right angles to both the CCvD flane and
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function of the numper of w ndings per cross section. Mre specitically,
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thin as coniparable with indudaters e diis type thad biver geaterdhickindssessuf f i ci ent br eakdown
vol tages for use in electromagnetic devices. The present invention goes a
step further by providing ultra t hixasled conduct ors (I ess than one
m cron thick)y.w hERKERYN, i i | atorsS:; this
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deposi t e@dipect CCAD apparatus hawind swo @0V aorresani etdirstjestasdhowrdh figwe 3CA/D
apparatus having.two CCVD nozzles and redirect jets as shown in figure 3. A
reagent 1S8R pIRtQHmYas &mﬁégz r4tidissplvingsler g o E%!ﬂsé-%gof\%nmmﬂ 68. 9g of
i sopr opy, I i |t | on.. L xed 19, Of
or opan. Aol T8 resiife 50 WADURR kbR 1R T4 Cbrh SRR R
2. 00m / rdelivered 36 B&LhBYYPMRE]etI1aat @ 24tE 0€2.00@Y min. [ iéing Sigj'g“eﬁ(éh tt dardic@tgad, ubes
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32 were 6.5 cmfromthe base of the CCVD flanes 30 a provi ded
The redirect air jet tubes 32 were 6.5 cm from the base of the CCVD flames 30 and provided

44 /min. of redirect air. The wire 33 was advanced from one spool 34 to the other 35 at a rate
of 320 cm/hr. The resulting wire had a breakdown voltage of 560 Volts with a silica coating
of less than 0.5 microns. Similarly coated wires had insulative silica coatings that measured
as little as 60.5 nanometers, using an SEM/EDX instrument.
Example 5

In this example, SiO, was deposited on a biaxially-oriented polypropylene
(BOPP/Milkboard) substrate, using a jet-assisted redirect CCVD apparatus having a single
CCVD nozzles and two air jets (one predominately for redirect and one predominately for
cooling the substrate). A reagent solution was formed by first dissolving 26.4g of TEOS in

50.5g of toluene. The resulting solution was then mixed with 200g of propane. This solution
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441/ mn. of redirect air. The wire 33 was advanced from one spool 34 to the
other 35 at a rate of 320 cnmihr. The resulting wire had a breakdown

vol tage o¥OB6@7eblts with a silica coating of |ess than BCHURIISOLSS.
Simlarly coated wires had insulative silica coatings that nmeasured as
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The resulting solution was then m xed with 200g of propane. This sol ution
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and 11 cm spaced therefrom wth both redirect jets positioned

perpendi cular to the flanme and substExample 6The redirect CCVD apparat us was
moved In & ragleli g Bl bERMASS Fal A0SR £ BPRYSEiCR phfer THAMLE
deposi ti on period. res i ng fam nate had an oxygen tr

esu nsm ssion rate

(OTR)  of usifd& pot-agiddey rediroct COVDappaatus hhviag AQMtoaCVD RPRshad aamg@TR of
2350cc/ n2xday. Exanple 6 In this exanple, Pt doped Si 02 was deposited on a
LDPE coatedieq aydet. d\rragenitselutiop syag dormeddy fystdissolsang @862 BEcoedh A0 par at us

ol ut L onTER8 % J4£ o RL0RET 183 0 sSlogh Grog ERE it 5 Ebr pophfEIBME
of t ol uegutiohRas REVErel AY tHIRAPOVDADZRSL & Fd of3 BEMIAMIA hustAbaxypEn B Heane.
This solution was delivered to the CCVD nozzle at a rate of 3.00m /mn.,

usi ng oxsageer gas. Theredireetrdiviet tyhe waFRd ane Gomethe baserofjthe CCYBR1lawme agd @.5cm f r om
t he base,.of the CCVD f| a and 7.5.c romthe s trate. e flame was
par al | of T8 (R GOSRIS: (ThF Sataes pacele] to b SIPsk A fanfs pderd BRI R Y bc

j et posi g ongdc V{e@%ﬂﬂd&alpg@emca'aﬁofth@ﬁ%neaﬂd SREhleatife rddifecf €8IRCt COVD

appar at us was In a tering pattern across the substrate over a 60
m nut e deppamitis voas meexd ind. rasiering pettetrt aonops [tlansubatrate baet 260 WiRtodepddition

