; €3eSP<j : 6pT APPARATUS FOR THE SI MULTANEQUS DEPCSI TI ON BY PHYSI CAL VAPCOR

DEPCSI TI ON" AND CHEM CAL VAPOR DE METHOD THEREFOR 5 Field of the
I nvention This invention rel ates | apparatus for the
si mul t aneowgo@rsassical vapor depositian ) and chem cpbrVsiRssTa

deposition ("CvD') of thin fil m mat er PQ onto a substrate and nore
particularly, to a novel apparatus for the simultaneous sputtering and
m cr owave MAMTUSWR TeHEpS VI W I AN BO USHD EP O SI THONIB YidtHEY SIEALOVAROR

Backor ound of - DREG AN ANS RFAMCAR, PAr OF itk oStIRN AB VEIRDES: ca by tnin

filmprocesses. Exanples 15 of the THEREEOR that may be fabricated by the
deposition of thin filmmterials include interteroneter stacks for optical
control and solar control. An exanple of a solar control product is

di scl os W@ No. 5,494, 743 to Wodard, et al entitled

" ANTI REFLE , the disclosure of which is incorporated herein
by reference. l\/ﬂihi@ isyrrtichirelatdsygenairilyde dpparatus fodthecsiowane®d pol yneri c
substrate hav t i oatd

anti-refl e@?H c\%gﬁ 91%6;&(’: OCh F\-‘\?D‘é dhg née}ggnr QAR,Bg& (gecPr r;ﬁi:??@rtr“rlaggebfg'(l)'?rpounds
with indi césn ufaterﬁl roatd acsabhrameandmane pdmd:ularﬂy,ttdna rwaélyam:araius fdrghe at e.

Thin fil t s th d f I trol
compr i sed GIGIAEEP R SPer Ak Gr oA/ REiR) VBPa1 SARoR o ARG 4Ry ng

di el ect4a ¢ rPhef@ Bt BlsabatPsle] MEsGRefepdbly 8h bRFIgaRY wé'tﬁléﬁﬁudshhfb film
materials may be used, for exarrple to reduce glare or reflection. Thin

fil m mat erimAteriglay al so be used as solar control films for | ow em ssion of
infrared radiation in order to reduce the |loss of heat. In the manufacture
of thin filmmaterials for optical control, many 30 inferoneter stacks wll

have a t op Baghamouodi oftHe lowentibnoxi de. An antireflective layer for a single
e Sh o Rl RS e R OFh S B e,
squar e t®otof tfe privducts dieat nody befabaichiedbydhe deposition of thin film materials
include interferometer stacks for optical control and solar control. An example of
a solar control product is disclosed in U.S. Patent No. 5,494,743 to Woodard, et
al entitied "ANTIREFLECTION COATINGS", the disclosure of which is
incorporated herein by reference. More specifically, Woodard, et al disclose a
20 polymeric substrate having anti-reflective coatings disposed thereon. The
anti-reflective coatings consist of one or more inorganic metal compounds with
indices of refraction higher than that of the polymeric substrate.
Thin film materials that are used for optical control are generally
comprised of a series of layers of metals and dielectrics of varying dielectric
25 constants and indices of refraction. These thin film materials may be used, for
example, to reduce glare or reflection. Thin film materials may also be used as
solar control films for low emission of infrared radiation in order to reduce the
loss of heat.
In the manufacture of thin film materials for optical control, many
30 inferometer stacks will have a top layer of silicon dioxide. An antireflective layer
for a single layer of material having an index of refraction greater than 1.00 will
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the single layer material. The thickness of the material calculated at the
center wavel ength of the frequency band at issue, nore precisely, the :
optical thickness is'/4 of the wavelength at the center frequency. For
exanpl e, eye 5 generally sees |light having a ma et ween
4000 Aand 788®H%59%herefore, t he thickness of the optical coa@ﬁkgw$
anti-reflection at 5500 A is about 1375 /~. Optical properties |nclud|ng
the index of refraction and transparengy as well as with the nechani cal
properties of silicon dioxide make it the material of choice for

anti - ref | epaveyan iraigkiofi gesfraclion Aqoairtb ¢e sduspe eord ©8 e iatex oflrefraotidryofut i | i zed
to deposit, thin filmmteria

h b hi Fil
Processes. tNegtipgle 'a)\%é‘?é?f'%nh‘ﬁ%mﬁ@esﬁé’ifﬁ!’m’ga‘?ﬁg&é&acrI %?eeg%n IIRC | rIllqew

York, New Yay&iendth /- the'r\*ﬂ@%ljdﬁéﬂ%@ﬁﬂb@ls%u@fm%%?bcﬁ@é%wﬂ@(Uptléﬁlﬂﬁi%krﬁés@n are
di scl osed i n Chapter hin FilmProcesses Y VWar ner Kern and
&

Ml adi i Sis B4 theowavgiength @h ey centerdeaaysney. orer esgmplaishahi@eR&Y¥e of f or i ng
and depgsi plL ]am?‘g&éé ﬁ;drht g%ﬁ&% Wé\%l&@ﬂﬁﬁ&%@ﬂt goéan%d%‘éoQ‘( vapor phase of

a nmateri aI uct “whi ch eposited on some surface Ther ef or e,
t he chemi cihenewret herthickiyedseof dhe hmcaémmmefomrdl -refleatiant Aleh5A0CA isThe

reactants Q are the | oqgi r t.ack design 20
and are def’%?ﬂi‘l%g%yapﬁ%aﬁBF%Dcmesso'PngWé%%@Se ﬁ?)Feqe%?&ﬂﬁﬁé, if silicon
di oxi de( ( Str@Rgpdrensiess weltlas Wntbmdimgﬁlsamﬁl ﬁr@dddrﬁéwofgéaiddﬁédlmae b?kexti di zed by
oxygen 02 I l1con | de as the desired product and a
by- pr oduct f@fmﬁéﬂ'ﬁlﬁéﬁ“’mﬂra&l feéireﬁ*é‘fq GRAYPIS-si | ane may be deconposed to
deposi tygan armrnm%es bt br%@éss’ﬂs'a%f cORERTY @liz6d tcPdSpURRithAlBm nrerigyanpl e,
products nay be forned 6?/ energi zing _the 25 reactants to a reaction

gs

t enper at ur 8OMY P& Whichcare ‘F@ﬁﬁ’éf‘é{ﬂ"m 5"%&’?0%59% Wobodd Viegs&mhand i t abl e
met hod knoygp, gy k&, 848 A@é&éﬂﬂbmeé% Fhe, QJJ&VVYQFkSN@W%kaT@?E?lgfé rical

resi stive heatlng A CVD reaction nay occur In'a wde range pressures
f r om abov e fundamtemtalp hbehenicalvapesdepdsitionaareidisiclosedin Chepieptle2 stiflkinCVD

processes operating at
about at mg%gérf@&%r é;%ngg ne?g(\éﬂg%'?t?u3|dﬁ%?§f %P égeﬁﬁ%(f%é@som 52221 3
PCT/ USO®y Oasﬁdsmdrre Oviyrasfa metr}cwtdf fm‘fmwandmtmsulr@&na&nahwa&.rseeltne related to
pressure. ressure 1s 10 rom a t t nospheri c pressure to 1
Porr. e Gpattierts 558 GRR oF BaRed FBRSebe SSIEA B 70 Apaahe IBhEgni 1 ude.i n
the di f f UsdepPogiRaTrestime SGHERRN I THhePsTEIeY mhé#u&alré’aétmtm Be efthér17, 223 and
4,504,518 to Ovshinsky, et 5 al both entltled ' METHOD MAKI NG AMORPHQOUS

SEM CONDUCTCHOtREINGiS or BKBNEEVECES US| NG M CROMAVE ENERGY" . the di scl osur es
of which are '”%@F}géf&ﬁﬂ d?%r@@gpéfciesgfa%ﬁ\@q .cgl‘?égulwﬁﬂeléfé&%%@%;or the

deposition of thin ne onto a area substrate 1n a [ow pr ure,
m cr owedPe gndwretmgterramgé bythe peecursor gyateridls. cbon example df $lhr:qrmae>ed@at ents)

porymor i ¢ FSCRE B8 5B beneR8heBRo RIS Linhy o\ ARG BREBRON oni ¢ mode

of plasna ﬁepetd dilicom. dnmds@\as n'feeGmnee producheny bymrbdattteﬁ hptragen (Ryocess for
deposi ting tocon uctiv m conduct or, t hin e, area
gl i3

il ] ar
cylindrica f’?'&t%‘ aneimgy %qqmqﬂse p%?‘?s\/tea'\/\lﬂvg}é’g’igﬂgs‘éfgﬂg%% ors in a

hi gh power nt&ee oh d subklratd. Srdr@iﬁﬂﬁ/E ﬁoo“ FSHTIRIHhily BS $dreieRIch éhe@zﬁattﬁ@t No.
4,729,341 to Fournier, et al for T AND APPARATUS Kl

EL Ec_TRc%drm@mﬂm reagliordemperpture be GRARtiEN MPRIRkAE MaY] becariMest ed
herein by ?faﬁX%Uﬁﬁole RS Eknovir ' tRE 'aﬂcihcﬁucﬁﬁ%gﬁf . nggc;@%.ﬁ%p%ed%w tion

described int 341 patent are limted I cally "shaped substrates
and the t eawrmr$lme tedtindref &P egastion may occur in a wide range of
pressures from above an atmosphere to a less than a millitorr.
Low pressure CVD processes offer substantial advantages over CVD

30 processes operating at about atmospheric pressure. The diffusity of a gas and



20 not directly transferable to an elongated web of substrate material. The
use of a nicrowave radiating applicator has been extended to chemical vapor
deposition onto an el ongated web of substrate material in conmonly assigned
U. S. Pat entwoloo/52421893, 584 to Doehl er, et al for "LARGE ARPAT/MEIGIREBMVE -
PLASMA APPARATUS", the disclosure of which is 25 incorporated herein by
reference. By optim zing the isolating windowto w thstand conpressive
forces, the thickness of the window na$ be mininized to provi de for rapid
thermal coplin ere t he at ent achi eves .a hi oyer, density

Wi t hout cr @R\’gﬁj‘ PP &ﬁs’ﬁfﬂ??'ﬂ ﬁd?\éefs‘ﬂyfﬂa}fiﬁtfa.%? r$ ée aratus of
the ' 584 pgregslireds Icwerad f@ﬁp&tﬁfm‘étrﬁé@%%?ﬁessuk toS! RAS Mdbfedt s aperate the
30 apparatus at a pressure angqgm mat i n requi red for operation near

/

t he V\DOOFE?@EQPMPP@W"&B@W 173 qﬁmagn}#ﬁefn ﬁlerﬁiﬁﬂ-"fl@@aomﬁi%@hen curve. As
di scl osed g 5% m%%&hﬁ«éﬁ%ﬁ%m é@éoﬁ%ﬁaté‘g@ggﬁ@e urve is

t he vol tage need o sustain a asna eac r'essure Paschen
curve i § relbxtiedntited MEWQ&OFMKIN&AM@WHS&WW@&B@CJ@%aCh

Curve. AT OREAND ERACES PINERETROWAVE FNEoR” o fBRcRLA e pach of

travel forwhieh apé &m&paml teseintyasfboncep dbsdribetipngcdsseiertagé | pl asna
uniformty. ortion of feedstock gases

f t
e o vl Jidepaa R ahans S5l S emal aA RSBt e 1B TSt B BTOTRKer o) <.
An excel | egnbwrm&ér@f};elelafsma Cﬂ@EB&ﬁﬂﬂlca\n?%feQQﬁﬁﬁédetpél@ntbsoﬁlérﬁﬁér?ﬁﬁgw' n

commonl y aSsi gned Pat ent tter, Ovshinsky, and
Hasegavi@ ePiESsYredeginRsARAPON EORNAtEE PSWNBLaNERYIBeNE ROAIYES DEPeS! TI ON OF

THN'F (VG ML L LRI ACRES L b o SGL508Gotli 1

i ncor por at% Peferen erein apparatus for the
m cr owave allaarpees]sﬁreemﬁmmavb ohatecpiasma poocese fargdepiositingfa th| nfilm

mat eri al ont a .0f substrate terial |I|2|n a_li mcrovvave

Topl 1 cat or PheigBomfliins sSHRRRARS; BBl e Hroe e SuPatidlREbrEE coares. &
| onger neagsihy @agaredfiradiative vaedguids apdsli@awra:?rmhmqmvm precedeas | abl e, whi ch
contributes to the overal| plasm ugs% Ny g (%er fo muintain a

uni f or Mp| diSFRSES &Y CAMMALIN W'@@Pdéﬂr piant Nog A4 aP, 3130 Fowrmuer, &t alfpher

spaci ng bet'mmnotdmnwmﬂmmwsts:@ﬁ MIGaNeREEEC TROPHISTOBRAPHICDEt ween the
wi ndows of the |inear ap &l cator decrease, the potential for shorting

i ncr eases. DEVICEST dhe diss uneeoftvmupmisnm@qrnoratqa hkarei kyf referente.near appl i cat or

15 B1One ! oA iy S O BB g B AESE 7 ST, |

rate of 25limhed fcee;dmtincédlygamped siissttdtes ard medéa@ﬂmgmprtovfdedrt‘aeneananencr eases,

the depgsition r reases. So | ong as_enou energy is provided to
react tHe Pk ﬁ%ﬁ’aaﬁféé‘lb' GHEn 8@88@%68"’63% &&Es-ré} rﬁ%ﬂ'@d by the rate at
whi ch non deposTiedsé ES hfisroWaye leam@cap@u@ﬂof hasbédreedtiapRar at us.

Al t hough a CVD process works well faor n filmmterials, there are

many nat er PREBICALYARET deROS N PRIg aé‘rﬁio'?ﬂﬁt%%WﬁBtOf BPHSR TAKIRI HY any known
CVD pr Oceséemﬁﬁgw é"s%ndrfé@dLg@ Pb@nPNbdéfBQé-g@% to D\S‘Q’\I@P'é%?% "BARGENS00/ 03874

Anot her known ositi ng I mmaterial 1s a PVD (Physi cal
Vapor DepoAREAMICROVGRME PLWAGA F’éRé\TMﬁ#b@ﬁ cigcigsure pf wbisbdes known in the

P Lt prAScEBeptooPy B HElRf by 1ERATICY, Hlotiling nd BRI T Ui 225 oos hew
withstand compressive forces, the thickness of the window may be minimized to
provide for rapid thermal cooling, whereby the '584 patent achieves a high power
density without cracking the window. Furthermore, by maintaining the apparatus
of the '684 patent at subatmospheric pressures, it is possible to operate the

30 apparatus at a pressure approximating that required for operation near the



S York, New York 1978. A conmon PVD process is sputtering which deposits
fine particles froma source material. Al though the nonenclature is
unintuitive, the source of the nmaterial to be deposited upon the substrate
is called d3sget. The term"target” evolves fromthe jn. ﬁfﬁﬁ'ﬁ

bombar di ng the source material with a 10 charged nobl e gas. e target is
affi xed to a cathode which is a plate having a negative electrical bias.
The target faces the substrate materia which may be grounded, fl oating,

bi ased) heated, cool ed or sonme conbination thereof. An inert reaction gas,
typi cal | y mingourh of a mwdlﬁlezdjaamﬂtearmdr\jeorAszdadclbseq)mcndrrdeomiy assigoed UdS.

nunber of o NBCLSHEl Bk hg i btea S 8toe HhetR B3 4 8BR o port

or by bi asdtrRg@ch tpemuk&tmtcﬁ.ﬂetmg‘chefr BarvBas rdlated ity trhpovgrdetgitet foon gas ion
is repelled fromthe positivel harged source and is el zﬁtrl cally
attract ed g4staima Pt‘%ﬁ"é?t %ﬁ%%e %.e They BorpRliopeAling reRgg Fictatad t%Yt ri kes the

target andpg n%&%@%r\%t%tﬁ%a TRE W bids8ies&ilo ?Bﬁa r&f@eved at oms
travel tovvz?tr:?mth e substrate wherle tﬂgy 20 conc?ense |n\tNo th filmns.

