;& () e3em@nDDE, HR~H8J6JT@X ~. 21 May 2002 1 5 APPARATUS AND PROCESS FOR
CONTROLLED ATMOSPHERE CHEM CAL VAPCR DEPCSI TI ON This application is
directed to an apparatus and process 10 which can be used in producing at

| east some of the products described in copending patent a%gilcaégﬁﬁ§ "The
Deposition of Resistor Materials Directly on Insulating Su Seria
No. [Attorney's Docket No. 3545-35-00}; "Resistors for Electronic

Packagi ng", Serial No. [Attorney's Docket No. 3546-35-00]; 15 "Precursor

Sol uti on Conpositions for Electronic Devices Using CCVD', Serial No.
[Attorney 3S56-35-00]; and "Control |l ed Atnosphere Fl ane For
CCVD Proc ,HWMW’H " [Attorney's Docket NO. 3557-35-00], filed on or
about the thls application, the contents of which applications
are 20 incorpoxeed by reference hmmm‘}mlWND OF THE | NVENTI ON Fi el d
of the invention This invention re m cal vapor deposition (CVD)
25 wherein coatings are applied to subgiates by reacting a coating
precursor in a reaction zone to produce a reaction product of the coating
precursor which i medi ately contacts a substrate formng a coating thereon.
The invention is particularly directed to i nprovenents in CVD apparatus and
processes which permt the 30 production of high quality thin filmcoatings

on tenperature sensitive substrates without the need for creating such
coatings in 21 May 2002 2 a vacuumor simlar chanmber. In preferred

embodi mentzs t he | ny9ahkeuenaRl BRotiht: RERJUSHRALeh Alidbikiphin coatings on
tenperature sensitive substrates al aftnospherlc pressure, er eby enabling
t he production of high qualﬁmegﬁﬁhlgﬁﬁﬁrﬁB%Fpﬁgguon 5 | arge substrates

whi ch coul d not be coated by prior techniques requiring vacuum processi ng.

This application is directed to an apparatus and process
10 which can be used in producing at least some of the products
described in copending patent applications, "The Deposition of
Resistor Materials Directly on Insulating Substrates", Serial No.
[Attorney's Docket No. 3545-35-00]; "Resistors for Electronic
Packaging", Serial No. [Attorney's Docket No. 3546-35-00];
15 "Precursor Solution Compositions for Electronic Devices Using
CCvD", Serial No. [Attorney's Docket No. 3556-35-00]; and

"Controlled Atmosphere Flame For CCVD Process", Serial No.
[Attorney's Docket NO. 3557-35-00], filed on or about the same
day as this application, the contents of which applications are

20 incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of t} \ .
This invention relates to chemical vapor deposition (CVD)
25 wherein coatings are applied to substrates by reacting a coating
precursor in a reaction zone to produce a reaction product of the
coating precursor which immediately contacts a substrate forming
a coating thereon. The invention is particularly directed to
improvements in CVD apparatus and processes which permit the
30 production of high quality thin film coatings on temperature
sensitive substrates without the need for creating such coatings

in



Description of related art 10 Chem cal vapor deposition (CVD) is a well
known techni que for depositing coatings by providing a gaseous reactant

mat eri al which reacts adjacent to, or on, a substrate surface to produce a
solid deposit or coating on that surface. A recent devel opnent of the CVD
process, referred to as Conbustion Chenical Vapor 15 Deposidli ¥ay #R%2ccvp,
IS descrl bed in United States Patent No. 5,652,021, and is incorporated by
reference herein. The reactants in that process are fed dissol ved or
suspended in a liquid, which can be a fuel, and which is sprayed into a
reaction zone froma nozzle using an oxidi Zi ng gas as the propellant. The
20 sprayed m xture is either ignited producing a flane, or is introduced
into a flame, while a substrate is mai nt ai ned near the flame s end. The
reactants, whi ch vaporize eit rior to or oduce a
deposited film of*THE s Bsff’“é?]e THEBSE ent Idles%ﬁr}%ge‘g ﬁﬁﬁg YR Sorits ovb
processes, i nclugingdosormnapieqhitéh frusdugasabust otthiapdiiilred-aaddonantan
some whi ch usecenpepsatyrd sens aliewl 2asktyated ia@Natidphsoie pebb sl d,eeder@act i ve

sol i d powders. . tha inal enl BroRAeshl bbosidh RubeEy Alnadl AIRALLYE: £pAldN0

t echni ques inc g g I% ysi s whereln utions are sprayed. onto a
heat ed suBst ra]taergﬂﬁh Fest ifp%ﬁ’ Yz PeF n?%CF%tESa]PY rﬁbrloén&ef@%i'ﬁﬁecﬁjes
wherein a sol |¢q;0a‘ttn9gvmue1r padbcéssiagt her nelted or vaporized in a flaneg,
pl asma or ot her heating device and splattered or condensed on a substrate
to forma coating. 35 ' One enbodi nent described in the patent involves
provi di ng 21 May 2002 3 a coating-which requires a reduci ng at nosphere on
a substrate d egi on between the inner and outer
flames pnoduced by CaheSitdhetdpogsepepedidrionThevledlsnrquesl desemi bedhmnimtehi s
patent have begly Q@F@éﬁl ing @amnmg%db{«opx%vsamga%sf_:,mééausp&exwhﬁmcaa&ém of

oxi des and a f at i veI .OXI dtratl on_resi stant (rjga %I ssu}—p rg ce
production of é:l i fy coat Hgs 0 merf alfs®and 6 atl ve*3

oxi dati on suscepolbfedenesdEiel §°ﬁasn%@@nt¢%¥c6H§$asqeentA pfreiceflt tq?\’tel%epment
devel opnment ofott hthgpr@aendrddeeent referrEd \Bbi ae @onbudieronofchemtesl avspaan be

deposi tedsfr O”B@pcfsﬁi@%h ngcnf ! @é% 1@ea@s@fﬁoeraurmr 914&&@@@&%%%&&@ 16AN
only be deposited in ence,

0Xyg
nitrides) 15 carpi d8§ ancf‘r’éiorf?iesmf"8ﬁ%?1?aete n%&yésﬁe?errgeeyeﬁ%‘?ldhrrent “hot
only free of fresstorygehn bhat grsgeds caroffedoicaetvaskRyesusperdrt s anat er
and carbon oXidemid]hasiehebaiaiet 8 MH1Chafd ehior €isS epefpid hheo td r@&bdﬁid on,

such as al um LIS b GO ?QQﬁe Us&ag'm 2459 gegag LS AL PFYHEM €€ The

at nosphere. rrents 0 ventl on S ed herel ena l e the
Gepostt1 S of SHEAH<Bx JHETUEENSPt RIS RA hend RETBOVER ot HaPEey o Fntid est
i n devel opi ng irdchdicpesntora fidane ng/tike ik COREEYRIS &8 fadwteinek@epk cthe
constant materf@re aSeh@teriraayereaceﬁnﬁﬁnm&amW@o&easiéimxsgbsbfaw&;r such

as 25 ol ecll ok il RanC ONHENARES (AR AIACIEL T bn | AU NAGE o FO! YIRS,
particul arly po ytluorocafb SuCh as tetrafl uoroet %/‘Pene and
pol yi mi des, arR®t§ht p‘é‘?‘i‘f%ﬁr |W\?F§s‘? l?é&& SEPoPTPFRASESK oW S B8t $I%E

const ant 2&nd hiigleht hiereginlgaseabe | bty vapoeaiiaigsreactahese sowk ofthieh orsgard C

materials 30 adfa anopcat%ﬁ&héélgblus%xul ah@r s WASER Eec@PtdLdlivet BoT 1A
COSHEtIC wear_ an releaﬁg %{Q%%Et%l egq}:ons The |nve@tlﬁ%egrocess

enabl es coati rPgs of "t hese &d ¥ r'om t hei®’ FonGHBrT ¢ or

| ow nol ecul ar SRAtGRE 5?@@&&%@% lﬁﬁibd%@%?t’e%y%yéhsa‘r’%elteéﬁ*pépé%ﬁ%ns
and/ or oxi dat iare sensyéd \omto a heated substrate where they pyrolyze to form

30 a coating, and techniques wherein a solid coating material is
either melted or vaporized in a flame, plasma or other heating
device and splattered or condensed on a substrate to form a

coating.

35 > One embodiment described in the patent involves providing



35 21 May 2002 4 A further inprovenent of the CCVD process is described
in U S Patent Application Serial No. 08/691,853, filed 2 August 1996, and
whi ch is hereby incorporated by reference. This application describes a
CCVD process wherein the coating 5 precursor reactant is provided in

adm xture or solution in a liquid feed streamwhich is pres3t™axed00®d near
its critical pressure and heated to near its supercritical tenperature
before being directed through a nozzle or other restriction. The
nearcritical conditions of the liquid result in the feed stream being 10
very finely atom zed or vaporized as it is |eaves the nozzle to enter a
zone where the coating precursor reacts and either deposits a coating on a
substrate or is recovered as a finely divided powder. 15 SUWARY OF THE

| NVENTI ON Thi s invention provides an apparatus and nethod for chem cal
vapor depositi@ncedieing whibe adédqmiselene reuaipritmobbeeratdiDpaperzone i S
establ i shed bysgarsful liy, comt rﬁldhb@g%apggﬁm aldlijagnt *E?ie”%ﬁ%f agédfs%xo
formthe coati and b ausi ng 20 the, gases renpved fromfhe controlled
at nospher e zonglg‘zt“l?s aggocﬁiﬁegu a ®harPHEe L2on?PRAFEFBF n t hEY® f IF6RPBIEYES r om
sai d control | edesanivsphere zbhe aatgnt av@vagebessl ogensragrileat ewplicyad 50 f eet
per mnute, anshqueRkEadly ypfseiateeicdaiangd 00f f eeiddierand nUtRw HReacoRd 10l | ed
at mospher e Zon&ﬂd%tggﬁ'f%i\é‘éaﬁi ddt18° RGN mﬁﬁ@gxro‘éfﬁﬁ{f&{‘ JeNGugPAL) NY
precursor is reacted, and the deposition zone, erein the reactiron product
of the coatingtHtERIPsBF TAPo&FEELS &hting on a substrate. The rapid gas
fl ow t hrough témhehar redat noly essidatiiminl yspyeaptidés triegemigiat ihas obeggases

from the anbi efdcosiBEOhERibe thaHiCREsLldHRnEOSE WhEHRe3bht NRYaOULL,
react vmtlta the coating, the materials fromwhich the coating is derived, or

t he substrate. Careful control of the materials used to formthe coating
can be provided by feeding the coating precursors in a fixed 35 proportion
in a liquid nedia. whiite ld quintderredi aaterialentare e adepos tedvEyoR 0D ZeBuiing s

fed to a reactiphezZopgeerel Rubdiedd AUt 1Bd ankSh VARPLhZIEbAR pbEEed
coatlng precursors re ormreacted coatin recurso&FStA%p%gg éévely,

the coating pr’erbu?ké%r%céecféf%’];)@rf EF%4s 285GAT 7't nEFYES t he pur &1coatt hy

precursoﬂSOr aGarpides and borides require an oxygen free environment, not only

free of free oxygen, but also free of combined oxygen in such as

water and carbon oxides. Those elements which are more

susceptible to oxidation, such as aluminum, silicon and titanium,

also require an oxygen free atmosphere. Embodiments of the

20 invention disclosed herein enable the deposition of such oxygen
sensitive materials.

Moreover, there is interest in developing techniques for
forming thin coatings of low dielectric constant materials as
interlayers on temperature sensitive substrates, such as

25 electronic chips, condensers and microcircuit laminates.
Polymers, particularly polyfluorocarbons, such as
polytetrafluoroethylene, and polyimides, are of particular
interest because of their low dielectric constant and high
thermal stability. Coatings of these and other organic materials

30 are also potentially useful for corrosion, optical, thermal,
cosmetic, wear and release property applications. The inventive
process enables coatings of these polymers to be applied from
their monomeric or low molecular weight precursors onto
substrates which are temperature and/or oxidation sensitive.

35



5 mxture in a carrier gas. The reacted coating precursors can be conposed
of partially, fully and/or fractionally reacted conponents, which flowto
the substrate. The reacted coating precursors contact and deposit the
coating on the surface of the substrate in the deposition zone. A curtain
of flowing inert 10 gases may be provided around the reacti®h ¥ah&008
shield the reactive coating materials/pdasma in that zone from

contam nation with the nmaterials used in the surroundi ng apparatus or with
t he conponents of the anbi ent atnosphere. 15 The vaporization of the liquid
medi a and reaction of the coating precursors in the reaction zone requires
an i nput of energy. Depending on the reactivity of the coating material and
the substrate, the required energy can be provided from various sources,
such as conbustion, electrical resistance heatin 20 i nduction heatlng,

ni crowave heating, “REURERET nfPIRyEmeRT f%fcéhﬁeﬁFY[%gPqu&%r1ﬁedaﬁﬁcr¥g}b&ﬁd}’6r
mxing with a Vesot&tenteapelligasionFsertaht o EppbLcasd onsi e eh gusdt

require an oxygese freeq 20neayi LONHEAL Ly apn@a%@%mtb F bR - Bi&sSent g
i nventive appar at us whi ch i ncaor, grat es ntly Conbust 1 on

Cheni cal Vapor ?%posaittlfDBn EEDPpr oacesgogasprd’§§8F’| b"gbereﬁnt h%“? n&SPHOPEL ed
U.S. Patertt NoPr%CLHE?ZDIOZ:FaCFémpaMlR{FPVaﬂIEQ advafnibgfedigs crWsodetéent ont i s
process as ConLigli®ededtdnespéat e WordhuSki phesdlirGhaedi €al ndaportDePastithon

(CACCVD) . Thi s L@gémleqaﬁd HLLHCS dehe! Ald Web¥rdUiGhclaltnl rsasfeqxaekaggt
enabl i ng hi gh at es ?f{j osition "rsﬁ gre erred

fluid media ang7d1® gl§§‘é &9% 'g%fgauggﬁﬂteooét% Aer ¥954P8 - methi R "6&h~ be a
conbusti bl e f uetitdisiadhceridigions vdsths lwque@e?e@ylSom ¢he Bdgrreauibaing

i nportantiol S thereapablyidnbnikeEAGCYRPLO1 (e Mahighis 12hviBytROGbAz1guabi ty
adherent thin fjl dgp%?héswﬂgrgr tﬁQO‘éBaé‘Iﬁfﬁ{@JJr%oW%%HEg ahBee %Q)éeﬁor

avoi ding the nee or elaborate vacuum or i sol at1 ng, housi n

these reasons, I¢PPHeTy 3 §88EINCARTOMD SHRERTRTS M d&t FRGEVELAT B8 S firedYin
situ) or "in tﬂevfﬂe‘d gbdderwhere the substrate is | ocated. Conbustion

cheni cal vapor deposition (CCVD) is not suitable for those coating

appl i catll%ns wherei n the coat 'sJEng ﬂ@dé Htghf hstrate, requi re an oxygen
free envitonnment. For such 10 *appfrrcatrons, arments of the present

i nvention enpl oyi n&“hﬂénb’b‘fﬁé‘l’iét’?cﬁ?%h@?@;ﬁ%%@ﬂ%@%ﬂ BethRst fgAsEeMikaat ed
t ubes, radi ant veper g)depnsisd:tmwavevtmmelmnetrr@i zZedmphoticors, ias i tdoritrolaréd or

l'aser sources, a@uﬁ@spﬂé‘r’(ea@o%e i t8Se18PRLA CBY | @RSefil11yS éd&@%&@ﬂﬁgt hag all

of the I|qU|ds ase rovi & 15 rea tlon nd tlon zones
be oxygen free®h dl é‘ga?hggmaptreer(%&rlgofsgcan%l? 8 a%of‘ﬂtl’gg or SUSpEAsi on

in liquidd Li aleﬁ: olg%ﬁﬁ?orrea\oaﬁ@l brapdie &Pét‘é@:lltea’olaémpéphwﬁe g0 St PEFS
nitrides or cathrdesy aespadtievelzonelhehersenof thdyes€laoncwalyusiraon enedgy

sources in a comdihed QEHEP&&J&% zsngna@%ln 20 ¥APOT ASRIEY { &AL SYSERTL
whi ch forns degosms at or above atgop{‘)ﬁe aI%ﬂigressure Isanp rtlcul ar |

advant ageous and E‘ﬁ?tqd%erer?b’d’d’itﬁenf‘“ eHEFRTET THEUSE ot SR Pe
non- conbust i onmEmeregy s oThe eserityod 1 SVDa enyasipbgrahizene piovindsisénnanéeghe
at omi zat izgn byréehftlroap'tdné elwdas@id heugbattindOpredirsol: S NBdagkedp and the

restriction, rédékfil bﬂ“'z@ngoa%é‘ﬁeﬁ{ e 3:% cf:‘icgﬁn PEMu S Idd qn%-lo teymergt ure

and pressure co ons is a fur uni q ht ageous e di ment. “The

enbodi ment s ofpf?'ﬁé‘rsﬁﬁe‘ﬁ‘f?%t\ﬁh?c??ﬁﬁégn?fh CSH]B?fs”ﬁtSn et FePéd T disre
al so parti cul athyough thelleafgerappiy ienge80ioriyaprectwias nys. midresd croati ngs
general ly requééééé(¥¥%meﬂﬁég¥mbient atmosphere to the deposition zone where

30 they could react with the coating, the materials from which the

<y

coating is derived, or the substrate.

