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OF PAS Vég%l A CVD CHAMBER This invention relates sery 35}19%

substr j€essing by the application of titaniumcoatings, pafticularly
by plasma enhanced chemnical vapor deposition (PECVD) nethodsg igg jppvention
nore particularly relates to the cleaning and stabilizing of %V reactors
used in such processing and to the passivating and conditioning of such
reactors followi ng such cleaning and to maintaining the reactors in a 5
stabl e state during the subsequent use of the reactors for Ti

processi ng of sem conductor substrates. Background of the Invmmmw,’"m"”“"
Chem cal vapor deposition (CVD), and particularly plasma enhanced,,gl nlca
vapor deposition (PECVD) are processes that are being increasingly used in
the application of titanium (Ti) or titanium containing fllns,mmm mm "

i n sem conduct or manufacture One such Ti-PECVD process is at | m lmﬂllr
theoretical ly avai MEIHOR GF §8p8MATING A RVENTBA acts of feat ur &ompe.
particularly high aspect ratio features, on sem conductor wafers. In

i nvestigating contact level netallurgy in the course of arriving at the
present invention, applicants have determ ned that production applications
with such prodbs drventiop vedskey gemiiogrdyetar sybsirpe proessung i teapplicarion oftitandues eoatings,
repeatability and process stabiling that are as inportant as the

f undamen®arcuarly by RlasPe ctiaresd ghepicaleysadi depasitior M) epdtors. c Jhe inBen@pre motec h
issue is the cleaning nethodol ogy for the chanber of the reactor in which
the CVD Pauiguarlyirelarenigrthe cgreipe adstapiiziag phISYD Brctpis distdeid such prasessiomandcte theul at ed
reactants, reaction roducts and reaction by-products fromthe reactor

sur f aces PASRKAEE 204 cgnf 2 plppghdeactopsfoliolyng uck GlefniRgcrgd ¢y mamiginpa The 1gactorpin 2t he
reactor for TI-CVYD are often sources of peeling and contamnation in the

chander , SPRSYAS Y REDSSPPYF i ABT redstors ey “PEF@% DIRRTSEPe *f AEMRiePngusior alfimaies-i on of
t he surfaces of fers being processed resulting in interference 20
wi th cri%&&-&?—%@w@%tions on the wafer. Also) accurrul ation of this
material on t surface of. a ctor rifts in process
par anet er s Ie%ﬁf’ﬁ‘@al &% %pf’sél:?f’ éé‘ﬁ?% ﬁ'ﬁpﬂ"%&‘lr‘]%rfyaf’gﬁ“@a 5‘3‘8’2‘5‘& eﬁ‘iff‘ Y ARG FROESN g
degr aded SsS. resu t rt her nor e CVD react or.s th are avail abl e
or 1o OIS s Rl B ol RO SRRy (RK seorisaRey® iigbad Sistis’ |2\
ni ckel all MU%\C§% (S-)ub&ra(r-t):s %n\é\'?m{%g]n I‘t]cgar X%Efggrér% alexe%Hchlo EEGDTp?r O& SSI ng.

at
Silicon warere nave a grea denc £0 a ni ckel” AT &y susceptor

f | 0 f f
0 er 2%,8§£¥ﬁa]u Sag% d%%m{bg%vﬁ a%gxmcc (glfl{:] 4 ?P Sp%%ﬁulﬁg'm% a nggziiu]’g rflca I’ aces in
eactor |0k SRRE ABROSh kel e @EGHTAL LGS WG d5POS LAY atctggl%g&& occur

in the deposition 5 processes ich stabilize only after sone

chanber ¢oRghL T BRIcAHs hP BdrA Bar pRIARb] SRlicaRRS %M@ﬁdh%ckéesmt«e ishid! bow ng
such changes in reactor conditions, there is either some anmount of reactor

oper at i NgrobdsdRirbriy, prodssk re?éaﬁ&ﬁ@'aﬁcﬁpr@d’css%ﬁﬁmn /HATRE bs idpor¥af BIR flnftenilGin be
processed in a reactor ore the process stabilizes. Applicants believe

t hat thi §mgérﬁ@e,§d¢c§osdfdﬁ:cgaﬁc[a—lsﬁdaange in the state of the reactor surfaces,
due in part to filmdeposition on the surfaces which alters thernal

em $5i viry adlons sieg iiicop g tleftg nihediozy 6f the CRAnMbEICHT tve rejtiot & vHichQR VD is
properties that directly affect the results on the processed wafers. It is
desi r abl earti€d omi. rSiuth rZotshtusiveoeart Olembie utieined @ekiin@, tebe@ion produc@bnd reaction
conditioning of a reactor follow ng cleaning or other such condition
changes of-pibhes fre@aieatacineshfaces. Muerinln thatedliect dnoiescofurfacef éurimg thatie of the raattanber
for processing, particularly in a manufacturing environnment. Deposition
chanber s fark-OVWpare alidnysowtes aheling Rndeveaniationan hayiembdr, Jeading s & high etmiznbhg, by
whi ch reactor 15 surfaces are cl eaned w thout opening the systemto air,
and pr ef paradi¢sywhivh ichoetonvmmhtion gf thesurfpas ofshepbafdrhigeing processed resulting in interference

20 with critical process reactions on the wafer. Also, accumulation of this material on the surfaces of a reactor
can cause long term drifts in process parameters leading to unstable or unpredictable process performance

and degraded process results. Furthermore, many CVD reactors that are available for Ti-CVD are provided



.chanper, and 2). wet cleaning, which generally entails cooling the reactor
conponempB54szeni ng t he system and w pi ng or scrubbi ng PAEUSRUK &Y
conponents with water or other chemi cals to renove deposits fromthem For
both of these nethods) applicants observe that the process RuyspcPeng
recovered, that is) the chanber should be reconditioned, to stable baseline
performance after the cleaning procedufe has been carried out. 2~ The

Ti - PECVD process uses TiCl, and H~ in™@ reduction reaction conducted in a

| asna environnent to formnetallic Ti as e main reaction product and HCI
P e R A PPy S B B Ve T MGG LB o YRR FER

reaction, .other hy-pro s may f .such as TiCl X, with x < 4. These

pr oduct S7HIH g™ ytf) A mﬁg# glf is%sc%'lof 8%%}“30@3 Fg%aB‘B% P{t 'gﬂsuéﬁﬁp‘?re actor surfaces to
erper atur e avarpipdis bl F1. o bflirt BRI bl 4 A
exposed N B o Ry e ool a i E ibonly EEREPecSlr i BR P BER hat
may ghav Wag=Tarey el icatt®lembe., B | XT""
sys?en1§¥&§%%ﬁ%%antsik3s£#gﬁ%g§ﬂTg?R%§§%§P§?tsughqgggc[gfm a??g@%gugﬁ whi ch

such undegi,’ ARl in RRPHhdebaR ramfcmﬁsm, thm@isge?thé%&gc?a&%{opﬁggérooggrgtﬁlgrj_tifng t ﬁgz

2002 -3 to occur are the face of the substrate-supporting suscept

face of LhenRf RERsR HASmAhGRRS & iters BOWRED 6 Pkoc AR iRa Iralbi 6ok @R RRQN the
reactor walls |ocated near the plane of the wafer and bel ow. The

conposi tsQilzedf AFIERRS bdieWd uXPhieEfedlis dus 10 a2habe] uleQuale e RIRE kdtatds Can®fn ahie
surface on which it deposits and to the concentration of various reaction

Speci es, o hifREpiios on heAEHhdePPhidAla R BdrSal @REsivi© 2@hds O prBertRE, RRMELS cRAluciHE D
surface. 5 For exanple) during continuous operation of a Ti-PECVD process,
Ti 10ear i f3@hkd profene Grailealy affentt Rulds 5 BE PRdbesSd WaREE It 10 tesirhie HL8ABIMAE the TE
conposition of these filnms range fromTi rich on the hotter surfaces to Cl
rich on dnfd@nteBhide ewted e sitall cofdit@ning aiCd @ictor ToNewBg blednify odbfer SO dofiGhdaal | y
unstable. The Ti rich filns oxidize over tinme upon exposure to the residual
wat er arglam¥ygeit kdeat besre thp irtrs@blionion white it A BRmber oG &edshik Spaiiigidtin@n has,
in the prior art, been a highly uncontrolled process, it has been regarded
as undeshinatatieringefvifdaménng oxi dation of these Ti rich filns, their physica
properties change fromelectrically conducting to electrically insulating)
resul ting i n pgatiralcRndeslare tybiedlytfedinaid 9f tdg waysa B sii Ele@inh &y which reactor
characteristics within the chanber during the performnce of coating

Pr AGESSE@rfadel arkicfehnelt iWliti&u offink B siehab ahand ,préﬂem? RirloB! @blingehny phHsGp meapor
pressure and result in an uncontrolled background of Tidx (x < 4) in the
chamber . cpdues Gind 2)Ghex cisfeg) vifichGeretally Biddile cdoling thereftoR @ethion @i, bRat ho Bys@md
result in unstable process characteristics. ~ 5 The nmateri al t hat deposits
on t he vl wiindpelscaibbify the e/t impddi Withesaretl o difchthiald © Fdiflé @Postd frdn thaili um i s
very hygroscopi c and deliquescent, reacting with residual water vapor and
O, , Whenrdpb&s eMhese in@hddq applieantd bikrveaas e plotessmustiiz@eddRirddemhic g tp cupdErtsha@r of
such Ti films are well known. TiO= filmhas the properties of being

chem cal deyrecdhdifidned, &andabe| beelinei pedirinanc i afrer to cleknil iproeedure\Bictieen @rfiedaat or havi ng
a titaniumrich coating on its internal conmponents nmust be opened for

cl @8ni ng) t heTe Ti@ECYD preesasediGiraad B, in predbtion reagticui codgigneden 7 gaoih bryivord@nt

by- products and heat) which are hazards that nust be controlled. Titanium
filns thatformmetalicJossitheanringpacirnrodictand HGE wsdke mwirf rerctorehy praguiaPhngfisichuseed by
a passivation process by which a passivating | ayer of a stable substance
such as afjthisreduasiomienqtion) @thesbycsgsiaas madfomh stches TiGHf Atk xS#- {These produetsi alensf | | m'’
Where the Ti deposition process is one of CVD, the TiNfilmis fornmed in a
dedi cat ewitly metaliio T, Ay bheeppstefcanresatopurieqes Wdh exisnivihatis sirengin Felated Ththe flmmbert | ons
of the Ti and overlying TiNfilms is 25 carried out in a nultiple reactor
t ool haveepmety ayg wUVIERRSEHRTEGHST RGN gn t Ragiop hambgs seyfaceso fioemetaltic susfages,tsueknsf er
modul e through which wafers are transferred fromthe Ti-CVD nodule to the
Ti R2CVD asdettickelatiey surfpsesdersiapmplepyisa disasilryposed 1o TiCl, have 2 tendency for metal chloride

e e e e e e s o~ al weL ... r..-3a- US b728628 .

di sdosestodorpyBrrendha may hays wfisrgrani) sifestiop prOChPeEigBRANFea tFos the FHOGNDY n sxtismch a
passi vation gas s introduced between the substrate processing steps to
passi vat & PHEY AFIERE. BF “RRPYR SEI TFASIOF BFRRSY OoRM e e desifphlecdsposiiian may wdent

t he substrates. By passivation is nmeant rendering inactive and this done by
means of an absorbent gas or an oxidising gas. A suitable absorbent gas is
a mxture of an inert gas and NH3 or SiHZCtz whil st a suitable oxidising
gas is a mxture of an inert gas and @2, NO or NO2 Pl asma di scharge may be
generated sinmultaneously with the introduction of the passivation gas into

