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sAppar at us and Concept for Mnimzing Parasitic Chem cal Vapor Deposition
During Atom c Layer Deposition Field of the Invention The gbaiERN0d3NVeNtion
is in the area of chem cal vapor deposition, and pertains nore particularly
to new mpidp@ssend apparatus for depositing filns by atomgetBs®izone
deposition. This invention is an exténsion of these new nethods and
particularly covers a nethod for preventing parasitic chem cal vapor
deposition and the resultant contam nation. Background of the Invention In
the manufacture of integrated circuits, deposition of thin filnms of many
pure and conmpound materials is ne sary,. ang many. t echni gu have been
devel oped M%mlq@l(g?kwilﬁﬁé’ﬁp ?“\gnﬂPEE%'ﬁc lqaiZV%Bﬂfnant

t echni que for deposiDépesition: During Atonmic Layendepositimmen cheni cal vapor
deposition (CVD), which has proven to have superior ability to provide

uni form even coatings, and to coat relatively conformaily into vias and
over other high-aspect and uneven features in wafer topology. As device
density has continued to increase and geonetry has continued to becone nore
conplicated, even the superior conformal coating of CVD techni ques has been
chal | enged) and new and bettertech .h BS e needed. The approach of a
vari ant of CVD, Atom c Layer D@ﬁg‘g-f-’ﬂ—m%%!%en consi dered for inprovenent
inuniformty and conformality, especially for |ow tenperature deposition.

However the practical jnplenentation of this technol ogy requires a solution
to hi gher puriThe prasenhinypation is ibihgiapaof chamical xanon depepdtien sad petizing

require R - ' . sition
et Usoo g peron OB e pdk ] bt K5 hosian o By i SHRF
Deposi ti afepb#iiél). WhAIS invention is an extension of these new methods and particularly

covers a method for preventing parasitic chemical vapor deposition and the resultant

contamination.

Background of the Invention

In the manufacture of integrated circuits, deposition of thin films of many pure
and compound materials is necessary, and many techniques have been developed to
accomplish such depositions. ln recent years the dominant technique for deposition
of thin films in the art has been chemical vapor deposition (CVD), which has proven
to have superior ability to provide uniform even coatings, and to coat relatively
conformally into vias and over other high-aspect and uneven features in wafer
topology. As device density has continued to increase and geometry has continued to
become more complicated, even the superior conformal coating of CVD techniques
has been challenged, and new and better techniques are needed.

The approach of a variant of CVD, Atomic Layer Deposition has been
considered for improvement in uniformity and conformality, especially for low
temperature deposition. However the practical implementation of this technology

requires a solution to higher purity and higher throughput. This patent addresses these

requiremens. LI
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energed as a prom sing candidate to extend the abilities of CVD techniques,
.and’'is under rapid devel opment by semi conductor equi pnent manufacturers to
further inprove characteristics of chem cal vapor depospd Fewsruarpl2Doss a
process originally termed Atomi c Layer Epitaxy, for which a conpetent

refere | SeMOomc Lager Ei_~ taxv, edited by T. Sunt Si npson,
publ i SM§%§5 acki e, Glgas~;o and London in 199%. Thi s pﬁjﬁﬁ@ﬂ?%ﬁﬂ Srrp

i ncorporated herein by reference. CGenerally ALD is a process wherein
conventional CVD processes are divided into sinl;|e-nonolayer deposition
steps, wherein each separate deposition step theoretically goes to
saturation at a single nolecular or atom c nonol ayer thickness, and self
term nat es. iT e deBosi tj,on is the outcone of chem cal reactions between
reactiv@—ﬂﬂ%@é&ﬁﬁ—ﬁ%@%ors and the substrate. In simlarity to CVD,

el ements conposing the filmare delivered as nol ecul ar precursors. The net
reaction nust deposit the p~rre desired filmand elimnate the "extra"

atons that cdapssieldiof GYIP equpeess brarrpsdtosic Liayerldeposition (AkD)dase of CVD
t he nol [+ Qr, ] Lo i D.reactor. A
substr at(!.3 é‘%‘% dkag ﬁﬁﬁ g‘ﬁi% c%{dg(%ag% %%tﬂ tlhgglc?)lgtl;gémé{fz%gbﬁ 8‘5*%‘?%%1 gnaglﬁem' cal

r eact i onndertrapidievélepiieheusenticpidetor equipmennsidfidfattirend fohfughér ci ent

desorption of byproducts. Accordingl é‘?ﬁ the reaction proceeds to deposit the
desi r edppravechiractepstics Qfishamigal wapor dgpositiane Mo dea pracessrastanadlyr s are

i ntrodu I : : t r LS heSic P | y done by

{1 ow ng et Bk MEabe RoiaRE. OF sARAY irfctent Fibienis PABRIL ERlery 1270 ™Y\
Ta, 5i Epiayy,eined byt SumslacandevlaSinglsengmiblishdd whBlabkiesGlasgudad t o at omic or
nol ecul ar _|i ga - .to ke a. volatile | ecul e.. The netal precursor
Feact | ohondo Giisde; ihis ByTiaker synrEpeg JErt Py FHGTEPEF-of 1 m it o thi <
precursor frgepbhfly AEIhes pRidesy wh&ein@nd&RRNAE EVDPrbdtistarOfivifedt he ot her
precursor. This puige step (or sometines a punp-down step) is key for ALD
fil s wintheugle-menelayessiepesitiQvEieps mheneineachigparate dapesipom step (evacuat i on)
step thg | ast 20 February 2003. WO 011 45158 PCT/ US00/,3201.6. -3 used

choni cafheoloally 68 B ARl E R AiRRS MRICIBE0r FEFICRARYASH ekt enabl i ng

i nt r odugid s¥M-frménatdsf f erent chem cal. An ALD reaction will take place ojtly
if the surface is prepared to react directly with the nol ecul ar precursor.
Accor di ngl y flihe depesitiereisithe eytsormea of ghasmisaleastions betiepw rractive

hydr ogep- i ni ' - t: ith SR ERTY Q1M dgﬁ,
precursglro?&ghaﬁ)gébéags-olrérm ecglsgb@gé%pﬁosggﬂ%gx%%r oce’:e(ljéﬁtl%n?sréedg‘?% ?he all the

| i gandsfibm atehdelsearddaasenalachlgiegroairsora. Tbe aétagastionfmishdeprasitahe parth i ts

passi vating,lJ~; and.. substrate - AH + -~ substrate-AMLY + HL, where HL
"t ho ESUR S FOATERe LY Ty oM AR CeSRer A AR ¢ | al

sur f ace(ilgagag)dIn the ddsa bECHIN BRSNS profursits hAcRd BRaMIReousRViafed Wi th L

| i gands, that cannot further react with the nmetal precursor 'M,. Therefore,
t he r eathei@YDgeadtors oA gnbsteate igtkept atltemperatureihat igjopfimized de prameote epl aced with

-M, ~ ecl.es.. After, completing the netal precursqr. .r.e jon al | of the
rotal pRERiFAgeAtioR bR e 6 S R PHEHEEIERHAL O he

i nt r odugésosptionf of BypFdtRictsP AREsHdmRLy, tHdRasiOittcéedp & @dpobit BfeWesipgd | S used to
restore the surface reactivity towards the netal precursor, i.e.

elim naP‘Ffﬁgflltﬂhe L ligands and redepositinr~ AH |igands. Mst ALD processes
have been a j it j L. thi e cond
recursor | SFeLAL: ShptERAGHs, uERBEHTE tepffRors st bitbRyceRTRoIEARBCC",
O N SeactondepayatelggThisus pragticdllgrd ot dyflosviii? One pdEursor atld4ime, Tloea r eact i on:

-M. + A~ ~ -MAH + HL éfor Lhe saksg of @i mplicgity thag chem cal reactions
are not MLl BFRCHESPT cMbeis ARV slinrilete Hhatcantrings mefat els@esld- Mrhe desi red
additio H‘E‘md ' ' : t i : i-Mmat ed as
vol at i Igﬁ{)c;}ﬁbbrso uctt.0 aﬁé‘%@nﬁ%é@%ﬁ&%ﬁ% ?gﬁggnggqﬂégl?g%éﬁﬂ\?é 'Ifsm?t es (this
ti me t hmetal pescorsoateadtion isagpicalivdfadipivWeddytineragaespvpiag to kkmimagcthisve sites are
enti relg dergl e{.red. Th seguence f surface Sr&facti OP that restores the
sur f acePTeGUISABITPR; the ghambsf prior Lo the sepayateptr ‘15“81‘8.‘%]9;9 & PIRCSEL el c~.
Restoration tmisi}}?fgé fep G soﬁiéﬁfxf%%ﬁu%lﬁﬁlﬁv#@éﬁii@’k@y &r APl 1 nplies that
films can be layered down in equal netered sequences that are all identical
i n chenwghbuttheendesged €80 somponenpe Ducipng the purgef@ecuation) stepithelastkness. Sel f
saturating surface reactions nmake ALD insensitive to transport
nonuniformty either fromflow engineering or surface topography (i.e.

deposition into high aspect ratio structures). Non uniformflux can only
result in different conpletion tine at




20 February 2003 WO b1J45158 PGTI USOOI 32016 dif Ferent areas. However, if
«each of the reactions is allowed to conplete on the entire area, the
different conpletion kinetics bear no penalty. As is of bgpebhi@ncaRg W th
process devel oprrent, the initial prom sed advantages of a new t'echni que do
not) in attain their full initial prom se. Unfor LD has
a seri ou‘;svB ment al problem Unlike CVD reactions that tzli)r eﬁfsﬁ&ﬂsz‘
conti nuous steady state nature) ALD reactions follow kinetics of
nol ecul ar-surface interaction. Kineti.gs of nolecular- surface reactions
depends on the individual reaction rate between a nol ecul ar precursor and a
surface bestothegucal it emoved filom thewbembertand\gas ingisidectiandinesvenablings. As the
reacti on, I the surface is converted from bei ng