Careful control of the materials used to form the coating
can be provided by feeding the coating precursors in a fixed

35 proportion in a liquid media. The liquid media is atomized as



input than is usually involved with inorganic coatings. Mreover, organic
nmaterials generally have relatively |ow to noderate deconposition
tenperatures requiring careful control over the energy input and achi eved
tenperatures. Accordingly, 35 enbodiments of the invention which

i ncor porate such energy 7 21 May 2002 sources as m xi ng vt axe PP y
heated |iquids or gases, hotsurface henting, electrical resistance heating,
i nduction heating, and heating nethods enploying RF, infrared or m crowave
energy, are well suited for depositing organic coatings. 5 Since the

i nventive process and apparatus provide a controll ed atnosphere zone which
is capabl e of novenent relative to the substrate, it enables the production
of coatings on substrates which nmay be larger than the controlled

at nosphere zone 10 and, therefore, |arger than could otherw se be processed
by conventi onafttvdcuubgthbpbér %fes53Pei GR1E ehAretiesthA fbfeidr vadvantage
of the present vaystidad Sand stiabi bbayid postursubst rahes wbt Houh needikag
addi ti onal eneEQé(tﬁﬂ;yoglrle@gré& t.\fl‘ﬁ_léérrfaléti%leié‘,t etheAESQtEﬂ{g“%)é_cu%Brs(scﬁiy%hﬁm
all ows substrates_t e coated vy ch pre iously could not withstand the
Lemperatures { BowAF R Substioat 3 HEF &S HBLEN TYF TSt PF &V s 2By aF ofts.
For instarkce, nixkate dbatigigrienrngde plbyixkedted qaeltyhai precsiieers sgysbeat es
Wi t hout causi ngofipésedratdfonpaftid1ay§UbSLI R €.andPoPr eftaditsbiial B Mashkeee
pressure deposthlon, &eehni,Auee Me.e Unebl &b phey! de GRETLEAld 0k ing
deposi tion of net I ¢ ni ckel" because of its strong affinity to oxygen;

whi | e vacuum pPBREESOR§ BPRIRGty AR i tePORdbt theuFSe e s SR FuzsashIsfi hae
sheets, was prebbemmdtiecdln dbe tlepedixicaugiong. of A cutyadsi A diowiatcerinemd 25
organi ¢ ngj eri ghSes aRsh, SHE Mo sdilgkhabesut @ NARN e alevas dzstidTeitsi giadlid the
nstability when,subyect ed.Lo, heat g0d VAo L. ACCOLd N0 YL, anothgy,
aspect of the 5F3§eln.e i nven |pc-f1, t'Refe 9s /Sr ovided a chem cal vapor
deposi ti on app&PRE¥BLTAGAOB0 WebsithPngiateddatf nd* 6 alRubder afgrrounding
conprising: fiappar@ans oehivtth aoepevapenantishofatite smbsentatarmospbstabl i sh a
control |l ed at nosphere zone, said controlled atnosphere zone including a
deposition zone adjgcent said substrate and a.reaction _zone in flo

cormmuni cat? on with @éﬁ & FHEpOER TS oﬁcg‘,e qlc]“él 1mﬁ\9{i§71 fBéZr%ae%tolr? r?gar%lefor
directi ng a coaPprhippreeasrysereoisatter ee@ttiion 2z6ne, requires an input of

energy. Depending on the reactivity of the coating material and
the substrate, the required energy can be provided from various
sources, such as combustion, electrical resistance heating,
20 induction heating, microwave heating, RF heating, hot surface
heating, laser heating and/or mixing with a remotely heated gas.

For coating applications which do not require an oxygen free

25 environment, an embodiment of the present inventive apparatus
which incorporates the recently developed Combustion Chemical

Vapor Deposition (CCVD) process, as described in the incorporated

U.S. Patent No. 5,652,021, is particularly advantageous. We
refer to this process as Controlled Atmosphere Combustion

30 Chemical Vapor Deposition (CACCVD). This technique provides a
relatively high rate of energy input, enabling high rates of
coating deposition. In some preferred cases, the fluid media
and/or a secondary gas used to atomize the fluid media can be a
combustible fuel which also 8serves as an energy source.

35 Particularly important is the capability of CACCVD to form high



third neans for supplying energy to said coating precursor prior to its
reachirng said deposition zone, and 5 fourth nmeans capabl e of cooperating
with said substrate to establish a barrier zone wherein gases flowing from
said control |l ed at nosphere zone to the anbi ent atnosphere are required to
flow at a velocity of at |east 50 feet per minute. 10 Accor @tn¥ay 2092 | |
anot her aspect of the present inventiora there is provided a chem cal vapor
deposition process conprising: providing a fl owi ng stream of a coating
precursor in a fluid medium atom zing said flow ng stream 15 directing
the atom zed flow ng stream through a controll ed at nosphere zone conpri sing
a reaction zone and a deposition zone, providing sufficient energy to said
flow ng streamto cause said coating precursor to react form ng a reacted
coating precursor in said reaction zone, 20 contacting a substrate with

sai d reacted cOHP}He preksressr WENddpesi CeRORHE | Hy Oh BhRMSUBEIITRNeTA
sai d depositi oprzesere Catlsdeppyt Reofates e Swedt f oM diaisliraeamvhauilih 0wy from

sal d control | edsat s phena: 20042 h0E. anil:enhioal RshRGEe LATOHAN As0ar M et

zone, and 25 CgUSqu Sa) a%t ses to ow a contro

ed .
at nosphere zon Gf’a‘é’fnqseaqff“ PEBLIFEr i Fhite &% t'HBy tPPow
t hrough s&é d béield', Z\tblﬁé? BR ERbBESOR Rl ORNc&FedrHE DRAW NGS 30 Figure 1 is
a schematic view, partially in section, of an apparatus for applying

coatings in accord diklitis, RESAED, LAKEP'dGsscadh BhbR2008 Klalge.? 1S

a cl ose-up perspective view, $ g ion 0
coating head ufgy F?P%enéw&ﬁb‘& ARRLica 1°fr\?ay* 662n8the coating, and/or the

substrate, require an oxygen free environment. For such

10 applications, embodiments of the present invention employing non-

combustion energy sources such as hot gases, heated tubes,

radiant energy, microwave and energized photons, as with infrared

or laser sources, are suitable. In these applications it is

important that all of the liquids and gases provided to the

15 reaction and deposition zones be oxygen free. The coating

precursors can be fed in solution or suspension in liquids.

Liquid ammonia and propane are suitable for the deposit of

nitrides or carbides, respectively. The use of these non-

combustion energy sources in a controlled atmosphere chemical

20 vapor deposition system which forms deposits at oxr above

atmospheric pressure is a particularly advantageous and uniqgue

embodiment of this invention. The use of the non-combustion

energy sources in a CVD system which provides enhanced

atomization by the rapid release through a nozzle, or similar

25 restriction, of the liquid coating precursor from near critical

temperature and pressure conditions is a further uniquely
advantageous embodiment.

The embodiments of the invention which use non-combustion

energy sources are also particularly suitable for applying

30 organic coatings. Thege coatings generally require less energy

input than is usually involved with inorganic coatings.

Moreover, organic materials generally have relatively low to

moderate decomposition temperatures requiring careful control

over the energy input and achieved temperatures. Accordingly,

35 embodiments of the invention which incorporate such energy



of Figure 1. Figure 3 is a schematic view, partially in section, of a
further enbodi nent of the present invention. 5 Figure 4 is a perspective
view, partially in section, of a coating head for use in yet another

enbodi mrent of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
10 A Controlled Atnosphere Conmbustion Chénical Vapor Deposit RdnMELCAR00YD)
apparatus according to the present invention is illustrated in Figures 1
and 2. A coating precursor 10 is mxed with a liquid nmedia 12 in a form ng
zone 14, conprisd ngs anfk xiNgyofn hoLAiNng f ale LG 1Hhe 1BEeCl SQfsel0 apd_
liquid nedia 12 are 15 forned into a flowing streamwhich is pressurized by
punp 18, fPrEEraed hsptingi erleztraprl frapishpoeryhhasdaadi t induatgonnheatdmiozat i on
zone 24, fpom woiChhd tnddriws %ﬁggsﬁf{z@/e&y t I AUGRAr ACL{ieRZONE orgy,
deposition zone 28 and barrier zone 30. The reaction zone 26 and deposition
zone 28 ar@rpotetli aettrRedarndareo [oat pEIFEE aPabSifer e zone. The fl owing
stream4gs atom zed as it passes into the atom zation zone 24. Atom zation
can be acconplished by recogni zed techniques for atomzing a flowing liquid
stream |n 25 tA&NFS | uShS at BWSRPPEP at BEOCHIOM PRt | WPRELRYT e R IH§ 2

di schar gi ngogcii19RqVekRcsbne @l ongi RA1EARS 1§t EESAR IFUrJOURMicRgnande tHiget | y
adj acent the flowng streamas it discharges fromcaonduit 22. The atom zing
gas streanftPs ProvPHRICFAEm alhaLr@PlPRde™eor PEPFRGTI88urte SP2ARIYF prdssure

gas. In theubddlssairderemodivBenhygdt dhad0cps essitel ydrageaphéls Jdcheused
both as an atom zi ng gas and as a fuel. The atom zing gas is fed from

hydr ogkh ga&%cy|iPRaefos  LRFEtgh Tegul Ry 9EPS 8% ahy MIGRARTYY B8 into
condui t 38cofsttiioha 38vaxtmndBamsiC @Bbbs el dny ekl geeduit 22 to the

atom zation zone where both conduits end allowi ng the high 35 velocity
hydrogen atom zing gas to contact the flowng |iquid 21 May 2002 9
stream therebyacaustigy iddvhatago®nd ZecHentpareaest r eanenl iki nespaviliiddyeso
suspended in_the suyrroundin s/vapors. This streamflows into. the
eabtton 26HBt R HPEER Phe o ar At R et DigaRt ) e ey ek L g che
precursor seactmatieo f orAvcardiagiiyed Bhicvabiyagenr e¢lveor subbitcdtesants nwel ve
di ssoci at i on, of , t e, G0aLINg RLEGULSON, T L0 1 0NS. 941 L3.CRURODEN! 3 Lesul ting
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According to yet another aspect of the present invention,
there 1is provided a chemical vapor deposition apparatus for

30 depositing a coating on a substrate, comprising:
first means which cooperate with said substrate to establish
a controlled atmosphere zone, said controlled atmosphere zone
including a deposition zone adjacent said substrate and a reaction

zone in flow communication with said deposition zone,



The vaporization of the liquid nmedia and reaction of the coating precursor
requi re substantial energy input to the flowng streambefore it |eaves the
reaction zone. This energy input can 30 occur as it passes through the
conduit 22, and/ or in the atom zation and reaction zones. The energy i nput
can be acconplished by a variety of knowa heating techni ques2lsMan 2002f yel
conbustion, electrical resistance heating, mcrowave or RF heating,

i nduction heating, radiant heating, mxing the flowng 35 streamwith a
renotely heatedsé&&ﬂideénQa%brth&Qngn?eéi'@gatlgf %@XcgggﬁflgoSQ%ndas
with a | aser, heat exchange through a hot surface, etc. In the illustrated
preferred éﬁ%@l%ﬁ?net he energy input is acconplished by the conbustion of
a fuel and an oxjgiZefeddd dﬂcfre“stupwﬂ}iﬁ&ter‘{\értcﬁ the fdioM DG cshEepreaseddr
passes through the 5 reaction zone. This relatively new techni que, referred
to as ConbB5i9rFoChEfi tsachVapotaiDepieaPsoiP @eVD) ,21% nore ful |y descri bed
in the 4 ncorpor apee . e anBat@pbpNo. 0B, @ég@éygklnbnwﬁﬂﬁ bhh@sgﬁﬁgﬁ¥$te to
enbodi nent, the fuel, hydrogen, is fed from hydrogen gas cylinder 32,
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reactive gasesud,romthe materials present in the apparatus Iocat ed |n
proximty to the_reaction_z i nert _gas, such as argon, is fed from
inert gas cylind&Y™&4"% Rf %gﬁoﬁ’%g%liﬁﬁeﬁ& val ve 56 and 25 flowneter 58 to
condui 15 60. Conduré¢ctGhgexthendsocaboad ahdwiogncentsamc thirbhgitoadubhtb@lled
Conduit 60 I%%Ser}%srebe r(l)end the e{lrg %f rghgt{)tnhegngogrgéjl tgezzs 3180,n 4214 and 52,
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the 5 hydrogen and oxygen. ‘A separate manual |y mani pul ated |ighting
controlled atmosphere zone to the ambient atmosphere through a

barrier zone, and
25 causing said gases to flow away from said controlled
atmosphere zone at a velocity of at least 50 feet per minute as

they flow through said barrier zone.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Figure 1 is a schematic view, partially in section, of an
apparatus for applying coatings in accord with the present

invention.