Al t hough ans@mtreepattgafptayebfgs theeplasma bpecies hereby @@rﬁtgbmggt@sowemll pur poses
of thinfl i n, is desirable to flow an inert gas. Flow ng the
i nert gas d%ﬁ?ﬁﬂ%rﬂut& the renoval of inpurities which nmay ot herw se
accunmul ate W t hm a QVi2 poduesbea sufitient groportiog of feed'stmekgageasareaarpwdpd ng schene

shoul d be 25 o] r |nta|n th [es thin,t

Sput ter | ngocravE R cariee seidhina e BBed i ol e AP taB T on i n
the vi aomfbycr@émttbla/ammaémsntm ik AisgRised ifcormnesalyrassinedile 8t Padeht Neesul t i n
a nonuni f or m bonbar dnent . of sputteri target and conseﬂyentl

non- uni f orfi 1.PR] H%&Hs??tt?fnovéﬁﬂgfyaﬁw aﬁg%a"@\ Riiftad "WFEARH $5p%putteri ng
processes T Bl FANERIUS MiCROVPAVE ISP OS TGN FAIRFNSIUNg, wher e the

sputtering c ressure Is about 10 mllitorr or |ess, WO 001 52221 6

PCT/ US00/ dﬁBtIlehEoD SERETRZONES!, teglisdesuracf whichas insarpprated®yt he cat hode
where the apapce r‘?érgtnh%tlﬁlete@tdléc‘? eﬁ%ﬁa@@k%hé%&m&%vé ?as mher wall s
is greatly 1 ncrease Ioni zdt1 on efficiencies ow and

sel f - sust aerttmdceht siodraicgbspoadapdsition ofethintfimmeaterial cmtqnbavﬁ:rofgubstrmel ng
process. 3 tﬁe sput teri ngr, a method. t ? Xt ?hed lto f orm oxi des

f or exarrpI'Ba ef'g CoRESA L™ OngflaPBl\'ﬁab‘?re UPRMEAYBEPAPOPr or | ess.
The goal ireglopasisubstniizphend pregsires ! Plonger @eae freb@atmoltrdvedforges phase
chem stry, which wi|ll |ncre se thﬁgg gablht of collisions, which may be

achi eved b?)a$’a?§Pﬁ“g|9§ t'?ea‘ﬁi'u”éfé@u‘t’@c (lebutes tp fhespyspali RlapBagiiQEpsi t ed by DC
sput t er i nginfdpierays FBIn é‘uﬂt@orﬁi pIBSAR oﬁférrélﬁ\tuch widsradibsPadNagduraspher e

cont ai ni ng oxygen. However, oxygen will react with the silicon target

mat eri 4P, MBICAPHYINET EPACS QﬁﬁW%ﬂ EmwlﬁéQW%Wﬁt bendexreasad: ed theannot be

mai nt ai ne zed; the
char ged pg";rdar&'r]tghk%t‘}9 notwuﬁé@»&?éﬁth&ﬂ@% %kgpalt'?é% e?% %gé %ﬁ%@bﬁ%‘%t@ By the
addi tion osfhoatmgalgnmasesf Ités oottpmsaibieptotrhainiamya plasoesis thedimetat applrmgtorran be 15

mai nt ai ned_at_a ssure eIowl | i The an.free th of a
char ged paFtpr?ﬂeeo e(g ?Q?eOfaﬁjéeh RERce 'gﬁeefttﬂb%ﬂ SE%fi el d. By

appl yi ng arategTies pmdbmefodn@t&rrpemn@cvo atppaaatuelsa@tated:td‘melﬂdw rafteofpat h of
the electron is influenced and becones g ndi cul ar to both the nagnetic

field &7d RdeIRIGasEF Fsdngirate\ohprodyft f N igeregpes the ASRPSHION ce, for

exanpl e, hayd BI@O%C@Qa@sUS@lMgVa@én&?h%?gW is @é&tmbehharf@edito%kosed
parall el to one another and orient withalternating polarity on one
pl ane, cr egases, thedepesitian rale ivlimitedbetherrgte plavhich ppnideppsitesicpeciesn of an
el ectrical a hel i cal
e o 2 Wak Sk el 8o RPRRS IS OLELA8Roh 8 b bearbhs P

for many thln film materials, there are many materlals which are desired and

30 cannot be deposited by any known CVD process, such as indium tin oxide, ITO.



25 charged particle is prevented fromcontacting the chanber walls by the
presénce of the magnetic field, thereby increasing | ow pressure efficiency;
and second, by increasing the length of the traveled path, the potenti al
far collisiwgolkidahy ot her particles has increased. Al thougfcppsdoioss7kng I's a
common and wel | -refined practice, it dues have 30 sone di sadvantages One of
t he di sadvant ages associated with sputtering is the WO 00i s2z2i 7
PCTNS00/ 03874 rate of deposition. For éxanple, silicon dioxide can be

deposited by both nmagnetron sputteri g and m crowave Iasrra enhanced
cheni cal v#pether&pewnmeihod shdenpspingitbindimmeaterialfis 8iRVIR Grhysicsk Vaeor or

pul sed ”ag'ﬂfetpro%oﬁag«fokﬁgé Vet ark’s ﬁQmBerp rP\ﬁfﬂﬁF%@s%% l(k)rfovﬁ{ein tharngsox! de

deposited by mcro pl asma enhance che position is
deposi t ed ahindilm anaterd! dbOGS|ﬂ01®, nhameof vaacio ack, dlaciosndjmrTH)IN rthiyhi t ude

uny ch ¢ hor EROBERSES i fn VRSt o Feegh B L. BSSRrtass i 0 T

deposi ti®n.YofkiNew Yok tnetgeri al s for the manufacturer of mterferoneter
stacks for optical 1o and thermal control general l%’ consist of multiple

| ayers of mat er PHEVAYY PNE RIOBRSSHP SPHERINOWRIR deroitsyfibeRpriifiBsh faMAibst r at e.
The mmater | %bﬁrc@ﬂﬂat”ehﬁ! FAIBRSER R REMERYI SRR UNiMLRvE Chb @bLitckedfiné eferred to

as a "stack.'’ stack is deSigned to achieve a particul ar purpose, whether
t hat pur pos@at«a@aldgtbecﬁﬂpoam wpAn thesugstrate s ealleddhe sargett Heg ted@si gn

obj ectives h gptical and
sol ar cont ro%l%t g\éc{aﬁe.ﬁgg@ctgé ﬁ}’q‘%@{s I ve?ﬂ?%%wtﬂgggﬂrt%gﬁﬁsngﬁ&%op | ayer of
Si Ox. |10 a charged rrcmlmgasasTm tdrgetss afiied tag eathiode dhicpista platdhavitgea one  of
t wo alternativ§5|s nder, t he cur state of .the art, to

o dnce  ndeakfive eBefiealoias e WIaSt b tng AL bFPare A TR Wt B! | e

entire stagfourd@aeHsatng)BRREE thedited, fb@o%ﬂtﬁrtsameft@nﬁﬁmmntthéfbdfal\ﬁ of Si Ox.
and the 20 required material thickness of SiOx. for the taop d%er of the

stack, a subRft Eaaclian ops, typigalhr YeRA .S intrRduCed ARY iRniZed tPcPrPrHFIEP Q¥ t he

stack. At ghhgdds H)hgaﬂélel:@nl‘,ﬁlrc?'na?g@eme fé%"ctuérﬁ‘?a |b%¥8ﬁ|288 bpiaOx. may be
manuf act ured by and then the entire rol tered subStrate

mat eri a8 | mmmngMStlmludlm@nlamde@#atweﬁltl\t%eb@ee@ indet payeer yf  Sj Ox.
f‘l t hough b%%lﬁ%tﬁe@ﬁ% {sRRCRAS o rsf?%l? c%g @%b%tﬁ:%%ai Fahn?}ep%w uct, the
inme require menu g, re

rethe tack stan sultlng in
hi gher pr odroot trmpmmeg/ etmigedasbmeelaecﬂ is e:leetncgﬂy d?tuad:tbdrtmrmeetarge‘t pldte coati ng
is intended for a wide na ndow for a

Commr o ar WETe it BosTively Cidrpdt o ke e T GELand e as (L RN &Y of

deposi ti ng rdorHentliAT tharshete ITHef refial6d bmdradeYRwa?8 tHQlikthitewhbiahgy exi sts a
need | n2(t) heco%(rjéngeolrmoatr%ma IPn%r at us whi ch WO 00/ 52221 8 PCT/ US00/ 03874
Although a sputtering process generally does not consume gas for
purposes of thin film deposition, it is desirable to flow an inert gas. Flowing the
inert gas provides for the removal of impurities which may otherwise accumulate
within the chamber. When flowing the inert gas, a pumping scheme should be
25 employed in order to maintain the pressure within the sputtering chamber. It is
important to maintain an isobaric condition in the vicinity of the sputtering
targets. A pressure gradient will result in a nonuniform bombardment of the
sputtering target and consequently non-uniform film deposition. Generally, the
chamber pressure for sputtering processes is 75 millitorr or lower. Low pressure

30 sputtering, where the sputtering chamber pressure is about 10 millitorr or less,



substantially reduces the amount of time required to manufacture a_product
consisting of nultiple layers of thin filmmaterial deposited on a
substrate by including a PVD process and CVD process in single machine.
Furt her rmre,go(t?fg,gzrzgl exists a need in the art for a CVD progesgsoblisiha i S -
capabl e of epositing a uniformlayer of material onto a w c?ene
substrate. Summary of the Invention There is disclosed herein novel
apparatus for the deposition of thin fiel mmaterial upon a substrate. The
apparatus conprises a deposition chanber and 1o a punp for evacuating the
i nterior ofprovidestesctien gafiopidation faraway foge thet ¢atiedde wiherpdbe dhamaehdfn t he

Ctat i on’ f orhe RECEADEIAB0 fel G eCoartl el i ey BleroBR’ 0oy ot us

further conperéfore, dorfizdtivh mnémred@p@au&emguhﬂame‘d disdhargasecar@bt t hin film
material onto the substrate and a second neans for depositing the second
| ayer of t Rednaistaingginaplanansruliedno PFRCeF$rst | ayer. The first and second

means arg adapt ﬁéab@\/éjétﬂﬁl%hhg Aetrdanst My b¥RisEd id RA/YxideeREesi tion
processes selected fromthe group consisting of a PVD process and a CVD

process. Tiexampi®, iy eshistedsataayasy tawipiesskiret h@oléﬁdm@"c@ri@iisstﬂ?ﬁ;g@ﬁ' im. C.
tt t
it ort nS refe SRABGAI R0 UL 8 Smlnlof SRRl AOmidty P ERGPR, "

Sputtering, evapora
evapor at i vendepsnstm mobatzility of caltisiens vhictemag beiachieved ¢y traisin@WBe pr ocess i s

sel ected fromthe roup caq of, th e CVD, PECVD,
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and CVD prQgpent SfoRbE niintalHalif e prebantldxBmpRIEndY tAS SHicen targét iBr essur e

di fference between each of the different processes is no greater than an

order of meyifizas)éhereharged padicioovilinethavsean aleetsical figld tppavathieudtor t he

o bosur e ELtng cRiieh e ladfiBiieR o iR Bu e Srttieatir BB PLer ' ©
deposi t an mduatamad, atat pricesige beloav melmeansTl'feaneaiefresipatw a tnangéci! | m
mat eri a upon

q substrat o era%dt ftﬂ ose h f deposition '
chanber wi tprﬁr%c%l'sd(}ﬂe?éa 'éﬁn%! Ppa@f?g nga;( PY479 @eposi ting thin
f lhl mor’rat er |r?]égnqnem|eg| ;S&tbélﬁdlefﬂIEr l@pﬁf@létt}ﬂ_ehyldd;lﬁmfﬁ@f et dledtrdrhie deposi tion
chanber wit |on uralit confine systens are

di sposed wi'f ILH%‘C?%”GZ’G Qmes Bﬁfpéﬁaﬁﬁgr to kf%@?malg@@ﬁ'%ﬂga giiﬁ%t antially

i sol at ed b)él@étnéé?@iétd qmﬁnaﬁtar FRENSESH $pIRIBRRY d§V|§éefBFexa?ﬂ§|eahQ/® gegion is

substantially isol at ed at | east anot her one of conf i nenent

syst ens2§ s F&tﬂrall*éﬁpeﬂaamermmqgr@@rwm@@ afg/dlamﬁeﬁl@-ar@lwé fQ)PnQ ReotbehENthenent
systems, Whaehi wmaré{rn dcga?mg] r,&uaﬁénér@e 5 @ﬁltaP gﬁo&%%mhon
te nat |

regions are preven adjacen p05| I On" regi ons.

path. With the addition of an electrical fleld the charged particle takes on a
helical path.

The helical path of a charged particle has two advantages: first, the

25 charged particle is prevented from contacting the chamber walls by the presence

of the magnetic field, thereby increasing low pressure efficiency; and second, by
increasing the length of the traveled path, the potential for collision with other
particles has increased.

Although sputtering is a common and well-refined practice, it does have

30 some disadvantages One of the disadvantages associated with sputtering is the



The PVD neans may be a sputtering device disposed within the 15 deposition
chanber. The sputtering device conprises a cathode within the deposition
chanber and at |east one target secured to the cathode. The target consists
of materi alwbookeideposi ted onto the substrate. The CVD nparrgsoimys7pe a

m crowave plasma enhanced chem cal vapor deposition ("MPECVD') device
conprising an applicator enclosure and a |linear applicator having a first
end and 20 a second end. The linear appglicator has at |east one aperture
and is disposed within the a)(pﬁ%i cator epnclosure so as fo .isolate the |inear

appl i cat or rREAhdERESIHIEPE PHAMRIRAFON dioXigecan BRPRROYEIRYRYAL i ng with the
first end QhadriaohispafériPand AidrOavt HIBShE efhaRcEPARNABANGPof I OM a

m crowave source conmmuni cating wth the wave guide. The aperture is adapted
t o gener at slepositipm.of e Pepesition FWQS'IQQﬁédlﬁ*ldeg@méSmﬁg@ettﬂrsper sed within
the CVD reqi Sad ! : L i d herein a
w dened m c?ggx/%@geg |§:|\9?%€33%§5H:§|{8n\gﬁgérp§%0& %Q)g{j%rd bé?\%}ie?gbd}rjﬂg&gén a W dened
m crowave |plaseea emtpgricedzhemicdl sgmorettpasition is déposideqd bt 8 asterof 4001200k e. The
wi dened |1 near aéargai cat or (ﬁas a.tfi [st aggrlei cati_gr hal f_ 30 ta(gcﬁi g second

appl i cat or PRRSECOTIEL 2R opder ¢l Magnjtude Iipproderpeity HOWRYELA%TORARIRE  wo

001 52221 1Gh&eHro/AHIEMAS Shichaiimo, for Whick therdarantd ireedndetiods fokt | east one

aperture is disposed within each of said first and second appli cator

hal ves. Th&lepeeitipg by shemical wararidegpsitidnl i cator hal f is conmmuni cating with
t he second end o i i | i i

conmuni cati ng W?E'\H'Fiiﬂﬁwerﬁ |ﬁg$ fgﬁ@boﬁé’rﬁ'ﬁééd?ﬁg m%)ﬁ@@%%%?@%lgﬁ@ﬁlgaa 5
second taveangithernal sootsehrgemecallyioegsial efimultieleriayasrs of matasfals havir@aond

2pp! i cat of abindy HELSUEKSORUIER | S RAIIBIGALLG I Lk fas 11751 and

second wave gui rovave ener gy prod € mcrowave
source i s @ssdedteddhickmeds ars calladtivedcmherediol ascatsiackialA/stack iBhe aperture

di sposed wi thin ch of the first and second applicator halyes allow ng

m cr owave é?éf%?ggg aEipys 4 p@{}ﬁ“iﬁf YRR iR rﬁ'%t RUERRFP b8 R '_caber atively

di sposed Widohitrbl, 86laf ¢arntrsitop @ingl ot idesign obleztiiey sguUght &sbe gatsieved. i A§ r oduced
therein. There is also disclosed a nethod for fabricating an interteroneter

stack dépodnertipnegd @roye JIMy PRiica! andheolat ertrahgiacky have peaistvawbitkayer s,
each | ayer JipydodR Rpdhydrdssid nggéd\%'r RIS fsst BRL R4feR b b OM the group

consi sting of a 15 PVD process ah VD process, conprising the steps of.
provi di ng aspdipresi themronehefite ejtemnativesisiavgilaitie, wuiso the cwrendistai® of theo sub

at nospheri c_pr, ; i g . sU i LRk ition chanber;
Gepoor 1 ng b5 PRLE yBY R Byl G Bl AEFaldihal® 16 R sBRRT L " Lo o uD
process or enticd/Elapk.otiessvenbecadse of tiles spuiteeing alegosidpo sate ioh §i@,. ard thed | ayer
of materjal by the 20. her of PVD, pr.ocess ot ., CV rocess, at.op the

Pl ror GehoueAtisd BefanedincingSt of SR e RE oy 8F s Tk ercRtiShey be
mul ti - | ayeriofgpastbsy 8meat Asquireaiié fantftirs thd @t@cppk\itembtiw?sarlaws f or med
fromat |east one of noisture resistant dielectric materials and

seni conductBcepEeriiedrn layaref §iQ4 may brdngnifactirgd hysP¥R@ngthemine conpounds
sel ected frgm r IS Sk o R bikd Xi de)
1t ani um o e Pl i epRef b S Al L b R T P o
and di anondhei1k80 daleperof Sifg Alteniiglo hdihof dnesesanproadhessreate tig desired

conpoun S . e St Ll i silicon,
doped si ?i c@r??%ogﬁrcr{aﬁl%?ﬁ#\ Q3%‘%%@*%38?’ﬁ%ﬁﬁ%’%ﬁﬁ%@%ﬁéﬁ%‘%ﬁa@ g)ig’ These and
ot her obj eciesultingl ireighet prodactitn ddses sandeeated effieishcpnFuithérnidde ithene

apparent fromthe detajled descriptionp, the draw n and cl ai whi ch
PP coating ?s intendled?or a w?dce rlngtelrlaf,‘| about 1 me evy,l sn?c?\ asa w?nd%lwn%r a !
commercial building, the state of the art does not provide a means for depositing
a uniform layer of material by CVD.

