WO 03/ 087431 PCT/ US03/ 09913 Deposition Methods Utilizing M crowave
Excitation, and Deposition Apparatuses TECHN CAL FI ELD [ 0001] The

i nvent i onwpasisi4as to deposition nmethods utilizing m crowRCe/ESRydwat i on,
and in particular applications pertains to chem cal vapor deposition (CVD)
met hods and atomc | ayer. deposition ALD net hods The |nvent| on al so
pertains to De ihodg Dl £ e itiog
BACKGROUND OF THE | NVENTI ON [0002] Sem conductor processing in the
fabrication of int egFat ed circuitry involves the deposition of |ayers on
seni conduct Gl EERR. Exenpl ary processes include chem cal vapor

deposi tion (00dl) amHe MveRiich perbfis tsaag&suﬂdn%ethsa@)nm.zﬁa‘ﬁ%@m\,avé\le%uf;aﬁan be
conducted w thin chanbers or reactors which retain a Si ngce substrate upon

a waf er hol3d€rn pariisyacanRiisrtiongpertains fyehemical vapddtergaitisr EC¥PEMethgre ang y
provi ded t t@nictdyRVaEpdtpRfh (M D irdtidas. ¢H§W@htldﬁf‘él§6‘péﬁalh§‘fd~’éﬁﬁ>ﬁf&ﬁ&s

uniformy provide the reactant _gasses substantially honbgeneously over the
out er surfé{‘ffédb‘fa”ttl’féu%?%ford?ﬂ%s't'%‘r’@é"ﬂp%rs react or otherwi se manifest in
a deposition of a suitable Iayer atop the substrate. Plasnma enhancenent

may or may not be utilized. |f :pl asma enhancenent is utilized, the plasm

can be geneﬁp&@ QH&'Q@FH:("H-? NFIPRNer di rectly within the chanber or

renot el y t hgyopby om [é&?@é&nduetoesracasﬁngimﬁératﬂneénovlr&%ag@?ed dnee.ltrydl ng ALD
and CVD, it can be desirable to provide activated species within a

reaction cHaehes th el’ﬁ%ooéﬁpp\%{aé@rss%&qr@@“d@ﬁw ﬁ\éb%‘”@F%clfﬂemﬂ‘ﬁ%Pm?ﬁS%t i vat ed

conponent ey shEichl VASorcRFBARGNIC at&ﬂ@rnazérueﬁés.ﬁd?ﬁc@/@”fp@w&n&an
absorb. Upon _absorbing the ener an ener% ‘sta e of the conponent can be
5@3@@@ P

lifted so th&tCcaRe eidyeied tith repfePaEPSUNieh redsin ot single g.mgstrate upon

accordi ngl y \b@r@pm&erad} SASddpYeH %é&%r@%re&u%@@@bs@%rgﬁ}d&ﬂy ?F oviRIe@Ys gi ng an
acti vat ed sgemes within a reaction chanber IS to enerate es eci es

renotel y f SHAVEHRahMiHRineshambgpwhigh ésipiepded Eﬁ/\k"l‘fﬁém'yé%‘é‘dﬁi%g‘elrﬁ@%a@the

chamber . @@séﬁmo@tagﬁa@wmcsyéné@%W\Je@\m&o&ae&irf%béoﬁmeaweaémrhteo be set up
for generation of the activated species, which can be nuch sinpler than

at t enpt i ng PrRPURAE FRRCkOLRihaRvisa mpifestinecderosiiipn Rf A sHitahlalBypiator Mgnber .

However, a supstib. ema%mdhaﬂmrﬁerﬂmr@%mdt $elufifdeda s Radrhd BhIRthceRRAI €S can
becone deactl vated and/or reconbined in‘route fromthe apparatus i n which

it is genedilzsgs the Riasemean b oenaialsg épd maintpiged ﬁéh%fddﬁeeﬂw%hlm His Ghamber

devel op newr @@hhelInéefroll ovi di ng activated species in reaction chanbers,
and to devel OB apparatusses suitable for the nethods. 0005] The invention
was noti vat B90Bh" overlR 6pitaY dERRStignIecasees iMabeting Ak phd SR, kgapisugh it is

in no way sRsikdd iestovidib aciivat@ndgedsivithMa deaktioH érnddy. TThe activated species

can be formed from a non-activated component by exposing the component to an

energy that the component can absorb. Upon absorbing the energy, an energy state of
the component can be lifted so that the component becomes energetically excited, and
accordingly becomes an activated species.

[0004] One method of providing an activated species within a reaction chamber
is to generate the species remotely from the chamber and subsequently flow the
species into the chamber. The remote generation can allow a specific apparatus to be
set up for generation of the activated species, which can be much simpler than
attempting to generate an activated species within a reaction chamber. However, a
problem with remote generation is that an activated species can become deactivated
and/or recombined in route from the apparatus in which it is generated to a reaction
chamber. It is therefore desirable to develop new methods for providing activated
species in reaction chambers, and to develop apparatusses suitable for the methods.

[0005] The invention was motivated in overcoming the above-described’
drawbacks, although it is in no way so limited. The invention is only limited by the
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1 WD 03/087431 PCT/ US03/ 09913 acconpanying clains as literally worded

Wi thout interpretative or other limting reference to the specification or
dr awi ngs,wand/ogn3accor dance with the doctrine of equi val eRCT/USOIBUMARY OF
THE 1 NVENTI ON [ 0006] In one aspect, the invention includes a deposition

net hod whi ch congri,seés{ . m cr,ovva\{e exci taLi on of a conponent within a
reaction cREABBPIYIRNY Fymeeasdisraloporged yithgulaterpyptatiVrerr fherbdingreterantani n
the reacti e thhepeeRitatidnMQifdwihgs, &ine iRasRedanck Mthithy 86&tH810f diehvafiess. a
deposition nmethod wherein an apparatus is provided which conprises a

reacti on chanber and a m crowave source external to the chanber. The

reacti on clsUWMRARYOFgHESINVEMTIARW t hr ough which m crowave radi ati on can
pass. A substrate |s placed within the reaction chanber, and one or nore
fﬂ?&gi bl [0 s

M crowave- i ety g iavendion | S 2rfleRosiien MeHodiVEHChoePapRIBeS Al so,

one or Nor eniploRd@VE SRditation 6f 4 comBendm vihihherehbRmldnambehadiey depdbiibs of e
substrate and . the one or nore m crowave-i nduci bl e constituents are within

the reacti dPAEHR| PNera substrafewithin Heregetionthamber-owave- i nduci bl e constituents

i's activatephoorf h M GHepEE:, tHeAReH bR thcluRieh ArdBhasitibreARthoditheRéih byat ed
species (such actiyvation can include nolecular fragnmentation). At |east
one of the 2PRBEYS FHBFYIYRicE erraPiises Bdgastion chirRet #d & BUGrQWRAEISOWSR i es,

and at | eagikieinfl @BRUPAMbRE. TRErcktidreafEimudn hcRidel BeVIRBOR IRERFULRET S 1S
deposited onto the substrate. goggs%%{ﬁl n one aspect, the invention
t

D0 ( pect !
enconpassedNgroWaye &43toR cppas raif s plagaduyiin thereadtionshawhamBed, and

a m crovavens@ihitte idréWav-indOciblBeoRERIRRS is flRRJ iftb ShORRYRorSHETRr S
configured to direct m crowave radi ati on toward the chamber, The chanber

i ncl udes a WhEBHOf ARBGIFCHIsPE A RifleredaeR thedanation shambeim Whie thesubsiste
source can apade bid 6r bR wilkpiRee-indR it cdNetidRhH Wit theTFedefaY b ASHdr0009]

Preferred enpodi nents of the invention are described below wth reference
to the fol POEPRLCHCASADAVRPHE UINEUFIRIg SOngiierrty ispcgvated wéh migipwayamat i c
cr oss- sect irgdafionvod¥¥nPht |8t BRBACHISH ¥AHcR (Sdh RBvatidh dahdmdudemBRELIREU! ar
aspects of .the inventi 0011 . 2 1is a diagranmatic to

on. Fi op Vi ew
i |lustrati ﬁ@gaﬁn@'@%%{ﬂ@aﬁnenap} BRRe ST Brore Preglspia vRaciLIvEEtheactyated to a
substrate ispeae@aarnaia@waafaaérmgsﬁer%fm%t @a@ﬁ&ﬁofitm%?éh%pursbl‘%9§2] Fig. 3

is a diagrammatic side view of a substrate treated with m crowave

radi ation RPERIEHMIMEE SHPFHtEn aspect of the present invention, and

i Il ustrat es[op0g] expiledspedt tHRGhVENNoR EnddnipERke®h dapBitdroappetatieanicn [ 0013]

Fig. 4is a tloOP-w ew of the Fig. 3 construction, and further illustrates a
Includes a reaction chamber, and a microwave source external to the chamber. The
microwave source is configured to direct microwave radiation toward the chamber. The
chamber includes a window through which microwave radiation from the microwave

source can pass into the chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Preferred embodiments of the invention are described below with reference
to the following accompanying drawings.

[0010] Fig. 1 is a diagrammatic cross-sectional view of an apparatus which can be
utilized in particular aspects of the invention.

[0011]  Fig. 2 is a diagrammatic top view illustrating an exemplary relationship of a
microwave source relative to a substrate in a particular aspect of the present invention.

[0012] Fig. 3 is a diagrammatic side view of a substrate treated with microwave
radiation in accordance with an aspect of the present invention, and illustrates an
exemplary direction of travel of a microwave beam.

[0013] Fig. 4 is a top-view of the Fig. 3 construction, and further illustrates a

direction of travel of the microwave beam in accordance with an exemplary aspect of the
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direction of travel of the m crowave beamin accordance with an exenplary
aspect of the 2 WD 03/087431 PCT/US03/09913 invention. [0014] Fig. 5is a
top viewwDoaosubstrate treated in accordance with an aspect/usb3/od9e3
present invention, and illustrates another exenplary direction of travel of
a beam of _mcrowave radiation in accordance with an aspect of the present

i nvent i on. "NEFGN-ED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0015] In

particul ar FORELt SFigt H& PlopS/IH oﬁ@&;bs@rﬁfét%btéwrnta%bﬁr@aﬁ@e WitP Bh BsheY f the
deposition ?ALD technolrglg@hstALD t echnol O%é@é%gl cally involves formation of

successi veP ¥entigPed rates Aathefese [esyen of WPl eprarael for

exanpl e, amm@’@wbaé(raﬁlatronmﬂhéﬁa’r&eﬁ{c@wwh% aspBeY Athapresaitenidierial . ALD may
also be referred to as atomic |ayer epitaxy, atomc |layer processing, etc.