. Y TN NN\ NN N o o P~ I~ 1



WD 99154522 PCT/ US99/08193 1 0 OCT 200Z There Busts a need to nore

effi CIE%@ 9§ é[‘,ld effectively condition a reactor) particgkgrlsyoeigs used for
the PECYS’3fFi t ani um) follow ng the cleaning of the reactor. Summary of
the Invention: A primary objective of the present invention i{sQt0g8Tp20ddi de
stabl e process performance in a Tl 5 PECVD apparatus. A particul ar

obj ective of the present invention is to provide a Ti-PECVD net hod and
appar atus whi ch maintains the reactor -Bn a stable condition and mai ntai ns
the stable perfornmance of the Ti-PECVD process during continuous operation,
parti cul a&rdcyur b € facs efhecasticuiponinBsustEAG! tie fatgof GR@FREsE I8 SispelSMp tHowethead,

obj ectives of the present invention are to provide for the breaking in and
st abi | i zaid olimief regHn an BE@IBor ericharedent thEiplaREEVR Waf@aaGEiong The kémpoking
changes in reactor conditions, particularly follow ng the changes in

condi t i onbkdepdsal naregal iy reletgrhid the ipowéraniny oft thessudfhce amivhich iodeposin 2d ate chRatiatdn
surfaces, such as by wet cleaning or by in-situ cleaning) and where the
react or pbvagbtshertionspaied rarane radtios poduws ed! Mariomiy-podstieanichgurtper at i on. A
further objective of the present invention is to provide an in-situ PECVD
reac®or cl eaniFatexprrit dering sauipuqustopdration ¢fiat TAPESVP emetso Ti bradeskfilinnacomsdectar  and
process recovery and process stabilization. Certain aspects of the present
i nvent i offedpasnab@Fecs PiAhcerrer LRy FPoPPRYior ettt iilma ranesrrantEitricie onethebfofter surfaces
stabilization by oxidation or reduction/passivation of internal reactor

sur f aces o €l “%Oﬁéﬁeégld%[ﬁ“ffﬁﬁ?fdﬁfhf: Ferrd esg ks 3¢ intrinsigabiy pestahie n ghesPigich dbnst hat
are vol atile enough to reach the wafer surface. A particul ar objective of
t he pres&HEizg FYFSIREUBIR SFROSUGO His Fesided Ve 2Ry 8ED SWicRreRreses i tyeeqhymbero nidice thisn a 20
reactor follow ng the cleanjng thereof articularly where such reactor is
used for OFRRIOPERSYIY 1BF PRYT PRnpeeHF highly H‘?“P’H@Pedo‘ﬁfcét‘ft f1\Pas B5Fn Femideg e srdagirable.

i nVﬁéltl on is to inprove the éﬁl ci enc and reduce the equi pnent

requy r ed ]:\”B?c °"ﬂf@?‘?“o‘ifr'r%fﬁfc-8 5P teg §P’%‘é‘8 FrOPERUES ChPRES TIoR-S(FcaY Senducting to
L Sl o S
con £ %@ﬁﬁg e
componente TR b ok f%%@%g%rﬂ?)%“ﬁ?gg%% o Pl W DG bR ZhEEFY
991 54522 specitd SRt z%%%%e,;'osﬂon%u&%}reaxﬁ in unstable process characteristics.

15 The marterial that deposits on the walls and other reactor surfaces during the formation of titanium

is very hygroscopic and deliguescent, reacting with residual water vapor and O,, when present, 1o form a

TiO,-based film. The gettering properties of such Ti films are well known. TiO, film has the properties of

being chemically stable and electrically non-conductive. Where a reactor having a titanium rich coating on

its internal components must be opened for cleaning, these reactions accelerate, producing airborne reaction
20 by-products and heat, which are hazards that must be controlied.

Titanium films that are deposited onto semiconductor wafers are usually followed by a passivation
process by which a passivating layer of a stable substance such as titanium nitride is deposited on the surface
of the titanium film. Where the Ti deposition process is one of CVD, the TiN film is formed in a dedicated
réactor by the reaction of titanium with ammonia. The formations of the Ti and overlying TiN films is

25 carried out in a multiple reactor tool having a Ti-CVD reactor and a2 TiN-CVD reactor connected to a transfer
module through which wafers are transferred from the Ti-CVD module to the TiN-CVD module for

successive processing.



for exanple, to performa Ti-PECVD pjogoess oy a Vaf ers WhiLH*r esul%se 1"y t he
formation of Ti bearing filmdeposits on reagtore corponent’ss 4 nsadchrdance
with certain enmbodi nents of the invention) aecontrol | 'ed owidi zatidn" G
reduction/ passivation of Tt bearing filnms is carried out in a Th—#?%ﬁk
reactor follow ng changes in the 5 naturg or extent of Ti bear? df [ on
the reactor conponents. In certain enbodinents of the invention, a
control |l ed deposition of reactants) reaction products, reaction by-products
or related materials is provided in the chanber follow ng the cleaning of

t he chanber. In ot herUg%ﬁéﬁ@&é&é%ésgw%m%m%5fﬁ ot rnce

of one or nore oxidizing or ucing agents 1s pro in
th I t 3 : I s j J i
FUrthor embod Cum & ASHUEEHetR ol Kbl RARL AT E ol i E ol "
¢ i i ) : g
Contr ol 1 od nay® FarTaLs S hia6s of Hin Wi foRted Bh REMAEIHUTME uednf e
¢ ¢ . . . b y _ ,
tho. component & aeies; ' fheSk Al  # dthlefing raC) erlithi Bond BY mlBAC St 4n 0"
troll ed . . . q . ! . . ¢
cont 1011 €0 OX|RbSR s o S UGk AT ARSI B0 § LD A
sel ect ed “U”beg’as%fngﬁlrl;{é%ﬁ ﬁ@@s’ibtsh%b‘ée &@éi&né‘gé&i’s'a%ﬁixﬂ?e éﬂﬁ?ﬁﬁér?gﬁfﬁ%@ In

one preferred ‘enbo nt o I nvention, a actor 1s opene

at nosphere an ed g QntL URYEardd Fpag,a | j ‘}TE{&L | at ed
on thg ;urfacggxgﬁoﬁégg?ﬁr Ft(gorrponent sr.afé h P%;&c%{%#altﬁst ennéc}ﬁégegﬁglrﬁya
vacuum i s I estigiGechbd B e pRSIFABA HAL ind Ihe 1GARARARMGe! the reactor are
then exposed) tor atine, to a plaSma torned 1 n a M xeure of argon and

hyd ithint ; i I VY, i ! t
oretorabl y in the for e SR aiiaet s difsih Emidficn CERE HERRRR Y ! o

exanple, 1 to 5 20 minoutess d ,&{{'ghﬁéeﬁg R Rt A_nfetﬁ)ﬁmc?é’ﬁlﬁl n?ﬁgj&?ﬁgm t he

shower head and ot her conponents asnma renpves contamn

component Sur f gaes qoRLAlRNRkY hal BE JoRBRIE udih Litfhohil! SHUORFL 05 1k G 1 2

Ti - PECVD proce w thout a e er to pre-toat reaktor
conponents w t i i d i ﬁmg% : t al
such as a ni ckg?&gﬁ%%gﬁ%{ .lﬁgg* %ﬁr?ag}ﬁf%\ﬂ%g%% uc gﬁ'%?agﬁgéadt% g ﬁsﬁ?e&sﬁ?f ace
of the suscept nepﬁﬁﬁﬁg;s the sticking of 25 silicon wafers to the hot
susceptor. Preterably, the showerhead is preheated to a tenperature that,
for a Ti PECVD reactor or process, is preferably higher than approximtely
425C. An effect of the heating of the WD 99154522 , PCITNS99/08193 1 0 OCT
2002 _g_ showerhead is to inprove the adhesion of the Ti bearing filmthat
is deposited when this initial Ti-PECVYVD process is run in the reactor

i mredi ately followi ng the H=l Ar plasma cl eaning. Followi ng the pre-coating
of the reactor conponents, a fast process break-in of the reactor is
acconplished by formng a H1Ar plasma in the reactor before TiCl, is
introduced into the reactor. One 5 advantage of first formng the H/Ar
plasma is that direct exposure of hot netallic surfaces to the TiCl" gas is
prevented. In accordance with certain enbodi nents of the invention, a
controlled oxidizing or reducing of Ti bearing filnms) such as by
nitridizing or otherw se passivating the film is carried out in a Ti-PECVD
reactor follow ng changes in the nature or extent of Ti bearing filnms on
the reactor conmponents. In certain 10 enbodi nents of the invention, a
controll ed deposition of reactants, reaction products, reaction by-products
or related materials is provided in the chanber follow ng the cleaning of
the chanber. In other enbodi nents of the invention, a controlled presence
of one or nore oxidizing or reducing agents is provided in the chanber in
the early stages of recovery following a cleaning of the chanmber. Still in
further enbodi ments of the invention, filns formed on the surfaces of
react or conmponents are oxidized or reduced in a controlled way 15 fol |l owi ng
t he performance of a Ti-PECVD process mthe reactor to stabilize the film
that may deposit on the conponents during the perfornmance of such process.
Preferably, controlled oxidation or reduction and passivation is carried
out after every Ti-PECVD deposition onto a single substrate or after a

sel ect ed nunmber of Ti-PECVD depositions onto a series of substrates.

AMENDED SHegT



In anot her preferred enbodi nent of the invention, the reactor is cleaned in
situ, without being 20 opened to the atnosphere. Such a i s usually
condudW@d9ﬁﬁn¥he i ntroduction of fluorine or chlorine cggbﬁﬁﬁ/ﬁgggases into
t he chanber) frequently formng a plasma therewith. Exanpl es 9f) 8Lict03ases
are nitrogen trifluoride (NF3)) trifluoro-chlorine (CLF3) or chlorine