5500c/ 9y TOERERPING S TG BR84S0 F0Bbat & S RBSOU GO ed on a
PET soda,alitilisps Hgﬁér h3d Gn AR 886®0cc/m*xday.
Example 7
In this example, Mg doped SiO, was deposited on a PET soda bottle substrate, using a
jet-assisted redirect CCVD apparatus having a single CCVD nozzles and a single redirect air
jet. A reagent solution was formed by first dissolving 14.08g of TEOS and 30g of Mg-
naphthenate in 22.12g of toluene. The resulting solution was then mixed with 110g of
propane. This solution was delivered to the CCVD nozzle at a rate of 8.00ml/min., using
oxygen as the carrier gas. The redirect air jet tube was 8.0 cm from the base of the CCVD
flame and 7.0 cm from the substrate. The flame was parallel to the surface of the substrate
and 7.0 cm spaced therefrom, with the redirect jet positioned perpendicular to the flame and
substrate surface. The redirect CCVD apparatus was moved up and down at 254 cm/min,
while the bottle was rotated such that the scan rate across its surface was 25.4 cm/min. The

coated bottle had a 1.4/1.0 improvement in its OTR.
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jet-assisted redirect CCVD apparatus having a single CCVD nozzles and a
single redirect air jet. A reagent solution was formed by first dissolving
14. 08g ofwORO®76hd 30g of My- naphthenate in 22.12g of toPOBPWS00/3FME
resulting solution was then mxed with 11 Oy of propane. This solution was
delivered to the CCVD nozzle at a raEsnmfle8. 00nm /m n., using oxygen as the
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at 270C to or 38 mnutes onto the Borosilicate, at, and Sungate
300 gl asedsedige¢tpatdeingloed] fowpressire izhae wmatlechogllasgit ildwstrates thas tHe presenfis

deposited. The ,successful coati.ng deposition using a _redirect jet

T oduci HGVPHIRS POTBHEL I Ao SHARUSEAILEISIHLBPRETEShers fie AAMeis 4t Bhat t he
present kR cﬁféEﬁ% is not limted to deposition using jet-assisted

appar at us erethe flame is cut by the redirect jets. Exanple 9 A
precursor solution was prepared contBxamplg9158.4 g tetraethoxysilane (1.5

w%in toluene), 82.4 g.. toluene, and 1040 1g5 A{)ro an%. D (qefPosoi t.ion
condi tions ar PRCURAr splEon wap preper gaptaising 158.4 g tefracthoxysilane (1.5 wi’s in

toluene), 82.4 g. toluene, and 1040 g. propane. CCVD deposition conditions are as per the
table below.
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An electronmicrograph of the silica coating on polycarbonate is shown in Figure 11.

The thickness, distance (Z) was 600 nanometers.

It is to be understood that the terminology used herein is for the purpose of describing

particular embodiments only and is not intended to be limiting. It must be noted that, as used

in the specification and the appended claims, the singular forms "a," "an" and "the" include

plural referents unless the context clearly dictates otherwise.

Throughout this application, where publications are referenced, the disclosures of

these publications in their entireties are hereby incorporated by reference into this application

in order to more fully describe the state of the art to which this invention pertains.

It should be apparent to those skilled in the art that various modifications or variations

could be made to the present invention without departing from the scope of the invention.

Other embodiments of the invention would be apparent to those skilled in the art from review

of the specification disclosed herein. It is intended that the specification be considered as

exemplary only, with the true scope of the invention being indicated by the following claims.
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1. Anethod of formng a material, said nethod conprising: (a) providing
at | east one energy source; (b) feeding a precursor into a |ocalized

envi ronmemo 00§77bhe at | east one energy source, to all ow papUst/dsewst one
energy source to activate the precursor within gasses; (c) directing the
gasses aWhnagis &ldinredtis:pat h; and (d) providing at | east one source of
pressure differential and applying the at |east one source of pressure
differential to the localized environment of the at | east one energy
source, such { hat b 20 j A t-iael y changed to
redirect the %assééq@?%ﬂf?t%ﬁ?ﬁ¥gﬁﬂﬁg%ﬂnggigkﬁggﬁbg@Fgﬁgbath, to t hereby
cause the gasses (dpoonting bt laast ond emegyasodrdepr m at | east part of the

material. 2. The od.of claim1, erejin caysing th asses to contact a
Curface i nel udes BbMEIE HCrEYD AR PO RGO e gL St ORG REBb: | ol
thereon. 3. T I i ) i i rTBSh .t han
5 mcrons in J&?ﬁ{@%{})@g@% ﬁ%{ %héé‘oﬁ%,? '\éu%g‘} g‘%&%ﬁt ﬂé?‘%ﬁgﬁ% mrgﬁﬁﬁg#he cog@ﬁé?\s@ i's
fornmed | ess than Ochdiredtingibe ga3sestafongla@rsspathy, anfhe met hod of claim 1,