or ignition device is sufficient for many applications, however the use of
such-may require a tenporary reduction in the flow of inert gas until a
stable flane front is established. In some applications, the total flow of
gas may be too great to establish 10 an unassisted stable flame front. It
then is necessary to provide an ignitiofbdevi ce capabl e of c@dtHMayd@dHRy or
sem continuously igniting the conbustible gases as they enter the reaction
zone. A pilot flame or a spark producing device are exenplary ignition
sources which enpl oye e i,ti0n 2 : act ed
coating precurgg¥g§§%ogPtg¥cg%t%ﬁaggihgnpgﬁgggtJggraﬁggﬁb.§?ﬁgb§%%§i%&er of
the flow ngestywancf| awrrtiom ¢hahgeposttridoheadriesachiougie arvarates zone 30
to discharge into the surroundi ng, or anbient, 20 atnosphere. The barrier
zone 30 functions to prevent contam nation of a controlled atnosphere zone
by conponents of the anmbi ent atnosphere. The controll ed atnosphere zone

i ncludes the reaction zone, the deposition zone and any additional space

t hrough which the flowi ng stream may have access after passing 25 fromthe
deposition zone 28 and prior to passing through the barrier zone 30. The
high velocity of the flowng streamas it passes through the barrier zone
30 is a characteristic feature of this zone. By requiring that the fl ow ng
stream achi eve a velocity of at least fifty feet per mnute as it passes
through 30 the barrier zone) the possibility of contam nation of the
controll ed at nosphere zone by conponents of the anbient atnosphere is
substantially elimnated in nost coating applications. By requiring that
the flowi ng stream achieve a velocity of at |east one hundred feet per
mnute the possibility 35 of anbient atnosphere contam nation of ~t he
control |l ed at nosphere 21 May 2002 12 zone is essentially elimnated in

t hose coating operations which are nore highly contam nation sensitive,
such as in the production of nitride or carbide coatings. 5 In the

enbodi ment of Figure 1, a collar 64 is attached to and extends

perpendi cularly outward fromthe end of conduit 60 adjacent deposition zone
28. The barrier zone 30 is defined by the cl earance provi ded between the
collar 64 and the substrate 40. The collar is shaped to provide a
conform ng surface 66 10 capabl e of being depl oyed close to the surface of
the substrate whereby a relatively small clearance is provided for the
exhaust of gases passing fromthe deposition zone to the anbient

at nosphere. The cl earance established between the conform ng surface 64 of
the collar and the substrate is sufficiently small 15 that the exhaust
gases achieve the velocity required in the barrier zone for at |east a
portion of their passage between the collar and the substrate. To this end,
the conform ng surface 64 of,the collar 62 is shaped to |ie essentially
parallel to the surface of the substrate 40. Wen the surface of the
substrate 20 40 is essentially planar, as it is in the illustrated

enbodi nent, the conform ng surface of the substrate is also substantially
pl anar. Edge effects, such as el evated tenperatures and residual 2S
reacti ve conponents, which occur adjacent the end of the conduit 60 can
extend the deposition zone beyond the area of the substrate |ocated
directly in front of the end of conduit 60. The collar 64 should extend
outward fromits joinder to the conduit 60 a sufficient distance to

precl ude the back-m xing of 30 anbi ent gases into the deposition zone due
to a possible Venturi effect, and to assure that the entire area of the
deposition zone, as it is extended by the previously noted edge effects, is
protected fromthe backfl ow of anbi ent gases by the "wi nd" of high velocity
exhaust gases sweeping through the area between the



35 collar and the substrate. The extended col |l ar assures that 21 May 2002
13 contam nation is prevented throughout the controll ed atnosphere zone
including the entire extended deposition zone. The dianeter of the collar
shoul d be at |east twice the internal dianeter of conduit 60, and
preferably, should be at least five times the 5 internal di&hdtdr 2692
conduit 60. The internal dianeter of cgnduit 60 typically is in the range
of 10 to 30 mllinmeters, and preferably is between 12 and 20 mllineters.
In operation) the collar 64 is |ocated substantially 10 parallel to the
surface of the substrate 40 and at a distance therefromof 1 centinmeter or

| ess. Preferably, the facing surfaces of the collar and the substrate are
between 2 and 5 mllinmeters apart. Spacing devices, such as three fixed or
adj ustabl e pins (not shown) , nmay be provided on the collar to 15 assist in
mai nt ai ni ng t hefpFdgere di st ance between the collar and the substrate. The
enbodi nent il UStraFB@utdlfqimeeskhbﬁa¢EHtuﬂéu|aphytiﬁhm@nhag§9661$ﬁﬂ of a
appl yi ng coathggtkgrsgg§£ﬁ_§gg ggnégg aLe Igpiggekg{ or for whichit is
not convenient, to be treate pecially contro ed environnent such as
a vacuum chanber or a clean room The illustrated coating technique is
advant ageoBis becausEigede it igan dsersapptived viiews utssttrial &g hiscletaee, |cf ger
than its contradaedngt FEsPhRIE wenen 86 {WYchHeecCanbedintengéaBfb€heSpresent
acconpl i shed uq]ern@ggpspherlc pressure conditions and at nore convenient
"in the field" Tocations. The series of concentric conduits 22, 38, 44, 52
and 60 forma coating head 68 whlch can be supplled by relatlvely snal
flexible tubes and can beDES PTIG) B el N Addi ng ener gy

to the coaping 30 plixe@cSHt%%ilé’d/ Aeamﬂeoeomusel&ueéhemchyvaF@wuébaglhf@lt
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| arge to be codiidderedi un eéhh'i@:mezﬁer%ﬁq sfede té’éatlghg C@PdPa'F ge2 uhPt sanof
t hose substrat ekomization zone 24, from which it flows successively through

reaction zone 26, deposition zone 28 and barrier zone 30. The
reaction zone 26 and deposition zone 28 are both included in a
20 controlled atmosphere zone.

The flowing stream is atomized as it passes into the
atomization zone 24. Atomization c¢an be accomplished by
recognized techniques for atomizing a flowing liquid stream. In

25 the illustrated apparatus, atomization is effected by discharging
a high velocity atomizing gas stream surrounding and directly
adjacent the flowing stream as it discharges from conduit 22.
The atomizing gas stream is provided from a gas cylinder or other
source of high pressure gas. In the illustrated embodiment, high

30 pressure hydrogen (H,) is used both as an atomizing gas and as a
fuel. The atomizing gas is fed from hydrogen gas cylinder 32,
through regulating valve 34 and flowmeter 36 into conduit 38.
Conduit 38 extends concentrically with conduit 22 to the
atomization zone where both conduits end allowing the high-

35 velocity hydrogen atomizing gas to contact the flowing liquid



5 which previously were coated under vacuum conditions. Manufacturing
econom es can be achieved by coating larger units of these substrates,
especi al |y when mass production of the substrates is involved. 10 The
enbodi ment illustrated in Figures 1 and 2 is also particularly suitable for
the production of ‘coatings which are oxidation sensitive, s&thiMa¥% 2883t
metal coatings. To provide such coatings the fuel is fed through conduit 44
in proximty to the atom zed |iquid nedia and coating precursor, while the
15 oxidizer is fed through conduit 52. The atom zing gas fed through
conduit 38 and/or the liquid nmedia fed through conduit 22 can be materials
havi ng fuel value, they can be materials which react with the coating
precursor or they can be inert nmaterials. Wen the produced coatings or
coating precursor 20 materials are oxygen sensitive, a reducing atnosphere
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accomplished by a variety of known heating techniques, such as
fuel combustion, electrical resistance heating, microwave or RF
heating, induction heating, radiant heating, mixing the flowing
35 stream with a remotely heated liquid or gas, photonic heating



21 May 2002 16 reaction zone are substantially |lower than those present
when-a fuel is conbusted in the reaction zone. |In such cases, such as when
the principal energy input is a preheated fluid which is mxed with the
flowing streamin, or before it reaches, the 5 reaction zone, the coating
properties can be adjusted by varyi hg the distance between ?heMﬁéé@P?on
zone and the substrate surface with | egg concern for overheating the
substrate. In sone cases the denser coating resulting frommnimzing the
di stance between the reaction zone and the substrate nakes it desirable to
provi de 10 the reaction zone directly adjacent the substrate. Accordingly,
the terns reaction zone and deposition zone are useful in defining
functional regions of the apparatus, but are not intended to define

mut ual |y excl usive regions, i.e. in sonme applications reaction of the
coating precur SBFD sy WaER 1A Lafetnehers GSFBRTIS SHroBdlR athorhaustang r ste-
surface. The | dnethaaxilhumtaerpepatieesed eswobingnwherhd henepiyndinpat ener gy
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prIOVIt dted Hom 'dteéczf’lfﬂe)éa@hctt}_%c'iqcﬁﬁﬁlél %g&-U.%.nbL@%At%’NoZS?,652,0|21. I the
pol ytetrafl oroe ene coatings cou royi ded from ecul ar weig
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coating techni Yeenads ide R36h! rdERONI hi0Ra3¥St N addier RURREERL 80 ¢o

generally acts eat 'sin aolin ases pr. esent in,t hnge 0sj tion

t he
zone, rather tFRERHEaPPng TREHTE &@cﬁgfﬁ’ﬁiﬁl g]?o‘fthé‘ feHpeRFtt eyt A%t he
substrates are435 whilsjheekeehdsr witubmtdronaenyriaeddyt dpntacendntorierad in
systens 21 May.208g0d 7eitiGly Qg I fedgert i eoeEgiUIe st I 8RS Nhydden0 ahbe
depost t o, zong L ALoUG e SUBRIA! Bonl SV EH0REoalds LWAVEN' hite O3 LAg
process can be applied to ,manyéie erature senSifive substrate materials
whi ch previ ousPyORHAN 1hgtihaeddatdd 592t s 8TEELHIRTdBs  RhiTeR51IhFEPGed
transferring heat tlerebe hepydsept amh caoréng hapoghzathiensabstheatiequibmedier ,

the control |l ed gmashiang goNeLxbapdhdHRakséPat portion of the substrate
which is at an el evated tenperature protects the substrate to the sane

extent it protects the coating material, thereby enabling the coating of 10
cont ani natd on sensi® iSHEtSEPSeF ot €5.0WaBEhiveF fogirdaProfideensrepnd at least

the initial portion of the reaction zone isolates the reactive
gases from the materials present in the apparatus located in
proximity to the reaction zone. An inert gas, such as argon, is
fed from inert gas cylinder 54, through regulating valve 56 and
25 flowmeter 58 to conduit 60. Conduit 60 extends about and
concentric with conduit 52. Conduit 60 extends beyond the end
of the other conduits 22, 38, 44 and 52, extending close to the
substrate whereby it functions with the substrate 40 to define
a deposition zone 28 where coating 62 is deposited on the
30 substrate generally in the shape of the cross-section of conduit
60. As the inert gas flows past the end of oxygen conduit 52,
it initially forms a flowing curtain which extends about the
reaction zone, shielding the reactive components therein from
conduit 60. As it progresses down the conduit 60, the inert gas
35 mixes with the gases/plasma from the



substrates. Another enbodi nent of the invention is schematically
illustrated in Figure 3. An elongated substrate strip 80 is 15

sem -conti nuously passed t hrough chanber 82 by feeding it through a port 84
in one of the chanber's side walls 86 and renoving it through a sinlar
port 87 (not visible) in the chanber's opposite wall 88. Th 1i¥a% 2082 of
the chanber 82 defines a controll ed atmpsphere zone which contains a
reaction zone 92 and a 20 deposition zone 90. The substrate strip 80 passes
t hrough the deposition zone 90 which is in flow conmunication with the
reacti on zone 92. The reaction zone 92 is established by reactive
conponents fed thereto froma coating head 94 extending into the coating
chanber 82 through a gas tight seal 96. The 25 coating head is fed with a
coating precursor in a fluid nedia 98 through condujt 100. A gas 102, for
atoni zi ng t he 1534167 nRlica 2AR d7SsOm B rPF&att | i M?W&%étéﬁﬁﬁldﬁﬁeﬁ%‘é%or,
is fed throughteoddpositlish zAneizert gas 106 is fed through conduit 108.
Termnals 110 and 112 spaced al ong conduit 100 are connected to 30 an

el ectrical source 114., Ener is fed to the li.quid pmedium coating precursor
fromthe heat prodffedd™ égﬁd&"f‘riﬁo iy S8l i t%/mptaf‘fg{ié Hﬁ’\?ﬂg che

t er mi nal s596, MDgrogenngnd renysearr el $eParkREe| W%fmﬁilw‘etﬁﬁﬂmltlc?éle@nélwm sor
as it flows throughitieh cernddetis Saffeieferdth@ochaminw abpEsScati®nal, SRowdrer

transferred fr 99@%& ul.ﬁomahprg LA8% %Q xlaqyt P&a@tqeg id The £lodiye 2002
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can be 15_advantageously utilized. This technique involves heating the

liquid medi a/ coat i ng precursor to a tenperature within 50C of its critical
tenperature prior €8 8PPefep?Ritiont BPBUgHE a TSz FPECE RS §93ERPt BTERE T2z e
it is nebulizetkpostiosacdatienss praynatite diubscteick t49r.oughe t tnaiedeti of tZone

toward the sutl%&% - st akne16nAtHB4 Qﬁ@quagit{&a%%eamrém Li g dJyedi a
vapori zes as thgly w tt:hrocr'%h the re nq:tl OE /A (Q) depasi tlag zone
the depositi orf F6ne>rhe*Roat i gpFecut’s %ct?u nrOBP it Féposi'Ys

coating 6f t het&wsehente. 25MFhe hjié@é@rexmtﬁﬁg frees ane déﬁospﬁf‘Cﬁfltzone
| eave t he coatdangashasbisn tdir augbnt el Jipdr hismEphedé thnoUgh cstipohethite of

substrate entans gndi & fa%mw&le%aﬂbﬁ{e th@?@ll@W bSmodghe@NEIC hoTudd D

h | on r in th
the el ongated %Ubigagéleorpazgge g1:he epos{tolu% Zone and any additiocnal space

through which the flowing stream may have access after passing
25 from the deposition zone 28 and prior to passihg through the
barrier zone 30. The high velocity of the flowing stream as it
passes through the barrier zone 30 is a characteristic feature
of this zone. By requiring that the flowing stream achieve a
velocity of at least fifty feet per minute as it passes through
30 the barrier zone, the possibility of contamination of the
controlled atmosphere zone by components of the ambient
atmosphere is substantially eliminated in most <coating
applications. By requiring that the flowing stream achieve a
velocity of at least one hundred feet per minute the possibility
35 of ambient atmosphere contamination of -the controlled atmosphere



30 define the barrier zone, and determ ne the area avail abl e for passage of
t he exhaust gases and, therefore, the velocity of the gases as they exit
through the barrier zone. The dinensions of the ports are controlled so
that the exiting gases are required to achieve the m ni mumyvelocit
specified for the 35 barrier zone. As in the preceding exanﬁ?éﬁwiﬁéo?nert
gas fed 21 May 2002 19 through conduiik 108 shoul d be sufficient to assure
the total gases fed the reaction zone result in sufficient gas passing
through the ports 84, 87 that the required m nimumvelocity required in the
barrier zone is achieved. The control of the gas 5 velocity passing through
the barrier zone, as defined by ports 84 and 87, establishes a controlled
at nrosphere zone which is generally coextensive with chanber 82. The

enbodi ment of Figure 3 is particularly suitable for 10 coating el ongated
substrat es whi éR'CaF BESFRGAEHT S ETHIRREB U FPPRF cﬁff’g?‘l’i“t‘%éDP&Ség%‘?fbs afber
82, such as nekat oroyd abighlwheentamirertiiahs. s@ignitliae, t suche &$ gume the
embodi nent, thgrpaeaash srakiEs deh8rcORtyikg 6basiREt rates which are |arger
than the controll ed at nosphere zone, i.e. substrates having at |east one 15
di mensi on which is larger than the |argest dinmension of the controlled

at nospher & zone. The HhgueBL3dEMIddClehit 9% tal 3ocPklagd $ant agrdirshedappl i ed
to coat substrahésehtzatidsgpsupéndilemlarly rowgmardr £ o ftheeend| of Xbridhiis ease)

good coatings S&?a%t?cﬁéﬁd@‘h% 96]:1_13 §§ffaﬁfef5b9iriteﬂe_z8h'é F§00|i§ &4 fagep
substrate even h |£ﬁ|s nmal nt ai n lbn a static fItIOI’l in the ¢ ntroIYed
B SLAFRE By PER B59e Gl ST he i GAL: HIF JTSEEE8ES when

at nosphere zonk | |
two ports are ABt r&hei rellaw irerghiapedhbospbeiids @ tconbertiow tsyrinde ekft
fromthe @b chaapsble afSbe&HEL d@psored tclpeet t& altled shefstdh sifi thd eshfs@t-at&e

entry and exit pordis, 84,2 i%-l?/mﬁ‘aﬁr Q88aS6RE! anplrogg.géd Hort PR HRLHsLOUST

be controlled tg assure the m ninmumgas velocity required |nche barri er
zone i s achi evBl £25fe RARSIAF| t I e haftBRYS I BEPTHEGni Hue %ataﬂgégnﬁf a
further enbodi remosmifertehe iTieerfleanamge esthbhbsheshldepwiebh uthe atadormifggur e
4. This enbodi BBpfadeLloeSt Qihel BE1 BAS A4l @AY isNBst her depOSIfHi0ReZONL smul 1 hi N
the contrall edtﬁ%FP%HQe[e;‘%haZQi €, A n htigvgaéﬁett)%ﬁgcgitla/a r%%FJF!ﬁ‘%:E £9N€, 35
conprising a curtain of ‘1Tner S whi ch encl oses e contr e

barrier zone for at least a portion of their passage between the

collar and the substrate. To this end, the conforming surface

64 of the collar 62 is shaped to lie essentially parallel to the

surface of the substrate 40. When the surface of the substrate

20 40 is essentially planar, as it is in the illustrated embodiment,
the conforming surface of the substrate is also substantially

planar.