[ 0016] The deposition nethods herein are described in the context of

formation GETANBESDEYSCRIPTION ©FTHEPREFEHREPEMBOHIMENRSt rates. In the
context of this docunent the term "sem conductor substrate" or

"seni conduct03R] s lpdertioular aseecis the,Riesert appligation Rertaip &2 A1QEYS l8¥erconpr i si ng

sem conducidey&sitigkt (WLD!'}‘&echhél@%yl dANg tedpblogP typldally ii*n%ﬁvéé)forr%ﬂl% of successive
sem conductive materials such as a sem conductive wafer (either alone or in

assenbl i es QYRS PR Selriaterapesh layars fYaeBIRfise. dAte X ERle @RApiarigle

mat eri al @5@&@3@%& hao/aH a(PrﬁtﬁFI‘?éus thiteA8IS AP ey a6 HRIrbfetRE t&h8Tomic
material s) hé term "substra refers to any" supporting structure,

i ncl udi ng, 'YGE SRiEXY1 atpnicdayar Proqeseingefif-conduct i ve substrates descri bed

above. Al SO#O'OH'GI heTOM$kioR IndihGisHRSIR Bte dQEHPEN N the %ﬁt@k’c of rmaliBh 8
el enent” refers to the elements of Goups IA IIA and to VIII B of the

peri odi c t JAtason P%OW@WC%%'ﬁ@rquﬁraf% “BH?%‘PQS‘F@“ Qf thigdaggent, |1 A t o

VI'A desi gn#iec@riSsdmibadducton stibstratdedri" SethisoAdRlivd subBtBIeY is d¥fine@®® mban T! .
Ge, Sn, Pb, Sb, Bi and Po, The Lant hani des and Actinides are incl uded as

part of G BUpCPRSECtioNNeRFsing semicqndurtive; rpaterial, inghvdingi big noklirsiteshiosbWk t he

periodi c t @88inRont@ild ndRaftd sRths ssrHiBBRIUtve Witel thEERSn&¥PARSEEMBIRs
initial substrate to a first chem cal species to acconplish chem sorption

of the spefPBBIYNY sthenmatgigisitheriean). anl sgnispndutivg material @yers (S8 @IBE FTor s

a nonol ayein 44¥8bliss Sthprdinyg Mh@ﬂﬂai@h@lﬁ) orhetaﬂhe@ﬂsﬁattehk&&sqaawe entire
exposed initial substrate. In other words, a saturated nonolayer.

Practi cal | fUPRStRQ Fifusiire.daciuding hwt Bel lieddadhe semjsondurting §WRstiaéas occur on

al | porti aascribbd bbéves URISS inthe coh{@xmftﬂh@b@gém o%\éﬁﬂﬂeﬁtn"m%ﬁroﬁ' @rﬁétam)nm ayer
is still a nonol aye t he context of this docunent

appl i cat i oﬁ?mer%"rr@?‘;ys % tg%ﬁ%‘i‘ﬁ ol Frpupg Hy, dﬁa@%'%n‘@l'ﬁfé?herwm@é tahle Ohbl e.
A subst ant i@ dl¥msits WcHgBet R RbAXAS of SradRe Iﬂﬁhfﬁ VIAMdsignatdd ds éiglsdn the

deposited | a‘yéa o tea)t()el Rlartnlelng the gquality and/or properties desired for such
y, Al, Ga, In, Tl, Ge, Sn, Pb, Sb Bi, and Po. The Lanthanides and
Actinides are included as part of Group IlIB. "Non-metals" refers to the remaining
elements of the periodic table.

[0017] Described in summary, ALD includes exposing an initial substrate to a first
chemical species to accomplish chemisorption of the species onto the substrate, -
Theoretically, the chemisorption forms a monolayer that is uniformly one atom or
molecule thick on the entire exposed initial substrate. In other words, a saturated
monolayer. Practically, as further described below, chemisorption might not occur on all
portions of the substrate. Nevertheless, such an imperfect monolayer is still a
monolayer in the context of this document. In many applications, merely a substantially
saturated monolayer may be suitable. A substantially saturated monolayer is one that
will still yield a deposited layer exhibiting the quality and/or properties desired for such
layer.

[0018] The first species is purged from over the substrate and a second chemical

species is provided to chemisorb onto the first monolayer of the first species. The
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| ayer. [0018] The first species is purged fromover the substrate and a
second chem cal species is provided to chem sorb onto the first nonol ayer
of the fiweto3sgmsi es. The 3 WO 03/ 087431 PCT/ US03/ 09913 eewarsd3/eqexi es i s
then purged and the steps are repeated with exposure of the second speci es
nonol ayer to the first species. In sone cases, E& two nonol a ma'%/ be of

the sanme sFEEIESPERFEH thﬁn PHIged a8gds elersprerfspeat WtB@XE‘Eﬁ%‘“eQ 9@?

chem sor bedpadisk mbHGIGRSH tb w‘etfnre&pé@eer |rb§mlné edsesheftive mon@w@eeaﬁ@ﬁﬂe speci es.
It is noted that one or nore of the first, second and third sgem es can be

m xed wi t hheame gpasiase @%@dhh‘ﬂ)sﬁ%@s‘w@re%VLH%WCS%S‘WGJWW? BEE NN

chanber. [ @0ARH ji¥agidescr iy fonhelm@aﬁd ¥&donBlspedibs.t R WdtEW Bt b bbRDef but
not limted to, contacting the_ substrate and/or nonol ager with a carrier

gas and/ or el F?F@”S@és‘sﬂ'?‘esﬁ‘%?'esd‘@i”&ﬁ piKed WEP St gaso sPerd it BreS8UPeduce

t he concenfgg@tdiRR vithinta FRREGEEhARBEract i ng t he substrate and/or chem' sor bed
speci es. Exa | es of carrier %ases I.ncl ude N2, Ar, etc.

Pur gi ng nayl00A%k eRMTOINGIMREINK e 8(5’?“??@’10{Wéh%'ﬁ‘b%et'ﬂélﬂ@narmﬁé‘ﬁ’t ll'ﬁ’a'#ﬁﬂ t&yer with

any subst angfatiitthakLionats BEIbERORSIERT WInR Q& fastadir fiding edsBbIceS
t he concentratlon of a species preparatory to introduci ng another species.

A 'Sui t abl o DCRRINACCRRSTRR RTPFEITS hresHoRIibe SPTPHBIER o8 PRRSIRSFANACHED Kifoun t o

t hose ski |l lsgsktidte aﬂwor Mdmisdtle@ bpeLids. fE%(aﬁﬁ)YesQﬁ‘ oaueegéeésvﬁéludé Rdugedet 0 a
purge time that in film rate. The increase in

éé/ ds an i ncrease
£i 1 m growt WNes Kt %tP%@namaydmteeﬂ inswdepoeaemﬁaesuwaae AN QIR es s

regi me and W)én?%ub@c&ﬁ’cettﬂaﬁ&bﬂ)@'dhéms%rmiéh%ﬁpﬁokiﬂ’&shé Badorb BREZ&HucAs- A s of ten
described as a self-limting process, in that a finite nunber of sites

exi st on angr@wéoft%swsswr?%a@mT@tmtéqﬁeeaneénﬁﬁw PRAGRS HefYERIe bonds.

The secondnRBEHPwr @Bén Q@H%tehﬁﬁn@dbﬁpérlﬂﬁerﬁélfy&is IRRRIE hodB @klldWm thay al so
be self-limting ce of the finite nunber of sites_ on a substrate

are bonded & tﬂwging ’F"F‘§tm@/p%$l@§esst"ﬁey redpcad togyrirpe Emg;that Vigldsan isteag8nd t o
ot her of t hefilfi drolthSBRS Bfe iRble83Eh fmrg#&@th%tbhmbheoe SV PSlcaidifof HBRYET |

process conditions can be varied in ALD to pronmpte such bond| n and render

ALD not selid & MPRALDHocess B a1 manbausas ogsablig a ghmetine Ehec | os

form ng ot hgp2banan e MR fbedds @sélf—l’ﬁltlﬁg(f)ﬁicé%hr{%a% fifitSNRBb& D!
formng a layer  nore than one atom or nol ecu hi ck. The vari ous aspects

of the pr e§3?ﬁ e pari $L&§tra¥?é§c‘,"F1'%etHe HEt 8pepies Bay fasm; haRlical Pendgnyhe
Ci r cumst anggcaMardpRCiRL RrigRonBeodiRSth hiedhirst § ebes ahtd rtﬁds%aylerﬂse%etsemlmhm@al

chem cal reactions can_occur during ALD (for instance, I nconi ng

react ant mineed!ef E‘&ﬁ'nﬂﬁs‘ﬁmééc’fas'%l‘)@@lﬂ S?@teﬁeﬁor&edﬂlth@f'@mﬁe&@e ’?hﬁt her
than form mest 8psBtoli bBEN ABEBOrIde otbr bfe)irst Epesibs apeddgHonbib@vits Ufeh

chem cal r eact Il ons occur, they are generally confined wthin the CPper nost
nonol ayer &# bsirade,r FHoweaver, process conditionts can be varied in ALD to promote such bon

and render ALD not self-limiting. Accordingly, ALD may also encompass a species

forming other than one monolayer at a time by stacking of a species, forming a layer

more than one atom or molecule thick. The various aspects of the present invention

described herein are applicable to any circumstance where ALD may be desired. It is

further noted that local chemical reactions can occur during ALD (for instance, an

incoming reactant molecule can displace a molecule from an existing surface rather

than forming a monolayer over the surface). To the extent that such chemical reactions

occur, they are generally confined within the uppermost monolayer of a surface.

[0021] Traditional ALD can occur within an frequently-used ranges of temperature
and pressure and according to established purging criteria to achieve the desired
formation of an overall ALD layer one monolayer at a time. Even so, ALD conditions
can vary greatly depending on the particular precursors, layer composition, deposition
equipment, and other factors according to criteria known by those skilled in the art.