wherei n causing the gasses to contact a surface _includes contacting a
surface of a devi c@) pervidinpallaast ae spvacecimressenenkifferepféinlgad applying dhe at

material. 6. ;The nethod of claim. aereln i he precursar | s spl ution
dor i vea 1 rom 5o oRg et & préasieHidhraidic b8l GBIt S st T e

| ocal i zed ?anﬂe%%gtsohﬁé@, sabh HaeslloaNieed iioameht BisElesitety éHahsar @t i al
includes diluting the gasses by at least 10% 8. The nethod of claiml1,
wher ei n appl yiedigeat thet gassds divan thedustarath tocrmedinectedhpatlatio thesehytcansecthe gagsee of
pressure differential ipclud di luting t asses, by at |east 30% 9. The
net hod of cl a‘iOrﬁ"&t,aC%%P@Fﬁa%"gﬁm%geaﬁtdgﬁ@%&‘af%‘ed_ environment the at

| east one sousce ofhdiemeH bEclinh i SfvBRbnAlauding tHedRASsed kd &intitd asiga@asses by
at | east 60% 10. The nmethod of claim 1, wherein applying to the localized
envi ronnment tineludes contemting o webstraterto dornf a poating o ¢hednfiterialghereen. i ncl udes
diluting the 3gasse b1¥1 % Iga]sﬁt %00% Wég WD 01/.47704 FCT/ USQO/ 35416  11.
The method of>-cl ai Miemetid OEFIAIR heWherginghe ortipRds fosmst 158 thag nRICHISdR
caused by praoyighed the at | east one source of pressure differential

i ncl udes cool I ng

4. The method of claim 2, wherein the coating is formed less than 0.5 microns in
thickness.
5. The method of claim 1, wherein causing the gasses to contact a surface

includes contacting a surface of a device for separating and collecting a powder of the
material.

6. The method of claim 1, wherein the precursor is a solution derived from a
liquid.

7. The method of claim 1, wherein applying to the localized environment the at
least one source of pressure differential includes diluting the gasses by at least 10%.
8. The method of claim 1, wherein applying to the localized environment the at
least one source of pressure differential includes diluting the gasses by at least 30%.
9. The method of claim 1, wherein applying to the localized environment the at
least one source of pressure differential includes diluting the gasses by at least 60%.
10.  The method of claim 1, wherein applying to the localized environment the at

least one source of pressure differential includes diluting the gasses by at least 100%.
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the gasses by at |east 10% conpared to the tenperature of the energy source
relative to the tenperature of the surface. 12. The nethod of claiml,
wherei n weovkhange to the | ocalized environnment caused bpCcpusaw/asireg t he at
| east one source of pressure differential 'includes cooling the gasses by
at | east 25% tbnpalkentethodhd clagmie whbreirethefchanye te derlgyalized endrongleati ve to

theterrperatureg(Lthes rfac 13. The nethod of ¢laim.Z1, wherein_the
change to t heCdusehpy E”é’éf“ﬁ?ﬁ/&‘te@ﬁ]ﬁéﬂtoneéa‘ﬁ%ﬁ H)‘?SS(&‘F%@JiffBﬁHBaltlﬁ@“é?S 4oHBE one
source of pre 5l bhad ast
50% conpar ed ﬁ%tétra egbgg g?%tlg?aew%%:%g%ﬁly ejr;hgltljrf E:Ogﬁlre %S’ve F ?él?tjﬁ&

t enper at ur e ofo thbeengperitaef thelsurflbe. net hod of claim 1, wherein the change
to the localized environnent: caused by providing the at | east one source

of pressure di?fer éhe methodipficlagrad , whereim ec?clmgeg@ﬁ@égcaéye @HWWCHVO%

conpared to t

fempor ature oftipHEOLGioPldifuar 1R SHShHEe SERelnd fdtentifipifialethoting

| ocal i zed envihe@asReby hslewdt DBV co2@samedrd the i&m;@fa@ir@)bfﬂﬁ%éﬁgy sdrce Fdlgivet hod
of claim1, wherein the localized environment is within 10cm of the energy
source. 17. TWethﬁﬁTWtblfe(tflthﬁ mefﬁcev\her ein the | ocal i zed environnent is
within 5cm of theTﬁ ?%{a%géc %ﬁ% ézﬁ erl\@ron%he 1[n t he