Edge effects, such as elevated temperatures and residual

25 reactive components, which occur adjacent the end of the conduit
60 can extend the deposition zone beyond the area of the
substrate located directly in front of the end of conduit 60.

The collar 64 should extend outward from its joinder to the
conduit 60 a sufficient distance to preclude the back-mixing of

30 ambient gases into the deposition zone due to a possible Venturi
effect, and to assure that the entire area of the deposition

zone, as it is extended by the previously noted edge effects, is
protected from the backflow of ambient gases by the "wind" of

high velocity exhaust gases sweeping through the area between the

35 collar and the substrate,. The extended collar assures that



21 May 2002 20 atnosphere zone and is directed away fromthe deposition
zone. The gases | eaving the deposition zone are entrained in the curtain of
‘inert gas. As the inert gas curtain travels around and away fromthe
deposition zone it is maintained at the 5 velocity requi re% i otﬁﬁ”i er
zone until essentially all of the gases |eaving the depositi one ave
been entrained therein. The coating head 120 illustrated in Figure 4

provi des Controll ed Atnosphere Conmbustion Chem cal Vapor Deposition
(CACCVD). The head includes a fine conduit, or capillary, 122 10 for
feeding the coating precursor in a fluid nedia. The coating precursor/fluid
nmedia is heated to within 50C of its critical tenperature and prior to

di scharging fromthe capillary is at a pressure in excess of its |iquidus
pressure. Surrounding conduit 122 are conduits 124 and 126 for feeding a
fuel and an OXAUAMABRAB RGENPreEHTEENERTRUDGREUT RS LPBEEAPPIT e oRRhe¥rRr t
gas curtain. Tdmeehdchidiegneis tent28e axdended eapdsitienexdres.i OThs Wikaeeent
the end of COW'tthelgglﬂre sktaf@doeogw@égéry tlw@cera?g Meghgffélatma%er o

di schargi ng i ne as _in a |ve 8 coni cal

ei t her coextencscir\?é‘q\h R tﬁ% i Bt ¥onthtits ?’Ezatl ?laStZOéli’%tlBF fh‘?my
extend past thit@eygadf dikmeter epfocondnitui £Q. IrThGpé{n&?ifBﬂl tih@m%ttmsw%te
is located gensynallbiy 40 tybopdl19f ikhen abat targepbecLy 86134 Iniind;ined®, and

di sch i f t f duit 130
| schar gl ng Trameondul s 2eulbe {05y ga%nlisgaaging from condu

forns a flow gas ' curtain 1n the shape o Ivergi ng cone which
i solates a controll ed atnosphere zone which includes and extends around the
reacti on zone and tThe cepogiibhon tZenecébkaredéat itheleatiedceswdistamsially

substrateo TheggliataegenserRé sl alcle0wEngngasudti-hae Ned Sarsdifdd &l @ikthfce
direct the i ”et” %?%or%nd fgalseger?tlme%lege%r h%'égl n %e%%XFi%O%BQefachng

deposi tion zone. at'ed ases in
curtain i s mifitdiacesd &f the F@%ﬁr r%“tﬂutrh@d SUHSF%%WFI OLtyeRR tntRd S
essential ly aldildfirchergaspsrt ecavspgeinye depossti enczone hhvee béexed or

entrained t heré‘d rﬁstﬁélénpim S¢ndtS stelh) asna@%eotﬁ}@bl@éﬁoqm neRt $o1ihe £4uid
nedi a 2] 21 can

bl e ligui ani c _solv t oL gas
such as i% al kaﬁigéS%ahna'T%é‘ﬁél%Jrn%%hSI% t dlStqa € 0581% eeenaﬁﬁom gﬁa 9
exot herm ¢ nmated AUPSEERYE as nitrous oxXi de (N20) , Oor it can conprise
nonconbusti ble or difficultly conmbustible materials such 5 as water, carbon

di oxi de or ammoni aThIheensggaungagt p&fﬁ%&%&emaﬁrlﬂl uk8 an 10J g@ﬂtch&am
nonorganlc coqggun% %ﬁg@ e of re%Ctlgg ‘}nCr ?FOC atlgn
and ioni zi ng rEAEN 8ﬁ§°“‘fo YRR PEP ot cTUPES ﬁ/ﬁ?%hq S 8pEbFR° of
depositi A a cldeng con folrewbiplt tat &5 tecipnyenignt erticalks Whikehed in a
exot herm cal | ysgHci%0eyaténOfolQlcleewl Seorgeatheudh cad lay vheadh @tfsmber or a

particul arly Séﬁ'eh%blr onl NCeud men%é%@@éancfoa%@ﬁgge/e&\a%\asdlg L 4 ch6B6hL ON

zone decreases e her w se required. coatlﬁg FEC rsor

n nput
o ba 15 foq HUALAS TUSAE G FonEPRLo Fp (e e Srmanirs thaz°p
finely divi deditsol fontxidedf exkmmsphegas zohe, mapdbebenthesianed iif aca:rarw er
gas. Thezsearriffcdg@l i688d bénddietmebphdricaprakserd Wikl 0Noms a#hd Wel more

convenient "in the field" locations. The series of concentric
conduits 22, 38, 44, 52 and 60 form a coating head 68 which can
be supplied by relatively small flexible tubes and can be
sufficiently small to be portable. Adding energy to the coating
30 precursor by combustion of a fuel or by providing heat generated
by electrical resistance are compatible with a relatively small,
portable coating head. Large subgtrates can be coated either by
having the coating head traverse the substrate repeatedly in a
raster or similar predetermined pattern, or by traversing the

35 substrate with an array of coating heads arranged to cumulatively



20 When the precursor is provided in a liquid nmedia, as is preferred, up to
50% of the coating precursor material may be present as fine particles in
the liquid nmedia. However, it is preferred that the coating precursor
material be fully dlssolved 25 in the liquid nedia, since such favors
honpgeneity and crystal growth in the deposited coating. Thél Ak 2902at i on
of coating precursor in the liquid nmediia typically is less than 0.1 M and
preferably is between 0.0005 Mand 0.05 M which is relatively dilute
conpared to concentrations of coating precursor materials 30 required in
t hose coating techni ques which feed the coating precursor to the coating
operation in a gaseous or vapor state. Mreover, the coating precursor
mat eri al does not need to have a relatively high vapor pressure as do
precursor materials of other coating techniques which are required to be
fed in a 35 gasevide v Waporn steRtdngPr e NS grSthnkingny apoay prlesmatdsgof
21I May 2:)02 2Beh@ss than abAitosk b 3@9@&amgbe:huseﬂunAchQ&dida>gl;yngaﬁf
relatively wd r t ed. | s t i que,
y gr g@g&ﬁ i 21%'2»?18& {% »%11 | SodT8Ya R Y CLeI 4R % ‘E% 2 g

many of which stant| an the relatively vola
material s reqGFFR e B?IH‘&FSCB%E{ |Cﬁ§t‘5“91 (?éhh?%sunﬂﬁﬁaoéeb‘ﬁet éEIb%ttieﬁg can
be any i norgamhichr prgainuwslyat evaral tdvattedi | undeposvachwom eondigdionge

precursor mat ﬁah@factM%&aésecdﬁ%m&s R8s, ashdaliesy hasphal88gerSiunli€a.
silicates, 10 Qh%%Q Ptri des borlgles nd car bonat car bi g %heot her

subs rates Iﬂ? en mass Qﬁ1 uct
carbonaceous naterla such as “di aion nlxtures ereo are i norganic

coat i ngs whi CHUE%LW%SaﬂEI iteePedt he | nvent| ve system Organic coatings,
such as polyners, can also be deposited fromreactive precursors, such as

TONOMET S; o by thosenf'errb&%cr@%at0f111§sé1@cédnvxemtr%fd@u Gh awpi g ¢enhsbi on
tenperatures in_the re ct on‘]_’abr'in E g t| on %nggn (;I' %o'a@‘{%”é' V& rog_,ess
enabl es the cBAFFOTHEF é’oﬁ%h? ft "§épos ?tri’on 0 m xt e o a" et alfrr
conponent andozhdakiate scospbhent Wh @fedoBY ‘E‘?f@lmﬂoétbﬁg%i seTQ:cFl"FtOrVéldeof

the reactive astapsqheriagensld €debyid hfedl thvieitighoaorsivd@ eontr erbeihatymmspher e
zone. The coatjgg afe@ﬁag ddwaéiébeﬂe(§ d@éééﬁ% tﬁtaté‘éﬁm?_» The16084kENg

technique is particu surt ornln erent coatings at

t hi cknestes b@f‘\?\%bﬁerlol%aﬁ%‘?‘reFE’F%u‘-ﬁhoc@dh‘ller(? ter gd)%ﬁ"Pﬁngaﬁé‘stfﬁ cally
appl i ed at ratssobet weerudt13®5Ehdr500e niiduigr angiai fag ¢hpenglke oeridvg thead,
preferably at 2pates bet m@e@ri&ﬁ Mg idg Orhel Wagﬂlﬁrfsltma{)u&@npleé ®addiRg shead.

Exanpl es of c g i de _coatlings
produced fromglggglglﬁ ?%tnd‘y]f ‘?yaﬁ Rgl lFlane Sérc% %e R

i sopropanol aR8tpF tphre; HT‘%‘M Rin EB%"E‘H‘F@’S “pﬂa(’idﬂ@%dofr GH?'él%‘-bl %‘fefcd’rfsé’ir

pl ati nun2@cet phaeetxlmt erf Pt¢:>Gid8E0CHOGGHI V2] ia trekdueirg ardmpepirarwol ;isand

ni ckel - doped kaGrid3ife@ath NG QEQQ@f&ﬂaﬁH%@;ﬁﬁhdib@%n@E wrats@aamg RiHakat e
in ethanol, chfom ‘Jc%‘lnaté@éteo'f“o;%tcﬁz%o' é‘é'ci Lekel; nibrage d 1,33.e4hano! -
Exanpl es of organl ¢ coalTn ngs whrch can B Ir drlb
an that required to fully combust the fuel provided to the
reaction zone, i.e. less than a stoichiometric amount of oxidizer
25 is provided. Generally, the fuel excess is limited so as to
limit any flame zone which develops when the residual hot gases
eventually mix with atmospheric oxygen. When the produced
coatings and the precursor materials are oxygen tolerant or
enhanced by the presence of oxygen, such as in the production of
30 most of the oxide coatings, an oxidizing or neutral atmosphere
may be provided in the reaction and deposition zones by feeding
a stoichiometric or excess amount of oxidizer. Further, with
oxygen tolerant reagents and products, the oxidizer can be fed
through the inner conduit 44 while fuel is fed through outer
35 conduit 52.



21 May 2002 23 this invention include fluorocarbon polynmers, such as

pol ytetrafl oroet hyl ene, and pol yi m des. The substrates coated by the

i nventive technique can be 5 virtually any solid material having a nelting
or deconposition point above 120C, including netal, ceram c,_ polyner, glass
and cellulosic rmaterials. The inventive technique is partic%?&?ﬂyzgﬁ?table
for coating heat sensitive substrates gpnce heating of the reaction and
deposition zones does not require heating or 10 energy input through the
substrate. The substrate tenperature is generally maintained bel ow 600C,
preferably, it is maintai ned bel ow 400C and, when required to avoid

del eterious effects on the substrate or other conponents, the substrate can
be mai nt ai ned bel ow 200C. When coating the nore tenperature 15 sensitive
substrates, those eghogiImnte, of Lhc.d NKentdonWhiGh STRLAY xR0N; LTRUSL i on
energy input sources, s 1S heé?edﬁ Ui ds2° radr an _or _m crowave ener gy,
are preferred. EThehisiisstthgt énade BRrEaeE e®f byPdiTBEHhgf 5P IGW daghiYhert
cool ing fluid, gpsef prabhyed igashe ateaat $om face , Wanéhiti swusenb¢ esdfifdmiithe, 20
deposition zongnesWehedSwitie talrddfes ghstde quhalrate dabbshish oRpesi t& the
surface eéposed toa}hg deposi tion, Oq%.uIdihﬂy%%£IV§rpﬂ3p%gselS al so
particul arly stTPEd e 5P o3t iVICSubs a5 Wi A S WREH 178afed® are capabl e
of unwanted reactions with conponents in the atnosphere, such as substrates
susceptible 25 to cpHedaneegy Tt @s@r beeapesailistedt by whectinrtilkess obeér at es

are subj ected and, the cOMJR;bLEMAITRSPRELS SWEROUNC G LBe; deposi ti gy zone
both contribute t© mnimzin l,i nt ed reac#; n o; the substrate with

at nospheric cohPpdifdiiss. 3B \N%“I B itei £egenR ’aﬁq"le% pPef éFPed9t o-Rondd@ ¢ he

i nvent i velocoat nedi picoeting eraruessemithld prahpitad floid atsnsspherdrg inert
pressure; it ngys Prehelesd 1 HSEdnferhOueoOnty ekceamagst oo™t .f | afEshould be
tenmperatures of,ol.nef PRLATHRLCLE by: Gpat .tEQAddi'E@ bhe gomystion, pf @ssyte.

. a
The conbustion ??ane C € nmal ntal ned at pressures OW as

.35 as’l 10 tforr.
General |y, espgeduiied Wheh t5ePRS* TodrerE 15 ZECRRHL bEes %X B Heds I’?&%e’é

conbustion fl aneamrenbhsticed, Ushel lgr eatest padt olncorphidect ¢ omdbeirerie is
achi eved oy opghatddd iferdtieeBhe AR HHLGREN sPHRESLUAS byD dneardd! @hd- nbhckel
coating' on a ~ol~rimde s%)s.trate Ni ckel filnms have been deposited on

pol yi m de subsEP R Lo L e R 5587 atus illustrated in Figure 1. A solution

of 0.0688 M N (NO3)z in 1.20 M NH40H was fed through a 75 ~. mID fused
silica capillary (Z2%e aloras@ty5Soscéenistyandartiec dbpos et iqmitdngnicant by 10

‘E' ?W Elat S- | H%’%Qé/ﬂfﬂé@?sk;;f GQ%EﬁEl%U%ﬁat&@géh?Q %g@dé'eitzﬁ 7E§§) f@&mel-ojz(Qd (3303
st andar lter,s/ m,nyte) an rou conaul | a SCCm . as
fod thr odh congRiTIiBs) 2ol tabnt SHEAPOER TRt tFast ar DETronb (1 SHof
conduit (68), Whitamasanreyidest aridicrarasRcORtERg Sle@sikrh Wle MYHRISAPGw
was reduced totperdidtahbenprnibldeisgai iomen pokotecddrang, fml Ebaviingustrathdi t
was returned teakdh ikBbhh AlueSBht | Fihot B8 C2dnlel is NRer¥irh @1y UoeRtBRE: Je i EhON
source was requjregd to nal tal$ %gqgtlgn. The @g@_teggerature %ﬁg{gélnately
1 mm above the®8®p ?Wﬁ(ﬁfoaBFﬁ 0GB strate“RB5°Fas aPfm
from t he 3fozz| eordlangr tiigHubgtrage must be maintained sufficiently far apart
that the substrate is not damaged by the higher temperatures
which would result when the flame zone more closely approaches
the substrate surface. While substrate temperature sensitivity
varies from one substrate material to the next, the temperature
30 in the deposition zone at the substrate surface, typically, is
at least 600°C cooler

than the maximum flame temperature.