30 Therefore, there exists a need in the art for an apparatus which



WO 00/ 52221 11 follow hereinafter. Brief Description of the Draw ngs
PCTNS00/ 03874 Figure 1 is a schematic view, partially in cross-section, of
a first 5 enbodi nent of the apparatus according to the teachings of the

present invention the cross-section taken through the vag itien
chanber, shg'\%ioﬂ’éz*he substrate in phantomin order to revﬁéf’g%‘ﬁlggsgierative

el ements disposed within the single chanber. This figure illustrates a
substrate traveling linearly froma PVIg station to a CVD station; 10 Figure
2 is a cross-sectional view of a second enbodi nent of the apparatus

acgor dic{l/% tsmb_bhatiﬂﬁ,mbh@@tgegamdwé pf meméqdir@megiﬂméqmm ﬁhggctPVD (r]I egihon
and a regi on ar I nC ed wthin a vacu eposi t1 on chanmpber and the
SUbst rat o 1<oNPNES & wulplarlarsts ok P mALRi IR DREOIAER.RA BV Pbn chanber :

Fi gure 3 i 3n@uéihgesPVis praces andicim PlocBsd N JifgiewRpingent of the apparatus
15 according to The teachings of the present 1nvention enploying a

plural ity dfurhenneigethene exiptstaneedintthe erdorsa BYD: prosessothabisi aagable ofr cuat e
ath adjac ' ' ; nd in contact with a
i 1 e iboeb g Byt et b T DGR S

I'C Vview of an” enbodi nment of a PVD devi ce,
nore specifically, a magnetron sputtering device illustrating the

deposi tion gf t he Zt:hrqacti.on gas inlet manifolds; Figure 5is a
cross-secti n Y enbodi ment of a CVD device, nore

speci fical ly) aTpepsigrisybspaterein MVsIcaparfp® for depaspdsition cfamindim

il lustrati nr%%tt he operative el epgents di sposed within the confinenent system

and i ncl udil@efiRlroncsubsiale. gRe appactusERAMPEHFSS 2 derpstion eRamBy adhaust

mani ol g aNsuMS for dVadlatAgthe ¥ fordt thé ErriberofA ditRtraftSisdplerdtiéfnt i on;
Figure 6 is an illustration of an enbodinment of a m crowave enhanced

chenmi cal vafierosaepaiin iherchembes mngfthe Rebstipte srmovalefremonfingt tohatilerst
substrate @?éc%‘hh?é?é%n‘fBP%%%p%iEiPh g &iﬁf&re‘ﬁ?%&@@tﬂ@%?%kh‘ Ge gHFé%s and

di scl osi ng operative el enents I ncludi ng: a power supply, mcrowave source,
t hree port fGaherssongirises atfinstenearis foedepasitoigdia fiest dgyerr ot tiirofilmamdtesiahi cr owave

. . ) o
' solation eorhcl) Seusru(:f:!stra\tevéi\lr)\ g éggo%%lmga%g/tlgrs ggéoosl %gﬁl{

h% 2second layer of thin
15 film material atop the first layer. The first and second means are adapted to
deposit the layers by two different deposition processes selected from the group
consisting of a PVD process and a CVD process.
The PVD process is selected from the group consisting of D.C. sputtering,
D.C. magnetron sputtering, R.F. sputtering, R.F. magnetron sputtering, reactive
20 sputtering, evaporative deposition, reactive evaporative deposition, and plasma
arc deposition; and the CVD process is selected from the group consisting of
thermal CVD, hot wire CVD, PECVD, MPECVD, DCPECVD, RFPECVD,
WMPECVD, and ECR (electron cyclotron resonance). Material provided by each
of at least two different deposition processes is confined within a distinct and
25 substantially isolated deposition region. Each deposition region is isolated by a
confinement system. The PVD process and CVD process operate at
substantially the same pressure. The pressure difference between each of the
different processes is no greater than an order of magnitude
There is also disclosed herein an apparatus for the deposition of thin film

30 material onto a substrate at subatmospheric pressure. The apparatus comprises



Figure 7 is an isonetric view of an enbodi nent of a |inear m crowave
appli‘cator; Figure 8 is an illustration of a first enbodi nent of the

wi dened mi crowave plasma enhanced CVD device; and 5 Figure 9 is an

i sonetric Wg\eh2n enbodi nent of the widened Iinear m cpe¥p¥Resdp! i cator
of the instant 1 nvention. Detailed Descri~ f~io,n of the Invention The
present invention relates to an apparatus for the sinultaneous 1o
deposition of thin filmmterial by a PBhysical Vapor Deposition ("PVD")
process and/or a Chemi cal Vapor Deposition ("CVD') process onto a

subst r at e. aMdaposiligh abambek.idtieast pre PNE meansiondapesiting)ihin Bim metgsiebcesses

that are ingcluded i tW!{ﬂf' red. A and a CvD
processes, Y ﬁﬂgn%{bsl{}ﬁ{ehe%ﬁ %g odlégésgé)’(%@&s"b ?‘ve:(?e%@%ﬁr%g{s\%zgﬁlﬁ% ude: D.C
sput t eri ng,PVD fegiomandtatdeast one @MD meansifor lepositing thie fiinm gatdridF upomgnet r on

Sputtering, reactive uttering, eyaporative deppsition, .reagtive

evapor at i véuhéwgi%eﬁge&nﬁsﬁﬁsggﬁﬂ%ﬁ@‘e 8§'it'9f'8ﬁ?m fgw agﬂs\é esses

i ncl ude:5th§giaﬁj CVD, hot wire CVD, plasnma enhanced chem cal vapor
deposition ("PECVD')) m crowave plasnma enhanced chem cal vapor. deposition
("MPECVD')) D. CA nie@lty ¢f hsystems arp glispoeetWitnintbedepesition dened
MPECVD (" WERERYBE T RISV6 rEGibh Wis b el RoldfeBFCRaS! dridbiithg Pur suant. to
t he subject I'nvention, at Teast two different processes operate within a
si ngl e vacwonfickpenti systemshanber. The processes nmay be selected fromthe

PVD group, the roup. .0 I i cesses 25
preferably a(%iea} @@ r%g%bdgssgésnt?ﬁgqlI&@%ﬁtgatsbgﬁagl%%ﬁ%ﬁ@ﬁﬁbgﬂefggtégr e, generally
t he pressurentihdrhentssystentieis\at tsasepartialhyf défineddyf drertisertonerafdesses is no
greater than gn or der {)f magni t ude. Jhe gg{grati.on of fqach of .at least two
di fferent FPOLRYDEL §v8 %ﬁd@?‘ﬁ iANeceRPseH SPeies LPMYNe EHPERIYRy speci es
formed as ajgp8sitibh r%ioﬁ@ﬁke FreQ&rRes frotr duntardinatifls hajatéritldepokision at ed

deposi tion region. e deposition region 30 is that portion of the

deposi ti on '@8@RBer where material fromeither a PVYD WD 00/52221 13

process or CVD ﬁfh@qm@ﬂe%n%mésgwwmgadmigﬁés@d viifhld {4800/ 03874 The

threat of cross contam nation’of material’s, whether they be excited
speci es 15 prasposition chambes , The spluiteringsievige Comppses asathodeyithinuthes of a PVD

process, c " [ \/ | 0 .nat .0

Conbi nat | orbrEeiBA shBNERr e Ba R BdaRs: De o B A e Broety vy i n
a singl e deposists afmateaaiterhe depouitéd agtoithe snlestets eThe CMIrmeany magpder educed
production costs. Cross contam nation i.s prevented by f.l nement system
The- conf | nchEHTOUgE BRsmaPADENHR 1500 Gel YEBPEH SRS INERC k8o HeR

conf i nementgonfiristritan bfilicatl? RABEOG &HY & h@e@%{:ﬁéataghmﬁﬁ HiF St eh@Gisidr ed.
Previously, if a stack 10 design called for materials that nmust have been

deposi t 88 bA/segondensk Thedingar peplicatorhas @b teast one gperdyglandrisdispese sposed in
e sane %gﬁ%i%ﬁ%ﬁi&ﬁfﬁ?%ﬁm@%‘&%ﬂﬁ |§6l91%‘°trl§.ﬂﬂérﬁrgﬂdgﬁ&tepfrsﬂriﬁgr ns) the

processes wo 0 be execute separate esent | nventl on
cont enpl at edepasitiob chesber. nd weye guidestnraménicatingofitrathefgst endsef thewinelrposi ti on

stations to_a, 1o i However he_pringci of the

or esent 1 nvaEa Ao CERRGli anbal o arttimiEle shiBelel Mol ol

di sposed ad&i&cmtvyé\ﬁ @agéﬂ The aberlétﬁé% atasted epgendratena mghi&drhﬂmgsméxfr_dﬁposi tion
station_is a spatially discrete depgsition Jocatio re a. gdeposition
process2Ps fgsz@@erpéfa’yefaem 'ﬂéefé%gw@i"am gy&'@ﬂf?@rﬁr},sa&ﬁd%&ﬂi‘gl"é‘t us is

di scl osed ig¢Hgpigepr ati ng a PVD device and a CVD device, where cross

contam nation is_prevented by particle vector confinenent. One specific PVD
devi ce di scl osedhese i 3ieQAISCIosRd SpIfiN 8 WigrRpeagvictawaveHeviReCoMRSEsing @ CvD

devi ce di sc - i i : ; v sui tabl e
VD dovi co et Sn@BsNEERMS GRIKNES mibwale fider RpNRBLABa e

Li kewi se, ithesipplicaloméraiodure.ndhe widenteddimpasappliabloe hBYD fitshappdicator palbcess
my be bstituted fpr netron sputtering. The sputterin nd m crowave
Ol ase Sneanba seruie WATIRE bpR R Bl e pan Skl dppftactdies, .
evacuat ed chanber at subat nospheric pressure. By providing a PECVD and

sputtering wthin the sanme deposition chanber, the advantages of 30 each
process may be harvested with an increased efficiency over the prior art.



wo ooi sazii 14 PCT/US00/ 03874 This exenplary enbodi ment of the apparatus of
the present invention conbines the high rate of material deposition
provi ded by PECVD in concert with the variety of materials that nay be

deposi ted ring. Referring nowto Figure 1, a schgfBbidisra
Cross-secti onaPHbHeustratl on of a first 5 embodiment of apparatus 10 for

si mul t aneous deposition of one or nore thin filmnmaterials onto a substrate
material by a CVD process and PVD proc&ss is shown. The apparatus 10

i ncl udes a vacuum deposition chanber 20, the walls of which are preferably
forned of daslingabiiret endbandsecondrersi sitdeast one aperlresadispased dithinegaghess

steel. t h and a
CVD devi ce%gggial\)i%t %hdnﬁecg 8%@@%&(&”@%& a%%rggég%éﬁggf r\éqgg&)%dsp?ﬁggpupon a
substrat e 3H2ifus tonmunicBNhy deth dse §ecmhdreaglo$m5559cohdlaymnsaor Inaif. eA Fisst provi ded
deposi t1 on WABIAFeS coBBETTNG W 16 tci SBG S G BHERP LT DRBCRTAT on

eposi tion [ on
chanber g0 sééoﬁ@@avégmsabb&nhuﬁmaﬂﬁ%mﬁme frsf bricbbf ERBEbAA BPpIkRRKi on 70 to
a second deposition station 80 for t deposition of different layers

t her eon. Alftallfoufgmqu W\{W ee WWH’Q‘F%E”QCYY'”UH@ fisd apdipgcend weve | f ¢ he
| ayers are (i gtmngﬂo%'ilﬁ ﬁe*g%‘pi&&&ﬁé% Wth@nﬂﬁo?%v@ QBHR%WS §Q|deﬁhey are

di fferent Iayeré urposes o I nventi on er ent rs al so
refers to It ﬁ;‘stiapﬂbswoed applicatot alves. t The apdriuce Qrstpoﬁe@wshmceacbwéct ed from

VD pr oobs S B8 Srdinhapice} REFEF pERAE pieBV LS SBE v 0 orte BV e s,
second d@pqﬁésri\a)whem ahidajevie mapenmloefly dispesédiwithia di\éygeuateelsieposition CVD
process. c@l urality of conf.i nt, chanbers 90 are di sposed within the

deposi t i on CRIREEProssss E%%W'Btlm Yegd NP ity of confinement chanbers 90 has

of 25 | east onemai%r%lal@%dow@m&hddmﬁémcémg anirtdrierbfetct@tdeXD T egi on
65 are isol ated#_d;/ one of a plural Itéﬁ confinement systens. Each of the
¥ ?V'B

PVD devi ce 95008itRH wern ToebHeie de gige 8 aaleéﬁb%@dawﬁhwh B8t i al | y
di sposed Wighfydy ;Pé diﬁ%r@rﬂ%ﬂélﬂé‘ﬁ F%e% 5&eOBE 1 dr%in friagyrBly Eé‘r‘xéétbhgcgf a

confi nenent cha ers 90 substrate 30 IS osed 1n close proximty to
the apef$ urR/Dsrageseaod amlla@fﬁdeﬁe,rmmpftsmtbetst% it progigitg @artl ally

i M 192 AR 841G 8o 806k e Bhe U5 ARk S22 % BETLIRIBHORRTS T eci or

t hereby Turt rnin regi on and
m)r e gl ow lpressut®, prayiding ajsmtratedwhm thendé;fwtrd»amharrtbleqrde@bambgafﬁﬂ The

addi ti on of,_one_or ars Oa i n_t eadherenc f thin film
marer i al's (BYEEG MR By T PTObshs SHRLed B HRVH RSt SWliuat od veb of
5 substr at grogdsedntd tHehdibstratea e Hegoditg 4lsasmidtiayst d?fmét@rhél byithén nateri al s.
A vessel punp-down Eort 350 is adapted to be in communication with the

deposi t 2on LReAidhe BYDxracess o QP Pm@éﬁﬁ{ﬂmtﬁaf'f%ﬁeﬁm'wddamhﬁﬁ thear m 360.

substrate. The interferometer stack may be a multi-layer selective solar control
coating for optical substrates formed from at least one of moisture resistant
dielectric materials and semiconductor materials. The dielectric material is one or
more compounds selected from the group consisting of silicon nitride, silicon

25 oxide, titanium oxide, silicon oxynitride, alloys of these materials with carbon and
diamond-like carbon. The semiconductor material is one or more compounds
selected from the group consisting of silicon carbide, silicon, doped silicon,
germanium, doped germanium and germanium carbide.

These and other objects and advantages of the present invention will

30 become apparent from the detailed description, the drawings and claims which



Referring now to Figure 2, a schematic cross-sectional view of a second
enbodi nent” of the apparatus 10 according to the teachings of the present 10
invention is shown. One or nore guide rollers 340 may be enployed to direct
t he subst r &ioozd22# t hi n t he vacuum deposi tion chanber 20.pdrusobigsstsmedi at e
enbodi mrent of the present invention, a PVD device 50 and CVD device 60 are
each isolated by a confinenent system and nore specifically, by one of a
plurality of confinenent chanbers 90. Bach of a PVD region 55 and CVD
region 15 65 are defined by one of the plurality of confinenent chanbers
90, each coHewvherRiReftethanber 90 defining either a PVD region 55 or CVD
regi on 65 has an aperture 95 where the substrate 30 subtends each aperture
95. Although a PVD deV|ce 50 precedes a CVD device 60 in the order of
deposi t i onBesf [k e Drawin@sesent enbodi nent of apparatus 10, any 20

conmbi nati on of P PV 0 e enpl oyed. The
order of depom@?%%ﬁ‘u%%eet"ﬁa e e;d}%g".aﬁ?%'x Eﬁ%%ﬁ?%gﬁ%'ioggéégerned by the
desi gn ef &Mmbodintent bEtherapparatss acdordnﬁg t@l‘he&&ﬁdﬂ‘ﬂhgs of thetpesetesi gn of the
stack requjres. that a first,_ | yer closest to the substrate 30,

th
e o o ena e fab-eatias e rara Dy aaE SPDR8IIDy CATPBE, or oaoes.
Lhen & PVDudigying Ml NG h del @iRledingBhBaNE iy he subsirat

30. The fl exi bi resent invention allows several PVD andl or CVD

processes dl@p@m\aﬁl@nmez singlerafamipepobis figuredivstratas a substigtagveliegi r ed
order. Thu edr& ﬁ:{?\?ﬁ'ﬁ/ﬁ’@faﬂgﬁt@QWﬁ%tuBR those skilled in the art that the

novel teac he present I nvention 'provi de substantial advantages
over tH@ prior Egure 33 Refogsispetipnabwewvof @ speopd Bmbadigudrd hthec

Cross-secti |, view of third .. 52221 18 PCT/ USO0/ Q3 enmbodi nent
of “the. pr e8I A RN o Hiaaning o e BTSSR LB A RS S PERS oubst r at o
30 i s drawedligroandia @y dgicreate iadlﬂdemthmlnra)va;imuhmepmnmidHambechaﬁber 20 by
a take-up reel 3309rmchlll rol | er &8 i s disposed within th?eb osition
chanber 20thesubsiateofiois @ shrsaling Rethdhraug t'ib‘?é%%f‘r’tm ABRRSHGLFhamOes ural ity
of 5 guide rol |pgsre3dfd @&msslsamvwalanhw@m\b@@%ﬁt@?&%ﬁﬁa@mshanber 20
to guide the web of substrate material and take u&y sl ack or relieve
HGea

st r ess 18poAceaiding i e tgaehinas et thalpreseri inventionseme pwrality ef 30 passes
t hrough th wgﬁE k€

travel ed pg%'?lfﬁwt% gﬁ?@gwéﬁqgggaﬁ?es@strgﬂiﬁng %ﬁ%ﬁ%&ggﬁg ct)ﬁ?r avel

t hr ough thplumimoef canfinemieahtystera® and int ¢ontadywithegchohwbbelhere a CVD process
deposits thin f} to th subtrate re 3 shows the
appar at us 10 of FioHs B stemndl oy BF R HORKG Mt SCa VR ERERR. 8nber o 0,

each havi ngpaznfmauyt@mggetd@vsmtelﬂg @w&aom&@atnﬁ@m deponidntofenet her
confi nenent chanbers 90, %@d havi ng a m crowave enhanced chem cal 15 vapor
deposi t3%n"GaCPEEIHNSHBINTAAS 10 di sposed therein. Referring now to Figure

4, a cross- SECtF@UﬁJm@&w&E séct‘?d?ﬁfl VRGBT firsheHbSdimeht SONEYDN WA
sputterl ng device 100 is shown. The sputtering device 100 includes target

150 at t achB@re sperificallior plasm@ enhaacediehpimicals@ppsderasitian gewieke source of the
material t g, bea@ePRs dpsthtivk YerfdRERispobd PwithinRhé E8hfidendHt system and

including the feed stock gas inlet manifold, feed stock gas exhaust manifold, and

25 linear microwave applicator of the instant invention;

Figure 6 is an illustration of an embodiment of a microwave enhanced
chemical vapor deposition system of the instant invention with the substrate
operatively located within the vacuum deposition chamber, and disclosing
operative elements including: a power supply, microwave source, three port