Maintaining the traditional conditions of temperature, pressure, and purging minimizes
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[0021] Traditional ALD can occur within an frequently-used ranges of
tenperature and pressure and according to established purging criteria to
achi eve twoeodesissed formation of an overall ALD | ayer on@Cmwarsod/edpes at a
time. Even so, ALD conditions can vary greatly depending on the particular

precursors, er, conposition, ositi ui nent and ot her factors
accor di ng t“8""€¥ fjé?ﬁ‘cé'oRﬁHWh"W'mﬁg %Pfqy?é 9’“?\ iqrandhgyality Wﬁh%’ﬁe’éPWP%g t he

tradi ti onalove@nALDi 1aysr. HcchRIFRB/, ébell"aﬁ-ng @ut@iﬂélﬂﬁ@traeﬂf&wa‘l)tern%éﬁélufé dHdm zes 4 WO
03/ 087431 PCT/ US03/ 09913 un tlons t hat may i npact nonol ayer

nte e
formati on KHFSHEARESS 'S'fayt”ﬁ'é ’?—5‘§UPQ ?frf% ecHVR MONPIaXe s | ayer. Accordingly,

operat! ng 0%0022 e Theg éﬁe?cé'lltecbmﬂ)ﬂﬂ toﬁBWé?ﬁ@élWa@oﬁﬂébosl@ubﬁ%@VD?m'f:@HQ@é may risk
formation o ctlve mpnol aye *0022 The eneral t echnol og
Fm%%%?m

cheni cal vé(ﬁ'&h?tyﬁ POLs BRESHIC( &ut%* imiteg t%fplmaee@ﬁeeec# P}!D

processes, ah8ethids.ngyDIs EomAionly useH eslfdnfnopl safdtlva A 2BaHILIE Jepositd ot hers.
CVD is commonly used to form non-sel ectlvel%;Ba compl et e, deposited

mat eri al owaéeéjﬁglarsé{bétra%QW%%ﬁ'%Pﬁ eVBiis eee'mgltqweug pPresereous

presence ofmulipi épé&e% |ﬁmdéﬁbsit|6ntch5m6@ﬂﬁ§ﬂ feh&Mo §HATAB depbdHed MeAEHall O form
the deposited materia Such condition is contrasted wth the purging

criteria fQUch Pamﬂe%'ﬁgpnm#wév thepuiging Gteria ferdraddiopaihlde waareli a h a

singl e depegbdtizafisdRticesd Willih smORcpBERS EFaciesHRASIHEAISOIBS to PEDStaIESIY
deposited species. An ALD rocess re i me may provide a_ sinultaneously

contacted PI4 %SIyt%ﬁpeﬁlt%dp%cﬁcee 9@56%%reewaemawrmnch %ﬁ'@ugﬁwuewat ALD

chem sor pt iceMacteti PGty bhadbcie¥ldf bapsd brafhdef 6aHdRionk REEI B N_Drcﬂéﬁﬁsbgﬂlon
t oget her, the sP‘em es may. chem sorb to a substrate or previously deposited

speci es, pfyvedNagCY %WP%OQ?H’ESG Ingipae Af reaeigdoesthers frscsnesieriavnext
chem sorb tRehR6M @ @ﬁfﬂ%tr@fe%r'p@é/\%usﬁlfdéﬂ)@&tédaﬁ)ec@t @rlbml d 89#3b oklder nost

CVD conditions, deposition occurs | argel ependent the conposi tion
or surface W%@Pﬁ?%n&ﬁp%ﬁjﬁ%PW.CHameemorfa%a CBTPI%‘PI{@N gicef desired

cheni sor pt in@iterizdt € in ALD m ght be influenced by the conposition,
crystalline structure, —and other properties of a substrate or chem sor bed

speci es. Ot 19823k oddey raes GML erniitions iepgsition pecurs laegaly indepensientefiile at ur e,

may al so i Bbhpesitén maéébmﬁeﬁ@sr@hﬁ unw% sUbRtrBRY! tHyCddnBrbsiaspects, the
i nvention enconpasses net h m crowave excitation to

conponent s SREMIFPIPLQN raigdt 1‘\59 rﬁ'ﬂﬁtrﬁ?e'F‘ﬂ‘tﬁJ”P?‘g Y &areasppogition, gryeialiag slsuctig,

appar at us whH ethef propfidaldf ki stBstratd of BisdiEBHBedpbaay. Ofhel blodssd @naffiohs Fi 9.
1 as apparatus 10, [0025] Apparatus 10 conprises a reaction chamber 12 and

a ni cr owav & E¥aMple, PrESSUFRRNCGIPEPERENE @6\0?'@@ inflyepemehemmipationais r ect
i crowaves [pobkp Stlhqiaﬂibulby a@ﬁ\f s, lthé@RSertfon erRd aMn&hoMﬁMpé%ﬁg' abel ed)
cr

toward reaction chanber owaves are to
microwave excﬂa’uon to components within a reaction chamber during CVD or ALD
processes. An apparatus which can be utilized in such methodology is illustrated in Fig.
1 as apparatus 10.

[0025] Apparatus 10 comprises a reaction chamber 12 and a microwave source 14.
The microwave source is configured to direct microwaves (illustrated by wavy lines 16,
only some of which are labeled) toward reaction chamber 12. Microwaves are to be
understood as radiation having a wavelength of from about 10 cm to about 0.1 cm.

[0026] Microwave source 14 can comprise, for example, a phased array antenna, or
other configurations configured to emit a phased array of microwave radiation.
Microwave source 14 can generate microwaves, or can be utilized to direct microwaves
that have been generated remotely from source 14.

[0027] Microwave source 14 is shown electrically connected with a microwave
generator and/or power controller 18 through an interconnect 20. Microwave generator
and/or power controller 18 can be utilized to adjust the phase of microwaves generated

along different portions of the expanse of source 14. For instance, microwaves at one
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understood as radiation having a wavel ength of from about 10 cmto about
0.1 cm [0026] M crowave source 14 can conprise, for exanple, a phased
array antwpna/osmsl ot her configurations configured to em PCa/yshae®d ar r ay
of m crowave radi ation M crowave source 14 can generate m crowaves, ofr
can be utilized | rect crowayes that Q ve been generated renDter

from sour c&°TpN Pajipe PLtRWee Lherntle Hined difierRiily relpiie irirdigiomavesnnect ed

with a m crm\wmotr@epeﬁ@h@ftwwpahsmvwneram@&wgém@g wabed G228
ner at or. and/ or uj%ower controller 18 can be

i nt erconnect .20.
LT T sod"s i, A BBl R e T Analos GoneiR gt 6 57 Pe Bied
portions Offoﬂé'rﬁittih ﬂl&tlﬁq:nﬂges&ﬂm@ﬁwéée reld@itioh AShBgifee 14.Crowaves at one 5 WO

03/ 087431 03 09913 n of the expanse of source 14 can be tuned
di fferentl yﬁggkft i Fgagtion,gh g?‘éﬁbf%gom%rl's@ﬁ@ bthextending pioynd the maioByPinse t o

generate S\ﬂﬁ@waﬁﬁbw\@r\mé?fpeﬂﬂ)h‘érpw 22Icaf ibatibPibd AdE bkangk] apprélsHaes
alternativel , c ntroller and/orsgenerator 18 can_ be utilize for emtting
timed puls e@?%ﬁaﬁ@”?b%ﬂ%lal [FOMPHRS B WindeW 2 extensing a¢iasta PERIoB hanber

12 conpri swr@ m@étlon%aa%teeﬁmxm@t@ﬁwawawﬁumé P41 PincRw 24 BsSmprRRS T Oon
chanber per hery. can be forned of, for exanple, appropriate

net al s. e a&ﬁa%%mq'y teansRAreRiip MigTawave [adiations 2 iepegiediehg acr oss a

portion ofappmtm@@@én &fin;ﬁrha@”@&fsm%@é@nﬂ@ﬂy%f%ﬂddﬁ‘é@t/& SHRWr Bford f qillrpdow 24
conprises a, materi al east partially transparent to m crowave

radi ati on, TAFRIANHSYEP PE‘@H‘F%H” OBEE?it'P%dP'FB’H‘@VE é@\d'%*éﬂ*f‘pﬁ Resseg BAw;source 14

essenti al I yh.@ﬁgh wrnd@@rmle&td ifo dhAmbeF 1901 e of quartz, mca and sone
pl asti cs. @8%8 lr)'l ﬁrovvave radi atjon 16 passes from source 14
IS

t hrough win eiRghHRis PI9Vidadwitn charabgyshes apd sy rglainss | s

provi ded WSUBstrat@iaamaﬁrn tﬁach@fﬁﬁers@msrrﬁb@eman%onwbétfbﬁé@n%ﬁe\éﬂthl n the
chamber. Substrate 28 can comprise, for ex sem conduct or waf er

subst r at e. SPRIGCREULROYRE Aiferd theswreg@@dggentsswqrmegsds pathin a patht he

mclrgm?ve bﬁme&hlb@Wailﬁr?Ul%ﬁﬁiﬁdlféﬁéﬂ |ﬁ%&iﬁﬁiﬁbeﬂ~22 [0030] Substrat et hol der 26
wou ypi ¢ unt ed wi n chanber various suppor
structures Il% ¥]et a$$ GigiQdergq weyld fypicalhele F@HnTeéid’ﬁWrb‘Phaé’Pb%ng%’@r 22.

The suppor tvaﬂﬂjsSéupFﬁﬁ dir@&u k8o RALINTBRIEA26 Withide §&dMeBTdatioklbAdafiPepbaFi 9. 1
to sinmplif the illustration. 1&30031 Substrate hol der 26 can be configured

to regul at &8 SHRRRSHRGPYHGIUES afe ot sBopa i1} the schematia diagran o it dita simuiey
Accor di ngl yhe iguddstioat € hol der 26 can corrprl se a heater utilized for
heating the_r ai n substrate. Additionally and/or alternativel

26 can-be JOBEIEA SHhsiaie UG R A aoRl i BuIe 5 RSR U Phg 4

substrate su@étmt@galrétémé@byhohbr 268 AtRiIRGS SubkRatbMaldeR26 AR ESAPIEEA

regul ati ng_nechani
g g heater uti r]lzecqn for%eatlng the retained substrate. Additionally and/or alternatively,

hol der

holder 26 can be coupled with a cooling apparatus and utilized for cooling a substrate
retained thereby. It is also possible that a temperature regulating mechanism can be
provided in addition to wafer holder 26, and holder 26 can be utilized for thermal
conduction between substrate 28 and the temperature regulating mechanism.

[0032] In the shown application, window 24 is at a top of chamber 12 and substrate
holder 26 is provided beneath the window. It is to be understood that the invention can
encompass other applications in which the window is additionally and/or alternatively
provided along a side or bottom of chamber 12, and in which a microwave source is also
alternatively and/or additionally provided along either a side or bottom of the reaction
chamber. However, the shown application of the invention can be a preferred
application, in that a substrate 28 can be provided in a path of microwave radiation
directed into chamber 12, and can be retained on holder 26 via gravity.

[0033] it can be advantageous to connect window 24 to sidewalls 22 through an

elastomeric material 30 due to differences in the thermal expansion of window 24
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provided in addition to wafer holder 26, and hol der 26 can be utilized for
thermal conduction between substrate 28 and the tenperature regul ating
mechani srwvO[08082B1 | n t he shown application, w ndow 24 is &CTASVWIOF
chanber 12 and substrate holder 26 is provided beneath the window It is
to be understood that the invention can enco s other applications in
whi ch t he WFIREGCSKeNRs 22ohhe e SEPrWrGH“aJP‘E'@H%T&@? ayahly compathlewih Rrasass a

si de or botchemstfesaifraeRitdhia ch@fber 12 aMd & Rniprieé q@ﬁé’)@nﬁﬂé”éﬂféohébaéép
alternatlng¥ and/or additionally provided al ong either si de or bottom of
t he reacti @®@inber. However, the shown application of the I nvention can

be a prefer[opds) apmpé;vaiulsqo cotrm)r%@saan et pba P aixeendmh q%u@ﬁ migrewheed i n a
path of mcrowave radi ation directed into chamnber nd can be retained

on hol der 38U 4graffiEQ thrpegisyindpy 14, P W%ﬁa‘iﬂ’%'@%ﬁ@r ?’@%@rr%@ftzw ndow

24 to sidevgbl gor2ed ttehhwe\% iRBn ogbﬁﬁg@m@h@atmrwdmﬁm BB Tl SHnhb&donces
i n the thermal expansion of w ndow 6 WD 03/087431 PCT/ US03/ 09913

rel ative t &iiaRang 37 ohonegienepdratenals Which@eiq kg flavwedipier dyagisey 12olipat i bl e

Wi th proceghoul§BEUn8EFstRR tHAt év'eﬁ@lﬁ’od@htdﬁ é,fb@a@’p&sn drd Saificé are SHRWRNH &f, for
exanpl e, silicone-based nmaterials. Apparatus 10 conp rlses an inlet

port 32 exteR¥eHE tORefdigH W@P&H&\)@e’f Pﬁﬁiﬁﬂ@@ beprovdre. and ¢he Yﬁ*@uam letineddw 14.