(A 2Z). The fn situ cleaning process is carried out to renove Ti bearing
films and other contam nants that havegaccunul ated on the surfaces of
reactor components. Follow ng such in situ cleaning, all such cleaning

gases and reagqfdofiRh qgtu@otxﬁor@aﬁc,énﬁg&t W8 fecliveBBomRioh Q?ea@lgxa?gﬁé’uiaﬂ?g& Lﬁéd%m ng

i ncl udes exposing the conponents o he reactor, for 0 a plasna
formed i g BEAis bR, [@heaR meRKRE b 3doaMDNi a gases, for exanple, as
expl ai ned follow ng the wet cleaning process discussed above. This plasna
cl eani NQ shEmad of i Invehtionf Or 1 to 10 mnutes or as i s necessary to renove
WO 99D45 , /US99/ 08193 1 0 OCT 20p2 -7 fluorine and

chl ori ne-cont aj Ils}inﬁhgy seaveas el preseil ievetidR 106 provilib erablé @cisﬁ?&foﬂﬁan&hﬂribﬂf i's
punp purged at least five tinmes. The reactor is, preterably, then run

t hr ogigh tphevstgRiwef a Ti- PECVD process without a wafer in the chanber to
pre-coat reactor conponents with a Ti bearing film as is done follow ng

t he wet cl eaningnpilecdsive@s e phed: akan®. is Al Bevidefaolil RBEVIDOmdta apd SHpsaad t ng
of the reactor conponents) a fast process break-in of the reactor is
acconpl i siarE mayrain® fairéagonin l,stakbie c@idaisirmd imintds teaable perfdatmee of dé TLEEGVD
introduced into the reactor. One advantage of first formng the H /Ar

pl asma i procdiaduridg cordduoeopasion epanicullriyt untee sahitanducet mbmgesirihpopefagondi Cl 4 gas i s
prevented. In a further preferred enbodi nent of the invention, the Ti-PECVD
process and r @amitupar ojecavel ¢ tregprestm invertiorsdra vl peovilia fornige Hrépging owrwhd suablizaion of
operation of the reactor and perfornmance of the process by performng

st ab@ | i zatPEGWD stagpdorf HIPEGWP nrpcdsyinti follogting lcharges rsreacion nendisianso pamesiariy folldwing
bearing filnms that accunul ate on reactor conponents during continuous

oper at i onheghanges i coldEiOVapare broyaht atienity dhasleqmane)of ineriabrep@erisurfages. sudklasuirver esul t
in constant change of reactor and process conditions are stabilized by

oxi di zi ngleaningroe Byiizisisgcleanias. fand wheraiheirepaas 4y siberiopRaed orarempinspiosediyripgypiesping at e,
in a controlled way foll ow ng individual depositions onto 15 wafers in the
chanber) opdratlher fol | owi ng a sel ect ed nunber of depositions or, preferably,
foll owi ng each performance of a Ti-PECVD process on_a wafer and before each
entry of a new WecepbiscHve §f PrRreEpiAnypuien i WrPreyidery dpsitgPEGHENESIO FlswEe 8TFWS  The
stagéllzatlon steps include the introduction of controlled quantities of
gases sudht BeligRs AT P’@L)m‘dfa%ﬁ%’rpr?f:ﬁsﬁ 6‘?‘0"("]3[:"@? P’°?¢65r stENZ#fe, to form an
oxidation reaction with t 03|te 20 rea

t
ur f aces. or ¢ T RREFEELEFOROeH: HSHER Bt dﬂ,m R e
hyd CTt i-b
yar Ogenfsgpgé&gﬁm Oé%al{OS(Of régactlgtﬁ]nassa\ﬁc?n o§ mter)la’l I ctor sugalchs( € ur)nates an élacogtg%@{]

(B: H6) ion reac as’I's
flowin the c ththe gas to enhance
tile reacPys ?qmmamlﬁg Sjgm%sﬁlgﬁfire leatqc cnou g?_ rree £ wa\P%r rfac% abil i zation pr ocess

and introduced, int O ! obec ive ﬁ rf-serh mv%lngx? Q tg %x%Te?eszécﬁgxﬂ%Qndae?fccufvclf f:onﬁmoﬂ a with

t he susceptor A RYIL e sta ny" each

Ti - BRCVD 2 cm,loffo@i eS%en&aggrd&%rl 31 8 mpigryy Jyﬁél%' g&' rLa\ég; Rhga J{){Ttgﬁécngdwmmm

secbnds, "fEPeRdI NG on co erre

i nvention, a_Dagsiy il oPheRed: rREHEAL mprw e iclRAGE Ahe bREL MidgnaRC I

deposition. The passrvation step 1s perforned fore the wafer on I ch
Ti film V}@q%lrgﬁgf?%!:r%o%qance of successive Ti-CVD and TiN-CVD processes.

According to principles of the present invention, stabilized titanium bearing film is provided in a Ti-
PECVD reactor as changes in reactor conditions occur. Such changes in reactor conditions inciude those
25 brought about by the cleaning of internal reactor components which, for example, remove titanium bearing

deposits from the surfaces of reactor components as well as those brought about by the use of the reactor,



MO 991 54522 PCT/US99108193 1 0 OCT 2002 _g_ has been renoved fromthe
chanbeg, o syazkyst hat a subsequent Ti passivation step is perfosoomehoon Ti film
deposited on the wafer at the sane tinme that the passivation step is
performed on the Ti filmdeposited on the reactor conponents.q\ghgte zighe
passivation of the wafer by the formation of a TINfilmis desired,
followng the Ti deposition reaction, NH3 is introduced into the Ti-PECVD
reactor chanber and reacted to forma N5 filmover the Ti films on the
waf er and the reactor conponents) preferably in a plasma enhanced process.
Pr ef er ablfgr extmple, teepetfgrar D HMECYDoeresy Pms wefer whithgesuitsdn tha farmaerion efGitbearingfilnh t he
NH3 bei ng i ntroduced when the tenperature of the reactor showerhead is at

| east at d4pUSIEG)onEALET GOPORRScept or tenperature at about 630C, the wafer at
about 590C and the walls of the reactor at between 100C and 200C.

Al ternative padspisefiingh Wss4ipymisdimgdie i f Bf py§aioph Anbarolisd seridizgtiqno Ar
process. \Were such gases are not conpatible with the processing of the
waf er) t Heduggonassirgtipn 196 Th ReapRediims s GRfiecht Brea IEC VAngactoR &oligwisg phapges dthe
carriied out in the chanber_ w thout a wafer present. In such cases, where
the Pil mraCererest fdi Prriphims Hfh%@?ﬂqrgwnc’emg; Inycexraip Grbodigents, pf theiavepipinber
may be carried out at intervals fol] ow n%@%@fg@ deposition onto a series

of ~ sever SPMRHfdAROsAQf TFAFTATKS. FAHATRIAIUS, rog RS T Sleted BAPHAsIhPraYified o
f d t th in detail {n.th | d 15 . cifi
B boa mebeEee Pisaiein e At e b S BT DB FEEYE ¢ e

t ts in the ch i ed auf. i trolled |
Che. roactFeR R AEay peberaC S aRere Aal bRaY § & @apRi & i 489 F
hort ti hort.er.th | d . i th i d.ch i
;r g(r: es SI ggdﬁmrxr{/ulogoém(p 1 &18dnhing Fe L\Ztt\llz?t%ll?er. 96 it gx%{tlfrre% od%ll_e&es/rﬁ ? e (y’%@%e gﬁrg?%g&s n

NS duFing°the pertoriance o

isded. il t abi. | ; if left to.itself t
euoued, B BAl gt LI slieslothiol | Lebhtdboclduiiente
R e S T e e

required Lgé? nfa9 dBRot S AP Ldnhppfets bfnk ¥he BBIG RO B dultpridss! @?&r%y, T Joﬁi?tﬁl@%i S
e t he

controll and significantly reduced. Further) the stabilization o

accumul at jyfghichiot AnRfidntid FAGAHENATES bud fefblel TUPERED EDR R Ry SsiPREIRE4ON Of
the reactor renders the process stable for the processing of thousands of

vafers. ThiaSiefeiRPHscleSe® hBhtRr SraTPEMES ddpbidRtshodseidd 3t subads.ON frequent in
situ cleaning and recovery fromin situ cleaning. In particular) fromthe

onses of deposizlohfierertddhbditendoPihe ¥R Lredtor Hhdheddd the hmBiphdAOind FerWRine€! €an
or chem cal cleaning, such as by using NFL) material is deposited on the
chanber wakdnfovamiche@ij ein e lave accu¥daBOdrakeEARacRGT fbinf) ARBANDSE. TheGeddofis e 002
~g_ reduced/nitridized into a fully insulating and chemcally stable film
whi | e availdedwd b nginabis ees@pdvathin@ie réttpr. aihe esomhdnis @F Yie feh@orneatknfegyosed, foengt hy
break-in period. Typically, follow ng reactor cleaning) stabilization
occurs owine, & apdasmofdrodd it @ mixucofipreonaid kydtogent gaewithimibe chiambeak gtidutarly ttheegaCVD
processing of less than five wafers) typically 1 wafer, where previously
about 75 ipwoidition sysiemipreferkidy i thederan of @ hoiverbehd bie frppsed, fersuimiered, foromarepicil ad 5
manuf acturi ng processing of wafers. Even after a long idle time, for
exa@ddl e afinwes, wnhedibhr mlaghe. b erpeswaf o shewrsheadpni prhes aempotrnis ekt pipsma removes
typically reduced to zero wafers. Al so, without the stabilizing step of the
present isenemninanirdse fhp gomppepdnbiurfecds. f ol | owi ng t he processi ng of individual
wafers, instabilities persist throughout the continuous operation of the
reactor. Such Pafmplyahs srriasfis mblonghghe sshepef<i T-EBECYHR proesst bub witkoyngowaierin Be

bet ween depositions onto wafers in the comrercial process 10 enhances
process afamhes ATOTOAIEARIT FOMPRPEROH 2(Th beating filp.s Whese the pusqerppy, is Hipfle piea g pich

deposition onto a wafer results . o
as a nickel alloy, the formation of such a pre-coating on the surface of the suscepior prevents the sticking of

25 silicon wafers to the hot susceptor. Preferably, the showerhead is preheated to a temperature that, for a Ti-

PECVD reactor or process, is preferably higher than approximately 425°C. An effect of the heating of the ‘



in thewoepasiztion of additional metallic titaniumonto PEIAISEPO8BHponent s,

" formation of a passivating filmon the titaniumon the reactor conponents
can be carried out by a treatnent of approximtely 10 to 60 3dt8RHis2002
typically 30 seconds) with an NHS pl asma between each consecutive process
of Ti-CVD onto wafers. This maintains gonsistent filmproperties, such as
resistivity and filmthickness unifornrty) as well as consistent 15
deposition rate. The concepts set forth above have utility for other netal

i nor gani ENoFSsat iHe FRRRE °|3§‘F5c"i“é’gfh§  Draggeguim thikis genopited whenthis itk BREGYD
boundary materials_in addition tﬁo ti.ta Ilw]}hﬁ §uch as,tantalum These and

ot her obPHEY iy BL e feador Jpmediayly URMBR PN/ OF FHmp &g i | y apparent from the
fol |l owi ng det§i4ed descri 'g.io d(n)f trtle greferregf enbodi gEgl'gsogf the

i nvention. Bri &°VBESET PEETOIF O 1 WE DAW Rgey Py Profest Lrea-m Qupediedly dm of a
met hod enbodyi rincipl of the present .invention in a wet CVD chanber
cl eani ngafff’?}glggeg. YEG. e }lﬁzmgia?nlmol\rfvug rER B bestef Lefp mfr8é"|5f'§f“°ihedfac "nEfhod

0 iragram sim
enbogyi n rincinbles of .t resent. invention in an in situ CVD nber
cl eeh) ng Mspineb S et WiaPERE W BHENL Bl PPl Bt e TR, o
a met hodiserrrggrgééi_ ng principles of the present invention in the continuous

CVD processing and passivation of substrates. WO 99/ 54522 PCT/ US99/ 08193
1 0 OCT 2002 %l?‘%cd?&agce “ﬂthlcﬁ'raﬁ] ct‘n#)&i[ﬂﬁgllls%g ﬁx@mvkrltiloxlr!%tcg o'll&goxid_’i]zérg%getd c%}[ggc‘)lf ll'i a

preferred sta Ization step o e processes of Figs. ai IFed

Descri pt ib%‘éﬁhmﬂ},&h Rt Qf rﬁ‘d:iﬁiﬁﬁé oﬁgﬂg‘aisgﬁgﬁélﬁg B! ks %eri@d‘&%?ﬁliarﬁ?-?bévﬁfria‘i:@?