30 isolator, tuner, linear microwave applicator and a microwave isolation enclosure:



zo magnets 160 are di sposed within the deposition chanber 20 and proxi nmal
to the cathode 140. Although the presence of the magnets 160 in thi's )
particul ar enbodi ment of the present invention reveals this is a magnetron

sputtering j it should be noted that any nethod knomﬁ. art -for
a subat mspﬂé%#’gﬁﬂr essure PVD process may be enployed int ébélatr){é g‘nt

invention. A reaction gas 25 inlet manifold 120 is adapted to provide
reaction gas within the confinenent chgnber 90 containing the PVD region.
One or nore reaction gas exhaust manifolds 130 are provided to be in
conmmuni cat i on WrighreoNés ar isohetrd viewlof ty eafbodimmdrit oé adineacinandeave 90. A
reaction gas, for exanple argon, is introduced to the confinenment 30
chanber 902BPII48%Y: r eaction gas inlet manifold 120. A steady flow of the
reaction WO O0P{gpfe?@ls dr illStFatép0s DR8I emBESmeAt O tAY MidshedimicRowdval N
stoichionetry during the sputtering process. Referring now also to Figure
3, the cat maseaenhangsd §Mibdexi¢ai@nd| ectrical charge which may be in the

f orm of DC cu [ : ' i o known as
RF By The add, (o of o s8hetdCALER in St i boBRbg ey, T001 0
pat h of el etitnomaye applidatortdi¢hepingtambiriventiarhi eved in order to sustain a

pl asma charge. Low pressure sputtering devices typically enploy a nagnetic
field because the particle density within the plasm region is very | ow,
i.e. in thoenildd Descriptieyofthe I¥dmtioni se, el ectrons whi ch | eave the cat hode

esult1ng in o THERREN Eveniar elaies atetnrhalel e HTUEEoSI [ ure. e

mgnet| Cal Ly oot e B Got Fone ang EboC Fran. Chanber” o0 tay have a
pogi tive e!aééfqriadéh\erpﬁga's\!anaﬁ@@paﬁiti@m@&%‘hpagpﬁkegt% st RsGAt om  an
electron Wdnk Rffled s lmwoanaquo%pﬁawo@@égﬁug@grélgeluaea% {gn gas atom

will result, and I's consequent el I'ed towar negatively charged
surface, a gneypstreflested tolasrayRDtprocassed Bod BdFVI2 pranesees, And ool indgrstingni t h t he

target 150 ,wWi LI I ' f 1t ter 0 to be

di sl ocat ed %8 eéﬁ%%iﬁ?&ﬂ%&##ﬁéé ISW%E@% r gté;%ggaér%r?%gge g§§ bﬁétr%gmmnl y used
as a re#t ispottgrasy, FOF. sutteting,i R §) magnetret sputteeing kiebtibpe sputtetieg.art woul d
recogni ze that o;.her reacti on gases nmm ti tUtcfgl'@ﬁzo Ref erri ng now

.be sub§
al S0 t o Fi GYABOTEIVE ARPOSAL, FRastys BHARPTEIE SRRRATIOBNENT PERRAEES 00 at | east

partially drbbsitiog drieCViYBrécasesinefudeathetmar®ss W viei ©FBNplabedt 1
mllitorr and 10 mllitorr, preferably operating at a pressure between 2

and 3 ni | | ianbapcedehemiealyappedepasiion (tRREC¥BNT Mirsaware elgawa@mhgmedat | east
> P Fe ! ' !
partially QR 9abdludp¥BlibR NBECTD")! 6. APEGYS POUPECYDIYRIY a vacuum

source 25 in conmunication wt gas exhaust nifold 130. As
f ew as 2he REQVRD (IRFAREQED Hayidesed M &N (VEMBREKRIVEY ¢ andh elegtron cyelotwressur es
t hr oughout . «20. The vacuum source utilized in the preferred

enbodi nment f%$&§ﬁ§§m$ 'vention is driven by one or nore diffusion punps,
however, one skiPursent to thhsubjett inventidn| atredstave ldjfferemtqyocasses bpératali t abl e

substitutes for diffusion 3 unps may . be | oyed. WO 00/ 52221

ST/ Us00! 038 3 8nals AL derinen PRERE £ BobRsies maLP? SRBFRR ew of
anot her  conffgni 1EEPN/D GrauR) @tie 80D grbup, &ty ReMmbirktibii tiskeomi THe sro€dddek egi on
65, is shown. In the present enbodi nent, the CVD device 60 is disposed

wi t hi n 2he REeferabiepeerateatsupstantallythe saag onssatindpregsues 9enendllyithe cvb
regi on 65. i i i i V, i.Lator 250,
P S S i UL TR T b
mani f ol d 180 ordgr dfemnagritsde e d haiapkeiationtos eeombf atdeastttwe ldlidfepent pposesses

alternativ f e i . i f ysigally

| ocat ed ouﬁ ‘L’sﬁftgg%}os S'g%t&{ ér)llmés(t)&mﬁr%lrlﬁ’ ggﬁ%ﬁ%&ﬁﬂ@%ﬁ?%ﬁ%@éﬁ? e%ﬁﬁrrber 90 at
| east part ipmbtessoathima sgbsthatidlyDsolatgd aepbsitioregioranPhe depositionlregexcel | ent

| i near pjcr.o e | i.cat qr be found in co assign U S. Patent
No. 5. 491 4ol Goftizh of dje g?qugg‘?b“'Ci\@ﬁ‘%ﬁhvbgreF’@Fe{z'fn%E}’éPlﬁﬁﬁ?&ﬁE M CROVAVE
DEPCSI TION OF THIN FILMS | N MULTI PLE DI SCRETE ZONES, " i ncorporated herein
by reference. Al though a plasma enhanced chem cal vapor deposition device
is disclosed in the imedi ate exanple, it 15 should becone readily apparent
to one skilled in the art that any chem cal vapor deposition process

capabl e of operating at the pressures disclosed herein would be a suitable
substitute. The MPECVD devi ce discl osed herein operates between about 1 to
10 mllitorr) and preferably, between 5 to 10 mllitorr. The mass flow rate
of feedstock gases and the capacity of the vacuum source




20 primarily dictate the pressure within the confinenent chanber 90
partially defining the CVD region. Referring now also to Figure 3, in one
enbodi ment of the present invention, the chanber 20 has a background
pressure, twealoossm2a pressure within the chanber 20 not ocegpiueshiodsrat he CVD
region 65 or PVD region 55, below 25 that of either the CVD region 65 or
PVD region 55 in order to prevent cross contam nation. In the event species
shoul d escape fromeither the PVD regi 33 55 or CVD regi on 65, the species

will be drawn to an_area within the chanber 20 not occupied by the CVD
regi on 65 GFORSHS G ij‘??’sﬁyd%ﬂﬁ’ﬁlt%@i"ﬁﬂ‘ﬁsppmﬁt?estri ction device such as

chevron, gas fl qWeRNaPEf SrBLSLEsMtHRINAtDR BF Matdrit, Whettbrakdy BY Bxdifed desired
pressures with as few as one vacuum source. |In another 'wo o0o/szm 19

PCT/ US00/ 03®Raiesnpregursengassest prodpets & atCVD peavess or pesbictsaefieunYBour ce may
be assigne acj |1 o] I . : the PVD
regi on 55 }Jégess&‘r gémac}r@te? %‘g?%%b Péé@ﬁ%@@gg’égggﬁé%%@r ?{’ﬁgﬁ‘%‘gﬁ‘% now t o
Fi gure 55 tdi®VzedSVDokogesses mMatberfunctiarially 48ploye¢ mithirde singlee f eedst ock
gases which,are the reactants.for the CVD process. The feedstock gases are
Opt 1 mi zed tISPGRLIN GLATRE COTNE IndOrTBBSRY SO Birk SHLGP P SOUEHRR 1) on

materi al . Reits @Rk eontaninditlonGs pralieRtdddsy 4 sortmaietlsystefi X e of about
200 sccm SiH4 (silane), 600 sccm Q2 and 150 sccm Ar is introduced into the

CVD r egi on @5fingmest %_)’ﬁgﬁj'éﬁlab’iQﬁP%iQ? YPeior sorfinepienticReAate certemant naxi ni ze
the 10 reactiipgird, ogﬁgﬁgﬁg &Rk é%n%@rﬁsﬂ?v‘}ﬁﬁg@@r PRIVIGy, K a Stakik coOn

di oxi de deposition a ower presen onds in the deposited

filnms. The desigrstaliedrion meterials thattousthaye been idepositeditatdasst thg t he mass
o Lot e rhrBRL PBE ISR AT R Gk In IIES RO B B8 ot T 0

capitalize © vant ages of | ow pressure ressure within the
conf i nementbethasdef crdds norstamirestibh concerha, the prdueisess wboldthal@ tabel i torr. The
limtation on t@e degoaii tion rate of |ow pressure CVD processes such as
MPECVD i s 19%%CUed sp2fai®Y+ hr oughput of the vacuum source. The nicrowave

devi ce 110 radi qthRspretért MWarEor BERtMpIELes & Rabstrre fidvalsierpsm stfirstashapr ovi ded
by the feedstock gas inlet manifold 180. As the feedstock 20 Ig‘;ases are

radi at ed5 wi leastive depasition aiatigns toa peepnsedapresition statioRi tHAWPVERLNEVD r egi on
65, causin : t &l to be

deposi ted %&ﬁn&ﬁ)tl i@gﬁ% t%sae?‘gﬁg%pﬁ% @?ggﬁaa%gﬂesé g%ﬁg%i’?%ﬁ@ teas argon,
may be usedpesativedy dispdsed aracent tn eachefat (fast v geposition statianse Ar ecur sor

gases flow j . t - i ecies..and any
plasm 25 s%%fiﬁﬁﬁgﬁgfigg féﬁﬁ%&iﬂ*g%fete#eao%lﬁ'%‘i’;%%?@??@%r%% c%yi%ﬂ feed’
stock gas epr is exacdted. . Referring also nowto Figure 3, a punp ou
regi on 0 may he . di sposed withip the depositiaon chanber 20 al gng the path
of “the st r at a4t STTHIFR STRAdRENe AB GAPAEHS 1o e GRoRIGPTeLBg Bn 170
conpri ses aPYBR\co&Mald 09IRIEyiceNARBRY crBfs cdhgmpialibn Mpreveftieabyl 70 may be
di sposed adj acent 30 to the CVD region 65 and enpl oyed to be a conmon

col | ect or d#artigla-vaetensprfemeniyoOng speoific PY® ¢ryiva tsolosesina magnetron
sputtering device, and one specific CVD device disclosed is an MPECVD device.

It should be noted that any suitable CVD device or process may be substituted
25 for the MPECVD device. Likewise, it should also be note that any suitable PVD
device or process may be substituted for magnetron sputtering. The sputtering
and microwave plasma enhanced chemical vapor deposition processes occur
within an evacuated chamber at subatmospheric pressure. By providing a
PECVD and sputtering within the same deposition chamber, the advantages of
30 each process may be harvested with an increased efficiency over the prior art.



speci es and any plasma sustaining gas. A feedstock gas exhaust manifold 190
is shown in comunication with the punp-out region 170) so as to forma °
conduit between the punp-out region 170 and a vacuum source. One skilled in
the art wo Loredi ately recogni ze the feedstock gas exh i.f ol d-190
may be 5 d&%&g’%};‘mm n or adjacent to the confinenment cﬁ%ﬁgsé)%%j
containing the CVD region 65 w thout including punp-out region 170.
Referring now to Figure 6, an illustrag4on of an enbodi nent of a m crowave
enhanced chem cal vapor deposition device 110 is shown. The ni crowave

devi ce 110 Thixexahgsay grobedimentyfltye 2ptaratusaf thespresemt inveritionaofbimascr owave

source 210 any t hod kno in the art in r. to provi a source of
ol ectri oal WORBNTER ShRaia e dHhavlon Bt et EHUB PRI E Tt o 10 nay
be a nagnetvafBtyttasthtedials thdt Sndyg@sdasitsdeWaplitteririge art. One variety of a
magnetron head utilizes a filament charged with a vere;iahl gh vol tage (at

least 1 kV) di sFe&IENg Rowre Figre dr a sehematin rssweestionalifestiatonidafEst  The
vacuum f PRGN ' fHredr gneldrehst lfij/d so
t hat thééfi el |%®s°f:agﬁapara 20?@{@@({%&83?%%?@| S Jf&thé%agg*ﬂEhHC anmber
and al so panatetials onto a sebsirete gwderial by @elVD proress@gd VR pfacebsliscauses
el ectrons fsr(au,ht he filament to begin to orbit the filanment, tangential to
the interi orh chanmber wall which is cylindrical mshape. A plurality of

cavities are inToerappaiatad 10 mchideb atveeuomgiepbsition chamber 2@ hdealis ofy t he
filament. The cavitigs haye their frequency and rhyth causing the

el ectrons t "Hhﬁ'iﬁ?rﬁgeé?gég‘?fmegﬁiat %et@gps&r&eﬁls&%nﬁ?rﬁéﬁhﬁtm n the
magnetr om GhanRes steEhDishRRHWAM HeidpBbifioh @haMBEE20MstPVDtdesidEeamet r on
chanmber until theﬁ reach_an operatin re uencg of about 2.45 gigahertz. An

f
ant ennae. didPGEND; doviRBbMathEAl aodectay fhe YD seviea Bys HRROTEI PG
el ectrons aé“ﬁlb%ﬁﬁ/}e%@@ﬂﬂiheéjwﬁ BaRGH F?d%rgBS.LLFRWs’é?bha?ér%‘F[bfdv@d ener gy

toward a target crowaves are emtted fromthe antennae Into a wave guide
260 whi ch dwitdie£\lhdevite POvmderosited opemthe substratepd withis@ @YBr 220 and t hen

to a tuner " . i restr o (o) L,Lavel to a
single di rec?) gglﬂgnieré}gﬁmgg'r (%%téésté\%‘lgﬁ%ﬁfsgraégdr \gﬁ ﬁ'hé*%gé%éz;gétﬁgq ((Y)}%\g?ocftr tzﬁe three
port i sdbatand i2Abvable fBin aekbiasta fist degodition sthtiee? Pt 4 secwiddepositiah, f or
exanple to a wat | gad. The. t uner 00/ 52221 PCl' 1USQ0/ 03874 230 is
= ond mat g Sor 3B depabiion ¥ Siiecenieyare Fiecetn Aoudh orREeR Babuaves
continue t aonbRY6f the RaMeghateRal, Haeiagoistie defoditd atitfistrételibdtiohs M Crowave
applicator 250 which evenly distributes the mcrowave energy into the CVD

regi on. TheViiNimEgchamies ey 3pe AERESH 280 fehpurmosas SEi BY@tBponent 5
from the vayge@ht fekbilso Pdfelshts I%@Y@d&bﬂs‘ﬂ@d%@% fﬂ%@t twdGiftereAPRiebRgt or 250
may be an integratéd conponent. Referring now also to Figure 7, an

i sonet r k@ \dedagtes fram teersmupreansisting ohe PMDheracess andba®W® prigsessablor 250 is
shown. The ' i VAN I nnel having
a plurali tyﬁgﬁlpg%%trsgh é?vdl? ?{)%gggﬂ]%&%ﬁg&gwggquﬁéﬁ& %%ggﬁgn%%pgcl oses the
| i near appl1C aikewvisehBetmnd depositionrsidtioardd Bay pravidecaited ad\uD pidtesaind a

series of a ures 253 thr h, 258 spaced about wavel enqgt h, apart with
Fespect to BaVR Hriedi LS SAlERRSER R 00 i SRe I Miher oy
enters at tdepokitibAlchember2d. BdiracRiAb pldaldper Eoriferfadt cHaMRbers GOMRVE ener gy
"l eaks"” fromthe |inear applicator througrl a&ertures 253 15 through 258. As

the ni cPAndFRSIEREAPPIHERRS, ERFRohine FYRKRSI andihent ¥DrRgionSpIareat or i s
decreased iigohbRuHYSdricVof d:ﬂﬁré?'moglﬁnétrﬁeeﬁt@%@‘nst HEEacH FHVBYD RiVRiIY vere

permtted to leak fromaperture 253, wer of the mcrowave signal
woul d be r efuensithedC\da dewice BRaNay beyHispbsqsowithin, @ytipbrdispasedgvithire ari cr onave

energy to i, communication with one of the plurality of confinement chambers 90. The

substrate 30 is disposed in close proximity to the aperture 95 of each
30 confinement chamber 90 at least partially defining a PVD region 55 and a CVD



20 leak in a substantially uniformmanner, a uniform plasma nmay be created
within C/Dregion 65. It should be noted that although the enbodi nent of

| i near applicator 250 discloses six apertures, 253 through 258, as

subst ant i al wgov/etrangul ar, it should be noted that vari ouscensoowasrisabl €
aperture geonetries may be enployed to achieve a uniformmcrowave field
within the CVD region 65. 25 It should al so be noted that adjustnment of the
| eak of apertures 253 through 258 is st?rctly enprrrcal and that tuning is

required in ord ch uni f Ccrowa i wi t.hipn_the CVD

regi on 65. rPg'OE%éuhfr%M#t“ﬁ%Pr @%f @‘8%%{9%\?@ ﬁg H%ls regian Bér es have been
di scl osed in t higheediagis oW bafs A@E\apfb%&ﬁé’ﬁos'eﬂ‘mth'id PR depokitiohicBdmBer, any
sui tabl e nunber of apertures may | oyed to 30 achi eve the desired

result. RO G'OPE?E’QQ'P”%PI'@QOOMD%S'P&V ‘2@’5 eassist reihetadhgrenssf thin &ikm 253
thr ough 238, 26RaRRAH @t BRPSEXTAELGbstrato ser@d AR o BRBbfed WeiPpder ! O
prevent adjacenf m crowave ds from cancelr one an e m cr owave
devi ce 180 substdaterrgatedalttbapsadadedaortdameltlong:f\tbaménlm matermls oAaessel probl ens

h ing . ._The, pl b h h
ot ¢ Peo s Aot AR % 1 BdEaed 0 p8 ARSI A0S Wit AT uen et ot
i nfornati O_rbrtahmterra/ordnd icarblie comarmicakion wed anmrhmrarmr?,sa% Fﬁ?ﬁ: nt hﬁo\?vr ;azent
e

rel ationship i mé(erfw ng t hi s has%@de pendent absorption g

Figure 6, the ni EOWIP; FAgHre 2o arsgPemalic FiaspgaELona! Hiew fasREORAp! i cat or
encl osur e ZgfhydineRt G1t8Y apparaRar 10 5&&&1;% td’th@ tb&éhifgdorltAe pReep 65 from
contam nating the |linear applicator 250. The m crowave applicator enclosure
240 is pPefieyemiop is showraPag ormweumeép&rﬁme ey ke rea\plqmrié% djrgct

subst anti al al is
uart o, hovly SubSRE30THNA e VeeLoRpoEREh RHandolach, NS INRLRL T hat

ot her sui t adrhizodimest dfdhe pmpnbervemtm atRMR:devioe 5qtmdtQVD ttlaercmGOrazswave

applicator encl.o 15 24 one en end.wh Irnear

appl i cat or : @ ﬁeﬁ@ﬁ 8%Pc}|nr?f¥?nr%és FH'c? ‘ﬁﬁ‘& %fg fl°@§¥g°r %q?c?o%ure 240. The
encl osure /3"?0’6"5’ ctfxqonﬁra?rhent dmutnbecslt gmet-:ea‘sgr(r)a PVYD rggnoat&ﬁ}ﬁrgﬂgvnaplb@hr ed
pressure, S0 e i cat.or encl osu may be coo a liquid or
any ot hdP KR ?r&bqegmegm%ﬁ ghthgRiua cf"r’t‘%'f‘ﬁ'@e% ghamiess 96 'y, the

m crowave aRpihEMER cHRIMDE D' ARG dHR¥r BWD Regfd-9816r ORBTedldn®ihand
protrude through the vacuum deposition chanber 20 at both ends. For

strength pudpaperyire hevhare tineukstialiPl suhtendeerdvarared8. shoul d have a
generally cylin WRIS ofPPI i cat or
encl osure 240 ngilfhggbts\g?\é@é%ﬁ%@%éﬁ%«%&éﬁ égl%%%ﬁ/}facap 3@% fo‘r?r?gd of the
sane mat eridaépoaslohrm disalosadbindhe prasant @nbcﬂtmbotsmfra)pérmuamﬂ argy be securely