KEROT ol £oiEe: shorg

reactive' résult the reaction rate is sl ow ng down

during the depasiAliPreaclitn Wiletake HRice shiapgR stFfecd 8 prapafldd @irea@ proportional
to the nunber of reactive sites, dNNdt = -kN, where ﬁls t he nunber of

reactive §F‘ttb’swtih@“ka?c‘tlﬁePT@%rﬁ@fl @m@ysiyé%&tqr@ﬁe isdyrically pigp#radi ng
t | |
exponent 1S Efie S0 EAbRGiHy §hab MR BRTHRGVe i Re mef 00 or operty

of nol ecpt&eusur fSan:facéd— mesleade wastlmrmnipafcben‘ totrieact githadll the iligmtdssin Lananuir,

andlsq ovvnlnt art, The interpretation of Langnuirian

i neti csth aﬁt? deposi adpqnefaer of the el it BRSNS IapIaR RS ever o
devi ati onAﬁmmLt hg s‘d|:&h{té W'Pﬁ. Wik né‘ﬂteyexcfad}ge s&klioh 8%'{6} { ng

reacti ons never really se ermnate(t ey woul equire an'infinite tine

because Dueingaiiereastiaixthe iitiali saffaye biexmdeasitigle cansumebamsi thbatrfaseder

practi caL condi ti ona t,{]&cfurf %Pl S never entirel %%eactgd to conpletion
after a BPERESEOVETEE W 1gandsy theteanagt fugber react yith the st PEFYTOEAct ed there
are | ef t pyer THadest rtﬁ@'ré‘é\:ﬁ&?é’@lﬁsdt&'ratela%/hfeh 'amthé:m'ina%gmds%re kﬂa{c@@ M.A-

reaction cannof totally consume the surface -AH sit t he mw |l have H
i ncor porautlheML_Lmeemsse if the AH, reaction is not carried to conpletion,

undesi red L ingorpor S|n vi t abl e. ear t he alit the film
depends on thrél‘ Frg “#éltfe’f‘gta ﬁrﬁgurﬁ?frr\ﬁiacgoﬂpral" O?Eltedﬁttgpmetc}‘éef Beff is of
parti cul gjp ,&qyeaﬁsv&e@au&ee tdactorpfibe® tRintreRRGRMdfahothBr SrealiBstt TRenal ty to
attain a reductl on of impurity levels. In conventional atomc | ayer

deposi t| gacopth /PR eSPrecsiop s Ysedita sy s surface reeativity tewvads ghermetpl film  or

accent | SBLGRUL! didibLaR: (01 RlgNeod NUARAUt Alighal 5 clearly needed s

an appar S "and mne 20 February 2003 WO
01/ 45158 PCT/ Ne30ARZDdceges havabgamuappliad td HapdsatcmeSuMJﬁhmi rulthianeousl y
provi de hig@g-pur'tl}éfllrrs t han ave(geen abl e i .th rior, art

met hods. & ésﬁgtaﬁa BUrsai CREPAEOT3r S‘fﬁdo oRmeablidli e —ot t he
present LRVeNN, 85, ankidyd rhfﬁ % !r'emn etno, Neg! evLd rrh@@éyctbmm t he
above idg Sl tuZtalnonS} 5 Sl ca S, @ug—% als\m% Na. . . anI AH,, in the
above examtlﬂ,e—a-md AlslphIdhl(fqrthtxsalkerméhlmprheapthm,enmnﬂrmﬂndmslaeadotto ext ensi ve
undesi red CVD side reactiops jf they exi st the ven at trace

| evel s. eplppeedbganveds evfé‘l‘"{?]c%h% &’Sbbt 'ceﬁfﬁ%\ esf’% ? ffi ci ent purge

has beengjtfien: — A0S beplisitbd t(l}?"’}%»q hteeemtﬂaeaapeatmefby%}gamerI ng high

t hr oughput ALD appar at uses. elivery lines nmust be short and free
of tr appAQamothaneactuon tamdm&sahcereattﬁvecaltemtthpung& thg Loerneineted sués antlowever )

somne tion on eff ci ent e conme. fr |ne surface outgassing that
is di ffl?ﬁj‘iafa“tr&teémeﬂt %FGBV‘Gﬁp ?9‘5e %’BFFéYf’?P% &%f chemical mixing is

i mpossi bl e tOTﬁé‘@&{u@ﬁ&e o subfabdweastisin What Irésfdre the ShAAde 1B WiiRital PBMt isvhat 1S
needed is a rapid nethod of renoving trace quantities of the previously

used chemlbdlthq)Aé«&dcs)onltlpmcm/etlb‘:StomeJdt@dm oitiad fSunfane lﬂé@l"i%ﬂ”meuf cheni cal
precur so en rovi des the res t need,
provi des™k t&@%ﬂt"ﬁrcaﬁ ered W&‘Bseqaﬁ'd“%?&@ g e{]heg %tlair?n nat es
trace anaumeﬁn@il it Bigsthieal kindtics NdkpokitibR pér &¢I, 6ompdsitivit dndnthickndsee ALD fil m
on the substrates. Summary of the Invention In a preferred enbodi nent of
the pres8elf-sithiasing isurface repgtions awke Al prsersidye tRAANFRPrENGIUBLRLRIg chanber
for hol dji. rin o S f; { precursor
H&O%SZ&‘HS& ;@89}4%5 ?xgsu?ﬁé‘ét e f%ﬁﬂy B¢ Blldsftiofin hfl r?&é B&

materi al ¥ supp he proc er in a n\ |ng cycl es
for reactatioGtrubutdi$ N@ﬂhhffmﬂeﬁesxsonl\yhesuﬁnﬂ dufreréntteontpt@ibna‘ﬁﬁm of
materials, one or materials fromone cycle may contam nate nmaterials in an
alternate cycle, a nethod for mnimzing parasitic chem cal vapor
deposition on the substrate or the walls of the processing chanber from
said contam nant materials is provided, conprising steps of (a) inposing a
pre-reaction apparatus between the source and the processing chanber such
that naterlals supplled to the proce55|ng chanber nust fIOM/through sai d

e .



I n sone enbodi nents the pre-reaction apparatus conprises a separate chanber
-between the source and the processing chanber, and the activation energy
may be provided by heating a surface w thin the confineggebbiuBe 20epar at e
chanber, or by striking a plasma in the separate chanber. In other

enbodi mept s, .t he pre-reaction apparatus conprises gas supply. tubin et ween
t he sour@tggéﬁﬁphe processi ng chanber, and the activation Pﬁﬁé‘?@%ﬁﬁ? be
provi ded by heating walls of the tubing. In still other enbodi nents the
pre-reaction apparatus conprises a gag_distribution showerhead within the
processi ng chanber, the activation energy nmay be provided by heat transfer
to a wal [difiérentrereashHoorebhaaif ehelcofithe tdaetionshis nliawel fo ampléte onuhsedtiee and a
hearth heati q}%dté e substrate, .or.b% striking a plasma within the

shower hed¥a { SreReromplefian kiggtics pear ia RERARYL N a pre-reacti on apparatus for
a coating syst i i ok di r.at e during
coating and a%?’?éhg% %f?@ﬁ?ﬁ%degk?%éggl?gg‘? Etr’é%?ing‘ll gh?gisgdeéds{ﬁg{palg?ged to the
processi of ackwrtbdmique dol notrinahd engl, atyaih deirf foH inidakpronygse. Wnféréumaeay,i ng

process, ein in the alternation terials.. on r re mterials
from one %ﬁ‘%s ?wﬁif“’é‘aﬁ'ﬁ?ﬁ&@@ﬂ?_&%&%@%%ﬁ%?&? ﬁ‘&?é’e%& e is provided,
t he pre- 8AGiLRS sRRIP§t A Watuee MILD $éadHom foll8RKinedies oP attifurfsarfagie!l | very of
materi al s between the source and the processing chanber, and an energy
provi si ointexastienn Kinetipy efumneleew]ara suifacgtreantionn denppds on thedndividuab cause
cont am napt... bt 0N LNt he. acti.on

appar at utchoq i FAE Bk o BERGTAY oRdeutodRahER Sl SRR MELACARMY | | some
enbodi menf avdilablereadivpaited. Uss the@eartien pezeédsad campletiohUthe coifidelises a
separate chanber. bet ween the source and the prqcessing chanber, and

acti vat i GANEREH §59“P Beipg FRACHERtORPIHEAG VE g A aggpyltihe reaclinm mate esIOWHTS nes of

t he separ o L ki i er. In
ot her - omhady LAY U derBiuB Bl e Eiiled cRhetfif Pk any 6 PRAR AR KBRS vcen

t he sour aembadoftreactpveates diNvidy =cdyindrere lndthaauimbat obreaetinver sitgs asd priovi ded by

heat i ng )]s of the tubing. Ln still other.enbodi nents e pre-reaction
appar at u\g‘aecgé‘r?ﬁf‘i e reézc%ragq. s'fj:lfmﬁﬁ?i‘ﬁ)wagtlﬁ\f?\/ﬁéﬁeﬁ e AN M4 thh@}’)" #dcessi ng
chamber, r&f&‘?eeps‘ﬁ%k)vﬁhbﬂﬁaﬁgﬁﬁcﬁ%nﬂiai tiﬂ{é)d’épgﬁdien@é’ kREGE KNRRsER). Thisa wal | of

t he showerhead facing the substrate fromthe subStrate and a hearth heating
t he subsfungdiamentat ptppery pf tictegule-sprfashkinefiashvas namedsifienthergreat scientistet

anot her ﬁ‘sg((,act. of t.he . nvelg ionna @ubst rate coating systemis provided,
conpri si Q%m%’f’oaggs}%ﬂwbe‘é’ﬁ BV I EeRT: g ng a substrate during coating, a
source of dif e imerppét@fo Sfllangmiitiandlinesizs Yindfdfions Blastraees séticust o be
supplied to theegrocessi ng chapber. in alternating cycles for reacting in

the coat ArYbaFloeEALD et Everedsviatian fopeths ideeh RicBire nACEPTANEYY: thee or

mat eri al 3 , : 1A, : i I : e cycl e,
and & pr oo LA QU R or R PR R, S Bl A B o

appar at usmetfeCause ¢t rateois ezprenta iy decreasing). elt erang that ondbe poasticalby CVD
reaction in.the }t])re-reacti on apparatus., In SOIE. € odi r‘rﬁnt's.of :‘FZ"G system
the procEYMIUYSRS SUECRIGHVE PUTEY TBEEHEI OORITRIBI ST AMLROYHA Bk

embodi nefyfe E%a@ﬁ?nét%ﬂﬁl&&y%&@éd%&% #OPROV &AM desiFARAEAERs fhdgber bet ween
the source and the processing chanber, and activation energy is provided by
heat i ng filmuFbaeample,hf thetNb, tactidneagnoiftotally corgyamethe sutfaceneit sdes, by

striking,a nlas in the separate.chanber. In,other enmbodi nen t he
pre-r eagf']eofﬁma?fggyaé’te "1?8”’6’?%?@5 ei‘ég%w'geu ﬁ{)ﬁhﬁ %%%‘%‘e‘f \R@tg‘ﬁ?r?ﬁ&etsosour ce and
t he procegspRbosadbared [andogotdtioatis Meviedtes 9Zledy theualay ofyhedfiai i ng wal | s

of the tubing. I'n yet other enbodinments the pre-reaction apparatus
conpr i sedemngagn thesmpupitit lewels.sHewbraveapr wiualivnradealigs eEBYEPWAr chamber, and