present invention I nvdlve the processing o0f sem conductor wafers b

chem cal MARAE ARRRSH e MAnteCYRkemas i Redring Gitthdbd Me R¥acit BSHRnARNAACE iy
chem cal vapor deposition (PECVD)) in a D reactor such as that disclosed

in 4HS. RAbGMen® oK Oinveron, £20RIEEHES hdposids Of fRR%AL Edackdn Frofilt SBLBod W Rddies The
process of particular interest for application of the present invention

i nvol ves oRrcl,@@ b/ if _Iﬁﬁvicfeh'ﬁi (@R IR ing the leiehr@ oIk fhkinberOth dhes bdiogiRBual er
by the reduction of TiCl4 by reaction wth Hz, which produces HO gas as a

by- pr odugk e hiknddiEa RIS prEHESDS Bile oF H1EMB oRdiFiBDE Iréd@ing dder® iSPFBYide® BGhVhambEi Wi | |
deposit on reactor 1 O conponent surfaces, as will other Ti Cl X conpounds,
where X <n the edklyass@esd pasiehStolibwingah dbanifoftuiRechAiRet Ofill MOHIARN &fodidnd aces and)
if not periodically cleaned, tend to flake off and contam nate wafers being
pr ocess ednveriod, fiemaibameb e the suda@a ol reg o0 fonporehts arerogidizéddr reduesdines conGolled way
periodically carried out to renove accunul ated reactants) reaction products
and1beactfolprinpine perfochpntesf & TRBCVIDeprocesa ottiprrestior foarkilize theHile thneaaytdeposicbretdni ng
may be 15 acconplished either in situ) w thout opening the systemto air
and pr ef evadngntswdutihgthe perfoothinpegoiangh pueces. direferhdy, chetrobied oxddatidyyorwweduciipneadi ng,
which is perforned by cooling the reactor conponents, opening the system
and Wi pi rpgssivatiosis cartigi onicpfitriesery BeRECYD depssipenrnaiotassinglp substigteton pftepp sadected pumber

chem cals to renove deposits fromthem C eaning changes the condition of

t he surf af @8PEGYD ¢reosom aniwdctrise ofpybstrateiovi ng t he deposits. This change of
condition affects deposition processes performed in the reactor causing
themto perf orlmﬁrémﬁﬂedzgnbﬂ‘fm?@oéﬁ? inyequRyebh wecadryis eleanpdi Sty wikeutdeisaini ng
t han they had i nmedi at el recedi ng the cl eani ng. Such changes in process
per £Br marrpenedyid vhe jaEnoFRere f %ﬁg& clgapiag i gRaibstordvesd %}h‘ge iguieHuptop opfuoripgorchigtinengs
performed on wafers at |east until a filmhas been deposited on reactor
conponentSMEnaE BISEHMP ithehamPGy (RAIECHY RTINS PISAR Sheprith 1y ExprpRls 9f SYSh &858t 1F ned

in Figs. 1 and 3, these affects are reversed prior .tao the use of the,
react or fHFoemHRuARge %bd%’?”f”i°6ﬂ°’3ﬁl‘§ﬁ)\/ﬁ‘fcg{"§’?e (5—8)'&%(5 IhPEFEPTRPTERD SRt of

the invention depicted in Fig. .1 is a . wet cleaning recove nd breakin

et hod  1CPU BempvaiTT pReeRpcfims Riogier CMRmRRES (hek hogd SEPFC iR BRIFEL IGERIE 10,
a reactor is shu&vfomn) gpene andﬁiu jected to conven%ional metd | eani ng
process 1™PEHS SRIMGECHR Mt “RTHRRAAT I %?8%?%35 JFE¥FPa procucts are removed Trom
v Ame ...1.0 OCT_2002. -1 eactor .is subjected to standard steps .14 by

i 2 ¢ e Uy TF S0 LAY e e S GL T r YRR it o SREME T ¢ v
of hydrogen_and ar?on arc introduced.into the reactaor, and a st 16 is
carr ed. duemyr e dRtreft o e Rl dSRs o Shefely S 25Tl & il BPapey 1o
approz'tmately. 1 tp.5 m r.untjl. b i Lnants_are
omoved (e Prashiioter mLhER gPlpk Belor Aol S R, SU0LARABNL SR
showcr head has been heated to at Fast 425 C by the plasma. During this

pl asma craning and heating 2 ~6 6 ta- |v 1333 '~ LI ~,.,. Z, step 16, the
pressure in the rezctor is maintained at approximately 2 to 10 Torr~ with
argon introduced at a rate of approximtely 160- Q@0 seem (cubic c~ntimatars
per mnute if neasured at standard tenperature and pressure), wth hydrogen
i ntroduced at 764-6000 seen,. Tne plzsma is en~r~~zed with approximat,.iy

AP N - a . . Y e~ A ] e o

I



10 sySY@AYERK 2> an int~: ~al resistance heat.r, is al so- HE&t&d' Yo a

tenperature roar would bring iu wafer support surface to apprgw’em%ﬂ 590
C, which typically would require z resistance heater to be heat 2
approximately 630C. The walls of fne r-..a..--tor, which are typically also
equi pped with heater elcncnu) are maintai ned at between approximately 10CC
to 200C. When the contam nants have been renoved by the plasma and the
componen cHREBA RGP DL cied Rorh B P

Ti - PECVDﬁ%Flg%gskMiB isr U%QI 111 tmte1 gEnﬂgﬁrrlt))e?r ’@%ﬁﬂ{e r%t:lrgr %ﬁ%?lsvaﬁ%‘%g%% a‘gem
present g dglke susceptor. Tne running of this process coats, with a th| n Ti
bearing film the surface of the susceptor, tine showerh~ad, the walls of
the reactor zmge @idels, prefefatlg QRenQiin mﬂaﬁgﬂirﬂﬁ:&lepi’ SACH PECODTRREE NitBou 4 Bfer in
Qeposition is czrried out by nest initiating an ArlH= plasma before

i nt r oducihtghakib&ho gasod edactérhvemikinentiopin siTi baring HIAG ks 1 Rone Fa®WiRi e W biomingf t he
pl asma prevents the hot netallic surfaces) such zs z ni ckel al | oy susceptor
if 2B presentdesctiedbhiwvan At folloventtiz praxetial ofatd reactod eamporidnrs, I fastPeRES bichion
process is carried out with the pressure in (26G-(~u |0 1335'a.o~ hl/w Z,

t he reacbfalic magionis adcoredisteed byafopmingd Hapd rollagm@inttiee ré4dtof bafere FiCAj ik frrdduicdd inro the
introdu®,.ed at a rate of approrsmatciy 2.6-7.5 sc,. m wth hydrogen

i nt roducedki@: Oae sdsanegeod! fispiornmong tieeH, 24r plashinGs 5iBGHires egpusanal hehdlalid affftes 1o
introduced at z rate of approximately |50 ;60 seem Tne plzsnz is energized
wi t h appthefiGipgeispteveasd- 750 watu o: P, F power at 450kHz. Tlle susceptor of
tae reactor is maintained at a tenperature taat would bring its v~'afer
support 25 subf adethenpraigpedogmhetimedt ok g gove@ionik Cli-PEAVDcrabdess and utadior equi re z

resi stance h, _ater to be heated to , pgr ozimatelv 630 C. Tr.= showerhead
i s Hhi nt meineinedatable ém#aﬂoermeouéfopemnom eade redstontand gGfognanghdf thherdeess by
AMENDED ~; " - ~ ~ D D~. T 2002

12 of t PrefopiBgAbHatpnestepiolowine indiyidenl d%@t"ﬁ@éﬁ‘oa’ﬁf‘}%ﬁ' heatreg fjims bEGECqUAURGOC, | f
the susceptor is not nmade of a metal such as ni ckel‘% facilitating

deposi t i BFhTeRFr GOTPRRETS (B EPRIOYS SPeRRYEN 9 & LRGN Proqess| hab e HefY frHfammustipEay D
pre-coating 18 of the chanp % a stabilization or passivation step 20 is
carried BABTEYHN 1 foastapt chaneg Af eyc °ﬁf’tdl?é‘i“°sh&°§d‘ﬂ%‘§ﬁrecfé’ﬁ’é)‘é‘idtbéﬁx‘ﬂﬁm% s gHsing the

) th th t | d 5 t hod .10, th t
ol oani ot a B uhT Cﬁ%ﬁ%@@%ﬁ?ﬂ aa?maﬁ?t%f%‘l%e@a ﬁwdgﬂ. PFPT A ough

t | d f
|t T8 oarrisi e SRt Biean R SRR e Rymber oot B e sty ?%stwﬁmer
Tnt t abi | 1 St 0 i
cgnanf1 i i't’fﬁ% \%ﬁ%ﬂ %ﬁeoo?n@ %ch@ sr%cleséﬁna af%@nd%a@k%ﬁ%%?% newl“faﬁeé mrtoe%’t% Lehés been

cl eaned Qr-Bi od 10, continuous proccssin’ of wafers may ir_
carried %ﬁﬁ P?EVB%"?@EO%F, preferably by a nethod as described in

connection wi t'I'ne: @g tlt;ln cludc thE lngodualoﬁ;&m)rﬁ% k‘:@l%uﬁnhnes%%%&ges%lm%%p b)@g?na(aﬂ

breal * in nethod accofalng to anot her pre ol ment

i nventiog. WhE}J Jéx ég%t) hedex3Die, W fordh %@G}&Qﬁon' Rack@Phins8ah&dy ﬁé}%u&@ﬁﬁns%ﬁ%mﬂ

state and su W th wafers rcnovec', to z convcntiora in sit

cl epmi NO PLACEEResILine infoditiof bt c@mt%lllegaﬂhtﬂgs @3 BseSHA L BFard¥en (1, anmdni@ (N fg
-mmpl oyed, t3lpically wwin a plasm, to renove the dep05|ted al ns fromthe

react or gwhf a9®s, mdiahd @W)NG dt-Bfank (B,HJ, bilexGhR& R f9m RTQRARS redcion! Mhe f2SRCT OF
i s subjected to the step 34. of generating an 1 Tli3/FlzlAr plasna forned

for appr exiaed fdwin he LIAMIL. RiphSHiamd§ ak@belfQFRY itRiRY gdsQ5MBHhMHCO G fda@ioh AQHIASES
and contam nants nomthe reactor. Then the reactor is subjected to a series
30 of pupRqF Bipheredfet REstabPEAibEfradelsindihirdd@ad tind ihY EhainBer (Wil Greof edebized to
a~~~~c~u.nllH .~~ numr_r, in which the reactor chanber is pressurized to
approri mat RF ylasmat With2k sieplor Exdfshoiwar@éati hgas, Tilsohiliasionstepoiolichadn, eadaliRECVD, . Z L

25 processing of 2 wafer may typically range from 10 to 60 seconds, depending on conditions.
In a preferred embodiment of the invention, a passivation step is performed in the reactor following

each Ti deposition. The passivation step is performed before the wafer on which the Ti film was deposited