Port 32 caraf @B bifheci wRK AR fhan@valsbirce of Hafdrigport 32 terminates in an
openi ng 34 beneath_wi ndow 24, and is in fluid connection wth a source 37

of one or n0&5hat Beaciios C\Rﬁ'f“éﬁr h@ Bag n pidlet AR weiending dherpigndrg inpperation shoul d

be Underﬁ%&ieﬂid]@ﬂoﬁ%ﬂ@cﬁé]ﬁb&hlzoﬂrﬁ ift®ohBehndPiich fiBRbUS BHIhe haMBeshOWN i N
the apparatus 10 of Fi nunerous_ inlet ports can be cErow ded, and the

various i nltepugippytiet 48a%‘ IR ?ﬁ%%ﬁ@&d?@ﬁelweﬁo Putiet 42Ha RichiRavithganing of
material . [Qefdls fReAGhitHNCRTER D, didl SIRD AR bRWakiRluldy uBsfueAdILTY t herei n,

and in operation naterials flow into chamber 12 frominlet port 32, and

then 11 ow GRPIGGHONTIB WikighhBRs o MArgTHRNEE Areio bepUIseciuiANsAYt BEChamber dod

relative tQq20ufdigialgtexitity Abfl chambk# mé@wnuwate@mefgraﬁhﬁn&élwlw drivrfov hgmber
12, and such can be particularly useful in ALD applications in which one or

nore nat er |Aé¥h§u9ﬂ‘§“'¥ Sn%éuﬁlﬁil'ss'g'éﬁtﬁtﬁ% itdghtp QﬁHnd@fSt%Wﬂb@dd'tPZ‘m Quilets ¢ s

exiting frogghander 12 are illustrated diagrammatically with an arrow 44.
Al t hough on%one outlet is illustrated, it is to be understood that

addi ti onal Plt sA gaA dispersipnaies. (o ditiussr) ia paddedi haneptd iBlgt PITEER2 36 (or

di ffuser) 'Fﬁat@"BQ\th%dpllm@ng%‘f Bpérn.hgﬂstem&nﬁaereuﬁb@grﬂo?emowag%saolm mERlikty of
openi ngs ext endi cg@t her et hr ough to al aseous materi al ; | ustrated

di agr anmat i(#gghae AgEURICSE) blbﬁ’lr?/""%?{% Y Qs which is labelastijo oy thresgh
through the @@ssd@be?g@h Pl b @ingI\CFeRESIIBheriaBIPRRIHG RBIBE! 82 thr&iYher | Ng
chanber 22 wEIQtrpOol#t%Z flow across and through gas dispersion plate 36. The gas dispersion plate

is preferably formed of material which is at least partially transparent to microwave

radiation, and can, in particular applications, comprise, consist essentially of, or consist

of quartz, mica or plastic. Gas dispersion plate 36 can be held within a desired

orientation in chamber 12 utilizing various support structures (not shown).

[0037] A radio frequency (RF) shield (or cover) 40 is provided over and around
microwave source 14 to alleviate or prevent stray microwave radiation from being
scattered into an environment proximate apparatus 10. In the shown embodiment,
source 37 is external to cover 40, and accordingly materials are flowed from source 37
through cover 40 and into chamber 12. The invention can encompass other
applications in which source 37 is provided beneath the RF shield.

[0038] In operation, the materials flowed into chamber 12 preferably comprise at
least one component which can be excited with microwave radiation. Components
which can be excited with microwave radiation can be referred to as

microwave-inducible constituents. Exemplary microwave-inducible constituents include
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inlet port 32 flow across and through gas dispersion plate 36. The gas

di spersion plate is preferably forned of material which is at |east

parti al | ywOroanng@ar ent to m crowave radiation, and can, | RCRAISII/CMIRS
applications, conprise, consist essentially of, or consist of quartz, mca

or plastic,. ersion plate 36 c be hel d thin a desired

ori ent ati of?> %ﬁ Qfﬂ n%é'P fgngjlquntszqaﬁbbe\,f eﬁdgtoﬁﬁ'ﬁﬁgﬁf 12 87 JiAQIPIE SPFHER shown) .
[0037] A r aspiepifitalF0eNey ahdRR)), Shaebiflef SeckRy ahk riifrdwavelimiticed Borstielentnd
around m rowave I?S]% urce 14 to allevjate or IJ%r event stray m crowave

radi ati on P‘Bﬁﬁ"%g © raicivavP &Aiatiang! SFPR SOYICE e Rd prORPIRRY @edsHR!aY us 10.

I n the showopfke @agEsie mickMdveeexdifed SortpdrRhN@hidHIcHOMES bé sferddtflo as an
accordingly mat eo[l al s are fl owed from source 37 hr ough cover 40 and into

t
chanber 122CHEed SRPSIFSI- 0NN AT VRIS SRBEIES CRt ik Partigyar ?RP&P@W§ J&in&% ch source
]§|7 I sdpr orp@@ﬁma%ﬁ@@&éu by theFhickdWa0k fadidth38h olHer apsiicatios) the dt@vaBéer i al s
owed into cha

12 preferably corrprl se at | east one conponent which
can be excPPEEEMFITPENU-BIREVE SPaEiet NGHY evBhp BisdRicEowayRiexpitatign obtheexci t ed

with mcr OW@sro%ﬂip%hbﬁt@ @fenhgndeabadtivRfof Pe@dmpbhédtenave- i nduci bl e
constituents. | ary m crowave-inducl bl e constituents include 7

03/ 087431 d@‘?ﬁ%]sos hegiptowaye eCHeHCANPAngREs GarraPPsit ente Subsifrip g8 fe E\F@di into

chamber 12|58 6h ﬂfe@ﬂb@strétﬁe%eﬁ\stahé@%){ygémé ym.&awawaot.mdwabnpoﬁéntas ot her
speci es. The m crowave-induced constituents flaqow through the m crowave

radi ati on MhINGRMOSHT2dha activaing @yEen frt Blsfageviha 'i“@ﬁ”@bon sbstrgiemdle | east

one m cr oWtk XGlide dinGe@RPREN bpdlvBiicHa, g%stra{e% @dh ssphistise@OmbRl-8shiaRing
activated speci es) The activated speci es can, parti cul ar applications,

define a PHARGESYINRS dpexapple, ﬁé”%ﬂ“&? %W'Wgaﬁir?{c?bﬁ”d Fiﬁt“@ﬁwe‘?xyge“ can

appl i cat i oRgact Wi saét surficedo ferRermel 6ade RRiIcH@B; 1ol akdifp!8 AREAIGH -oxIde).amy
event, the m crovvave excitation of the wvarious conponents can enhance

react i vi t y OB 2RRIICRERRSe HSHNISTOWRYS $3Fitert ROMRLEBURANC IR ISE SHrag8MAIIKEICE can

deposit ontempoisit cah CoadBwitl aflrR4tERia onltfy Bpp&Butthce SLHBLIAL 8 (§Ivh dghst ance,
i f oxygen is a mcrowave activated conponent within chanber 12, the

activat ed SR eHttamerePRRYCPeR ?%“%t'tﬁﬁ'ﬁg}) itaforma Ritisespaeies egosHther or m an

oxi de. In exgsidudaye ed@ah la§ ool @)Ebﬁnplélbbﬁlbfa@h@nd%&mﬁﬁ@n(‘e&%biaﬁﬁmétal nitride
met al - cont ai hi ngqmsur ace (such as, for exanple, a titanium contai ning

surf ace), aRRYA %PE@P‘%xygen can react with such surface to forma netal

oxi de (such[oeao] f Oh PPRCEHLRS inf WHiGNA WIREWRHE dxcitbd coMbBRENt A4 @iaédu?mh the
m cr owave excited corrponent can corrprl se nltl’O en, and such onent can

react wi t hasUfatReh substaterdSe thesvatroasiticapdegn @L%%Qrwwészgc'%tgﬁm & nmetal,

with an exenmidof tﬁ@éuﬂdstra@ e&-gthb icbmPbhdht i Subicdiel @ thd Hére@a@@@itgﬁoracr 0ss
the upper surface %suc for exanple, a nmetal nitrid wth an

exenpl ary RUEAPApE AAYANIadsOS I RARIGRIAIhpich deFiorowave excited Gomponent

has a very short lifetime.

[0041] In particular applications, various precursors can be flowed into reaction
chamber 12 in addition to the microwave-inducible constituents. The precursors can
react with microwave excited components of the microwave-inducible constituents to
form materials which ultimately deposit over a surface of substrate 28.

[0042] The precursors can comprise, for example, metallo-organic materials and
can react with the microwave excited components to generate metals which ultimately
deposit over a surface of substrate 28. If the precursors comprise metallo-organic
precursors, the precursors can bond to a surface of substrate 28 prior to reacting with
the microwave excited components and/or can react with the microwave-excited
components to form metallic materials which thereafter accumulate on substrate 28.