25 attaghed t d osr on cha r 20 t ai ni,n 290 and
ot ai ni ] rouiaen e T ERER od ARuses YR aiRn Bak Se uHPREThS 10 my
al slo tggg tdsreerb @ffd{ép@l‘sttr@ng{ﬁﬂ*ﬁn ﬂ'tebmpogrltrbﬁbﬁaﬁnbémﬂ ts\e,\%@edwedﬁtw thé@esigne or nore
seal s may be enpl o to prevent air e where the mnicrowave

appl i cat or ¥rib¢ &%tfn% Qé@e p"'éﬁ“Fé{)rﬁsﬁ%%e’ﬁ%p 9dgm?rﬁg %bgrth?ﬁt’f‘c&ﬁ%%@s 20. 30
Referring ngw aeak akr) tﬁéWe?cFésé‘&do Hslitdtrdte 86 Hve éb\r'r%dértm?ﬂhhtqged WO
00/ 52221 23 PCI/ US00/ 03874 the m crowave energy fromthe m crowave device
110 causes M efdeigstivdrrasisddyed Y@ acecesadhenait VIR depice §Quvil dpewita ar e
Gepost ! 39 URGD SiifaSHANIR o Sbsthe a6 THEWRNSIRTENAK AN Hianfo! O

density ee radi cal nor e onven |onaI ensi
gener at ed bailcws EveraMﬁi\tDtamdisucva procehasghm oplaptnswttmromeademsamrand nearly

100% utilizagti t he f edst.oc ddi tiona I the | o ressures
create a | oRATDRrR Sy SEREBH 2derD AT poU hBOGe BheirEhicfieds

contri buti ngkilled if\ies aktlthatltes ﬁavermeécsarrrgstofthé\mtsbﬁrmbaﬂ@hlﬁrotneeoper ating at
subat nospheric pressures is the quality of the materials which are

deposi t ed. ¥yRstantiabadyantagss ?Yﬁég'ber}?ré’rra@gr nes el im nates powder and

pol yner izg f or matp&Bginkthdwitd Fi8urel Rengndhiatie cRise\eeitithl ity SSthjgconom ¢
nmode of plasma deposition. Each deposition region wWthin deposi tion chanber
20 is isolated by a confinenent system In a pressure regine of about 1
mllitorr to 10 mllitorr, the behavior of gas nolecules falls between

| am nar flow and nol ecular flow. Lamnar flow is characterized by a

Newt oni an response of the fluid to sone 15 force. That is, the gas

nol ecul es acting in concert are conpressible, have a density, viscosity,
and when in notion are characterized by a boundary layer flowfield. In a
nol ecul ar regine) gas nol ecul es nove i ndependently within a volune; a gas
nol ecul es change in notion) or vector, is a result of a collision. In the
nol ecul ar reginme, a gas nolecule will continue in notion until the nol ecul e
20 strrkes sone. surface or another gas nDIecuIe mhereby the trajectory of

I T —— M )



flow rate of the gas) Cis conductance and eP is a pressure drop across
sone restriction frompressure P1 to pressure P2, where eP is the '
difference of P1 and P2. By operating in the Knudsen gas regine, the best
of both wor J vailable in that a plasma may be sust ai n this
pressure m”'wqgoo{sﬁzg?gas exhi bits 30 nol ecul ar behavi or. \R%?%SW@?%

PCT/ US00/ 03874 24 In the preferred enbodi nent, each one of the confinenent
chanmbers 90 have at | east one aperture185. The substrate 30 is in close
proximty to the aperture 95 of each confinenment chanbers 90 at | east
partial |y debodimgntofftv®prasgnbinvéiticoris shavid Iretheqresit embeduardtthat e 30

being in close, pr he 5 9 onfi.nenent chanber

% furt her SERrRES, S BginhpaitiRe) S ey g FRestRE AP the o

arg vari ougzmw gtt)ék‘e ?;ﬁ)feeteatbl Arhdnml mneag%msusweﬂusegwéthegrheruepesnga@ bet ween

substrate an nfinement c er vided so as to

1eﬂough ]'Ep é‘g@gfﬁﬂésd'? tt};ﬁr’%:@at %mg??;;!f”;gézgg‘?ﬁepé%efﬂdp iﬂf?"t!" dbt(:at ween
e contgn SHRATed C rl theS 8siflaR chémBem2dticzed to

confine thgdur?ratter vvrth?n elz%uh%econfr nenment L(J:rrrtja e?' Ocvvr rPhout contacting

t he subst r -auWidssthe wep ef bstratermatedalrnd take sp @y slack asseligye stiesspor: PVD

nearl'y par AP e et pidteil o KO3 Re RS ishgridl dErpeEos (B | 1, Potuced

al ong and peacalinedepositivhehambeu23t rat e 30 surface the possibility that a

gas nol ecule wlJ], esca i n, thi n rrs I this
technique is retAgtelr an ?‘@’shareeﬂﬁ%@ﬁ ?‘f 8"1a %}/@ r%§ %né'ﬁ%ﬂ"?osvgkd i's
conngnl ¥0 usw&cdmmaedwira\mtr Imrrougri;) @etd@oent:n @Eambéhz%td)tm\e dve g%fjuom Ie|5 gny
non- deposited species within a 0 or regi on Wi e
renoved fr oA égﬁfﬂrﬂ%er?érﬂep%' &f"grrnetef'etsmé? t bgﬁatee:?ﬂ:t FigWeyas

exhaust man §Rdvis tlt%(bdp%rétbﬂQ@F@tefﬁre@edt’Weﬂﬁ@ﬁ REANE ktwd BEnfirRpskHk ock gas

exhaust mani fold 190 t he case process. Particle vector

conf i nement CHAMRREHPE, epﬁnhémvmawm@z'aedeueeéppmqseﬂéwe@samm traveling
to the PVD &iagi QihiRemBRE& aniiss 8 hfifolBYe 68%HoalichBnidae, ¢ ar et
150 resulting in contam nation. 25 tern ive Cross contam nation nay
be prevaat etdapmrdﬁpwm(éMPm dhwce(ﬂﬂrﬂsltsnosmgihﬁeerby i ncor porating gas
gate confi nenent ids havi or,

non- deposited s efe ?g%éjwntgepag gﬁmbs s?%lt'ovm rYeW *'é”%%?ﬁt rt gas is

t ypi cal , buthamtterab\myrsarmag emttynng)eémma Mhdwposnﬁel sputtedng device One

th d f fi 0 d US
et N, S 83508 Mol SRy 1= iR, e BT i N s
" PROCESS |G REIIGH (Pt NEEAN] ENAGA GLOow
DI SCHARGEGSEI%C%TTI ON ,A%ngtRe,ArtTUS t he dtﬁg\ylggsure O]:l-‘rglh\llﬁﬁlp%& <|nj_fc(.](?r orated by

ref eren@8 HBRGNG!S 16RAr disPasRA Withi thrderasiionahamber 28 gngsoximal tolse CvD

regi ons 65, o] i agﬁ’cﬁr a hi gher
prgssure cé?%yé’é;?’%(gtm "?’Sﬁg Fsét}r%éegﬁj%tg,g%%g eg)ga?ét?@qhgq? owlé\r’mrlthr n g PVD
regi on 55 oemboddvent efghe pres@nhrimyentioryeveain dus rsTmmagnetsermspmtmretgtr on

cont enpl at e nf | osition
egion 1 n S abufe (a8 TH 30 mh R S P TaR B Bl B BReMER R ar
beni gn to apnessxtrbe?VDipmese may beeghplogedintthe rmstémerrwénti@rpomreaamn@aenber 20,
confine uId not e urr d Eahde ositio ion naé&tr)\eisolated
by provi "t?&HPtd TEAGHRN I/ 'Bft &cenfinenent ¢ wo

differ ent pér%r%e?@e o‘bﬁteﬁﬁihg%é Pvmrbbrﬁngmnnr%é'rééetw s &hBYR process and
a CVD process may provide thin filmdeposition within the sanme chanber 20
wi t hout bei MgniéQigs 439 atprovigled te BaimaeAELNisAtion withonp @& e MiakiyRfave pl asma
enhanced ch ition ("WVMPECVD') device 400, as illustrated
in Figure 8@6@&)@/}7@4 su srt%f?gtéed for MPECVD device 110 in order to increase
the desired wi diAresctidegas.ifoi example argsneisi iotadduceddo thkegdinement pr ocess. The
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the wi dened m crowave |inear applicator 420 has a first end 421 and a
second end 422. A first applicator half 430 and a second applicator half
440 are in close proximty to formthe w dened applicator 420. The first
applicator half 430 has a first end 431 and a second end 432, and a
plurality of apertures 433 through 438 disposed therein. Simlarly, the
second 25 applicator half 440 has a first end 441 and a second end 442, and
a plurality of apertures 443 through 448 di sposed therein. It should be
noted that although the enbodi ment of the wi dened |inear applicator 420

di scl oses six apertures in each of first applicator half 430 and second
applicator half 440 ~as substantrally rectangular |t should be noted that

o o o " T v o



The second end 432 of the first applicator half 430 is adjacent to the
second end 442 of the second applicator half 440. The wi dened m crowave 10
| i near applicator 420 is disposed within the m crowave applicator enclosure
410 to prewedboraditi cl es fromcontacting the w dened m creayavsyohisaear
applicator 420. The WWPECVD devi ce 400 further includes a first wave guide
450 and a second wave gui de 460. The first wave guide 450 is in

communi cation with the first end 431 ot7the first applicator half 430, the

second wave guide 460 is in 15 communication with the first end 441 of the

second appBpe i PVidgAto maintain steichigmetns dypng the spritenagiPROGES nuni cation with
the first qap) ¢ i ve

ener gy pronra iy O ARUTIGRES A6 iRl 90 RS A HiegalupceKicE] i

appl i cat or whidhfmabe imtheforontia &fpturcentor highl ffeauedcy Atternating camentapert ur e

i s dispose Bl [ . Of ' : i alf 430 and
secondpappglsglal{ngw%h% '?Fii‘%f {r\lemeafb@ﬂlogilqf%a#%ﬁg%@%héﬁgggée ﬁ}otg\g/l ded by the
m crovwave gavsied paifiot elegtromatwittie thehslasivig aghievadGh ordercb sastaimhe fir st

CE baos PR e o Rt e Sk ey RIS bl ™
respect i vekigl Kdcalgé waérﬂétefa@m?wms-the?élaémacm@ibnwmwoﬁqcle. lirpthui t abl y
coupled to the m crowave source 470 by any nethod known in the art. An
exanpl e of Miliiareragig.e Oftnise. pleckonmyhich lepyeribagatede driddnaselikabove. The
M Crowave sQuEtamdtkGoTRI G b aca R ERNENR rBBULAG B a RAR G O der to

di stribute mcrowave energy emtted om the mcrowave source 470. By
di stri bl i efficiency @ndrutivaatelye niasoa falwrem The neronetic fisldfoecesdoe etectdng onl y

one mcro [ OVi . 21 PCTI US00/ 03874
00° At or nadt e th Bss A gt 15kt eb  mASn @itk S8 tining e dgandrel frrig=T | Ho00 O30
in comt"ryni idapbg'mt)nr/]\bmfmmmmw hta\_/é Erpfﬁitimé:@guahdigzgmogwrg@ect;ﬁﬂ and 4|GQ )
respecti ve o WM ou | hcorporatin e . | er I N ofr.aer O acco IS
he’ same. r ellief a g8ston Gsxptgh anatkbier T Be sliigpedoan s POSTHS ShYZEP ot neen
the first appltdaefb®badatdm ¢ilesind dnles eessuddentnPpiopalied towalrd a440 so as to

prevent mcrowave energy fromtraveling fromthe first applicator half 430

to the YecHraatiygly cRUPBH suirge, 2npoatvelycharopdtaroel 15Q ©r gxaBe®: Avi crowave
ener gy froni; | f - i

appl i cat or %Erg?%%nzggpm%ﬁ%g;{a |i ?lg@glvgrcs{@év?/ %‘?’%I %c?g{a/rlﬁ g\g@ba{é@ﬁi‘ el (tzlér{ag?soand

di rects exdebe dislosatedharnd dapositedaipan tihe substiate 39.c Acgangassio eomotiR0 and

wi d dli i 4 i i,d i

Commun cat L5a0 g BYeabftiPaas 8D seliinh! AV SB M MAERE #9980 oy be i n
corrrrugi Cﬁt irecbghiizelthat tlstﬁér)migtzi%mgasdigﬁay Be buibstitutedr ee por1 t i jsolhat gr 51?_ and
secon I hr ee ort .1 sol at or e | n conmmuni, t]on , W the s Itter
sa0 i 20t o Retasmine PRV 0dech HeproaTde W N RATIBRMER & ranper

simlar tochhmder 90kt IdasOpatialy detfiry the AP bgihPES had BIREsRPE betweahat or 510
may be in comunication with a first tuner 550 and second three port

i sol at or 529CHRY Miltormanc H N iteH: PrsieraptyPRERRtiINgca GRreBSBEY¥REN The t uner s
550, 560 c r-Ob- i r hriesh ' or

deposi ti on%goé)ﬁlwggvﬁvi mﬁé%ﬁﬁ? m@éhgggme 4(5%%?'?‘%@%?%?3%? i nvention
provi des a padiallyidefining thé &MDi negiopradh isachieveddiy érapleyingeavasuperscaneed when

attenpting.to d it terl al a_substrate..t IS neter _or w der.
"o orders £ 4" BPETTARRE MBS restOEH of B MeRisnliiect s s e wi dened
m CL OWaVﬁ Iviaomam sagwei ma;lt be e#@myedo@ugmb@mwﬂeﬁmdepsests)meemmagu\bes di sposed
within the |inear 25 i cator nust bhecone very narrow. A narrow aperture
' a1 noarthsBEames et the \GEHitD S0y ceulliesh Nihe e oa RS ATINSG HRTSSN erre
rendering tdeseieiHvestionTY divieh® onel & R8T aiffisiirsphss, HoWevBaanBaRile@Ver cone
by the w dened m crowave applicator 420 of the present invention. Applying
t he teachi ig#he aréwWargemmpdiatelyaReranizpibat suitable sunstibites fos difusipent

i nventi gh, | j or of up to about 120 30 centineters |ong or

| onger ﬂgy‘%ﬁhﬁgﬁ?%eggﬁkﬂ ' 001 52221 PCT/ US00/ 03874 28 As shown in Figure
9, the first applicator half 430 and second applicator half 440 are

di sclosed in an isonetric view The first applicator half 430 is
essentially a mrror inmage of the second applicator half 440. Apertures 433
t hrough 438 ascend in size with respect to the first applicator half 430,
and 5 apertures 443 through 448 descend in size regarding the second
applicator half 440. Therefore, it is possible to create a uniform plasna
whi | e avoi di ng unwanted arci ng by providing mcrowave energy at each of the
first end 421 and the second end 422 of the w dened m crowave applicator
420,



An interferonmeter stack may be fabricated by applying the teachings set 10
forth herein. A stack having at least two |ayers nmay be fabricated, wherein
each of at least two |ayers are fornmed by a different deposition process
fﬁl ected fr °Z"y ;means and/or CVD means. As set forth al}%\fﬁjsm}ﬂﬂ%pr ocesses
at are inclfuded under the group referred to as PVD processes” an
processes, not intending to be exclusive, PVD processes include: D.C
sputtering, D.C. 15 magnetron sputterihpg, R F. sputtering, R F. magnhetron
sSputtering, reactive sputtering, evaporative deposition, reactive
evaporative de;ReiémhgmpmaocF ighra e caoss- s&posa’altviuewmpf aumihéi\ﬂbrqﬁnemeais es

i ncl ude: h d.ch

eposi t1 orFTETREESR 3t o e Al oeliag A CUTRaBRR RS RAtERs) 10 Qo cagiosi i on
(" MPECVD' )em&dﬁneﬁﬁﬁ&(/b[é@?m is diggobed mhﬁﬁﬁy@oﬁﬁmmem@ened
MPECVD (" WWPECVD and_el ectron cycl otron_resonance By providing

the PVD ne%iﬁ%aséﬁé[ttﬂ"y aefining M CYP RO Ge H@p%‘éptqeawecﬁ%ﬁﬁléﬂe%\ﬂ l e
Pr event 619k ir 8l SRl DSBNBAICH s gadct i bABKrRabAY ol | east tuo

| ayers nay rica where at | east erent processes 25 provide
mat eri al tchambe&foH feedstapblas indet snanifoldat &) may be gigposed mithircthanmber i s

evacuat ed [ 0 receive
cvacuat ed {heRaRURALERRRI S 6r BETRHIG R USRS ebhatdiadsbe [ €
deposi t i ormapnbeipbysicalyflocated putscdas&‘ bt nplcomndmtbambn@mthhae coefarensait ect ed
fromthe grou nsi sting, of, PVD andl| or an | ayer of

nat eri al p?hﬁ’/&fégob@ E ’%Hy @P%g‘%%f?%@ﬁé%f‘f @? F’C"[J process is
deposi ygd %bﬂeﬁthtﬁeémﬁidi\ﬁé\% ap‘bln&@t@ﬁﬁﬁy@effi)@rﬁ@mtcdﬁﬁrﬁﬁmﬁ @issignéd Ovg.ded whi ch
has been sel ected fromthe group consi stl ng Lh?pBQRt neans and/ or CVD neans,