O IIIff n, .and then pttnpcd down to less than 1 Tor- ~ L
necess 3/ ’%?%ZAr plasma is used to heat 20 the showerhcaP togbg/o's 9zglt 426C
2; in the plasma cl eaning and heatin? step 16 described in donmett00m wth
Z) ~~~ . 6 a Fo 1333 ~"doZ ~ ~ wthe wet cleaainP process 10 above. The
pressure in the r,.a.~.tor is maintained at appro,~imately 2 to 10 Torwith
argon introduced at z rate of approzing.,-,ly 160e0 seem w th hydrogen

i ntroduced at 750-5000 seem i n~ pla.;ma is cn~rgized with approxi mtely

260- 760 watdesh Rhoved FroRQNEdhamiber, ARGKhlE -2 sTi3EqusHy S1'53ﬁ:@gi\Q[‘ionojteptir‘E!:rfrofh?tzgltoﬁ? Fri kiffn
mai ntained at a tenp_rature that would bring its wafer support su~-fac~ to

appr oxi Matfalidd &AM watet ar thd\@my tidd &Qg)aisihﬁoﬁ 836! RFfordte@ o R4 Tiirith A6/siRd ol Xed Ween

apprortimatcly 100 Cto 200 C and the showrhead . naintained at |-zst
abou: ; "GGerorldaPoneris-WHeRARS fassivinfon SR ©4EEr@l e Gorknkin dfl 2 R EWRis REREE FRowihep | fi
Xs ~,~I cNDED SH~L ~ d~scn~d above, wit; no wafer in the chanber) and u} a
st abi | i . afeiToBeppHitRE RSGI0R NI bs iftfoteSitoits TERECVE eha@dtich@iber and reacted 1d-fobn PEN 2002
-13 the Ti rich filmthat has been deposited on chanber conponents. Wen

t he §eactipf oWtathe TeRlhs oh @anattr adcie dictg cdnipofitiis NOErerafl) inCOMsing bidbEefreR8SS’ t N~
of wafers may be carried out in the chanber) preferably by a nethod as
descr i berdfdtabiyisn,cxitydrogensargoi plesna.is Brovdliothe redhie with el NH) beisg Bipeduaddivitn ®f a
reactor for Ti-PECVD of wafers is preferably carried out in accordance with
met hod 4Qengherpiuctoétie reactdrghow8rheddris 4t fe@st @426 1(h unth she swoapioe remperewne aisdbag 682Chod

40) a new wafer in n~cd of proxssin~ with a Ti-PECVD pro~.ss is |oaded

(st ep 4l )theiwifep at dheut FWEC tand the Wallylobthe re@uerhat betweah £10°Crand 20938l.cal |y b~ a silicon
sem conduct or waf er havi ng sm conduct or devi ces paniali3 formed thereon,
usual |y with aAlempjyepassivagon gases mey beapadriontha/shamben pgssivagomprodesss Vlete shahghaseaspect
rati o hol es theretnrough which expose condodive conta"--u and which are to
be @0at edreniot tompatiblgywdth thef processiag piithe waferothe wafet hay by pphdvedfrono the dfamagr afdxheippe:
conductive nmetal laye: of a material such zs tur_osten with which the

cont act s passizatiopcaried @etrip the Fhander Grithess @ wafPheepsentg IjuctpEEYDVisregbeitin aqmplgted
performed on tae wafer. Tne Ti-PECVD process 42 is preferably perforned
nest i ni tip te Fhagbea i lisht/ prpsivatio She FAmbes B2y brratsies ouf ¥ dnqsvalsdyliomge (e iederesiior he
introauction of TiCl, (Step 4-4) and the performance of the uranium

reduct i orPneaaeries eise¥ia! YAEBECYD (step ~5). The Ti-PECVD step 45 is
preferably performed under the conditions o a~6-~4 b 1933 ~aa NI~..2) 1 ~
appr o; , i mat ei SPEIHCEIOPess Rasapeters hapgre p%f‘c‘cuﬁﬁf HF%U“(diaffa?f‘é?}‘hZ{‘ Se?aﬁ_%mg?’ﬁemlewar oeen
at pro;,iraatel 3 750-500 can) argon at approxi mately 150-".50 scctn,
appagzi @P?c!ﬁcﬁm?gﬁnwgge%?egga%‘?' RF- power at 4~Ckliz to the plasma, wafer
tenperature of_about H590C, showerhcad tenperature of. at |,.ast 425C and
reactor wal l t%ﬂb’ger %ﬁbaﬁz%”gf’ P’Sﬁ%ﬁé‘%’%ﬁ?d&n? TG0 CTBHHE: m@ba'cﬁgﬂbef freregiotPREVD
step 45 is cgr‘g)l ete).a s'[abiuifi gsatgc gcstd.t..rpcd4ot ! St erfté)r.med in the reactor
whi ch i ncPUPEE BEPH PhHEAPESEFETHR A STPRE 17" FoBt ™ h? TS RA MR Y as
well as O,stabilizing t Ih.denosi 1 f e feact :
GomponentLoheh s Y5hlsAE o luefURE Al b e s BER St b R RRR. O -

pref erabl ﬁﬁ(fvf)eprgc%gsaée){rgg\%g@%t blhﬁcnsdbﬁizgﬁn 91|a}a§£ﬁ' donf i@ feﬁ};ﬁ;{tsﬁf le b AElon QYUET ¢ he

Ti filmon the vra n the reactor conponerts, It may I nclude

al t b4 hat ir&?dui]ﬂ&&?ﬁé&% Iﬂéchgxﬁ&‘?rlﬁetkgﬂrohgh 4t Bﬁ{ﬁhh 1 ré%cruhg a.l'n:d siv%tir%?vcﬂ&vdm'in;’ v

found that the pzsSivation Ti'me needed for such a Step 20 stabiiize the Ti

fi1m on el Qe CANRRNGAKS oh®inlGaRalARhC OARRLNA e Qe kicllFed R ' €0

to forma mon the wafer) 2 hat a Ti N pr ocessin~ tine

stuabl e for..Fi,N REQGESS difinOdn Ehifor Watds iCRRdkS aRignitiS Ay fRucP@SHINaL et he
chanber. e pusi Vation step 4 A~END~~~~ ~Itm a passi cat’i on process

descri bed i, £BRBEES Aindrh il Hier dach BSbRWa VG Mhe! BRinBSS bperAbh O he ShcRP 40
is conplete, the entire Ti-PEC~' D process accordin; to W) 99/ 5452

PCT/ US99 19312 e %ro@es%le&&% prokéssihdbfShopao di WBAS. s thdtBd ispY@dtet OVkr Sthods
conplete) and the processed wafer is renoved fromthe chanber (step 47).

|, 28t t hua rdly SfEfreqhdbin GlAAEEIRINg brfd rév@lery Ao Bae Bitanmk.eani ng) and furt her

waf ers need to be processed by Ti-PECVD) the process 40 is repeated with a
new waf er | oadr@aridii®, fidhethe erBetod depodiivaach asQohexampls B)CV R Atk Odithelaaantieag can
be perfornmed according to the nmethods 10 or 30 of Figs. | or 2. During this
cont i NUOU& cheried] elkanim@atucings WypRing NFQ nnadnicilis dapdsiedddn haftamsercalls g opiieeaiassed
before an in situ clean is necessary. The stabilization process 50 may be
substantially the same for either the process of stabilizing an enpty
chanber after cleaning by step 20 or the process of passivating a wafer and
stabilizing the surfaces of the chanber after a deposition onto a wafer as
included in step 46. The substeps of such a stabilization process are
depicted in detail in Fig. 4 as including the step 51 of introducing, after

) AN 2 " N o Y




15 theﬁggg%%ggi-step 53 of enploying a plasma energi zed attTaleus1250- 750
watts ) e process also includes the step 54 of maintaining,t
tenperature of the conponents of the chanber at tenperatures aﬂﬁfgﬁfi%W&a
for the reaction of the reactants involved. Finally) the process 50
includes the step of 5~ allowing the chanber to idle under these conditions
for a tinme sufficient for the stabilizr%g reactions and passivation of the
Ti films to occur. 20 The selection of stabilizing gas is dependent on the
sel ect i onredfeddmyidignddntgp fdlyjrsplating3d Srenicaly Sibls ififrn tueiding juesegle opdittiohocan be
ei ther oxidation reactions or reduction reactions. Oxidation reactions may
utilize odFarpEiighspretae langhn brsainperipdn Typically ofolioyipgeteaqqrietgyninga piabilizatipn

i nvol ve the oxidizing reactions of: TiCla + = Tidx05 and 25 Tidx + vy

. Ti ¢ Q :
H 0 = Ti Croous qyer Pepgdh Bpf eapprrabicie s hige ﬁéf*gf%d?riy e GYP Pragreiie Rfles gee fiesvaliich as

hydrogen (H2), nitrogen (N=), .a ni g .( NHS silane (S H), nmethane (CH,

o O DoAY | BT et ora, P PR NEE er e el e sormmercial © )
.- - .. L e e i ow ... 1 0 DCT 2002 -15 Til.~ + HZz =TI +
MG B i PR g e BYegher gt iR DHEBRART By overiebs iy NS
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tenperature maintaini ng substep 51: water LcnDerature 590C susceot or

t emoer at ufG.Q3RiRPNRIIGEH: IR TRARLALMb Seastoficdhpéneid) FoHfaTon MRk bastivaiRs fudldd =
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maintains consistent film properties, such as resistivity and film thickness uniformity, as well as consistent
15 deposition rate.
The concepts set forth above have utility for other metal inorganic CVD processes, particularly those
used in applying reactive boundary materials in addition to titanium, such as tantalum.
These and other objectives of the present invention will be readily apparent from the following
detailed description of the preferred embodiments of the invention.
20 Brief Description of the Drawings:
Fig. 1 is a flow diagram of a method embodying principles of the present invention in a wet CVD
chamber cleaning process.
Fig. 2 is a flow diagram similar to Fig. 1 of a method embodying principles of the present invention
in an in situ CVD chamber cleaning process.
25 Fig. 3 is a flow diagram similar to Figs. 1 and 2 of a method embodying principles of the present

invention in the continuous CVD processing and passivation of substrates.
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HCI gas-as a by-product: iIn the perfonnaﬂez OMIHIY&CIJOHQI &8I ?eragorl’fl vﬁﬂl B@Bﬂ%q rQit:tor

oper ail ng a CVD processing chanber for the chem cal vapor deposition of a

| ayep of c@mﬂjdn&rﬁgurfi&rs efs vl otﬁ’dﬁt’l‘it@élﬁﬁ&ﬁl@st @Ber¥Ren SHQPQJpB&gbﬁlianb%h the reactor
conprising, follow ng the chenical vapor deposition of the first material

in the chamasm sbdetgd iMot heriddiGRCadattd BHRS flaké off fnd dG RSl QRfeRMR: ABEsEHAL S
surfaces of conponents in the chanmber, introducing a gas into the chanber
and exposh g chaheéret o t he coated surfaces of conponent s of the chanber,
characterised in that the second material is an unstable volatile conpound
of the first nHétamngaf suaingreadiortchatber ik eerigdisally sareiedsdua i k@ AGuGEReddzhotdnrs,
stabilises the unstable volatile conpound of the first material to forma
non- vol atrédcéonf produnts @i tea@ior dypohentfeonothe trévetoc hafairer Thizeresdoy cleanispammgt &t n t he
stability of the chanber. 2. A nmethod as clained in Caim1l wherein the

st abdl i siangmgiissediegheain sa iwithwi opepingrthersptmod pigang asferBly withen coelingedy mits ef thher
Claim1l or Caim2 wherein the step of introducing the stabilising gas into
t he chanishimbana bp ¥pelsanng. vhidyiepegonmisé byoeling the saaetfraompenesfs, epsnippwe sissmafd t he
chanber perforned follow ng a deposition of the first nmaterial onto at

| east onevipindertseraibhingithe TEATIOr edvpAtsets Wil WARTAr Gthercherpiprls b rRmogdidrpesitofioryfhemnot her
substrate into the chanber for processi n% in the chanber. pNIENDED S'r;

~ Ef _Cleaning changes the condition of the surfaces in the CVD reactor by removing the deposits. This_ chanoc

of condition affects deposition processes performed in the reactor causing them to perform somewhat

20 differently immediately following the cleaning than they had immediately preceding the cleaning. Such
changes in process performance adversely affect the consistency and quality of the coatings performed on
wafers at least until a film has been deposited on reactor components and stabilized. With the embodiments
of the invention outlined in Figs. 1 and 2, these affects are reversed prior to the use of the reactor for further
deposition onto wafers.