Shover nebahFATRASe L A TCi T bl P Bineh BHpLF o e BBl o051 g (e

substrat Bnplmtylw;egtri king a plasma within the showerhead. |In enbodi nents of
the present invention, taught in enabling detail below, for the first tine
an ef ficient HreRnveationg atiie HYRLASPLFHON ONe MUFTAGCRPLAPY thQYeBRYd] and ot her

e e e A s N

a gener atlezityinetided i gipatatuscadtmethadiiwihish aot ailgdveppmeahels for practicing
a radical -assi sted sequential CVD process according to an enbodi ment of the
present invention. Fig. 2 is a step dia~~ramillustrating the essenti al
steps of an atom c | ayer deposition process. Fig. 3 is a step diagram
illustrating steps in a radical-assisted CVD process according to an

enbodi mrent of the present invention.



Fig. 4 illustrates a typical tinme dependent chem cal precursor partial
‘pressure curve for systens with well designed gas flow source and pul sing
subsystens. Fig. 5 represents a tine dependent chem cal 2grp%gmaﬁpﬁodgarti al
pressure curve where sharply defined "flow ofd* conditions are "achi eved as
a result Wéogﬁﬁﬁi cing an enbodi ment of the present invent '?@'Pmsb:'/ﬁmcp is a
generalized diajramof a reactor and associ ated apparatus for achi eving
radi cal assisted sequential CVD according to an inproved enbodi nent of the
present invention which elimnates undesired CVD side reactions. Fig. 7
illustrates a second jnplenmentation of the reactor in Fig. 6. Fig. 8
i | | ustrat d@ngmpigiandimitationsvrt simubancousiyrpvde highes-pumty filme then have 9

illustrat i i t i ia..6. ..20 February
2003 v 0T FEt B bl PR EEF B EaE: “fud MpphaREIaRS midtuddsdye providein

Enbodi mentembbbimenty efithe presest ideartionpadglarin endiding @détavidbeldt.i on of ALD whi ch
alters the conyenti.qnal surface, preparation steps, of ALD and overcones the
probl ens of COX\‘/é_&n‘i'F'B’hEﬂt 18 ,Vﬁ%@wwqﬁiﬁﬁpﬁmﬁﬁ@lﬁwh%ﬁimd%x and

conpr om si : (@1 | '

| tadi ccrl %gﬁgféeéﬂgwégggﬁgfﬁ{i@ I W&I"?% (RAPSI?:@E) .Wlefiaﬂ‘?.‘yi?] ]?%betg%%%g&gl i zed

di agr am ofindeswed CMP sitde freactipnsiifithey cogxiRng- ti/Charclay restemat traze develsnbodi nent  of
the presegt | tion. In. thi S1EXe | ary .syst a de osi‘li on chamber 13 has
a heat abl 8"1& "?%Vcré{ffﬂﬂ%ﬂai fco “Wéﬁfﬁsﬁﬁn‘g‘%’ﬁ‘ﬁgf urge hps beep the)e ¢oat ed.
and a gasndksdiffiduitt drdrehaPaasind dpkcsofeigmserSRgnetBEahul ABD f or delivering
gaseous spergiﬁgs to the substrate surface to&be coated. Substrates are

i nt roducedp usesmoved from chanber 13 via a valve 21 and

subst rat e- handey, 0 APRANAH find\ s BeMRor GRE RS BF FaSiRbIGS, gll)f,0as
sourci ng and pul'sing apparaﬁus 5? whi Ch I'nclude I'RE?EIQIU Fang™ %i ng

appar at useffiofent pergaiy ofahemiqul Hodever, game dinrfitabibh eh iefliGent Hargdtonnal
treat nentﬁ_ggpar atus 25 is provided _ for producing gas radicals from gases
d

suppl i e rngsHEReE ugsssinaTHat {sditiculide aypid-Accordiagly. rrBukae®l under st ood
in the arthenfitdl niiikidg i9 fmpdiaivild toe&,ipgg@g withqmuggq@ﬁmiﬁd%ﬂ%5§+§,%Qg%$.y a

radi cal is nmeant an unstabl e spec For exa oxygen i s st ein

di at omi ¢ Wheis ngededax agapid pdthod pfalempving trace guentities ofithe freviousiPasadoni ¢
oxygen may, however. be.caused to.split, to nmopnatom c faor or to conbine
oy anot e Bibirop PSS aiod] e feFel Gy FhomieePPhpgiac “soth

nonat oni ¢ OXygesr imRentivh) Mhicl Frovides therdleal @hdBredént d¥yd) ProvidéithnaKIED DI €
reactive than diatom c oxygen. In many cases in enbodi ments of the present
i nvent i orPretheactonas an apw%ﬂewp@ﬁ@ﬁsagaé&haw@tgﬁ trrpeamougih afshemicak vari ous

gases, SUGRiASWRKNHSPYDIRGHLARIE0N (i mxbrfgﬁ@nhg@&ﬁmegb the invention is

not strictlylimted to nonatom c gases. I's a step diagramof a
conventional Atom c Layer Deposition process, and i s presented here as
contrast and context for the present invention. In conventional ALD, as
shown in Fig. 2, in step 31 a first nolecular precursor is pulsed into a

reactor chanber, and reacts w tBuini®nr§WItRE EnventiBnoduce (theoretically) a
20 February 2003

In a preferred embodiment of the present invention a, in a coating process having a
processing chamber for holding a substrate during coating and a source of differing precursor
materials to be supplied to the processing chamber in alternating cycles for reacting in the
coating process, wherein in the alternation of materials, one or materials from one cycle may
contaminate materials in an alternate cycle, a method for minimizing parasitic chemical vapor
deposition on the substrate or the walls of the processing chamber from said contaminant
materials is provided, comprising steps of (a) imposing a pre-reaction apparatus between the
source and the processing chamber such that materials supplied to the processing chamber must
flow through said apparatus; and (b) providing activation energy in the pre-reaction apparatus

sufficient to cause contaminant elements to deposit by CVD reaction in the pre-reaction



WO 01/ 451 58 PCT/ US00/ 32016 _g_ nonol ayer of a desired material. Oten in

t hese processes the precursor is a netal bearing gas, and the materi al
deposited is the netal; Tantalumfrom Tads) for exanpl ezq #&)rﬁ%{g%ﬁ§ in the
conventional process an inert gas is pulsed into the reactor C er to
sweep excess first precursor fromthe chanber. In step 35 in the
conventional system a second precursors6typically non netallic, is pul sed
into the reactor. The primary purpose of this second precursor is to
condition the substrate surface back toward reactivity with the first

pr ecur sor PRt Al metbad ispagicylady appligableta prsesses kaewp inthe ad s Atpmie Layer f r om
the nol ecyepisifiRIAl ®).combine with netal at the surface, form ng conpounds
such as an oxide or a nitride with the freshly-deposited netal. At step 3 7
t he reactor chdmisemei¢gmbndiments &hyapre-reastiore mppatatex comprise a lsepasbsc chrmber
precur sor t IS L T cle is repeated a ny
times as %’gtwrg]%}:&e]ggéz}g@e a[%g ﬂi%ﬁ%%ﬁ"%?@ﬁ%sﬁ@% %%lfcl%%nﬁﬁegr.gy %‘ay Es’e g“’gi%sggﬁi agram
i |1 ustr at heaing aespefaderwithin e coafinea ©f et sephrddy/Chaniber @s dy atrikingdi plgsniz0inathe

enbodi ment _of the present invention, In the unique process illustrated by
Flg. 3 t haerprehamber b oter ermfiodiments e rs-reagfion AppEUs, fRmRLSe: g7 pypply tubing
convent i 0Betved € 8Sifice ahd il frbceRNiCobambér, drdl thidctifddioh Rn&riay be pOvidedby W th

t he subst Lat_e su&fa formng a r$nol ayer of deposit, and the chapber is
pur ges | nhetiag walls ofrfye Ingstillp "é%‘?P%H’@‘.‘tS the REg-ESHCting apPHAILCARPIER 2 | pl e

radi cal spachiesibaion Melve@bad Rithiiehs Prebdsibechimbdage Jcﬂvé?iBBie%&%’er%PB@Vi de
second material to the surface and to condition the surface towar

react i vi t Proxidedhby heat wansor torppwalbefithe shpwerbead daning the subsftatesfsomy thetsubstrate andrhen

step 41 i ated. T i 0 he foF:-mg e p , cle is
r epeat ed gsho teglgg?gnQ%r;?gg%gi o&ag)gor?p I h§t ‘r?ggﬂ%si%tgﬁ fdl?ﬁn %h&ngrg%\ﬁ% may
be a single st &panothevdspeahgf the mvergion apeeekieactibn aparatus for aoating)spstgr bavigve fir st