When some of the non-combustion methods are used to supply

35 the energy input, the maximum temperatures present in the



20 inch/mnute with 0.0625 inch steppings traversing an area of 4~~ by 4~~
tw ce, once with horizontal sweeps foll owed by once with vertical sweeps.
The total time required for the rastering notion was 16 mnutes. N ckel was
deposited at an average thickness of approximately 0.1 micron. 25 Co

was deposited froma 0.0350 M solution of copper(l1)bis(2- e?h%ﬁﬁb%&ﬁgate)

i n anhydrous ethyl ether. The sol utionievas sprayed, at 1.00 sccm into a
tube which was also 30 fed with 40 | pm of a preheated 500C | oo HZ/ Ar gas

m xture. The injection was approximately 5 cmfromthe tube exit. The
substrate was | ocated normal to the gas flow approximately 2 mmfromthe
tube exit. Metallic copper coatings were deposited on both al um num and

gl ass substrates by this nethod. 35 21 May 2002 25 Exanple 3- Platinum

coating on ~ol ,&r e, sibstra L ite

polyimde in t dt%g a%y Satr og\hl/gbélbﬁnpllﬁ‘ti!lﬂ”nﬂffwl k%@n&ggﬁlﬁ&%ﬁ N&g
solution in 1. 2{?— 1ﬁll—mll"‘iﬁ&§dfé‘ﬂ e 6G@ﬁt¥f§‘plzPP‘éry Iospchicaress §8eh a9y gon
5 was fed througn coredpirtin¢ i1 atnetg@Oihgpum idycr pgeheavasi fladitihwbighh is
condui t (44) afiddd JiRM t@éyqqaw\.oﬁg E@Qeénhrﬁﬂgh)rcmlé&te (152)rea&h§Q0 SeLem

Argon was _f ed thl‘ %Ugh con k;{q%(c(soa)tlpfgo%ro erl:?es can48%%lsd -tl[l%e SukB,S var

appr oxi mafel y Tammabote 1 eposi VOIRI PR 8%
rastered 2mm f?ftﬂndtlﬁéarl*f%?zi’leé“’i@l ddlel HPAgELR BT 2BA ‘é?eez‘fUBFt’Gatebﬁqua?%r ee
times, tw ce with hess zasticensiee psreirbbhoived thy sweerakceh vbr tdsotal csseeps.

A plati num coaljdgepbd.h c%‘é€{n96 rleegléix{g,c@r&ﬁ%lm%mn@t maseaw%qweéé
E~c~npl P a Nl%kel coaf i n% ain(rég i( u(r:l? tes N| E ns have. been
deposi ted on pdiS Ao TLUBSET P % utgeu %ftrlfg A (ﬂrﬁf’f‘%‘% of
2.00 g. NO(NOHEGHeact e Rofe gdinent 1inediEgeng. thH:%“ ?tm fe%Fquré‘HfPalﬂOO cc
pressurized 20cKoOntaiher rehAeOigh for? gid depodiEisn Sdeel freedhsefilt him 20

~m | D fused si p| er he et idhe uscc 0 was
passed through(!Iécé(?)i??(z%/q1 %\%g%)}iowf (‘%ﬁ?gné %Fovsqyr a’?ée%&%glémg}mlr:yﬁldg%%%

sccm respect i vl géh W ree FUEHROLYNSEOHIGE @8I1CRE 1 20 | Pin S&FGon
was fed thr ougdrpp:ionduwnq 68pcaioR®>R28ht¢ ¢pminfhprgasrsognpay atdaug in the

appr oxi matel y dedBniabeMezihe depasi syt ek nduMase600C. The substrate was
rastered over an area of 4" by 4" twice at a distance of approxi rrately 2 mm

fromthe nozzle collar (64) for 16 m nutes. A nickel coati ng havi ng
average thi ckness dPe0lavan ERHHWS CHBPEAGIEE. TN LERRAPIRe st hﬁ'l&%ﬁf’&lﬁ?l
carbonitri de coatriggginput is other than a combustion flame enables the use of

temperature sensitive coating materials, such as some organic
20 materials. In particular, polymers may be deposited as
protective coatings, as anti-stick coatings or as dielectric
interlevel materials in capacitors, integrated circuits or

microprocessors. For instance, a polyimide coating could be
provided from its polyamic acid precusor. Similarly,
25 polytetrafloroethylene coatings could be provided from 1low

molecular weight precursors.

The energy input to the flowing stream prior to its leaving

the reaction zone generally negates the need to provide energy

30 to the deposition zone by heating the substrate, as is often
required in other coating techniques. 1In the present deposition
system, the substrate generally acts as a heat sink cooling the

gases present in the deposition zone, rather than heating them.
Accordingly, the temperatures to which the substrates are

35 subjected are substantially less than are encountered in systems



Ti tanium carbonitride (TiCN) can be deposited by injecting a m xture of
Tid4, NH3 and CHQ into a preheated inert gas streamto cause deconposition
of the precursors and deposition of TiCN 35 on a provided substrate The
inert gas stream coul d be heated 21 May 2002 26 by coupli gg%

el ectromagnetic radi ati on source such as an infrared emtte Ya nlcromave
cavity. Alternatively, a plasnma could e an energy source for deconposing
the precursors. 5 Exanple 6- Boron nitride coating Boron nitride coatings
can be deposited fromthe exotherm c dissociation of a precursor such as

am noborane (H3NBH3). Am noborane deconposes exothermcally. A controlled
fl ow of am noborane could be provided in a deposition nozzle simlar to 10
those illustrated in Figures 1 and 3 to maintain a steady state reaction in
the reaction zone resulting in deposits of boron nitride on provided
substrates. th&hEHerggussrrides preuEt st bEREWithed Fiquhe Serrpidsioni spne
heads, or othethﬁﬁnﬁnﬁhbugnxmmaeatemhakeﬂﬁ&rgyhédmweﬂsunﬁeuhdn&epu&edséo

augnent the engggy,el 36l &80 0Yy tt@ﬁp%&%rgé&megtémtégéé q&at%}%;{ir
better control of the depos t|on ondi tj ons. xane~le 7- Platinu |con

di oxi de coat|n§§ %ﬂ\ﬁﬁﬁ?ﬂPHf Boﬁrb?\q%§§gﬁ B ﬁﬂﬂF§|EEC?Q%HW$F
mat eri al dan bentnﬁxﬁﬁt&a@nbﬁeqxnngmngap <2 éh%xﬂqaqwnéeO@rmvaﬁéwoggbsthaxe
from a sol uti ousstadieNi NPordovsdy IBh@C]Ebntrolled atmosphere zone extending

L0 pheny! - (1, 56ysl pRgs ogh SGkPLat | a4 350 B QhUNS, 0. 430 4TEQR ey %

Si) [tetraethox Si | ane, propane solutionis

a flowrate of CSTREFAFHTE PTREBELOIIE %W%%éagem he pﬁaﬁ‘ﬁl ‘?Pétse”é' tF ProkFEEh
fl ow of 2900 nthen nceatdingr odatesial depdsirebyn teapkirgt urtdeof c580hg orofi8

mnutes Wy | e E&RVURIISLA%0S I 9enBAESRS AVBEracdd,VBubRCAL R i8kXidGERnsubsTE at e.
30 The Pt COD angd JEQG can be changed proportlonally up to a concentrated

sol ution contalnlng §9 Pt COD and 0. 65g TEOS. The proportion of TEOS can
be changed to vary t he melght %of Si02 in the resulting deposit. 35
FJxanpl e 8- Nickel zpaheng @mciigohyi mfdetsehsimveation is schematically

illustrated in Figure 3. An elongated substrate strip 80 is
15 semi-continuously passed through chamber 82 by feeding it through
a port 84 in one of the chamber's side walls 86 and removing it
through a similar port 87 (not visible) in the chamber's opposite
wall 88. The interior of the chamber 82 defines a controlled
atmosphere 2zone which contains a reaction zone 92 and a
20 deposition zone 90. The substrate strip 80 passes through the
deposition zone 90 which is in flow communication with the
reaction zone 92. The reaction zone 92 is established by
reactive components fed thereto from a coating head 94 extending
into the coating chamber 82 through a gas tight seal 96. The
25 coating head is fed with a coating precursor in a fluid media 98
through conduit 100. A gas 102, for atomizing the liquid media
and/or for reacting with the coating precursor, is fed through
condult 104. An inert gas 106 is fed through conduit 108.
Terminals 110 and 112 gpaced along conduit 100 are connected to
30 an electrical source 114. Energy 1is fed to the liquid
medium/coating precursor from the heat produced in conduit 100
by electricity passed between terminals 96, 98, being
transferred to the liquid medium/coating precursor as it flows
through the conduit, Some of the heat values are also

35 transferred from conduit 100 to the gas 102 flowing along its



21 May 2002 27 A nickel filmhas been deposited on a polyimde substrate
froma solution of 0 . 760g. Ni (N0O3) 2~6H-J in 50 . Og H ~ and 150g NH3~L)
(300cc pressurized container) in the Figure 1 apparatus. The sol ution was
fed through a 22 gauge stainless steel needle 5 22 with a 22 E.cm | D fused
silica capillary insert at the tip at a flow rate of 0.50 s€cfe¥HEBPSgen
was fed through the surrounding tube 38gat a rate of 1.40 | pm Nothing was
passed t hrough tube 44. Oxygen was fed through tube 52 at 1.20 | pm Argon
was fed through the outer tube 68 at 28.1 | pm The argon 10 was tenporarily
reduced to permt manual ignition of the flanme. The gas tenperature
approximately 1 nm above the deposition was S50C. The substrate was
approximately 2 mmfromthe nozzle collar and was rastered in 0.0625 inch
steps to traverse an area 3.5" by 3.5" once in 12 mnutes, with horizontal
sweeps at a ra&XEersosf sppfaes n. anss SiweHgh | Bl 93fasl Behaitérabaly 200G Heor

t he argon, hydreagenonoxygen, water and ammoni a and negl ecting the vol une
contribution caused by conbustion of the ammonia and the 20 precursor
material, the linear gas velocjty flow r)lrg,outwardl 2.54 cmfromthe center
of the deposition Z8Re %2 ét%‘?,rﬁ{‘ﬁeﬂn‘?r@ (R4l rfafl}l%f‘?ﬁ PREDTS (FERPI PR

vel ocity at theouddgee cfuppléed ivnehcdikusstion teyhndpue wint bycametiheradf orhef
the above assWwpl cemsustisndaiigh Ngsht! Betithid@dds flidntiBned 3 nFrégafd €o9%he
Phosphat e- dope b@id%%m fid rpiggrf;lgyli nj.de,substrate A phosphate doped ni ckel
filmhas been depoSited on a~polyi'm de substrate froma solution of 2.50g.
Ni (NO3) 2~6HZ0 and 0.30 H3P04 in 400 mM 6M NHO0OH in the Figure 1._apparatus.
The 30 sol ution wastbetzdthicougli ah@2f gadgeediaisdagdsgspeetunseedkan2ely th a

22 ~cm | Bof used) sihi ¢RpCaPidd afak | HRldn ads t e thp @ligard | @WdmBLAi REnO. S0
sccm  Hydrogen .was fgd t{;}[ou%p thte suz%%gurrlldhn tiube 31an Jadale o{,aliqZO

| pm Hydr ogen ‘Wa§ “AFSd passed T ntough “tube 43" at 756 SCem ~tkygen ed
t hr ough tube SXxegsurespelgnfe 3% Ar jprrithdefied/ $IRtGRGhPEPRITRre LY PUIbREHB at
28.1 I pm . Therrdrgeal tedpddytuz802nd8prassurenpondtitighs edyecddséd per thd

manual i gnition Qb bhecdd amg,,The g8 t @Epesat URs, appkpsd a8l Y chymm gbove
t he deposition was 500C. Th strate_was ad%rrﬁlom mat e
{

nozzl e coPlar aéirYGn\%ﬁge?Léssltye?“enggzﬁ?t h 0t ¢AYSt érbvsgl]tv(z?swgif@‘ré?g%t%ﬁe ar ea
3.5" by 3.5" Odricmidnmedizfqnatdsy RFetHUSeri FOnd atepprapyratwithiat 800F of
20"/ m n. The deposiieitgihespbatudepptidrayerdhadtanyi neahrowsi s asgerof 115
~2lin. A compagiable HARLPRASPRAL S SIORST kel 2 AY fncdePRILEALELLR didear
resi stance of 5 f2/in. fo ,

directed through the reaction zone toward the substrate.

20
The coating precursor reacts and the liquid media vaporizes

as they flow through the reaction zone to the deposition zone.

In the deposition zone the coating precursor reaction product

deposits a coating on the substrate.

25

The gases exhausting from the deposition zone leave the
coating chamber through the ports 84, 87 through which the
substrate enters and exits the chamber. Thege ports, in
conjunction with the elongated substrate passing therethrough,

30 define the barrier zone, and determine the area available for
passage of the exhaust gases and, therefore, the velocity of the
gases as they exit through the barrier zone. The dimensions
of the ports are controlled so that the exiting gases are
required to achieve the minimum velocity specified for the

35 = barrier zone. As in the preceding example, the inert gas fed



Exa. ml ~ 10- SrTi 03 deposit on nickel The dielectric conmpound SrTi03 has
been deposited on nickel by a CACCVD technique without formng NiO or
‘det ect abl e deposits 15 of carbon on the substrate. The CCVD needle is
provided in a jacket which provides inert or reducing gaseg ar ou[}ﬂ) ge
flanme. The jacketed nozzle is then located in a quartz tub LMR¥ %% ends
to the substrate. A solution of 0,82gi1strontium 2et hyl hexanoate (1.5 wt. %
Sr), 0.73g titaniumdi-i-propoxide-bis 20 acetylacetonate (0.94 w.% Ti))
17 m et hanol and 100g propane is fed through the needle at a rate of 2
m/mn. Oxygen is fed to the tip at 1300 m/mn., while hydrogen is
provided at 1926 m/mn. A reducing gas forned of 0.5-10% hydrogen and

bal ance argon flows around the flame fromthe jacket at a flow rate of 25
58 1/mn. A deposition tenperature between 800 and 1050C, preferably

appr oxi mat el y 980€ghi sondixft didfecdhoved be depbiicdtieon fanasfuri) tthe IHtal
mnutes. As N@f@s el ThO3rdepant zodel @EBEIL Oh tdiFfAkeked SaStdatiag
w t hout form !L%J}Jbgh%hgeggféé‘b%ﬁ cgf bo, depasi 15,1394 ! ik Sl e%&r %th? In
t hese depositions to use Solvents wth | ow carbon (:erposnll on po entiar,

such as net hatGAUixgGilpafhe &36Eiey SRR v GRPERNSSH i t TR GoRbIUeRE it JBfe
met hanol Bave vedsglitedrassingr borowrEpodet barBier z@ie Mas 282n2Q bxanplte 11-

Deposi tion of g Gltd s70Xied@apDi sHelsl G2 BnBtSi IME LAUFBPhSFNGdhbIHIIEKEL
nitrate hexahy%r ate {n c3 tervemw>§Fg g\g{atmt%eygz of nitrous oxide (gas and
l'iquid) can beT'ed %oya nozzIhe at near critical tenperature (36.5)
and 5 pressure (71.7 atn) conditions and at a 4 mM/mn flow rate. Hydrogen
at a flow rate of #hd éniwdimend ofygegurd A Os Ifdrtli/cmilariy osuitatd earfexf ed
to the regcti aR.29R¢ d183htéNGuble RadEP QR bh Ofhr PeCRRET Al 8ohel MRRI 1§00
and 1000 C and.,a nickel oxide fil n;gﬁjegoaéted n_a S|é| ca sugstrate. 1
Exangl e 12- DepBSPER oM DGty Rer DBReEuBEt ritds 2FhRtH 19Fs PoF =it Yl

i ncl udi ng PTFRadedipdsyi miSdeslamytbetlyr epiguag dn svbodéventvaf s REPGREE| as
al um num and GopPeesSYRSt E3hEEnd Yot haurditsakesedniant 410 | Edrgpbrmasphenée
deposi t1on 15 Jehnl AP JMhbibid 9,800 GOLDUSLLAN LRBE! Yy HRUIGE e AL 625

radiant or electronagnetic en gi/ coup to t ?rocess_ as fl ow by
i nfraredior midrERalen e¥tithtidnlargfe F&BositecdA B85 Tton gt the
at nospheri c pressupblet atrimghphexshizZopecontrol |ing the deposition and
Substrate tenperatures at relatively | ow
The Figure 3 embodiment can also be advantageously applied
to coat substrates having multiple or irregular surfaces. In
20 this case, good coatings can be achieved on all surfaces of the
multiple surface substrate even if it is maintained in a static
position in the controlled atmosphere zone provided by chamber
82 throughout the coating process. When two ports are not
required to permit the substrate to be fed to and exit from the
25 chamber, a single gas exit port could be substituted for the
entry and exit ports 84 and 87. The cross-sectional area of that
port must be controlled to assure
the minimum gas velocity required in the barrier zone is achieved
as the gas exits the chamber.
30
The unique features of a further embodiment of the invention
are schematically illustrated in Figure 4. This embodiment
relies on the gases leaving the deposition zone, within the
controlled atmosphere zone, having to pass through a barrier zone
35 comprising a curtain of inert gas which encloses the controlled