25 One preferred embodiment of the invention depicted in Fig. 1 is a wet cleaning recovery and break-
in method 10 for a Ti-PECVD reactor. In the wet cleaning recovery process 10, a reactor is shut down,

opened and subjected to a conventional wet cleaning process 12. Following the wet cleaning process 12, the
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step of |ntrodUC|ng the stabilising gas into the chanber and exposing
thereto the coated surfaces of conponents of the chanmber is pérk 6ETexio2

foll owi ng deposition of the first material successively onto each a
plurality of substrates and prior to the introduction of the next substrate

of the plurality into the chanber for_ﬁL_ocessi ng in the chanber. The nethod
of either CIaimS or Claim4 wherein t step of introducing the

stabilisi 29, the chanmb exposi n coat ed surfaces thereto
i s pertorrre |tl)§rs'|u it 6°§ 8“?%%3%FY@C%%“%P'§£§ SPIBEE PRt RAIFO I A B Bhanber
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chanber. .. .. od ofeither 3 L, | wherein the nethod
further c%%hrﬁns ﬁé as’f Pk 15’53& va{t ?Pﬁ‘a“@rﬁ’e a’t?ng%ta&l?nLﬁBsrP‘F‘étfs oF 4L} 35¢
chanber prlolgunto therem)va vcdrm thod |m6vgt |nthe
step of passivatThg TR FuBstrate™ r‘flb‘f’ ’ﬁﬂTaf 8818%‘1 = A

expog ng gf the .coated surfaces ents of th QL0 L

st ab&‘i i Si %ﬁ grgsadt‘fy EXBIETH° a Jr‘ﬁ’r(:cgbgptfé)u n| ?ﬁ%"ﬁ‘g 2;:‘?&? m%?@fj‘he)
substrat estI 0]6t El? rs-sg‘tg? mst}:“a rt.).la"tolt %sln?agmglads dt aoproxxmatﬂ y ZSto lg TonZ wnh arzon mtrodur::d étg 0

OCT 2002 ol 2d., L8 ped ng. ¢ rein theflrst
materi al |r% 'f'?tbrlxlmf‘f;r“nhy 'go-@s?h“m c uénfu IR LREREY égsﬁ‘é‘“‘é Profe

I ntroduci ggssujg), with hydrogen mu'oc_m::d at 750-5000 scerm.  The plastna is energized with approximarsly 250-750

watts of RF power at 450kHz. The susceptor of the reactor, which is typically equippsd with a hearing
10 systemn such a5 an internal resistance heater, is also keated 10 2 temperature that would bring its wafer support
surface 10 approximately 590°C, which typicaliy would require a resistance heater 10 be heared to
approximately 630°C. The walls of the reactor, which are typically also equipped with heater elements, are
maintained at berween approximately 100°C 10 200°C.

‘When the contaminanrs have bzen removed by the plasme znd the components have been brought
15 10 the appropriate izmperamres, 2 Ti-PECVD process 18 is Tun in the chamber of the reactor without 2 wafer

present on the susceptor. Toe running of this process coats, with 2 thin Ti bearing film, the surface of t‘n::

susceptor, the showerh=ad, the walls of the reactor 2nd other surfaces of internal reactor components. The

deposition is carried out by first initiating an Ar/H, plasma before mroducing TiCl, gas for the Ti deposition

reaction. The inidarion of the piasma prevents the hot metaliic surfaces, such as 2 nickel alloy suscepror if

20

present, to form detrimenta! metal chlorides. Toe Ti deposition process is carrisd out with the pressurs in
(26c¢u ko 1833-39 Nlw?)

1he reactor maintained a: approximately 2 1o 10 TorZ with TiCl, introduced at a rate of approximarely 2.3-7.5

scem, with hydrogen introduced at a rate of approximately 75C-5000 scem and with argon introduced at 2 rate

of approximately 150-450 sccm. The plesma is epergized with approximately 250-750 wats of RF power

at 450kHz. The suscepior of the reactor is maintained at a temperarure that would bring its wafer support

25 surface 10 approximately 590°C, whick rypically would require a resistance heater 10 pe beated 10

approximately 630°C. Tne showsrhead is maiptainsd at a temperarure of at least abour 425°C, and the walls

AMENDED SHEZT



stabilising gas into the chanber i ncI udéé the ste‘p‘ oT"l nt roduz:l'ng'a gas
sel ected fromthe group consisting of NH3, H2, N2, OZ, H20, SiH4, B2H6 and
CH4. 10. The nmethod of Caim9 wherein the step of introduci ng [ BET 2002
stabilising gas into the chanber includes the step of introducing anmoni a
gas into the chanber and exposing CVD-titanium coated surfaces thereto to
formtitaniumnitride on the titaniumon the surfaces. 11. The nethod of
either Claim8 or Claim9 wherein theighem cal vapor deposition conprises
introducing a m xture of argon and hydrogen gases into the chanber at a
Vacuum psfeigSbelr dreiaihaingll 20 i) ghpxiftha s T80 Wb Bootbe 1HO8s fScepib: it B& nehagher and
introducing a titaniumcontaining reactant gas into the c anber and
cheni cal hymrsedue hitg), theigasi-pdsiitnsitand Ne.fleposd: hicoRarpf a
titaniumcontaining filmwthin the chanber. 12. A nethod of either Caim8
or Caim9 wheslkiwhgttieTiPEEWD @alcortap 08 ofdRBshet, QDR RTh SLfsivAlSOfICLRY a
m xture of argon and hydrogen gases into the chanber, introducing Tid 4 gas
i nto thecohdrben taminahhmiteetal Yeet gosEdtg chimved &olﬁm&kbﬁ&h)ﬁddh%eﬂ:t gaﬁuntgemcause
t he deposition of titaniumfi MENDEG 5~ ~c~ . .
. 5. break-ic method 10, the reacior cleaning is accompanied by d:posmo.n of a stabﬂmd mamurz ﬁﬁn @roL:ZOOZ
-20 13. The method of O aim 12 wherein the TiCd 4 gas introduci ng step
i ncl udes w:lemsled peagfon civepskieal Hm beAlECd dgrolifignubidédidn ¢fas oMbty dr RRudnsdeagen
gas to cause the deposition of titanium 14. The nmethod of either Claim12
or d ai mpidSidvdis @k chainbe. Thepbiifaiénprdcadsreingp bhe cBcRbddiem6t dakigRRo@edion
hydr ogen gases info the chanber includes the step of formng a plasma in
t he m Xt wi e hibcussida@f Fiet4) bdovofOranite pnver bis bésh alefBd dckortig hénsiHhd U@ REMEARRAE ON
Claim 10 wherein the step of introducing the ammonia gas into the chanber
i S carri etocesihg @twaitrspiag bStarricd oft iRdhesti=tykeidrybli2bit Omdthod O Bfscr{t® . codh=tiidn
1333.22 NInZ) with an ammonia flow rate of approxi mately 500-5000 sccm and
an dlgon withdug. Bakiewof approxi mately 150-450 sccm and with a plasma power
at approxi mately 250-750 Watts at 450 kHz RF, and for a tine of at |east 10
seconds. 16. THg 2mesidion irofi deapihemd Bledtinm8ingir30 @carding ®o anhigsr referedenbodiment
stabilising gas introduction step is carried out follow ng a cleaning of
t he surt agfes igfznton. In the msthod 30, the reactor is kept sealed and in 2 vacuum state and subjected, with

wafers removed, 10 2 conventiornal in situ cleaning process 32, in which a cleaning gas such as NF,, CIF; or
Cl, i1s employed, typically with 2 plasma, to remove the deposited films from the reactor surfaces. Following
15 the ir situ cleaning process 32, the reactor is subjected to the step 34 of generating an NH,/H,/Ar plasmz
formed for approximately 1 10 10 minutes 1o remove any remaiming cleaning gases and contaminants from
the reactor. Then the rzactor is subjected 1o 2 series 36 of pump purging cycles, preferably at least five in 2)
b6l -Gl o Q666 uuNin
pumber, in wiich the reactor chamber is pressurized to approximately 5 to 20 Torr of inert gas, such 2s argon
z
(133 -3a N w2
or mirrogen, and then pumpsd down 1o less than 1 TorZ Ther, if necessary, H,/Ar plasma is used 1o heat
20 the showerhead 1o a: least 425°C 2s in the plesma cleaning and heating step 16 dsscribed in connection with 2 )
(QG,G ou o (233 9&
the wet cleaning process 10 above. The pressurs in the reactor is maintained at approximately 2 10 10 '1‘017~
with argon introduced ar 2 rate of approximately 150-450 scem, with hydrogen inroduced at 750-5000 sce
The plzsma is epergized with approximately 250-750 warts of RF power at 450kHz. The susceptor of the
reactor is maintained at a tsmp=rarure that would bring its wafer support surface 1o approximately 590°C,
25 the walls of the reactor are maintained at between approximately 100°C to 200°C, and the showerbead .
maintained at least abou: 425°C. Then, the reacior is subjected to the Ti-PECVD process step 18 as

AMENDED SHEET

described above. with no wafer in thz chamber, and the stabilization process 50 of siep 20 is carried out on



conponents of the chanber and prior to the introduction of a substrate info
the chanber for Ti-CVD processing and wherein the chem cal vapor deposition

conprises introducing a titaniumcontaining reactant gas i ni(ﬁ b&e chanber
and chem cally reducing the gas to cause the deposition of 2002
titaniumcontaining filmon the conponents of the chanber. ~iy~=~iDt~
SSIF~T .... .. .~ .. .. .. .s . . Brrw. ... .s S~ o~
2~2 -21 thy Ti 7k fire PAokS 50 CrRATTE 95 CHmbertRompenstpr i¥8ich ghefrodcton dsrhgeraclerblani ng
of the surfaces of conponents of the chanber and prior to the step of

i nt r oducpeFeFdiRhie mepdit: eRiRveH PEACHRECTvakecs min begarsied ot i therbamtta modsratiniey

chem cally reducing the gas to cause the deposition of a

titani umdESHPHIAESTEPF i sermseior Rk Bampeent s of t he chanber reactor,

i ntroducing a_m xture of argon and hydrogen gases into the chanber at a
vacuum pr essuriée cerpayons pregderc oing reaciys] s P BEY B of rafesuis fraafaseblyo farrisdamt or
conpgnents with the gases in the chanber and raising the tenperature of a
conpodnenfePiEce it Bebod 40 copiged REichddingie capfpuen avafst PoFasiinggnetRd 8@ 21w prfen 7,
wherein the step of introducing the stabilising gas into the chanber is
carried outechef P&%?%‘@Hr@-s%c‘agw@%i idgrdat (step 4100 GheTepcter (R 63uck @ WERB3. 22
NlnR2) with the flow cafe of stabilising gas being approximately 10-500D
sccm a MRAARFBHY P1 DR EEIGRAgpp Maler BYIng| symisTgua Oigvisse eayialiy formedybrredt. ow
rate of approxi mately 50-500 sccm and with a plasma power at approxi mately
250- 750 \WAtHY WRican uopd RAting lay e avirgra paperp ebaprell bh 4866 AR bolpgheraireughwibisdd of
any one of Clainms 8 to 18 wherein the step of introducing the stabilising
gas i nt o FFPRE" CRERTYE FOREAE 208 V1SR TR £ De Keated 3ah @ deyen A ke ® Pripfep B grnlisatiempirap ed

out E‘ith a gas introducing showerhead within the chanber nmaintained at a

t enp&h at (HPB FODFHVE Fta) lays> gEa mategal spciqas yngatym withwhich fhe_contzcls arsyje ejepmiedlyy sy

vy ~~~W i WSIrs r WG . We LS . T W oW W oW

connect. Ther, 2 Ti- ss 42 1s performed on the wafer.
The Ti-PECVD process 42 is preferably performed first initiating an H,/Ar plasma in the chamber
(step 43) followed by the imroduction of TiCl, (step 44) 2nd the performance of the tianium reduction
reaction by Ti-PECVD (step 45). The Ti-PECVD step 45 is preferably performed under the conditions of
(266-00 bo 1233 -22 NJwD