Anot her | BRatenglomftlpal tq kus ¢l fofe B WE&MHLF&N@O%S EXAVPLE
The first @@@owmf@bremmfrrmw mwriw@rwwmﬁ@@ bISGREFEP! Ovi de a

substrate receiving deposition thin filmmaterials. Aroll of substrate
mat eri al i ZONESViideatporated perpirany referencedi Almsigh awlesna etnhén@ﬁaqoosu tion
chanber of trate IS
wound t hr ot Heﬁﬂg%%aggpgéﬂsﬁsﬁﬁ%vc%ﬁarefs‘éﬁﬁgﬁ ”{ {P‘éﬁ%@e&%raﬁ é of gui de
rollerdgs tshoauld ammq)reradey appmndecbnmﬁhlled in thee ate et ahy oheroltahtmmor The
substrate is |g cont a e gﬁl t o cool Ihle SélEStl‘ate as the
processes SRS Pf'r?éo?/ﬁsﬂﬁaﬁa'? ﬁé’ 88?)?%'[‘?? eMERBLPS disgleped Re@iwPHidc ant
amount of tb@abuntameseuaﬁmt@atmemlssevomeva;em|sm@dddheréﬁz oPergtbdw bars as the
substrate is dra reel toward the first deposition ’

oot onr ChawEPe APBg Lo umiitalT Had Bistarabi RSWaeR PO MHGENTRs on of
material tRaks b ratB@f ARR/Ick @dses Afd ﬁ'léltb:a?%é‘lftﬁof' tﬁetvgéurhrﬁrsél‘ﬂ‘f&et oward the

first deposition station to receive a I"ayer mat eri al. For purposes
of t hi 20exphimpardy dictateghe-pregpdie within the ¢®flampnf<ﬁna@mr|@9 mavizllyeans,

speci fical t rocess provides the thin filmmterials to be
deposi t ed %%fgﬁqqsﬁg %\ﬁ%g{tﬁ%@e Mat erial provided by the sputtering process

is confined w tFkﬂfarrmgd'@poalso ila)ﬁlgumgii an oadjeadmdtmem df khes priesent depositi on

ovi ng. al TRBG Biccnebiaer el e S G ustr B a e ke RS e  na

the 25 teambldm@mb@f 20 het pecepiatbycthe GVIP kgorf6® oNPY/Dreyidd 550 elewnt i nuously

noving substrate. One advantage of the present invention is that the
materi 2P whekef either the CVD region 65 or PVD region 55 in order to prevent cross

contamination. In the event species should escape from either the PVD region
55 or CVD region 85, the species will be drawn to an area within the chamber 20
not occupied by the CVD region 65 or PVD region 55. By employing a flow
restriction device such as chevron, gas flow may be selectively restricted to

30 achieve the desired pressures with as few as one vacuum source. In another



required for the stack design is provided w thout being exposed to external
influences. In the instant exanple, the background gas w thin the
deposition 30 chanber is argon. If the substrate was renoved fromthe
deposi ti on waamze2t WO 001 52221 PCT/ US00/ 03874 30 after pdmusonssys | ayer of
Si was deposited) then the | ayer woul d be exposed to oxygen and ot her
external influences. Oxidation would be apparent upon the surtace of the Si
| ayer. By depositing the entire stack thin a deposition chanber, nmateri al

properties_are .nmaintained and.i rities that may otherwise 5 formon the
P pbced supnbedmant pfbe e ivEBHAL By e dh elkadhay b aiSiaBed ¥e' oort i on
of substr afagilikRy ieash bEtRI ohathbeh Baditgrelind preesurbSthelPaYD dsgivn 560 a second

deposition station, where a second |layer is provided upon the substrate by

ei t her PVDPIRSEWE, and the/BVRdagion 65 presiue.exanpl e, a 200 A layer of SiOx is
provi ded by PV . A1 } i i terial

provi ded by t h(l:ah %ﬁg@p%@gﬁ?&é&glrdggzgéﬁ?gé%ﬁ c{kggeé(}rn\amf‘e?ﬁrl%r? lfgm?eggsi tion

r egi on Bocproyitiesdhea taadistock gakes whbicbréde thepreactantsfos thet CYR. praersspdhei on of
substrate ' r ' ; e - ' : Lyd

deposi ti ong%%gg{aﬁggﬁ%g%%%go@nqﬁﬁ%ﬁ%} ﬁg$§¥%?érfefﬁ)g§®pg§'g%82@16?;?%3&@put tering
process. Ndepabitippsmaieniak peari example) i silednldjoxideissjusireera mixtprecafabsutr e

fined wihin t R [ ith the. first 5 d
Cayer s, Tedbarm ot fehgtns RGeS wat 1 2 aetre A ol nes °or
nmaterial i gvOhREioH EBVNTHIS oRyderridhmb@ress &b Ffbvﬁie@tih@ﬂder\/tb@lﬁ@(irﬁizé@ﬁ’@ ~ layer
of SiOx is praovided CVvD neans, .specifically a MPECVYD praocess,

| by nmeans, . . VD S .
Cont ai ﬁﬁenfea&F'O% Pf silpsie; ?sertinsi'a_ammermécwqf 5&@86_5‘1‘?’1'%"%@%&“1"6‘& _
O her i se, 55 b3bFerBrssideas SibbSHkS il BARISAGH fiffls. "hé dbPsiticGRatguL t eri ng
target would contamnate the I TO target. The substrate having received all
of the | ayiva CVehpiiocess isdimitedeonit Ricthedaassdiow fate ohibe feedsipck @asesd t he
take-up re . I I | i e apparat us
and prepar é}c?vfd-(graqgﬁﬁ%g%ﬁeggﬁe@w%éq@%?@ﬂr& g&ﬁé@?%ﬁvﬁﬁéér%& lé‘gati ngs can
be used t opmdsursGVDhthefpressu?é withinghe icahfineamdes chambeSERAUsbbe ed gl ass,
especial ly in southern cli es... The_instant coafings are nmade practical by
ow pr 85y MM ARGH als&heitaR Tl nT oF BRRteT P iR AR e MW cal vapor
deposi t i Onp(éEEQéEEVDRrgam_es siéH SOMPEC VD [sSinfitd i iheahrdugBputfther ocess as
di scl osed above. SSRC coatings, using only noisture resistant dielectric
and/ or senVadMiigPgFEecoati ngs 30 are deposited in |ayers upon whatever
optical substr i i ; . : : /
PCTNS00/ 03874 g?ﬁ?oo y@r@?bé teg‘”?%ﬁnm gﬁtnétégﬂ'{é ?’ﬁ‘t’%rfe&gr@tggﬁég%ggkocknom as
an opti cal gas atrkam Pnevidgrt by tile feedsikck gasiiotsit gramifoldol 8lb sAs thedeedatodtk UV
radi atin 0SSl ] o e ragi at i Kbl e and
tranem®) aBarEeR SRR o B Hidtol bt R SR Bk P PR R U8 o
conbi nat i oregidn 68 crUsgsthé feedstanttwases to whachandforndaé nibteridd to bea Si 3N 4

(silicon nitride), dielectri ng.an anorphoys. silicon sem conductor wth
dded” car bERPORSR AoB 188 SUblr A Hn BaPETeR eoqlBiniacess. Ut aeon. may

Unf or t unat gbYused! i asdigtin tid maltteriinc8lof 8id pldSRS. ASthd pcuFRr gabédffow peed,

| ow cost nethod for_ production of such an optical stack over a w de area,

such 1o asthoygmiefYBregign®er tedionignagitedsredies and apy BIEEMSr ovi des a
sputterd i LGN nitride
and | e T pENAERTE O isrhih BuPdr ] YRGS B heRel Rk pedhhaldl
require a spwiftigri9iy Refetringalsppewid figues §, a punp det regiombgdhimayde | onger,

coat i ngs. - ABREVEY Ao e B R 25 adth a8 BeRLRER e M e

t hese coat thgimsenoembbdiaient, he pueptout ngeisr AT eomprisdsea facdntt hat t hese SSRC

coatings contain n istu ensitive diele ics (such as Zn0) or free
motal o whi CRMELSREmBPHIS TEF BUPRA! GRORLYEATEY B8 di5RRsPd 4aRreBhUent | v,
these cxmat ke CD REgioR E8ERdeMRoyd Peast 4 Bofoht@Néctensr dn-désositadi ng gl ass
unit. 20 In northern climates, the optimal SSRC device woul d have different
properties in the winter than in the sutmmer. In these climates, it is
desirable to reflect (or absorb) the UV and reflect the far IR in both the
wi nter and the sunmer. However, in the winter it is desirable to transmt
the near IR to reduce heating costs. Wile in the sunmer, it is desirable
to reflect the near IRto 25 reduce cooling costs. The durability and | ow
costs of these SSRC stacks woul d




enabl e the design of wi ndows wear as coating nounted on a clear, flexible
plastic substrate. It could take the formof a wi ndow or a shade or blind.
The band gap of a dielectric or sem conductor is the anount of energy
required fogodps@iectron to transition fromthe val ance bgaRgudeodshe
conduction 30 band. The significance of the band gap in selective solar
radi ati on contr ol WO 001 52221 PCT/ USO0/ 03894 32 coatings is the

correl ation between wave length and enzr gy, expressed in electron volts of
| ight. For exanple, the center frequency of visible |Iight has a wave | ength
of appr oxi rsaeeeyaatseowlagmarwtammgugeh Meedmc@mmxﬂaysﬁnéméql@dﬁeon vol ts.
The band g duct her a

gi ven- 11 eqieHivEp Gerigie T BRERRER QoM D, STLEIIToR eohietlh

parti cul ar betveagmethe punp-autregioh Y 70 ehdra eatutim m:rd:eheOpé]skltbmd emaegryt A phot on

energy greater, than th band I wlt result rption

Ther ef or e, V‘H“Eq %n'ﬁ%@@t? ogﬂg%ﬁﬁrfg ggﬁ’ﬁi%"i‘sl %rgauphmp@?oésqgﬁ Y B%ei r band
gap. Ones erfppdse® Mithdf ordadfeleftiol tHe coRfirimdri @hambenod esrtaipingtetOvy of the
10 Instant invention is one formed froma silicon carbide |ayer disposed
bet ween a fegign 6anitheetinalding RuseRTow regiode! /Oayer . The silicon carbide | ayer
has a band gap Rbrehtifylhof 18 FREE, & Rlskariitbrish diRbodgBnagaut SO0 and 700

angstrons thick s sili co carbide Tayer abs s essentially all of the
WV radi at i mmcromeefenhamcmema@ﬂiwdp@ﬂ qlen@@rﬁlomdtervicgé1Da§/eln@,wea5he have a

300 and S0 adu8HeRREdpdncludts hAIF b R Fhn pEARRY BT 100 N

ni t ndel $0 | morrmwaaelsodme%%mwtmemoalkamwbm thecart in axtiér tofprovide elv ref | ects
about 40% of the Ill? &?g ts over 86% of t1§ isible |i he
transni ssi GRUFFEHE eleet P@Wﬁﬁm BINTOVRYE E%Wf’ﬁrz f "P?emécﬁ%‘ﬁ‘f u{%e whi ch

the 20 humenoewsy bé;asﬁwetrbmea@wmqueatnlmbnlywﬁmgmttheaﬁomnmrenpear
col orl ess. The thi ckness of the coatings and the band ggh\g)b‘of the SiC

coating carPfBenagfeliopdwadaitifizenea filament ﬁ'éargewthme&m' 89%fatdeast
transm ssi qg?\ﬂteny fosedi %@éﬂﬁéﬁf% thieR wehad VasudrPEn&Rba! THYNdcalimt Y. Anot her

enbodi nent a selective solar radiation control coating of the 25 instant
i nventi ¢, ichamber oithawaagnetion &ead nae armagneticdield agpdied sodhatdbel fisldt ween t he

band gap o Shoi PaLeaG s afRksbting Ailln Hisir driie RO yi e Nee @

angstrons tdmagded fildraemt rigte raagheiledmmjcahsamlmrbnkfromahb(ﬁtamemem begiach have

a refractive i.n o) r. hi. nd are en a t 200 and ’
S50 hng LuSoOIEEs WRnditodhefntal B R erpr Mo S Slf & SRR e of £9221
PCT1 US00/ 03hépe 3A ﬂthlrlaﬁtbef@EOmds brekial cdmnmwridatioaniindte FRignetronichambabsor bs
nearly all of the refl ects about 40% of the IR and transmts about 94%

of the Wsmﬂué'”glt%f'famﬁ% fha Ravieshave tB@'&IQV‘insfr%’é‘ﬁf‘%Y 8ed BYSURCC3YSSr ti on of
the SpeC”HH@ab%c%h&fb &ﬂ%h‘H@EﬁBa&Y@a\h a%EtHé* bibitane GRINFHIWRRIA the MaKiI Ng the
coating appear colorless. The 5 ess the coatings and the band gap
of the Si Croagnsiiog chambse & a@peqns eorftinne te ayele witbingbeimagmetrand shape of
the transm I =C eytrality. Yet
anot her errb%%h(r?r)gﬁ o:‘{ﬁ%y secgIé ?o\(;Jee@ﬁ"laf; %e %lonuggr?tSrq(i¢é)r{ce6{§t :Arﬁg of the

i nstant i nvaténrae dlspczsad i onerefltheraanities ¢s aﬁeahmtbymeaiycllraag/elleetdommmd ngs of
1o siIi nOXId nd, si n.nitride deposited n the subtrate The
511§ contni uf PaateR ek BB aiSupBEERe b Bheld8 F9E and’ i ¢ nor e

than one duvicrdwaies af® siittd freim &itpanteshad e & Walvé uidexdedewtsitldl gaides con
nitride al ternate The silicon oxide | aéers have a refractive index of

about 1.48 tAA@igPwayemiheeghya eqaer isakaar 220 and thed 12 808NemEd MBRs t hi ck,
and the si I chdH lsblafs ﬂz@%@éﬁcﬁfﬁ'{l@ro@va% 206l B diNGle ctdBorT AgPOUt 1. 97 and
are typically between about 1000 and 1500 angstrons thick. These dual

| ayer ed si |mictwayes adiicti aregefedied bacctowsRrhedareenpst isplatari22heanel y al | of
the UV, ,xef I e IR for
t wo duaF{)I a%gﬁéagﬁgg%ﬁ ?’ee/%tﬁrgs}o%??rjoé;qff ﬁareeg(g@l?%ut%laa\k’%r%giogr?g%@eg&g%t abou

20 94%to 95% of the visible light, The transm ssion peak is centered
around the portion of the spectrumto which the human eye is sensitive;
consequently,



maki ng the coating appear colorless. These coatings are useful for formng
coated optical articles which include an optical substrate having at |east
one surface and at | east one selective solar 25 radiation control coating

deposi t ed oWwiookirgr optical substrate. The optical substraperiRinBe 9! ass or
pl astic. Yet another enbodi nent of a selective solar radiation control

coating of the instant invention is one forned fromone or nore dual
| ayered coatings of silicon oxide and &1tani um oxi de deposited upon the
substrate. The titanium 30 oxide |ayer is deposited adjacent to the

substrate 2% is R lped @ataing deidceiadaptedinieducaveiipgiesbpomerrdhRUS00/ 03874 34
coating is i al ternate.
The sili conﬁgﬁwﬁgfgéer t'g\}fe\é?/gl M‘@ tﬁlg\?'ea&lbhgj %@%@%ﬁ]{té %mﬁééand are
typi cal |y beitreaveapplicatabPSGwHichZvenigisitivutes thdm(dxowa\mjemdtgy tritd #ve um
oxi de Iaye(rjqj\(lgave a fjrﬁfrlact ve i ndex o ?a}bogéo ﬁg) and are t i cal I?/

bet ween ab A3H9°%nd"8 'T?L%'dngﬁodﬁvleoar@ '? P @8 A 3?%%?% MRAEFY al s
useful for fidhetHeSbvegatie 289, @fthé Mave BsildRN60 éhtﬁlﬁédﬂ%r)@f@t@ﬂ 250cmay ni tride,
silicon oxide, titanjum oxide, silicon oxynitride oys of these

material s R8N EHBLBIRIEOMRINERbNd- | i ke carbon. Additional ly, while silicon
carbi de” has, Decelmil ABRbIgs FiRGY 1 AN IEHaCTRMEE! & omblbBfior#Bl ol ol > 10

such as silicon, dope 1 con er mani u oped germani um and ger mani um
car bi de ar dinesemigrowave applicator 368 is stwre ?hﬂaaPMWémﬂ?@ﬁ lﬁasgenééaﬂydescrl bed

maceoroct Balbblr P BT P, AARAELEBPondd aSHAL. 20 |
enbodi medt sl PiguoseddiseseSthe lireat Spplaator5P, having  firsteed@8d, a0 cover al |
oAt R B A A0S B SRS, WG IR B gl aPpd i
her et o. W2V rigr aéaﬁaltMéépecStdtéaﬁhrmw&e's PST MO0 268 derter. APpir at us f or
the deposition of thin filmmaterial upgon a substrate
microwave energy enters at the flrst end 251 adjacent to aperture 253. The
microwave energy "leaks" from the linear applicator through apertures 253
15 through 258.
As the microwave energy leaks, the microwave power within the applicator
is decreased in intensity. For example, if 16% of the microwave energy were
permitted to leak from aperture 253, the power of the microwave signal would be
reduced to 84% of the original power. By permitting the microwave energy to
20 leak in a substantially uniform manner, a uniform plasma may be created within
CVD region 65. It should be noted that although the embodiment of linear
applicator 250 discloses six apertures, 253 through 258, as substantially
rectangular, it should be noted that various and variable aperture geometries
may be employed to achieve a uniform microwave field within the CVD region 65.
25 |t should also be noted that adjustment of the leak of apertures 253 through 258
is strictly empirical and that tuning is required in order to achieve a uniform
microwave field within the CVD region 65. It should further be noted that
although six apertures have been disclosed in this embodiment of the present
invention as in Figure 7, any suitable number of apertures may be employed to