[0043] In an exemplary application, the microwave excited component can comprise
O, and such can react with a metallo-organic precursor to oxidize the organic

component of the precursor and cleave such from the metallic component which

8



[0040] In applications in which a mcrowave excited conponent reacts
directly with a surface of substrate 28, the conponent can be on or

ot herwi sewasgogitated with a surface of the substrate as Prhe/usosponent is
subj ected to the mcrowave excitation. Such can be advantageous in
applications in which m Ccr owav exgat ed cor’gjonent has a vert{oshort

lifetine. [tlwgaf]teqaﬁc%p feS AN s hdate 2 aA"%'Uét'Vﬁtyem’E%tr"‘ -LXRNSe

flowed i nt @récisdrican bobl &denppe? sliflacdétisubate @8tdhier 1 reasivAMALH thEar; bRl e
constituents. The ﬁrecg c‘Zers can react with m crowave excited corrponents

of the m cr¥RERRNIRYYGRTRN GeavEias ProaRIGCOMPENeTtSY HHeRIEEHSA te Iedvedhe Meta! mat el y

deposit ovels sadepakit a0&r DsurRieb st Edstraittes. [ IAGder BRBedls BEME SRchtiGR L ONPr i Se,
for exanple, netall o- Otg@ﬁbt'hc mat er, als and an react with the nm crowave

excited cofF¥9RhEaD eac sﬂ“@tﬂ&' AP O aliPt hR&tesrg9e ddPasiantver a

surface of rgatbsdlyatiérm?8 mdtdl dxfae vﬂf@ﬁw@e{eﬁy ARUBIUEEs 885 AbpEsiVaRR IsGrface
precursors, ﬁlt}b recurgors can bond to a surface of substrate 28 prior to

reacting wiof AuUbstiate 28.cPiiaYs eihe Migawashpeiier cemrRRagH s Naftigheaption® &h t he

ni cr owave- exdthltritdide GOEAOBRTHCE of SubHatB P&t Rird micrBfkicxtifedbnidbrches ¢af t er
accunul ate on substrate 28. 0043] In an exenplary application,

t he
m crowave SXER FANEIHAD YRS ROFIPNS G Pracuirsas to @ﬁﬁe §&8Wp@ﬁ?ﬂtr0éﬁlﬁprﬁﬁ>‘trﬁ°fa

et al | o- or gadhCulih e depostPowdf adiuAted bsuPsEaBIzg. conponent of the
precursor and cI eave such fromthe netallic conpgonent which 8 WO 03/087431

PCT/ US03/ 099P441 ¢ h@F'??a’f“tcé‘Pwaé’c?cet}ﬁtﬁda?%p%ﬁ’“b'sQﬁﬁf‘%ﬁ@é"@ﬁm% §Heh pan lee vidized

Al ternativel yomtnhgudmm blasma@aﬁaﬁcednﬁh@ﬁﬁaats%pde@ept@@m bPcabd!BREd R f ace
of substrate 28 gr to reaction with the 0, and the 0 can thereafter

cl eave t he 95¢ g5Hi 8 YRHRMSPAteRals asrocktes ity ghibsfrate %Bo\ve the netal as a

deposit ov e[OOﬂS]S ur f aceoted tlffatl’@@trﬁ@kﬁ/aZS exd:lfédf ddhigdRenesERase Srofbied B part of
i nvention, the égwn can react wt he nmetal either duri ng or after the

cl eavage off QATPOHPE MG INGludes gthgr at@ras f'bﬁ‘qﬁ'tti’”ntet”éﬁ‘ MiskPMRYenPNCERd ul t i mat el y

accunul at eeoa@oﬁerdenﬁalcbrr@tsﬁént@aﬁ @retaa@ fromGhe SoRpbliret & 2 fesuftiofear |y, if the
m crowave excited cor\r}%onent can forma netal nitride over a

surface of TUGIOWRYS pElivagon ppd/ P'h%s af ‘?ﬁ“g\%(ﬁ‘@cmwmﬂr@ét?ﬁb%‘@mm the rgactiofych can

reduce var icRa®beIQEhH @amr@reaatep b@ﬁtbwatte@.Ht@aweP@s.ﬁm@rteﬁhc@éf duBStrate
precursor  _which uIt| S|ts over a surface of substrate 28. [hO44]
q.%),g»ﬁ c

If the m cPBwdFECTEingi% plerial gygr pulsirale 28 eamecMRriser RIgAUgi avhi

utilized irtlfREmRE I’é’é’@si@ﬂof\ffoh Bf ® hASERaGNEBJINES oMPBRIT Fbrmearfthiri@Resddren, or
can be uti l@%ﬁ f or p[g/ etching of various nmaterials associated with
04i52Ppticyt

substrate 2 Ong B Wiich AR ACVRERdSRECISRAS ©OBRE PY BHCTOWAYDnent can
be provi de@xéitatipa bt a @bnstiudh®EamauR dhithited adtiValdddpRciel RedctiBne Br @84 t1 on

to the m crowave- eXCI ted conponent. The conﬁ)onent can cleave fromthe

conpound a@regursoss fo fogp opg gr more components which are deposited over substrate 28, the
reacting with the precursors can occur before, after, or during deposition of the
components onto a surface of substrate 28.

[0047] The reaction of the activated species with the precursor can break the

precursor to form a fragment of the precursor which is ultimately deposited onto
substrate 28 (such as, for example, can break a metallo-organic precursor into a
metal-containing fragment which is ultimately deposited onto substrate 28).
Accordingly, a material deposited over substrate 28 can comprise a fragment of a
precursor rather than an entirety of a precursor, in particular applications. Further, the
microwave activated component can react with the fragment to form a new species
which deposits over substrate 28, such as, for example, in applications in which the
microwave activated component comprises oxygen or nitrogen, and reacts with a
metal-containing precursor to form a metal oxide or metal nitride which is ultimately
deposited over substrate 28.

[0048] The methodology described herein can be utilized in, for example, CVD or
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m crowave activation and/or as a result of reacting with precursors within
the reaction chanber, and can thereafter be incorporated into a deposit
over a suwbasesmBl substrate 28. Accordingly, the deposit@dTnso®ed9at over
substrate 28 can conprise a product whi ch includes at |east a portion of a

m cr owave ite co opent f d within chanher 12. . [0046

appl i cati o%& | APPUPALORS o ”%Fc’?"fa Iﬁ’gﬁf?ég'i"é%d 'Ps‘\rfﬁ%?méaaw nf Bf Wé%

exci t at r on rgdctien 64 e vambompfish pulsitg b(frFBthﬁrp@ﬁédt‘ﬂﬂ@) eshcipeehaabdremet s Wi th
one or 5300{ recursors to form one onents which are deEosrted

over subst DB MonRlayen Rt gisHESHALe ﬁor"rﬂaeﬁ B%eé“ c hihe tiskermprited

after, or @hernl P@gstEperaitiid Aackdn éH’e@nbe@@ﬁ@@%Bém Sdrhsor@nbidiharesitddfpuisegst rat e
28. [0047] g&r eaction of the activat ed sRem es Wth the precursor can
rrs? 2

break the agonHamBerioSorp 4GeePRd BP ?lﬁréerrﬂvg&hlpgmnq}ﬂyﬁmrmgd from
ul ti mat el y temesddn@sbneAt BubsHRSEMIRL e 28cdriddmphent & @‘&l??écﬁfrorﬁ%‘e break a
agnen

net al | o- organlc precursor Into a netal -containi ng) fr which is
P

ul ti mat el y TeRSHBR FhaBPYHeRy! Wigdissticamponeyt cap dheseafias @ga@ RdsesintgItheleposi t ed

over subst kgicHor 8h&raberad ot Sfottfer iRl oRr tle MBREBYEIT&MdAIIREhd han an
entirety of a precursor, in particular applications. Further, the

m crowave SEEINGROBIPORERY AMSAIINg thesfieta %WOF%EOW‘P%‘?aQW$Wﬁa'WeW

speci es V\/ﬁljl%bddﬁ@@ﬁﬂg’é&fr@%ﬁﬂhe&é&ﬁ%h%ﬁ@m@@r such as, for exanple, in
applications in which the mcrowave activated conponent conprises oxygen

or nitrogen904¥y r%ﬁ&‘frgwﬁ)i’q etiyatedsparios 6/ B Mg Soareneserbatiof bedrd net al

oxi de or nﬁh@beébrfdrdoﬁﬁ)o%ht@@uhﬁg metpmaﬁ@pbﬁrhe@&mpémérﬁ@mwmé réatiohr ate 28.
[ 0048] Theg\g@gﬁr 8 descri bed herein can be utilized for exanpl e,
3

CVD or qﬂ‘@'i"f‘?ﬁsﬁ%@%@féo opg B BpiPIof Iﬂ?tflrﬁr%‘d quO'i'q"re met hodol ogy

i's utilizedomporddes apilel doRipoRBhts afe PAEED Mt Mk resdtidA chAMb&E AH ARG Bv&RNit
conprise pulsyng a first conponent I nto reaction chanber and ormng a

monol ayer &¥&Pe @IE%Q%O&Féorfar'@rﬁrQW?é’efﬂ‘ﬁl%etUt@é?ﬂ)@Hé\Qta” At pracess todshponent i s

then pur gedpprogidtdlf ab Qaiek a8 sehasihe ?@9@! ofa E6APEKENE AP HRGBACtOR chhfbeaf t er
pul sed |n$ ?thge reaction chanber to forma second npnol a)éer over the

nonol ayer dVeTEsnt @ PHISeof R SPMPERYY HEAR reakiion SHABREY s abpw? sqcopfs it

conponent eam bb@d%ﬂﬂﬁ@u& lfé}ffhé hﬁcrowmﬁurgértdﬁ@mébo@@dsetcbmsfdortﬁat @anponent
can ther eafter ul sed into reacti on chanber to form anot her

monol ayer BY&f OFWécr Yo é?'@?'orf S@Wrwsﬁr@ﬁ*\')t srincidewihHeguigsoRidhg component

Accor di ngl ywitH 8 tér ‘%hbétaﬁltra‘-’rl?cémﬁbui@lﬁ@ﬁ)%ﬁmzéd ERindREteRAUBE twSpli¥es Pul sed
and purged frog%t he reacti on chanber 049] A.m crowave activated species

can be for RRBCIEE YWHNHRETGP ChRRIPCTGN)- t%hfqar“stte Patiylasly asantagepisHer!s odRir i ng
the pul si ngf @k pultes @esRRNENvEh ARt O fecéRas td BOmiGhMIRARdudRY, sathaeth&r med

in addition to . one or both of the first and second
pulse is not. In such applications, it can be desired to utilize a microwave source with a
very rapid response time. Suitable microwave sources are, for example, phased array
antennas with appropriate microwave generators and controllers.

[0050] The microwave source 14 utilized in various aspects of the invention can be
an antenna which extends across an entirety of the substrate 28. For instance, Fig. 2
illustrates an exemplary source 14 (the periphery of which is shown with a solid line),
superimposed over an exemplary substrate 28 (the periphery of which is shown by a
dashed line). The microwave source 14 extends across an entirety of a surface of
substrate 28, and accordingly microwave radiation from source 14 can simultaneously
be directed across the entirety of substrate 28. Although the shown microwave source
14 has a rectangular shape, it is to be understood that the microwave source can have
other shapes, such as, for example, a circular shape.