20 tenperatures which readily enabl e polynerization of the injected
nmononers, while avoiding the higher tenperatures associated with

at nospheri c pressure plasnmas and which coul d deconpose the nononers and/ or
damage the substrate materials. PTFE thin filnms could be produced from
DuPont's Teflon AF dissolved in 3Ms FC-77 25 fluroinert, &t MRB®PZas
phase m xture of CZF4, CHF3 and Chi 4.2%olyimde thin filnms my be produced
froma solution of polyam c acid in dinmethyl acetam de and

N- et hyl pyrrol i done. 30 Maj or advantages of the inventive technique are its
joint capabilities (1) of being conducted at anbient, or atnospheric,
pressure, (2) while avoiding the necessity of subjecting the substrate to
relatively high tenperatures and (3) avoiding the reaction of atnospheric

gases with th r AP romtgi t p i on of

coati ngs whi c%t&%%éggmrggp%u%ﬁbég ‘312‘%%&% %%12 f%%mdgrg? a%%%g%/l cré_)n At with
at mospheri ¢ gdd¥s FSSngL eV PgodEnGepPEEE ) e Reni T RG ERe Liis & h6f

i nexpensi ve relwattavel yf norvgl ghisl e Zoathengnpreqassonstaiand rabylpexmnd ng
the control | echeONGily eptolepRsi bk gL @fichotRnaetial liL Andcaxhdg aemerents.
5 Wile these advantages apply 40 gach, of, the various embodiments, of the

i nvention; certain of the adyan]t ages are 'béli'eve o b PArt et arllqu i que
with respect t'deces?eih LRATALUERe efApRRl Hehs 25t HRvienveeRn ofntRjimed
instance, the whepabil it Yhef cenrigigcheéay 12b mbEipiseracedries Bigered@ppsotidens

W tth_OUt | Sulbl e(‘dd_n@goﬂ’ec% h@xt%BQEE%Pét ecBRbLE%tﬁQnt ?@Mi_%tal}!r e@almﬂo'?r bBEb@%ﬁ‘iotnO be
particularly u ue respect ,t o epbodi pent s ich rely on.such energy

i nput sour ces QJ&%FXBWM |hgﬁ°‘ %'%ﬁgahﬂc%ﬂﬁoﬁ/aggneencéj\ﬁgwg’eﬁrc&‘?)ufg%r)ﬁr &%%cti on
of - 15 relati veloy Ssediatd dheserrtiinpgverenaspngs iasfipiemrdhzed Theopertindover
previously desafdchedo e ani gues . hebitedf o6 egiainig decrdfptitenct sejaavi ded
Lo enable vorkSlpelBelle k! pf S ealhAGAGL! £ RRe CONALEGT; AlaDOPEr &
chem cal 20 vapor deposition apparatus and process. |ndividual  enbodi nents

described in tHESFBFRdd RYCHRT O HiT dATRI VSN BY ST PEENdSFTEBUIT TG CPRE Ecope
of the inventil®? erherortdudhsab24sendf brg Hoirnfeqwdniod | fowilngne e pridizing May
2002 31 Y¢ C|EHgEnt. Concentric conduit 128 supplies the inert gas curtain.

The end of conduit 128 and at least the exterior surface at the

end of conduit 126 are flared outwardly in order to direct the

discharging inert gas in a diverging conical shape. Conduit 128

may be either coextensive with the interior conduits 122, 124,

20 126, or it may extend past the end of the interior conduits.

In operation, the substrate is located generally in front

of the coating precursor/fluid media discharging from conduit

122. The inert gas discharging from conduit 130 forms a flowing

25 gas curtain in the shape of a diverging cone which isolates a
controlled atmosphere zone which includes and extends around the
reaction zone and the deposition zone formed at the surface of

the substrate. The divergence of the flowing gas curtain is
sufficient to direct the inert gas and gases entrained therein

30 away from the deposition zone. As indicated previously, the
velocity of gases in the curtain is maintained at the level
required in the barrier zone until essentially all of the gases

leaving the deposition zone have been entrained therein.

35 In this, as well as the other embodiments, the fluid media



1 1. A chemcal vapor deposition apparatus for depositing 2 a coating on a
substrate, conprising: 3 first means which cooperate with said substrate to
establish 4 a controll ed atnosphere zone, said controll ed atnosphere zone 5
i ncluding a deposition zone adjacent said substrate and a 6, react] zone
in flow communi cation with said depesition zone, 7 second d%%ﬁ@yf%$
directing a coating precursor to saidf reaction zone, 9 third neans for
supplying energy to said coating precursor 10 prior to its reaching said
deposition zone, and 11 fourth neans capabl e of cooperating with said
substrate to 12 establish a barrier zone wherein gases flowng fromsaid 13
control |l ed at nosphere zone to the anbient atnbsphere are required 14 to
flow at a velocity of at |east 50 feet per mnute. 1 2. The apparatus of
claim1l1, wherein: 2 said second neans for directing a coating precursor to
a 3 reaction zome bes acapablsgtidflef dediind saathicoadlventpreecgrsosudcin @& 4n

liquid media, Andniai dnaRPREAS USr 4k tDBkoHAC! udest Bafi bt hafeaRsad i or
atom zing said l% uid, nedia as it is.6 introduced |néo 3@%9 react,ion zone.
1 3. The apparatU&SoF el Brh 22 urtHe8r 3CodbBrEsi g * > fre f o pridvidhg a
fl owi ng inert aRTréss nengoRPuRRille v A Gtz e Aty et thlvetireeriglgasurh
reaction gone.asl wdtefhecappar aiowsidd ol ahmerdia.wherein: 2 said first neans
conprises a conduit adapted to extend 3 around said flow ng inert gas
curtain. 1 5. The apparatus of claim4, wherein: 2 said foyrth neans

conprises a col | ar T8kt ERAF IR FPOIAWEEPY BRESHtRN t1° s d°THNEr FWaA P
surface adapt edgroibe clogloopdd whizh May 2002b32 fofit| gsetyingmlj adentudingssai d
substrate. 1 @iskbeiapRa ahdSi®fizaha Pedotiwher etd FaindaStédaGeni frdduct
subst ant &8' ly vmi%@\ari's 1ca7pab-EQe o%pp&rp%tslfﬁix(?é gl %iogl::llng V\/QRI‘ %h@ substrate.
Precursor materials which exothermically dissociate or otherwise
exothermically react are particularly suitable since the
exothermic energy evolved in the reaction zone decreases the
energy input otherwise required. The coating precursor may be
15 fed to the reaction zone as a liquid, a gas or, partially, as a
finely divided solid. When fed as a gas,
it may be entrained in a carrier gas. The carrier gas can be

inert or it can also function as a fuel.

20
When the precursor is provided in a liquid media, as is
preferred, up to 50% of the coating precursor material may be
present as fine particles in the liquid media. However, it is
preferred that the coating precursor material be fully dissolved
25 in the liquid media, since such favors homogeneity and crystal
growth in the deposited coating. The concentration of coating
precursor in the liquid media typically is less than 0.1 M, and
preferably is between 0.0005 M and 0.05 M, which is relatively
dilute compared to concentrations of coating precursor materials
30 required in those coating techniques which feed the coating
precursor to the coating operation in a gaseous or vapor state.
Moreover, the coating precursor material does not need to have
a relatively high vapor pressure as do precursor materials of
other coating techniques which are required to be fed in a

35 gaseous or vapor state. Precursors having vapor pressures of



2 said first means conprises a structure essentially 3 surrounding said
controll ed at nosphere zone and said fourth neans 4 conprises at |east one
port in said fist neans providing fluid 5 conmuni cati on between said
control | ed at nosphere zone and the 6 anbi ent atnosphere, said at | east one
port providing only 7 sufficient area for said fluid comunkta¥3%f%0Rat
said gases are 8 required to flow at apyelocity of at |east 50 feet per
mnute 9 during their passage through said port. 1 8. The apparatus of
claim7, wherein: 2 said at |east one port is adapted to permt passage of
said 3 substrate. 1 9. The apparatus of claim1, wherein: 2 said fourth
nmeans conprise neans for formng a curtain of 3 a flowng inert gas having
a velocity of at least 50 feet per 4 mnute about said controlled

at mosphere zong, 1 %QanTH% ﬁﬁB%¥359538B°&'é%H‘%e Wﬂ&&ﬁi”3ﬁ%c§Pﬁfk ans_ f or
formng a curtain of a flowing inert gas 3 directs said flowng_ Imert gas

away from sai dHFdYrLY ortdfoRanIel of 1 PraqiF sep it arde o™y Benmyrasd WRekRit: 2
sai d third nmeansclodmuel sesng wEandisbppkyi mghatdntelaliy shrdpereacharontizone,
and neans supplididalyoxigiZd NG agarRbriMsaidqneassi oy Zo8erl L3ar THE

appar at us .of céégﬂn.ll wherein: 2 said neans supplying a fuel conprises a

first conduit, an&lquﬁi’why 2002 33 3 said neans suppl yi ng an oxi di zi ng
agent conprises a second 4 conduit arranged concentric with said first
conduit. 1 13. The Tappalaplosited ebating, caebei any?2 isairdasicood begasic

comprises a fifste,GaRdVhhe WA AepBh ek ff.fdh aMERNS CRAMRLLEESsE $6EQRTa1 .

condui tadapt e {q feed 4, o prss Ul 1p0 835 18,58, AL A00caces,

10 phosphides, nitrides, borides and carbonates, carbides, other
carbonaceous materials such as diamonds, and mixtures thereof are
inorganic coatings which can be applied by the inventive system.
Organic coatings, such as polymers, can also be deposited from
reactive precursors, such as monomers, by those embodiments of

15 the invention which avoid combustion temperatures in the reaction
and deposition zones. The inventive process enables the
controlled concurrent deposition of a mixture of a metallic
component and an oxide component achieved by the more precise
control of the reactive atmosphere enabled by the invention's

20 controlled atmosphere zone.

The coating can be deposited to any desired thickness. The
coating technique is particularly suitable for £forming highly
adherent coatings at thicknesses between 10 nanometers and 5
micrometers. Coatings are typically applied at rates between 0.1

25 and 500 milligrams/minute per coating head, preferably at rates
between 0.5 and 2.0 milligrams/minute per coating head.

Examples of coatings produced by CACCVD include silicon

dioxide coatings produced from a solution of tetraethoxysilane

30 (Si(0OC,Hs),] in isopropanocl and propane; platinum coatings
produced from a solution of platinum-acetylacetonate

[Pt (CH,COCHCOCH;),] in toluene and methanol; and nickel-doped
LaCrO; coatings produced from solutions of lanthanum nitrate in
ethanol, chromium nitrate in ethanol and nickel nitrate in

35 ethanol. Examples of organic coatings which can be applied by



1 14. The apparatus of claim 13, wherein: 2 said first conduit and said
second conduit are coaxial. 1 15. The apparatus of claim 13, wherein: 2
said second conduit is arranged to direct said pressurized 3 gas at said
injected liquid nedia as it exits said first conduit. 1 16. The apparatus

of claim 13, wherein: 2 said means for supplying sufficient2én¥3yy2002
conprises 3 neans supplying a fuel to 38id reaction zone, and 4 neans

suppl ying an oxidi zing agent to said reaction. 1 17. The apparatus of claim
16, wherein: 2 said neans supplying a fuel conprises a third conduit, and 3
sai d neans supplying an oxidi zing agent conprises a fourth 4 conduit
extendi ng concentric with said third conduit. 1 18. The apparatus of claim
17, further conprising: 2 nmeans for formng a flowing inert gas curtain
around said 3 coating precursor, in aaidf%eactiog zone. .1 19. The par at us
of claim18, wherei n*™ 4G ne&ifeUFor nf L PSR ngPPhePt Yas Tt ai
conpri ses a 3 Pehiteteahiderectdwientdi mpdabodyiwif¢sconcentric with said fourth
4 conduit. 1 20. The apparatus of claim1, wherein: 21 May 2002 34 2 3 4
1234567829

5 virtually any solid material having a melting or decomposition

The substrates coated by the inventive technique can be

point above 120°C, including metal, ceramic, polymer, glass and
cellulosic materials. The inventive technique is particularly
suitable for coating heat sensitive substrates since heating of
the reaction and deposition zones does not require heating or
10 energy input through the substrate. The substrate temperature
is generally maintained below 600°C, preferably, it is maintained
below 400°C and, when required to avoid deleterious effects on
the substrate or other components, the substrate can be
maintained below 200°C. When coating the more temperature
15 sensitive substrates, those embodiments of the invention which
employ non-combustion energy input sources, such as heated
fluids, radiant or microwave energy, are preferred. The
substrate may be cooled by directing a flow of an inert cooling
fluid, preferably a gas, at a surface which is remote from the
20 deposition zone, such as the surface of the substrate which is
opposite the surface exposed to the deposition zone. The
inventive process is also particularly suited for coating
substrates which, when heated, are capable of unwanted reactions
with components in the atmosphere, such as substrates susceptible
25 to oxidation. The lower temperatures to which the substrates are
subjected and the controlled atmosphere surrounding the
deposition zone both contribute to minimizing unwanted reactions

of the substrate with atmospheric components.