30 achieve the desired result.



conprising: a deposition chanber; 5 a punp for evacuating the interior of
sai d chanber: a substrate operatively disposed within said chanber, said
substrate being novable froma first to at | east a second station for the

deposi tion ' rent | ayers thereupon; first neans for hokdml) A~
first Iayeralg)fﬁ)ts%l;ﬁ filmmaterial onto the 10 substrate; gg’g@%@}&#géns for

depositing a second |layer of thin filmmterial atop the first |ayer; and
said first and second nmeans adapted to2zleposit the |layers by two different
deposition processes selected fromthe group consisting of a PVD process
and a 15 CVD pr dbegduralty ofppentures 259 throbigh 268 arevbacedrat mppraxinatelyall of each

Gi st ot - aMAETbGHLRRAThIN GToRtly MR abistBrhBreTETEIds B8R SeREdli: o o o
claim1, whpeeainsttssi dhB\Vhiciowewvesevieed 10VOdpsigeeas® mpeitatatralelingbaivant i al |y

the sane pressure. 4. aratus of claim2, wherein gach depositjon region
i s isol at eFORF 18 aZ’Q'Q:UﬁE‘é At accpaPanRy aE?.taWﬂ%WQY%s.?B? p@l""ﬁ%rﬁ‘@{ E’W'uer eign

the pr eséurs?aﬁliiiédqg%‘@ﬁfeth%imﬂ\m &ﬁ%thﬁe diatd 61tRElartidesat BFovide NO

greater than an order "of nmagnitude. 30 paratus of claiml, wherein

sai d PVD prasisausteiisfosrtian et wedhenable thoss golilesbipine 98 teawdestie 03874 group
EOES' sting p%sé?it?elgﬁé)ﬁghﬁfﬂn\/glgm i éoh'ggg'agééﬁﬁbnwb'é&r fie!9; R F. sputtering)

. F. magnet'ron sputtering, reactive sputtering, evaporative deposition,
reactive evapor &eturaingamesia Figure Gtice plicewaveadevickeptdfuriheninchutgssai d CVD

D A Aol R R bt S gl RARVEY P E
wher ei n1gairdgiBMB5r oG eaatatimibitse Andarapplicdtod F50. aThéRmicrowagnet r on
sputterd ng’ap‘f?)?icc:ialtg;jl iercuiclgsx:[r)e E')Zr48(fse Srsefg'ggl\)l/ifggnsca?ec] fi?gn% rel é)it];legtirig(mgtgrial which
is substantially transparent to microwave energy. A preferred material is quartz,
however, it should be apparent to those skilled in the art that other suitable
materials may be substituted for quartz. The microwave applicator enclosure
15 240 may have one open end whereby the linear applicator 250 is inserted into
the microwave applicator enclosure 240. The enclosure 240 is typically, but not
necessarily, at about atmospheric pressure. Also, the applicator enclosure 240
may be cooled by a liquid or any other suitable cooling means known in the art.
Additionally, the microwave applicator enclosure 240 may have a second open
20 end and protrude through the vacuum deposition chamber 20 at both ends. For
strength purposes, the microwave applicator enclosure 240 should have a
generally cylindrical, or generally curved shape The microwave applicator
enclosure 240 may be sealed at one end with an end cap 270 formed of the
same material as the microwave isolation enclosure 240 and may be securely
25 attached to the vacuum deposition chamber 20 by a retaining cap 290 and
retaining rods 280. If desired, the microwave applicator enclosure 240 may also
take the form of a test tube, eliminating the end cap 270. One or more seals 300
may be employed to prevent air leakage where the microwave applicator
enclosure 240 penetrates the vacuum deposition chamber 20.
30 Referring now again to Figure 5 and Figure 3, as previously mentioned,



MPECVD. 10 8. Apparatus for the deposition of thin filmmterial onto a
substrate at subatnospreric pressure, conprising: a deposition chanber; at
| east one PVD neans for depositing thin filnms material upon a substrate 15
oper ati vel ywoiogsed W t hin sai d deposition chanber wi thi pepusidlgsgregi on;
and at | east one CVD neans for depositing material upon said substrate
operatively disposed within said deposition chanber within a CVvD region. 9.
Appar atus of claim8, wherein the suba2hospheric pressure in said 20
chanber is substantially the same for said PVD neans and CVD neans. 10.
Appar at us 87e micsewe\® enargy frem the myeiowang device14P srLses he feeddteslement

; i P ; P _ ; ;
Stbstant | abrSey Rk o BRABE il AR ozt Soot M SE0RTD e
CVD r egi on Theimmigrosualys teartdyaproyides alregredersity af free aadicalaotdmparedéo thle sai d

fi t . wher eb d ' ' fr h i
epost &1 on S R RAHety BRRe PREN. BT aRa L5y 18 FlobBh e o8R0EE ¢ 1 o1
r egi ons.5 3@atéd andpRaryt 08%Altiligatiinofihe VeieRICR gages RyEHiORSAIYS tHeSow

sputtering device, WO 001 52221 37 said sputtering device conprising: a
cat hode w PFRSSUEES edeplOnesTReam HRB #Ath %HEWP@PF tSOBHAHSE BReGieS| east one

target secUpfiblifihg® Sherall ?@Qrﬁla UPRbnity2 T ARith & Patiefl tohePatingpater 1 al to be
deposited onto the substrate. 5 12. Apparatus of claim8, erein said CVvD
means is aSHbaiMeARhENIpPresawres ihiiecielividthe materigiowhiesp6e depesitedVPECVD)
e L s s
10 in the plasma while providing the most economic mode of plasma deposition.
Each deposition region within deposition chamber 20 is isolated by a
confinement system. In a pressure regime of about 1 millitorr to 10 millitorr, the
behavior of gas molecules falls between laminar flow and molecular flow.
Laminar flow is characterized by a Newtonian response of the fluid to some
15 force. That is, the gas molecules acting in concert are compressible, have a
density, viscosity, and when in motion are characterized by a boundary layer flow
field. In a molecular regime, gas molecules move independently within a volume;
a gas molecules change in motion, or vector, is a result of a collision. In the
molecular regime, a gas molecule will continue in motion until the molecule
20 strikes some surface or another gas molecule, whereby the trajectory of the gas
molecule is altered.
The transition regime between molecular flow and laminar flow is known
as the Knudsen regime, characterized by a hybrid behavior consisting of
qualities of both molecular and Newtonian flow. The mass flow rate for a
25 Knudsen regime gas is described by the equation F = CaP where F is the mass
flow rate of the gas, C is conductance and aP is a pressure drop across some
restriction from pressure P1 to pressure P2, where aP is the difference of P1 and
P2. By operating in the Knudsen gas regime, the best of both worlds is available
in that a plasma may be sustained within this pressure while the gas exhibits
30 molecular behavior.



aperture, said linear applicator being disposed within said applicator
enclosure so as to isolate said |inear applicator fromspecies within said
deposi tion chanber; a wave guide comunicating with said first end of said
| i near appl 15 and a m crowave source conmuni cati d wave
gui de, mher‘«&é?l"?ﬁ %:'r owave energy enitted by said mcr owavglggsfg‘tﬂgro@gi?‘l
directed to said |linear applicator by said wave guide, said aperture
adapted to generate a uniform plasna framthe-m crowave energy dispersed
within said CVD region of said 20 deposition chanber. 13. Apparatus of
claim 8, wherei nnsm prefa/fedlembodimest, 2avh dre efithe confinementoihestiereédanced

N

chem cal 0 | tion ECVD deyi ge conpri si ng:
25 an appl ﬁg% PBQ@P@ “'?%N-B%Feﬂ“eqﬁ f%%g\?énl rELHOY VY% or having a
first appl I@@érﬁfre bsloff eandc@nfﬁr@ﬁ@mcmérs@bcm \dt partiafy Befdingairvd i rst and
second applicator having a first end and second end, sald second end

of said firgign 5\%@&3 QMQ re@!ﬁb% hENg syRstrate $;beipmin losaPramiy tathgai d
second egd pleriifé 85 2 880 coNRHenf BRAMEG! Y 1uRAbI derfREI BYDbgidAsd 11 st
appl i cator PATT an appl 1 cat or h

secon avi ng |"east
00/ 57221 PCIHd/S08 CYEBRgI@EAperture, said w dened m crowave |inear

applicator bein dIS i cl osure so as
to isol ate sai dqf §§%8w35§ rrnggs 'ﬁ%‘wa%ﬁ?%ﬁ rﬂRgﬁg%%éﬁmﬁme% rst wave
gui de and aretg&mrmgwbetv@wn@bsﬁaued%o‘arrclsctonmmegmmtﬁrmnnpmmdsng with
said first end of said first a at or | f, said second,wave quid

comuni cat i #YaRe lreeerPyghteac Eg et der any; taFe ghaj@"l“i '@596 f"% and a

nM crowavg Seétveen TEBHIineAicht ehathtbdt oBoeHY UbstaleBd. | TS gap s infrizedhal f and
second applicator half, whereby mcrowave energy enmitted by said mcrowave

source is dioreasfiag thymatierwithin each senfinementichrioerfiA Widhaus contegting the

m crovave 19 d4dgaso aﬂpér r%?ir}e éé;ﬁerh&gé@ibgt@%c! P theSP9D r8dioRd5d i st
and second appl i cator uni I sperses crowaves within said CVD
regi on. 14.ong¥Rragios G@fthﬂ gasrmql:eculwrmséba tragielihaning pathveady naedel tocl udes a

[t " OBRYELSOUECR A2 REaah LSO AL R BRIl ! o7 OVave

source 15 connunlc wave gui de seécond
m crowavié ssubstratec30rsuntaceatiengpssitility trait d gascusidcviawd!! gsoage.in s Appar at us

of claim8, wherein said PVD r oG and sai d CVD ess operate at a
pressur e belEBY BHB0(C95% & THORTPET {5t For28ue § eI QIESBRCCl ai m 15,
wher ei n sai gadivie yecrs eanfinkdiRéra! &5 iRlcomnidrfs SsEEInReINRRkfdwint the aFttas3
mllitorr, and sai d_CVD process operates at a pressure between about 5 to

10 millitor@ch Q‘HOW Thﬂr%ﬁhéﬂy n@ﬂ-deawtiee&ppngs #ithina BVPJegiaetaY st ack
ayer f or mod T oo o8 B S el P BN o
consi st i2@g tefactioryas pxhatist maaifeldd 3@\@)“19(@5@59@ a R\ pronssh odthedapdsioely t he
steps of: %QQ’ E)?Hd&gt %aﬂﬁ&8 S1i9E)iir? the é]a%%? a’CVD process. Particle vector

confinement prevents potentially hazardous silane molecules from traveling to

the PVD region 55 where the silane molecules may react with the target 150

resulting in contamination.

25 Alternatively, cross contamination may be prevented at pressures above

the Knudsen regime by incorporating gas gate confinement. By taking

advantage of a fluids Newtonian behavior, non-deposited species may be

confined by flowing a gas, an inert gas is typical, but not always necessary,

between two deposition regions. One method of gas gate confinement is

30 disclosed in commonly assigned U.S. Pat. No 4,462,333 to Nath, et al for



30 evacuati

ng the deposition chanber to sub atnospheric pressure;

00/ 52221 39 providing a substrate within the deposition chanber;
PCTNSO0/ 03874 depositing a first layer of material by a first proces

sel ected frREPpas2 YD process or a CVD process onto the subgsdwgdosioisand

depositing

5 CVD process atop the first deposited |ayer of the substrate.

a second | ayer of material by the other of the PVD proces

met hod of claim17) further conprising2bhe step of: providing a plur

of confinenment systens within the deposition chanber for
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least two different processes selected from the group consisting of a PVD
process and a CVD process may provide thin film deposition within the same
chamber 20 without being subject to cross contamination.

A widened microwave plasma enhanced chemical vapor deposition
("WMPECVD") device 400, as illustrated in Figure 8, may be substituted for
MPECVD device 110 in order to increase the desired width of deposition of a
chemical vapor deposition process. The WMPECVD device 400 inciludes a
microwave applicator enclosure 410 and a widened microwave linear applicator
420. Referring now also to figure 9, the widened microwave linear applicator 420
has a first end 421 and a second end 422. A first applicator half 430 and a
second applicator half 440 are in close proximity to form the widened applicator
420. The first applicator half 430 has a first end 431 and a second end 432, and
a plurality of apertures 433 through 438 disposed therein. Similarly, the second
applicator half 440 has a first end 441 and a second end 442, and a plurality of
apertures 443 through 448 disposed therein.

It should be noted that although the embodiment of the widened linear
applicator 420 discloses six apertures in each of first applicator half 430 and
second applicator half 440, as substantially rectangular, it should be noted that

various and variable aperture geometries may be employed to achieve a uniform

m
d

licon,

conpounds sel ected fromth rou .consi st.i ng of s | ican r bi de [
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WO 00/ 52221 PCTI USO0/ 03874 40 22. The nethod of claim 20, wherein the stack
is formed froma silicon carbide | ayer disposed between a first and second
silicon nitride layer; the silicon carbide |ayer having a band gap of about
2.0 eV or g WEiafnd is between about 500 and 700 Angstro‘;&./‘?gab,gg“ and- 5
the first and second silicon nitride |layers each having a ractive index
of about 1.9 or higher and said first and second silicon nitride |ayers are
bet ween about 100 and 300, and about 3@6 and 500 Angstrons thick,
respectively. 23. The nethod of claim 20, wherein the stack is forned from
a silicon Ificoxwadvedield. aly ehould efsodedndied that @diustmerg tof thedlegle obapertliresrond- | i ke

or b gher” s hEgede AP B riion 216 SEE BBy BALh s Bt e e
first and seqolmti i craentd-dohlewe caviriiform IndgingvB fividnwittdn tted CeDtregionieidex of
about 2.3 or (1:1 ? and t he fhrst and second di anond-1i ke 15 carbon | ayers

are bet weerlt %{ﬁ wiher BA qowsEnatainoygh §ix aRetuEss, %’i‘g@?‘?{%ﬁﬁg Phi ck,
reSpeCt'Ke|ééch?o4f|rs-“é$pr@tmmi30°érﬁ é@o%ﬁd aWBﬁéa%éﬁhélM(ﬁh%ﬁu‘& i's formed from

at least one silicon nitride layer and silicon oxide |[ayer; 20 the silicon
nitride |ambcr$hmﬁnfgofah¢ erasgat inyentjondsdndfigure §7 apy S%li%ﬂuﬁlhﬁf@fs bet ween

about 1000 )%55%9 fag%g@%gﬁadttﬁ eKieva ik a%?reﬁ'rle&ﬁpn oxi de |l ayer having a

refractive |n and is tween about 1100 and 1900
Angstroms t hi ck.TheSezsnd §h@4&%bﬁtm fot appdicatoclalf 4@ seadjaceinttsthack is forned

fromat |east _one tit m oxi n oxid t he
titani um oxigg" 3442 secosgla t?f}q lgdg ﬁ?%‘dﬁﬁe‘gm#gﬁéﬁ and is
bet ween 1abqwea1496plmcbr1432605 Arsgsséd)wnhm Ittnechicramahé &splickior epoloedriedst ol ayer

having a refractive in 45 or higher and is 30 bet ween abo 250 and
1260 Angst r'8mEeYait ER"'C%S%%G?@EQ‘E!Q the wWidened MiceRYRYE inear BRrliFata

conpri si ng:Trk WIMPRORD YRR 4005LAReraRSLESY ' Bifst wave guide 450 and a second
wave guide 460. The first wave guide 450 is in communication with the first end
431 of the first applicator half 430, the second wave guide 460 is in

156 communication with the first end 441 of the second applicator half 440, A
microwave source 470 is in communication with the first wave guide 450 and
second wave guide 460, whereby microwave energy produced by the microwave
source 470 is guided to the first applicator half 430 and second applicator half
440. At least one aperture is disposed within a side of each of the first applicator

20 half 430 and second applicator half 440, which allows microwave energy
provided by the microwave source 470 to penetrate the CVD region 65. Each of
the first applicator half 430 and second applicator half 440 may be a separate
component from the first wave guide 450 and second wave guide 460,
respectively, or integrated components.

25 A power supply 500 is suitably coupled to the microwave source 470 by
any method known in the art. An example of a microwave source is a magnetron
head, as disclosed above. The microwave source 470 may be coupled to a
microwave splitter 540 in order to distribute microwave energy emitted from the
microwave source 470. By distributing the microwave energy from the

30 microwave source 470, only one microwave source 470 needs to be provided.