| ocal i zed enV| ronrren | s Wi thin rgy s (i éE met hod

of claim1, \Mswsedvypﬁmdu@g&blamdsmwlsbmﬁéreﬂpres‘saf@dlﬁa@ﬁn@l inflo@&ssddbliagd
envi ronnent havi ng any pressure between 1-10,000 torr. 20. The nethod of

claimi, \Aher%nergasa%b)'é lgast 26% compareshindhe tegmﬂmrgeﬁﬂmnerwﬁour&@ rafireer e
envi ronnent of im1l, wherein the gasses include liquid
Shat POTent e G 03%6%@63 Sed. 31 WO 01/ 47704 PCT/ USO0/ 35416 22.
The nethod of 14l ai Thé-m‘éﬂf%ﬂ%‘f@lahﬁq Fheteftht cRARe 9 Bled¥catiobd &fvifoRht Ses at
| east one combustion source. 23. The nethod of claim1 wherein provi di ng at

| east one soucaneedly prowiling the at least one source of pressure differential includes cooling

the gasses by at least 70% compared to the temperature of the energy source relative
to the temperature of the surface.

15.  The method of claim 1, wherein the localized environment is within 20cm of
the energy source.

16.  The method of claim 1, wherein the localized environment is within 10cm of
the energy source.

17. The method of claim 1, wherein the localized environment is within 5cm of
the energy source.

18.  The method of claim 1, wherein the localized environment is within 2cm of
the energy source.

19.  The method of claim 1, wherein the localized environment comprises a
pressurized environment having any pressﬁre between 1-10,000 torr.

20.  The method of claim 1, wherein the localized environment comprises an open
atmosphere environment.

21.  The method of claim 1, wherein the gasses include liquid that is at least

partially vaporized.
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differential conprises providing at | east one source of pressurized fl uid.
24. The nmethod of claim 23 wherein the pressurized fluid is a gas. 25. The
met hod ofw@bwi#rmL4 wherein the pressurized gas is directeBCTUSES5HW, but
not directly at the at | east one energy source, thereby formng the
pressure diff22.ent Thé methodtofichdinrieshereintite gdesesnd ensegydsotdve cotipfisesant 26.
The nmet hod of claim 24 wherein the pressurized gas intercepts the gas flow
out of the atlep¥Hue COMBUIORSGYCour ce, thereby redirecting the gasses
toward the susf aces ;5%;‘-1130 L alms: | h i

fluid contai ngi'a I;'[‘Ia%i%%?th%&ésf e rrgt oeéagﬂrgﬁgﬁ%m%?eg tgor&eei %&éegéfﬁégéﬁg
pressurized f diffecentiahgomséses providinig ati leasabnesomecer f pressuimed (flujd.t he ener gy
source causes_t he ditional_ precursor to react to create additional
gasses that f&Fm a?ﬂ‘l’ E’&Q}Oﬁr?ircfa“@fz th@r%ﬁl@rmﬁ#mé@lﬁﬁ@ #8¥hod of claim 23

wherein: (a) ep ' v .1 §es .11 | hal . b)
the additi ona?g‘!mat Zﬁ?g*&#@??rfs&%@ ?Léas pl)%‘rjfé %I?gg' H%éfga;% rrltsa@%’g{te g?lldasf.q& . The
met hod of cl ahéndiredddeaethe at Ib@st&inebﬁén?? sOitCe, ENEERYY for@iticCibe iphssbite @bffaentigast
two energy sources. 31. The nethod of claim1l wherein the at |east one

source of prethetnedirents thergapses oward the saleee.at | east one source of vacuum
32. The net hogd. of ai m.,1 wher.ei n.the at. |.east one source of ,pr,essur

i fferent al 2ol hematod SRERn g8 “usihin 48 BresiPad Bt Slerbonst Bk #28 fowg
T_he met hO_d of c_n&' oFtHB éﬁedéh@ﬂeeéﬂ%réy@%uﬁk, tlh&%ﬁir rddiYectipUhé §§ss95 toafkBthe sbrface.
differential includes at | east One source of vacuudm and at | east one source