Cpec a1 ROGkSAE AR, RcBldil s AENARond oblih 9 Koo ig MG, o

and ef f ecatecibly tonbeitsngilied ¢ tirnprocessing chamber-int atetdatingaeyaties fomniencting Sn tthe

surface with atomc dr.oge rovi di eactive surface.for the next pulse
of e | FoApREtS e e affriafof of e s r Bte el et SR« bps
ihmd/ol Vi ng?ﬁﬂéoﬁragumzuer &dteeiglk iaPAC akdnatd\ cgae/ds PrRRA L tH/epra-r)S@ﬁbte mp@mﬁsbat om ¢
ydrogen foll owe 20 Februar 003 01/ 45158 P US00/ 32016 -y y

at oni ¢ oxGYERISINE 3t leshane pjsage Kitid 'W&%waﬁéam¢n S 0w o HRRIPSEIE St ep
neut ral i Zganfbbr, @hd @ Bftrgy FioRisidh Rgstérh Jat PlovidiRg agtivatidrCerepy SfficRnO ¢hase an
oxi-de of the fresh|y-deposited netal, and the second atom c hydrogen

t er mi nat etPramtinagt elediewts ¢ depopibhy GMD Fagtioarin thegpre-regetionrapparatus. Thetpgpcess

Pr ecur Sor ma¥ EdtnprisBEA®A Gayer DéfRGHoy@IiHt y of materials and conbinations in
step 45, and many are dis¢losed in nore detail below, along with a nore
conpl ete expl anation of process chemstry. In RAS-CVD, follow ng the metal
precur sor reacln ssme embgiiments of theiapparstugithe ate-regstion appatafus comprisssl @ sepdraten
quickly r 1 r.od | . Drecur . CLli . . repare
the su 1 agaipst SeyeeR R fl ent BRooEBE cnBHEE UG R AR DY 10yl 8.

i nt r oduc ebeatih® ¥ aurfaee evithirathe icvidinas ofthe Geparatd eainiber; of by gniking i fldsata iatle

chem cally unstgble and therefore are extrenely reactive. In addition,

o car's RIS RITDHD 18 S B, TP R PRER | b QYPPORAHI 5 ray
be cr eat eBetieendhés0BRRMan@ the/Siicessigdéhaibas AR ALR&IoAehér oVl by leutiip 0 be
an efficient and conpati bl e nmeans of preparation. RAS-CVD processes use
only a si Wallsohibs @bigaln sll ofher egbodimenitig n phecpresractipn ApPRptup FRIBRISEHR BaSSur f ace
prepar at | gigriBfiofShbwéeal VAHHE B HrdceRihgtham B RidAclivetiof R lsSpréVided by

acconpl i shed by atom surface reactions. Foll ow n&l the netal precursor

react i on, hephransfr ta @ wall of thecshgwerheadcfaging the substrate ilonhthp puhstigte andia beasth: o

convert the. | - . | Pg PAte] - product. Unli ke
nol ecul e%ﬁ%@%&%&#%ﬁ%%ﬁ%ﬁ?@lﬁ aceﬁglgg%ﬂ‘?%}heg&do not depend on the
nunber densi t yIngfet anethet aspect sf themverltios b sulistrats cdating gptemfiopronided, eorgpriség) st i ck

very efficiently t urfaces..in an irreversibl.e process %ﬁ"ause at om c
desor pt i of PIEess Sprgber, fichpIding, avbsipts ifing £onlipe 3 100fee f AHfFFRE Prursor
non-reactive sites and very reactive at reactive sites. Consequently,
atonsurface reactions have |inear exposure dependence, as well as high
rates. The -MH surface can be reacted with A atons to yield a -MA-
surface. In this case sone of the Hligands can be elimnated as AHy. For
exanpl e the -MH surface can be reacted wth oxygen atons to deposit oxide
conmpound. Alternatively) -MH surface can be reacted again with M.,, for
atom c layer controlled deposition of Mnmetal filnms. For the deposition of
nitride conmpound filnms, Ais atomc nitrogen. The surface after the A

o, - a oy "




20 February 2003 WD 01145158 PCTNSOOI 32016 - 111 an additional atomc
reaction rith hydrogen converts the surface to the desired AH | i gands that
are reactive towards the netal precursor. Alternatively, ace can
be reacted with a m xture of A and H atons to convert tﬁ%h§%¥&%¥25§%to - AH
term nated surface with one |l ess step. Al the above described reactions
are radical surface reactions that are_gast and efficient and depend
linearly on exposure. In addition, the final hydrogen reaction results in a
conplete restoration to the initial surface w thout any incorporation of
inmpurities. Another throyghput benefit of RAS-CVD is that_a single purge
step af t eﬂm\tmﬁrfet suppligd st Propesting shather &y altsmting velffir et Ber ge
steps needggingProcBR, WAGVIAM HRNAEmPEGCH TRaterBY, Ofc &t BiSraA forRpAEeyddimly nost
researchers t0 be the nmost significant throughput-limting step in ALD

pr ocesses contprpingfe matasiglsin amylternater gyale, aud3-nov/agtionsppasyus. Bpergy ispsevddadupt i me

and reduc 1| THias | 1 i Gi .ciently
quenched. o EPAERRRE . Bifkiond oRGERUSRAAIAR derRPET el CODTatb ™ o
on the chantbepreaeattipuanparatys] i nes is therefore virtually elinmnated. RAS-CVD
elimnates the e of H2 nd ar JuLe | ! f oxi.des and
nitrides deposih??%“r']e fnrl%'oé%?actsl Ve ?/)”t}slpeﬁ% Fﬁé)%ﬁ)c(rél%ocro F‘%(e. q#ﬁ%ﬂscggaﬁrg%e rogftol?% are
not or i ous (ADD). idsceinssemeainitiodingents eha pd-rekovivd apparadis comptisesnassgpdraiershandbec or di ng

to the above a ical RAS-CVD cycle for netal oxide fil i 1] conprise
e epe ae PRea ¢ SRt s rosesii oot and P TS aePrrRT B beedioe

t er m nat egurfide Wi the caifins Bf the \dbparaté@ Bkhnet, 'or b3t ErikikiCa Plasth® @£ the B¥paiite
desorption. The surface becones covered with L |igands) i. in the case

e. ]
of TaO's chambepingptherygm enis { BEF-TRAGHAN APPYRBHLomprisep fag Supply HubiR%r ¢t gas

L0 sweep BURierPie SSitcdBidahe Po8&shS Bambdr, afll AtIvatdIYAERYSNpdVAR] by Rdatifg nNat es
the ligands L by HL desorption and term nates the surface w th "hydrogen. 4.

At oni ¢ ox Yghn of theptubing.clicye$ offier igmbpdialenty dhe pre-tagctian appargtysy pAIRDLiseRed 2% oni ¢
hydr ogen 0 . I u : nLecur sor
ot ep. 2" BB R WS pr SR RS D ORE aC BRI Hnal T ol 2
qual i ty oby bsat ttensfer kamswill ofethe shewwgihged feing thesubstrate sromgthe substraté andgtheanth-nh,

h t i LORL: ' 5 f ltiple ti :
For oxanphaRnh sGRnE o bIRIRHE Y plilind HRBWAE BEERRA 2 00 o nbn
Al (CH3) ~, hydr bgembaimkentsgfihe presgob Buverdion, tAnghCindinablingatetailrhglowm, fidr the fitst

termnated surface will deposit.-CQAl 71+ CO rent wt he desorption
of et handmE - gent pioge i e Pariot GYDGE NS e opd oftPE CBGRE n°H
atons to eVDprodbses Mtcmaihgpreairsoi®inlan ivreith@Cedatisg @ocksd. er m nate the surface
with -OAIH. This surface after consecutive (or concurrent} reaction with O
atons and H atons will be termnated QAI-OH which is the restoration state.
At this point, the RAS-CVD process can proceed by applying another Al (CHz)~
reaction. Alternatively, the -0Al -CH surface can be exposed to another
cycles of Oand H atons. At tenperature above | 00 C this process wl|
exchange OH groups and Al-O- Al bridge sites and the resulted OAl -OH surface
will be nore thernodynamically favorable than the begi nning surface,
because the process elimnates the nore strained (Al-O)" ring structures
as well as titrating away defects and broken bonds). Since the atomc
reactions are rather fast, these quality inprovenents are not expected to
be a major throughput concern. In fact, ultimate quality may be achi eved by
applying the O, H cycles for several tinmes. Follow ng) a given nunber of O
H atom c reactions the sequence wll continue with the next A (CHz),
reaction. 6. Repeat steps from1l. For netal nitrides atomc nitrogen is
substituted for oxygen. For pure metal depositions the oxygen/nitrogen step
may be elimnated in favor of a single atom c hydrogen step, such as for
tungsten filnms. The hydrogen saturated surface after the first atomc
hydrogen step is reactive wwth WF~) to produce the pure netal. The generic
nat ure of RAS-CVD i s advantageous for nultiple layer conbination filns of
different oxides, different nitrides, oxides with nitrides, different
metals and netals with conpound fil ns.