PCT/ USO0/ 03874 a wi dened m crowave |inear applicator having a first
applicator "half and a second applicator half, each of said first and second
applicator half having a first 5 end and a second end, at |east one
aperture diwpomeagiwi t hin each of said first and second apgdtossveossrhal f)
said second end of said first applicator haft being adjacent to said second
end of said second applicator half, said wide mcrowave |inear applicator

di sposed within said m crowave appl i caér encl osure; a first wave gui de and
a second wave guide, said first wave PUI de 10 conmuni catin %Wlth said first

end of sai d“'ﬁrﬁ‘%ttveﬁ’pﬁw BRFraWaKR ppurcesn(net sBewNl Sasl 8T WHICA &R cat i ng

wi th said fdonshufbstiod wigsbhe 8%@Wﬂst%la|ée€éﬁ@6vabébbpdea45@ Qh@%ﬁe source
comuni cating with said first and second wave guide, whereby m crowave

ener gy gengespesiively, wilheutrinearpatatieg theusnliter S4Qm qrder ocrosamglish thet  and
second appl %?é aI ves, said at |east one aperture disposed 15 within
each of saidfir and second applicator halves allow ng m crowave energy
to forma CVD plﬁaskemrtwhelshsraxhg sdrew 530 may beatisgdsed betwiespibedidstwi t hi n an

evacuat ed d SItI nber, and a feedstock troduced t her ei nt o.
o7 The wi CERLBRRT BRBAA0 Bndds Berobr opisaionell i pd et AR Gened 20

m crowave |mi&?&ﬁa@mﬂdr§)air6m ttévefiig frémhe ARD UpplcHitordRIN43TEoaR6 skedrl  28. The
wi dened m crowave device of claim 26 further conprising at | east one

shorting scaRRlCBer MBEA4Q and aftprnatively do BevBRUMEHVIERTONEPM th8aj d shorti ng
screw bei ngséeeﬁa'ap‘ailcét&ﬁa%mﬁ@qma & A8 firdt asaﬁézat&fhawéb fsr'i&hn nd second

25 appl i cator he w dened m crowave device of claim 28 further
conpr i silfig; scaew SRP tor @ﬁdeﬁ)@rﬁa@ldﬂ@l gndiriseis eucassticEwaygianergawaaiiemsour ce

and each Ofunad gl aoRn SREON MBS, Al SBoycr 2B P fiopPl |1 e

di stributes m crowave energ 0 eac second wave
gui des. WG HYUEIDP0 dhay B€T|/\ cS0nLORAldn 8@h affitst twnelebEsilamd tremesond devi ce of

O 20 LB B8 8 e BIcBRD R e hcBh SRE oL et g o
gui des, . AyporfNsbiatdif 53.0%and €96ond three port isolator 520 may be in communncatlon

15 with the splitter 540. First and second three port isolator 510, 520 function in a
manner similar to three port isolator 220 disclosed above. Three port isolator
510 may be in communication with a first tuner 550 and second three port
isolator 520 may be in communication with the second tuner 560. The tuners
550, 580 control the amount of power provided for chemical vapor deposition.

20 The widened microwave device 400 of the present invention provides a
solution to shorting problems which have been experienced when attempting to
deposit material upon a substrate that is 1 meter or wider. In order to provide the
required amount of microwave energy to the widened microwave linear
applicator 420, convention dictates the apertures disposed within the linear

25 applicator must become very narrow. A narrow aperture in a linear applicator is
commonly susceptible to shorting problems rendering the device impractical.
However, this obstacle has been overcome by the widened microwave applicator
420 of the present invention. Applying the teachings the widened microwave
applicator 420 of the present invention, a linear applicator of up to about 120

30 centimeters long or longer may be achieved.
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As shown in Figure 8, the first applicator half 430 and second applicator
half 440 are disclosed in an isometric view. The first applicator haif 430 is
essentially a mirror image of the second applicator half 440. Apertures 433
through 438 ascend in size with respect to the first applicator half 430, and
apertures 443 through 448 descend in size regarding the second applicator half
440. Therefore, it is possible to create a uniform plasma while avoiding
unwanted arcing by providing microwave energy at each of the first end 421 and
the second end 422 of the widened microwave applicator 420,

An interferometer stack may be fabricated by applying the teachings set
forth herein. A stack having at least two |layers may be fabricated, wherein each
of at least two layers are formed by a different deposition process selected from
PVD means and/or CVD means. As set forth above, the processes that are
included under the group referred to as PVD processes and CVD processes, not
intending to be exclusive, PVD processes include: D.C. sputtering, D.C.
magnetron sputtering, R.F. sputtering, R.F. magnetron sputtering, reactive
sputtering, evaporative deposition, reactive evaporative deposition, and plasma
arc deposition; and CVD processes include: thermal CVD, hot wire CVD, plasma
enhanced chemical vapor deposition ("PECVD"), microwave plasma enhanced
chemical vapor deposition ("MPECVD"), D.C. PECVD ("DCPECVD"), R.F.
PECVD ("RFPECVD"), widened MPECVD ("WMPECVD"), and electron cyclotron
resonance (OECRO).

By providing the PVD means and/or CVD means within the deposition
chamber while preventing cross contamination when necessary, a stack having
at least two layers may be fabricated, where at least two different processes
provide material to be deposited upon the substrate. The deposition chamber is
evacuated to a subatmospheric pressure. A substrate is provided to receive
materials thereon. PVD means and/or CVD means are provided within the
deposition chamber.

A first process is provided which has been selected from the group
consisting of PVD means and/or CVD means. A layer of material provided by the

LA
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PVD means, or CVD means. In this example, a 200 A layer of SiQ, is provided
by PVD means, specifically a sputtering process. The material provided by the

10 sputtering process is confined within a deposition region located adjacent to the
second deposition station. The portion of substrate having received the second
layer is then drawn to a third deposition station, where an 800 A layer of ITO is
provided by a sputtering process. Non-deposited species provided by the
sputtering process are confined within the deposition region as with the first and

15 second layers.

The portion of substrate having received the third layer of material is then
drawn to a fourth deposition station, where a 1000 A layer of SiO, is provided by
CVD means, specifically a MPECVD process. Containment of silane is critical at
the fourth deposition station. Otherwise, silane molecules coming into contact

20 with the ITO sputtering target would contaminate the ITO target.

The substrate having received all of the layers required for the stack
design, is then drawn toward the take-up reel. The roll of completed material is
removed from the apparatus and prepared for shipping.

Selective solar radiation control coatings can be used to address the full

25 potential market for SSRC coated glass, especially in southern climates. The
instant coatings are made practical by low pressure, high deposition rate
microwave plasma enhanced chemical vapor deposition (PECVD) processes
which are more economical than PVD process as disclosed above. SSRC
coatings, using only moisture resistant dielectric and/or semiconductor coatings

30 are deposited in layers upon whatever optical substrate is desired, typically glass
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as a wmdow for commercial building. The prior art provides a sputtering process
at a rate of 10 angstroms per second for silicon nitride and less than 5 angstroms
per second for silicon carbide. This would require a sputtering machine
approximately in order of magnitude fonger, and thus the process would be more
expensive than to provide ZnO/Ag coatings. However, the widened MPECVD

15 device disclosed herein makes these coatings economical.

Of great importance is the fact that these SSRC coatings contain no
moisture sensitive dielectrics (such as ZnQ) or free metals which are susceptible
to oxidation (such as silver). Consequently, these coatings do not need to be
placed in an inert gap of insulating glass unit.

20 In northern climates, the optimal SSRC device would have different
properties in the winter than in the summer. In these climates, it is desirable to
reflect (or absorb) the UV and refiect the far IR in both the winter and the
summer. However, in the winter it is desirable to transmit the near IR to reduce
heating costs. While in the summer, it is desirable to reflect the near IR to

25 reduce cooling costs. The durability and low costs of these SSRC stacks wouid
enable the design of windows wear as coating mounted on a clear, flexible
plastic substrate. It could take the form of a window or a shade or blind.

The band gap of a dielectric or semiconductor is the amount of energy
required for an electron to transition from the valance band to the conduction

30 band. The significance of the band gap in selective solar radiation control
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is necessary to express materials in relation to their band gap.
One embodiment of a selective solar radiation control coating of the
10 Instant invention is one formed from a silicon carbide layer disposed between a
first and second silicon nitride layer. The silicon carbide layer has a band gap of
about 2 0 eV or higher and is between about 500 and 700 angstroms thick. This
silicon carbide layer absorbs essentially all of the UV radiation. The first and
second silicon nitride layers each have a refractive index of about 1.9 or higher
15 and are between about 100 and 300 and 300 and 500 angstroms thick,
respectively.
This silicon nitride/silicon carbide SSRC coating absorbs nearly all of the
UV, reflects about 40% of the IR, and transmits over 86% of the visible light. The
transmission peak is centered around the center of the spectrum to which the
20 human eye is sensitive; consequently, making the coating appear colorless. The
thickness of the coatings and the band gap of the SiC coating can be adjusted to
fine tune the position and shape of the transmission curve, which adjusts the
coating for color neutrality.
Another embodiment of a selective solar radiation control coating of the
25 instant invention is one formed from a silicon carbide layer disposed between the
first and second diamond-like carbon layer. The silicon carbide layer has a band
gap of about 2.0 eV or higher and is between about 300 and 450 angstroms
thick. The first and second diamond-like carbon layers each have a refractive
index of about 2.3 or higher and are between about 200 and 350, and about 400
30 and 500 angstroms thick, respectively.
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layer is deposited adjacent to the substrate and if more than one dual layer
coating is applied, the silicon oxide and silicon nitride alternate. The silicon
oxide layers have a refractive index of about 1.48 and are typically between
about 1100 and 1900 angstroms thick, and the silicon nitride layers have a
15 refractive index of about 1.97 and are typically between about 1000 and 1500
angstroms thick,
These dual layered silicon oxide/silicon nitride SSRC coatings absorb
nearly all of the UV, reflects about 21% of the IR for one dual layer, 45% of the
IR for two dual layers and 63% of the IR for three dual layers and transmit about
20 94% to 95% of the visible light. The transmission peak is centered around the
portion of the spectrum to which the human eye is sensitive; consequently,
making the coating appear colorless.
These coatings are useful for forming coated optical articles which include
an optical substrate having at least one surface and at least one selective solar
25 radiation control coating deposited onto the optical substrate. The optical
substrate may be glass or plastic.
Yet another embodiment of a selective solar radiation control coating of
the instant invention is one formed from one or more dual layered coatings of
silicon oxide and titanium oxide deposited upon the substrate. The titanium

30 oxide layer is deposited adjacent to the substrate and if more than one dual layer
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10  such as silicon, doped silicon, germanium, doped germamum and germanium
carbide are useful semiconductors.
While the invention has been described in connection with preferred
embodiments and procedures, it should be understood that it is not intended to
limit the invention to the described embodiment and procedures. On the
15 contrary, it is intended to cover all alternatives, modifications and equivalents
which may be included within the spirit and scope of the invention as defined by

the claims of appended hereto.
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different layers thereupon;
first means for depositing a first layer of thin film matenal onto the
10 substrate;
second means for depositing a second layer of thin film material atop the
first layer; and
said first and second means adapted to deposit the layers by two different
deposition processes selected from the group consisting of a PVD process and a

15 CVD process.

2. Apparatus of claim 1, wherein the material of each of said at least two
different deposition processes is confined within a distinct and substantially
isolated deposition region.

20

3. Apparatus of claim 1, wherein said PVD process and CVD process

operate at substantially the same pressure.

4. Apparatus of claim 2, wherein each deposition region is isolated by a

25 confinement system.

5. Apparatus of claim 3, wherein the pressure difference between each of
the different processes is no greater than an order of magnitude.

30 6. Apparatus of claim 1, wherein said PVD process is selected from the
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7. Apparatus of claim 6, wherein said PVD process deposits a layer of ITO
an R F. magnetron sputtering, and said CVD process provides a layer of SiOx by
MPECVD.

10
8. Apparatus for the deposition of thin film material onto a substrate at
subatmospreric pressure, comprising:
a deposition chamber,
at least one PVD means for depositing thin films material upon a substrate
15 operatively disposed within said deposition chamber within a PVD region; and
at least one CVD means for depositing material upon said substrate

operatively dispased within said deposition chamber within a CVD region.

9. Apparatus of claim 8, whersin the subatmospheric pressure in said
20 chamber is substantially the same for said PVD means and CVD means.

10. Apparatus of claim 9, further comprising:
a plurality of confinement systems disposed within said deposition chamber, the
PVD region being substantially isolated by at least one of said confinement
25 systems, the CVD region being substantially isolated by at least another one of
said confinement systems, whereby non deposited species from the respective
depaosition regions are prevented from contaminating adjacent deposition

regions.

30 11. Apparatus of claim 8, wherein said PVD means is a sputtering device,
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at least one target secured to said cathode, said target consisting of material to

be deposited onto the substrate.

12. Apparatus of claim 8, wherein said CVD means is a microwave plasma
enhanced chemical vapor deposition (MPECVD) device, said MPECVD device
comprising:

an applicator enclosure;

10 a linear applicator having a first end and a second end, and at least one
aperture, said linear applicator being disposed within said applicator enclosure
so as to isolate said linear applicator from species within said deposition
chamber,

a wave guide communicating with said first end of said linear applicator;

15 and

a microwave source communicating with said wave guide, whereby
microwave energy emitted by said microwave source is directed to said linear
applicator by said wave guide, said aperture adapted to generate a uniform
plasma from the-microwave energy dispersed within said CVD region of said

20 deposition chamber.

13. Apparatus of claim 8, wherein said CVD device is a widened
microwave plasma enhanced chemical vapor deposition (WMPECVD) device,
said WMPECVD device comprising:

25 an applicator enclosure;

a widened microwave linear applicator having a first applicator half and a
second applicator half, each of said first and second applicator half having a first
end and second end, said second end of said first linear applicator half being in
communication with said second end of said second linear applicator half, each

30 of said first applicator half and second applicator half having at least one
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deposition chamber;
a first wave guide and a second wave guide, said first wave guide

5 communicating with said first end of said first applicator half, said second wave
guide communicating with said first end of said second applicator half, and
a microwave source communicating with each of said first applicator half and
second applicator half, whereby microwave energy emitted by said microwave
source is directed by said first and second wave guide to said wide microwave

10 linear applicator, where said aperture of each of said first and second applicator

half uniformly disperses microwaves within said CVD region.

14. Apparatus of claim 13, wherein said microwave source includes a first
microwave source and a second microwave source, said first microwave source
15 communicating with said first wave guide, and said second microwave source

communicating with said second wave guide.

16. Apparatus of claim 8, wherein said PVD process and said CVD
process operate at a pressure between about 1 to 10 millitorr.

20
16. Apparatus of claim 15, wherein said PVD process operates at a
pressure between about 2 to 3 millitorr, and said CVD process operates at a
pressure between about 5 to 10 millitorr.
25 17. A method for fabricating an interferometer stack deposited upon a

substrate, the stack having at least two layers, each layer formed by a different
deposition process selacted from the group consisting of a PVD process and a
CVD process, said method comprising the steps of:

providing a deposition chamber;

30 evacuating the deposition chamber to sub atmospheric pressure;
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18. The method of claim 17, further comprising the step of:
providing a plurality of confinement systems within the deposition chamber for
isolating at least the one of the deposition regions from the other of the
10 deposition regions.

19. The method for fabricating an interferometer stack of claim 17,
wherein said PVD process is selected from the group consisting of D.C.
sputtering, D.C. magnetron sputtering, R.F. sputtering, R.F. magnetron
15 sputtering, reactive sputtering, evaporative deposition, reactive evaporative
deposition, and plasma arc deposition; and
said CVD process is selected from the group consisting of thermal CVD, hot wire
CVD, PECVD, MPECVD, DCPECVD, RFPECVD and WMPECVD.

20 20. The method of claim 17, wherein the stack is a multilayer selective
solar control coating for optical substrates formed from at least one of moisture

resistant dielectric materials and semiconductor materials.

21. The method of claim 20, wherein the dielectric material is one or more
25 compounds selected from the group consisting of silicon nitride, silicon oxide,
titanium oxide, silicon oxynitride, alloys of these materials with carbon, and
diamond like carbon, and
the semiconductor material is one or more compounds selected from the
group consisting of silicon carbide, silicon, doped silicon, germanium, doped
30 germanium, and germanium carbide.
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about 1.9 or higher and said first and second silicon nitride layers are between

about 100 and 300, and about 300 and 500 Angstroms thick, respectively.

23. The method of claim 20, wherein the stack is formed from a silicon
10 carbide layer disposed between a first and second diamond-like carbon layer,
the silicon carbide layer having a band gap of about 2.0 eV or higher and is
between about 300 and 450 Angstroms thick;
each of the first and second diamond-like carbon layers having a
refractive index of about 2.3 or higher and the first and second diamond-like
15 carbon layers are between about 200 and 350, and about 400 and 500
Angstroms thick, respectively.

24. The method of claim 20, wherein the stack is formed from at least one
silicon nitride layer and silicon oxide layer;
20 the silicon nitride layer having a refractive index of 1.97 or higher and is
between about 1000 and 1500 Angstroms thick; and
the silicon oxide layer having a refractive index of 1.48 or higher and is
between about 1100 and 1900 Angstroms thick.

25 25. The method of claim 20, wherein the stack is formed from at least one
titanium oxide layer and silicon oxids layer;
the titanium oxide layer having a refractive index of 2,30 or higher and is
between about 400 and 1160 Angstroms thick; and
the silicon oxide layer having a refractive index of 1.45 or higher and is
30 between about 250 and 1260 Angstroms thick.
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adjacent to said second end of said second applicator half, said wide microwave
linear applicator disposed within said microwave applicator enclosure;
a first wave guide and a second wave guide, said first wave guide
10 communicating with said first end of said first applicator half, said second wave
guide communicating with said first end of said second applicator half;
a microwave source communicating with said first and second wave guide,
whereby microwave energy generated by said microwave source is guided to
said first and second applicator halves, said at least one aperture disposed
15 within each of said first and second applicator halves allowing microwave
energy to form a CVD plasma when said device is operatively disposed within an
evacuated deposition chamber and a feedstock gas is introduced thereinto.

27. The widened microwave device of claim 26, wherein said widened

20 microwave linear applicator is at least about 120 centimeters long.

28. The widened microwave device of claim 26 further comprising at least
one shorting screw between said first and second applicator half, said shorting
screw being proximal to said second side of each of said first and second

25 applicator half.

29. The widened microwave device of claim 28 further comprising:
a splitter operatively disposed between said microwave source and each of said
first and second wave guides, whereby said splitter distributes microwave energy

30 to each of said first and second wave guides.
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30. The widened microwave device of claim 29 further comprising a three
port isolator opperatively disposed between said microwave source and each of

said first and second wave guides.,