of pressuriz&d fl Theimethod of chys 28 wheosin fherpressyrizedrfitié corthins adiqpid. si ng:  a
nozzl e for difecti a precursor teri.al along a first path; an ignition
mechani sm forﬁiggnifﬁﬁﬁleﬁw Ogrcé&rﬁyzgg’}‘heﬁﬁ?‘eri al and for vaporizing at |east
a portion of the p(a?%ﬁ%suﬂ%c?ﬂﬁi@'cbmﬁﬂ&’es?aﬁ'adxﬁ?oﬁéllpf'gcz]%rgpeﬁiﬁ/ US00/ 35416 a

redirect jet for créating a pressure differential along the first path to
t hereby redirect (Methat erleegstsomae tcambdsytheapddiiiorall pre¢ussdarato feaotnto heredter st
path to a redifgcte ath., for causin b&] at | east partially vaporized
ot or i al o ceGE hSt PR Al dra) e hatefA.

29.  The method of claim 23 wherein:

(a) the pressurized fluid comprises additional material; and

(b) the additional material forms at least part of the formed material.
30.  The method of claim 1 wherein the at least one energy source includes at least
two energy sources.
31.  The method of claim 1 wherein the at least one source of pressure differential
includes at least one source of vacuum.
32.  The method of claim 1 wherein the at least one source of pressure differential
includes at least two sources of pressure differential.
33. The method of claim 32 wherein the at least two sources of pressure
differential includes at least one source of vacuum and at least one source of
pressurized fluid. |
34. A system for forming a material, comprising:

a nozzle for directing a precursor material along a first path;

an ignition mechanism for igniting the precursor material and for vaporizing at

least a portion of the precursor material; and
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formthe material. 35. A systemaccording to claim34, wherein the redirect
jet conprises a nozzle for directing a streamof gas at the at |east

parti al | weoaperigLed nmaterial. 36. A system accordi ng to cbParmws@s4wher ein
the redirect jet conprises a nozzle for applying a negative pressure to
the at | east partiarddjrevtgpofor zedtinpgrésaire differemtia whingrthe dicst pdihnty thereby ai m
34, further conprising.a flow controller for _adjustin flow,rate of gas
St eam bei ng TRy Al Ipash ARy Varared majegel ﬂ@@.tﬁ%%&g’?@@&é&%‘ﬁﬁ@gp%
claim 34, wh i : i o2 i j Qgﬁyf Jnﬁr b

adj usting ane%ﬁg%%ﬂfheﬁéiﬁt?h%ﬂt@é%:v%dgﬁg jgzltlﬁ%%tl\é&tg%m?ﬁg at ?%g]ast %%IF t¥al ly
vapori zed matfofmahe m3frialA system according to claim 34, further including a
controller for adjusting a relative mx of at |east partially vaporized

precursor mat®ri al Aduefen ¢pserding fyclad Phevberein; the reqiFrst jok SOPWESES @022 An
i | at f . tri ai d i | at
consi ot ng. of RO S SRACHhOR 10y BUREREOBMELO Rl 1 1 10U DT

oxi de. 41. Thas.i nsplsyttefn scofding 1 4invB4r whereinhiBe trbditden ¢ Toniprises 8l nbhile
filmcoating is |ess than one mcron thick. 42. The insulator of Caim4l
wher ei n the tior eRESS agregaiiedressyse to itherat desst pasiallysvarpezed mpfstalone hundr ed
nanoneters thjL£k. 43 | t.ar ai wﬁ j 1 ] |y
i nsulating o%fie ié 2 isi@?%gl_:&?%bg tﬁ{hcelgl)llinnsg:& g@)héptf giln% %g'lo&x]gbgﬁ]ﬂéég@g

i nsul at or hasadjushing aktbswmty of 3 gteah being ptaectédomabe sedireat jetd5. The
i nsul at or of aim 40 wherein said insulating oxide is further coated by an
organi ¢ cont a3&i ngAcoatermgeconding An qlaimy Bt wheteine ther jedigpotcigh dnrdudep apivot

Compr | i ng. arnertanish AR AR THEIE I Al mEaRINE B o o BEMIPRE BReRL

insulator, sajfhoRb&Chbiesigl. | nsul ator consisting of a thin filmcoating of
an electrically insulating oxide. 33 WO 01/47704 PCT/ US00/ 35416 47. The
i nsul at ed el e3%.ri cAlsystemdaecomdingoto cdaiped4; ddieestineluding @ cointrolle fah edisting te

t hi ck f idthinfjl t] is, | t h ' ., 48. T
| nsul ot od ol GBIV HIX BGAIGEE SRBEY SASEES ARE OO A B8 DB B he

from the redirect jet.