30 While it is generally preferred to conduct the inventive
coating procedure at essentially ambient, or atmospheric,
pressure; it may at times be useful to control combustion flame
temperatures or other parameters by controlling the combustion
pressure. The combustion flame can be maintained at pressures

35 as low as 10 torr. Generally, especially when energy sources



10 11 12 13 14 15 16 17 said third neans conprises a heating device
selected fromthe group consisting of a resistance heater, an inductive
heater, a m crowave heater and a | aser heater and a radi ant heater. 21. A
cheni cal vapor deposition process conprising: providing a f]ow ng [ eam of
a coating precursor in a fluid mediun) atom zing said rovm%’g §5&ﬁ
directing the atom zed fl ow ng~stream2rough a controlled at m)sphere zone
conprising a reaction zone and a deposition zone, providing sufficient
energy to said flowng streamto cause said coating precursor to react
formng a reacted coating precursor in said reaction zone, contacting a
substrate with said reacted coating precursor to deposit a coating on the
substrate in said deposition zone, causing the gases of said flow ng stream
to flow fromsaid controll ed atnosphere zone to the anbi ent at nosphere
through a bar %Y ZOHE 2afdMRgGsPhd 188F Prfasbs 1469 | Bhe Q\Xﬁ?tefsrtoﬁ%‘élaﬂ‘d
control |l ed at mosgheriorzbaeefit asvatioevey nf operdtdagt atbGrbéett pad highere as
they flow thrquahsgaté barrier zone. 1 22. The process of claim 21, wherein
said barrier zone is 2 created by restricting fluid communi cati on between
said 3 control]ed at rmsphere zone and the anbl ent at rmsphere to a small 4
cl ear ance®ext IR EleCeR RRo? - bstrater ocess of claim
21, wherein said bHﬁ.d&ktﬂr szame r%vreomaén siepoaltoaﬂ bai gsblq;flmaﬂelsnﬂnrstrgeé;s fimhowi ng

shou 520 COMPLheded g TIPS Slogryorhlogloh Lestlndh beo, |
curtain of flJWi‘Ng)in b’?t L-gdsM aP%ﬁ?ﬁdwi%u %e]ar é&ﬁ?‘l’%}h azaﬁe.mfnzggsgﬂ Priséess
of claim 21, we@idlaryai2d)paod @i-Af scasuf(étandard @F@rﬂgyeemmtﬁsérsmn%mg a
preheat edogas midwhragd d JHfdroweAgwsd rie@mthhoset ditbaacin®recaaner (3481 avhy
2002 35 1 26. T'Ta% P;S&%%gf?éaﬁi aa&%ymm&ze%' @ﬁaaeﬂoqaﬁ%nda%h@? xe'%%' ty

of at |east100 feet Cg(j!,rm nute as t % ?u sal d Earrl er zone.1l 27.
The processof 9B mP¥IeRrnds it HRT RSt Yo {59n 2612 Yai Hmen@‘f‘a?“diﬁfed
tosai d fl owi ngstd eem36s 1pripwi dédobght he®widcoiffosi whoah ohadnan interior

exot her ni cal | ylegerpesabl ¢/8mt g&h al . THe 28rgdthes 1POGRSS rebiuddi 18 2§errmer ein
sai d S“bﬁgrat Sodle % ”a'l%tléhng Bk B dRPeL Wi b%zé"%’% §Q00x ¢ Jre%ﬁrne
process of clalm 3 reln said dep odi tron Zone raver ses e surface
of said Substr¥%§elnltlal setting. Once lit, no pilot or other ignition source

was required to maintain ignition. The gas temperature
approximately 1 mm above the deposition point was 600°C. The
substrate was rastered 2mm from the nozzle collar (64) at 20
20 inch/minute with 0.0625 inch steppings traversing an area of 4"
by 4" twice, once with horizontal sweeps followed by once with
vertical sweeps. The total time required for the rastering
motion was 16 minutes. Nickel was deposited at an average

thickness of approximately 0.1 micron.

25
E ] _ . lumi 1 gl |
Copper was deposited from a 0.0350 M solution of
copper (IT) bis(2-ethylhexanoate) in anhydrous ethyl ether. The
solution was sprayed, at 1.00 sccm, into a tube which was also
30 fed with 40 lpm of a preheated 500°C 10% H,/Ar gas mixture. The

injection was approximately 5 cm from the tube exit. The
substrate was located normal to the gas flow approximately 2 mm
from the tube exit. Metallic copper coatings were deposited on
both aluminum and glass substrates by this method.

35



1 30. The process of claim?29, wherein said coating is 2 continuously
applied to a portion of said surface having at | east 3 one dinension |arger
than the | argest dinension of said 4 controlled atnosphere zone. 1 31. The
process of claim 21, wherein said energy is 2 provided by conbusth%%'fum
and an oxidizing agent in said 3 reaction zone. 1 32. The claim
31, wherein said fuel and said 2 oxidizéng agent are fed to said reaction
zone in separate coaxial 3 conduits. 1 33. The process of claim 31, wherein
an excess of said 2 fuel over that required to fully conbust the oxidizing
agent is 3 provided in said reaction zone. 1 34. The process of claim 31,
wherein the pressure in said 2 deposition zone is at |east ambient
pressure. 21 May 2002 36 1 35. The process of claim 31, wherein the
substrate is 2 nalntalned at a tenperature be|OM/600C 1 36. The process of
claim 31, wheref 5 S Sreitte 3 p-Otit “+ofrsaid fuel and

sai d oxidi zi ng agent paaelramcofﬁtimnemhswktehnsaie@oéimd nag}l sporleamigei an tthesai d

gases passing aﬂ;pabw}ag@haaﬁdanf&@h% ZONg. s 15 @ (N, m@o@ ss8fucifl m31, -
wherein said garé “?r“gﬁ’)@e dSs2,0r er%ueg bé/ ﬁSt ri gztzl E%t ujd commr)\ i_.cation
between said 3 é8ntr d'adt nﬁs PHECE9D o IAna Y hie 24 nt* afivsphdie o a
smal | 4 c$ear #3€e fedt ERYPHGN a?‘éﬂﬂ#’dtt Héeéieﬁés#tﬁ%nlﬁrbne HydrpgenTi@spiseess
of claim 31) wheoegh addie€oats)ngt pr.eacipsor kybas wasvapdrtipoagiucendfit] ess

than 10 torr gi5,309€C gdo 3fcm hemgeﬁeéés oéedcltﬁml%;l,an%welzs&)owIz%l Rg 2
providing said flowng stream at E%{Y its, critical
S

t enper at ure an&™at H‘%?@%sﬁﬁm@eéﬁ%‘{f@ F‘P rcf’ﬁl&‘ﬁ 4mr5ra<,p§’¥ﬁr%‘ SRECEI LB di y
reduci ng such pedesswae 400°CauFbe saukbtapbei wast KaAtTeds 28@| fram 6%k nepzaleeam
1 40. Theopr 0GR3Isaef (6hRi 8redl anMagieai BESal by | € dehivR@i Wimds COBRIdeS @G th

nitrous oxide., rlzéntaf Codid %Csesf?%‘i‘éwgéabg‘s%&cem?{ﬁ'z @eﬁﬂ%aﬁr%%é%é i npsaid

2 deposition ZOné Ts ient pressure process, of claim
41, wherein s&@LHAYFi &CFHRS WD P el H}Ps’réé{l‘?}? CPFFIS fiagegath was
comuni cat i on fretiweed. said 3 control |l ed at nosphere zone and t he anbi ent

at nosphere to a small 4 clearance extendi ng around the deposition zone. 1
43. The pLocess of claim42, wherein a portion of said

Example 4- Nickel coating on polyimide substrates

Nickel films have been deposited on polyimide substrates in
the Figure 1 apparatus. A solution of 2.00 g. Ni(NO;),*6H,0 in
25.0 g. H,0 and 180 g. NH;,, was fed from a 300 cc pressurized
20 container through a 22 ga. stainless steel needle with a 20 um
ID fused silica capillary insert at the tip, at 0.25% sccm.
Hydrogen was passed through conduits (38) and (44) at flow rates
of 1.20 lpm and 756 sccm respectively. Oxygen was fed through
conduit {52) at 1.20 lpm. Argon was fed through conduit (68) at
25 28.1 lpm. The gas temperature approximately 1 mm above the
deposition point was 600°C. The substrate was rastered over an
area of 4" by 4" twice at a distance of approximately 2 mm from
the nozzle collar (64) for 16 minutes. A nickel coating having
an average thickness of 0.1 micron was deposited.
30 ‘
1 - _Ti i i
Titanium carbonitride (TiCN) can be deposited by injecting
a mixture of TiCl,, NH; and CH, into a preheated inert gas stream
to cause decomposition of the precursors and deposition of TiCN

35 on a provided substrate. The inert gas stream could be heated



21 May 2002 37 2 substrate extends outwardly away from said deposition
zone, . and 3 said clearance is established adjacent to said portion of 4
said substrate. 1 44. The process of claim43, wherein said small clearance
2 extends less than 10 millinmeters fromthe surface of said 3 substrate. 1
45. The process of claim4l, wherein said barrier zone is 22tMas 408y
providing a curtain of inert gas flowgg around said 3 controlled

at nosphere zone at a velocity of at |east 50 feet per 4 minute. 1 46. The
process of claim4l, further conprising providing 2 a curtain of a flow ng
inert gas around said reaction zone. 1 47. The process of claim46, wherein
said flowwng inert gas 2 is conbined with said flowng streamprior to said
flow ng stream 3 passi ng through said barri er zone. 1 48. The process of
claimd41l, wher;oel n o) Ky rtefarpnaz nle I izq,:qoby cont act i A9 | t with a
pressurlzed gas. Tu% gThé) 6Poce§c ot cla lc4§ Whersi ROYHTY $1°8wicRg 28t r eam
2 is fed intolBEFAFaaBiieRr Lone f!‘lr%ﬁf"’a"ﬁf|qaé’tltkfond\}|tﬁrnweéysa$ plasma
pressurized gasulé Hedn Bnar$econdce ofditide calipedings the cogadualsowst h sai d
first conduit. 1 50. The process of claim48, wherein said pressurized gas

2is afuel. 1 51. The %rocess_ of, claim4l, wherein a cooling nedia is 2

applied td a ) i is not within said 3 deposition
zone. 21 May 2008038 higpideTheapingsesan dfe deppsatet Lvprertdienexdptcheslist r at e
is 2 maintai na@s%cﬁaﬁi@?ﬁpebﬁtlHepb@J:MO@OOQAc}l 533. dhirgpoeeRsS @f,NBHARI M 41)
wher ei n_at 'eﬁgigé?cf’z% '%’ilc%fn Gs SR &&’i‘%&%#ﬁ}ﬂddeﬂ I:Qnéxadﬂeﬁ' M9 gt ream

by passi ng sal W ng stream t hr eat'ed conduw t
aminoborane could be prov1de in a deposition nozzle similar to

10 those illustrated in Figures 1 and 3 to maintain a steady state
reaction in the reaction zone resulting in deposits of boron
nitride on provided substrates. the energy sources illustrated
on the Figure 3 deposition heads, or other non-combustion
external energy sources, could be used to augment the energy

15 released by the exothermic reaction and/or provide better control

of the deposition conditions.

g le 7- plati /1L Jioxid . lvimid

copper
A layer of Pt/Si0O, resistive material can be deposited by
20 CACCVD on a polyimide or copper substrate from a solution
containing:
1.23g PtCOD [diphenyl- (1,5-cyclooctadiene)Platinum]
250 ml toluene
0.43g TECS (1.5 wt% Si) [tetraethoxysilane, Si(OC.H.),]
25 150g propane
The. solution is fed at a flow rate of 3ml/min to a deposition
head which provides a tip oxygen flow of 2900 ml/min and produces
a deposition temperature of 500°C for 18 minutes while traversing
six passes over a five inch by six inch substrate.
30 The PtCOD and TEOS can be changed proportionally up to a
concentrated solution containing 1.89g PtCOD and 0.65g TEOS. The

proportion of TEOS can be changed to vary the weight % of SiO, in
the resulting deposit.

35 Example 8- Nickel coating on a polyimide substrate



1 54. The process of claim4.1, wherein at |least a portion of 2 said energy
added. to said flowng streamis provided by at | east 3 one of radiation
heati ng, induction heating, radio frequency 4 heating, mcrowave heating or
photoni ¢ heating. 1 55. The process of claim41l, wherein said coati ng
precursor 2 is dissolved in a liquid fluid medium 1 56. Thélpgfa29820f
claimb55, wherein the concentration of22 said coating precursor in said
liquid nmediumis less than 0.1 3 nolar. 1 57. The process of claim4l,
wherein said coating precursor has a vapor pressure of less than 10 torr at
300C. 1 58. The process of claim4l, wherein said fluid nedium 2 conprises
nitrous oxide. 1 59. The process of claim31, further conprising 2
providing said flowing streamat a tenperature within 50C 3 of its critical
tegpe_rature ﬁ”d ata RIS HL amvgeéﬁ%éﬂo%u'tt_d@soréfaogp@swﬁ@de adibserag@i dl y
reduci ng suc ressure, tq cause.s a n of, ow_ng ream
1 60. The pxogggrg of S%][ué:ll%%f? \?\hzérdj 'ntl\lgg}qéséggﬁonéncgrﬁrg%ds%? 5n§nl%§%ani C
compound.  2X¥Hwnmy (3889C JrepsgrizahEHtaénes o g Ma4re whetRsiasa84f d
coati ng conprirsess@ e ipal yaerfedl th2oudheas caavbhuge oftadhakess 6dteath@redbe sai d
coating cONPrhsegivh a Jeaat 19N&RAl ¥Eicd APk i N 0riaYR-£0NSi el RYpOL:
polynmeric 3 fluorocarbons apd pgl)yl m des. r30' eThemh_ﬂpsrogéa StIQx:frodhal 41,
wherein sai d Boatiy tpr PEed 2%a S5l i deY T e, o5 1 1T dET T POSphPde or
sul fi de conpogpdrounding ¥hke ptodéss BRteId M- 49, 1Rther dPRhsRy d'afoRePAY
conpri ses a cahbbdsh cameound. dxfden The pedcessugh elhibe I lat wheveipmsai d

substrate iIs ﬂr&!)x@%a{scf@@q:l&%hghc%ioﬂgei“st;uﬂqen'%bailit 78862 pdNe OGSy Of
claim 65, wherern sald suﬁ{s%%ge ol yl m de ng J.s_ni ckel .

s.a.p ?nd s.alid cogtl 0
1 67. THE® pro¥88s"PLPET UGHRIS ROERY BHHRE ntP TS 1GBp3E; Y fE™E:
t hi ckness bet Ehergd teapermugesapprP>8 matelviemar above the deposition was
550°C. The substrate was approximately 2 mm from the nozzle
collar and was rastered in 0.0625 inch steps to traverse an area
3.5" by 3.5" once in 12 minutes, with horizontal sweeps at a rate

15 of 20" /min.

Assuming ideal gas behavior and 200°C for the argon,
hydrogen, oxygen, water and ammonia and neglecting the volume
contribution caused by combustion of the ammonia and the

20 precursor material, the linear gas velocity flowing outwardly
2.54 cm from the center of the deposition zone is determined to
be 701 ft/min. The linear flow velocity at the edge of the 6
inch diameter collar, with continuation of the above assumptions,
is determined to be 234 ft/min.