[0051] Microwave radiation emitted from source 14 can impact a surface of
substrate 28, and such can be useful in applications in which activated species having

relatively short lifetimes are formed from the microwave radiation and utilized for CVD or
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conponents as the conponents are pulsed into the reaction chanber. In any
event, it can be advantageous for a mcrowave pulse utilized during an ALD
process twOg/o8approxi mately as quick as a sequential pul eeTafSoaBBIPONeENt
into the reaction chanber. |In other words, if a pulse of a conponent into
a reaction anber is gbouyt 2 seconds, it an be advant ageous for the

m cr onave ﬁ\i&s@o??}ssﬁﬁf a58% afrayanighps it @%Pq%ﬁafbemgoww SeUTEE: 84 cr onave

radi ation @ﬁ@nt&ﬂ@ﬁ%ﬂﬁé lnﬂd:era@@rd"@ﬁati@ﬁ révafive tolxepsirdis 28 @hn bBeoR@sRaNSNkh i Wi t h
the term" ﬁbsta % coi.nci de bei ngﬂg1 hl lized to indicate that the two

pul ses  coilMEIFEWR 'ﬁr wheredp @ sybstiple g8 {9 Hystrates|iperessreeghonshyierec taosthey

advant ageowgthid beimh 50 @élﬁem@flcdllgQIL@Hb@GS\nm%SGH‘dhéH eexVftnlicRvatd RidMtRpess 1S
e ot her 8@1 se is not. In such aEpI i cations,

to be mecr e uced and
it can be S‘B’a\ﬁre@@q SNGOMEYS gadiatian hegRavePgRILaGPshSUpstraterap asillidirateds ponse

time. Suitablag ditow SAeSEcHEHH EescBPlisHedr with{sHERE RoniPd % Rflcrala @Y rad@ibgnnas
W th appropriate m crowave %enerators and controllers. [0050 The m crowave

source 14 GG EM aPhRsed Bliay arisaed dlilged afdhe micEwavssobEe (bé of Bi- Bht enna

whi ch ext eng@sarr 05@ mmueﬂaéteé 8top ﬂéwtdﬁﬂqesme% a.ag@m?t% fuﬁﬁér éhBﬁ/ttﬁé‘ﬁﬁbarF' g. 2
illustrates an exe }é/ source 14 perip is shown with a

solid Iine}f raveléwgg SRHeRtralR 2&)@@%”&@%}%‘%&@?&?@ b?@”‘(@%%a'b@ﬁ?%er y of

which is s h@mé@yelyaacrdaésaaﬂl witithedf sub&teatE e (iAW Wikt €8n le%teﬂes bBfds adGll 0SS
an entirety of a surface of substrate 28, ‘and accordingly m crowave

radi ati on ClAMIERItResShALGFular sUPsE@ousi y  be directed across the

entirety of[osgBpt ra@e F8nd AILBRAIE Ihdt hecNaVE rdbiftioR WaYRe SR & Roachdn has a
rect angul ar, shape is . to be understood that the m crowave source can

have ot hef %rﬁagre@n ke frAittgd alonga fiktans @he axesiof gafdiafionsitaand gwspbalpng a

M crowave gt dx@(aRidigo, Gﬁhﬁth@%bm&)@s 3#hé sRowBmebdithetibdinge of
substrate 28, and such can useful in applications in which activated

speci es hagHrggantially B?Fp\?ég'wlé‘htﬁ’rtf‘e Prip@lqngehich Berradiaden is dirotete The i8rdwave
radi ation agibstintibliyzeipdiiculffDisQUsed IQindafe3hABR4 3kis BloHgWitisH $R3datidh-B

processes. |f a phased array antenna is utilized as the m crowave source,
an orient éWPBHSBPrHeﬁ@'CW?EMRE\%'S@Mga%"ththeéﬁgﬂ?’f'%'stddfegtﬁﬁﬁ'thﬁt%roz%OEan be

control | edmeadarenent. i | lustrated in Fl g. 3 wherein a substrate 28 is
illustrated in cross-sectjonal view, get her wth a beam 50
(schemat i cal®P94 | | lnapplicatignavn whigh a%wﬁ% 4 K59y eMpriseoarPasediat i on 16.

The beam OEnfénﬁéQH@Y@C%@HV@FdoﬁHlloﬂa@rohﬁs@h%hrdeld&ﬂéﬂe'éﬁve’b@é@r‘%s S BSHrERIR a28 as
illustrated éq%n arrow 52. Such can be acconplished th phase control of

m crovnave FUERGE 9GEUbsHale S iZiBamethaciology ofFi |9a§ é‘l’i?@ﬁﬂ‘ée'htﬂi‘? rasiafiog §ap he

m crowave $euirecel il aﬁlamre]éurfacé%é@dstrat@zs wgnhbwrhaﬂeﬁ@oaslg@?pd@u@/v of
the Fig. 3 diagramto furtBer show, t he Ilnear travel of beam 50 across

substrat e ¥ WROIGSHTacRONSYPSALE &9 MigrewaveLedigliann 50 can extend transversely
across a fujopssy dt An@herSHEBbE Rriird&irlg MicRIWHRE rd@AEH aFadt AXEMRIE @RS 2

full substrate 28 is shown in Fig. 5. Specifically, the beam 50 of the radiation extends
radially from a center of a circular substrate to an edge, and is swept along a rotational
axis 54 to cover an entirety of the substrate.

[0056] An advantage of having a beam sweep a substrate (as shown in the
exemplary embodiments of Figs. 3, 4 and 5) can be that such can enhance the
uniformity of deposition of a material over a substrate during CVD or ALD.

[0057] Incorporation of microwave excitation into CVD and/or ALD processes can
enable reaction chambers to be formed smaller than those currently available. Smaller
chambers can be advantageous in reducing a volume within the reaction chambers,
which can particularly assist ALD processes in allowing faster purging of the reaction
chambers.
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di aneter of the shown circular substrate). [0053] Figs. 3 and 4 illustrate
that m crowave radiation emtted into a reaction chanber can be emtted

al ong a fwpIB/osmBs (the axes of radiation 16), and swept &Congoao99second
axis (axis 52), with the second axis of the shown enbodi nent being
substantial |y rpendi cular to the axis along which the radiation is

di rect ed. %'@ rm "substantially perpendicular” is used to indicate that
the axis along which the radiation is swept is perpendicular to the axis
al ong whi ch the 1r adi g d&pbsitidondhdtesd eshprsing miceswaveexeitatioNRASORIBAENt [ 0054]

In applications in which source 1 Fi g. conpr.i ses a phased arra
ant egga, t MEINIG 3 fegREQRChalpp el dUERg é‘?éﬂﬂtg’ﬂﬂ%g%gp@ OUEP B Sér\ﬂ@p“é””};\'&p’t%s an

entirety ofredtios ehaiber; @le dkchatmitrealigngPort phhésd AeayRichadalkaayiafdn Fi 9. 4.
Al ternativel the radiatjon ca be directed toward an entire surface of

substrate é’é‘gﬂw G ey eartion ambelisl y exposing the whol e surface of
substrate to mcrowave radi ation. [0055] Another nmethod for directing

m crowave radi ali on aqtieaRsthad obdlhint BfUBHEf ésifipriding: Substrate 28 is shown in
Fig. 5. Specifically,, the beam 50 of tbhe radi ati og extends radially froma
I St

center of a circul ar 'OWHS3 BESUSE" iQip 18R frActign gharg along a rotational

axis 54 to cover an esidtihgliye plectrger withserait®wal/8 @réedAdnisdnantta g&ndthe
havi ng a b%gag%rsmeep a substrate (as shown in the exenplary enbodi nents of

Figs. 3, 4 'aé') can be that such can enhance the wuniformty of
deposition of a material over a substrate during CVD or ALD. [0057]
| ncor porati on of3. m crivwauethexof dlaitd DWherirothSainstr ®ondd-10 the egieRBBS athn

bl ' h be f d snpl | h h . ly.
vai | abl o TSR S g WM EH e pVA reTaesha PoTE e g dobreiid

wi t hi n t he onelesubsrathanbers, which can particularly assist ALD processes
in allowng faster purging of the reaction chanbers. 11 WO 03/087431

PCT/ US03/ 09913 ,CLAI . epgsitlion nethod conprising mcrowave
excitation of a%orrpﬁghetﬁ%??ﬁﬁ "maé Yvﬁgré:"m 1R PLgH, érrea%?qY"%ﬁ}?éB'(%qv‘faiVSn of a
mat eri al owescited ceuipeneat te fovn thiemdtbdal whizhcthé@aftethmmbeutatdshen e Gubsttdtan
resulting from phased array m crowave radi ation passing into the reaction

chanber. 2. Theneth i . f i SlNg: j a.precursor
into the reacti gh chgq1 g{]?tﬁé&nl @I%ch\’hgl%ht@ggg é‘?ébé‘%r’s %\nést%\é\fag%ew' 2r owave
exci ted comspdaendf the shlwatmid teingriia¢ eidralvave excitation.

6. The method of claim 1 wherein the component is not on a surface of the

substrate during the microwave excitation.

7. The method of claim 1 wherein the microwave excited component is part

of a plasma within the reaction chamber.

8. The method of claim 1 wherein the microwave excited component is
selected from the group consisting of H, O and N.

9. The method of claim 1 wherein the material deposited over the substrate
comprises a product which includes at least a portion of the microwave excited

component.

10. The method of claim 1 wherein the material deposited over the substrate

does not comprise the microwave excited component.

11. The method of claim 1 wherein the deposition method is a chemical
vapor deposition method.
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3. The method of claim2 wherein the precursor bonds to the substrate and
thereafter reacts with the m crowave excited conponent to formthe materi al
deposi t edwOmn/0811e1 substrate. 4. The net hod of cl ai m 2 whereirmusoheps ecur sor
reacts with the mcrowave excited conmponent to formthe material which

t hereafter accunul at on th bstrate., 5. The nethod of claim1 wherein
t he conponent ingassg-zﬁezﬁ‘%tbo‘iﬁ’f ang EWF‘?@%"%SﬂePﬂ%“%%‘ﬂ disaralomiylaysie
m crowave espodiidn @Bthod. The nmethod of claim 1 wherein the conponent is not
on a surface of the substrate during the mcrowave excitation. 7. The

met hod of claim,l wherein th 1 crowave excited conponent .is part —of a
pl asma wit hin tﬂé re @Fi%ﬂh%‘ﬁaﬂ%@m %!\!‘eF?Hbt%ﬁ@FHBﬂt'%Pméﬁ‘Qpﬁ? an gloareiarer he
m crowave espodifgh retpaNiBsimdtisod fiethecdodthrisingm t he group consisting of H 0
and N. 9. The net hod of cl.a'm]],wh r?in t he terial deposited over the
substrate conprises S§AyeHE! PU%HQEF? PRY PRRADG ComPoagis "ﬁoﬂlﬁﬁeﬁﬁtfpnof t he

m crowave ekainb&cthndysurgiag ey cordbneherditHeodasifontdhahiel beteer it t he
mat eri al deposi ted over the substrate does not conprise the m crowave

excited coRfpAtRNE! PUSES: FisdMTERYAYE SFited CaMRoteiRaRg o Iedt opepbYrirgfNfet hod
i's a chem gatondvdpfiondAeosmnd i on met hod. 12 WO 03/087431 PCT/ US03/09913 12.
The nmethod of claim %hvvnerei n the deposition nethod is an atom c | ayer

deposi tion method. 130€ FREOMRr S BGIFONIPETRI TR OMIEPR o?wg:r%%\@srpgi@g met hod

i's an at omio tfyeHambéeas blilses onmickathvetrhdialit i tnualynindidmPwits tHag:
first second conponents i.nto the react chanber

sequenti al | ul si ng ng. i gn
ond pur o ngLisRE R aalR & P drstEne SresteracameRRaUaP ciSRelT dHAg Do
sequential pul ses; the m crowave excited conponent being at | east one of

the first and gecong depushiornichodiedmphigingri crowave excitation resulting
frompul ses of mcrowave,.radiation into.the cha(Hber' I;nge grgises of

m crowave radiation SHPAAAHEN APPYARSICREPHFRG aPRFHIONIFhamBET QA BYCropaver
bot h of t heofiice gkichml ts thewhdmbenien@ation ¢Hatniieheompasihg awisdvaibesugh 14. A
deposi tion lrqathho.d corrpré.s%}g: provi ding an apparatus conprising a reaction
chanber andMEhIEiRYG&adialRir @y R&Fer nal to the chanber: the reaction

chanber conprising apassidgwidrbwanegfrom the source, through the window, and into the
chamber;
placing a substrate within the reaction chamber;
flowing one or more materials within the reaction chamber and through
the microwaves; and
depositing at least a component of the one or more materials onto the
substrate.