. 40.  An insulator for an electrical conductor or superconductor, said insulator
consisting of a thin film coating of at least one electrically insulating oxide.
41.  The insulator of Claim 40 wherein the thickness of said thin film coating is
less than one micron thick.
42.  The insulator of Claim 41 wherein the thicknesé of said thin film coating is
less than one hundred nanometers thick.
43.  The insulator of Claim 40 wherein said electrically insulating oxide is silica.
44.  The insulator of Claim 40 wherein said insulator has a breakdown
voltage of greater than 20 volts.
45.  The insulator of Claim 40 wherein said insulating oxide is further coated by an
organic containing coating.
46.  Aninsulated electrical conductor or superconductor, said insulated electrical
conductor or superconductor comprising an electrical conductor or superconductor
and an electrical insulator, said electrical insulator consisting of a thin film coating of

an electrically insulating oxide.
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thi ckness of said thin filmcoating is | ess than one hundred nanoneters.
49. The insul ated el ectrical conductor or superconductor of C aim 46

wherei n 30 di/4i7asul at or has a breakdown vol t age of great ePCT/&a00/3506 vol ts.
50. The insul ated el ectrical conductor or superconductor of C aim 46

wher ei n sai d 47.nsullxt msulhtzd ekectricabéobductoradl supgreomduche tofii€ainmbA cawherédn thel t s.
51. The insul ated el ectrical_condyctor or. superconductor of C aim 46

wherei n sai d'tga?(@ﬁ%sﬂ%é%}ﬂltvniﬁ%@lﬂoa?ﬁ%ﬁ IWiﬂ&Pélqr’_@n%‘icmnca. 52. The insul ated

el ectrical cogductphe Nty IaARILARGH ALt o&uﬁbﬁb&&c%%f@l&n?@d ShereiSbat i ng
oxide is further coated by an organic contal hing coating. 53. A lamnate
conpri si ng a thakyessrof saidtthinrfilmooatitgisileds tieamadnechumiited nanometsisust i on,

chem eal vapor-depgsited or, redirected chem cal deposited barrier |ayer,
sai d barrier 49ayerleeemﬁ§af§dﬁ\[9@ cal gandugtpher wpers%fﬁwmrﬁ&&ﬂ@ﬁl e Seith

oxi de coatin ' L i b gp% .Si3d on and/ or provides a
scratch resi gp%%?‘%ﬂé%’%bﬁ@) ; hg@?gn?%% %&%I?Q%@% 53 wherein said
barrier |ayersg.s bEh¢weilarRbelbctriddlconddctobdiOsubertoiiictdvf O4ify 46 Whérein satd
provi des a Taber abrasion of <10% 0 haze. 55. The | am nate according to

Cl ai m 54 wherigpwlatonhas pbreakdown vliage pEbatwesneandbovelts. 500 and about 1000
nanometers thick. 56.. The, l.am pate accqording to claim wherejn said
barrier Iayeré ]1"5 st e atgq_efgfﬁgafgﬁﬁﬁ%) °%§B‘8¢8‘i’4+5@8§§1}%§%‘§h%‘é‘r dn

sai d pol yner-aéu@ﬁ@dllg,liﬁgﬂmgedﬁ@éis sBRppri ses pol ycarbonate. 58. The | am nate
according to Caim53 wherein said polynmer containing material conprises

pol yester. 5%2.TheTheimswlated etectrivabticanguctor @t svipercsBdudtesrafi Glaism ol whetejmseaid

containing material ¢ ri ses pol yet hyl enet er epht.hal ate. 60. The | am nate
according to IEF'*QPWH%%’“&%”& effﬁ?faxgx FESANC AN 604M0Ber i 2l conpri ses

pol yam de. 61s3 Theal aghiatee @hptsmicMabGoiedr&ontadihsl Rafdiiabr cdatdiewith a
conprises silica. 62. The | am nate of aim 60 wheréin said barrier |ayer
further conprémmsmsion, chdmicADvanr4iepesitc®OT redirored ShedicdaB depisised barrinnlayen f
Claim 60 wherein said barrier |layer further conprises .chrom.a. .64. The
Carm nate of CH AEE: BT HTE SERLAR AR o1 o, ERBIpaEE eah deide spafig

that inhibits gas and vapor transmission and/or provides a scratch resistant surface.

0o

54. The laminate of Claim 53 wherein said barrier layer is between about 100 and
about 1500 nanometers thick and provides a Taber abrasion of <10% A haze.