I n anot her uni que process, useful for barrier |ayers) the WN process may be
.conbined with the pure Wprocess to produce alternating Wand WN | ayers in
a 20 February 2003 WD 01145158 PC T/ USQQ 32016 -12 vabp§ehnfafy fpRenes to
suppress polycrystallization and to reduce the resistivity of t'he barrier

| ayer. Other properties, such as electromgration nmay be controlled by an
ability to provide a graded |ayer of Wébsm th reduced nitrogen content at
the copper interface for such applications. In enbodinments of the invention
a broad variety of process chem stries may be practiced, providing a broad
variety of final filnms. In the area of pure netals, for exanple) the
follow ng provides a partial, but not [imting l[ist: 1. Tungsten from
tungsten hexafluoride. 2. Tantal, from.tangal ent achl ori de 3. Al um num
fromeither alumnumtrichl ori&ﬂﬁ@%%mm 4. Titanium from
titaniumtetrachloride or titaniumtetrai odide. 5. Ml ybdenum from

nol ybdenum hexaf l uoride. 6. Zinc fromzinc dichloride. 7. Hafniumfrom

haf ni um t et r acHfigr | thea gederalizehdiagnany offw reactor amd gesaciated|appardtns for  Copper

fromCQu~C3, In the area of oxides. ol lowing is a partial.but not
[ it g Aragtetng o gl ssesEikiial O, fhor i lferfiasdi o gt o
Al um num Qqié Presért @Wentibiet hyl al um num or al.um num.trichloride. 3. Titanium
oxide. fromtitaniumtetrachloride or titaniumtetraiodide. 4. N obium
pent oxi de fr omHgobisursterediegran iusteatingshe ossentiphstens 6% apjatomie layes r coni um
tetrachl org Pg iti ljgggggl um oxi de from hafniumtetrachloride. 7. Zinc oxide
from zinc @ cﬁ‘u‘i orP'de="8. Mol ybdenum oxi de from nol ybdenum hexaf | uori de or
mol ybdenum pentkig.H @rai step difgratbiligstrating steps dea fadical-rmssistad €MD gradebor i de.  14.
Tin oxidefroH)tintetraghloripl% . .
according to an embodiment of the present invention.
Fig. 4 illustrates a typical time dependent chemical precursor partial pressure
curve for systems with well designed gas flow source and pulsing subsystems.
Fig. 5 represents a time dependent chemical precursor partial pressure curve
where sharply defined “flow off” conditions are achieved as a result of practicing an
embodiment of the present invention.
Fig. 6 is a generalized diagram of a reactor and associated apparatus for
achieving radical assisted sequential CVD according to an improved embodiment of
the present invention which eliminates undesired CVD side reactions.

Fig. 7 illustrates a second implementation of the reactor in Fig. 6.
Fig. 8 illustrates a third implementation of the reactor in Fig. 6

Fig. 9 illustrates a fourth implementation of the reactor in Fig. 6.



20 February 2003 WD 01145158 -13 11. Indiumoxide fromindiumtrichloride
or trimethylindium 12. Tungsten oxide fromtungsten hexafluoride. 13.
Silicon dioxide fromsilicon tetrachloride. In the areaszfFé%'tJJi t he
following is a partial but not limting list: 1. Tungsten ni 4e T om
tungsten hexafluoride. 2. Tantalumnitride fromtantal um pentachl oride. 3.
Al uni num WOHHIES f r om al umi num trichloride or trinethyl ai uRFR{HHP032016
Titaniumnitride fromtitaniumtetrachloride. 5. Silicon nitride from
silicon tetrachloride or dichlorosil ang. 6. Galliumnitride from
trimethylgallium Hnrcfw ~re Reauirenenis PCT/US00/ 32016 Anot her advant age
of RAS-CVD is that it is conpatible in nost cases with ALD process
hardware. The significant difference is in production of atom c species
and/ or ot her radicals, andégsariptienof fhe Prehs ianpagdtments gases to the
process chanber. Production of the atom c species can be done in severs!
ways, such as (I ) in-situ plasma generation, (2) intra-showerhead pl asna
gener ation, an@hé thvenwxhes daleloped an@hhantedyariatioh @i Addnsihich dlepdthe pl asna
source or by other ans such as WV ciiir@:soci tion or dissociation of
met ast abl EOTHENERNA suTacsmEenartipntens ot -y overcqmgsdhe prdigesothind appar at us
are col |l egtd ; f y J i, 1RSIt U
generat i oﬁéq‘)séﬁétl%gq ??‘n%ﬁ)ggq&ﬂg’?% éﬁﬁﬂg%@{dgg\smg@ogtg%#gﬁn %?%bﬁjeaﬁg 'g}he(s:h as turn
on - tur ninvkhtor teems theatevcand uhitpee proténs daghoplid stisted Sapiential CHD{(RaSewer head
generat i Oﬁg@s been shown to have an advantage of separating the atomc
speci e ge tion fromthe ALD space. The preferable nethod at the tine of
this specifi CaFngrl‘_ié§géx?éﬂ£iz%d%&%xﬁb‘f9@y§?¥mqlf?bn%}’a&f‘d%% RWssevrre, as this
is the nost versatile nmethod. The radicals are generated in a renote source
and del i vagcottingta srecmbatiimentofahe present invgntion. bip thisshemplanesibtemer t he waf er
i n proces 158 PCT./ CTS&)E&\:;IZOl It will
y

) . 20 b ) ~ 011 4 6 1, ~
be Pooar eRgposigop chapb e has 5 tisnab fissteh 1o Raoing PO e 08 Acphsthiee 4811 one

that may Rebecortedl W@%Astﬁlétﬁbhﬁkﬂl gppantuDkudhhish shbwerHeh® NS aBr Wdivedinons of
t he enbodi nents descri bed above.. sonme have al ready been described. Far

exanpl e, BasEPwsaPscies to the syhstigtecsustaes fode costedh Substralesrase byirodysedand,

ni t rogen, t [ i EVE ' cess

ot eps FuTRbeR e RRhrds v PHEE 3 U RE L ARRRLETCTE

| i ke may @Gagey aresupplisd framtd gaslsansingSindl gulding apparatus ) whict mckideoxi des
nitrides and the Iilﬁe. may be |groduced,. nd r.g.cess st eps rrg%( SE altered and
i nt er | eav@8terigs apdypl¥ingAppaduinar sgapent mﬁgwm_srasese%mfﬁr 9sMnd Concept
for M ni mzijag #@&ﬁéﬁttdpﬁaﬁﬁﬁrﬁ_s%bro\é@&arfopﬁr%ﬁﬁéihg ?,5‘5 fedich3Groth @es Laver
Deposition In a further enbodi ment of the presenf invention an apparatus
and net hottppledpfrom apparatusr23pr event i ng cont ami nati on by CVD deposition
during ALD proggsses. FEig, 4 1S eneral i zed chem ca recur.sor parti al
oressure vs 1 heretrededit ki dndERan g RebdFLuE R BIRENE 0" hul o ng o
t he chem qalified agalh hefe td RO6IdaDNARIbD Byo£rdlil $s médift apanitable speciessur e 47 of

each active chemcal precursor is qualitatively shown on, L
For example, oxygen is stable in diatomic form, and exists principally in nature in this

form. Diatomic oxygen may, however, be caused to split to monatomic form, or to
combine with another atom to produce ozone, a molecule with three atoms. Both
monatomic oxygen and ozone are radical forms of oxygen, and are more reactive than
diatomic oxygen. In many cases in embodiments of the present invention the radicals
produced and used are single atom forms of various gases, such as oxygen, hydrogen,
and nitrogen, although the invention is not strictly limited to monatomic gases.

Fig. 2 is a step diagram of a conventional Atomic Layer Deposition process,
and is presented here as contrast and context for the present invention. In
conventional ALD, as shown in Fig. 2, in step 31 a first molecular precursor is pulsed

in to a reactor chamber, and reacts with the surface to produce (theoretically) a



the Y axis of the diagram against tine on the X axis. The partial pressure
. of precursor "A" 49 and precursor "B" 50 are shown for conveni ence. Systens
with nore than two precursors would behave simlarly wjgrgirgsd pob3parti al
pressure peaks for each chem cal precursor. O ,particular note’'in Fig. 4 is
t hat whigsoidigsgoarti al pressure of each precursor rises r,?p},ggdb,ﬁﬁwt he
start of each pulse, there is a distinct "tail" at the end of each pul se.
This "tail" represents an undesired condition where the precursor is not
fully renoved fromthe deposition system This tail is a result of various

real phenonena, such.as, for exanple, the fact that uses nol ecul es have a
certain naﬁrgfm 6% drsire meserial ﬁ%‘%dﬁh&lﬁs? Broghfee g RERsEsor iyfimetadh

sur f ace bty SsNath R nefeHF depsiitbl mﬁemtﬁyﬂmuhﬁﬁmwﬂ%@f ter gas flow
is shut off,”a phenonenon kno In the vacuumarts as outgasing. if the
next pregampler is introduced into the deposition chanber 59, Fig. 6 while

the prior precursaqr.is still present, an.undesi.re D si.de reaction occurs
and_ bont am ndf Sepcridn ReSinuen e biTOE S AR LS S PUSE TOHeRRcio. | n
addi ti oBh{fbdrhs seReE) abebdfidsOpreBlrséiWorhithdthaniiRr undesi red CVD reaction could

nucl eate in the gas phase 0 February 2003 WO 01/45158 PCT/USQO 32016 -15
| eadi ng t o uddeh Babh theronvéntionabsystenut sedood prasurses typieallynane 61 or in the

deposi tion .chapher iq, i sman. idealized chem cal precursaor partial

or oasur SERTRESeE e Reeacdy Tidrini a5 SO BRARNEHIE Sl si ng o
t he chegbgditioPtRGUbSte SUIERE Back PWagE rétevis; withthd firg: preb@yat ilve Pre- React or
i nvention enbodied in this patent application. The partial pressure 52 of
each acmapy cass ihesacopt pregwsex alpepyides matsripd fromsthepplesulargas 10 axi s of the
di agra j el 1 axjs: T ' I f ursor "A"
54" and SoaginR Sk i 8L REelkiriing DRRhit Bendl AN & JRE T DO (01
two prewithabe fresiiywlddpbettedwestali m | arly with distinct partial pressure peaks

for each cheni cal O_’F)rtgcursor. O particular note in Fig. 5_is that the
partial pressWisiePot/ B Esacior sharplesis pyrged agaip tiremoye exrss of terseetndeach pul se

and 12l b a8 A 1 3 R G PhoR PR EFETREd bOMaRY iR adlhe di st i net

chem ca tal prese Ig. 4is élimnated primarily as a result of

an i nnovedessary Ry estébdizb malesickasfzlm.bed in this i nventi on. The net hods and

TR+ o faoF g RGBTt if1-SRang P ot Plcebarie Y ety " °

gener al heRedidé &giReBbdithefiy St tA8pRAedtAfvantion! LttheAinRpepradesaccording to an
addi ti onal enbodi ment of the present invention. Al though RASCVD is used as

an exanplustrated 8y iFig.Shihe first steppatenstd ltagd 4d, anedhe sameas i fe eamyantianas and .