25
- - i i imi r
A phosphate doped nickel film has been deposited on a
polyimide substrate from a solution of 2.50g. Ni(NO,),®6H,0 and
0.30 H;PO, in 400 ml 6M NH,OH in the Figure 1 apparatus. The
30 solution was fed through a 22 gauge stainless steel needle 22

with a 22 pm ID fused silica capillary insert at the tip at a
flow rate of 0.50 sccm. Hydrogen was fed through the surrounding
tube 38 at a rate of 1.20 lpm. Hydrogen was also passed through
tube 44 at 756 sccm. Oxygen was fed through tube 52 at 1.40 lpm.
35 Argon was fed through the outer tube 68 at 28.1 lpm. .The argon



1 68. The process of claim4l, wherein at |east a portion of said energy is

provi ded by electrical resistance heating. 1 69. The process of claim 21,

"wheréin the velocity of said 2 gases is maintained at at | east 50 feet per
mnute until the 3 tenperature of the substrate directly a?l

gases is 4 below the tenperature at which conponents in th en 5

at nosphere can chemically react with phe substrate or any deposit 6

t hereon. . A
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& was temporarily reduced to permit manual ignition of the flame.
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] ca] ca] cal] cafés c aPcedrraldpbig cuine ahesheae)] dajedartajedal e serengteated] cal ¢
a] ca] ca] ca! (zzzzBwear resistance of 5 Q/in.
RU , ". 1BNQ-xsni d*Yi d_ZU] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca] ca] caU] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca
Q9 p| El \gl ga\ Wd_ZU] ] ca] ca] c™a] ca] ca] c*a] cal] ca] ca] ca] ca] ca] c™a] ca] caU] caU
] ca] ca] ca] ca] Eaifwld dalcaiTi).cdépadicapcalekdlcal ca 56BE
X% np! ~xsni c”XSi dlﬂeuh@aleéﬂﬁcabeaﬁ&ﬁidc a¥toa] Eﬁ'} trhcasslieal] salntakela] cal
Cg\\;]eﬁ?{]zﬁg{(?a][ 6/?] ] C?JC%YB] Ugi "@? choga ca tgg]lce}j%pas ’Fa] cajc
a] c”a] caj ca] 85] eaTkad] &4 c,t’hé] é'é E"A’éﬁtcea] c el s provi
N+, gvBl bzupkf akdicdd] ealich] majvidkeal cadw afrc atfieangapead € aroahdal cajleakca] cal
ca] ca] ca] ca] cehsaljaakeddd calLAlCa£atd] CRlral idYeh}quartz tube which
extends to the substrate. A solution of 0.82g strontium 2-
ethylhexanoate (1.5 wt.% Sr), 0.73g titanium-di-i-propoxide-bis-
20 acetylacetonate (0.94 wt.% Ti), 17 ml methanol and 100g propane
is fed through the needle at a rate of 2 ml/min. Oxygen is fed
to the tip at 1300 ml/min., while hydrogen is provided at 1926
ml/min. A reducing gas formed of 0.5-10% hydrogen and balance
argon flows around the flame from the jacket at a flow rate of
25 58 1l/min. A deposition temperature between 800 and 1050°C,
preferably approximately 950°C, is maintained over a deposition
run of 10 to 15 minutes. As noted, a SrTiO; deposit is formed on
the nickel substrate without forming NiO or detectable carbon
deposits.
30
It is preferable in these depositions to use solvents with
low carbon deposition potential, such as methanol. Similar
depositions which substituted toluene for the methanol have
resulted in carbon deposits.
35
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xample 11- Depositi i i n _si

A mixture comprising 0.6g nickel nitrate hexahydrate in 3g
water mixed with 84g of nitrous oxide (gas and liquid) can be
fed to a CACCVD nozzle at near critical temperature (36.5°) and

5 pressure (71.7 atm) conditions and at a 4 ml/min flow rate.
Hydrogen at a flow rate of 4.3 1l/min and oxygen at a 0.961 1/min
flow rate are fed to the reaction zone resulting in a deposition

- temperature between 800° and 1000° C and a nickel oxide film
deposited on a silica substrate.
10
B ] 2o T o £ ] ]

Thin films of polymers including PTFE and polyimides may be
prepared on silicon wafers as well as aluminum and copper
substrates by the disclosed controlled atmosphere deposition

15 technique utilizing non-combustion energy sources such as radiant
or electromagnetic energy coupled to the process gas flow by
infrared or microwave excitation. The deposit can be conducted
at atmospheric pressure or higher while controlling the
deposition and substrate temperatures at relatively low

20 temperatures which readily enable polymerization of the injected
monomers, while avoiding the higher temperatures associated with
atmospheric pressure plasmas and which could decompose the
monomers and/or damage the substrate materials. PTFE thin films
could be produced from DuPont's Teflon AF dissolved in 3M's FC-77

25 fluroinert, or from a gas phase mixture of C,F,, CHF; and CH,
Polyimide thin films may be produced from a solution of polyamic
acid in dimethylacetamide and
N-methylpyrrolidone.

30 Major advantages of the inventive technique are its joint
capabilities (1) of being conducted at ambient, or atmospheric,
pressure, (2) while avoiding the necessity of subjecting the
substrate to relatively high temperatures and (3) avoiding the
reaction of atmospheric gases with the heated substrate, (4)

35 permitting the production of coatings which otherwise would be
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particularly wunique with ©respect to certain individual
embodiments of the invention. For instance, the capability of
conducting atmospheric pressure depositions without subjecting
10 the substrate to high temperatures is believed to be particularly
unique with respect to embodiments which rely on such energy
input sources as induction, RF and microwave energy devices. The

production of

15 relatively oxidation sensitive coatings is an enhanced property

over previously described CCVD techniques.

The foregoing description is provided to enable workers in

the art to make and practice the controlled atmosphere chemical

20 vapor deposition apparatus and process. Individual embodiments
described in the foregoing description are not intended to limit

the scope of the invention other than as set forth in the

following claims.
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1 1. A chemical vapor deposition apparatus for depositing

a coating on a substrate, comprising:

first means which cooperate with said substrate to establish
a controlled atmosphere zone, said controlled atmosphere zone
including a deposition 2zone adjacent said substrate and a
reaction zone in flow communication with said deposition zone,

second means for directing a coating precursor to sgaid
reaction zone,

third means for supplying energy to said coating precursor

W OO WM e WN

10 prior to its reaching said deposition zone, and
11 fourth means capable of cooperating with said substrate to
12 establish a barrier zone wherein gases flowing from said
13 controlled atmosphere zone to the ambient atmosphere are required
14 to flow at a velocity of at least 50 feet per minute.
1 2. The apparatus of claim 1, wherein:
2 said second means for directing a coating precursor to a
3 reaction zone is capable of feeding said coating precursor in a
4 liquid media, and said apparatus further includes:
5 fifth means for atomizing said liquid media as it is
6 introduced into said reaction zone.
1 3. The apparatus of c¢laim 2, further comprising:
2 means for providing a flowing inert gas curtain around said
atomized liquid media in said reaction zone.
4, The apparatus of claim 3, wherein:
2 said first means comprises a conduit adapted to extend
around said flowing inert gas curtain.
1 5. The apparatus of claim 4, wherein:
2 said fourth means comprises a collar extending from said

conduit, said collar having a surface adapted to be deployed
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4 closely adjacent to said substrate.

6. The apparatus of claim 5, wherein said surface is

substantially planar.

1 7. The apparatus of claim 1, wherein:
2 said first means comprises a structure essentially
3 surrounding said controlled atmosphere zone and said fourth means
4 comprises at least one port in said fixst means providing fluid
5 communication between said controlled atmosphere zone and the
6 ambient atmosphere, said at least one port providing only
7 sufficient area for said fluid communication that said gases are
8 required to flow at a velocity of at least 50 feet per minute
9 during their passage through said port.
1 8. The apparatus of claim 7, wherein:

said at least one port is adapted to permit passage of said
3 substrate.
1 9. The apparatus of claim 1, wherein:
2 said fourth means comprise means for forming a curtain of
3 a flowing inert gas having a velocity of at least 50 feet per
4 minute about said controlled atmosphere zone.
1 10. The apparatus of claim 9, wherein:

said means for forming a curtain of a flowing inert gas

directs said flowing inert gas away from said deposition zone.

1 11. The apparatus of claim 1, wherein:
2 said third means comprises

means supplying a fuel to said reaction zone, and

means supplying an oxidizing agent to said reaction zone.
1 12. The apparatus of claim 11 wherein:

2 said means supplying a fuel comprises a first conduit, and



10g} enf f 7gphi j WUBE7 10g! " "@10%& ()-!" " "@10%& ()-! " "@10%& ()-!!"
"@10%& () -! SY#HLO09& ()-! SY#10%&' ()-j 1k2k3k4k@Ck: I m =0g! ! 'm'1094"]"& ()-
i 10%" b" & ()-S910% & () -#z10% & ()- 10 10 10 °

"@10%&' () - n7ngopg*s+s, s- swXMB70g! 10" 10" 10" &9-#10% & () -

|V 89-#10%"& ()- ! &9-#10%"& ()- ! " &9-#10%"& ()- ! &9- #1Dhetay @02
-s<s7tpt ucvvzXeMB70g!! ' 10%e& ()-! "ADU[& ()-!"' 10%e& ()-"

| "10%ZR&' ()-'y 1"10%&' ()-!'Y

109%J& () - Vv, wnkyz( zzwX6MB70g! | 5#109ZZ& () - L310%Z&' ()-! ! #10%v& ()-! ! #10%n
m& ()-! 1#10%h& ()-!!#10%h& ()-zzzzz{| %-0oMOg! ! 5#109&ZZ! " sS#10%& ()-s!  ss#
10%&' ()-s!ss#10%&' ()-s![109%& ()- 10ZZ 10ZZ 10ZZ% R~

0@ X6Mr0g! ! " s3. #109& () -!s3. #109%& ()-! sy #10%& ()-! sy #10%& ()-!sy

#109%&' () -3 ss#10%&' £9ids @RrnHEHUPPLlY109@n pxidlOUg @pehd 0@ riyeds CLGHK ohE- 10
10 10‘53u#10%&bﬁ&uit arranged concentric with said first conduit.

2}[9~\:0g! ' TH#109&' () -2Z!' " #109%& ()-2Z' " #10%&' ()-Z! Ot #109%&' () - Zg1l0%& () - "10%
z& ()- 2U~1_@Dg! Il 10;’/3& & ()-f910% & ()-"10% & (2) - 10z

e apparatus of claim wherein:

2 said second means comprises a first conduit, and

3 said fifth means comprises a second conduit adapted to feed
4 a pressurized gas to said reaction zone.

1 14. The apparatus of claim 13, wherein:

2 said first conduit and said second conduit are coaxial.

1 15. The apparatus of claim 13, wherein:

2 said second conduit is arranged to direct said pressurized
3 gas at said injected liquid media as it exits said first conduit.
1 16. The apparatus of claim 13, wherein:

2 said means for supplying sufficient energy comprises

3 means supplying a fuel to said reaction zone, and

4 means supplying an oxidizing agent to said reaction.

1 17. The apparatus of claim 16, wherein:

2 said means supplying a fuel comprises a third conduit, and
3 said means supplying an oxidizing agent comprises a fourth
4 conduit extending concentric with said third conduit.

1 18. The apparatus of claim 17, further comprising:

2 means for forming a flowing inert gas curtain around said
3 coating precursor in said reaction zone.

1 19. The apparatus of claim 18, wherein:

3 said means forming a flowing inert gas curtain comprises a
3 fifth conduit extending about and concentric with said fourth
4 conduit.

1 20. The apparatus of claim 1, wherein:
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1 21. A chemical vapor deposition process comprising:
2 providing a flowing stream of a coating precursor in a fluid
3 medium,
4 atomizing said flowing stream,
5 directing the atomized flowing stream through a controlled
6 atmosphere zone comprising a reaction zone and a deposition zone,
7 providing sufficient energy to said flowing stream to cause
8 said coating precursor to react forming a reacted coating
9 precursor in said reaction zone,
10 contacting a substrate with said reacted coating precursor
11 to deposit a coating on the substrate in said deposition zone,
12 causing the gases of said flowing stream to flow from said
13 controlled atmosphere zone to the ambient atmosphere through a
14 barrier zone, and -
15 causing said gases to flow away from said controlled
16 atmosphere zone at a velocity of at least 50 feet per minute as
17 they flow through said barrier zone.
1 22. The process of claim 21, wherein said barrier zone is
2 created by restricting £fluid communication between said
3 controlled atmosphere zone and the ambient atmosphere to a small
4 clearance extending around the deposition zone.
1 23. The process of claim 21, wherein said barrier zone
2 comprises a curtain of an inert gas flowing about said controlled
3 atmosphere zone at a velocity of at least 50 feet per minute.
1 24. The process of claim 21, further comprising providing
2 a curtain of flowing inert gas around said reaction zone.
1 25. The process of c¢laim 21, wherein said providing
2 sufficient energy comprises mixing a preheated gas with said

3 flowing stream in said reaction zone.
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3 said barrier zone.

1 27. The process of claim 21, wherein at least a portion of
said energy added to said flowing stream is provided by the

decomposition of an exothermically decomposable material.

28. The process of claim 21, wherein said substrate is

maintained at a temperature below 600°C.

1 29. The process of claim 21, wherein said deposition zone
2 traverses the surface of said substrate.

1 30. The process of claim 29, wherein said coating is
2 continuously applied to a portion of said surface having at least
3 one dimension larger than the largest dimension of said
4 controlled atmosphere zone.

1 31. The process of claim 21, wherein said energy is
2 provided by combusting fuel and an oxidizing agent in said
3 reaction zone.

32. The process of claim 31, wherein said fuel and said
oxidizing agent are fed to said reaction zone in separate coaxial

conduits.

33. The process of claim 31, wherein an excess of said
fuel over that required to fully combust the oxidizing agent is

provided in said reaction zone.

34. The process of claim 31, wherein the pressure in said

deposition zone is at least ambient pressure.
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1 35. The process of claim 31, wherein the substrate is

2 maintained at a temperature below 600°C.

1 36. The process of claim 31, wherein the combustion

2 products produced from said fuel and said oxidizing agent are

3 combined with said flowing stream prior to said gases passing

4 through said barrier zone.

1 37. The process of claim 31, wherein said barrier zone is

2 created by restricting fluid communication between said

3 controlled atmosphere zone and the ambient atmosphere to a small

4 clearance extending around the deposition zone.

1 38. The process of claim 31, wherein said coating precursor

2 has a vapor pressure of less than 10 torr at 300°C.

1 39. The process of claim 31, further comprising

2 providing said flowing stream at a temperature within 50°C

3 of its critical temperature and at a pressure above its liquidus

4 pressure, and

5 rapidly reducing such pressure to cause said atomization of

6 said flowing stream.

1 40. The process of claim 31, wherein said fluid medium
comprises nitrous oxide.

1 41. The process of claim 21, wherein the pressure in said

2 deposition zone is at least ambient pressure.

1 42. The process of claim 41, wherein said barrier zone is

2 created by restricting fluid communication between said

3 controlled atmosphere zone and the ambient atmosphere to a small

4 clearance extending around the deposition zone.

1 43, The process of claim 42, wherein a portion of said
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45. The process of claim 41, wherein said barrier zone is
created by providing a curtain of inert gas flowing around said

controlled atmosphere zone at a velocity of at least 50 feet per

W o

minute.

46. The process of claim 41, further comprising providing

[N

a curtain of a flowing inert gas around said reaction zone.

47. The process of claim 46, wherein said flowing inert gas
is combined with said flowing stream prior to said flowing stream

3 passing through said barrier zone.

1 48. The process of claim 41, wherein said flowing stream
2 is atomized by contacting it with a pressurized gas.

49. The process of claim 48, wherein said flowing stream
is fed into said reaction zone from a first conduit, and

said pressurized gas is fed in a second conduit which is

LS VS B O B S

coaxial with said first conduit.

50. The process of claim 48, wherein said pressurized gas

N

is a fuel.

51. The process of claim 41, wherein a cooling media is
applied to a surface of the substrate which is not within said

deposition zone.
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53. The process of claim 41, wherein at least a portion of
2 said energy is added to said flowing stream by passing said

flowing stream through a heated conduit.

54. The process of claim 41, wherein at least a portion of
said energy added to said flowing stream is provided by at least
one of radiation heating, induction heating, radio frequency

Bow o R

heating, microwave heating or photonic heating.

55. The process of claim 41, wherein said coating precursor

NS R

is dissolved in a liquid fluid medium.

56. The process of claim 55, wherein the concentration of
said coating precursor in said liquid medium is less than 0.1

molax.

1 57. The process of claim 41, wherein said coating precursor

has a vapor pressure of less than 10 torr at 300°C.

58. The process of claim 41, wherein said fluid medium

N R

comprises nitrous oxide.

59. The process of claim 31, further comprising

providing said flowing stream at a temperature within 50°C
of its critical temperature and at a pressure above its liquidus
pressure, and

rapidly reducing such pressure to cause said atomization of

A o w R

said flowing stream.

60. The process of claim 41, wherein said coating comprises

N O

an organic compound.
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2 a polymer.

62. The coating of claim 61, wherein said coating comprises
at least one polymer from the group consisting of polymeric

fluorocarbons and polyimides.

63. The process of claim 41, wherein said coating comprises

2 a nitride, boride, silicide, phosphide or sulfide compound.

1 64. The process of claim 41, wherein said coating comprises

a carbide compound.

1 65. The process of claim 41, wherein said substrate is a

plastic and said coating is a metal.

1 66. The process of claim 65, wherein said substrate is a

polyimide and said coating is nickel.

1 67. The process of claim 41, wherein said coating is
deposited to a thickness between 10 nanometers and 5 micrometers.

1 68. The process of claim 41, wherein at least a portion of

said energy is provided by electrical resistance heating.

69. The process of claim 21, wherein the velocity of said
gases 1s maintained at at least 50 feet per minute until the
temperature of the substrate directly adjacent said gases is
below the temperature at which components in the ambient

atmosphere can chemically react with the substrate or any deposit

(o) W 2 " ~ SR VU I O B ]

thereon.