55. The laminate according to Claim 54 wherein said barrier layer is between about
500 and about 1000 nanometers thick.

56. The laminate according to claim 534 wherein said barrier layer is silica.

57. The laminate according to claim 53 wherein said polymer-containing material
comprises polycarbonate.

58. The laminate according to Claim 53 wherein said polymer containing material
comprises polyester.

59. The laminate according to Claim 53 wherein said polymer containing material
comprises polyethyleneterephthalate.

60. The laminate according to Claim 53 wherein said polymer containing material
comprises polyamide.

61.  The laminate of Claim 60 wherein said barrier layer comprises silica.

62.  The laminate of Claim 60 wherein said barrier layer further comprises Pt.

34



al kaline earth netal oxide. 65. The lamnate of C aim 64 wherein said

al kaline earth netal oxide is chosen fromthe group consisting of

magnesi a,wa@al/¢i7un oxi de, strontium oxi de, and barium oxi BET/US@/3531ve

| am nate of Claim53 wherein said barrier |ayer further conprises an al kali
nmet al oxi de. &%. Thic llamimate ef oflath abinvaGereihesadd rbasmdrdlaybk dlitharecahprises de
is chosen fromthe group consisting of an oxide of sodium and potassium
68. The $%%¥Hate of O aim 53 wherein said barrier layer further conprises a

nmetal chose r onye {?ﬁ%ﬁ% P sgd Qf: | LAk Ry
| am nat e of gial m 5%@ rg#noﬁgll%hbar ??lgr ng‘éi?b%%%r%es aerfb% ffﬁgt y of
subl ayer s f orafealimfeaithangalrixédemat eri al s of different conposition. 70. The

| am nat e of Cla|m69 erein d barrj Iayer conpri ses a ternatlng
subl ayers of ) al i F‘W@laéf‘a?ffﬁ AR VBSFicsaNst kPR § @aﬁa{ HXIH‘Etl%IF Qf’f’ilde

;n;a:(gda},\jkglhl nZ ear fiﬁ%?}(&}p(@n(g%:u 8?? a%%s%%}lg%}#rﬁo@% é.gtr%l.“grﬂsé{a}ehm nat e of

Claim 71 whergiitde.at | east one of said layers (a) is an inner layer in
contact with a polyner. 73. The. lam nate of claim 72 wherein said poly

cont ai ns car b%hy| ﬁb«?l@w@a&eof@lﬁlmﬂwmﬁrﬁaﬁ@g) Hayeh g archm@‘tseﬁa%hkahn

t he f.orm of a&&;gﬁahc substrate; and a second Iayer conpri sed of one of an
interface or surface layer conprising at |east one nmaterial chosen from

t he group congl.stiThe Bimikite oPClaif6h wheR sad hikal, metalhs:adeisachogerCiroml thei na,
titani a, nmagnesi a, copper, nickel, gold, WC, Ti N and carbon or silicon
based pol ynergfouﬁﬁ‘i’l%fl%’@é@ﬁénpéﬂﬂélofml%apé?@"aﬁ%‘éfﬁ | Onmin thickness. 75.

The | aninate n&{n ! ef%éqr%}‘}ng{h% 59§ ‘gh@rg@?gﬁfjd éﬁﬁ&r la #’é’ fﬁﬂhér%ﬁmr h@g a#%gaz[

and said la ace conpri si

one nateri al &ﬁ@&ﬁﬂomaﬁeg@ug%ﬂg&%dfgfdt&wtﬁﬁﬁﬂ6 fromthe gr oup

consisting of silica, chroma, ZnQ~ alumna, titania, magnesia, copper,
ni ckel , gol d, 69 henthmiinate ofh@lain r53s whereirn sdid draeriérnlagperf eareprissy ar plprabiy @és
enhanced " ad he iayers rmede of 1ngrlggn1§: lijrly?a er1a?1 St &greﬁtaéocrinpsol'sl{tfogce layer.
70. The laminate of Claim 69 wherein said barrier layer comprises alternating
sublayers of (a) alkaline earth metal oxide or alkaline earth metal oxide mixed with
silica and (b) silica. 4
71.. The laminate of Claim 70. wherein said alkaline earth metal oxide is magnesium
oxide.
72. The laminate of Claim 71 wherein at least one of said layers (a) is an inner layer
in contact with a polymer.
73. The laminate of claim 72 wherein said polymer contains carbonyl moieties.
74. A laminate comprising:

a first layer in the form of an organic substrate; and

a second layer comprised of one of an interface or surface layer comprising at
least one material chosen from the group consisting of Pt, Pd, CuO, Cu,0, silica,
chromia, ZnO, alumina, titania, magnesia, copper, nickel, gold, WC, TiN and carbon
or silicon based polymers, said second layer being less than 10nm in thickness.