met hods he L LA p It c ut applicable
in geneP'g{ce{sb éﬁ&?ﬁr@%‘g L%g?i\ilg a‘r?gﬁ%aﬂl;‘tootjf égﬁ‘g‘g‘&‘hg‘#@ﬁgﬁ“%ﬁ“%r ocesses. in

t hi s extymiiag y nonslagen of déppos iahd die cHaaeris pudedsas siep HaaThbinextsegy t h f or
supporting.and heatifg.a substrate 61 to be coated, and a,gas distribution
2pbar at BEiMidHTe 1 SEp4 e PHRU RiDradical Shedies ot pitsea ditib®eeci es to t he
SUbStraE&fﬁg%g@‘f‘%ﬁsﬂyﬁoﬁ@@E&Gnd RiaBsHal & @8 s@ficel AHO doiGorid " enoved (item

65) fromc . Viia a valve 64 and substrate-handling apparatus not
shown. @uass towardgepgivity avifhrthenfiast gecegdanrpreqwgsainel a gubssiuept atspar at us 57,

whi ch i gl udes terin val ui n aratus for s entially providing
gaseous iR SFh &1 5 oRFRLGh THSRA = 14 BE Bt “ABBa PGSt SYUF 1] dbd f or
produci F@eﬂé&ﬂaﬂé&é‘dﬁecf:is@gtﬁaa‘é@&nﬁmnhhﬁé'sirfeﬂmpparat,US 57. APre 20
February 2003 WD 01/451S8 PCT/ US00/ 32016 -1C Reactor 66 has been added to
thi s system StepptSountyibe p sipelestep wyakving a snglamedieal speasD For gsamplact i ons. The
pre-reagt may take various fo . f e i.ble,variations are
shown i H'® lrﬁt. préc,:urg?r ‘gaya(liled’%é',? a%égff%gggilﬁwf) g‘ \é;eﬁ{q”aﬁnﬁqﬁ%a@\'ﬁ%l Al'l of the

fi gur essgeRIEIRNkikp UbirhdyZtee 4t68i JREreQiN CTHRGtEhid r@m@enge@pﬁﬁmy Wid 57, the
opti onalﬁ?r_eat rrerr)lt apg;[%at us for creating radicals 58, the gas distribution
appar at effeqyelytneatrgizgassiny ireypais bt FE gandAemiapten therruefaeawih atasiicheat i ng

substra i i tw,ﬁ& a substrate entry and
removal qugg%%rf’@%@%ﬁg%ﬁagggg}%giﬁg?é{Jggg’gmssei nthis exenplary system 1In
addi tion, sotemhny ciset stap 45iwifl|bereotingiouad Step fcotripeising elestedsanvalvimgshown.  For
exanpl e, . in one_enbodinent, the gas distributign apparatus, such as a
shower hedigrentagdical specieso fhEROYBamPle Hip frguense %@@Wl@i@@@g%mw as wel | .
In Fig. 6, the Pre-Reactor 66 is shown as a physically separate chanber
which is placed in the process gas pathway between the Optional Treatnent
Appar atus Produci ng Gas Radicals and the Gas Distribution Showerhead. The
Pre- Reacti on process may take place on any surface with sufficient
activation energy supplied either by thermal heating, RF plasma, Wor by
other neans. Fig. 7 is a generalized diagramof a system 67 for practicing

YA PN N I~ "



further enbodi nent of the present invention. In figure 7, two enbodi nents
.of the Pre-Reactor 68 are shown. The first is the incorporation of the
Pre-Reactor 68 into the Gas Distribution Showerhead 60. i ) the
undesi red CVD side reactions are caused to occur on a fr%@%‘?ﬁ%‘?ﬁ?ﬁg;@

t her mal | Xydngpdsesh surface inside the Gas Distribution Showepdgagi3eieSuch a
thermal | y-heated surface may be provided in a wde variety of ways, and the
formof the pre-reactor chanmber can take a wide variety of forns as well,
such as) for exanple, a long, coiled,-%heated conduit. The rapid depletion

of the undesired chemcal "tail" elimnates th ossipility that the side
eact on W fpmgeenolneed fheoms BPRsLeR aTiRERbRIoR e i o
bet ween eagfta G801 6R otHef AthARhg HRhRd, itRatbhe: SHBER BrovidesAhCoMEd@hE ed
enbodi ment the necessary thermal i nput for the pre-reaction is provided by

proxi m t yireshly-tepositedwmetab add thepgeend atomis hydpegendemni6ated whea surfasawithr ansf er
fromthe rth_and thgfoxst%b%t rtat Sal or C20 C)Fe eri ~~~ ~ i~ ~~== .~ W

011 45158 RO R AV - A = 2% §”f§ "gsdés arali zed di agram of a further
enmbodi nent of THege PfeeSBBid VarieeNbf MBterhld \uhd coMbEMEbR G 43, aRd atahiy/Ci Ng
RAS-CVD. In Figure 8 , two_enbodi nents of the Pre-Reactor 70 are shown. The
first is arpdispipeestigdnereidsipildelownalmgavitea sase completn explanation of PFosessi but i on
Shomrhegcgl&%%t&ﬁi ch is conceptually simlar to figure 7. In this case, the
undesire ide reactions are caused to occur on the heated surface of
the Gas Di strilaRASICVADOOOWRERCHS thetdl pedchirsonbdaction, hidhbntedtivérddidad

enbodi nent hy hearth 62 and _substrate 61 by virtue of near proximty of
these el SRBHESArE HERRT inctickdy reapwith pradygtsiof thegmetahPrecuisar acHafe

undesire ] hi alde: g (W aYOURES A/ Lde reaction
wi || occf}lrn ﬁgﬁ B%éli’g}estt}]%g'%rlrfagte Z&Iatm5 g\?\% tﬁgety}g‘g@jr?iogg géc:nhht%&em?%l r?gag%st?\?\hgen each
cheni cal inteaditcathhbeve; areirnartivl etomssiranoledtilay. fragmentsathgeare chémmally di agr am f or
a system 71 r practicing RAS-CGVD in yet further odi.ment of the

o oent RSehf AR B Rt amey iRl AEIcD. B RETBRRRl or 75 ar e
shown. TharthdsSkith Sirfuliy 100RR A&l ORadiEals Ry BeRrddealtind nuftbdr kO the Gas

Di stribution Showerhead 60 which iS5 conceptually simlar to figure 7 In

thi s newvaysoatidrpdasma gengearion has beenfodrdtorkecan@fficightdandreompatiblesmeans caused
to occur within the conbination Gas Distribution Showerhead 68 and

Pr e- React® lprepfra&?“acti vating the undesired CVD side reaction using an RF

pl asma gener atrAlS @ Vhipfodekies G5uvily BeRidle rhblesular p:@eﬁrsoxqauﬁﬁa?r cagekd depletion

of the undesired chemcal "tail" and elimnates.the possibility that the
si de r ead§tyrprogursoro Surfaceqreparatian asvelhasethg deppsiting of neametalie in the tine
bet ween i 1 i 1WA ny : t hese
vari ati o%géﬁsbtngv]\?ﬂagﬁdg égggg&r %%mﬁ;&?f]dgggiaitcﬁg?széﬁ)ta@wi&atn@? ﬂ%t% @E%ur%%}y, by

i ncor por atdctigngflecddbderminated suréate hereectnd vwatht lydnagee aporocesconyerpse i N a

manner that. al.l o two, .thr or re t.al be deposited) conpound
oy be asptetind B admibale . B-oiohE. e R € SRR RN nge e
graded f iatd¥h-sasteteiQions b At &peididn BR Miinftidy aeskig oM Mective THa@savyar i ations

are sinply variants using particular enbodi rents of the invention in
al t er nat iatnciestceps fortnpblecgases) stiek wery gfficierslyctospdacasny animeversiblei at i ons

within the spirit and scope of. the invention ot he inventi islimted
onl y by PR et e reBli” RsbAl S RosnEy ThE R G dRee o fhe
prereact ingibilehaRalreatne Gliss Afd VehPrdabii@ndtiredutive kited |CorReqiapRr f46i-t 0 the
skilled artisan that various deviations fromthe enbodi nents described wll
still falsurfggetraaqiionn bavglineat expoguredspendsnce, as wsHas digh fiatsent i on, and, in
addi tion, man Oo{R! ' j-Hert . ry4ary. 01! 451 58
PGT/ USOQ 3201§h?i@%$§??g?§ 6%@?%3‘9%@ a?r%’ﬁse‘.?c’o’@ﬁgg el@a%p%%{% & pl asma

activati gliis Gie somedifihe Haigdadwcanbealiplifaté@acAHONFohauagile el MH t he scope
of the invention, wherein the chanber itself may assunme any of a w de
vari ety &8rfacerqan be regetedruith xygenagmms todepopikexide comppunsy nlernatively_ react i on

apparal UshitPlufhck 826 bOFkadia LSRN AN D, oPLERRIRIALAIBIRP ledofichYrd! N9 &
substrate during coatl ng Andea sourceror ditter ng precursor naterials to
be suppl M ehet4l filine. popthesizpositiohefiieideicompbtied fibhs, Agisayomesnifrogen: eacti ng i n
the coating process, wherein in the alternatiq f ials, one or nore
of said pihesuifacsratigrthe A alomie reactionts %?@Pétemg‘a’gv@'m "gtft?@d’co“ﬁr ocess in
an alternate cycle, the pre-reaction apparatus conprising; at |east one
passage for delivery of said precursor materials between the source and



t he processing chanber; and an energy provision systemfor providing
.activation energy sufficient to cause unwanted precursor materials to
deposit by CVD reaction in the pre-reaction apparatus. QOFBBﬁjaWQ,at us of
claiml1l wherein the process conprises Atom c Layer Deposition (ALD). 3. The

appar at f im1 wherein the pre-reaction apparatus c I S a
Sobyfls? SO0,

separ at bet ween the source and the processing ch

apparatus of claim 3 wherein the activation energy is provided by heating a
surface within the confines of the sepgarate chanber. 5. The apparatus of
claim 3 wherein the activation energy 1s provided by striking a plasma in

t he separanatadditioarbatomi®readtion with hydriogen odnvertaitha sirfabetoctha dediedAld- r eact i on