15 approximately 2 10 10 Torri TiC), 2t approximately 2.5-7.5 szcm, hydrogen at approximarely 750-5000 scem,
argon at approximately 150-450 scomm, approximarsly 250-750 wans of RF power at 430kHz to the plasma,‘
wafer temperamre of 2bout 590°C, showerhead temp=rature of at least 425°C, and rsacior wall temperamire
at approximately 100°C-200°C. When the Ti-PECVD step 45 1s complets, a swabilization siep 46 is
periormed in the reactor whick includes both the passivating of the Ti coating on the wafer and as well as

20 stabiiizing the Ti deposits on the surfaces of the reactor components. Tpe preferred passivation or
stabilization step 46 is preferably ons performed with an NE, plasma to form a TiN laver over the Ti film
on the wafer and on the reactor comporents, but it may include alternative processes as described in
connection with Fig. 4 below. It is found that the passivation rime needed for such a siep 10 stabiiize the Ti
film on the reactor components is less that the passivation time required to form a TiN fiim on the wafer,

25 so that a TiN processing time suizable for TiN processing of the wafer can also be vsed 10 passivate the
chamber. The passivauon siep 46 uroceedéﬁugﬁﬁmc: with a passivation process descrived in conpection )

AMEND

with Fig. 4, below. When the passivation step 46 is compleie, the entire Ti-PECVD process according 1o
=4 - -
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‘ rret hod%@%ﬂ‘?-bne of Clainms 8 to 19 wherein the step of f’ﬁ?’t"’é&%@ll??g the
stabilising gas into the chanber and exposing the coated surfaces thereto
is carried out with titani umbearing surfaces within the charﬁ)%qra'bdai ai ned
at a tenperature of at |east 100C. 21. A nethod of cleaning a

processing chanber of a reactor for usg4.n the chem cal vapor deposition of
a coating material onto a surface of a substrate therein conprising the

steps of gl.eafbf@ed e v hARRRE il SuipRIDYE ﬁ]bsméégsca%&r%‘ reHOIRG, %‘{‘&é t an{bgrhe

reactor previously deposited coatlng material that 1si1nas

af fiert edﬁk{?@)PﬁPGﬁﬁ@ B0l chinBSis maﬁ neB&btieflng, And et ug@méed g ﬁe%fmgs@ ed e

deani ng thereof and fol l'owi ng such cl eani ng and prior he irvtroduction

of a subsfy AtEcvi, e tphRess M BREaddQ¥in B ne@VQfep [09&@%6 B8 reabBH QL Oerise,

m xture of inert and reactant gases into the chanber at a vacuum pressure

llevel , progiicRshid ci R rmMdtabeotddR 1 OBSBahddN10 80 6NAGDLE: 22N ik A Lidndolle

terrperature of a reactor conponent therewith, then) introducihg a coating

mat er§ al - Gexet Ahiiy BEkrABAGbREHs Gafdrdaf b ,hecegsb@m@&é 2P dinldias Galeloyry r €acti ng
it to cause the deposition of a coating material 'himon the surfaces of

heat ed conponemhsstibiizidde pobitatay 13 Bebstaliily thé Sire G6HEStha the RRHcQX b8 NGy A
reducing gas into the chanber and contacting therewith the coating nmateri al

filmon té&prsthatine effr Séaninf)By s2:p 1P OB Proceds Of wbstatigiaSaifdr Bl stheipasd hedreRabrng
material filmto restore the affe~'t on the process conditions to the state
t hat exi sthedhanbet dfer € bepndixen opw iaovafer @s inkleded hre@epi 460 The sibleeps@f i¢h @ Y& hiNzauon
deposited coating material fromthe surfaces of the conponents of the

react or. ploabdoERDe Stficked if\detail in Fig, 4 as including the step 31 of.introducing 2ter every. deposition of.

. .. 10 OT 2002 22. The nethod
of AGi m Ganiwhwitesrwitdea wtferammnqxambeepof ia seatilizelies gbsh B, &6 e agbn, Gk Bf Withostnkk Wet
cl eani ng conmponents of the chanber of the reactor. 23. The nmethod of C aim
21 wher ei spplidadorcdfcamiismg Thepabilnop gaomayt len DKidping feasi ov ageducing pa ania ey which
conponents of the chanber of the reactor with the chanber closed and under
vacuum 2dtherWise pasgivate thedfimpena waier opon Gimpprests 21 the ghag®erwiide epmoftsih énchidesaimi ng
step includes the step of cleaning the chanber to renove previously
deposi t edfieyinand siavilieatignes iethe HiRFBE @52 §0W E6hY Ghenl & 109P seche of Beart & Gloy rathef
m xture introducing step includes the step of introducing a m xture of
argon andRAHmKl r?g‘éjé@géccinnf‘@ of #&oncth & A Facat! apouy bi0incpr 9 proessy Bhiegludey he
coat,H:g mat erial introducing step includes tt)le step of introducing Tid 4
gas to thREPYOPREhFEReY °§ﬂ’éPl‘I¥l‘i‘éﬁPlésglale§“¥‘@€Iﬁ‘@P?’rb §°r759\nwta‘ltf R eThe preeesyse 1©¢él§est o]
cause the degomtlon of atitaniumfilmon surfaces of conponents in the

chanber, Hef BRIPAREs Y CHATRY B oS PG 9f A SRAmbesi ah@“‘%‘i’%‘ﬁ e5 JHRPRIEEL he

step of i nt roduc
P the reaction op Lg,e reactants involved. Finally, the process 50 includes the step of 55 allowing the chamber

to idle under these conditions for a time sufficient for the stabilizing reactions and passivation of the Ti films
10 occur.

20 The selection of stabilizing gas 15 dependent on the selection of any one of several possible
passivatng reactions, which can be either oxidation reactions or reduction reactions. Oxidation reactions may
utilize oxidizing species such as oxygen (O,) or water (H,0), and may involve the oxidizing reactions of:

TiCl, + y O = TiClL,0,
and

25 TiCl, + y H,0 = TiO, + HCL
Reduction reactions may utilize reducing species such as hydrogen (H,), nitrogen (N,), ammonia (NH,), -

silane (SiH,), methane (CH,), and di-borane (B,H,), and may involve the reducing reactions of:



- - b .- & @ . & [
L] L 2 L ] L] Y [} > @

oxi di si ng. or reducing gas into the cthambér and contacting thétewth the
titaniumfilmon the surtaces of the conponents for a period of1 ﬂ:]bg? 0
sufficient to stabilise the deposited titaniumfilm 25. The metho C;P
Claim 24 wherein the plasma producing step includes the step of raising the
tenperature of a showerhead within the chanber to a tenperature of at | east
425C. J! ~Ni cf ~DED Sr-i EET e
e 1 0 OCT 2PtW2 -24 26. The nethod of any one
of dains 23 tg 25 further conprising, after the step of introducing an
oxi di sing or rB#kci Rg=gHs* Phto the chamber and contacting therewith the
filmon the surfaces of the conponents for a period of time sufficient to
stabilise the "c-i’e'b&\si’—t@a"fi I m introducing a substrate into the chanber,
introducing Ti(J 4 into th hanber and chemically reducing it with the
hydr ogen gas t ’C&*a%@’ﬁt&d%ﬁ@%&@éwpﬁmﬁ)’ti taniumfilmonto a surface of
the substrate. @.T nmet hod of Claim 26 further conprising, after the
substrate intrd Th’&ﬁ‘bt%g‘ g s UAY FFBATETISY an oxi di sing or reduci ng gas
info gthe chanbegr_ and.contacting therewith the filmon surfaces of

$1 P%?gﬁfgt’"b&‘ B

conponent s of 207 period of time suffcient to stabilise the
deposited fil .(gnd fore further cleaning of the chanber, introducing
anot her substrafe T K= éhiper and processi ng the substrate by

performn A CVD process to deposit the coating material filmthereon. 28.
The nethod of Claim26 further conprising, after the substrate introducing
step before re in he bsyrate fromthe chanber, again introducing an
oxi di sing or rgod(g‘tf’%gﬁgésls _%&t'he chanber and contacting therewith the
filmon the_surface of the Ecubstrate_for a period of tinme sufficient to

stabi | ise P RES FPFTRR GPR0R PR Y B T A& EUrRface of the substrate. f~-s;,~i ~~DE~

~% .. . .. . . . . .
10 In a preferred embodiment, an NH; stabiiization gas is used under conditions that will produce 2
stabilizing reaction of TiCl, + NE,; = TiN + HCI. For such a reaction, preferred process conditions are:

gas flow substep 51:

total pressure 210 Tor (266 - G — 1333 -88 N I
argon flow rate 150-450 sccm
15 nitrogern flow rate 0-3000 scem
ammonia flow rate 500-5000 sczm .
plasma substep 53:
plasma power 250-750 Wans

plasma power frequency 450 kHz

20 temperature maintaining substep 54:
wafer 1emperamre 590°C
Susceplor lemperatre 630°C

showerhead temperamre  >425°C
chamber wall temperamure 100-200°C
25 and, stabilization time substep:
AMENDED SHEET

stabilization step time approx. 10-60 seconds (dzpending on Ti-PECVD process conditions.



10 OCT2p0 25- 29 «¥he rmt hod- of .any:(')'n'e of- “Claffs 26 to 28
wherein the step of again |ntrodug| ng t-he-OX|-d|-S| n@'bf -redu§|ong. gas
i ncl udes the step of~i ntroducing anmonea gas iTaresthe charDereand
contacting therewith the filmon the surface of the substratel §dCTa2eri od

of time sufFcient to stabilise the filmdeposited on the surface of the
substrate by formng titaniumnitride thereon. ,, . I j DfICT

2002 26 30. The nethod of claun 29 wherein the step of i ntroduci ng the gas

into the chanber and exposing the surfaces thereto is perforned follow ng a
deposition of the material onto a sub1s6t_rate I n the chanber ) prior

Where other stabilizatiop Teactions are used, stabilization process conditions would be such

conditions 2s are der=rminable by those skilled I the art for the passivaiing of a titanium film on 2 wafer with

the selected stabilizing reacion. It is preferzble, howaver, that the stabilization for the chamber bz a reaction

that is compatible with the manufacture of the wafer being processed. If it is not, then the stabilization of

(64}

the chamber is performed in 2 process that is separae from the stabilizetion of a wefer and withour 2 wafer
in thz chamber. This involves (e conscomive performance of z sabilization process on the chamber and the
performance of a stabilization process on the wafer. Generally, the use of difiersnt stabilization Tzactions
for the stabiizanion of the chambz: aad of 2 wafer adversely affects throughput 10 an unacczpiable degree.
This may also b= me case were the passivation of the chamber will 1ake 100 long for the performance of the
10 passivation procsss on z wafer, sven when the szme process is used. For whatever reason, where the
processes are 1o be performed copsecmrively on the wafer or on the chamber, the process is most pracucal
where the chambzr n=ed not be sbilized afier every Geposition omo a wafer but may be stabilized after every
two, thres or soms other pumber of depositions, for which principles of the Inventian can bz emploved.
Pracrice of the Invertion deseriped above can be enbanced by refzrznce 10 e following U.S. patents

15

and applications of the applicants’ assignes, which are hereby exoressly ncorporaied by reference herzin:

U.S. Parents Nos. 5.665,640, 5,667,243 and 5,593,511 and U.S. Patent Applicarion Serial No. 08/253,978
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~to the renoval -of the substrate frdmthe chaU‘Der SO as, to i rrul-t ahéously
passivate the material deposited on the substrate, and pr| “or to fhe®”

" introduction of another substrate into the chanber. .As;.A& As.