75.  The laminate of Claim 74 wherein said second layer is an interface layer and

said laminate comprises an third, surface layer comprising at least one material chosen
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76. The lam nate of Claim?75 wherein said surface |ayer provides wear
and/or corrosion resistance. 77. The lamnate of Caim75 wherein said
second, iwoerdHee | ayer conprises at |east one material PODESOW/IHBM t he
group consisting of Pt, Pd, CuQ Cu20 and carbon or silicon based

pol yners. 78. fréml thegrafpecoasisging «f diifcaaclpomyay@hOs ahsiina tidardadnagnesinj edper,
coating on said golé\r&e&%’ sugst.rat bet vvegq apout, 100 and about_ 1800
nanonet ers t hickelpedlgh Y gnd Fitip aherein said lypmate-intenlore 1aysy providgs ephgnced

| am nat e of j i Gh r j f <6% A haze. 80. The

| am nat e of gﬁeﬁbégéﬁﬁﬁg\??ﬁ?ﬁgﬁgﬁ}‘g@gﬁ ;%qﬁl?%gél)%%&bf <2% 0 haze. 81. The

| ami nat e accof@li ngThe lahmbte AIBClafnar 2 wheind said i sdefagoBlyem grovideb etvese eimndabout
500 and about 1000 nanoneters thick. 82. The |am nate according to claim78
wherei n sai d $IFSIWTCHSPREE | s silica. 83.. The laninate according to claim
78 wherein saif p SuhS [.Ses. r 4

| am nat e accg?’gi ngi‘%{é;?%:n?]g?% %@ﬁ e?/g%éggl:ﬁdg abdggéfé%(g lgﬁég@%‘?}aatygr E%Igrgﬁ?eé eaé

pol ycar bonat eleadi Dne Hiteriad Ghoteh o ﬂ&rgib\jilpcdr@isﬁhglbﬂPQZ’dy\CﬁO?Cﬁz@ ahd casby mer
substrate conprises polycarbonate. 86.The |am nate according to Claim78
wherei n sai d poiifgearbasetbpalymens. i s sel ected fromthe group consisting of

pol yesters, polyamdes, and polyolefins..87. A method of formng,a

ot or 8, sal G THOTAE SHRPFSRA S Porrast b Site it o Poe Buptt S gpymer
source; (b) fopdiritt FRPESCHHP00MMA HouPA8bo 2RRoBE S MkEplovRfing RET#er
| east one energy source, to allow the at |east one energy source to

activate the grastdon sbfl W Nhaze.gasses; (c) directing the gasses along a

first t h; d dj i. i d. I . d th, to th b
Chuse he gaclduebamiiale G TP ProSidlitg fofts ARRaPn BB AR o | The o)
maerial . 36 O MLIATA FETAHSD AL Aa TS cosg AgRging (0 O aim

87 wherein an obstruction is placed in said first path for redirecting
sai d gases to08kdild lsmimtalaqeatding ®9Claifh & 8rwdicneid saidoxidh eogting iChawrerBabout

wherein said s&c oAt [hdosatbmEethick® an
82. The laminate according to claim 78 wherein said barrier layer is silica.
83.. The laminate according to claim 78 wherein said polymer substrate comprises
polycarbonate.
84. The laminate according to claim 78 wherein said polymer substrate comprises
polycarbonate.
85. The laminate according to Claim 82 wherein said polymer substrate comprises
polycarbonate.
86.The laminate according to Claim 78 wherein said polymer substrate is selected
from the group consisting of polyesters, polyamides, and polyolefins.
87. A method of forming a material, said method comprising:
(a) providing at least one energy source;
(b) feeding a precursor into a localized environment of the at least one energy
source, to allow the at least one energy source to activate the precursor within gasses;
(¢) directing the gasses along a first path; and
(d) redirecting said gases along a second path, to thereby cause the gasses to

contact a surface and form at least part of the material.

36



interior wall. 37
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88. The method according to Claim 87 wherein an obstruction is placed in said first

path for redirecting said gases to said second path.

89. The method according to Claim 87 wherein said second path is directed to an

interior wall.
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