oD er TR Ryt s R R R AR CREy
provi ded &y b@?f‘éc_télgwﬁﬁh'nﬁx&fre Bﬂﬁ 't BBms 1o 2OnVePihE MifaceQRd —A49 8. The

apparatus of claim 1 wherein the pre-reaction apparatus conprises a gas
di st ri buttemrinathd werfineaditinpediess stere Al cbeatwiva glesdrdnet esactidns aFrheadagabar at us of

claim8 wherein the tivati on ener. i rovj ded by heat trgnsfer to a
vall Tof tHEnE Baens At s RGP BRS i bn SBne R ana  hear
heat i ng tadgitidvPehe fifabhydrBgenlactamiasidisus a@bmpleié Fstoriktiy Bithe initfal act i vati on
energy is provided by striking a plasma within the showerhead. 11. A

subst r at sutfars Wilbouasy deosRATBHOLeTIIPULtiey. ocessi ng chanber for hol ding a
substrate dur '&%tﬁ&%fd"u%h@tﬁcﬁg#%goﬁ’%s-g\;ﬁ i) t'h?ga Bﬁ@gg)pgx_ger%t%?ﬁf%gﬁl s to be

supplied to the processrn ternating cfiing I n
t he coat inlgalpreassar, staphie heeded| rathieh ¢hanlthe tw@pinge steps Addded imtte, one or nore

of said precursor, materials fromone cycle may effect processing in an
al t er nat Eopyritignalgrgeess. Purge steps are expected by most researchers to be the most
significant throughput-limiting step in ALD processes. Another advantage is that
RAS-CVD promises longer system uptime and reduced maintenance. This is because
atomic species can be efficiently quenched on aluminum walls of the deposition
module. Downstream deposition on the chamber and pumping lines is therefore
virtually eliminated. RAS-CVD eliminates the use of H,O and NHj that are
commonly applied for oxides and nitrides deposition (respectively) in the prior art.
These precursors are notorious to increase maintenance and downtime of vacuum

systems.

According to the above a typical RAS-CVD cycle for a metal oxide film will

comprise steps as follows:

1. Metal precursor reaction with ~OH (hydroxyl) terminated surface to attach —O-
ML, and eliminate the hydrogen by HL desorption. The surface becomes covered
with L ligands, i.e. in the case of TaCls the surface becomes covered with Cl atoms.
2. Purge with inert gas to sweep away excess metal precursor.

3. Atomic hydrogen step — eliminates the ligands L by HL desorption and terminates
the surface with hydrogen.

4. Atomic oxygen step - reacts with monolayer of metal to form oxide. Atomic

hydrogen again to leave hydroxyl saturated surface for next metal precursor step.



a pre-reaction apparatus; characterized in that energy is provided to the
pre-reaction apparatus sufficient to cause the unwanted precursor materials

to deposit by C VD reaction in the pre-reaction apparatu T ystem
of claim 11 wherein the process conprises Atom c Layer I%%géﬁy?%?%?iLD).

13. The f claim1ll wherein the pre-reaction appar I.ses a
separate C g‘%r bet ween the source and the processing ch?@gﬁﬁ&%he

system of claim 13 wherein the activation energy is provided by heating a
surface within the confines of the separate chamnber. 20 February 2003 -21
15. The system of ¢laim 13 wherein the activation energy is provided by
striking a phidbiepaint the,gualisyaf exide Slmhlier insulgtionpeopstfiss.cdieleetris| ai m 11

wherein t - ' rat: i : 1.NG: ween t he
Sour ce. ant P ShERE HapRnRr A B G By ARTE3Rp PRI RIS S0 e
acti vat i oRoetxangye:i Al Oy RSV Dantbeatilirgd i sinedthyiblentinh ®g(CHYs, The
apparatus, of claim 13 wherein th -reaction_apparatus conprjses_a gas

di stri but h%og?fb%ﬂéir‘ﬁ‘é(&a" FRRATPIES W’%’c@égi%w'é%é rmipgted pHEacWHL at us of

claim 18 wagik L@)Al@i@%%ﬁ@HeRﬁﬁH%&)&s& 1iBh BY dfdnO¥CI§2nd Lansfer to a
wal | of the showerhead facing the substrate fromthe substrate and a hearth
heati ng t @Al€Hkdt (xatled) surface will be treated with H atoms to eliminate x number of

methane molecules and terminate the surface with ~OAIH. This surface after

consecutive (or concurrent) reaction with O atoms and H atoms will be terminated —

OAI-OH which is the restoration state. At this point, the RAS-CVD process can

proceed by applying another Al(CH;); reaction. Alternatively, the ~OAI-OH surface

can be exposed to another cycles of O and H atoms. At temperature above 100 °C

this process will exchange OH groups and Al-O-Al bridge sites and the resulted —

OAI-OH surface will be more thermodynamically favorable than the beginning

surface, because the process eliminates the more strained (Al-O-), ring structures as

well as titrating away defects and broken bonds). Since the atomic reactions are rather

fast, these quality improvements are not expected to be a major throughput concern.

In fact, ultimate quality may be achieved by applying the O, H cycles for several

times. Following, a given number of O, H atomic reactions the sequence will

continue with the next AI(CHa): reaction.

6. Repeat steps from 1.

For metal nitrides atomic nitrogen is substituted for oxygen. For pure metal
depositions the oxygen/nitrogen step may be eliminated in favor of a single atomic
hydrogen step, such as for tungsten films. The hydrogen saturated surface after the
first atomic hydrogen step is reactive with WF to produce the pure metal.

The generic nature of RAS-CVD is advantageous for muitiple layer
combination films of different oxides, different nitrides, oxides with nitrides, different
metals and metals with compound films.

In another unique process, useful for barrier layers, the WN process may be

combined with the pure W process to produce alternating W and WN layers in a



20. The apparatus of claim 18 wherein the activation energy is provided by
.striking a plasma within the showerhead.
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7. Hafnium from hafnium tetrachloride.

8. Niobium from niobium pentachloride.

9. Copper from CuaCls,

In the area of oxides the following is a partial but not limiting list:

1. Tantalum pentoxide from tantalum pentachioride.

2. Aluminum oxide from trimethylaluminum or aluminum trichloride.

3. Titanium oxide. from titanium tetrachloride or titanium tetraiodide.

4. Niobium pentoxide from niobium pentachloride.

5. Zirconium oxide from zirconium tetrachloride.

6. Hafnium oxide from hafnium tetrachloride.

7. Zinc oxide from zinc dichloride.

8. Molybdenum oxide from molybdenum hexafluoride or molybdenum pentachloride.
9. Manganese oxide from manganese dichloride.

19. Tin oxide from tin tetrachloride.
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&9+9: r S4 11. Indium oxide from indium trichloride or trimethylindium.

12. Tungsten oxide from tungsten hexafluoride.

13. Silicon dioxide from silicon tetrachloride.

In the area of nitrides, the following is a partial but not limiting list:

St

. Tungsten nitride from tungsten hexafluoride.
2. Tantalum nitride from tantalum pentachloride.

. Aluminum nitride from aluminum trichloride or trimethylatuminum.

W2

. Titanium nitride from titanium tetrachloride.

|2 T =N

. Silicon nitride from silicon tetrachloride or dichlorosilane.

[=))

. Gallium nitride from trimethylgallium.

Hardware Requirements

Another advantage of RAS-CVD is that it is compatible in most cases with
ALD process hardware. The significant difference is in production of atomic species
and/or other radicals, and in the timing and sequence of gases to the process chamber.
Production of the atomic species can be done in several ways, such as (1) in-situ
plasma generation, (2) intra-showerhead plasma generation, and (3) external
generation by a high-density remote plasma source or by other means such as UV
dissociation or dissociation of metastable molecules referring again to Fig. 1, these
methods and apparatus are collectively represented by apparatus 25.

Of the options, in-situ generation is the simplest design, but poses several
problems, such as turn on - turn off times that could be a throughput limitation. Intra-
showerhead generation has been shown to have an advantage of separating the atomic
specie generation from the ALD space. The preferable method at the time of this
specification is remote generation by a high-density source, as this is the most
versatile method. The radicals are generated in a remote source and delivered to the

ALD volume, distributed by a showerhead over the wafer in process.
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1t will be apparent to the skilled artisan that there are a variety of aptions that

may be exercised within the scope of this invention as variations of the embodiments

described above.. some have already been described. For example, radicals of the

needed species, such as hydrogen, oxygen, nitrogen, may be generated in several

ways and delivered in the process steps. Further, ALD chambers, gas distribution,

valving, timing and the like may vary in many particulars. Still further, many metals,

oxides nitrides and the like may be produced, and process steps may be altered and

interleaved to create graded and alternating films.

Apparatus and Concept for Minimizing Parasitic Chemical Vapor Depaosition
During Atomic Layer Deposition

In a further embodiment of the present invention an apparatus and method is
provided for preventing contaminatton by CVD deposition during ALD processes.
Fig 4 is a generalized chemical precursor partial pressure vs. time curve 46 for a well
behaved system using rapid pulsing of the chemical precursor species and purge steps.
The partial pressure 47 of each active chemical precursor is qualitatively shown on
the Y axis of the diagram against time on the X axis. The partial pressure of precursor
“A” 49 and precursor “B” 50 are shown for convenience. Systems with more than
two precursors would behave similarly with distinct partial pressure peaks for each
chemical precursor.

Of particular note in Fig. 4 is that while the partial pressure of each precursor
rises rapidly at the start of each pulse, there is a distinct “tail” at the end of each pulse.
This “tail” represents an undesired condition where the precursor is not fully removed
from the deposition system. This tail is a result of various real phenomena, such as,
for example, the fact that gases molecules have a certain affinity for surfaces in
conduits and chambers, and such surface-restrained molecules continue to evolve in a
system after gas flow is shut off, a phenomenon known in the vacuum arts as
outgasing. If the next precursor is introduced into the deposition chamber 59, Fig. 6
while the prior precursor is still present, an undesired CVD side reaction occurs and
contaminates the desired film on the substrate 61 on Fig. 6. In addition to the

contamination of the film, the undesired CVD reaction could nucleate in the gas phase
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leading to undesirable particle accumulation on the substrate 61 or in the deposition
chamber 59.