.AsY. AU . AF. A. . A AU. A% A9. A+2. AY{ % AFe-N- AUuE. A. AU. A . A3. AL. Af Af OA% §9020x
Qn2s [}
zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c”a]ca
] ca] ca] ca] ca] cRa] c<a] caU] ca]caU] ca]ca! {@gx]$/ ]
31 {vql gb] X] Q]l cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caj ca] ca ]calcaljcalcaUca]cal 3ttirrrrrrrren
"=t 3H#P U REEEEES &B&C&E&E| wr mhe W gb] X
Ul c™a] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] caU
] ca] caU] ca] caU] ca] ca] ca] ca] ca
& "8(((j1)) DFO* & of eperafing afCUD/prb Ceing) tiytnker for the chemical
U ca] ca)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca]

ca] ca] ca] Cahﬁpﬂ)ﬂd&a?@&lﬁ@#b@@' |8 PO83R2 find e A Y88 ARG wheR supported

U calea ool calgnlesknhoal bakeabeatohenl s ool SoRbAM oA SAkSALEAET o

zupkfa\W ca cal ca ca cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca
ca{)/] ca] \é\éw ﬁﬂ%ﬁ]?a ] ]Cﬁﬁ%"@a%" é’}“‘c%lllsleég?ﬁg]ﬂm]ﬂﬁé WP&@@L@ &II'OT 1|'
UUU VX, X{vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal capcfa]:ea]afa]ocm]mmn]tsa] theg chimbpc ahirad@dding e ¥xs YrtsRreYohargbek \ \ c] _
D " a%@aaaabzupkf " [ V] ca] caV] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] eldcaksading] tatta] el ssdted] sipidtrY] stsmpbRahtl BE s i 8kql
|1l mpmmpl ppCqqgArrsssittt{vgl gb] WV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]ca

lca]ca]ca]c kg8l |

ooyt L TR 65 B RS sEeeh M AR r oL ofeaptsy dafe ffa?’eéﬁf%%f] oy cav]

“aihoel o heheraehadi i thethe gk ednd Gaksaner sabfeke e

Yzuoj e [ V] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca]wwiabipodlatiip caneplrehyf thel TRt MEtafiEr in) fosmid ngniglatile film on

a] cal] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

] ca] ca] ca] caheatsmpoakaty of / the-Shambes thefoblmedb | haial#ia] 6@ eeduiid,conliral cal c

aJ ca] c”a] calcal ca U c”a] cal ca] cal ca

U] c”a] ca] Ca]fhﬂ cMa]Jca]calcalcaljcalcalc a 7"l R7TRn

$' 2EX[ zupj e g’] ca] ca] cal] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMal [ +v_JISXJ"38P bh| wnhc”~Y]]c]ca]c

a) ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal calca]ca]calca]ca! 4

XhBoLXQzupkf2\ W | | cafcaptidt ap ciginwficia) Crimchmereiauhesgtebibing] gag iapoa] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! \ 5>g?Rl nFV>~ytoj e [V]] ca] ca] ca

] ca] ca] ca] caprgisia) enfedicing gakcal cal] cal] ca

UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! . wP6! 3SX09) zupke [ V]] ca]

ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal]

cal caUl ca] ca]ca]ca] ca]ca!l )wM ~@ *Z\ _nr P@R) | | vvr mhc”~Y] ] c] ca] ca] ca] ca] ca] ca] ca
ca] cal ca]calca]cal]c ca aJ.cal.ca .c ajc

L cal 3uvo) @ || mndi®] (iR ] SH G EITCd] Oh QAT QM EBTL AT cteR @a) ch)

ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) Xi K-sF"10%&' ()-sF"10%

& ()-Lz10%& (irorioie (he sahibsey (gassitoote (:t)ar@nsomd( PXRC3ING Kherstod g’ () -
13"109%& ()-13"10%& ()-LymlO%& ()-s 10%& ()-$109%& ()-3"10%& ()-s [dE:/ 10

101 : 7" 109&’ ( poxted Biftfeices- 66 Ceurpdmer(ts - o tﬁ@‘VéhaémbeF%déH@m(éd SONOWH & () -
uv7/ 10& 109% & ()-"10% & ()-310% & ()-,# 10% & ()- 10% & ()-! @O0%"& ()-

10} {dE7/ §@8-mbh®hike (fﬂ's'tgh‘{%/?a&oﬁ’)o & 1220083 Glptra ke (c}xamber and

prior to the introduction of another substrate into the chamber for processing

in the chamber.
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10. The method of Claim © wherein the step of introducing the

stabilising gas inio the chamber includes the step of intfroducing ammonia gas

into the chamber and exposing CVD-titanium coated surfaces thereto fo form

titanium nitride on the titanium on the surfaces.

11. The method of either Claim 8 or Claim 9 wherein the chemical vapor
deposition comprises iniroducing a mixture of argon and hydrogen gases into
the chamber at a vacuum pressure level, producing a plasma with the gases
in the chamber and introducing a titanium-containing reactant gas into the
chamber and chemically reducing the gas to cause the deposition of a

titanium-containing film within the chamber.

12. A method of either Claim 8 or Claim 9 wherein the chemical vapor
deposition comprises introducing a mixture of argon and hydrogen gases into
the chamber, introducing TiCl, gas into the chamber and chemically reducing

it with the hydrogen gas to cause the deposition of titanium

AMENDED S==}



10

& ()-
710%

F F-810%"' & ()-$9<AGHKNi M-dDZ10%' & ()- Z10%' & ()- 5W Vz10%'
710%' & ()- Z10%' & ()- Ngs; D) dSWYL Z108%, RC) - 210000 & () -
& ()- Z210% " & ()- Z10%' ()- -
10 0CT 2002
-20-
13. The method of Claim 12 wherein the TiCl, gas introducing step

includes the step of chemically reducing the TiCl, gas with the hydrogen gas

to cause the deposition of titanium.

14. The method of either Claim 12 or Claim 13 wherein the step of
introducing the mixture of argon and hydrogen gases into the chamber

includes the step of forming a plasma in the mixture.

15. The method of any one of Claims 11 to 14 as dependent on Claim
10 wherein the step of infroducing the ammonia gas into the chamber is
carried out at a pressure of approximately 2 to 10 Torr (266.64 to 1333.22
N/m?) with an ammonia flow rate of approximately 500-5000 sccm and an
argon flow rate of approximately 150-450 sccm, and with a plasma power at

approximately 250-750 Watits at 450 kHz RF, and for a fime of at least 10

seconds.

186. The method of either Claim 8 or Claim 9 wherein the stabilising gas
introduction step is carried out following a cleaning of the surfaces of
components of the chamber and prior to the introduction of a substrate into the
chamber for Ti-CVD processing and wherein the chemical vapor deposition
comprises introducing a titanium-containing reactant gas into the chamber and

chemically reducing the gas to cause the deposition of a titanium-containing

film on the components of the chamber.
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17. The method of Claim 16 further comprising following a cleaning of

the surfaces of components of the chamber and prior to the step of introducing
the titanium-containing reactant gas into the chamber and chemically reducing
the gas to cause the deposition of a fitanium-containing film on the
components of the chamber reactor, introducing a mixture of argon and
hydrogen gases into the chamber at a vacuum pressure level, producing a
plasma adjacent -surfaces of reactor components with the gases in the

chamber and raising the temperature of 2 component therewith.

18. The method of any one of Claims 12 to 14 or 17, wherein the step
of introducing the stabilising gas into the chamber is carried out at a pressure
of approximately 2 to 10 Torr (266.64 to 1333.22 N/m?) with the flow rate of
stabilising gas being approximately 10-5000 sccm, a hydrogen flow rate of
approximately 500-5000 sccm, an argon flow rate of approximately 50-500

sccm, and with a plasma power at approximately 250-750 Watts RF, and for

a time of at least 10 seconds.

19. The method of any one of Claims 8 to 18 wherein the step of
introducing the stabilising gas into the chamber and exposing the coated
surfaces thereto is carried out with a gas introducing showerhead within the

chamber maintained at a temperature of at least 425°C.

.
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20. The method of any one of Claims 8 to 19 wherein the step of
introducing the stabilising gas into the chamber and exposing the coated

surfaces thereto is carried out with titanium bearing surfaces within the

chamber maintained at a temperature of at least 100°C.

21. A method of cleaning a CVD processing chamber of a reactor for
use in the chemical vapor deposition of a coating material onto a surface of a
substirate therein comprising the steps of cleaning the chamber to remove the
surfaces of components of the reactor previously deposited coating material
that is in a state that affected the process conditions that existed in the
chamber prior te the cleaning thereof and following such cleaning and prior to
the infroduction of a substrate into the chamber for Ti-CVD processing,
introducing a mixture of inert and reactant gases into the chamber at a vacuum
pressure level, producing a plasma with the gases in the chamber and raising
the temperature of a reactor component therewith, then, introducing a coating
material containing reactant gas into the chamber and chemically reacting it
to cause the deposition of a coating material film on the surfaces of heated
components in the chamber, and then, introducing an oxidising or reducing gas
into the chamber and contacting therewith the coating material flm on the
surfaces of the components to stabilise the deposited coating material film to
restore the affect on the process conditions to the state that existed in the

chamber prior to the cleaning of the previously deposited coating material from

the surfaces of the components of the reactor.
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22. The methed of Claim 21 wherein the cleaning step includes the step

of opening and wet cleaning components of the chamber of the reactor.

23. The method of Claim 21 wherein the cleaning step includes the step

of in situ cleaning components of the chamber of the reactor with the chamber

closed and under vacuum.

24, The method of any one of Claims 21 to 23 wherein the cleaning
step includes the step of cleaning the chamber to remove previously deposited
titanium from the surfaces of components of the reactor, the mixture
introducing step includes the step of introducing a mixture of argon and
hydrogen gases into the chamber at a vacuum pressure level, the coating
material introducing step includes the step of introducing TiCl, gas into the
chamber and chemically reducing it with the hydrogen gas to cause the
deposition of a titanium film on surfaces of components in the chamber, and
the oxidising and reducing gas introducing step includes the step of introducing
oxidising or reducing gas into the chamber and contacting therewith the
titanium film on the surfaces of the components for a period of time sufficient

to stabilise the deposited titanium film.

25. The method of Claim 24 wherein the plasma producing step
includes the step of raising the temperature of a showerhead within the

chamber to a temperature of at least 425°C.
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chamber and contacting therewith the film on surfaces of components of the
reactor for a period of time sufficient to stabilise the deposited film, and before
further cleaning of the chamber, introducing another substrate into the
chamber and processing the substrate by performing a CVD process to deposit

the coating material film thereon.

28. The method of Claim 26 further comprising, after the substrate
introducing step before removing the substrate from the chamber, again
intfroducing an oxidising or reducing gas into the chamber and contacting
therewith the film on the surface of the substrate for a period of time sufficient

to stabilise the film deposited on the surface of the substrate.
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30. The method of claim 29 wherein the step of introducing the gas into the chamber and exposing
the surfaces thereto is performed following a deposition of the material onto a substrate in the chamber, prior
to the removal of the substrate from the chamber so as to simultaneously passivate the material deposited on

the substrate, and prior to the introduction of another substrate into the chamber.