15. The method of claim 14 wherein the microwave radiation is associated
with a beam that is emitted along a first axis into the chamber and swept along a second

axis within the chamber.

16. The method of claim 14 wherein the microwave radiation is associated
with a beam that is emitted along a first axis into the chamber and swept along a second

axis within the chamber, the second axis being a linear axis.

17. The method of claim 14 wherein the microwave radiation is associated
with a beam that is emitted along a first axis into the chamber and swept along a second

axis within the chamber, the second axis being a rotational axis.

18. The method of claim 14 wherein the window comprises quartz, mica or

plastic.
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whi ch m crowave radiati on can pass; passing m crowaves fromthe source,

t hrough the wi ndow, and into the chanber; placing a substrate within the
reacti on wbaaigmn31 f| owi ng one or nore materials wthin thecrasos/oom chanmber
and through the m crowaves; and depositing at |east a conponent of the one
or nore naterials onto the upstrate. 15. The nethod of claim 14 wherein
the mcrowave radi atil6R ni@h%égfcfifi“@t@d"’h%?'f‘ﬁh%”b%a‘f‘f?‘{%%?ur?%p%?ﬁa?@éﬂi‘aé?%ng a

first axisatay 6f initPowd@BRIROUGN theSHBRSwW ah@ o theS®@Abdr. axis Wi thin the
chanber. 16. The nethod of claim 14 wherein the mcrowave radi ation is

associated wth a beamthat is emitted alq first axis into the chanber
and swept al ong<% se ﬁ(ﬁ“etg%f gfsq}\gl@h‘i%wlgq{gmgﬁgﬁ%r,atq & S|IUEMUSYr s being a
| i near axi substrate.The met hod of claim 14 wherein the mcrowave radiation is
associated with a beamthat is emtted along a first axis into the chanber
and swept al ong second xis, wi.thin the chanber,. the second axis being a
rotational axi 5.2?18. q-%ﬁén‘ﬁ@?ciﬁfocw%‘?‘ ﬁ‘?ﬁ??{?'fiﬂe\,ﬁg‘?%ﬁ'twgt%@Wﬁﬁ RIGApr i ses

quartz, m ¢gpddeppsifidi.ic. 13 WO 03/ 087431 PCT/ US03/09913 19. The nethod of
claim 14 wherein the m crowave source passes a phased array of m crowaves

t hrough t he wi ndgw and i nt he chanmber. 2Q, The nmethod of claim 14 wherein
the substrate i gga s %q%?fgqjalms{}%@ﬁrgpghe QEPO#EW@ GBRAIBES BPMIS QYRR 14
wher ei n t hdegtegitioni t i ng conpri ses chem cal vapor deposition. 22. The net hod
of claim 14 wherein the depositing conprises atom c |ayer deposition. 23.

compr 56 a et aP2oont AP A HAL L TAA T Wiie B0 BT Rl e Brenbl e ™ OO
deposi t i ngnfiowavescompride aohetaheonta@iniah nwatenial ahe ogsydesit aad ethe2h théhe net hod
rein the nater the mcrowaves conprise a

of claim 14 wh tals flowed throu

met al - cont é?%?sﬁ@grfﬁ'i"é% ?%PX'gﬁajf ﬁletr?%ﬁlecﬁl,er gﬁfl\%ﬁ%}@i n the depositing forns

an nitride of the nmetal over the substrate. 25. The nethod of claim 14

wherei n the nat 84i al §heinmateet ofulamgtt wierein the materials flowed through the
microwaves comprise a metal-containing material and nitrogen, and wherein the

depositing forms an nitride of the metal over the substrate.

25.  The method of claim 14 wherein the materials flowed through the
microwaves comprise a metal-containing material and hydrogen, and wherein the
depositing forms a film combrising the metal of the metal-containing material over the

substrate.

26.  The method of claim 14 wherein the materials flowed through the
microwaves comprise a titanium-containing material and oxygen, and wherein the

depositing forms titanium oxide over the substrate.

27. The method of claim 14 wherein the materials flowed through the
microwaves comprise a titanium-containing material and nitrogen, and wherein the

depositing forms titanium nitride over the substrate.

28. A deposition method, comprising:
providing an apparatus comprising a reaction chamber and a microwave
source external to the chamber; the reaction chamber comprising a window through
which microwave radiation can pass;
placing a substrate within the reaction chamber;
flowing one or more one microwave-inducible constituents into the

reaction chamber;
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m crowaves conprise a netal-containing material and hydrogen, and wherein
the depositing forns a filmconprising the netal of the netal -containing
mat eri al woaB/0$hael substrate. 26. The nethod of claim 14 wRagrusonowhe
materials flowed through the mcrowaves conprise a titaniumcontaining
mat eri al and oxygen, and wherein the depositing forns titani um oxide over
the substrate. 27. THEWRSHEL H1Ore PEFGHSPAS fRtheiTragtion chamepial s 1 owed

through the i crowavgfie @RTEIHsEatedrid tha Bhel Bt FRAL AlidibldeTRYGIHIal and
nitrogen, and wherein the deposjting fornms titaniumnitride over the

subst r at e. coBstityeiRaEithinbihefaadicn chemhsr asiveyng gt eastans P iie misparaveus
conpri si ng jrRiucBRCEdrRtue R IIB miBRRvade %&étﬁbﬁﬁ&%rﬁ@ﬂéﬁé% oﬁéfﬁeﬁ%d éhpfécfelg,e

chanber; the reaction chanber conprising a w ndow throug ich mcrowave
radi ati on can pass; RS 2t leash accpaenantidhahleapiconed g oe eraemBer ;

fl ow ng oner&durd¥pE 6ntBGe SusiAWAYRy | nduci bl e constituents into the reaction
chanber; 14 WD 03/ 087431 PCI/ U503/ 09913 flow ng one or nore Precursors

into the reaction chafasipg thengt|least pae gfjthetangtas mase Prasarserewlt themctvated

m crowave- speied, hereabipddclAGiat oAk Br Wotdbibdifle, AR Ent i #ERbositing.
activating at |east one of the m crowave- inducible constituents W th

m crowave radiation to format |east one activated species; depositing at
| east a conponerf: of & MEET olFRIMHAS whrrephribe srachng eCpirebefPiede ont o t he

substr at e; dapékitirgacti ng the at |east one of the one or nore precursors wth
the activated species, the reacting occurring at one or nore of before,
after and duri n% theTgeposLt%ng. . 29. The nethod of claim28 wherein the
reacting occurs “Bef or'@e{HENOGIFRIM 28 Whersip the-Frackipg RerRYrSAMteN|the APRASTtREer ei n
the reacting occurs after the depositing. 31. The nethod of claim 28
wherein the reagti ng Toeewstsodloirdlaig 28ehergiRips rddcliflg odclirs dihgaéhod of cl ai m
28 wherein the.w ndow conprises quartz, mca or plastic. 33. The nethod of
cl aim 28 \AH@P%SI'Wgt he m crowave source conprises a phased array nicrowave
antenna. 34. The nethod of claim 28 wherein the m crowave-induci bl e
constituent is 32 The method of claim 28 wherein the window comprises quartz, mica or

plastic.

33. The method of claim 28 wherein the microwave source comprises a

phased array microwave antenna.

34. The method of claim 28 wherein the microwave-inducible constituent is

selected from the group consisting of O, H, and N.

35. The method of claim 28 wherein the at least one activated species is part

of a plasma generated from the microwave radiation.

36.  The method of claim 28 wherein:
the microwave-inducible constituent is selected from the group consisting
of O, H, and N;
the deposited component comprises fragment of the precursor, but not
an entirety of the precursor; and
the fragment is formed when the at least one activated species reacts

with the at least one precursor.

37. The method of claim 28 wherein the microwave source extends across
an expanse and generates microwaves along the expanse, the microwaves along one

portion of the expanse being selectively tuned relative to the microwaves along a
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selected fromthe group consisting of 0, H and N. 35. The nethod of claim
28 wherein the at | east one activated species is part of a plasna

gener at edwDrosts4Be m crowave radi ati on. 36. The net hod of pclraisns/@®1zher ei n:
t he m crowave-induci bl e constituent is selected fromthe group consisting
of 0, H ang N .the, de[‘f) sited conponent conprises fragnment of the

precur sor, dB{greHpertioqe gfﬁ‘?’?péf‘?e-of the precursor; and the fragment is
formed when the at | east one activated species reacts wth the at |east

one precursor. 33 Thwemeéthodloidiaif] 28 Wha8inhe hetrBwb e sdliréd BXBNE: SHbdCe
extends across an expanse .and.generates m crowaves al ong t he expanse, the
i 1 owav es CISRESANY SOREIEh IO VRS Alonar e CRRANSE, LIBEMANFS Ao Bae

rel ative t @ottiod oty @waresbeihgsdeaivbly R DRIANE 43 theRRitidvaNEs ABAG3

di fferent pg{?fr%gn ﬁ_f tgg1 e%%anse_. 8. The nethod of claim 28 wherein the
m crovave & PaRea Ph theRPaase; ag Whekein e e giFievaresdorm 8 PBUROEs al ong
t he expanseaditive whicH ONEdRSachdRNOsifRe oPPletduBBatE duhey BERRPSSHIREI NY

selectively tuned relative to the mcrowaves along a different portion of
t he expanse; anggwherei n the tur%ed m crowaves forma band of radiation

whi ch sweeps acrPgss & GRPHLR MGNQd, COMRRYRY at e during the depositing. 39. A
deposi tion met hod, cemidisg agappurais@oRprising appadtivh ha®BER &irbitieade I €act i on
chanber; a m'crovvtave source xteraal .to the chqegxber, agd an inlet port

ext endi ng CAWGEGHIE MR i HRRbEr ang gpale PPN Breugh e BiCreMaoer ; t he
reaction chenfeemnndaitpticicagtion ohantbeyy thé Fraetighchdmisd? cBhpFang¥avifidsli at i on can
pass, and rthe inl et part exten i.ng throu%h t[‘}? . g’rtndow ang, termnating in
an openi ng MIRYYEH VIR MYFRWEYE radiRliod 5pa PasT &ne 14 RISt PO sKisPeiag fyoudhythe

di sper si onwduinearkeeaainhtiidia ahpﬁiéhm@;urﬂéﬁmbmndﬁv@ﬂm\@%matﬁé amhkhe source,

t hrough the w ndow, throu%h.thq g)isgethst%on late, and into the chanber;

pl aci ng a SOBBFFRY 8 93P ARPRINPIe Denpat ASREWI Y and under the di spersi on
plate; flow ng one opassingmitrdwaves! flont tHeie@loel theoudh the wirtidw, tiaetgsmeand

t hr ough tge di spersion pl at ﬁnd into the reaction chanber; the one or
more mat er PSPE"SIRL Rige: %rﬂfg'jngjctgéﬁ YO€%he ni crowaves while in the reaction

chamber; and deposi t prgingta $itaFhteawitimRIeadtiodfchaMBeofiRl GideRtetdisptiasn al s
onto the
plate;
flowing one or more materials through the inlet port, across and through
the dispersion plate, and into the reaction chamber; the one or more materials being
subjected to the microwaves while in the reaction chamber; and
depositing at least a component of the one or more materials onto the

substrate.