Fig. 5 is an idealized chemical precursor partial pressure vs. time curve 51
for a well behaved system using rapid pulsing of the chemical precursor species,
purge steps, and the innovative Pre-Reactor invention embodied in this patent
application. The parttal pressure 52 of each active chemical precursor is qualitatively
shown on the Y axis of the diagram against time on the X axis. The partial pressure
of precursor “A” 54 and precursor “B” 55 are shown for convenience. Systems with
more than two precursors would behave similarly with distinct partial pressure peaks

for each chemical precursor.

Of particular note in Fig. 5 is that the partial pressure of each precursor rises
rapidly at the start of each pulse and falls rapidly at the end of each programmed flow
pulse. The distinct chemical “tail” present in Fig. 4 is eliminated primarily as a result
of an innovative Pre-Reactor described in this invention. The methods and apparatus
used to remove the trace chemical precursor that causes this “tail” effect are described
in enabling detail below.

Fig. 6 is a generalized diagram of a system 56 for practicing RAS-CVD
according to an additional embodiment of the present invention. Although RAS-
CVD is used as an example, the inventor intends it to be clear that the apparatus and
methods of the present invention are not limited to RAS-CVD, but applicable in
general to éll sorts of ALD and many other seqﬁential CVD processes.

In this exemplary system a deposition chamber 59 has a heatable hearth for
supporting and heating a substrate 61 to be coated, and a gas distribution apparatus,
such as a showerhead 60, for delivering gaseous species to the substrate surface to be
coated. Substrates are introduced and removed (item 65) from chamber 59 via a valve
64 and substrate-handling apparatus not shown. Gases are supplied from a gas
sourcing and pulsing apparatus 57, which includes metering and valving apparatus for
sequentially providing gaseous materials. An optional treatment apparatus 58 is

provided for producing gas radicals from gases supplied from apparatus 57. A Pre-
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The pre-reactor may take various forms, and some of the possible variations
are shown in Fig. 6, 7, 8 and 9, described in more detail below. All of the figures
commonly utilize the gas sourcing and pulsing apparatus 57, the optional treatment
apparatus for creating radicals 58, the gas distribution apparatus 60, the deposition
chamber 59, a heating hearth 62 for heating substrate 61, a spent chemical effluent
system 63, a substrate entry and removal 65 valve 64. These items are common in
this exemplary system. ln addition, some but not all implementations of the Pre-
Reactor are shown. For example, in one embodiment, the gas distribution apparatus,
such as a showerhead, may serve double duty, and be the pre-reactor chamber as well.
In Fig. 6, the Pre-Reactor 66 is shown as a physically separate chamber which
is placed in the process gas pathway between the Optional Treatment Apparatus
Producing Gas Radicals and the Gas Distribution Showerhead. The Pre-Reaction
process may take place on any surface with sufficient activation energy supplied
either by thermal heating, RF plasma, UV or by other means. '
Fig. 7 is a generalized diagram of a system 67 for practicing RAS-CVD in a
further embodiment of the present invention. In figure 7, two embodiments of the
Pre-Reactor 68 are shown. The first is the incorporation of the Pre-Reactor 68 into
the Gas Distribution Showerhead 60. In this case, the undesired CVD side reactions
are caused to occur on a free-standing, thermally heated surface inside the Gas
Distribution Showerhead 68. Such a thermally-heated surface may be provided in a
wide variety of ways, and the form of the pre-reactor chamber can take a wide variety
of forms as well, such as, for example, a long, coiled, heated conduit. The rapid
depletion of the undesired chemical “tail” eliminates the possibility that the side
reaction will occur on the substrate allowing a decrease in the time between each
chemical reactant entering the system. In one preferred embodiment the necessary
thermal input for the pre-reaction is provided by proximity of the showerhead

apparatus to substrate 61, with heat transfer from the hearth and the substrate.
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Fig. 8 is a generalized diagram of a further embodiment of the present
invention providing system 69 for practicing RAS-CVD. In Figure 8 , two
embodiments of the Pre-Reactor 70 are shown. The first is the incorporation of the
Pre-Reactor 70 into the Gas Distribution Showerhead 60 which is conceptually
similar to figure 7. In this case, the undesired CVD side reactions are caused to occur
on the heated surface of the Gas Distribution Showerhead 68 itself, which is heated in
this embodiment by hearth 62 and substrate 61 by virtue of near proximity of these
elements to showerhead 60. Again, the rapid depletion of the undesired chemical
“tail” eliminates the possibility that the side reaction will occur on the substrate
allowing a decrease in the time between each chemical reactant entering the system.

Fig. 9 is a generalized diagram for a system 71 for practicing RAS-CVD in yet
a further embodiment of the present invention. In Figure 9, two embodiments of the
Pre-Reactor 72 are shown. The first is the incorporation of the Pre-Reactor 72 into
the Gas Distribution Showerhead 60 which is conceptually similar to figure 7 In this
new embodiment, however, the undesired CVD side reactions are caused to occur
within the combination Gas Distribution Showerhead 68 and Pre-Reactor 72 by
activating the undesired CVD side reaction using an RF plasma generated within the
showerhead. This process causes rapid depletion of the undesired chemical “tail” and
eliminates the possibility that the side reaction will occur on the substrate allowing a
decrease in the time between each chemical reactant entering the system

In addition to these variations it will be apparent to the skilled artisan that one
may, by iﬁcorporating processes described herein, alternate process steps in a manner
that alloys of two, three or more metals may be deposited, compounds may be
deposited with two, three or more constituents, and such things as graded films and
nano-laminates may be produced as well. These variations are simply variants using
particular embodiments of the invention in alternating cycles, typically in-situ. There
are many other variations within the spirit and scope of the invention, so the invention
is limited only by the claims that follow. Further, in particular reference to the pre-
reaction chamber aspects of the invention, it will be apparent to the skilled artisan that
various deviations from the embodiments described will still fall within the spirit and

scope of the present invention, and, in addition, many combinations of embodiments
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and variations may be made. For example, a plasma activation may readily be used in
a pre-reaction chamber within the scope of the invention, wherein the chamber itself

may assume any of a wide variety of forms.



10" 10" % 1096 & ()-1s10% " & ()-Zs10%& ()-Z!'s 10%"& ()- s 10% & ()-

3 }r<SHE 1

10111109 ()- ! 10%&' ()-!0s! 10%e& ()-!Hs! 10%n& ()-"s' 10%& ()- "1 109%& () -
I AbC 1 10'!, @ 109%V& ()-S! 10%VE ()- @! 109%E ()- @ 910%V %é)g«egilrl('z!)”i@‘)?%+

10% ()-*/CbC 1 10!! S10%| & ()- @O%| & ()-fmL0%| & ()- & 10%| & ()- 10M 10M
10MLO%VE' ()-Vrj dEbC 1 10!'! F10%4| & ()-310%| & ()- ~10%4| & ()- 10%| & ()-
@Oo%| & ()- 10% & ()- ja{dE/ 104]

What is claimed is:

1. A pre-reaction apparatus for a coating system having a processing chamber for
holding a substrate during coating and a source of differing precursor materials to be
supplied to the processing chamber in alternating cycles for reacting in the coating process,
wherein in the alternation of materials, one or more of said precursor materials from one
cycle may adversely effect process in an alternate cycle, the pre-reaction apparatus
comprising;

at least one passage for delivery of said precursor materials between the source and
the processing chamber; and

an energy provision system for providing activation energy sufficient to cause

unwanted precursor materials to deposit by CVD reaction in the pre-reaction apparatus.

2. The apparatus of claim 1 wherein the process comprises Atomic Layer Deposition
(ALD).
3. The apparatus of claim 1 wherein the pre-reaction apparatus comprises a separate

chamber between the source and the processing chamber.

4. The apparatus of claim 3 wherein the activation energy is provided by heating a

surface within the confines of the separate chamber.

5. The apparatus of claim 3 wherein the activation energy is provided by striking a

plasma in the separate chamber.

6. The apparatus of claim 1 wherein the pre-reaction apparatus is gas supply tubing

between the source and the processing chamber.

7. The apparatus of claim 6 wherein the activation energy is provided by heating walls

of the tubing.
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8. The apparatus of claim 1 wherein the pre-reaction apparatus comprises a gas

distribution showerhead within the processing chamber.

9. The apparatus of claim 8 wherein the activation energy is provided by heat transfer
to a wall of the showerhead facing the substrate from the substrate and a hearth heating the

substrate.

10. The apparatus of claim 8 wherein the activation energy is provided by striking a

plasma within the showerhead.

1L A substrate coating system comprising:

a processing chamber for holding a substrate during coating;

a source of differing precursor materials to be supplied to the processing chamber in
alternating cycles for reacting in the coating process, wherein in the alternation of materials,
one or more of said precursor materials from one cycle may effect processing in an alternate
cycle; and

a pre-reaction apparatus;

characterized in that energy is provided to the pre-reaction apparatus sufficient to
cause the unwanted precursor materials to deposit by CVD reaction in the pre-reaction

apparatus.

12.  The system of claim 11 wherein the process comprises Atomic Layer Deposition
(ALD).

13. The system of claim 11 wherein the pre-reaction apparatus comprises a separate

chamber between the source and the processing chamber.

14. The system of claim 13 wherein the activation energy is provided by heating a

surface within the confines of the separate chamber.
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15. The system of claim 13 wherein the activation energy is provided by striking a

plasma in the separate chamber.

16. The system of claim 11 wherein the pre-reaction apparatus comprises gas supply

tubing between the source and the processing chamber.

17. The system of claim 16 wherein the activation energy is provided by heating walls

of the tubing.

18. The apparatus of claim 13 wherein the pre-reaction apparatus comprises a gas

distribution showerhead within the processing chamber.

19. The apparatus of claim 18 wherein the activation energy is provided by heat transfer
to a wall of the showerhead facing the substrate from the substrate and a hearth heating the

substrate.

20. The apparatus of claim 18 wherein the activation energy is provided by striking a

plasma within the showerhead.