40. The deposition method of claim 39 wherein the window comprises quartz,
mica or plastic.

41. The deposition method of claim 39 wherein the window consists

essentially of quartz.

42. The deposition method of claim 39 wherein the gas dispersion plate
comprises quartz, mica or plastic; and has a plurality of openings extending
therethrough.

43. The deposition method of claim 39 wherein the gas dispersion plate

consists essentially of quartz having a plurality of openings extending therethrough.

44, The deposition method of claim 39 wherein the window and gas
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substrate. 40. The deposition nethod of claim 39 wherein the w ndow
conprises quartz, mca or plastic. 41. The deposition nethod of claim 39
wher ei n twWoe osiosdow consi sts essentially of quartz. 42. TiR€TUSpyeI93 on

met hod of claim 39 wherein the gas dispersion plate conprises quartz, mca

or plastic; and has a plurality of eni ngs extendi ng therethrough. 43.
The deposi IBRTSRNY MRS (g‘f‘s'éi %ﬁﬁ@mﬂgmﬁ the gas di spersion plate

consists essentially of quartz having a plurality of openings extending

therethrough. 44, Theedrposiiéi @athyatdredineBoaiharem 8 mizesveive sbbeew ndow and
gas 16 WO 03/087431 PCT/ US03/ 09913 di spersion plate consist essentially of
quartz. 45COTRESYHPBIEIAREAREH20f ¢l ai m 39 wherein the nicrowave source

conprises a phased array antenna. 46. The deposition nethod of claim 39

wher ei n the m cuewavheaigpositiorexibtodf aRIMDS9 whrex FVaRr@ilegenReat es

m cr owaves a{‘fogg t he expanse, the m erovayes al o[h% qﬁe orti 08 of the
expanse beifFNERAEOET BB PYPINTREF ARSI NCEPWaYES NG BRARANSGI BRg a

di fferent paciovaneiiohdienepeanos ef thé bxpdit iskanpsdiédtivaly eidiodiagiie & tabm 39
wherein the .m crowave soufr across an expanse and generates

e _extend
m cr owaves "H?@Wﬁ‘“f%@o'ég(B&'H%é‘?mtpﬁg'onrﬂ?H}EO%QV?B%G'aI ong one portion of the
expanse being selectively tuned relative to the mcrowaves along a

different porti am. of Theelepagitors@ptadf vlain 60 wheksin thenadrowasecovares form a
band of radifalti on _which ss.a surface oIfnthe substrg e during the

Lon .\ sweeps acro
deposi t i ng S¥£8% AGEH R LRI ﬁgaaﬂeﬁ?@%‘?s 'RSFRYYAVER AlPN9 e PROSP-JRC chanber ; a
m crowave sdcoeevexilengahe portibhef thbaxparseiahg saédtiyely @chddoretivetot the
m crowave radi ation toward. the chanber,; and a wi ndqw i.n,a side of the
Feact on' cRAHSAPEhabee A st PRBRGT HinsStrad ZAgmer B i FRSrivotiivs
sour ce can farassbamd of ratiatiohahick swedSs adrbss appddict efsho$ulstratedwdiBg ity t her
conpri si n\g,gmqa substrate holder within the chanber. 50. The apparatus of
cl ai m 49 &PeY W% he substrate holder is in a path of the radiation.
48. A deposition apparatus, comprising:
a reaction chamber;
a microwave source external to the chamber and configured to direct
microwave radiation toward the chamber; and
a window in a side of the reaction chamber through which microwave

radiation from the microwave source can pass into the chamber.

49. The apparatus of claim 48 further comprising a substrate holder within
the chamber.

50.  The apparatus of claim 49 wherein the substrate holder is in a path of the
radiation.

51.  The apparatus of claim 49 wherein the substrate holder is configured to
regulate a temperature of a substrate held thereby.

52. The apparatus of claim 49 wherein the substrate holder includes a heater
for heating a substrate held thereby.

53. The apparatus of claim 49 wherein the substrate holder is configured to
retain a semiconductive material wafer within the reaction chamber, and wherein the
microwave source is configured to emit a phased array of microwave radiation into the

chamber and across an entire surface of a semiconductive material wafer retained
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51. The apparatus of claim49 wherein the substrate holder is configured to
regul ate a tenperature of a substrate held thereby. 52. The apparatus of

cl ai m 49 wbesm®sn3t he substrate hol der includes a heater PoT/USe30990y a
substrate held thereby. 53. The apparatus of claim49 wherein the substrate
hol der is copfigured to retain a sem conductive material wafer within the
reaction cl‘i"éfﬁﬁet e chamPetherein the microwave source is configured to enit a
phased array of m crowave radiation into the chanber and across an entire

Isang ; 3%83% gglgelsupoRq‘lh@tabparahmncgroiaah ggaﬁrgreiheﬁ@ém&afbmderfﬂ@é&ﬁi égh%ﬁ{;co _
Wwthin the c 1 r. . eap aratus o clalm 4 ereln
The oot 1 Itam e arupoT o PR A e E WHRIB ik (PaB AR Rt AT WA RRe |

waf er w t himilcrolvave sagté R siaat efray aRtinh Vi extdiRis dttdEsANRMIraipbf £ i s a

phased array antenna which extends. acrqoss an entjrety of a sem conductive
mat eri al wﬁg@fcop@fcé'i"ﬁé'l?t%al' M rtr?lt@'n@ﬂé{ﬂ%&t.ﬁe%‘i‘m e apparatus of claim 48

wherein the wi ndow conprises quartz, mca or plastic. 56. The apparatus of

cl ai m 48 wher ei B5t he TweR@psta@&Fickin 4Bsaanéihahd Windbw caHpribas qiafiz, i or
apparatus Q | ai m 48 wherein the m crowave source is configured to emt a
phased arrgl?sﬁ‘?' m crowave radiation into the chanber. 58. A deposition
apparatus, conprising: a reaction chanber conprising a window, a m crowave
source external 580 tMaeabpaiaars dinthiraaigivilgusiathd windowiconsibereevatilly edi at i on
t hrough the window and into the reaction chanber; an inlet port extending

t hr ough t h8"8%r owave source and into the reaction chanber; the inlet port
extendi ng through the window and term nating in an opening under the

wi ndow, a gas dibgper Jhemppamatus ofictdirhA8twierein det nmnowderdoarceda dotfzuesi o t he

benoath ¢ neM B BioEh el bt il aRhoR ko WEARPRL of "ol ol m 55 wher oi n

the substrate holder is configured to regulate a tenperature of a
substrate hel d 6Ber ehydepdbitioThpparphysr earoisofg: cl ai m 58 wherein the substrate

hol der includes a hegtrgécﬁok%ap]gg}; é&ﬂp%irﬁ’?@hﬁ%}a hel d t hereby.

a microwave source external to the chamber and configured to emit
microwave radiation through the window and into the reaction chamber;

an inlet port extending through the microwave source and into the
reaction chamber; the inlet port extending through the window and terminating in an
opening under the window;

a gas dispersion plate within the reaction chamber and beneath the
opening of the inlet port; and

a substrate holder within the chamber and beneath the gas dispersion
plate.

59.  The apparatus of claim 58 wherein the substrate holder is configured to
regulate a temperature of a substrate held thereby.

60. The apparatus of claim 58 wherein the substrate holder includes a heater
for heating a substrate held thereby.

61.  The apparatus of claim 58 wherein the window comprises quartz, mica or
plastic.

62.  The apparatus of claim 58 wherein the window consists essentially of

quartz.
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61. The apparatus of claim58 wherein the wi ndow conprises quartz, mca or
pl astic. 62. The apparatus of claimb58 wherein the w ndow consi sts

essent i alwg osfos74quart z. 18 WO 03/ 087431 PCT/ US03/ 09913 6PCTAISe3/099p&r at us
of claimb58 wherein the gas dispersion plate conprises quartz, mca or

plastic; and has_a plurality of openings extending fherethrough. 64. The
appar at us of cl &3 SSP%M%UQH Yo We?:féwsth%ﬁa%ﬂ%@fswrpé@tgtcempﬂses

essenti al | yguaktzOMRk lof pl@vd; Red@aB laysi@biity Yof 6 erMif UxiHRiirR)therehrBGgh.
t her et hr ouéﬁm 65. Thepappar at us o?bv cl alslm 5% wher ei n tr%je( Wi ndog/g and gas

di spersion plate  consist essentjally of quarfz. 66, The apparatus of claim
58 wherein the rﬁ%roaﬁiﬁa@@(ﬁtﬂ%oé @a'E%@ﬁ'Y" ?@&F‘?QasQﬁp?rsﬁ’”ﬁﬁégéﬁn%{?tﬁay of
m crowave rexdbatdlpaf §urre HadvigehaloRety. of @peninfeeapman@iHésetiloughai m 58 wherein
the substrate holder is configured to retain a sem conductive nateri al

wafer within the reaction chanber, .an erein the mcrowaye squrce is
configured to e aLlB'P? f ‘7‘8{/‘”%@ W%{WBGP’VMO&‘[?WQ Iparsien PRI her
and acr oss cansiehédsestisliof goginf a sem conductive material wafer retained
wi thin the chanber. 68. The apparatus of claim58 wherein the substrate

hol der is confi ed to retain sem conductjve.material wafer within the
reaction chanbe%g' and-ltqﬁrﬁc}p@f aﬁ”? ﬂ€°|a' "%Bfwﬁ%rw tb%m‘%@wfi&e ﬁo%ﬁ%g‘&?nﬁé‘frﬁg/ to
ant enna whiethit @ yhasudisareyrad Ssicrewaed tadiatioy igtd tise clembesonduct i ve mat eri al
wafer retained within the chanber. 19
67.  The apparatus of claim 58 wherein the substrate holder is configured to
retain a semiconductive material wafer within the reaction chamber, and wherein the
microwave source is configured to emit a phased array of microwave radiation into the
chamber and across an entire surface of a semiconductive material wafer retained

within the chamber.

68. The apparatus of claim 58 wherein the substrate holder is configured to
retain a semiconductive material wafer within the reaction chamber, and wherein the
microwave source is a phased array antenna which extends across an entirety of a

semiconductive material wafer retained within the chamber.
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